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OINIPEAEJIEHME IIOTEPHb MOIIIHOCTH
B TPAHC®OPMATOPAX ITIOCJIE HOPMATHUBHOI'O
CPOKA SKCIUVIYATAIIUN

JoKT. TexH. Hayk, npod. PYPCAHOB M. U., acn. IETPAIIIEBHY H. C.
Benopycckuii nayuonansnulii mexuuueckuil yuugepcumem

E-mail: nik.petrashevich@qmail.com

Jlnst moTpeOuTeNbCKUX TPAaHCHOPMATOPOB PACTIPEIETUTENBHBIX CeTeH BaXHEHIINMH Ta-
pamMeTpamu, XapaKTepH3yIOIUMH UX 3G ()EKTUBHOCTD, ABISAIOTCS 3HAUYEHHS IOTEPh MOLIHOCTH
KaK Harpy3ouHbIX, TaK M XOJOCTOro Xoja. TOoYHOE onpejeNeHne Ha3BaHHBIX BEJNUUYHH CIIO-
cobcTByeT Gonee 0OOCHOBAaHHOMY BHIOOPY ONTHMM3AIIMOHHBIX Meponpustuid. JlaHHas Tema
aKTyallbHa, IOTOMY 4TO B COBPEMEHHBIX JJICKTPUYECKHX CETSX MCIOJIB3YeTCs HEMAllo Macisi-
HBIX TpaHC(OPMATOPOB, YEH CPOK HKCIUTyaTalldd 3HAYUTENBHO IPEBBINIACT HOPMATHUBHBIH
(25 ner), a U3MepeHHe MOTEPh MOLIHOCTH COTJIACHO ACHCTBYIOIIMM HOPMATHBaM B YCIIOBHSX
HETIPEPbIBHOM JKCILTyaTallud HE BCETAa BO3MOXKHO.

IIpencraBieHa ycoBepIIEHCTBOBAHHAS METOJMKA ONPEAEIEHUs] MOTePh HAa OCHOBE 001ie-
MPUHATON TEIUIOBOH MOJIENH MAacisHOro TpaHcdopmaTopa. YKa3aHbl HEIOCTAaTKU CYIIECT-
BYIOIIEHl METOANKH M OOOCHOBaHBI HEKOTOPHIE M3MEHEHHS B IPAKTUUCCKOM INPUMEHEHUH
MaTeMaTHdeckoil Mogenu. CrenaH akIeHT Ha 0COOSHHOCTSX N3MEPEHHs TeMIEepaTyphl B Mac-
IsiHOM TpaHcdopmarope. IIpeuioxkeH MPOTOTUI yCTPOWCTBA OTKPBITOH apXUTEKTYpPhl IS
peanu3anuy yCoBEpIIEHCTBOBAHHOIO METOJa U3MEPEHHs MOTeph MOIMIHOCTH. OnHcaHbl KOH-
CTPYKTHBHBIE OCOOEHHOCTH YCTPOWCTBA, €ro (DyHKIMOHAJIHHBIC BO3MOXHOCTH M JCKH3HAS
cxema ycTtaHoBKH. OTMeueHa BO3MOXKHOCTh HE TOJIBKO OTPENETATh HOTEPH MOIIHOCTH, HO H
nepeaaBarh MojaydeHHyo HHpopManuio aucrerdepy mo GSM-cBs3u Ui YyHPOIIEHNST MOHU-
TOPHHTA COCTOSIHUS TpaHC(HOPMATOpa, a TAKXKE BO3MOXKHOCTh MHTETPAIMU YCTPOUCTBA C CHU-
CTEMOI1 TEeII0BOi 3amuThl Tpanchopmaropa. IIpakTuueckas 3HAUNMOCTh U 00JIACTH MpPUMe-
HEHHS TIOJIy4E€HHBIX Pe3yJbTaToOB — 3TO Pa3paboTKa W BHIOOP ONTUMHU3ALMOHHBIX MEPOIPHS-
TUH B paclpeAeIUTeIbHBIX JCKTPHUSCKHUX CETAX (HampuMep, 3aMeHa TpaHchopMaTopa).

KniodeBble c10Ba: MacisiHBIA TpaHC()OPMATOP, ITOTEPH MOIHOCTH, CPOK IKCITyaTalluH.

