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1. VoockoHaneHHs! MeTOJVKU OLIiHKY BTPAT B IPOCEJISX 3 OJTHOUIAPOBOIO OOMOTKOIO

2. Improvement of the methodology for estimating losses in chokes with a single-layer winding

Pedepar:

1. Cepezin A.Il. YIocKOHaJIeHHSI METOIMKY OLiHKY BTPAT B JPOCEJISIX 3 OHOUIAPOBOIO OOMOTKOIO. [lncepTaris
CKJIQIA€THC 3i BCTYIy, YOTUPbOX PO37iJiB, BUCHOBKIB, CIIMCKY BUKOPUCTAHUX IKepedl, 10 monaTkiBs, MicTATD 244
CTOPiHKM, 37 PUCYHKIB, 147 Tabinub. CIMCOK BUKOPUCTAHOI JliTepaTypu — 38 HallMeHyBaHb. JlogaTKu po3millieHo Ha
93 cropiHKax. AKTyasibHICTb TeMU. JlUcepTallis IPUCBSYE€HA PO3B'I3aHHIO aKTyaJIbHOI HAYKOBO-TIPAKTUYHOI 3a1a4i
nigsumenHs KK] cunoBux iHIYKTUBHUX €JIEMEHTIB 3 OJIHOIIAPOBUMU OOMOTKaMU 6€3 oceps B yIbTPa3ByKOBOMY
Iliana3oHi 4aCTOT UJISIXOM MiJBUIIEHHS TOYHOCT] Ta KOPEKTHOCT] pO3paxyHKiB BEJIMUMHU BTPAT B 0OMOTKax 3a
Bizomumu metogukamu (Dowell, Ferreira) miasixom eMIipu4HOro yTOUHEHHS BUPa3iB METOAMK BBEJEHHIM
reOMeTPUYHUX [IapaMeTpiB, 3HEXTYBAHMX Y I0YATKOBUX BUpa3ax. HasBHi npaii 6a3yl0TbCsl HA OCHOBHUX

pesyJbTaTax LUX METOJMK, OJIHaK, TEOPETUYHOI0 XapakTepy 06e3 eKClIepUMEeHTaJIbHOI [1epeBipKH, 10 i CTBOPUIIO



