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AnHotauusi. CyliecTByrOmue MeETOAbl HE TO3BOJISIIOT U3MEPATh  PEaKTHBHBIC
COTIPOTHUBIICHUS] PACCESHUS I KXol 0OMOTKM TpaHc(hopMmMaTopa B OTIACIBHOCTH, IMO3TOMY
4acTo JUIsl MPOCTOTHI IOJIaral0T WX pPaBHbIMU Apyr Apyry. llenb uccinenoBaHus COCTOUT B
000CHOBaHHMM BO3MOXXHOCTH IKCIIEPUMEHTAIBHOTO OTPENIEICHUSI PEaKTUBHBIX COTPOTUBIICHUI
paccessHUASL JUISL KaXJ0W OOMOTKM TpaHchopMaropa B OTACIBHOCTH, KOTOPOE MOXKET OBITh
BBITIOJIHEHO TI0 KpailHe Mepe Tpems OSKCIEPUMEHTATbHBIMH METOJaMH, JAIONINMH
YIOBJIETBOPUTENIBHOE COBIMAJeHHE pe3yapTaToB. IlouTm mapajgoKcanbHbIi pe3yabTaT —
€MKOCTHBI XapaKkTep COINPOTHBIICHUS PACCESHUs BHYTPEHHEH OOMOTKH TpaHchopmaropa
MOJIyYEH JIMIIb JJIs KOHIEHTPUYECKUX IMJIMHIApUYECKUX oOMoToK. O00OImaTh €ro Ha JApyrue
TUIIBI OOMOTOK He cienyer. [IpencraBieHHbIe SKCIEPUMEHTAIbHBIE METOJIBI HE TPUBSI3aHBI K
XapaKkTepy PEeaKTUBHOCTH COMPOTHBICHHUH paccessHus. OHHM SBISIOTCS YHUBEPCATHHBIMH — WX
MOJKHO HCIIOJIb30BaTh MPHU JIIOOBIX THIAX 0OMOTOK. IloiydeHHBIE pe3yabTaThl PEKOMEHIYeTCs
MCIO0JIb30BATh MIPH MPOEKTUPOBAHUM U UCCIIEOBAHUU TPaHC(HOPMATOPOB.

KaloueBble ciaoBa: TpaHcpopmaTop, O0OMOTKa, paccesHue, HWHAYKTUBHOCTD,
€MKOCTHOCTb, TOTOKOCIIETIJICHHE, MArHUTHBIH MOTOK.
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BBEJIEHUE
CymMapHOEe pEeakTHBHOE COMPOTHUBIICEHUE paccesiHUs TpaHcpopmaTopa ¢ KOHIIEHTPH-
YECKUMHU IMIHHIAPUYECKUMU 0OMOTKaMHU

_(ouonDW?‘ EN a,
x——I (3+a0+3j, (1)

rae O — LUKIWYeCKadgd 4acToTa TOKa, Ho — HOCTOsIHHAA MarHuTHagd, D - CpeI[HI/Iﬁ AUaMCTp

O0OMOTKH; W — YHCIIO BUTKOB (IIpHBE/ICHHOE); | — BEICOTa OOMOTKH; @, — 3a30p MEX1y KaTyLIKaMH;

d;, 4, — TOJIIHHBI KaTYIIEK.

CYH_IGCTBYIOH_II/IG MCTOAbI HE IIO3BOJIAKOT M3MCPATH PCAKTHBHBLIC COIIPOTHUBICHHA
pacceaHud it Ka)K,HOfI 06MOTKI/I B OTACIIbHOCTHU, TOOTOMY 4HaCTO JISI ITPOCTOTHI ITOJIArar0T UX
PaBHBIMH ITOJIOBUHE OT IMOJIYYCHHBIX B BBIPA)KCHUN (1) B HeﬁCTBHTCHBHOCTH, MNPHUMCHUTCIIBHO K
paccMaTpuBacMOMYy CIIy4ar0, OHHU CYHICCTBCHHO HC paBHBI.
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OTcrofa peakTUBHOE COMPOTUBJICHHUE PACCESTHUS BHEITHEH 0OMOTKH
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Boruntanne ero u3 Qopmynsl (1) maeT peakTHBHOE COINPOTHBIICHHE PACCESHUS
BHYTpEHHEH 0OMOTKH
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K rtakomy pesynbraty mnpumen E.I'. MapkBapar, oAHako H3-3a OTCYTCTBHS
9KCIEPUMEHTAIbHON IPOBEPKU MIPU3HAHUS OH HE MOTY4UJI.

