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AHHoTaumA. B cTaTbe paccMaTpuBalOTCA MaTeMaTM4ecKas OCHOBa U UMUTALMOHHOE
MOJeNIMpoBaHMe NpoLEecCcoB HachILLEHNA TpaHCPOpPMaTOpPOB TOKa anepuoanyYecKUMm
COCTaB/AIOLLMMM TOKOB KOPOTKOMO 3aMblKaHWA. MpoLiecchl HackILLeHUA TpaHcGopMaTopoB
TOKa MOryT MOBAMATb Ha MpaBuibHOE AeWCTBMe 3aluT. Ha anexkTpocTaHumsx,
B YaCTHOCTM aTOMHbIX, YAC/IO TPAHCPOPMATOPOB TOKA MOMET COCTaB/IATb HECKOJIbKO
COTEH C PasfIMYHbIMM Harpy3skamu, OnHaMKM NoABOAALMX Kabenen u peanusauueit
peneviHoM 3aLumThl. [py 3TOM onpefeneHne BpeMeHW [0 HACbILLLEHWA MMEET CyLLLeCTBEHHOe
3HaYeHWe ONA NOCTPOEHUA CXEM W NMPUHLMMOB MOCTPOEHUA CUCTEM penieilHON 3aLuThI
Y aBTOMATMKM 3/IEKTPOCTaHLMIA. B cTaTbe Noapo6bHO paccMoTpeHbl MOAeN AMHAMUYECKMX
NpoLLeccoB B NEPBUYHOM U BTOPUYHOWM LenAX TpaHCPOpMaTopoB TOKA B OMHAMMUKE.
MpviBegeHO MaTeMaTUYeCcKoe onmcaHue AMHaMUYeCKUX NPoLLeCCcoB TpaHchopMaTopa ToKa
B HOMMHASILHOM peMUME W MpY KOPOTKOM 3aMblKaHUM B NepBUYHOi ero Lenu. C y4eToM
pe3ynbTaToB MOLEeNMPoBaHMA faHo 060CHOBaHUWe LieN1leco06pasHOCTU UCMOSb30BaHUA
rMNoTesbl 0 MPAMOYMOSIbHOM XapaKTEPUCTUKE HaMarHUYMBaHMWA MPY YNPOLLEHHBIX pacyeTax
NpoLeccoB HackleHnA. C NoMOoLLbi0 KOMMNbIOTEPHOM MoeNM NPoAeMOHCTPUpOBaHa
BO3MOMHOCTb UCMOMb30BaHNA XapaKTEPUCTUK HaMarHUYMBAHMUA B UMEIOLLIMXCA Ha MPaKTUKe
MPOTOKOMAaX UCMbITaHUI B PEXUME XOJI0CTOr0 Xo4a ANfA MOLeNMpoBaHUA NpoLeccoB
HacblweHus. OcyLlecTBneHo MofenvpoBaHWe TpaHCcGOpMaTopoB TOKA AJf1A OMbiTa
XOJ10CTOr0 X04a W NUTaHWA TpaHchopMaTopa ToKa CO BTOPMYHOW CTOPOHBI, a TaKHKe Npu ero
paboTe B YC/IOBMAX KOPOTKOMO 3aMblKaHWA Ha NepPBUYHON CTOPOHE 1 U3BECTHOM HarpysKe
Ha BTOPUYHOM CTOPOHE. TaKMM 06pa3oM, C MOMOLLbIO KOMMbBIOTEPHOIO 3KCMEPUMEHTA
MOYKHO CHATb BOJIbT-aMrepHble XapaKTePUCTUKU 1 NEPEHECTU UX B MOZENM C HACbILLeHNEM
TpaHCHOPMATOPOB TOKA YrKe B PeKMME KOPOTKOIO 3aMblKaHuA. [oKasaHa 3¢ eKTUBHOCT
AVHAMMYeCcKoro MoaenvMpoBaHusa TpaHchopMaTopoB ToKa. MporpaMMHan peanusauma
MOZEe/IM BbINOJSIHEHA CPEACTBaMM CTPYKTYPHOIO UMUTALMOHHOIO MOLEIMPOBaHNA B NaKeTe
MatLab, 0ocHoBaHHOM Ha peLLeHN YpaBHEHWI MaTPUYHBIX CTPYKTYP U aMynAumm. MNonyyeHa
3¢ eKTNBHanA 1 afeKBaTHaA peasnibHOMy TpaHchopMaTopy TOKa MMUTALMOHHAA Moaenb Ais
onpegeneHna BpeMeHN ero HaMarHUYMBaHUA.

