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AHHOTauUuA

MoTepu 31eKTPO3HEPIUM B INIEKTPOYCTAHOBKAX 3NEKTPUYECKMX CETeil U CUCTEM IJIEKTPOCHAOKEHUA — 3TO C TOYKHM
3peHus 3aKOHa COXPaHEHUs IHepruu HeusOexHble IHepreTUYecKne 3aTpatbl Ha obecneyeHne pu3nYECKOM CyLIHO-
CTU NpoLeccoB nepeaayu U pacnpeaeneHuns 3NeKTpo3Hepruu. B coBpemeHHbIX YCI0BUAX NOTEPU INTEKTPOIHEPruu u
MOLLHOCTM MOXHO CHU3UTb NPUMEHEHMEM B KOHCTPYKLUAX CUNOBbIX TPAaHC(HOPMATOpPOB ClieAyolUX MHHOBALMOH-
HbIX peLeHnii: ucnonb3oBaHue 3chceKTa CBEpXNPOBOAMMOCTM HU3KO- U BbICOKOTEMNEpaTypHOU, BHePEeHUE HOBbIX
3¢ PeKTUBHDbIX cNoco60B hopMUPOBaHNA OCHOBHONO MAarHUTHOTO NOTOKA C MOMOLLbI0 aMOP(HbIX eppOMArHMTHBIX
MaTepuaioB U NpUMeHeHne KOMOUHNPOBAHHbIX KOHCTPYKLUIA CUNOBbIX TPAaHC(OPMATOPOB, CoYeTaloluX B cebe ne-
peuncneHHble Bbile pelweHus. B pabote nponsseseHo moaennpoBaHue TpaguLLMOHHOIO CMIOBOro TpaHcgopmartopa
1 TpaHcopmaTopa ¢ amopcHbIM MarHUTONPOBOAOM B nakete nporpamm Ansys Maxwell. MonyyeHbl 3HaYeHus no-
Tepb aKTUBHOM MOLLHOCTH HAa BUXPEBble TOKMU, @ TAK}KEe KapTUHbI pacnpeAeneHnsa HanpsXXeHHOCTU MarHMTHOTro nNons
M MarHuTHOM MHAYKuuU. poBeaeHbl IKCNepUMeHTaibHbIe PacyeTbl 3aBUCMMOCTN XapaKTepUCTUK TpaHcgopmaTopa
C CepAevYHUKOM 13 amopchHOM CTanu OT TeMNepaTypbl OKpy¥KaloLien cpefbl, C y4eTOM HaX0XAEHUA MarHuTonposoa
B KpnoreHHou cpege. lpumeHeHne amopHOM CTanu B KOHCTPYKLUU MAarHUTONPOBO/A NO3BONAET CHU3UTb NOTEPU HA
BuUXpeBble TOKU. [loKkasaH NonoxxutenbHblii 3c¢eKT npu pabote amop¢HOro MarHMTONPoBoAa B YCJIOBUAX HU3KUX
Temneparyp.

Matepuanbi 1 MeToAbI cpeae. B kayecTBe BXOAHOrO CUrHana MCnosib30Bancs MeaHap, CHATUe
B nakete nporpamm Ansys Maxwell MeTOA0OM KOHEYHbIX 31eMEHTOB XapaKTepUCTUK NPOMU3BOANNOCH LD POBbLIM ocumanorpacdom.
npon3BefieHbl pacyeTbl NOTEPb aKTUBHON MOLLHOCTU Ha BUXPEBbIE

TOKM B CepAeyHnKe TpaAnLMOHHOTO cunoBoro TpaHcdopmatopa (TCT)  KntoueBble cnoBa

1 TpaHcchopmaTopa ¢ amopdHbiM marHutonposogom (AMT). TpaHcdopmarop, aHeprocbepexerune, notepu, 3HeprodaPheKTMBHOCTb,
MpoBeaeH 3KCNEPUMEHTANbHbIA aHaNN3 3aBUCMMOCTU TOKOBbIX amopdHble MarHUTHble Matepuarsbl, BbICOKOTeMNepaTypHble
XapaKTepucTuK amopdhHOro MarHuTonpoBoAa oT Temneparypsl, CBEepPXNPOBOAHMKOBbIE MaTepuanbl

