








ABSTRACT
of the dissertation by Abisheva Dinara Kairzhanovna
on the topic “Development of methods for monitoring current partial discharges in
suspension insulators of high-voltage power transmission lines,”
submitted for the degree of Doctor of Philosophy (PhD)
in the educational program 8D07103 — “Power Engineering.”

The dissertation is devoted to the development of methods for monitoring
partial discharges in suspension insulators of high-voltage power transmission
lines.

The aim of the dissertation is to develop monitoring methods and technical
means that provide an ongoing assessment of the intensity of insulator degradation
to prevent its arc-over.

Research objectives:

- analysis and justification of the relevance of studying partial discharge
currents;

- theoretical studies of partial discharge currents;

- experimental studies of partial discharge currents;

- theoretical studies of the distribution of partial discharges as a function of
the voltage of the current-carrying wires;

- study of the spectral characteristics of the pulse sequence of partial
discharges.

Research methods: It was determined the nature of each of the set tasks
and relied on the principles of the theory of discharge development in air along a
moistened and contaminated surface, the theory of electrical circuits and electrical
engineering, probability theory, and experimental planning. During the research,
we used methods for setting up and planning experiments, as well as digital and
statistical data processing. To construct graphical dependencies and diagrams, we
used the following application software packages: MathCAD, MS Excel, Paint
Brush, and certified FLUKE software. Simulation modeling and the results were
carried out and obtained using the MATLAB application software package.

Experimental data were obtained in the laboratory of the Department of
Industrial Process Automation of the NPJSC "Karaganda Technical University
named after Abylkas Saginov" in Karaganda by recording the leakage current
when a voltage of 10 kV is applied to the insulator.

The main provisions and results to be defended are:

- a mathematical model of the process of partial discharge current
generation;

- a simulation model of the process of partial discharge current generation
(equivalent circuit of a suspension insulator, simulation model in MATLAB);

- spectral analysis of partial discharge currents to determine the
recommended operating frequency range.

The scientific novelty of the dissertation lies in: - the development of an
equivalent circuit for the electromagnetic processes occurring on the surface of a
suspension insulator.



- the development of mathematical and simulation models of the
electrodynamic processes of partial discharge currents;

- determining the error in the distribution density of partial discharge
currents in accordance with the number of samples for the positive and negative
half-waves of the voltage across the insulator;

- determining the spectral characteristics of partial discharge currents for
various values of the partial discharge current repetition frequencies.

The practical significance of the results obtained lies in the fact that:

- the obtained spectral characteristics of partial discharge currents can be
used to determine the technical characteristics of the primary transducer;

- a methodology for conducting experimental studies of partial discharge
currents has been developed;

- a technical solution for controlling and monitoring partial discharge
currents has been developed.

The degree of reliability of the results of the dissertation:

The results obtained in the dissertation work were presented and discussed at
the project organization LLP “ARIGATAI”, following which an implementation
certificate was issued.

The practical significance of the research results is confirmed by the
receipt of a patent for a utility model No. 9204 dated 14.03.2025, “Device for
monitoring the current of partial discharges of suspension insulators on power
transmission lines.”

The author’s personal contribution lies in determining the distribution
area of partial discharge currents relative to the voltage-period diagram of the
insulator, developing a substitution scheme for the suspension insulator, and
creating mathematical and simulation models of the electrodynamic processes of
partial discharge currents. The author also developed an algorithm for studying the
probabilistic characteristics of partial discharge currents relative to the voltage
diagram of the insulator and analysed the experimental results of partial discharge
current studies. The obtained results and recommendations prepared by the
applicant can be used when implementing a system for controlling and monitoring
partial discharge currents, which will ensure energy saving and reduce the number
of emergency situations.

In published articles co-authored by the author, the author contributes the
results of experimental research, analysis, preparation, documentation, submission,
and support of the materials as a corresponding author.

Approval of the work.
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AHHOTALUA
AobumeBa Jlunapa KanpxxanoBHaHBIH

I CCePTALUSIBIK KYMBICHI

" YKorapsl BOJIBTTHI 3JIEKTP JKEIUIEPIHIH acHalibl

OKIIAayJIaFbIIITAPBIHBIH 11I1HApA aFbI3y TOKTAPbIH

OaxpLIay 9MIICTEPIH KYPY" TaKbIPHIOBIHAA
aTyFa YChIHBUIFAH JIOpPEexKe
61iM G6epy OotibiHIIa Gunocodus gokropiuapsl (PhD)
8D07103 — "DnekTp sHEpreTHKachl" OaraapiaMachl.

JluccepTalusIblK JKYMBIC KOFaphl BOJBTTHI JJIEKTP JKEIIJIEPIHIH acrmalbl
M30JISITOPJIAPBIHBIH 11I1HAapa pa3psaTapblH Oakbliay oAICTEpIH )KacayFa apHaJIFaH.

