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K Bonpocy 06 3¢p¢pekTBHOCTU NpuMeHeHnsA amopHOM
CTa/IM B MarHMTONpoBoAaxX MHHOBALMOHHbBIX CMJI0BbIX
TpaHcgopmaTopoB
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AHHOTauuA

MoTepu 3neKTPO3HEPrUM B INEKTPOYCTAHOBKAX 3NIEKTPUYECKUX CeTeM N CMCTeM 3IeKTPOCHABKEHNsA — 3TO C TOYKM
3peHuns 3aKoOHa COXpaHeHUs IHeprum HeusbexHble 3HepreTMYeckue 3aTpartbl Ha obecnevyeHue pU3MYECKON CYLYHO-
CTU NpOLLeCCOB Nnepeaayu U pacnpeaeneHuns 31eKTpo3Hepruu. B coBpemeHHbIX yCI0BUAX NOTEPU IIEKTPOIHEPruu u
MOLLHOCTN MOKHO CHU3UTb NPUMEHEHNEM B KOHCTPYKLMUAX CUNOBbIX TPAHC(OPMATOPOB CleAyoWUX MHHOBALMOH-
HbIX peLeHunii: ucnosib3oBaHue 3eKTa CBepXNpoBOAMMOCTM HU3KO- U BbICOKOTEMNEPATYPHOU, BHeApeHUe HOBbIX
3¢ deKTUBHbIX CNOCO60B (hOPMUPOBAHMA OCHOBHOIO MArHUTHOTO NOTOKA C NOMOLLbI0 aMOP(HbIX heppOMarHUTHbIX
MaTepuasioB U NpUMeHeHne KOMOUMHMPOBAHHbIX KOHCTPYKLMIA CUNOBbIX TPaHC(OPMATOPOB, CoYeTaloluX B cebe ne-
peuncneHHble Bbile peweHus. B pabote npousBeseHo MogenMpoBaHue TpPaAULMOHHOTO CMJIOBOrO TpaHcopmaTopa
u TpaHcopmaTtopa ¢ amopPHbIM MarHUTONPOBOAOM B nakete nporpamm Ansys Maxwell. MMonyyeHbl 3Ha4eHus no-
Tepb aKTUBHOW MOLLHOCTU HA BUXPEBble TOKMU, a TaK}Ke KapTUHbI pacnpejesieH!A HanpsaXXeHHOCTU MarHUTHOTO Nons
M MarHuTHOM MHAYKuUU. [poBeAeHbl IKCNepuMeHTaibHble PacyeTbl 3aBUCMMOCTM XapaKTepUCTUK TpaHcdopmaTopa
C cepAe4yHUKOM U3 aMopdHOM CTanu OT TeMNnepaTypbl OKpyKaloLiein cpeabl, C y4eTOM HaX0XKAEHUA MarHUTONpoBoja
B KpuoreHHoi cpege. lpumeHeHne amopcHOM CTanu B KOHCTPYKLUU MAarHUTONPOBO/A NO3BONAET CHU3UTb NOTEPU HA
BUXPEBble TOKU. [lOKa3aH NoNoXKUTeNbHbIN 3hdeKT npu pabote amoppHOro MarHMTONPoOBoAa B YCIOBUAX HU3KUX
Temnepartyp.

MaTepuanbl n metoabl

B nakete nporpamm Ansys Maxwell MeTogoM KOHEYHbIX 31eMeHTOB
Npou3BEeAEHbI PacyeTbl NOTEPb aKTUBHOWM MOL{HOCTI Ha BUXPEBbIE
TOKMW B CepAeYHNKe TPaAULMOHHOTO cunoBoro TpaHchopmatopa (TCT)  KntoueBble cnoBa

1 TpaHcchopmaTtopa ¢ amopdHbiM mariutonposogom (AMT). TpaHcdopmartop, aHeprocbepexeHne, notepu, 3HeproathheKTMBHOCTb,
MpoBeAeH 3KCNepUMeEHTaNbHbIN aHann3 3aBUCMMOCTU TOKOBbIX amopdHble MarHUTHble MaTepuanbl, BbICOKOTEMNEpPaTypHble
XapaKTepUCTMK amophHOro MarHMToNpoBoja OT Temneparypbl, CBEPXMPOBOJJHNKOBbIE MaTepuarbl