B TOM 4ucse C y4eToM HaxoXxaeHua marHuTtonposoa B KpMOI’eHHOVI
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Abstract

The loss of electricity in electric installations of electrical networks and power supply systems is, from the point of
view of energy conservation law, the inevitable energy and economic costs of ensuring the physical essence of the
above technological processes. In modern conditions, the loss of electricity and power can be reduced by using the
following innovative solutions in power transformer designs: the use of the superconductivity effect of low- and
high-temperature, the introduction of new efficient methods for the formation of the main magnetic flux by means of
amorphous ferromagnetic materials and the use of combined structures of power transformers combining the above the
solution. In the article, the simulation of a traditional power transformer (TPT) and a transformer with an amorphous
magnetic core (ACT) in the Ansys Maxwell software package is carried out. The values of active power losses due to
eddy currents, as well as the distribution patterns of the magnetic field strength and magnetic induction are obtained.
Experimental calculations of the dependence of the characteristics of a transformer with an amorphous steel core on the
ambient temperature, taking into account the location of the magnetic circuit in a cryogenic medium, have been carried
out. The use of amorphous steel in the design of the magnetic circuit will reduce the no-load losses. A positive effect has
been proven when an amorphous magnetic core operates at low temperatures.
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Materials and methods

In the Ansys Maxwell software package, the finite element method was
used to calculate the active power losses due to eddy currents in the

taking into account the location of the magnetic circuit in a cryogenic

core of a traditional power transformer (TPT) and a transformer with an

amorphous magnetic circuit (ACT).

An experimental analysis of the amorphous magnetic circuit current
characteristics dependence on temperature is carried out, including
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medium. A meander was used as an input signal; the characteristics
were taken with a digital oscilloscope.
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B nocnesHue rofbl Bo BCEX OTPACAAX IKOHO-
MWKM OTMEYaeTCs 3HauYMTENbHbIN PoCT obbema
M MNOTHOCTU 3MeKTponoTpebneHns B cucTemax
aneKTpocHabxenus. [Mpu 3Tom  cylecTByer
ocTpas npobnema BbICOKOro YPOBHA HOPMUPY-
€MbIX TEXHONOTUYECKUX NOTePb 3NEKTPUYECKON
aHeprun. C yyeTom XKecTKUX TpeGoBaHWi Mo
€ro KayecTBy W HafeXHOCTU Hanbonee acdek-
TUBHBIM U KapAUHaNbHbIM TEXHUYECKUM pelle-
HUeM 3Toi npobGnembl ABAAETCA NPUMeHeHKe
MHHOBALMOHHOTO 3MeKTpoobopyaoBaHna. [ns
noactaHumuin 310 TCT, 0OMOTKM KOTOPbIX Bbi-
MONHAIOTCA C WCNONb30BaHWEM SBNEHWUS Bbl-
COKOTeMMepaTypHoil CBEPXNPOBOANMOCTH, a
cepAeYHNKN — 13 aMopdHbIX heppomarHnUTHbIX
maTepuanos. Takve peleHna UCMonb3yloTcs B
KOHCTPYKUMAX cunoBbix TpaHcdopmatopos (CT)
KaK No OTAeNbHOCTH, TaK U COBMECTHO.