Wn. 3. bubnuorp.: 10 Ha3B.
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POWER LOSSES ASSESSMENT IN TRANSFORMERS AFTER
THE NORMATIVE OPERATING PERIOD

FURSANOV M. 1., PETRASHEVICH N. S.

Belarusian National Technical University

The capacity losses values both loading and off-load are topmost parameters characteriz-
ing the distribution mains customers’ transformers operating effectiveness. Precise determi-
nation of the specified values facilitates substantiated choice of the optimizing procedures.
The actuality of the given topic increases owing to the fact that the modern electric grid utilizes
plenty of the oil-transformers whose time in commission considerably exceeds the statutory
25 years. Under the conditions of continued operation the power-losses measurement accord-
ing to the functioning guidelines does not seem always possible.

The authors present an improved power-losses assessment technique based on the current-
ly accepted thermal model of the oil-transformer. They indicate the deficiency of the existing
technique and substantiate some of the changes in practical application of the mathematical
model. The article makes an emphasis on peculiarities of the temperature changes in the
oil-transformer and offers a prototype device of open architecture for realizing the improved
technique of the power-losses measurement. The paper describes the device design features
and functionality options and depicts its sketchy schematic. The authors note the potential of
additional to assessing the power-losses volume, transmitting the obtained information to the
dispatcher via GSM-connection for simplification of the transformer status monitoring;
as well as the capability of integrating the device into the system of the transformer thermal
protection. The practical merit and application scope of the obtained results are in deve-
lopment and choice of the optimizing measures to be taken in the distributive electrical grids,
e. g. the transformer replacement.

Keywords: oil-immersed transformer, power losses, operating period.
Fig. 3. Ref.: 10 titles.

Jnist IaHUPOBaHUS M IPOBEICHUS MEPOTIPUSTHI IO ONTUMH3ALUH DJIEKTPO-
SHEPTreTHUECKUX CHCTEM Ba)KHO MMETh JAHHBIE O TEKYIIEM COCTOSHHU JIEMEH-
TOB DJIEKTPUUECKOH ceTh. [ moTpeOuTenbCKuX TpaHCPOPMATOPOB pacipee-
JUTENBHBIX CeTel BaXKHEHIIUMH MapaMeTpaMH, XapaKTepU3YIOIHMHU UX 3P dex-
TUBHOCTbD, SBIISIOTCS 3HAYEHHUs MOTEPh MOIIHOCTH KaK HAarpy304HBIX, TaK
M XoJocToro xonxa. TodHoe ompeneieHHe HAa3BaHHBIX BEIHMYHWH CHOCOOCTBYET
0osee 00OCHOBAaHHOMY BBIOOPY ONTHMHU3AIMOHHBIX MeponpusaTuii. CoriacHo
MPUHATHIM HOpMaM [ 1], HCKOMBIE IOTEPH MOIIHOCTH XOJIOCTOTO X0/a B TpaHC-
¢dopmarope AP, MOTYT OBITH OIIpE/ICIICHBI IO (opMyIIe

2
AP, = AP, | 2| (1)
U

BH

rac APXH— norepu aKTUBHOM MOIIHOCTH XOJOCTOro xoga II0 JaHHBIM 3aBO-

JIa-U3rOTOBUTENST TIPU BKIIOYEHUH TpaHchopmaropa HA HOMHHAIBHOE HAIps-
’KeHHEe OOMOTKH BBICOKOW CTOpOHBI; U,— pabouee HampsbpkKeHUe TpaHchopma-

TOpa B I-M pexume; U

BH

— HOMUHAQJIBHOC HAIIPAKCHUC OOMOTKH BBICOKOT'O

HaIpsDKEHUS.

W3BecTHO, YTO HOPMATUBHBII CPOK IKCIUIyaTallMd MacisiHbIX TpaHcopma-
TopoB cocTaBisgeT 25 ner [2]. OgHaKko B COBPEMEHHBIX pacHpeleNUTeNbHbIX
AIIEKTPUYECKUX CETSIX ellle paboTaloT BIIOJIHE HCIPABHBIE TPAHCHOPMATOPHI, YeH
CPOK 3KCIUTyaTalluy 3HAaYUTEJIbHO MPEBBIIIAET HOPMaTUBHBIA. [Ipu 3TOM B cuity
BIHMSHUS HEOOpAaTHMBIX IPOLECCOB CTApEHUS MAaTepHalioB HCIIOJIb30BaHUE
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B pacyCTax MaCHnoOpTHBIX MapaMCETPOB APX q AL AJIUTCIIBHO 3KCILTyaTHPYCMBbIX