B TOM YWC/NE C YYETOM HAXOXK/AEHWNS MAarHUTONPOBOAA B KPMOTEHHOW

cpefe. B KayecTBe BXOAHOTO CUTrHaNa UCMoNb30Bancs MeaHap, CHATUE
XapaKTepuUCTMK NPOU3BOANNOCH LN POBLIM ocuyunorpadom.
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On the question of the amorphous steel use effectiveness in the magnetic core of an innovation
power transformers
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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

For citation

Keywords

medium. A meander was used as an input signal; the characteristics
were taken with a digital oscilloscope.
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B nocnegHue rogbl Bo BCeX 0TPACAX IKOHO-
MUKW OTMeYaeTcs 3HauuTEeNbHbIA pocT obbema
W MNOTHOCTU 3MeKTponoTpebneHns B cucTemax
aneKTpocHabxeHus. [Mpu  3Tom  cyllecTByer
ocTpas npobnema BbICOKOro YpoOBHA HOPMMPY-
€MbIX TEXHONOTUYECKUX NMOTEPb 3NEKTPUYECKO
3Heprun. C yyeTom XKecTKux TpeGoBaHWi Mo
€ro KayecTBy W HafleXHOCTU Hanbonee adhdek-
TUBHBIM 1 KapAMHaNbHbIM TEXHUYECKUM pelue-
HMeM 3Toil npobnembl ABAAETCA NMPUMEHeHWe
MHHOBALMOHHOTO 3/1eKTpoobopyAOBaHuA. [ns
noactaHumn 3to TCT, 0BMOTKM KOTOPBIX Bbi-
MONHAIOTCA C UCNONb30BaHWEM fBNEHWA Bbl-
COKOTEMNepaTypHoi CBEPXMPOBOAMMOCTH, A
cepAeyHuKN — 13 aMopdHbIX peppomarHUTHbIX
matepuanoB. Takme pelleHnsa UCNoNb3ylTca B
KOHCTPYKUUsAX cMnoBbix TpaHchopmatopos (CT)
KakK no oTAeNbHOCTY, TaK 1 COBMECTHO.

Tab. 1. MazHumHsle ceolicmsa
paccmampusaembix Mamepuanos

Marepuan XonopHokata-  AMOpP(HbIi
Has 31eKTpo-  cnnas
TeXHu4yeckas
cranb 3404

MarHuTHas 2,04 1,56

NHAOYKLMA Ha-

cbluenma, Tn

MaruutHasn 7500 150000

npoHuuae-

MOCTb, MH/M

H[A_per_meter]

Bcé 3T0 0COGEHHO aKTyanbHO Aansa Ha-
NPSXKEHHbIX U OTBETCTBEHHBIX CUCTEM 3/1EK-
TpocHaGXeHNsA HedTAHbIX MECTOPOMAEHWIA.
MOXHO KOHCTaTMpOBaTb, YTO NepeyncneH-
Hble MepONnpUATUA MOKAa HE MMEIOT WUPOKO-
ro MPUMEHEHUs B CYLIECTBYIOWMX CUCTEMAX
3NEeKTPOCHabKeHMs. ITO CBA3AHO C TeMm, 4TO
OTEYEeCTBEHHAS 3/IEKTPOTEXHUYECKAN NPOMbILL-
NIEHHOCTb MPaKTUYECKU ellle He 0CBOMNa Mnpo-
3BO/ICTBO Ha3BaHHOro 31eKkTpooGopyaosa-
HWs, a 3apybexHoe 3neKkTpoobopysoBaHue no
MHOTMM MPUYMHAM €LLe He NOYYMI0 JOMKHO-
ro pacnpoctpaHeHus. Kpome Toro, oTcyTcTByeT
HopmaTtuBHas 6asa Mo CO3AaHWIo W JKChaya-
TauMM NepCrneKTUBHBIX CUCTEM 3EKTPOCHAb-
eHUs, BKAYaoWwmx B ceb6s WHHOBALMOHHOE
anekTpoobopyfoBaHMe U, Mpewae BCero,
TO, YTO CBA3@HO C MOCTPOEHWEM AfIEKBATHbIX

mMaTemaTnyeckux Mmoaenein Ans aHanusa ux pa-
60umnx pexxumosn [1-8].