Tab. 1. MazHumHsle ceolicmsa
paccmampusaembix Mamepuanos

Tab. 1. Magnetic properties of the materials
under consideration

Marepuan XonogHokata-  AMopdHbIi
Haf 3neKTpo-  cniaB
TeXHUYecKas
cTanb 3404

MarHutHasn 2,04 1,56

NHAYKLMA Ha-

coleHuns, Tn

MarHutHasn 7500 150000

npoHuuae-

MOCTb, lH/M

H[A_per_meter]

l 8713e+085

w

6295e+005
3877e+005
1459e+005
9041e+005
6623e+005
4205e+005
1787e+005
9369e+005
6950e+005
4532e+005
2114e+205
6963e+004
2782e+004
5601e+004
4420e+004
3970e+002
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A)

Bcé 310 0cobeHHO aKTyanbHO Ans Ha-
MPAKEHHbIX 1 OTBETCTBEHHbIX CUCTEM 3NEK-
TpoCHabXeHUss HedTAHbIX MeCTOPOXAEHWN.
MOXHO KOHCTATMpPOBATb, YTO MepeyncieH-
Hble MEepOonpuUATAA MOKa He MMEKT LWKPOKO-
ro NPUMEHEHWA B CYWECTBYIOWMX CUCTEMAX
3NeKTPOCHabKeHUs. 3T0 CBA3AHO C Tem, uTO
OTeYeCTBEHHAsA INEKTPOTEXHUYECKAA NPOMbILL-
NIEHHOCTb NPAKTUYECKN elle He ocBOWIA Mpo-
M3BOACTBO HA3BAHHOrO 31eKTpoobopyaoBa-
HUsA, a 3apybexHoe 3neKTpoo6opyaoBaHMe No
MHOTUM MPUYMHAM €eLle He MOAYYNI0 AOIKHO-
ro pacnpocTtpaHeHus. Kpome Toro, otcyTtcTeyer
HopmaTuBHas 6asa no CO3AaHMI0 W 3Kcnaya-
TauumM MepCrneKTUBHLIX CUCTEM 3NEKTPOCHAb-
eHUs, BKIYaoWmx B ce6s MHHOBALMOHHOE
anekTpoobopyaoBaHme U, npexae BCero,
TO, YTO CBSI3aHO C MOCTPOEHWEM afeKBaTHbIX

»

A

maTemaTnyecKux MOenen Ana aHanusa ux pa-
60umnx pexxumos [1-8].

B paHHoOM paboTe paccmatpuBaeTcs amop-
dHbIvi cnnaB mapkn 1CP AMET. B oTtnnune ot
TPAAMLMOHHON 3N1EKTPOTEXHUYECKOW CTanu OH
obnagaet cnefyoW MMM CBOCTBaMM:
® BbICOKAA MarHUTHas NPoOHMLAEMOCTb;
® Manas Ko3puuTMBHas cuna;
® BbICOKAA MHAYKLUUSA HACbILLeHUA;
® BbICOKOE y/ieNbHOe CONpOTUBEHME.

MepBble fABa cBoWcCTBa obGecneynBaioT
HW3KWe noTepu Ha ructepesunc, a nocnejHue
— HW3KWe noTepu Ha BuxpeBble ToKK [9]. Bbl-
COKOe yAenbHOe COMpoTWBAEHWEe maTepuana
ABNAETCA OCHOBHbIM KpuTepuem Ans obecne-
YEeHUA HU3KUX MOTepb Ha BUXPeBble TOKU.
MarHutHoe none, co3aaBaemoe ob6MOTKamu,
NPOHM3bIBAET MarHNTonpoBoA. Mo AencTBnem

b)

Puc. 1. Modenu AMT (A) u TCT (B), 8binosnHetHblie 8 npozpammHom nakeme Ansys Maxwell
Fig. 1. Models ACT (A) and TPT (B) made in the Ansys Maxwell software package
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Puc. 2. PacnpedeneHue HanpsxceHHoCcmu mazHumHo2o noss 8 AMT (A) u 8 TCT (B)
Fig. 2. Distribution of magnetic field strength a ACT (A) and TPT (B)