IepenyMOBH [J1s1 [TIOYATKY JOCIIIKeHb. [lucepralis BUKOHaHa 32 TeMatnyHumu rutaHamuy HIIP KIII im. Irops
Cixopcskoro, kadpenpu I[1PE PT® B meskax Jorosopy N¢ THIY /0201.01/2100.02 /47 /2023TOB «TIHCTPYM>» Bin
30.03.2023 p. MeTa - noranb6yeHHs TEOPETUYHUX IT0JI0KEHb Ta PO3POO6JIEHHS MPAKTUYHUX PEKOMEHIAIN 1010
KOPEKTHOTO PO3PaxyHKy BTPAaT B OJHOIIAPOBUX OOMOTKAX B yJIbTPA3ByKOBOMY [1ialla30Hi 4aCTOT, MIJIIXOM
Monu@ikauii icHyl0YMX po3paxyHKOBUX BUpa3iB. 3aBmaHHs: 1. KpuTryHuil aHasi3 iCHYl0YMX METONK PO3PAXyHKY
BEJIMYMHU BTPAT B 0OMOTKAX; 2. BUBHa4eHHS CTyIeHs BIIJIMBY T€OMETPUYHUX [1apaMeTPiB OJIHOIAPOBOi 0OMOTKM Ha
posIomin cTpyMy y ii BUTKax (BeJIMuMHy BTPaT). 3. AHai3 MIJISIXiB YTOUHEHHS PO3PaXyHKOBUX BUPa3iB. 4. YTOUHEHHSI
HasIBHUX PO3PaxyHKOBUX BUPa3iB. OG’€KT AOCTIIKEHHS — PO3NOLiJl CTPyMy y 6araTOBUTKOBII OHOMAPOBIii
0OMOTIi B yZIbTPa3ByKOBOMY Jlianla3oHi 4acToT. [IpeAMeT fOoCiIKeHHS — METOAUKYU PO3PaxXyHKY BEJIMYMHU BTPAT
0OMOTOK B yJIbTPa3ByKOBOMY [1ialla30Hi 4aCcTOT. MeToAu IOCIi/I)KeHHsI: YHiIBepCaJlbHi: aHali3 (pPO3MOAiNy CTpyMy
LIJIIXOM PO30UTTS 6araTOBUTKOBOi OOMOTKM Ha OKPEMi BUTKM), CUHTE3 (MTIOMKUPEHHS PE3YJIbTATIB JOCIiIPKEHHS
PO3IIOoZiNy CTPYMy 3 OZHOTO BUTKA Ha 6araTOBUTKOBY OOMOTKY), iMiTalilfiHe MOJie/Ii0BaHHS (MAlIMHHE MOJeJII0BAaHHS
obMoTKkU Y FEM cepenoBuili); eMIipuyHOro LOCiI>KeHHS: - IOPiBHSHHS (pe3yJIbTaTiB TEOPETUYHOTO,
€KCIIEPMMEHTAJIbHOI'O BUMIPIOBAHHS 3 pe3yJibTaTaMy MAIIMHHOIO MOZEJIIOBAaHHS), EKCIIEPUMEHT (HaTypHe
BUMIpPIOBaHHS IapaMeTpiB 0OMOTOK), rpadiunuil onuc (mobynosa rpadikis), CTaTUCTUYHUI ONHUC (TA6UL i3
IQHMMM), CJIOBECHUI ONUC (TIOSICHEHHS OTPMMaHUX JaHux). HaykoBa HOBU3HA: 1) 3ar1poroHOBAaHO METO], OLIiHKU
BEJIMYMHU BTPAT 6araTOBUTKOBOI OJJHOIAPOBOi OOMOTKH IIO€JHAHHSIM MAIIMHHOTO MOJIEJIIOBAHHS Ta
€KCIIEPMMEHTAJIbHUX BUMIPIOBaHb, IO JO3BOJISIE€ OLiHUTH BIUIUB FEOMETPii 0OMOTKY Ha PO3NOIiTI CTPYMY Y
[IONIEPEYHOMY I€PEPi3i NPOBIGHUKA; 2) YIOCKOHAJIEHO METOAMKY PO3PaxXyHKy BEJIMUYMHY BTPAT OJHOIIAPOBUX
0OMOTOK JIOTIOBHEHHSIM [109aTKOBOTO BUPa3y YTOYHIOIYMMU MHOKHUKAMY, B SIKY, HA BiIMiHY BiJl iCHylI0UMX