B paHHOI paboTe paccmatpuBaeTcs amop-
¢dHbI cnnaB mapkn 1CP AMET. B otnuune ot
TPAAMLMOHHOW 3NEKTPOTEXHUYECKOW CTann OH
obnaaaer cneayoLMn CBOMCTBaAMM:
® BbICOKaA MarHUTHas NPOHULAEMOCTb;
® Manas Ko3puuTMBHaA cuna;
® BbICOKAA UHAYKLMA HACbILLeHWs;
® BbICOKOE yAieNbHOe CONpOoTUBNEHME.

MepBble fABa CBOWCTBA obGecneynBaioT
HWU3KWe noTepu Ha ructepesnc, a nocnegHue
— HW3KWe NnoTepu Ha BUXpeBble TOKW [9]. Bbl-
COKOe yAeNbHOE COMpOTMBNEHWEe maTepuana
ABNAETCA OCHOBHbIM KpuTepuem Ans obecrne-
YEeHUA HU3KUX MOoTepb Ha BUXpeBble TOKU.
MarHuTHoe none, co3gaBaemoe 06MOTKamu,
NpoHuU3bIBaeT MarHutonposoa. Moa fenctenem

A)

b)

Puc. 1. Modenu AMT (A) u TCT (B), sbinosniHeHHble 8 npozpamm+Hom 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 HanpsaxceHHoCmu mazHumHo2o noss 8 AMT (A) u 8 TCT (B)
Fig. 2. Distribution of magnetic field strength a ACT (A) and TPT (B)
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Puc. 3. Pacnpedenerue mazHumHod uHoykyuu 8 AMT (A) u TCT (B)
Fig. 3. Distribution of magnetic induction in ACT (A) and TPT (B)
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Puc. 4. CpasHeHue nomepb Ha suxpesbie moku 8 AMT u TCT
Fig. 4. Comparison of eddy current losses in ACT and TPT

Puc. 5. Ucnsimyembili 06paszey mpaHcgopmamopa 8 xode N0020mMosKU K 3amepam 8 Kpuocmame
€ HCUOKUM azomom

Fig. 5. Test sample of the transformer in preparation for measurements in a cryostat with liquid
nitrogen

b)

M3MEHAIOLLErOCA MArHUTHOrO NONA BO3HUKAKOT
TokM ®yko. Tak KaK CONpoTUBAEHWE MarHWuTo-
npoBOAa BENUKO, TO CUa MHAYKLMOHHOIO TOKa
6ynet mana. MpuHMMas BO BHUMaHWe Npasuio
JleHua, TOKM B MarHWTONpoBOAe, HaBeAeHHble
06MOTKamu, MpoTeKaloT Takum 06pas3oMm, 4To-
6bl B HaubosblieN Mepe NPOTUBOAENCTBOBATbL
npuynHe, BbI3bIBAOWEN WX NpOTEKaHue. ITO
rOBOPUT O TOM, YTO BbICOKOE Y/ENbHOE CONpo-
TMBNeHue 6yaeT obecneynBatb HU3KUE NoTepu
Ha BUXPEeBble TOKW.
Llenblo gaHHoM paboTbl ABAAETCA onpeje-
NIEHNE MArHWUTHbIX XapaKTepUCTUK amopdHoin
CTanu B KOHCTPYKLUUWM MarHutonposoja CUmo-
BOro TpaHcdopmatopa Aff CHUXKEeHUA noTepb
XO/IOCTOr0 XOAa KaK 3HauyuTeNbHON 4acTu Tex-
HUYECKUX NOTEPb 3MEKTPUYECKOW 3IHEPTUM U
MOLLHOCTM B 31EKTPO3HEPTETUYECKUX CUCTEMAX.
B pamkax aaHHoW paboTbl B NPOrpaMmmMHOM
nakere Ansys Maxwell 6bi11 co3gaHbl mate-
martudyeckme mogenu AMT n TCT (puc. 1). Cy-
LLleCTBEHHble Pas3NnunA [aHHbIX KOHCTPYKLWNA
3aknyaTca B marHutonposoge. Y AMT mar-
HWTONPOBOA BLIMOMHEH U3 INCTOB amopdHOro
cnnaa TonuwmHon Bcero 0,035 mm. Y TCT mar-
HWTONPOBOA BbIMOJHEH U3 IMCTOB XONOAHOKATA-
HO 3NeKTPOTEXHUYECKO cTanu 3404, TonwmHa
Kotopoi 0,35 MMm.
[ins pacyeToB noTEpb Ha BUXPEBbIE TOKM
6biNn 3aaHbl CleaylolmMe CBOMCTBA Ans MapKu
cnnasa AMT u mapku ctanu TCT:
® 3aBUCUMMOCTb MArHUTHOW MHAYKLMM OT Hanps-
YKEHHOCTU MarHUTHOTO NOJNs;

