O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0423U100125

Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peecrtpamnii: 18-07-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JIuxre# Bikropis BonogumupiBHa

2. Lyktei Viktoriia Volodymyrivna

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bup, pucepranii: kanguuaar Hayk

IIIudp HayKoOBOi cCIeniaIbHOCTI: 05.09.05

Ha3Ba HayKOBOIi CIIeIiaIbHOCTI: TeopeTnyHa eleKTPOTEXHIKA

Tanysp / rajysi 3HaHb: He 3acTOCOByeThCS

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH

Jara 3axucrTy: 11-07-2023

CnenianbHICTB 32 OCBITOIO: enekTpudiKallis Ta aBTOMaTHU3allisl CilIbCbKOTO FOCMIOIapCTBA
Micue po6oTH 3400yBava: HaujonanbHuil yHiBepCUTET 6i0PECYPCIB i IPUPOIOKOPUCTYBaHHS YKpaiHu
Kopg 3a €IPIIOY: 00493706

Micue3HaxoaKeHHS: By ['epois O60ponu, 6y, 15, M. Kuis, 03041, Ykpaina

dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CleliaJai30BaHOi BYE€HOI pazu): [l 26.187.01
IToBHe HaﬁMCHyBaHHH Iopn,qnqﬂoi ocoou: [HCTUTYT enekTpoaguHaMiku HanioHanbHOI akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417236

Micue3Haxoa KeHHS: np. [lepemorn, 6y, 56, m. Kuis, 03680, Vkpaina

dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IToBHe HaﬁMCHyBaHHH Iopn,zmqﬂoi ocoou: [HCTUTYT enekTpoasuHaMiku HanioHanbpHOI akagemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417236

Micue3Haxoa KeHHS: np. [lepemory, 6y, 56, m. Kuis, 03680, Vkpaina

dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TeMaTHYHHX PyOPHK: 45.03

Tema gucepranii:
1. YoockonaneHHs criocoby GOpMyBaHHS siiep iHTerpaabHUX PiBHSIHD B METO/li BTOPMHHUX JIXKEPEJI 11 aHali3y

MAarHiTHUX [0JIiB B HEJIIHINHUX CEPENOBUIAX

2. Improvement of the method of forming the kernels of integral equations in the method of secondary sources for

the analysis of magnetic fields in nonlinear media

Pedepar:

1. O6’eKTOM IOCTII>)KEHHS € NIPOLECU Y MAarHiTHUX CUCTEMAX 3 HEJIiHINHUMU (PepOMarHiTHUMU eJeMeHTaMu. MeTo1o

POOOTH € yIOCKOHAJIIEHHSI METOMY iHTErPaJIbHUX PiBHSHD IJ1S1 PO3PAXYHKY HEOOHOPIIHNAX MAarHiTHUX MOJIB Y

HEJIIHIHUX CEPEeNOBUIIAX B HANIPSIMi 3MEHIIEHHS KiJIbKOCTI CKJIaJJOBUX Y 4paxX IHTErPaJIbHUX PiBHSHB, 5Ki MiCTSATh

(YHKIiIO rpaflieHTy Bif MarHiTHOI IPOHUKHOCTI, Ta [IOAAJIBLIOTO SIBHOrO BUpa3y Liei QyHKIii yepes ryCcTuHy axepes

MAarHiTHOTO 110Jid, Ta 3aCTOCYBAHHA LIUX I'IiJ_IXOJ_IiB OJI pO3PaxyHKY MAarHiTHUX CUCTEM KOHKPETHUX



