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TPAHC®OPMATOPAX

"Hauionansauii yaiBepeuter «JIbBiBChKA TOMITEXHiKa»

Po3pobrieHo mamemamuyHy moodesib 05151 OOCIOKEHHS MoYamKogoao po3rodiny Harpyau 83008 0bmo-
mok 08006MOmMK08020 mpaHcghopmamopa il Yac Oii Ha HUX iMMyIbLCHOI nepeHanpyau rnpsMOKymHOI ¢hopmu.
Mamemamuy4Ha modesib 0nsi OOCiOXeHHS iMIyIbCHUX rpoyecie 8 0bMomkax 0800O6MOMKOBUX MpaHCcgop-
Mamopax cchopmosaHa Ha nidcmasi 3anporoHo8aHoi 3acmynHoI CXeMu HeCKiH4eHHO Masioeo enneMeHma 008-
JKUHU 08006MOMK0B020 MpaHcghopMmamopa 3 ypaxyeaHHSIM efIeKmpoMacHimHUX 38’a3Kie MiX 0bMomkamu,
M03006XHIX i MOMEPEeYHUX 83aEMHUX IHOYKMUBHUX 38’513Ki8 MiX eumkamu OOMOMOK U nomoKo34ersieHHs1 8i0
OCHOBHO20 MazHImHO20 MoMoKy MazHimornposody y suensdi cucmemu OughepeHUiliHUX PiBHSIHb 3 YaCMUHHU-
Mu noxidHumu. B npoueci po3e’szaHHs1 OughepeHUiliHUX PIBHSIHb 3 YaCMUHHUMU MOXIOHUMU HEO0bXiOHO 3Haxo-
Oumu rnoyamkosi ma epaHu4Hi ymosu. Omxe 8uHUKae nompeba 8U3HaYEeHHS M0YamKo8020 pPo3rodifly Hanpy-
au 83006 0bMomok nid Yac Oif Ha HUX iMIyIbCHOI nepeHarnpyau. 32i0HO 3 NMPUHYUNOM HernepepsHocmi cmpy-
My ompumaHo cucmemy OugepeHyiliHUX pPieHSIHb 3 YaCMUHHUMU MOXIOHUMU Or1si 3aCMYIMHOI CXeMU HEeCKIHYeH-
HO Mario2o efiemMeHma mpaHcgopmamopa 3 ypaxy8aHHsIM MIflbKU EMHICHUX e/leMeHmis, rno3asik cmpymu 8
iHOYKmusHocmsx He MOXymb 3MiHosamucs cmpubkom. Ha nidcmasi modugpikosaHoi 3acmyrHOI cxemu He-
CKIHYEHHO Mario2o efiemeHma 08006MOMKO8020 mpaHcghopmamopa po3pobrieHa Mamemamu4yHa Mooesib Onsi
00cridXeHHsT no4amkoeo2o po3nodiny Harpyau 83008X 1020 06MOMOK WIIAXOM p0o38’sa3aHHs cghopMosaHor
cucmemu OuepeHUiliHUX PiIBHAHb 3 YaCMUHHUMU MOXIOHUMU, SKi onucyrome novyamkosul po3nodin Harnpyau
83008k 06MOmMoK 08006MOMKOB020 MpaHcghopmamopa. Ynepwe ompumaHO nodyamkosul po3nodin Harnpyau
83008k 06MOmMok d8006MOMK08020 MpaHcghopmamopa nid Yac Oii iMAynbCy nepeHarnpyau nPSMoKymHoi ¢hop-
MU, Wo supiwye rnpobriemMy su3Ha4dyeHHs1 moYamkosux ymos 0515 Kpaliogoi 3adauyi nid Yac pospaxyHKy ueudKor-
JIUHHUX X8UuIibo8UX rpouecie. Po3e’s3aHHA kpaliogoi 3adayi memodamu Kracu4yHoi MamemMamuyHoI (hi3uKku
0osegonisse Halamu Yimkul Mamemamu4Hul 3micm gpopmarnibHUM obyucrneHHsaMm. HaeedeHo nidxid 0o susHa-
YeHHS cmarnux iHmeeapysaHHs1 cucmemu OughepeHUitiHUX PiIBHSHb 3 YaCMUHHUMU OXiOHUMU Opy2020 ropsioKy.

Knro4yoBi cnoBa: xBMnbOBUIN NpoLec, MaTeMaTMyHa MoAesnb, TpaHchopMaTop, ANMEPEHLiHI PiIBHAHHS 3
YaCTUHHMMM NOXiAHMMUW, NOYATKOBI Ta rPaHMYHI YMOBU, MOYATKOBUIA PO3MNOAiNn Hanpyru.