® MIOTHOCTb MaTepuana;

® NPOBOAMMOCTb;

® 33aBWCMMOCTb  MOTePb  OT  MarHUTHOM
VHAYKUMU.

Take B MOAENN BbiAn yyTeHbl MarHUTHbIE
CBOWCTBA AnA Mapku cnnasa AMT 1 mapKu cTa-
nn TCT, KoTopble npeacTaBneHsl B Tabauue 1.

PacyeT noTepb aKTMBHOW MOLLHOCTU, pac-
npeAeneHns HanpsKEHHOCTU MarHUTHOTO Mo,
a TaKKe MarHWTHOW WHAYKLWUW MPOWU3BOAMNCA
METOIOM KOHEYHbIX 3/1eMeHTOB. MeToa OocHo-
BaH Ha pa3bueHny CNpoeKTUPOBAHHBIX MOAe-
nen AMT u TCT, cocTosAWMX U3 CNAOLWHbIX Ten,
Ha KOHeYHble 371eMeHTbl UCYUCANMOTO Konuye-
cTBa. Pacyet 3ak/ioyaetcs B annpoKcMmauum
OUCKPETHOW MOJENW, KoTopas CO3JaeTca W3

IKCNO3NUNA HEDTb MA3 [IEKABPL 6 (79) 2020

@ Acq Complete M Pos: 4,000ms CHz2

Tek . @Tigd

Py

M Pos: 260005 TRiGeER  Tek - Al

RN

2%

CHI S00mYv  CH2 5.00v

| Type g z : : : ] Coupling
9 'fp o SRR : 1
€ sowee o i
] : | 100MH:
Slope Volts
. : ] Fising - z T
i A SRR PG AR O I vvvvvvvvvvvvvvvv +
. i | Voltage
1 Coupling 24- Invert
] : - 11
CH1 /7 16.0mY CHT 500%  CH2 100y  M100ms  CH2 7 164v
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Puc. 6. Ocyunnozpamma moka 8 yenu (CH1) u nadeHus HanpsxceHus Ha smopudHol o6momke (CH2) npu HopmansHbix ycnosusx (A)

u 8 kpuoeerHoli 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-HEMPEPbIBHbIX YHKLNNA
onpeAeneHHbIX B KOHEYHOM Yucne nogobnacreit
(3nemeHTOB).

PesynbTaThl MoAenupoBaHus npepacTaBie-
Hbl Ha PUCYHKax 2 1 3. MarHuTHas UHAYKLMA 1
HanpAXeHHOCTb MarHUTHoro nona y AMT Ha no-
PALOK Bbllle, 4TO FOBOPUT O €ro AYYLUMX MarHuT-
HbIX XapaKTepucTkax B cpasHeHum ¢ TCT.

Mo pesynbtatam mopenvposaHusa ana AMT
1 TCT 6bIAK NOCTPOEHDI rPatuKM 3aBUCUMOCTH
noTepb aKTMBHOW MOLLHOCTU Ha BUXPEBbIE TOKM
B CepAeyvHiKe CMNOBOro TpaHchopmaropa oT
BpemeHu (puc. 4).