€JIEKTPOTEXHIYHUX IPUCTPOIB. METOAM NOCIiIPKEHHS: BUPIIIEHHS IIOCTABJIEHUX Y POOOTi 3aBHaHb 3[IilICHIOBAIOCS
MeTOoJlaMy, 110 6a3yI0ThCS Ha BUKOPUCTaHHI TEOpii eJIeKTPOMArHiTHOTO I10J151, BEKTOPHOT'O aHaJli3y, KOHLIeMIii
BTOPMHHUX JPKEPEJ, TeOpii iHTerpasbHUX PiBHAHB, T€OPIi allpOKCUMALlii, TEOpii YNCEJILHOrO iHTErpyBaHHH,
41CEJIbHOTO PO3B’SI3aHHSI CUCTEM iHTerpasIbHUX PiBHSHb, YMCEJIbHOTO PO3B’SI3aHHSI CUCTEM JIHIMHUX anredpaiyHux
piBHAHB. TeopeTnyHi Ta IPaKTUYHI pe3yabTaTH i HOBU3HA: OTPUMAB [10JAJILIIUI PO3BUTOK METOJ, IHTETPaJIbLHUX
PIBHSIHB [1J151 PO3PaxyHKy XapaKTePUCTUK MAarHiTHOTO I10JI B HEJIIHIMHUX CEPEOBUIIAX B HAMIPSIMi 3MEHIIEHHS
KiJIbKOCTi CKJIaIOBUX Y s1JIpax iHTerpajbHUX PiBHSHB, SKi MIiCTATb (QYHKI{IO IPalieHTy Bifi MarHiTHOI IPOHUKHOCTI, Ta
MOJAJIbIIOrO SIBHOTO BUpa3y 1iiei QyHKIIii yepe3 ryCTUHMU JIKepes MarHiTHOToO 110714, 10 A€ 3MOTY 3aMiHUTH
npoLenypy uucesnbHoro audepeHIiloBaHHS [IpU allpoKcuMaliii QyHKUii rpafiieHTy Bifj MarHiTHOI IPOHUKHOCTI Ha
[IpOLEyPY YACEJILHOIO iHTErPYBaHHA, IO Ma€e CYTTEBE 3HAYEHHS [JI4 MiIBUIEHHS TOYHOCTI PO3PAXYHKY S1ep
iHTerpasIbHUX PiBHSIHb B METOZ] iHTErpaybHUX PiBHSIHb. PO3p06JIEHO HOBY MaTEMAaTUYHY MOJEJIb i BilOBIIHUI
PO3PaxyHKOBUI METOZ, 1151 YCEJbHOTO PO3PaXyHKy MArHiTHOrO 10JIs1 B 6€3KOJIEKTOPHOMY I BUTYHI IIOCTIIIHOTO
CTPYMY 3 HESIBHOIIOJIIOCHUM TIJIaIKUM CTaTOPOM, 10 MiCTUTb TOHKI (PepOMarHiTHi nepexaaiku Mi>k 06MOTKOIO
CTaTopa i 3a30pOM MK CTaTOPOM Ta SIBHOIIOJIIOCHUM POTOPOM 3 IIOCTIHHMMU MarHiramu, 1o 03BOJISIOTh
BPaxOBYBaTHU HEJIiHiIHI BJIaCTUBOCTI (P€POMArHiTHUX €JIEMEHTIB MarHiTHOI CUCTeMHU IBUTYHA. [IpeIMeT i CTymiHb
BIIPOBAI)KEHHS: IPAKTUYHE 3HAYEHHS IJ151 €JIEKTPOTEXHIYHOI rany3i Mae 3alipOIIOHOBAHUN aJITOPUTM PO3PaXyHKY
MAarHiTHOro 1oJist B 6€3K0JIEKTOPHOMY JBUTYHI IIOCTITHOTO CTPYMY 3 HESIBHOIIOJIIOCHUM TJIaJIKMM CTaTOPOM, 1O
MiCTUATb TOHKI (pEPOMArHITHI NepeKkIagKyu MbK 0OMOTKOIO CTaTOpPa i 33a30pOM MDX CTaTOPOM Ta SIBHOIIOJIIOCHUM
POTOPOM 3 IIOCTIHHMMU MarHiTamu, 10 J103BOJIsiE BpDAaXOBYBATH HEJIiHilHI BACTUBOCTI (PEPOMArHiTHUX €JIEMEHTIB
MAarHiTHOI cucTemMu gBUryHa. Ha ocHOBi HbOro HanucaHo nporpamy Mmoo FORTRAN, sgxa 103BoJige 3a BilOMAMU
BXiTHUMU JAHUMU (T€OMETPUYHI IIapaMeTpPU CUCTEMHU, eJIEKTPO(Pi3nyHi NapaMeTpy MaTtepiasiB, XapaKTepUCTUKU
IIOCTITHUX MAarHiTiB, CTPyMy Y OOMOTKaX) PO3paxyBaTy MarHiTHe MoJie y po604OMy 3a30Pi €JIEKTPUYHOrO IBUTYHA
Ta IIPOBECTH OITHMIi3aliio 32 060paHUMM KpUTepisiMU. EQeKTUBHICTb BIIPOBAIPKEHHS: pO3p006JIEHO METOIMKY
po3paxyHKy QyHKIi rpafieHTa BiJi MarHiTHOI IPOHMKHOCTI 3 ypaxyBaHHSIM SIBHOTO IIPE/ICTaBJIEHHS HANIPYKE€HOCTI
MArHiTHOTO I10J1 Yepe3 I'YyCTUHY MarHiTHUX 3aps/iB, 0 JO3BOJIMIIO NPOLEC ii anpoKkcrumalii CKiH4eHHOBUMIPHUM
aHaJIOroM BMKOHATH {HTErpyBaHHSIM 32 JIKepesiaMu I0Jis, W0 J03BOJIMIIO 3MEHIINTY MTOXMOKY ii anpokcumariii Ha
BiMiHY BiJ Ipolieiypy 4ucesibHOro nudepeHiiioBaHHs 6e3nocepeHbo QyHKIii MarditHoi npoHukHocTi. Chepa
BHMKOPHUCTAHHSL: [J1s1 PO3BUTKY METO/IiB PO3PaXyHKy €JIEKTPOMArHiTHUX I10J1iB Ta Ma€ BaKJIMBE 3HAUE€HHS [1J15 ranysi