TpaHchopMaToOpoB He KOppekTHO. B psne pabor [3, 4] skcriepruMeHTaNnbHO ycTa-
HOBJICHO M3MEHCHHE BEIMYMHBI AP, B paclpeNeNuTeNIbHBIX MACISHBIX TPaHC-

(dopmaropax, CpoK IKCIDTyaTalldl KOTOPHIX MPEBBIIACT HOPMATUBHBINA. B TO ke
BpeMsi CBOCBPEMEHHOE M3MEPCHHE MOTEPh MOIIHOCTH B MOPSJIKE, YCTAHOBJICH-
HOM B [5], HEe Bcerza BBITIOJNHSIETCS, OCOOEHHO IS TPaHC(HOPMATOPOB HOMU-
HanbHOM MomHOCTRIO M0 1000 kB-A, mepnomauyHOCTh HCHBITAHUN KOTOPHIX
B [5] He ykazaHa.

B cBsi3u ¢ BhIIECKa3aHHBIM TPEAJIATaeTCs YCOBEPIICHCTBOBAHHBIN METO]]
OTpe/ICTICHHsI OTEPh MOIIHOCTH, pa3pa0d0TaHHBIN aBTOpaMH Ha OCHOBE TEILIO-
BOW Mojenu TpaHchopMaropa, mpeacTaBieHHou B [6, 7]. CormacHo [2], mpeBbI-
NICHUE TEeMIIEpaTypbl TpaHc(hOpMaTOpPHOTO Maciia B BEpXHUX closx A0, Hax
TEMIIEPATypOH OKPYKAIOIICH Cpeibl i YCTAaHOBUBIIETOCS TEIJIOBOTO IMPO-
1ecca onpeaensieTcs CleAyoInM 00pa3oM:

2
A6, =0, | TEE T ®)
1+R

rae A6, — NacHOpTHOE NPEBBHIIEHHE TEMIIEPATYphl Macia B BEPXHMX CIOSAX
NpY HOMUHAIBLHOW Harpy3ke (IS pacrhpeielHuTeNIbHBIX TpaHchopMaTopos
tina TM A6, = 55 °C); K — ko3¢ dHLueHT 3arpy3ku TpancdopmaTopa; x — Ho-
Ka3aTeNb CTEMEHU CyMMApHBIX MOTEPh (IJIs pacrpeleuTeIbHBIX TpaHChopMa-
topoB Tuna TM x = 0,8); R = AR, /AR, — OTHOIIICHHE MTOTEPh KOPOTKOI'O 3aMbIKa-

HUS AR, K TOTEpAM X0J0CTOro Xo1a AR,.
N3 (2) momyunm

1
IRE
A0,

-1

R= : (3)
AB,

AO

K*—

Hcnonb3yst ymnpouieHHy0 MoJienb TpaHchopMaTopa Kak OJHOPOIHOTO
Tena [7], TEIUIOBYIO MOCTOSIHHYIO BPEMEHH TpaHc(opMaTopa T MOXHO OIpese-
JUTH 10 popMyIIe

mc
=25 p0, 4
= e

rJie m — Macca TpanchopMaTopa; ¢ — yAelbHas TSIUIOEMKOCTh TPaHCHOPMATOPa;
P=K ZAPK + AP, — cyMMapHbIe NTOT€pPU aKTMBHOM MOLIHOCTH B TpaHC(OpMaTo-

pe; AB — ycraHoBUBIIEECsS MPEBHIIICHUE TEMIIEpaTyphl TpaHchopmaTopa Han
TeMIepaTypor OKpYKarollen cpepl.