3HaK «—» B BbIpake€HUU (3) yKa3bIBaeT Ha JIBa 00CTOSTEIIbCTBA:

1) BHyTpeHHsISI 0OMOTKA MMOTJIONIAET MarHUTHBIN MOTOK [1—5] B OOJbIICH CTENEHH, YeM
paccenBaet (paccenBaeT CBOM, MOTJIOMAET OT BHEITHEH OOMOTKH);

2) ee (IKBUBAJICHTHOE) PEAKTUBHOE COTIPOTHBIICHUE PACCESIHUS SIBJIICTCS €MKOCTHBIM.
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Llenv uccnedosanusi COCTOUT B OOOCHOBAaHMHM BO3MOXHOCTH JKCIIEPHMEHTAIEHOTO
OTIpeJICIICHUST PEAKTUBHBIX CONMPOTHBIICHUH PAacCesHUS JIIS KaKJI0W OOMOTKH B OTJICIIBHOCTH M B
yacTHOCTH Bepuukaruu  Beipakenuit  (2)—(5). Axmyanvnocms pabomwi  00ycIOBICHA
MTOBCEMECTHBIM PacIpoCTpaHEHHEM TPaHC(POPMATOPOB.
C DKCIIepHMEHTAIBHEIM ONPENEIEHUEM aKTHBHEIX conpoTusinennii R, u R, 06moTok HeT

HUKAKUX TPoOIeM.
PeakTuBHOE COMTPOTHUBIICHHE PACCESTHUS JTI000 0OMOTKH MOYKHO OTIPEIECTUTH U3 (hOPMYITBI

X=~2"-r%.
[TommHOE compOoTUBIICHUE Z, Ka3aJI0Ch ObI, MOKHO OTIPECTUTh B COOTBETCTBUH C 3aKOHOM
Owma s yuactka mnenu. OmHAKO MPU KOPOTKOM 3aMbBIKaHUH, MTPH KOTOPOM TPUHSTO U3MEPSTH
PEaKTHBHOE COTPOTUBIICHUE PACCESHUs, HANPSHKEHWE Ha BTOPHUYHOW 0OMOTKE paBHO Hyimo. [1o
ATOU MPUYMHE HE CIIEYET pa3AeibHO U3MEPAThH paccessHusl 0OMOTOK.
BMmecte ¢ Tem mpoOiieMy MOXXHO PEIIUTh HECKOJIBKHMH CIIOCO0aMH. DTO SIBISETCS
OCHOBHOM 3a0aueti pabomui.

METOIbI HCCJIEJOBAHUA
B mpomecce wuccienoBaHus NPUMEHSIMCh OOLIEHAy4YHble U MaTeMaTU3MPOBaHHbIE
METO/IbI, a TAKXKE DJIEKTPOTEXHUYECKUE PACUETHI.

PE3YJIbBTATBI UCCJIIEJOBAHUS
BbICOKOTOYHBIH METO/I X0JI0CTOr0 X0/1a
N3 cxemsbl 3amernienus Tpancopmaropa (puc. 1) crieayer, 4To NPUBEACHHOE HAMIPSHKCHHE
Ha BTOPUYHOH OOMOTKE

U,=U,=1,2.
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Puc. 1. Cxema 3amenienus Tpanchopmaropa

Orcronia cienyert, 4To
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37ech U 1anee BEpXHUM JIEBbIN HHIEKC «2» YKa3bIBaeT, UTO BEJIMYMHA MOJIy4eHa BO BTOPOM
(oOpaTuMoOM) SKCIIEPUMEHTE.

Ilpumep 1. OnpenenuTh CONMPOTHBICHHUS paccestHus s Tpancopmaropa OCM-1,00.
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0 . ]

I, =0,819e '%*" A ; °U; =218,825B; 2U =218,343e/° B | =0,817e 180%° A |
0 U
U,-U; 219,138-219,054e'%%

— _ —j4,33° .
= I‘ 0,819871-80'120 =1,075e™! iOwMm;
1
[=10720m; %=-00810mM; C———~ —— 1 0039 ®;
2nfx, 2m-50-0,081
0 0
, U,-, 218,825-218,343¢/°% -
“ Zli ST oere =0,601e’*" Owm;
2
r,=0,2110m; x,=0,5620m
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BbICOKOTOYHBINH MeTOI KOPOTKOI0 3aMbIKAHMS
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Ilpumep 2. Tpaunchopmatop OCM-1,00. MI3mepeHHBIE ¢ BBICOKON TOYHOCTHIO BETUUNHBI:
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L d = 0,597/ (Owm;

I, 21—, %1, 4,025e717%%%".4,061e'™" - 4,016e1°** . 5,660e 1%
r,=0,2100m; X, =0,5590Mm.