Beryn

Joci mocrmimKeHHsT XBIITLOBUX TIPOIIECiB B 0OMOTKAX TpaHC(hOpMAaTOpiB 3/iHCHIOBAIOCS Ha Mi/ICTaBl Ma-
TEMaTHYHUX MOJIEIIEH, STKi (OopMYBaITUCS IS OAHIET 0OMOTKH O3 BpaXyBaHHS €JICKTPOMArHiTHUX 3B’ SI3KiB
MiX 0OMOTKaMHM, B3aEMHOTO 3B’s3Ky MK BUTKaMH OOMOTOK Ta OCHOBHOTO MaritHoro motoky [1], [2]. B
po0oTi [3] HaBexeHO 3acTyMHY cXeMy OAHOI OOMOTKM TpaHcdopMaropa, Ha MiJICTaBi Kol chOpMOBAaHO
MaTeMaTHIHy MOJIENb 1 JOCIIHKEHO MMOYaTKOBU PO3ITO L HAIIPYTH B3IOBXK 0OMOTKH TpaHchopMaTopa.

B Oararsox po6otax [4], [S] BHyTpiliHi mepexiaHi mpoiecu B 00MOTKax TpaHCHOPMATOPIB OMHCY-
IOTHCSl 3BHYAHHMMM JUQEPEHUINHUMH DPIBHSHHSAMH 3 AONYLICHHSIM JIiHIHHOTO PO3MOAINY HANpyrH
B3I0BXX 0OOMOTOK.

Ha croromni po3po0ireHi MaTeMaTHdHi MOAEII JUTsI TOCTIDKEHHST XBUIILOBUX IPOIIECIB B TBOOOMOTKO-
BUX TpaHc(opMaropax Ha MijcTaBi 3aCTYMHOI CXEMH 3 ypaxyBaHHSIM OCHOBHOTO MAarHiTHOTO MOTOKY,
BJIACHHX 1 B3aEMHHX MI>KOOMOTKOBHMX Ta B3a€EMHHUX MDXKBUTKOBHX 3B’s3KiB [6]—[8]. PiBHsaHH, sIKi ommu-
CYIOTh XBHJIBOBI TIPOIIECH B IBOOOMOTKOBHX TpaHchopMmaropaxX, € B YaCTKOBUX MOXITHMX 1 I iX
pO3B’s13aHHS HEOOXiqHO (OPMYBATH MOYATKOBI Ta rpaHUYHI yMOBH. OHUM 31 CTaHIB TAKOTO MaTeMaTHY-
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HOTO aHaJi3y € BH3HAYCHHS MOYATKOBOTO PO3MOALTY HANpyT B3IOBX OOMOTOK 3a Ail HA HUX IMITYJIbCY
nepenanpyru [9].

Memorw podomu € po3poOJIeHHST MaTeMaTHYHOI MOZEII JJIs JOCHIHKCHHS MOYaTKOBOTO PO3IIOALITY
HaIpyT B3IOBX 0OMOTOK IBOOOMOTKOBHX TpaHc(opMaTOpiB 3a [ii Ha HUX IMITYJILCHOI HAIPYTH.

Pe3yabTaTtu gocaigxenn

MaremaTtudyHa MO/JIeIb IBOOOMOTKOBOIO TpaHc(opmaropa po3podsieHa Ha MmijCTaBi 3aCTYIIHOI CXEMH,
nokasanoi Ha puc. 1 [6].
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Puc. 1. 3actynHa cxema ABOOGMOTKOBOTO TpaHC(hopMaTopa Ha OMHHII0 JoBxkuHM X B3/10BXK Ocei 06MOTOK

PiBHSIHHS 3MiHU CTPYMiB OOMOTOK 3alMCY€EMO Ha MiJIcTaBi nmepuioro 3akony Kipxroda
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PiBHSHHA criagy Hampyrd Ha OAWHHIIO JOBKUHHM OOMOTOK 3alTUCYEMO Ha MiJICTaBi IPYroro 3aKoHy
Kipxroda
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TUBHOCTI PO3CIIOBaHHS, NIEPBUHHOI 1 BTOPUHHOI 06MOTOK Ta MK HHMH, BiAIOBIZHO, Luo — IHJIYKTHB-

HICTh Mar"iTHOi cucremu Tpancdopmaropa, M;(X,s), M, (X,S) — BiacHi Ta B3a€MHI MIXXBUTKOBI 1HIyK-
TUBHOCTI PO3CiIOBaHHS, BIMOBITHO, TIEPBUHHOI Ta BTOPHHHOI 00MOTOK, K — KoedimieHT TpaHcdopmarrii
Tpanchopmaropa, | — mAoBkHHA 0OMOTKH, X — IOTOYHA JOBXKHHA KOOpAWHATA, S — ITOTOYHA KOOP-
JIMHATa, 3a SIKOK BU3HAYAETHCS BIJCTaHb BiJ] MiCIsA X IO KOOPAMHATH OYJb-SIKOTO IHIIOIO MICIIS OCi 00-
MoTkH [6], [7].

