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AHHOTauuA. B cTaTbe Ha paspaboTaHHbIX AMHAMUYECKUX MaTEMATUYECKUX Modenax
nccnenyetca npobnemMaTKa NpoLLeccoB, BO3HMKAOLLMX MPW HeYrNpaBifaeMoM NoAK0YEeHUN
pPeaKTUBHOM HarpysKM K BbICOKOBOJIbTHBIM Tpex($pasHbIM CETAM C FNyX03a3eMJIeHHOMN
HenTpanbio. MNpy KoMMyTaLUM TpaHCHOPMATOPHOIO UM PeaKTOPHOIo 3/1IeKTpoobopyaoBaHUsA
K CeTU B Heb6NaronpuATHbIA MOMEHT MOIyT BO3HWKATb yAapHble NMyCKOBbIE TOKU, B AECATKU
pas npeBbllUaloLLMe HOMUHANbHbIA. 3T TOKU COAepHKaT anepnogmMyecKkmne cocTaBAaloLLne,
KOTOpble HAMarHMYMBAIOT CTaslbHble CepAeYHMKM annapaToB. Torga HeobxogMMa OTCTPOMKa
YCTaBOK pefieHoM 3aLLMThbl 0T BPOCKOB TOKOB, YTO MPUBOAMT K CHUMKEHMIO €€ YyBCTBUTESIbHOCTU
N bbicTpodencTBUA Npu cpabaTbiBaHMAX B PEXMUMAX peasibHbiX KOPOTKUX 3aMbIKaHUN.
3dPEKTMBHBIM TEXHUYECKMM PELLIEHMEM MO CHUMEHMIO YOaPHbIX TOKOB ABNAETCA UCMO/Ib30BaHMe
ynpaenseMoro nodasHoro npuMBoda rlaBHbIX KOHTAaKTOB BhiKnovaTenen. lposegeHo
MopenvMpoBaHue oUHaMUKK cxeM B cpeae MatLab n nakete MultiSim ana oueHKkm 61aronpuATHBIX
MOMEHTOB BKJIloYeHUsA. BbiBefeHo aHanuTuMyeckoe BbipaxeHue ONA HeWTpanusauuu
anepnmoanYecKor CoCTaBNAIOLLLEN NOTOKOCLENeHna cepae4yHMKOB MarHMTonposoaos. [Npu
3TOM YCTIOBUM HECUHYCcoMOaNbHble BPOCKN HaMar HUYMBAIOLLMX TOKOB He NMPeBOoCXOAAT 3aaHHbIX
KOHTPOJIMPYEMbIX 3aLLUTON 3Ha4YeHUA. OTMeYeHa CNoKHOCTb 6e3ygapHOro NoaK/IYeHUs
Ha MpaKTUKe CUMOBbLIX TPAaHCHOPMATOPOB B PEHMM X0JI0CTOr0 X04a, COAeprHaLlmMX BTOPUYHbIE
06MOTKM M0 CXeMaM «3Be3[bl» U «TPeYroJibHUKa». Toraa Bo BTOPUYHBLIX 0OMOTKaX Npu UCXOLHOM
HacTpoWKe No$asHOro BKOYEHMA FNaBHbIX KOHTAKTOB BbIK/OYaTE1A HAPYLLAeTCA CUMMeTpUs
¢dasHbIX NoToKocLeneHnn. Pesynstatamm npoBegeHHOro MO4eMPOBaHMA NOATBEPHKOEHO
BO3MOKHOE peLleHue NpobneMbl MArKON KOMMYTaLMKY B 3TOM cfiy4ae. OHO COCTOUT B U3MEHEHWUU
KOHCTPYKLUUKM TpaHchopMaTopa NyTeM BHeAPEHUA BbICOKOBOJILTHBIX BbiKftovaTenemn B gpasbl
«TPeyroJibH1Ka» COOTBETCTBYIOLLLEN BTOPUYHOM 0OMOTKM, KOTOpPbIe [OMHKHbI ObITb Pa30MKHY ThIMU
B npoLecce nycka TpaHchopmaTopa ¢ AaNbHENLLMM 3aMblKaHWEM B NpeacKasyeMblil MOMEHT.
CbopmMupoBaHa 6noK-cxeMa anroputMa paboTbl MHGOPMaLMOHHOM YacTu OJ1A MATKOro
no¢asHoro BKJIOYEHWNA IMaBHbIX KOHTAKTOB BbICOKOBOJIETHOIMO BbIK/loYaTesA. Pa3zpaboTaHHbIN
nakeT OUHaMUYEeCKMUX MaTeMaTUUYeCKUX Modenen No3BosiAeT Ha OCHOBe 06paboTKM OaHHbIX
0 MFHOBEHHbIX 3HAYeHUAX HanpsAMKeHU ¢pas ceTn chopMupoBaTb 6esynapHoe nodasHoe
NoAKJ/TI0YEeHME PeaKTUBHOM Harpy3KKM ¢ 0TCYTCTBMEM anepuognMyYecKMX COCTaBIAIOLLMX TOKOB.
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Abstract. The article uses developed dynamic mathematical models to explore the problems
of processes that arise during the uncontrolled connection of a reactive load to high-voltage