b)
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Puc. 3. PacnpedeneHue mazHumrod uHoykyuu 8 AMT (A) u TCT (B)
Fig. 3. Distribution of magnetic induction in ACT (A) and TPT (B)
M3MEHAIOLLErOCA MarHUTHOTO MONA BO3HUKAKT
CpasHeHne noTepb Ha BHXpeBble TOkH B AMT n Toku DyKo. Tak KaK COMPOTMBNEHUE MArHHTO-
- O,
TCT npu t=22°C nNpoBOAA BENNKO, TO CUNa MHAYKLMOHHOTO TOKa
600 Gyaet mana. MpuHumas BO BHUMaHWE NpaBuUno
JleHua, TOKM B MarHUTONpOBOJE, HaBeJEHHble
500 06MOTKaM1, NpoTeKalT TakUM 06pasom, 4To-
5 400 6bl B Haubosnblien Mepe NPOTUBOAENCTBOBATbL
> 300 npuynHe, Bbi3biBalOWENd WX MpoTeKaHue. IT0
200 rOBOPMT O TOM, UYTO BbICOKOE yAeNbHOe COnpo-
100 TBneHne Gyaet obecnedynBatb HU3KUE NOTEPU
0 Ha BUXPEBblE TOKN.
— O QNI 0w MOl O NNV OV Nl O QN " -
A PR R R R EY 4 Lensio aaHHoi paboTbl sBasetcs onpepe-
e NIEHNE MarHUTHbIX XapaKTepUCTUK amopdHO
t, (MC) CTany B KOHCTPYKLUMM MarHWTONpOBOA@ CUNO-

BOTO TpaHcdopmatopa Jns CHUKEHMA noTepb
= AMT =———=TCT XONOCTOr0 XOAa KaK 3HauUTeNbHOW YacTh Tex-
HUYECKNX MOTepb 3NeKTPUYECKOH 3Heprum U

Puc. 4. CpasHeHue nomeps Ha Buxpessie moku 8 AMT u TCT MOLLHOCTW B 31EKTPOSHEPTETUHECKUX CUCTEMAX.
Fig. 4. Comparison of eddy current losses in ACT and TPT B pamKax AaHHOI paboTbl B NPOrpaMMHOM
nakete Ansys Maxwell Gbinin co3gaHbl mare-

martuyeckne mogenu AMT u TCT (puc. 1). Cy-
LleCTBEHHbIE Pa3NNYMA AaHHbIX KOHCTPYKLUMWIA
3ak/ovalTca B marHutonposoge. Y AMT mar-
HWUTOMPOBOJ BbIMOJHEH M3 NNCTOB amopcdHOro
cnnaea TonumHon scero 0,035 mm. Y TCT mar-
HUTOMPOBOJ BbIMOJIHEH M3 INCTOB XO/I0AHOKATa-
HOI 3NIEKTPOTEXHUYECKOW cTanu 3404, ToNWwmHa
KoTopo# 0,35 MMm.
[na pacyeToB NoTepb Ha BUXPEBblE TOKU
6bi1 3aaaHbl CleayiolMe CBOMCTBa Ans MapKu
cnnasa AMT u mapku ctanu TCT:
® 3aBUCHMOCTb MAarHUTHOM MHAYKL MU OT Hanps-
YKEHHOCTW MarHUTHOro NoJs;

® MI0THOCTb MaTepuana;

® NPoOBOAUMOCTb;

® 3aBUCMMOCTb  MOTEPb  OT  MarHWTHOM
VHAYKUMU.

TakKe B MOAeNn Bbian yyTeHbl MarHUTHbIe
CBOICTBA AnA Mapku cnnasa AMT 1 mapku cTa-
nu TCT, KoTopble NnpeacTaBnexbl B Tabnuue 1.