Marematudeckas MOJACIb PACIpPEeICHUs TeMIIepaTypbl Macia 10 BBICOTE
Tparcdopmaropa, npuHATas B [6], TO3BOJISIET UCIIOIL30BaTh B KadecTBe AO mpe-
BEIIIICHUE TEMIEpaTyphl Macia B BepXHUX ciosix AO,. B memsx ymnpomeHus,
MPUHAMAs, 9TO Macca M yAelIbHas TEIUIOEMKOCTh TpaHC(OpMaTopa MOCTOSHHBI
M HE 3aBUCIT OT TEMIIEpaTypbl U CpoKa CiIykO0bI, hopMyiy (4) MOKHO TEperu-
caTh B BUJIC

18



K*AP.+ AP, =9A9M, Q)
T

riae G =mc — TEII0EMKOCTh TpaHChopMaTopa, onpeneisieMas 0 NacOPTHRIM
JAHHBIM TIPEBBIMICHUS TeMIepaTypsl Ab,,, TOCTOSHHONW BPEMEHH T, U MaclopT-
HBIM TTOTEPSM XO0JIOCTOTO X011a APy;; I KOPOTKOTO 3aMbIKaHUA AP,

A8 v

MH

G (6)

N3BecTHO [2], 9TO TeMIlepaTypa BEPXHUX CIIOEB Macia MPUHAMAET TIPAKTH-
YEeCKH yCTaHOBHUBILEECS 3HAUCHHE yepe3 NPOMEXYTOK BpeMeHH 4t (IpaKTu-
gecku 510 12 u gna tpaHcdopmatopoB TM) mpu HOCTOSHHOH Harpyske.
B peanbHOCTH MOCTOSIHHYIO Harpy3ky TpaHcopmaropa B TeueHue 12 4 mon-
JepKUBATh JOCTATOYHO CIJIOKHO, OITOMY JUIsl ONpEE/IEHUs] YCTAaHOBUBIIIETOCS
MPEBBILICHHUS TEMIIEPaTypbl U MOCTOSHHON BpeMeHH TpaHchopMaTopa MOXKHO
HCIIONIb30BaTh 3aKOH M3MEHeHus TeMieparypsl. Ilo nanusv [6, 7], npu paBHO-
MEpHOM HarpeBe Tpanchopmaropa TeMIeparypa BEpXHHX CIIOEB Maciia Hh3Me-
HSETCS T10 SKCMOHCHITMATEHOMY 3aKoHY (puc. 1).

10
9

~VY cTaHOBUBIICECA BHAUCHIIE
J".‘
8 /f
e

n

AB,, %

%)

[

Bpewms ¢, a

Puc. 1. DxcrioHeHIMabHAs KpUBasi HarpeBa Tpancgopmaropa

IIpu Harpyske, yCIOBHO IOCTOSHHOM B TEUEHHE TOJIBKO HECKOJIBKMX YacoOB
(HampuMmep, IPU HOYHOM MHUHHMYME), MOKHO TIOCTPOUTH 3aBUCUMOCTD H3MEHe-
HUS TIPEBBIIICHUS TEMIIEpaTypbl BEPXHUX CJIOEB Macia OT BpeMeHH A6,(?).
ATNIpPOKCUMUPYS AAHHYIO 3aBUCUMOCTB 110 COOTHOIIEHHUIO

A0, ()= A0, (1-e "), (7)

MOXKHO OIPENeNUTh HeoOXOoAuMble 3Ha4YeHus AO, M T C JOCTaTOYHOH TOYHO-
CTBIO.

[Mocne psima mpocteimux npeodpazoBanuii Gopmynsl (3) u (5) oOpasyroT
CUCTEMY YPaBHCHUM:

KZAPH+APX:£A9M;
T
il
AO, *
NI ®
AP T
Y[ A8, )
AD,,
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1
Baeziem o603nauenne (AD, /AD, ) =& u npeobpasyem cuctemy (8) K Bumy:

G
= A8, (£-1)
AP, =9A9M -K’ =

1 [[th]ud(g—l)];

G
i ?AGM(é—l)

K -gere-n]