TEOPETUYHA e]IeKTpOTeXHiKa.

2. The object of research is the processes in magnetic systems with nonlinear ferromagnetic elements. The
purpose of the work is improvement of the method of integral equations for the calculation of heterogeneous
magnetic fields in nonlinear media in the direction of reducing the number of components in the cores of integral
equations that contain the function of the gradient from the magnetic permeability, and the subsequent explicit
expression of this function through the density of the sources of the magnetic field, and the application of these
approaches for the calculation of magnetic systems specific electrical devices. Research methods: the solution of
the tasks set in the work was carried out by methods based on the use of the theory of the electromagnetic field,
vector analysis, the concept of secondary sources, the theory of integral equations, the theory of approximation,
the theory of numerical integration, numerical solution of systems of integral equations, numerical solution of
systems linear algebraic equations. Theoretical and practical results and novelty: the method of integral equations
for calculating the characteristics of the magnetic field in non-linear media was further developed in the direction
of reducing the number of components in the cores of the integral equations, which contain the function of the
gradient from the magnetic permeability, and the further explicit expression of this function through the densities
of the sources of the magnetic field , which makes it possible to replace the procedure of numerical differentiation
when approximating the gradient function from the magnetic permeability with the procedure of numerical
integration, which is of significant importance for increasing the accuracy of the calculation of the kernels of
integral equations in the method of integral equations. A new mathematical model and corresponding calculation
method for the numerical calculation of the magnetic field in a collectorless DC motor with an implicit-pole
smooth stator containing thin ferromagnetic transitions between the stator winding and the gap between the



stator and an explicit-pole rotor with permanent magnets, which allow taking into account the nonlinear
properties of the ferromagnetic elements of the magnetic field, have been developed engine systems. Subject and
degree of implementation: the proposed algorithm for calculating the magnetic field in a collectorless DC motor
with an implicit-pole smooth stator, which contains thin ferromagnetic transitions between the stator winding and
the gap between the stator and an explicit-pole rotor with permanent magnets, is of practical importance for the
electrical engineering industry, which allows taking into account nonlinear properties ferromagnetic elements of
the magnetic system of the engine. Based on it, a program was written in the FORTRAN language, which allows you
to calculate the magnetic field in the working gap of the electric motor based on the known input data (geometric
parameters of the system, electrophysical parameters of materials, characteristics of permanent magnets, current
in the windings) and carry out optimization according to the selected criteria. Effectiveness of implementation: a
technique for calculating the gradient function from the magnetic permeability was developed, taking into account
the explicit representation of the magnetic field strength through the density of magnetic charges, which allowed
the process of its approximation by a finite-dimensional analogue to be performed by integration over the field
sources, which allowed to reduce the error of its approximation, in contrast to the procedure of numerical
differentiation of the function directly magnetic permeability. Field of use: for the development of methods of
calculating electromagnetic fields and theoretical electrical engineering is important for the field.
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