three-phase networks with a solidly grounded neutral. When switching transformer or reactor
electrical equipment to the network at an unfavorable moment, shock inrush currents can
occur that are tens of times higher than the rated current. These currents contain aperiodic
components that magnetize the steel cores of the devices. Then it is necessary to adjust the
settings of the relay protection against current surges, which leads to a decrease in its sensitivity
and performance when triggered in real short circuit modes. An effective technical solution to
reduce shock currents is the use of a controlled phase-by-phase drive of the main contacts
of switches. Simulation of circuit dynamics was carried out in the MatLab system and the
MultiSim software to assess favorable switching moments. An analytical expression is derived for
neutralizing the aperiodic component of the flux linkage of magnetic cores. Under this condition,
non-sinusoidal surges of magnetizing currents do not exceed the specified values controlled by
the protection. The difficulty of shock-free connection in practice of power transformers in idle
mode, containing secondary windings in star and delta circuits, is noted. Then in the secondary
windings, with the initial setting of the phase-by-phase switching of the main contacts of the
switch, the symmetry of the phase flux linkages is broken. The results of the simulation confirmed
apossible solution to the soft switching problem in this case. It consists of changing the design of
the transformer by introducing high-voltage switches into the delta phases of the corresponding
secondary winding, which must be open during the start-up of the transformer and then closed
at a predictable moment. A block diagram of the operation algorithm of the information part for
soft phase-by-phase switching of the main contacts of a high-voltage circuit breaker has been
generated. The developed package of dynamic mathematical models allows, based on processing
data on instantaneous values of network phase voltages, to form a shock-free phase-by-phase
connection of a reactive load with the absence of aperiodic current components.
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BBepneHune
BBICOKOBOJIBTHBIX CETSIX JIMHUH JJIEK-
B Tpolepenayd B JIEKTPOIHEPreTHKE
HEWTpaJlbHBIA IIPOBOJ, KaK Ipa-

BUJIO, HE BBIBEJICH M TIIyXO 3a3eMiieH [1].
BbICOKOBOJIBTHBIE BBIKJIFOUATENIHN OCYILIECT-

BIIIOT ONEPaTUBHbIE U aBapHUilHbIE Iepe-
KJIIOYEHHS] UCTOYHUKA CETH U Harpy3KH.
C nOMOILIBIO TPEXITOIIOCHBIX BEICOKOBOJIBT-
HBIX BBIKJIIOUaTeJIel K TaKUM CETAM MOJ-
KJIIouaeTcst TpexdasHasl Harpyska, Kak 1pa-
BMJIO, aKTUBHO-UHyKTUBHOI'O XapakTepa.

MHCprMEHTaHbeIe cpeactsa B Mogenu n MeTogmkm
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