U3 (9) BugHO, 4TO 11 ONMpeneNeH:sl HCKOMBIX TTOTePh MOIIHOCTH B TpaHC-
(hopmaTope OCTaTOYHO UMETH JAaHHBIC O €0 KOAPDHUITUEHTE 3arpy3KH U Xapak-
Tepe U3MEHEHUS MPEBBIIICHHS TEMIIEPATyphl BEPXHHUX CJIOEB Maciia BO BPEMEHH.
B ycnoBusax skcmimyatanmu Kod(QUIMEHT 3arpy3kd TpaHCPOpMaTopa MOKHO
JOCTATOYHO TPOCTO OMPEACTUTh IO IMOKA3aHUSM H3MEPHUTEINHHBIX MPHOOPOB,
YCTAaHOBJICHHBIX Ha TOJACTaHUUH. Peructpanms ke TeMIepaTyphl BEI3bIBACT He-
KOTOpbIe 3aTpydHEHus. JIsi M3MepeHus1 TeMIepaTypbl BEpXHHX CJIOEB Macia
aBTOopamH pa3paboTaH MakeT mpudopa Ha OCHOBE MUKpPOKOHTposuiepa Arduino,
MO3BOJISIFOIMI CYMTHIBATH U XpaHUTh HHPOPMAIHIO O TEMIIepaType B KapTe ma-
MATH microSD. ApXxuTekTypa KOHTpoJUIepa JaeT BO3MOKHOCTh HHTETPHPOBATH
€ro B IIeTH TEIUIOBOW 3amuThl TpaHchopmaTopa. OyHKIIMOHAIbHAS CXeMa pas-
paboTaHHOTO yCTPOICTBA Mpe/ICTaBIeHA Ha pUC. 2.

TemmepaTypa BEpXHUX CIIOEB Macjia M OKPYXAroIeH Cpebl ONpenesieTcs
C TIOMOIIBIO ABYX TEPMOMETPOB: TEPBBHI yCTAaHABIMBAETCS B OTBEPCTHE IS
CTaHIAPTHOTO TEPMOMETpA, BTOPOW 3aKPEIUISETCS HAa HEKOTOPOM PacCTOSHUH
or Ttpanchopmaropa (puc. 3). Tekymas Ttemmeparypa OToOpakaercs Ha
KK-mucrimee mpubopa ¥ 3alMCHIBA€TCS B MaMATh 4Yepe3 PaBHBIC IPOMEXKYT-
Ku BpeMeHH. Kpome ToOro, mpeaycMoTpeHa BO3MOXKHOCTH IMpHeMa MpUOOpoOM
SMS-koMana u nepenaun coodmenuii. Beioop nMenno GSM-cBsi3u 00yCIOBIICH
OONBILION 30HOW JEHCTBUSI COTOBOW CBSI3M, B CBSI3H C YeM HET HEOOXOIMMOCTH
WCTIOJIB30BaTh JIOTIOJIHUTEIIBHBIC Mepejatolie YCTpocTBa. Benmunny 3arpysku
TpaHcopMaTropa YCTPOHCTBO MOMKET IMOJy4aTh OT €ro HU3MEPUTEIIbHBIX
yCTpoiicTB (TpaHCOPMATOPOB TOKAa MM CUETYHKOB BIIEKTPOIHEPTHH) 4Yepes3
AHAJIOTOBBIA BXOJI.

9

3anuch NOKa3aHUH
OTcuer BpeMeHU [Ipuem xomanzg
B AMATh U YTCHUE
HU3MEPCHUS no GSM-cBsi3u
M3 IaMSTH
! ! ili oo

nHpopman
no GSM-cBs13u

ﬁ ﬁ ____ﬁ Ha [TK

O06paboTKa TaHHBIX

P 1
N3mepenue N3mepenue | Uzmepenue |
TeMIepaTypel TeMIepaTypel | 3arpy3Kku |
o 1
OKpYXKaromen BCPXHHX CIIOCB ! TpacdopmMaTopoB |
cpenpl Mmacia : :

Puc. 2. dynkunonanbpHas cxeMa pa3paboTaHHOTO yCTPOICTBa
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HemanoBaXHBIM JOCTOMHCTBOM MPUOOpPA SIBJISIETCS BO3MOKHOCTh PETHUCTPa-
UM TEMIIEpaTyphbl BEPXHUX CJIOEB Macja B T€YEHUE IIPOIOJDKUTENHHOIO IIEPHO-
na BpeMeHu. MHopManus o TemrepaType OKpysKaromel cpeibl 1 BEpXHUX CIIO-
€B MacJla CYUTHIBACTCS C JAaTYMKOB, 00pabaThIBAeTCsl KOHTPOJUIEPOM U 3aITUCHI-
Baercs B maMATh Ha microCD-kapty. Mudopmanus Moxer OBITH cUHMTaHa
HETIOCPEICTBEHHO C KapThl HaMATH JHO0 1Mo 3ampocy depe3d GSM-koMaHTy
1 ucnonb3oBarbed B ycnoBuax SMARTGRID snekrpudeckux ceTen.

