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2.4.5 dHepreTHYecKHe CUCTEMbI U KOMILJIEKCHI (TEXHUYECKHE HAYKH)
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Annomayus. IlpusedeHbl pe3ysbmambl AA60PAMOPHLIX UCCAEJ08AHUL 8AUSAHUS HENOAHOPAZHLIX PEtcUMO8
pabomsl Ha eeAUYUHYy OONOJHUMENbHbIX NOMepb MOWHOCMU CUA08020 MpaHchopmamopa ¢ HeAuHelHoll
HecuMMempu4Holl Hazpy3koll. BblsieneHue uU3MeHeHUs1 O0ONOJHUMEAbHbIX nomepb MOWHOCMU KOC8EHHO
8bIN0/IHAA0CL nNpu nomowu K-pakmopa, usmeperHozo npubopom HIOKI 3196. OyeHka 84ussHUS HeNOAHOPA3HbIX
pexicumMos pabomal cu108020 MpaHcHOpMamopa npu HeCUMMEMPUYHOM U HECUHYCOUAAAbHOM pesxcume pabombl HA
8e/UHUHY JONo/HUMENbHbIX homepb MOowHocmu 8 HeM. Ha ¢usuueckoll modeau cemu HanpsxceHuem 0,38 kB,
numatroweticss om cu/s108020 mpaHcgopmamopa co cxeMmoll coeduHeHUs1 06MOMOK «38e30a/ 38e30a C Hysnem»,
€030a8aUCL HECUMMEMPUYHbIE HECUHYCOUOANbHbLE PeXcUMbl pabombl. 3ameM 8 00HoU u3 gpas usuyeckoii modeau
cemu UMUmMupos8a/cst HenoAHo PasHslil pexcum pabomol. U3mepeHust 31eKmMpu4eckux 8eAuvUH 0Cywecmensiocs
npu nomowu cepmu@uyuposaHHoz2o uamepumesnbHoz2o npubopa HIOKI 3196. BwuinosHeHHble ucci1edo8aHus
nodmeepxcdaiom, 4mo 0451 CHU}CEHUSI JONOJHUME/bHbIX NOMepb MOWHOCMU 8 CU/I080M MpaHcpopmamope
Heob6xo0uMbl 02paHu4eHusl Heno/IHOPA3HbIX PeXcuMo8 €O CMOPOHbI UCMOYHUKO8 numadusi aub6o 3a cyem
€80e8peMeHHOU CUZHAAU3AYUU O BO3HUKWEM pexcuMe, AU60 3a cuem OMKAYeHUS] HA2PpY3KU Ha CMOpOoHe HU3uWez20
HanpsixceHus. AHau3 pe3y1bmamos ucc1e008aHuUll NOKasvleaem, ¥mo npu ecex UcCAe008aHHbIX PeXUMax pabomeol
Modeau cemu K-pakmop 6oavwe eduHuysvl, a 3Imo 3HAYUM, 4YmMo 8 mpaHcgopmamope G03HUKAOM
donosiHUmMeibHble NoMmepu MOWHOCMU 0M MOKO08 8bICUWUX 2APMOHUK.

Kamwouesvle cao8a: Hecummempusi, HecuHycoudaabHocmby, K-gpakmop, cuioeoti mpaHcgopmamop

MeafcpezuOHa/leaﬂ Mo/100excHast Hay4Has KOH¢€p€Hl{uﬂ no asziekmposHepzemuke

nod szudoii MC PHK CHUT'P3 23



Jueprocéepexenue u
Ne 5(157), 2025 Boponoaroroexa

CnHUCOK UCTOYHUKOB

1. Onaun M.A. DOjekTponuTawliue CUCTEMBI U
3JIEKTpHUYecKHUe ceTH / Y4e6Hoe nocobue. — 3epHorpaz: Proy
BITO AUT'AA, 2005. - 76 c.

2. Kmumo B.Il, MockaneB A.Jl. Ilpo6GyieMbl BBICIIHUX
rapMOHHUK B COBPEMEHHBIX CHCTeMax 3JIeKTPONUTaHusA //
[IpakTuyeckass cujaoBasi 3JeKTpoHUKA. Hayu.-TexH.c6./Ilox
pen. Maneimkosa I'M., JlykuHa A.B.- M.: AO3T "MMII-Up6uc”,
2002. Bpin 5. C.

3. IlenteroB W.B. OcoGennoctu pacyeta K- u KR-
bakTopoB  pacmpefeNUTeNbHBIX  TpaHCPOPMATOPOB U
TpaHcpopMaTopoB yCTpOHCTB peoGpa3oBaTebHOM
texuuku / WU.B. [lenreros, B.H. Cugopen, C.B. Peimap, U.B.
Bonkos, M. Levin, A. Hoevenaars // TexHuueckas
3JIeKTPOJJMHAMHKA: CusoBas 3JIEKTPOHHUKA u
3HeproadekTuBHOCTD. U. 4. - K.: Mocksa, 2020. - C. 33-39.

4. Ko63ucteiif, 0. B. CoBepuieHCTBOBaHHE 3aL[UThI
3/leKTpoJBUraTe/led  OT  HeCUMMeTpPUU  IHTAIOLIEro
HanpsbkeHusa (Ha npuMepe nTHIeBOJYECKHX NOMeELIEHHH):
Juc. ..KaHA. TexH. Hayk / O.B. Ko63ucrtbiil. - 3epHorpan:
AYT'AA, 2000. - 143c.

ASSESSMENT OF THE EFFECT OF INCOMPLETE-PHASE NETWORK OPERATION ON
ADDITIONAL POWER LOSSES OF A POWER TRANSFORMER FEEDING A

NONLINEAR UNBALANCED LOAD

Abstract. The results of laboratory studies of the effect of incomplete-phase operating modes on the amount of
additional power losses of a power transformer with a nonlinear asymmetric load are presented. The detection of
changes in additional power losses was indirectly performed using the K-factor measured by the HIOKI 3196 device.
Assessment of the effect of incomplete-phase modes of operation of a power transformer in asymmetric and non-
sinusoidal modes of operation on the amount of additional power losses in it. On a physical model of a 0.38 kV network
powered by a power transformer with a "star/star with zero" winding connection scheme, asymmetric non-sinusoidal
operating modes were created. Then, an incomplete operation mode was simulated in one of the phases of the physical
network model. Measurements of electrical quantities were carried out using a certified HIOKI 3196 measuring
instrument. The performed studies confirm that in order to reduce additional power losses in a power transformer, it
is necessary to limit the incomplete-phase modes on the part of the power sources, either by timely signaling of the
mode that has occurred, or by disconnecting the load on the low-voltage side. An analysis of the research results shows
that under all the studied operating modes of the network model, the K-factor is greater than one, which means that
additional power losses from higher harmonic currents occur in the transformer.
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	Для защиты силового трансформатора от токов несимметрии и высших гармоник используют различные методы, например [2]:
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