KnioyeBble cnoBa: MofeMpoBaHme TpaHchOpMaTopoB, UMMUTALIMOHHOE MOZENMPOBaHIE, NPOLIECCH! HAChILLIEHNA
TpaHchopMaTopoB TOKa, Napan/ieNbHble BblUMCIEHNA
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Abstract. The article deals with the mathematical basis and simulation of the saturation
processes of current transformers with aperiodic components of short-circuit currents. Saturation
processes of current transformers can affect the correct operation of the protections. At power
plants, in particular atomic ones, the number of current transformers is several hundred with
different loads, lengths of supply cables and the implementation of relay protection. At the same
time, the determination of the time to saturation is essential for the construction of circuits
and principles of construction of relay protection systems and automation of power plants. The
dynamic processes in the primary and secondary circuits of current transformers in dynamics are
considered in detail. A mathematical description of the dynamic processes of a current transformer
in the nominal mode and during a short circuit in its primary circuit is given. The substantiation of
the expediency of using the hypothesis of a rectangular magnetization characteristic in simplified
calculations of saturation processes is given. The possibility of using the characteristics of
magnetization in the test protocols available in practice in the no-load mode to simulate saturation
processes has been demonstrated. Simulation of current transformers for the no-load experiment
and power supply of the current transformer from the secondary side, as well as during its
operation under conditions of a short circuit on the primary side and a known load on the secondary
side is carried out. Thus, with the help of a computer experiment, it is possible to take the current-
voltage characteristics and transfer them to the model with the saturation of current transformers
already in the short-circuit mode. The efficiency of dynamic simulation of current transformers is
shown. The software implementation of the model is performed by means of structural simulation
in the MatLab package, based on the solution of equations of matrix structures and emulation
of parallel computations. It was found that with the adequacy of the model and the real current
transformer with the involvement of information from the no-load mode, the determination of the
magnetization time from the aperiodic current components from the model is much easier than the
analysis by other existing methods. They require detailed design details of the current transformer
and the magnetic properties of the steel.
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BesepeHue

Ppo0ieMBbl HaChIIEHHS TPAaHC(HOPMATOPOB
TOKa CO CTaJbI0 allEPHOANYECKUMHU CO-
CTaBJISFOIIMMH TOKOB KOPOTKOTO 3aMBIKa-
HUSI U3BECTHBI. B psnie 1o0cTaToqHO peaKux ciry-
YaeB OHU IIPUBOAWIN K UPE3MEPHBIM AEHCTBUAM
peneitHOM 3alMThl M HEONPABAAHHBIM OTKITIOUE-

HUSIM B DHeprocucreMax. bezaBapuiinas pabora
JCHCTBYIOIIETO IEKTPO00OPYAOBAHUS IEKTPO-
CTaHHI/II\/'I, 1 B YaCTHOCTHU aTOMHBIX 3JICKTPOCTAaH-
uuit (ADC), obecrieunBaeTCsi MHOTUMH MEPaMH,
B TOM YHCJI€ TIpUBEACHHBIMHE B [1, 2], a Takxke
yrounsitomuMu [3]. HecMoTps Ha 3710, cymie-
CTBYET OIpeleNieHHas ONMacHOCTh HEKOPPEKT-
HOH paOoTHI 3aIUT U3-3a TIPOLECCa HACHIIECHUS

MHCTPYMEHTaHbeIe cpeactsa B Mogenu n MeTogmkm
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