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2. Active shielding system of magnetic field for built-in transformer substation

Pedepar:

1. Inceprarist Ha 300OYTTSI HAYKOBOTO CTyIeHs fokTopa dinocodii 3i cnenjanbHoCTi 141 - EnekTpoTexHika,
€JIEKTPOEHEPreTUKa Ta ejleKTpomexaHika (14 - EnextpuyHa iHxeHepist).— HallioHabHUI TEXHIYHUN YHIBEPCUTET
«XapKiBChKUII MOJITEXHIYHMI iIHCTUTYT», XapkiB, 2023. O6’'€KTOM IOCIiI)KEHHS € 30BHIIIHE MarHiTHE MOJIE MiCbKUX
TpaHCPOPMATOPHUX MifCcTaHLil. [[penMeToM IOCiIKeHb € CUCTEeMU aKTUBHOTO €KpaHyBaHHS 30BHIIIHbOTO
MarHiTHoro 1noist BOyZoBaHuX TpaHC(HOPMaTOPHUX NiACTaHLiN. B nuceprauiiiniilt poboTi BUpilleHa HayKOBO-

I[NIPaKTN4HaA 3aa49d CUHTE3y CUCTEM aKTHBHOI'O €EKPpAHYBaHHA 30BHIITHBOT'O MArHiTHOTO MOJIS B6y,[[OBaHI/IX y SKUTJIOBI



OyAMHKU MiCbKUX TPaHCPOPMATOPHUX NifiCTaHLill NOTYyXHicTI0 100 —1260kBA 17151 3MEHIIEHHS IHAYKLIT ix
MAarHiTHOro 1noJisi 1o 6e31eYHOro AJ1s1 HaceJIeHHS PiBHS B IPUJIETJIMX XXUTJIOBUX MIPUMIlIeHHSX. JloCimKeHHs
BMKOHAHO Ha OCHOBI (PyHAAMEHTAJIbHUX II0JIOKEHb TEOPETUYHOI €JIEKTPOTEXHIKH, METOIax MaTeMaTU4YHOIO Ta
(i3sMYHOrO MOJEIOBAHHS IPKEPEJI MATHITHOTO I0JIs1, aHAJIITUYHUX Ta YACEJIbHUX METO/IIB aHAJIi3y Ta Cy4acCHUX
inpopmaliiiHuxX TexXHOoOorisX. B nuceprauii oTprMaHi HacTyIHI HayKOBi pe3ysbTaTy: 1. 3apornoHOBaHa Ta
€KCIIEpMMEHTaJIbHO OOI'PYHTOBaHA Y OCKOHAIEHA MYJIbTUAUIIONIbHA MaTeMaTHYHA MOJIeJIb 30BHIIIHBOTO
MAarHiTHOro 10J1st TpUQa3Horo CTPyMOIIPOBOLY, sIKa I'PYHTY€EThCS Ha ABO(a3Hil IUNOJbHIN Mozei TpugasHoro
€JIEKTPUYHOTO KOJ1a. 3alpONIOHOBaHA MOJIeJb B TOPIBHSAHHI i3 BiOMOI0 TprU(a3HOIO MYJIbTUAUIIOIBHOK MOJEIIIIIO
I03BOJIsIE€ 6e3 30ibIIeHHs TOXUOKY BIBiUi HAOJIM3UTU PO3PaxyHKOBY 00JIaCTb, Ta 3a6€31edye po3paxyHOK
MarHiTHOro 1noJist Bifj, BOyJ0BaHOI TpaHCPOPMATOPHOI MifCTaHLil 17151 BCiX HAOJIMXEHUX 10 Hei XKUTJI0BUX
IpuMilleHb OyAUHKY, SKi pO3TallOBaHi Ha BifICTaHi Bifl OHOro MeTpa. 2. Bepie po3pobseHa Ta
€KCIIEpMMEHTAJIbHO OOIPYHTOBAaHA METOMKA CUHTE3Y CUCTEM aKTUBHOTO €KPaHyBaHHS MarHiTHOTO MOJIS
BOYZIOBaHUX TPaHCPOPMATOPHUX MifCTaHLil NoTykHicTio 100-1260kBA. MeTouKa I'pyHTY€ETbCS Ha yIOCKOHAJIEHI
IBO(MA3HIN MYyJIbTUAUIOJBHIA MaTEeMAaTUYHIN MOZI€Jli MarHiTHOTO 110J1 CTPYMOIIPOBOAY, 3aKoHi bio-CaBapa ng
BU3HAYEHHS MArHiTHOTO I10JIS1 CACTEMY €KPAaHYBaHHS, & TAKOXK METOJ1 ONTUMI3allii €JIEMEHTIB CUCTEMU
MYJIbTUPOEM YaCTUHOK 3 MHOKMHU [lapeTo-onTUMasbHUX pillleHb 3 ypaxyBaHHSIM OiHapHUX BiIHOCHH IepeBaru i
L03BOJISIE CUHTE3yBaTH CUCTEMHU i3 TEOPETUYHOIO €(PEKTUBHICTIO 616 ONMHUIIb, SIKi BMEHIIYIOTh MarHiTHe I10JI€ B