Hexaii Ha TpaHcopmaTop Ji€ MpAMOKYTHa XBUJIS Hanpyru 3 amiuiirynowo U, . B mepmwuil MomeHT
gacy (t=0) cTpym depes iHIyKTHBHOCTI OOMOTKH HE MPOTIKa€e, TOMY HasSBHICThH iHIYKTHBHOCTEH Ta B3a-
€MHUX IHIyKTUBHOCTEH He Bimirpae Hiskoi poii. Toxi 3acTymHa cxema TpaHchopmaropa (puc. 1) s
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IIbOI'0O MOMEHTY 4acy ckiafaeTbes Tinbku 3 eMHocTel Cyy, Con, Cy 01, Chroo 1 Copp - A1 cyTO €MHICHOT

CXEMH MOJKHA 3armucaty Taki piBHsHHS [10]
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VBiBIIM NO3HAYEHHS PIBHAHHS (5) 3aNHIIEMO Y TAKOMY BHTIISIII
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XapakTepucTUIHE PiBHAHHS (8) 3aIHUIIIeMO TaK:
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ITincraBnsemo rpanmani yMoBH (13) B piBHsHHS (11) 1 (12), OTpIMy€EMO CHCTEMY PiBHSIHB.
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Buaiimosmin 3 (14) crani inrerpysanus, 3 (11) ta (12) 3HaX0IUMO PO3IOIIN HAIIPYTH B3I0BXK 00MO-
ok s t =0, sxi mokazaHo Ha puc. 2 JJis MEPBUHHOI OOMOTKHU Ta Ha PHUC. 3 JJIsl BTOPUHHOI OOMOTKH,
BIJIITOBITHO.
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Puc. 2. ITouaTkoBHif PO3MOALT HAIPYTH B3IOBXK Puc. 3. [TouaTkoBuii pO3IOIT HATIPYTH B3IOBXK
TIEPBUHHOI OOMOTKH BTOPHHHOI 0OMOTKH

BucHoBxu

Ha migcraBi 3anmpornoHOBaHOT 3aCTYIHOI CXeMH JIBOOOMOTKOBOTO TpaHchopMmaTopa chopMOBaHO Ma-
TEMaTU4Hy MOJETb AJIsl JOCTiPKEHHS OYaTKOBOI'O PO3MOALTY HAapyrd B3JIOBK OOMOTOK Mif 4ac Aii Ha
HUX IMITyJIbCY TIEPEHANPYTH MPSIMOKYTHOI (pOpMH. 3ampornoOHOBAHO HOBUM MiJXiJ /Ui PO3B’SI3aHHS CHC-
TeMu nudepeHITIATPHIX PIBHAHD 3 YACTHHHUMH TTOX1THAMH, SIKi OTIICYIOTh MIOYaTKOBUH PO3TOIiI HATIPY-
TH B3JI0BX 00MOTOK TpaHcdopmaTopa. OTpuMaHi pe3ylbTaTH MOKHA BUKOPUCTATH JAJIsl BU3HAUYEHHS TO-
YaTKOBHX YMOB ITiJl 9ac pO3B’si3aHHS JAU(epeHIianTbHIX PiBHSIHb B YACTHHHUX TOXIJIHUX, SKi OMUCYIOTh
XBUJILOBI TIPOITIECH B ABOOOMOTKOBHUX TpaHCHOPMATOpPAX.
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Mathematical Model of the Initial Overvoltage Pulse Distribution
in Two-Winding Transformers

!Lviv Polytechnic National University

A mathematical model for the research of the initial voltage distribution along the windings of a two-winding transformer
during the action of a rectangular pulsed overvoltage, is developed. The mathematical model for the research of pulse
processes in the windings of two-winding transformers based on a substitution scheme of infinitesimal length element of the
two-winding transformer, taking into account electromagnetic connections between windings, longitudinal and transverse
mutual inductive connection between windings, the main magnetic flux in the form of differential equations with partial deriv-
atives, is formed. When solving such equations must be found initial and boundary conditions. There is a need to determine
the initial voltage distribution along the windings of the transformer during the action of impulse overvoltage. A system of
partial differential equations, according to the principles of current continuity for the substitution circuit of an infinitesimal
transformer element, taking into account only capacitive elements, and the current in the inductors does not change by a
leap, are obtained. The mathematical model for research the initial voltage distribution along windings by solving the system
of partial differential equations describing the initial voltage distribution along the windings of a two-winding transformer,
based on a modified substitution scheme of an infinitesimal element of a two-winding transformer, is developed. For the first
time, the initial voltage distribution along the turns of a two-winding transformer during the action of a rectangular overvol-
tage pulse, which solves the problem of determining the initial conditions for the boundary value problem of transient wave
processes, is obtained. Solving the boundary value problem by the methods of classical mathematical physics allows giving
clear mathematical meaning to formal calculations. An approach to the definition of stable integrations of a system of diffe-
rential equations, with partial derivatives of the second order, is presented.

Keywords: wave process, mathematical model, transformer, differential equations in partial derivatives, initial condi-
tions, boundary value problem, initial voltage distribution.
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