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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHX PyOPHK: 45.03

Tema guceprauii:
1. EnexTpomarsiTHe 1ojie, CTBOPeHe MPOBiIHUKAMU 3i CTPYMOM I106JIN3Y eJIEKTPOIIPOBiIHOrO CepeioBUILa 3

CUJIBHUM CKiH-e(eKTOM

2. Electromagnetic field generated by conductors with current near conducting body with strong skin-effect

Pedepar:

1. O6’eKT mocCmiIKeHHS: eJIEKTPOMArHiTHI CUCTEMHU 3 TPOBiTHMKAMU, PO3TALIOBAHUMU TI06JIN3Y €J1IEKTPOIPOBIAHOTrO

TiNa, B IKOMY IPOSIBJISIETbCS CUJIbHUM CKiH-edeKT. MeTa pobOTH: ToAabIIMi PO3BUTOK aHATITUYHUX METO/iB

PO3paxyHKy TpI/IBI/IMipHI/IX KBaSiCTaLLiOHapHI/IX e]IeKTpOMaI‘HiTHI/IX 10JIiB 3a YMOBHU CUJIBHOT'O CKiH—e(beKTy B

€JIEKTPOIPOBIIHOMY TiJli 3 IMJIOCKOIO [IOBEPXHEIO B HANIPSIMKY BPaxXyBaHHs IPOCTOPOBOI KOHQIrypatii KOHTYPiB 3i

CTPYMOM, BU3HA4YE€HHS i aHaJIi3y CKJIa[OBUX I10JIS B i€JIEKTPUYHOMY i €JIeKTPOIIPOBiZHOMY cepenoBuiax. Metonu

IocinKeHHs: BupileHHs cpopMyIbOBaHUX Y AUCEPTALilHil poOOoTi 3324 HOCITHYTO 3 BUKOPUCTAaHHSIM METOIiB

TeOopii €JIEKTPOMArHiTHOIO I10JI4, PiBHAHb 3 YACTUHHUMU IOXiJHUMU, BEKTOPHOI'O i TEH30PHOTO aHai3y,
(yHIaMEHTaJIbHUX [10JI0KEHb €JIEKTPOAMHAMIKA Ta TEOPETUYHOI €JIeKTPOTEXHIKU. JIOCTOBIpHICTb OTPMMAHUX Y

POOOTi pe3ysbTaTiB 3a6€31e4yeThCsl KOPEKTHICTIO [IOCTAaHOBKY KPaloOBUX 33ja4 MaTeMaTUYHOI Pi3uku,



Y3rOIPKEHICTIO pe3yJIbTaTiB 3 JTaHUMU, OTPUMAaHMMU 33 JOTIOMOTOI0 HE3aJIEXKHUX YMCEJIbHUX METOIB. TeopeTuyHi
Ta IIPAKTU4YHi Pe3yJbTaT! i HOBM3HA: BIIEpIIE BCTAHOBJIEHO, 110 HOPMaJibHA KOMIIOHEHTA HAIIPY>KEHOCTI
€JIEKTPUYHOTO T10JIs1 Ha TIOBEPXHI [IieJIEKTPUYHOTO CEPENOBUILA i TOBEPXHEBA I'YCTUHA €JIEKTPUYHOTO 3apsay He
3aJI€XKaTh Bifl BIACTUBOCTEN €JIEKTPOINPOBIHOIO CEPEAOBUIIA i BUBHAYAIOTHCS TiJIbKM HOPMAJIBHOK CKJIAZ0BOIO
IHIIYKOBAHOTO €JIEKTPUYHOTO I10JIs1 KOHTYPY 31 CTPYMOM, 110 Ja€ 3MOT'y CIIPOCTUTYA MaTEMATU4HI MO el
PO3paxyHKy TPUBUMIPHOTO ITOJIS, HEXTYBATH JJISl UX CKJIAJIOBUX T10JIEM CTPYMiB, iIHIyKOBaHUX B
€JIEKTPOIIPOBiIHOMY CEPELOBULL; BIIEpIlIe HA OCHOBI 3araJbHOr0 aHaJIiTUYHOTIO PO3B'SI3KY NOBENIEHO, 110
HEOJHOpIiHE 3MIHHE €JIEKTPOMArHiTHE T10JI€ IIPY IIPOHMKHEHHI B €JIEKTPOIPOBIAHNN MIBIIPOCTIP 3aBXIU 3aTyXae
WBUALIE, HiK OGHOpifHEe; HabyB MOAANBIIOTO0 PO3BUTKY HAOIMKEHNI METO], PO3PAaXyHKY €JIEKTPOMArHiTHOTO MOJIS 3
BUKOPUCTAHHSAM aCUMIITOTUYHUX PAJIiB; AiCTajI0 HAYKOBOTO OOIPYHTYBAHHS BUKOPMCTaHHS MaTEMAaTUYHOI MOJETi
JIOKAJIBHO IBOBUMIipPHOTO 10JIs JJ1s1 IPOCTOPOBOrO CTPYMOBOTO KOHTYPA MOGJIN3Y €J1EKTPONPOBITHOTO MiBIIPOCTOPY
IJISIXOM OLIIHKY MOXUOOK BU3HAYEHHS I10J1s; B YMOBAX CUJIBHOTO CKiH-€(EKTy MEeTOM, aCUMIITOTUYHOTO
PO3KJIaJJaHHs BIIEPIIE 3aCTOCOBAHO [IJI1 BU3HAYEHHS iMITyJIbCHOTO €JIEKTPUYHOrO I0JISl B [i€JIEKTPUIHOMY
IiBIPOCTOPI [ KOHTYPIB OBiNIbHOI IPOCTOPOBOi KOHQirypauii. [IpeameT i CTyIiHb BIPOBaKEHHS:PE3YyIbTaTU
IVCepTaLifiHOi pOOOTH B YaCTHHI 3aCTOCYBaHHS METOMIB PO3PaxyHKy I'YCTMHU CTPYMY Ta €JI€KTPOAUHAMIYHUX CUJI
IIPU CUJIbHOMY CKiH-edeKTi 3HaNIIIM BUKOPUCTaHHS [IpY OOIPYHTYBaHHI C110co6y 6E3KOHTAKTHOI 0OpPOOKY 3BapHUX
1IBiB KOHCTPYKLi! 3 aJIIOMiHi€BUX CIIJIaBiB B IHCTUTYTI esleKTpo3BaploBaHHs iM. €.0. [latona HAH Ykpainu.
EdeKTHBHICTb BIPOBAI’)KEHHSI: MOAANBIINI PO3BUTOK aHAJITUYHUX METO/IIB PO3PaXyHKY TPMBUMIPHUX
KBa3iCTalliOHAPHUX €JIEKTPOMAarHiTHUX MOJIB 32 YMOBU CUJIBHOTO CKiH-€(EKTYy B €JIeKTPOIIPOBiTHOMY MiBIPOCTOPI B
HaIpsIMKY BpaxyBaHHS OBiIbHOI IPOCTOPOBOi KOH(Irypaliii KOHTYpiB 3i CTpyMOM, BU3HaY€HHSI SIK MarHiTHOi, Tak i
€JIEKTPUYHO]I CKJIa[IOBUX MOJIS B [IieJIEKTPUYHIH i €JIeKTPOIIPOBiIHIN 0671aCTsIX, pO3p0o06Ka e(EeKTUBHUX HAOIMKEHUX
METO/IiB PO3PAaXyHKy FapMOHIYHUX Ta iMITyJIbCHUX M10J1iB. Chepa BUKOPHCTAHHS: PO3POOKA €KCIIEPUMEHTAIBHUX
IIpusaziB 6€3KOHTAKTHOI OOpPOOKY 3BapHUX IIBiB KOHCTPYKLIH 3 aIOMiHi€BUX CIIJIaBiB; IMITyJIbCHUX CUCTEM OOPOOKHU
MeTaJIeBUX KOHCTPYKLIiN Ta BU3HAYEHHS €J1eKTPOQi3UYHUX IIPOLIECIB TP BUKOPUCTAHHI €JIeKTPOPO3PSIHUX KiJl;