JluHaMuKa H3MEHEHHUs TEMIIEpaTypbl BEPXHHX CJOEB Maclia IO3BOJISIET
OTIPENIeNIUTh N3HOC HM30JISAIMU MaclITHOTO TpaHcdopmaropa [6] U OICHUTH €ro
9KCIUTyaTallMOHHBIA pecypc. B Hacrosiee BpeMs CyIIecTBYIOT pa3HOOOpa3HbIe
METOAMKH OTIpPEIeNICHHS TEKYIIEero TEXHMYECKOI0 COCTOSIHUS TpaHchopmaropa,
OCHOBaHHBIC Ha XUMHUYECKOM aHanmuie TpaHchopmaropHoro macna. Hecmorpst
Ha TO, YTO METOABI XHMHUYECKOTO aHaln3a JAI0T AOCTATOYHO TOYHBIN pe3ylib-
TaT [8], OHM BecbMa 3aTpaTHBI M HE BCETJa MOTYT OBbITh BBIIIOJHEHBI B MaciuTade
MPENPUITUS pAaHOHHBIX JIIEKTPOCETEH.

3
[r=c0-d| ,

F N A N

5

* 5
= I ——

Puc. 3. Cxema ycTaHOBKH ycTpoiicTBa: 1 — Gak TpaHcopmaTopa; 2 — MacIsHBIH TEPMOMETP;
3 — BrewHAs GSM antenHa; 4 — kopmyc ycrpoiictBa ¢ XKK nucruieem; 5 — BHEIIHUI TepMOMETp

Ompenenenue peanrbHBIX TEXHUKO-)KOHOMHYECKHX IOKa3aTtenei TpaHchop-
MaTOPOB IO3BOJISIET Oojiee 0OOOCHOBAHHO BBHIOMPATh ONTHMHU3ALMOHHBIE MEPO-
HPUATHS B 3JEKTPUYECKUX CeTsAX. B wacTHOCTH, MHpOpManus O BEJIWYMHE MO-
Teph B TpaHCc(opMaTope MOXKET OBITh HCIIOB30BaHA B TEXHUKO-3KOHOMUYECKUX
pacueTax (Hampumep, NpeAcTaBIeHHBIX B [9]), a AMHAMHUKA U3MECHEHUsI BEINYH-
HBI TTOTEPh B TPOIECcCe IKCIUTyaTallud MO3BOJISIET NMPOTHO3UPOBATH COCTOSIHUE
TpaHcopmaTopa B JOJITOCPOUYHON MEPCIEKTHBE U IJIAHUPOBaTh Oojee Kaue-
CTBCHHBIC ONTHUMHU3ALMOHHLIC MCEPOIIPUATUA, TAKUC KaK KalUTaJIbLHBINA PEMOHT
Tpa"cdopmaropa wiau ero 3amena [10].

BBbIB O 1 bl

1. YcraHoBIIEHO, UTO y TpaHCHOPMATOPOB CO 3HAYUTEINBEHBIM CPOKOM CITYXK-
OBl 3HAYCHMS TIOTEPh MOIIHOCTH M3MEHSIOTCS BCIICJICTBHEC XUMUYECKOW Jierpa-
JTAITIN MaTepPHaoB.
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2. IIpeasioskeH yCOBEPIICHCTBOBAHHBIM METOJI ONPE/ICIICHUS TTOTEPh MOITHO-
ctu MacisHoro Tpanchopmaropa s yenoBuit SMARTGRID va ocHOBe aHamu-
3a TeMIIEpaTypbl BEpXHUX CIIOEB Macla.

3. Pa3pa0oTaH MakeT yCTpPOWCTBa, IO3BOJISIOIICTO OMPEIEISITh MOTEPH
MOIITHOCTH B TpaHc(hopMaTope u nepeiaBaTh UX JUCIIETYEDY.