METOJIMK, BKJIIOUEHO 3HEXTYBaHi reOMeTpUYHi napameTpu. [IpaktnyHe 3HaueHHs: 1) HasiBHI METOAMKYU PO3PaxyHKy
NOTPeOYIOTh NOCIIIPKEHHS BIUIMBY 3HEXTYBAaHNUX F€OMETPUYHHUX [1IAPAMETPIB Ha PO3NOiJ CTPYMY Y IIPOBiIHMKAX
0OMOTKY (BEJIMYUHY BTPAT) AJ1s1 IOJAJIBIIOTO yIOCKOHaNeHHs!; 2) [Toxnbka B po3paxyHKax (BiZHOCHO
€KCIIEPMMEHTAJIbHUX JIOCIiI)KeHb) B MeKax Bif 20.6% no 39.6% (3HeXTyBaHO BIJIMBOM [liaMeTpa BUTKA) Ta Bif, 17.8%
10 65.99% (3HeXTyBaHO HEPIBHOMIPHICTIO pO3IIOAINY CTPYMY Y BUTKax); 3) Gopma rnonepeyHoro nepepisy
IIPOBiIHMKA (KPYTIJIa, KBAZpAaTHA) MaJlo BILIMBAE HAa PO3MOiJ CTPYMY — HEIO HexTyeMo; 4) Metonuky Ferreira
MO>KJIMBO BUKOPUCTOBYBATH [IJIs1 PO3PaXyHKy BE€JIMYMHU BTPAT OJHOLIAPOBUX OOMOTOK 6€3 0Ceps 3 KiJIbKICTIO
BUTKIB N > 30, a KiHLIEBUIA PE3yJIbTAT CKOPUTOBAHO HA BEJIMYMHY BiZJHOCHOTO BiIXUJIEHHS TEOPETUYHUX Ta
€KCIIepUMEHTAJIbHUX JaHUX (10 20.5% 3aseKHO Bif AiameTpa NpOBiiHMKA Ta YaCTOTH); 5) Po3paxyHOK BeJIMYMHU
BTPAT OJJHOLIAPOBUX OOMOTOK 3 (PEPOMAarHiTHUM OCEpIsIM 32 METOIMKOIO Ferreira NpoBOJUTH HE MOXKHA —
PO3XOIKEHHS TEOPETUYHMX OOUNCIIEHb 32 METOIUKOIO Ta eKCIIepUMEeHTaNIbHUMU JaHumu — 1000% (11 pasiB) -
BIUJIMB OCEPZS HAa BEJIMUMHY BTPaAT y METOIMLII HE BpaxoBaHoO; 6) [IprunHa po3XoIKeHHs — 3MiHa KOHiryparii
CMJIOBUX JIiHi MArHiTHOTO I10JI HAa PO3MO/iJ CTPYMY IIPM BBEEHHI ocepis. BrpaTy B ocepii He BIIJIMBAIOTL HA
BEJIMYMHY BTPAT 0OMOTKY; 7) YTO4HEeHO Bupa3 Ferreira, o 103BOIMIIO BpaxyBaTy BIUIMB 3HEXTYBAHUX
reOMETPUYHHUX [TAPAMETPiB — 3MEHIIEHO PO30iKHICTh MixK €KCIIEPUMEHTAJIbHUMU Ta TEOPETUUHUMU PE3yJIbTaTaMU
359.5% 1o 11% (Kf = f(N)) Ta 3 63% no 4% (Kf = f(d /Dcoil)). Ony61ikoBaHO 5 HAyKOBUX Mpaup — 2 CTaTTi y paxoBomy
BUJaHHI YKpainu Ta y BupaHHi Scopus (A, Q3), 3 Te3u [onoBinei Ha HAayKOBO-TeXHIYHMX KOHDepeHLisx. Kio4osi
CJIOBA: €JIEKTPOMArHiTHE I10J1€, TeJIEKOMYHiKallii, TeJleKOMyHiKallifiHa MepesKa, imiTaliliHe MOZeII0BaHHS,
yJIbTPa3ByKOBA PE30HAHCHA CUCTEMA, YJIbTPA3BYKOBI KOJIMBAHHS, iMITyJIbCHI IIEPETBOPIOBAYI €JIEKTPOEHEPTIi,
noTyxkHicTs Brpat, SEPIC nepersopiosad, DC-DC nepersopiosay, AC-DC nepersopiosady, FEA ananis,