IpudanKeHHbIH MeTOX KOPOTKOI'0 3aMbIKAHMS MPH MOCJIeI0BATEJIbHOM COeIMHEHNH

VY IBYX HACHTUYHBIX TPAHC(HOPMATOPOB MOCIETOBATEIHHO COENUHAIOTCA KaK IEPBUYHBIE,
TaK U BTOpUYHbIe 0OMOTKU. B pe3ynbraTe cxema mpuHUMAaET BUJI, IPEICTAaBICHHBINA Ha puC. 2.
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Puc. 2. Cxema 3amenieHus
1S IOCJIEI0BATENbHOTO COEANHEHHS

BBungy toro, 4ro BemMUMHBI Z; W Z, 3HAYMTENBHO MEHBIIEC Z,, CIPABEUIUBO

COOTHOILICHHUE
ch ~ O' 5Uac '

VuaursiBas, yro U, =U,,:
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Bemnuuner I, I, X =X +X, OINpeIenstOTCs H3BECTHBIMU SKCIIEPUMEHTAIbHBIMU

MCTOdaMM:
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KpOMe TOro, HOCJ'ICI[HI/Iﬁ pE3yIbTAaT MOXET OBITh IIOJIyd€H C HMCII0JIb30BAHUEM

00paTUMOCTH TpaHchopMaropa:
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Ilpumep 3. JIBa mpentuunsix Tpancopmaropa OCM-1,00 coeavHeHsl NO cXeMe B
cootBeTcTBUM ¢ puc. 2. Wsmepennbie Benmumne:: U, =12B; 1;=39A; 1 =110wm;
r, =0,2 Om; X, = 0,52 Om.

1, 3,9
Xy =232 =17 =4/0,622 ~0,2? =0,59 Ow;
X, =X —X;, =0,52-0,59=-0,07 iOm.

3AK/IIOYEHHUE
PeakTMBHOE CONpPOTHUBICHHME paccesHUs KaXIOW OOMOTKM TpaHchopMmaTopa B
OTJENIBHOCTH MOXET ObITh OMNpEeJeNeHO M0 KpailHeW Mepe TpeMs SKCIepUMEHTaTbHBIMU
METO/IaMH, JAIOLIUMH YAO0BIETBOPUTEIBHOE COBIAIEHUE PE3YIIBTATOB.



[Toutn nmapagoOKCaJIbHBIA PE3yNbTaT — EMKOCTHBIN XapakTep COIPOTUBIICHUS PACCESHUS
BHYTpPEHHEH OOMOTKM TMOJIy4eH JHIIb JUIS KOHIIEHTPUYECKHX LMIMHIPUYECKUX OOMOTOK.
O6o0miate ero Ha JApyrue TUIBI OOMOTOK HE CJenyerT. OTOT pe3ylbTaT He SBISETCS
6ecnpenieieHTHBIM [6—10]. IHAYKTHBHAS 3IEKTpUYecKas MallliHa — CHHXPOHHBIH KOMIIEHCATOP
B [1EPEBO30YKICHHOM COCTOSIHUM TOXKE MMEET eMKOCTHBIH XapakTep.

[IpencraBieHHble AKCHEPUMEHTAJIbHbIE METOJBl HE IMPHUBSI3aHBl K  XapakTepy
PEaKTUBHOCTH COIPOTUBICHUM paccestHusl. OHM SBJISIOTCS YHUBEPCAJIbHBIMU: HX MOYKHO
MPUMEHSTH MPH JOOBIX THITaX 0OMOTOK.

[lonyueHHble pe3ynbTaThl PEKOMEHAYETCS HCIOJIb30BaTh IPU IMPOECKTHUPOBAHUU U
UCCIIEIOBAaHUH TPAHC(HOPMATOPOB.
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MAGNETIC FLUX SCATTERING IN TRANSFORMERS

I.P. Popov
Kurgan State University (Kurgan)

Abstract. Existing methods do not allow measuring leakage reactance for each transformer
winding separately, therefore, for simplicity, they are often assumed to be equal to each other. The
purpose of the study is to substantiate the possibility of experimental determination of leakage
reactance for each transformer winding separately. The dissipation reactance of each transformer
winding separately can be determined by at least three experimental methods that give satisfactory
agreement of the results. An almost paradoxical result — the capacitive nature of the leakage
resistance of the inner winding of the transformer was obtained only for concentric cylindrical
windings. It should not be generalized to other types of windings. The presented experimental
methods are not tied to the character of the leakage resistance reactivity. They are universal - they
can be used with any type of winding. The results obtained are recommended for use in the design
and study of transformers.

Keywords: transformer, winding, dissipation, inductance, capacitance, flux linkage,
magnetic flux.
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