4. Tlomy4yeHHBIC pE3YyIBTATBI MOTYT OBITH HCIOJB30BAaHBI MPH pa3padOTKe
Y BBIOOPE ONTHMU3ANMOHHBIX MEPONPHUATHI B PACIPEIEIUTEIBHBIX IIEKTpHYe-
CKHX CETSAX C IIENBI0 YIYYIICHUS HMX TEXHUKO-d)KOHOMHUYECKHX IT0Ka3aTesei,
a TaKXe NpH IUIAHUPOBAHUM JAPYTHX TEXHUUYECKUX MEPOIPUITHH, HalpuMmep
3aMeHe TpaHchopMaTopa.
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YIPOLIEHHAS MOJIEJIb TPEX®A3HOM I'PYIIIIHI
TPAHC®OPMATOPOB TOKA B CUCTEME
JUNHAMHMUYECKOI'O MOAEJIMPOBAHUA

Kawna. Texn. nayk, nou. HOBAII U. B., acn. PYMSIHIEB 1O. B.
benopycckuii nayuonanvHulll mexHuuecKull yHugepcumem
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[IpencraBnena u 060CHOBaHA METOIMKA PEATU3ALMU YIPOLUICHHONH MaTeMaTHYeCKOil Mo-
JienH Tpex(asHoH Tpymmsl TpaHC(OpMATOPOB TOKA HA OCHOBE IACHOPTHHIX (HOMHUHAIBHBIX)
JTaHHBIX TPaHC(HOPMATOPOB TOKA, BXOJIINX B MOAEIUPYeMyIo Tpexdasnyio rpymry. 1o mpu-
BE/ICHHON METOAMKE B Cpelie JuHaMHuueckoro Mojaennposanus MatLab—Simulink—SimPower-
Systems peanu3oBaHa YNpPOLIEGHHas MaTeMaTH4ecKas MoJelb Tpex]a3HOW Ipymmbl TpaHC-
(hopMaToOpoOB TOKA C COCANHEHHEM BTOPHYHBIX OOMOTOK M HAarpy3oK IO CXEME «3Be3fa C Hy-
JIEBBIM TIPOBOAOM». JlaHHAsh MOJEINb MO3BOJISIET II0JMy4aTh (POPMY KPUBOII BTOPUYHOTO TOKA,
UCHOJIB3YS JIMIIB TTaCIIOPTHBIE JJAHHBIE MOJIEIUPYEMOro Tpancdopmaropa Toka. Takum obpa-
30M, paccMaTpHBaeMasi MOJETb JaeT BO3MOXKHOCTH OIEHMBATh MPUMEHUMOCTh TpaHc(hopMa-
TOpa TOKa C TOYKH 3PEHUS MPaBWIFHOTO (DYHKIIMOHMPOBAHUS YCTPOWCTB PEeNICHHOM 3aInThI
IpU EPEXOAHBIX MIPOIIECCaX B YHEPTOCUCTEME.

C TTOMOIIBIO ﬂaHHOﬁ MOAEIN NPOBEACHBI BBIYUCIUTEIBHBIE JKCIIEPUMEHTBI, COOTBET-
CTBYIOIINE XapaKTEPHBIM peKHUMaM paboTsI TpaHC(opMaTopa TOKa: MPOTEKaHHE TOKAa KOPOT-
KOTO 3aMBIKaHUs C HAJIMYMEM/OTCYTCTBHEM allepUOANYECKOl COCTABIAIONIEH M MPOTEKaHHUe
TOKa KOPOTKOTO 3aMbIKaHMS C HaJM4YHeM allepUOJUUYECKON COCTaBIAIOIIEH M OCTaTO4YHOU
HaMarHU4EHHOCTH TpaHchopMaTtopa Toka. PaccMOTpeHbl PeXUMBI HEYCIEIIHOTO aBTOMATH-
YEeCKOT0 MOBTOPHOTO BKJIIOUCHUS HPH PA3IUIHOI (ha3e BKIIOUESHUS BBIKIIOUaTeNs. s xax-
JIOTO XapaKTEPHOTO CIy4as MOCTPOEHBI OCLHIIOIPAMMBL.

[TpoBeseHo cpaBHEHHE ABYX CHOCOOOB 3aJaHUsi KPUBOM HaMarHWMYMBAHUS CTalIU MarHu-
TOINpoBoOJa TpaHchopMaTopa TOKA: pydHas ANNPOKCUMALHS U alpoKCHManus mo ¢hopmyse
Omnengopda. Ha ocHOBaHMM JaHHOTO CPaBHEHUS CIENAH BEIBOJ O BOSMOXXHOCTH IPHMEHE-
HUS almpOKCHMHpPYIOMeH (GyHKINHM KPHUBOH HaMarHUYUBAHUS UL aHaIW3a paboTHI TpaHC-
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