HabIMXEHUX SKUTJIOBUX IPUMIIIIEHHSIX O PiBHS CaHITApHUX HOPM. 3. Briepiiie 3anrporioHOBAHO 3[1iliCHIOBAaTU CUHTE3
CHUCTEM aKTMBHOTO €KpaHyBaHHS IOTEHLiIHOrO MarHiTHOTO 101 BOy10BaHMX TPaHC()OPMATOPHUX MifCTaHLii i3
BM3HAUYEHHSIM MarHiTHOrO 10JIS He Y BCbOMY 00'€Mi KUTJIOBOTO MIPUMIIllEHHS, @ Ha KOHTPOJIbHIN miiomuHi D, sxa
MaKCHMMaJIbHO HabJMXKeHa 10 MifcTaH1ii, i po3TalmoByeThCs y IPUMIlLlleHHI IapasesIbHO Mifso3i (CTiHu), i Le
IO3BOJISIE€ iCTOTHO 3BMEHIIUTHY 06CAT 06YMCIIeHb [TPU rapaHTOBAHOMY 3MEHIIEHH] IOTEHIIITHOTO MarHiTHOTO TI0JIS Y
BCbOMY 00'eMi IpuMilieHHs 3a m1omyHo D. 4. Habyiu nomansuoro po3BUTKY METOIY PO3PaxXyHKy 30BHIITHBOTO
MAarHiTHOrO I0JIs1 aKTUBHUX KOHCTPYKTUBHUX €JIEMEHTIB TpaHCc(OpMaTopHoOi nifcTranuii. MeTonu peasnizoBaHi Ha
OCHOBI YIOCKOHAJIEHOI MYJILTUAUIIOIbHOI MOZIE€JIi MATHITHOTO 1101 CTPYMOIIPOBO/IB, UUJIIHIPUYHUX IIPOCTOPOBUX
rapMOHIK MarHiTHOro NoJs KabeJiB, Ta IMOBIpHICHO-CTaTUCTUYHOTO METOly IIPOrHO3yBaHHS MarHiTHOTO T0JIs1
TpaHcpopmaTopa, 110 AO3BOJINIJIO BUSBUTU Ta €KCIIEPUMEHTaIbHO OOIPYHTYBAaTH OCHOBHE JI)K€PEeJIO MarHiTHOTO
I10J141 MifCcTaHLii — ii HU3bKOBOJIBTHUM CTPYMOIIPOBI, BKJIa, IKOTO B 3arajlbHUI pPiBEHb MarHiTHOIO I10JIS Ha BifCTaHi
2 M ckyagae 6inbme 90%, mWo I03BOJISIE€ B iIHDKEHEPHMX PO3paxyHKax HE BPAXOBYBATH iHIII I)KepeJsla MarHiTHOro
1oss1. JJoOCTOBiIpHICTh TEOPETUYHUX PE3YJIbTATIB, OTPUMAHUX Y AUCEPTAaLlii, NiITBEPAKEHO €KCIIEPUMEHTABHOIO
IIEPEBIPKOIO YIOCKOHAJIEHOI MaTeMaTUYHOI MOAeJi MarHiTHoro noJ nigcrannii TTI 100 kBA Ta cuHTe30BaHOI 114
Hei cCuCcTeMM aKTMBHOT'O €KpaHYBaHHS Ha JIa00PaTOPHiN YCTAHOBL i3 IOBHOMACIITAOHUMU (Pi3NYHMMHU MaKeTaMu
cTpymonposoay nigcranuii 100 KBA Ta CMHTE30BaHOi CUCTEMU aKTUBHOTO €KPaHyBaHHS, PE3YJILTATU KOO
[oKa3aJy CIiBIaNliHHS OTPUMAHUX B AUCEPTAaLii TEOPETUYHUX [10JI0KEHb Ta EKCIIEPUMEHTY i3 TOXUOKOI0 MEHIle
10%. Pe3ysbTaT NOCiI)KEHb BUKOPUCTAHO [TPY BUKOHAHHI HAYKOBUX AOCJIIKEHD 32 HACTYITHUMU I1JIAHOBUMU
TemaMi: 1. «PO3BUTOK HAyKOBUX 3acaj, HOpMaJlidallii FeOMarHiTHOTO MoJisl B IPUMIIIEHHSIX Cy4YaCHUX XXUTIOBUX
oynuskiB» (N2 [IP 0116U005462), ne 30o6yBayd OyJia BifII0BifaJbHUM BUKOHABIEM,; 2. «PO3BUTOK MeTOiB Ta 3aC00iB
HOpMaJi3alii MarHiTHOro 1oJisi MPOMHUCJIOBOI YaCTOTU y MPUMIILIEHHSIX )KUTJIOBUX OYIUHKIB, IO CTBOPIOETHCS
BOYIOBaHMMU TPaHCHOPMATOPHUMHU MiICTAHIIISIMU Ta TOOYTOBUM eJIeKTpoobnagHaHHam» (P 0122U001772) ne
3100yBay € BUKOHABLIEM OKPEMUX PO34ijiB. Pe3yibTaTu quceprauiiHuX NOCIiIKeHb NepeaHi 10 BIIPOBAI>KEHHS
TOB «KuilIlpomEnekTpollpoeKT».