[IepeTBOPIOBaY, MOCTOBUI iHBEPTOP, CUCTEMA iIMITyJIbCHO-(a30BOr0 KepyBaHHS, €KCIIEPUMEHT.

2. Seredin A. Improvement of the methodology for estimating losses in chokes with a single-layer winding. The
dissertation consists of an introduction, four chapters, conclusions, a list of references, 10 appendices, contains
244 pages, 37 figures, 147 tables. The list of references includes 38 titles. The appendices are located on 93 pages.
The dissertation is devoted to solving the urgent scientific and practical problem of increasing the efficiency of
power inductive elements with single-layer windings without a core in the ultrasonic frequency range by
improving the accuracy and correctness of calculations of the magnitude of losses in the windings using well-
known methods (Dowell, Ferreira), empirical refinement of their expressions, and the introduction of geometric



parameters that were previously neglected. Existing works are based on the main results of these methods,
however, of a theoretical nature without experimental verification, which created the prerequisites for starting
research. The aim is to deepen the theoretical positions and develop practical recommendations for the correct
calculation of losses in single-layer windings in the ultrasonic range by modifying the existing calculation
expressions. Objectives: 1. Critical analysis of existing methods for calculating the value of losses in windings; 2.
Determination of the degree of influence of the geometric parameters of a single-layer winding on the current
distribution in its turns (loss value). 3. Analysis of ways to refine the calculation expressions. 4. Refinement of the
existing calculation expressions. Object of study - current distribution in a multi-turn single-layer winding in the
ultrasonic frequency range. Subject of research - methods for calculating the value of winding losses in the
ultrasonic frequency range. Research methods: analysis (studying the current distribution by splitting the multi-
turn winding into separate turns), synthesis (extending the research results from a single turn to a multi-turn
winding), simulation modeling (machine modeling of the winding in the FEM environment); - comparison (of
theoretical, experimental measurement results with the results of machine modeling), experiment (field
measurement of winding parameters), graphical description (plotting), statistical description (tables with data),
verbal description (explanation of the data obtained). Scientific novelty: 1) A method for estimating the magnitude
of losses of a multi-turn single-layer winding by combining machine modeling and experimental measurements is
proposed, which allows us to assess the effect of winding geometry on the current distribution in the conductor; 2)
The methodology for calculating the magnitude of losses of single-layer windings has been improved by
supplementing the initial expression with clarifying factors, which, unlike existing methods, includes neglected
geometric parameters. Practical significance: 1) The existing calculation methods require the study of the influence
of neglected geometric parameters on the value of losses for further improvement; 2) The error in the calculations
(relative to experimental studies) is in the range of 20.6% - 39.6% (the effect of the coil diameter) and 17.8% -
65.99% (uneven current distribution in the coils); 3) The shape of the conductor cross-section has little effect on
the current distribution - it is neglected; 4) The Ferreira method can be used to calculate the loss value of single-
layer windings without a core with a number of turns > 30, and the final result is corrected for the relative
deviation (up to 20.5%); 5) It is impossible to calculate the value of losses of single-layer windings with a
ferromagnetic core according to the Ferreira method - the difference between theoretical calculations according
to the method and experimental data is 1000% - the influence of the core on the value of losses is not taken into
account in the method; 6) The reason for the discrepancy is the change in the configuration of the magnetic field
lines affecting the current distribution when the core is introduced. The core losses do not affect the winding
losses; 7) The Ferreira expression was refined, which made it possible to take into account the influence of
neglected geometric parameters - the discrepancy between experimental and theoretical results was reduced
from 59.5% to 11% (Kf (N)) and from 63% to 4% (Kf(d /Dc)). He has published 5 scientific papers - 2 articles in a
professional publication of Ukraine and in Scopus (Q3), 3 abstracts at scientific and technical conferences.
Keywords: electromagnetic field, telecommunications, telecommunication network, simulation modeling,
ultrasonic resonant system, ultrasonic vibrations, switching power converters, power losses, SEPIC converter, DC-
DC converter, AC-DC converter, FEA analysis, converter, bridge inverter, pulse-phase control system, experiment.
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IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHmil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

Baache IlpizBuie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi

OisSIIBHOCTI

CrenaHoB Muxaino MukoJjaioBu4

CrenaHoB Muxaino MukojanioBuy

Cepegin Aupnpin [1aBnoBuy

VKpIHTEI

Opuenko TetsaHa AHaTosiiBHa