PacuyeT notepb aKTMBHOM MOLLHOCTM, pac-
npefeneHns HanpAKEeHHOCTU MarHUTHOTO nons,
a TaKKe MarHWTHOWM WHAYKLUW NPOW3BOAWNCA
METOJOM KOHEYHbIX 37eMeHTOB. MeToj OCHO-
BaH Ha pa3bueHUM CNPOEKTUPOBAHHBIX Moje-

nen AMT un TCT, cocTosiLMX M3 CNAOLWHbIX Ten,
Puc. 5. Vicnbimyembiii 06pasey mpaHcopmamopa 8 xo0e no020MOBKU K 3amMepam 8 KpUOCMAME 4 koHeuHble 31eMEHTbl UCUMCIMMOT0 KOMMYe-
€ HUOKUM azomom
Fig. 5. Test sample of the transformer in preparation for measurements in a cryostat with liquid
nitrogen

cTBa. Pacyer 3akntouaetcs B annpokcnmaunm
,U,VICerTHOVI mopaenun, Kotopaa co3paetca U3
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Tek iy Trig’d M Pos: 2,600, TRIGGER Tek L @ Acq Complete M Pos: 4.000ms CHz2
- Type Couping
-
1 + 1 BW Limit
&
= 100MHz
Slope Yolts/Div
Risina =
Mode +
- o Yoltage
2% Coupling F ) Invert
0ff
CH1 500mY CH2 5.00% M 2.50us CH1 ./ 16.0mY CH1 S.00v CH2 1.00v M 1.00ms CH2 /7 1.64Y
A b)

Puc. 6. Ocyunnoepamma moka 8 yenu (CH1) u nadeHus HanpsaxceHus Ha Bmopu4Hol obmomke (CH2) npu HopmanbHbix ycnosusx (A)

u 8 kpuozeHHol cpede (b)

Fig. 6. Oscillogram of the current in the circuit (CH1) and the voltage drop across the secondary winding (CH2) under normal conditions (A)

and in a cryogenic environment (B)

MHOXeCTBa KyCOYHO-HemnpepbIBHbIX (QYHKLUIA
onpeAeneHHbIX B KOHEYHOM Yncne nogobnacreit
(3nemeHTOB).

Pe3ynbTathl mMozenupoBaHus npeacTasne-
Hbl Ha PUCYHKax 2 1 3. MarHuTHas MHAYKLMA 1
HanpAXeHHOCTb MarHUTHoro nons y AMT Ha no-
PALOK Bbllle, 4TO FOBOPUT O €ro NYYLIMNX MarHuT-
HbIX XapaKTepucTkax B cpasHeHum ¢ TCT.

Mo pesynbtatam mopenuposaHusa ana AMT
1 TCT 6bIAM NOCTPOEHBI rpadnK1 3aBUCUMOCTH
noTepb aKTMBHOW MOLLHOCTU Ha BUXPEBbIE TOKU
B CepAeyvyHuKe cunosoro TpaHchopmatopa ot
BpemeHu (puc. 4).

M3 rpacuka BMAHO, 4TO NOTEpPU B TPaHC-
thopmartope ¢ amopHbIM MarHUTONpPoOBOAOM
3HAUUTENIbHO HUXe, YeM B TPaAULMOHHOM Cu-
nosom TpaHcdhopmatope. CpefHee 3HayeHue
notepb Ha BuxpeBble Toku ana TCT coctaBmio
290,5 B1. Ana AMT — 41,9 Br. lpoBeaeHHble
pacyeTbl NO3BOAAOT CYAUTH O TOM, YTO NOTEPU
xonoctoro xoaa B AMT noytn B 7 pa3 mMeHblue,
yem B TCT.