M3 rpacuka BMAHO, 4TO NoTEpU B TpaHC-
thopmaTtope ¢ amopctHbIM MarHUTONpPoBOAOM
3HauYNTENIbHO HUXeE, Yem B TPaAMLIMOHHOM CH-
noBom TpaHchopmatope. CpeaHee 3HauyeHue
noTepb Ha Buxpesble Toku ana TCT cocTaBuno
290,5 B1. ina AMT — 41,9 Brt. lpoBefeHHble
pacyeTbl MO3BONAIOT CYAUTb O TOM, YTO MOTEpU
xonoctoro xoaa B AMT noytv B 7 pa3 meHblue,
yem B TCT.

Mpu ucnonb3oBaHnM amopHOro MarHu-
TONpoBOAa COBMECTHO CO CBEpPXNPOBOLHU-
KOBbIMM OOMOTKaMy BO3MOMHbI ABe pasHble
KOHCTPYKUUM, OTAUYaloLMecs KOHCTPYKuMen
Kpuoctata. B nepsom cnyyae B KpuocrtaTt no-
MeLLatoTCA TONbKO 0O6MOTKM TpaHcthopmaTtopa,
a MarHUTONpoBOJ, HAXOAUTCA NMPU HOPMabHbIX
ycnosusx (Tennoe ncnonHeue). Bo sTopom cay-
4yae B KpMocTaTt NOMeLLaloTCA MarHUTonpoBoy €
06MOTKaMK LLeNMKOM. B ¢BA3M ¢ 3TUM BonpocC
M3MEHEHUs MarHUTHbIX CBOMCTB amopHoro
MarHuUTonpoBOAa W BAUAHWE 3TOT0 U3MEHEeHUsA
Ha nepepaatoyHylo (yHKUMIO BCcero TpaHcdop-
matopa npe/cTaBiAeT Hay4Hbli NHTepec.

[lnA onNbITHOro aHanM3a TOKOBbIX Xapak-
TEPUCTUK amopdHOro mMarHMTONpoBoja B 3a-
BMCMMOCTV OT €ro TemnepaTtypbl aBTOPCKUM
KoNnekTneom 6bin cobpaH 3KCNepuMeHTanb-
HbIl TopouAanbHbIA TpaHcdopmatop (puc. 5)
¢ rabaputamm 120:80:20 MM C MarHMTONpPOBO-
[IOM U3 IeHTOYHON amopcHon ctanu. Obe 06-
MOTKW BbINOJIHEHbI NpoBOAOM Mapku M3WKO
amameTpom 1 MM. DKCMepuMMEHT NpPOBOAWACA
npu Temnepatype KUMEHWA XWAKOro asota
(77,4K).

B KauecTBe BXOJHOrO CUrHana WMCMonb3o-
BaNca meaHap c reHeparopa HY 3-112. CHatune
XapaKTepuCTMK MPOW3BOAUNOCL  LUDPOBLIM
ocumnnorpadom Hantek idso1070a. Kak BugHo
U3 pUCYHKA 6, NepeAaToyHas dyHKUUA amopd-
HOro MarHutonposoAa o6najaer BbICOKUM Ka-
YeCcTBOM, O YeM CBUAETENbCTBYET Manblil CABUT
MEX/Y BXOAHBIM U BbIXOAHbIM CUTHANOM Hanps-
eHUM. [lJaHHOe ABNEHVE BbI3BAHO OYEHb BbICO-
KOWM HayanbHOM MarHUTHOW MPOHMLAEMOCTbIO.
Heo6Xx04MMO CpaBHUTb HaYasbHbIN y4aCTOK Xa-
paKTEPUCTUKM HA ocuunnorpamme 6A npu Hop-
ManbHbIX YCNOBUAX C HUCXOAALLEN YacCTblo OC-
uunnorpamMmmsl 6b, oTBeyatolen KpMOreHHomy
cocTosHuMo, — o06a rpadurka nokasbiBaT OfUH
nepexoAHbI NPoLecc, ONUChIBAKLW M peakyuo
BTOPWUYHOW OOMOTKM Ha ycTaHOBNEHUE MarHuT-
HOro MoTOKa MpWU NPOUCTEYEHWUU B Lienn nep-
BMYHOM OBMOTKM BXO[HOTO TOKOBOrO CUrHana.
CXO3Me Mo aMnInTy/le, HO Pa3Hble MO BEINYUHE
najeHns HanpsXeHUs Ha aKTUBHOM COMPOTUB-
NIeHNN BTOPUYHOW 0B6MOTKM MO3BONIAIOT CKa3aTb,
YTO U3MeHeHe TemnepaTypbl amopdHOro mar-
HWTONPOBOAA BAUSET HA €ro MarHUTHble napa-
METPbI B IyHLLYIO CTOPOHY, HO HE 3HAYUTENBHO.