JuccepTaUsiJIBIK  KYMBICTBIH MAaKCAThl  OKIIAYJIAFBIITHIH  JJCKTP
JOFAChIHBIH Ka0aTTacyblH OOJABIPpMAY YLIIH OHBIH OY3bUTy KApKbIHIBUIBIFBIH
arpIMJIaFbl OarayiayJbl KaMTaMachl3 €TETiH Oakpuiay oHICTEpPl MEH TEXHHKAJIBIK
Kypaapsl 93ipiiey O0JbIn TaObLTa b

3eprTey MiHaeTTepi:

- lmiHapa paspsig TOKTapbIH 3€PTTEY/IIH ©3€KTUIITH Talay KoHEe HET137eY;

- imiHapa pa3ps] TOKTaPhIH TCOPHSIIBIK 3€PTTEY;

- 1IIiHapa pa3ps TOKTapblH SKCIIEPUMEHTTIK 3€pPTTEY;

- TOK ©TKI3T1ILI ChIMJIAp/bIH KepHEY (PyHKUMSCHIHAA 11I1Hapa pa3psATapably
TapalyblH TEOPUSIIBIK 3€PTTEY;

- 1mHapa  pa3psAATaplblH ~ HUMIIYJIbCTIK  PETTUNTIHIH  CIEKTPIIK
cUMnaTrTaMaiapblH 3epTTey.

3eprrey damicTepi:

Koiipuiran MIHIETTEPIIH OPKANCBHICHIHBIH CHUIAThl AHBIKTAJIIBI  KOHE
BUTFAJIITAHFAH KOHE JIaCTaHFaH OeTkel OOMBIHAAFbI ayaJarbl Pa3psAAThl JTaMBITY
TEOPHSACHIHBIH ~ €peKeNIepiHe, DJJIEKTP  Ti30EKTepi MEH  JJIEKTPOTEXHUKA
TEOPUSCHhIHA, SKCIEPUMEHTTIH BIKTUMAJABIFBI MEH >KOCMapliaHyblHa CYHEHII.
3epTTey OapbIChIHIA SKCIEPUMEHTTI KYPY JKOHE jKOcHapiiay, JepeKTepl CaH IbIK
JKOHE CTAaTUCTHUKAJBIK OHJIEY SJICTepl KOIAaHbUIAbL. ['paduKanbIk ToyeaumKTep
MeH auarpammanapasl Kypy yuriH Mathcad, MS Excel, Paint Brush,
cepruukarranran  FLUKE OGarnmapnamanblk —KacakTamachl — KOJIJAQHBUIIBL.
Nmvurtamusnslk  monenbaey  skoHe  HoTmwkenep MATLAB  xommanOansr
OarmapiiamMaiap akeTiHAe OPBIHIAJbI )KOHE aJIbIH]IbI.

Toxipubemik nepexkrep Kaparanmpl KanaceiHmarbl "OOinkac CarbIlHOB
aTeiHIarel Kaparanae! Texaukanblk yHuBepcuTeTi" KEAK enmipicTik mpomectep/ti
aBTOMATTaHIbIPY KadeapachlHbIH 3epTxaHackiHAa 10 kB kepHey H3015STOpBIHA
Oepy Ke31HJ€ aFblll KETY TOTbIH TIPKEY apKbLIbl aIbIHIbI.

Koprayra mibIrapblLiIaTbIH HETi3I1 epexesiep MeH HITHKeep:

- 1lI1Hapa pas3psii TOKTapbIHbIH Maiina 00Jly MPOLECIHIH MaTeMaTHUKaJIbIK
MOJIENI

- 1miHapa paspsji TOKTapbIHBIH Maiiga 0oy MPOIECIHIH WMHUTALUSIIBIK
mMozeni  (acmanmbl  M30JIATOPIABI  aybIcThIpy — cxemackl, MATLAB-Tarb
MuTanusIsiK MOJCIB);



- YCBHIHBUIFAH JKHMUTIK >KYMBIC JUANA30HBIH aHBIKTAY VIIIH iIIiHapa pas3psia
TOKTapBIHBIH CIIEKTPIIIK TAIIAYHI.