Mpu ucnonb3oBaHM amophHOro MarHu-
TONPOBOAA COBMECTHO CO CBEPXNPOBOLHU-
KOBbIMM 0OMOTKaMi BO3MOMHbI ABe pasHble
KOHCTPYKLMKM, OTAMYalolwmneca KOHCTPYKLMen
Kpuocrata. B nepsom cnyyae B Kpuocrtat no-
MelLLaloTCa TobKO 06MOTKM TpaHcdopmartopa,
a MarHUTONpoBOJ, HAXOAUTCA NPU HOPMabHbIX
ycnosusx (Tennoe ucnonHexue). Bo sTopom cay-
4yae B KpMoCTaT NOMeLLaloTCA MarHUTONPoOBOJ €
0bMOTKaMu Lennkom. B cBA3M c 3TMM Bonpoc
M3MEHEHUA MarHWUTHbIX CBOWCTB amopdHoro
MarHUTONpoBOAa W BAUAHWE 3TOTO U3MEHEeHUsA
Ha nepeaaTouyHylo (yHKLUIO BCero TpaHchop-
maTtopa npeAcTaBnsier Hay4YHblN NHTepec.

[lnA onbITHOro aHanM3a TOKOBbIX Xapak-
TEPUCTUK amop(HOro marHuTonposoaa B 3a-
BMCUMOCTU OT €ro TemnepaTtypbl aBTOPCKUM
KONNEKTMBOM 6bin cobpaH 3KCnepumeHTanb-
HbI TOpoMAanbHbIA TpaHcthopmatop (puc. 5)
¢ rabaputamu 120:80:20 MM C MarHWTOMpoO-
BOOM U3 NeHTo4YHOoN amopdHon ctanu. Obe
06MOTKM BbINOJHEHbI MPOBOAOM MapKu M-
NWKO anametrpom 1 mMm. IKCNepuMeHT npo-
BOAWUNCA NPV TemnepaType KNUNeHNA XUAKOTo
asora (77, 4K).

B kauyecTBe BXOQHOro CUrHana MCnonb3o-
BaNca meaHap c reHeparopa HY 3-112. CHatune
XapaKTepUCTUK MPOU3BOAUIOCH  LUU(POBLIM
ocuunnorpadom Hantek idso1070a. Kak BugHo
U3 pUCyHKA 6, NepeaatoyHas dyHKUUA amopd-
HOro mMarHutonpoBsoAa o6najaer BbICOKUM Ka-
4eCcTBOM, O YeM CBUAETeNbCTBYET Manblii CABUT
MEXAY BXOAHbIM U BbIXOAHBIM CUTHANOM Hanps-
WeHun. [laHHoe ABNeHne BbI3BaHO 0Y€Hb BbICO-
KOW HayanbHOW MarHUTHOW MPOHWLAEMOCTbIO.
Heo6x0A1MO CpaBHUTL HayasbHbIN Y4acTOK Xa-
pPaKTepUCTUKM Ha ocumnnorpamme 6A npu Hop-
ManbHbIX YCNOBUAX C HUCXOAALLEN YaCTbio OC-
unnnorpammbl 6b, oTBevatoLiei KpUoreHHoOMy
cocTosHUto, — 06a rpadrka NoKasblBaloT OAUH
nepexoAHbIN NpoLecc, ONUChIBALWNIA peakLno
BTOPWUYHOM OOMOTKM Ha yCTaHOBNEHUE MarHuT-
HOro MOTOKa MpW NpoOUCTeYeHUW B Lenu nep-
BMYHOM OOMOTKM BXOLHOTO TOKOBOrO CUrHana.
CxoXue no amnanTyse, Ho pasHble No BenynuHe
najleHnA HanpsXeHUs Ha aKTMBHOM COMPOTUB-
NIeHUN BTOPUYHOW 0B6MOTKM MO3BONAIOT CKa3aTb,
4TO M3MEeHeHUue TemnepaTypbl amophHOro mar-
HUTOMPOBOJA BAMAET HA €ro MarHWTHble napa-
METPbI B Iy4LLYI0 CTOPOHY, HO He 3HaYUTEeNbHO.