Utorun

M3 pe3ynbtatoB MOAenMpOBaHUA BUAHO, YTO
3Hepro3GheKTUBHOCTL MHHOBALMOHHbIX TPaHC-
hopmaTopoB 3HauYMUTENbHO BbIlE, YeM 3Hep-
roadheKTMBHOCTL TpaHchopmaTopoB ¢ Tpa-
AVLMOHHBIM  MCMONHEHNEM MarHUTonpoBoja
1 06MOTOK. MpumeHeHne amoptHoii cTann B
KOHCTPYKLMWU MarHuTonpoBoja pacnpepenu-
TeNbHOro CMN0BOro TpaHcchopmaTopa No3BoUT
CHU3WTb MOTEPU XONOCTOrO XOAa, TEM CambIM
61aroTBOPHO MOBAMATL HAa 3KOHOMMUYECKME
nokasatenu 3Kcnayatauum  MecTOPOXAEHUN
HedTU v rasa. B xoae paboTbl JOKa3aHo, 4To no-
MelleHe MarHuTonposoAaa 13 amophHom ctanu
B KPWOTEHHYI0 Cpedy He MPUBOAWUT K yXyAlle-
HWI0 €ro XxapaKTepucTuK. ITo NO3BONAET CYANUTb
0 BO3MOXHOCTM CO3AaHWUA KOMOWUHUPOBAHHOW
KOHCTPYKLUMKN CUNOBOro TpaHchopmatopa C
COBMELLEHHbIM PaCMoNoXeHNeM amopdHOro
MarHuTonpoBoja CO CBEPXNPOBOAHUKOBbIMY
06MOTKaMmn BHYTPU KprocTaTa.

BbiBOAbI

MpoBeaeHHble B pamKax [gaHHOM paboTbl wuc-
cNnefoBaHns NMO3BONAIOT MPUITU K 3aKNOYEHNIO
0 TOM, 4YTO BBeJEHME B 3KCMyaTayut Cuno-
BbIX pacnpefenuTenbHbiX TpaHchopmaTopos
C MarHuTonpoBoAammn 13 amopdHbLIX CMNNaBoB,
BbICOKOTEMMNEPaTypHbIX  CBEPXMPOBOAHMUKOBBIX
TpaHcopmaTopoB U UX KOMBUHUPOBAHHOM
KOHCTPYKUMM ABNSAETCA OAHWM 13 Haubonee
MePCNeKTUBHbIX MyTel CHUKEHUA TeXHUYECKMX
noTepb B 3MEKTPUYECKUX CETAX HedTerasoBbix
MEeCTOPOXAEHNU. B KoMnaHusax HedTerasoBoro
cektopa [10], 3neKTpoceTeBbiXx KoMMaHusx [11,
12] BBeAeHbl peKoMeHAauuu mo MNpPUMEHEeHUIo
3Heprocbeperaiouero 060pyaoBaHns, YTo CO3-
JaeT Mpeanocbiikk Ans [AanbHeilero pocra
0TeYecTBeHHON NPOMU3BOACTBEHHON 6a3bl 1 pas-
BUTWS TEXHOIOTUI NPOM3BOACTBA TpaHcdopma-
TOPOB C MarHUTONPOBOAOM U3 aMOphHOM cTanu.
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ENGLISH
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
windings inside a cryostat.

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
for the production of transformers with amorphous steel magnetic core.
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