JluccepTanusiHbIH FHUIBIMHA KAHAJBIFbI:

- acmaimbl HM30JIATOPABIH OeTiHae OOJBIT JKATKAaH dJICKTPOMArHUTTIK
MIPOIIECTEP/Il AJIMACTHIPY CXEMAaChIH d31pJiey;

- 1miHapa pa3psal TOKTApBIHBIH 3JIEKTPOAMHAMHUKAIBIK MPOLECTEPiHIH
MaTeMaTHKAJIBIK KOHE UMHUTAIMSUIBIK MOICTBACPIH 31pey;

- OKIIAYJIAFBIIITAFbl KEPHEYAIH OH JKOHE TEepiC KapThUIai TOIKBIHIAPHI
YIIIH YATUIep caHblHA COMKeC 1lIiHAapa pasps] TOKTapbIHBIH  Tapaiy
THIFBI3/IBIFBIHBIH KATEJIIT1H aHBIKTAY;

- 1miHapa pasps TOKTapbIHBIH 9p TYPJl KUUIIK MOHAEpl YIIIH IHIiHapa
pa3psi1 TOTBIHBIH CIIEKTPITIK CUIATTaMalapblH aHBIKTAY.

AJIBIHFAH HOTHKeJIEPAiH MPAKTHKAJIBIK MAaHbI3IbLIBIFBI:

- JKapThUIAM pa3psATHl TOKTapIbIH AJBIHFAH CIIEKTPIIK CHITaTTaMallapblH
OacTamkbl TYPJASHIIPTIINTIH TEXHHUKAIBIK CHIATTaMajapblH aHBIKTAy YIIiH
naiiananyra 0onaasl;

- imHapa paspsjx  TOKTapblHA JKCIIEPUMEHTTIK 3EpPTTEyJep IKYprizy
oiicTeMeECt 31pIIeH/IL;

- 1lIIHapa pas3psATapAblH TOKTapblH OakplIay JKOHE MOHUTOPHUHILICY
OOMBIHIIIA TEXHUKAJBIK IICIIIM d31PJICH/II.

Juccepranusi HOTHAKEJIEPiHiH CEHIMILTIK qapexeci:

Huccepranusaneik xymbicTa anbliFaH HoTwkenep "ARIGATAI" KIIC
kobaylay YWBIMBIHAA YCBHIHBULABI JKOHE TaJKbLIAHIbI, OHBIH KOPBITBIHIBICHI
OOWBIHIIIA OHJTIPICKE CHT13y aKTICI peCiMIeIi.

3epTTey HOTWIKENEPIHIH MPaKTUKAIBIK MaHbBAbUIBIFEl 14.03.2025 xk.
Ne 9204 "Onextp Oepy KemiCiHIH acmajabl HW30JATOPJAPBIHBIH  iIIiHApa
pa3psAATAPBIHBIH TOTHIH OaKblIay KYPBUIFBICH' MaiIaIbl MOJIETIiHE MTaTEeHT alyMeH
pacTaJIbl.

ABTOpABIH  KeKe  yJeci  OKIIayJarbpllITarbl  KEpHEY  KE3€HiHiH
JIUarpaMMachlHa KAaTBICTHI iIIiHApa pas3psil TOKTapbIHBIH Tapaily aiMarblH
aHBIKTAyJlaH, aclajbl OKIIAYJAFBIIITH aybICTBIPYy CXEMAacChlH, ilIHApa pa3psi
TOKTAPBIHBIH  JJICKTPOJAMHAMUKAIBIK TPOLECTEPIHIH MATEeMAaTHUKAIBIK JKOHE
UMUTALUSITBIK MO/IENTbIEPiH Kacay/iaH, OKIIIAyJIaF I TAFbI KepHey
quarpaMMachlHa — KaThICTBI  iIIiHapa  paspsi  TOKTapBIHBIH  BIKTUMAJIBIK
cUTnaTTaMajapblH 3epPTTeY aJNTOPUTMIHEH JKOHE ImIiHapa pas3psa  TOKTapbIH
3epTTEYAIH SKCIEPUMEHTTIK HOTWDKEICPIHE Talaay KYPri3yaeH Typaasl. [3aenymri
NMafbIHIAFaH aJbIHFAaH HOTIDKEJICp MEH YCBHIHBIMIAp DSHEPTUs YHEMICYI JKOHE
aBapusUIBIK  KaFJaiiylap CaHbIH  a3aiTyAbl KamMTaMachl3 €TeTiH  imiHapa
paspsATapAblH TOKTapblH Oakpluiay >KOHE MOHUTOPUHIUICY MKOHIHJErl >KyHeHl
€HI13y Ke31HJe MaialaHbuTybl MYMKIH.

BipiieckeH aBTOpIBIKTA JKapUsJIaHFAaH Makajajiap/a aBTOp SKCIIEPHUMEHTTIK
3epTTEyJIeP/IiH HOTIXKEIIEPiHe, KOPPECIIOHACHT - aBTOP PETiHIE MaTepHajiapbl
TajjayFa, JablHIayFa, Oe3eHaIpyTe, KiOepyre KoHe CyHeMenieyre ue.

KymbicTbl anpodauusiay. J(ruccepTanusuiblK KYMBICTBIH HET13T1 FUTBIMH
HOTHKENEpi 8 OachUTbIMIA JKapHsIIaH b
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