BMKOPHMCTaHHS B HaBYaJIbHOMY IIPOLIECi BUIIMX TEXHIYHUX y460BuX 3aknaniB MOH Ykpainu.

2. Object of research: electromagnetic systems with conductors, located near the conducting body, which
manifests a strong skin effect. Purpose: further development of analytical methods for calculating three-
dimensional quasi-stationary electromagnetic fields under conditions of strong skin effect in an electrically
conductive body with a plane surface in the direction of taking into account the spatial configuration of circuits
with current, determination and analysis of composite fields in dielectric and electrically conducting
environments. Methods of research: Solving the problems formulated in the dissertation work is achieved using
electromagnetic field theory, partial differential equations, vector and tensor analysis, fundamental positions of
electrodynamics and theoretical electrical engineering. The reliability of the results obtained in the work is
ensured by the correctness of the formulation of the boundary value problems of mathematical physics, the
consistency of the results with the data obtained with the help of independent numerical methods. Theoretical
and practical results and novelty: it was first established that the normal component of the electric field strength
on the surface of the dielectric medium and the surface electric charge density do not depend on the properties of
the conductive medium and are determined only by the normal component of the induced electric field of the
current circuit, which makes it possible to simplify the mathematical models of the calculation three-dimensional
field, neglect for these components of the field of currents induced in the conductive medium; for the first time on
the basis of the general analytical solution it has been proved that the inhomogeneous alternating electromagnetic
field at penetration into the conducting half-space always decays faster than homogeneous; An approximate
method for calculating an electromagnetic field using asymptotic series has been further developed; got the
scientific substantiation of using the mathematical model of a locally two-dimensional field for the spatial current
circuit near the conducting half-space by estimating the errors of field determination; In the conditions of strong
skin effect, the method of asymptotic decomposition was first used to determine the pulsed electric field in a
dielectric half-space for the contours of arbitrary spatial configurations. Subject and degree of implementation:
the results of the dissertation work on the application of methods for calculating the current density and



electrodynamic forces under strong skin effect have been used to substantiate the method of contactless
treatment of welds of aluminum alloy structures at the Institute of Electric Welding. E.O. Paton of the National
Academy of Sciences of Ukraine. Implementation efficiency: further development of analytical methods for
calculating three-dimensional quasi-stationary electromagnetic fields under conditions of strong skin effect in the
conductive half-field in the direction of taking into account the arbitrary spatial configuration of circuits with
current, determination of both magnetic and electrical component fields in the dielectric and electrically
conductive regions, development of effective approximation methods calculation of harmonic and pulsed fields.
Scope of application: development of experimental devices of contactless treatment of welded seams of structures
made of aluminum alloys; pulsed systems for the processing of metal constructions and the determination of
electrophysical processes using electrodischarge circles; use in the educational process of higher technical
educational institutions of the Ministry of Education and Science of Ukraine.
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