2. Dissertation for the degree of Doctor of Philosophy in specialty 141 "Electrical Engineering, Power Engineering
and Electromechanics” (14 - Electrical engineering). — National Technical University "Kharkiv Polytechnic
Institute”, Kharkiv, 2023. The object of the study is the external magnetic field urban transformer substation. The
subject of the study is the active shielding system of external magnetic fields for built-in transformer substations.
In the dissertation the scientific and practical task of the synthesis of an active shielding system of external
magnetic field for built-in urban transformer substation power 100-1260 kVA in residential buildings is solved, to
reduce they magnetic flux density to a level safe for the population in nearby residential premises. The research



was performed based on the fundamental principles of the theoretical electrical engineering, on methods of
mathematical and physical modeling of magnetic field sources, on analytical and numerical methods of analysis,
and modern information technologies. The scientific results obtained in the dissertation: 1. The improved multi-
dipole mathematical model of the external magnetic field of the three-phase current conductor is proposed and
experimentally proved, which based on a two-phase dipole model of a three-phase electric circuit. The proposed
model in comparison with the well-known three-phase multi-dipole model, allowing to double bring closer the
calculation zone, without increasing the error, the provides calculation of the magnetic field of the built-in
transformer substation for all spaces of the building close to it, which are located at a distance of 1 meter. 2. For
the first time the method of synthesis of active magnetic field shielding systems of built-in transformer substations
power 100-1260 kVA was developed and experimentally substantiated. It is based on the improved two-phase
multi-dipole mathematical model of the magnetic field of the current conductor, on the Biot-Savart law for
determining the magnetic field of the shielding system, as well as on the system elements optimization method of
the multiswarm of particles from the Pareto set of optimal solutions considering binary preference relations,
which allowing made it possible to synthesize systems with a shielding factor of 6-16 units, which reduce the
magnetic field in nearby residential premises to the level of sanitary standards. 3. For the first time, it was
proposed to carry out the synthesis of systems of active shielding of the potential magnetic field of built-in
transformer substations with the determination of the magnetic field not in the entire volume of the residential
premise, but on the control plane D, which is as close as possible to the substation, and located in the living room
parallel to the floor (wall), allowing you to significantly reduce the amount of the calculations with a guaranteed
reduction of the potential magnetic field in the entire volume of the living room along the plane D. 4. The methods
of calculating the external magnetic field of active structural elements of a transformer substation was further
developed. The methods are implemented on the multi-dipole model of the magnetic field of current conductors,
on cylindrical spatial harmonics of the magnetic field of cables, and on the probabilistic-statistical method of
predicting the transformer magnetic field, which allowed revealing and experimentally substantiating the low-
voltage current conductor as the main source of the substation's magnetic field, whose contribution to the total
magnetic field at the distance of 2 m is more than 90%, this allows in engineering calculations to ignore other
sources of the magnetic field. The reliability of the theoretical results obtained in the dissertation was confirmed
by experimental verification of the improved mathematical model of the magnetic field 100 kVA substations and by
constructing the active shielding system on laboratory installation with full-scale physical models of current
conductor substations 100 kVA and synthesized active shielding system, the results of which showed the
coincidence of the theoretical provisions obtained in the dissertation and the experiment with an error of less than
10%. The research results were used in the following planned topics: 1. «<Rozvytok naukovykh zasad normalizatsii
heomahnitnoho polia v prymishchenniakh suchasnykh zhytlovykh budynkiv» (N2 DR 0116U005462), where the
researcher was the responsible executor Researcher; 2. « Rozvytok metodiv ta zasobiv normalizatsii mahnitnoho
polia promyslovoi chastoty u prymishchenniakh zhytlovykh budynkiv, shcho stvoriuietsia vbudovanymy
transformatornymy pidstantsiiamy ta pobutovym elektroobladnanniam (N2 DR 0122U001772), where the researcher
is the executor of certain sections. The results of dissertation research are submitted for implementation of TOV
«KievPromElectroProject».
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https:/ /scholar.google.com.ua/citations?hl=ru&user=DE2LoXkAAAAJ&view_op=list_works&sortby=pubdate&gml
a=AJsN-F7WsvnkaTaKWg3TZvM---2KQaAez22RC3mYNJHOLn-MAJkM5bY-NI9K24GeKOcThVFZWRpG70Qft-
D3ouAdYDfKKJSbatSwbJ61-
h6euJeQWmAoyQSIQIEWf0J2XrE4GQ2NTbYe_w_LAdONfbRhdWRJdar3YnA&sciund=3280453074275070155&gmla=
AJsN-