Utorn

/13 pe3ynbtaToB MOAENUPOBAHWUSA BUAHO, YTO
3Hepro3deKTUBHOCTb MHHOBALMOHHbIX TPAHC-
(hopmMaTopoB 3HAYMTENbHO BbIWIE, YEM 3HEp-
roadheKTMBHOCTL TpaHchOpmMaTopoB € Tpa-
OVLMOHHBIM  UCMONIHEHVEM MarHUTONpoBoza
1 06MOTOK. MpumeHeHne amopHoil cTann B
KOHCTPYKLUMW MarHutonpoBoja pacnpepenu-
TeNbHOro CMA0BOTro TpaHchopmaTopa no3BonuT
CHU3UTb NMOTEPU XONOCTOr0 X043, TEM CaMbiM
61aroTBOPHO MOBAMATL Ha 3IKOHOMMUYECKME
nokasatenu 3KcnayaTtauuuM  MecTOpPOXAEHWN
HedTU v rasa. B xoae paboTbl foKazaHo, 4To No-
MelleHMe MarHMTonpoBoAa 13 amophHo cTanm
B KPWOTEHHYI Cpedy He NPUBOAWUT K yXYALle-
HWI0 €ro XxapaKTepucTUK. ITO NO3BONAET CYANUTb
0 BO3MOXHOCTW CO3[aHWNA KOMBUHMPOBAHHOM
KOHCTPYKUMU CUNOBOro TpaHcdhopmatopa ¢
COBMELLEHHbIM pacnonoxeHnem amopdHoro
MarHuMTOnpoBOAa CO CBEPXMPOBOAHUKOBbLIMU
06MOTKaMM BHYTPY KpuocTara.

BbiBOAbI

MpoBeaeHHble B pamKax fAaHHOM paboTbl wuc-
cNefoBaHUs MO3BONAIOT MPUITU K 3aKNOYEHUIO
0 TOM, 4YTO BBEJEHME B 3KCMayatauuio Cuno-
BbIX pacnpeaenute/ibHbiXx TpaHChOpMaTopos
C MarHuTonposogamu M3 amopdHbIX CNiaBos,
BbICOKOTEMMEPATYPHbIX  CBEPXMPOBOAHMUKOBbIX
TpaHchopMaTopoB M UX KOMOUHMPOBAHHOM
KOHCTPYKUMM ABNSETCA OAHWM 13 Haubonee
MEPCreKTUBHbIX MyTeN CHUMKEHUS TEXHUYECKMX
noTepb B 3MEKTPUYECKUX CETAX HedTerasoBbix
MeCTOPOXAeHNU. B KomnaHusax HedTerasoBoro
cektopa [10], aneKTpoceTeBbIXx KoMnaHusax [11,
12] BBedeHbl peKoOMeHAaUUW Mo MPUMEHEHUIO
3Heprocbeperatouiero 06opyaoBaHns, YTO CO3-
JaeT MpeanocbilkM Ans fAajbHeilero pocra
oTeYecTBeHHON NPOMU3BOACTBEHHON 6a3bl 1 pas-
BUTUS TEXHONOMUI NPOM3BOACTBA TpaHchopma-
TOPOB C MarHUTONPOBOAOM U3 aMOPHOM cTanu.
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Results

Conclusions

The simulation results show that the energy efficiency of innovative
transformers is significantly higher than the energy efficiency of
transformers with a traditional design of the magnetic circuit and
windings. The article proves that placing an amorphous steel magnetic
circuit in a cryogenic environment does not lead to a deterioration in
its characteristics. This makes it possible to judge the possibility of
creating a combined design of a power transformer with a combined
arrangement of an amorphous magnetic circuit with superconducting

The studies carried out in the article allow us to conclude that the
commissioning of power distribution transformers with magnetic circuits
made ofamorphousalloys, high-temperature superconductingtransformers
and their combined design is one of the most promising ways to reduce the
technical losses of power systems. In oil and gas companies [10], power
grid companies [11, 12], recommendations have been introduced on the
use of energy-saving equipment, which creates preconditions for further
growth of the domestic production base and development of technologies

windings inside a cryostat.
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