F4yltcdr4X51UsVOVBWKNMM7ax8KIbi9QAgL_ SIRouPkgQLAIWH1XQus5nenm8805CODIIrUWBcfmwRHZH95DB05
S3eqsQOIJOW7MDUcNnNu90ZZmRzMkK{BrJ6h4rtqM0oQbjg&sciund=11489612601095545299&gmla=AJsN-F6tv-
IPK2faD1sNsMfsq-
Quq9jUoEV{St5svd5AIx0ObVDMAImhvyWO0gB_MPhqxJYjsvtdViAaaeyBexx8argLBH6aMQH2uqG391Yw4wvKp4Ggre _
DSxpX0lOgRccCyhqViae3rZ&gmla=AJsN-
F70Jkp5xQG_vtskPRIrYtxEfylaZIw0SIJ5hAskLThZdKOKrj5tbbwf7KUV20FU7B16x-PdOtu8v-Tb-
MDRGVLgsGca4p_uNSHGgaqGQizruObf6mRD8iOkrztn2Y78miFHO _Jre&sciund=16041819900142218214&gmla=AJs
N-F5b8-

A8XGugn_K3lIfjyzvaoSCo8_1jiF _yfTmvwITEvBBmgEuualFEuUlOQ2c8Di7BUZUycoDOxP9LoBkYwrDMwJuohn0Sq-
HyhIEhPByQBYr_V-VmpiOp8FS5v_cMpvQ4UluVa7yR6eo5_JBJgRnc8ksAt3Q&sciund=4040042100431077534

IloBHe HaﬁMeHYBaHHﬂ IOpI/I,I[I/I‘{HOi 0Cco0M: [HCTUTYT enekTpoauHaMiku HanioHanbHOI akagemii HayK
Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np., Bepecreiichkuii, 6yn. 56, Kuis, 03680, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuil

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kysueuos bopuc IBanoBrY

2. Boris I. Kuznetsov
KBasigikanis: 1. 1. n., npodecop, 05.13.07
Inentudikarop ORCHID ID: 0000-0002-1100-095X

JoparkoBa iHpopmawist: https://www.scopus.com/authid /detail.uri?authorld=7102807762;
https:/ /www.webofscience.com /wos/author /record /209447,
https:/ /scholar.google.com /citations?user=2x8_ww4AAAAJ&hl=ru

ITloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: VKpaiHChKa iHKEHEPHO-TIEaroriyHa akageMis
Kopg, 3a €IPIIOY: 02071228

Micue3Haxoa>KeHHS: By/1. YHiBepcUTeTChbKa, 6y, 16, Xapkis, XapkiBcbkuii p-H., 61003, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

ImenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL



PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cepena Onekcanap I'puropifioBuy

2. Oleksandr H. Sereda

KBasidikanis: g. 1. 1., nor,, 05.09.01

InenTudikarop ORCHID ID: He sactocosyerbcs

JoparkoBa iHpopmauist: https://scholar.google.com.ua/citations?user=OYYZN40AAAAJ&hl=ru

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHUIl TEXHIYHNMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By/. Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOp HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. leBuyenko Cepriit FOpilioBuy

2. Serhiy Y. Shevchenko
KBasigikamis: n. . u., npodecop, 05.09.03
InenTudikarop ORCHID ID: 0000-0002-9658-7787

JoaparkoBa iHpopmauist: https://www.scopus.com/authid /detail.uri?authorld=57190441281;
https: / /www.webofscience.com /wos /author /record /2046398

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TeXHIYHMI YHiBepcuTeT "XapKiBChKuii

[OJIITEXHIYHMI iHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupnnuosa, 6yx. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3aKkJII04Hi BiZOMOCTi
BnacHe IlpizBuie Im's [10-6aTbKOBI Bomox Bononumup ®enoposuy

TOJIOBH pajgu



Biacue IIpizBume Im's [10-6aTbKOBI Bomox Bonoaumup ®enoposny
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBimaibHUH 32 MiZTOTOBKY Kynpiyc Karepuna JImurpisHa
00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




