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Review of foreign research consultants on the thesis "ldentification and damping of low-
frequency oscillations along the «North-South» transit of Kazakhstan's NEN using Smart Grid
technology”, submitted for the degree of PhD in the specialties 6D071800 - Electrical
Power Engineering.

The thesis presents the results of identifying low-frequency oscillations (LFOs) in Kazakhstan's
power system using Wide Area Monitoring System (WAMS) and proposes an algorithm for
damping dangerous LFO modes. The WAMS data analysis revealed poor damped inter-area
LFO with a frequency range of 0.3-0.4 Hz.

The relevance of the presented thesis is confirmed by its description of the main points
corresponding to the current trends in monitoring and control of power system stability. The
PhD student, in the main sections of the work, discloses the principles of power system
stabilizer (PSS) parameter tuning and answers the question about the possibility of improving
stability when the power system structure changes in real-time. The student has investigated
new technical solutions for tuning PSS parameters of synchronous generators at power plants
in Kazakhstan’s power system.

The developed algorithm for the identification and damping of LFO consists of three tasks. The
first task is to collect data from WAMS and SCADA systems and update the calculation model
based on the current state of the equipment (generators, transformers, transmission lines,
etc.). The second task is to identify dangerous electromechanical oscillations and perform
modal analysis. The third task is to tune PSS parameters for damping dangerous LFOs based
on the revisited residue method.

The main idea pursued in the thesis is reduced to the algorithm of the adaptive method of
tuning PSS for the damping of LFO. The scientific and practical novelty of the presented
solution is reflected in the results of the thesis and consists of the use of WAMS, SCADA data,
and the finalized residue method for tuning PSS parameters when the system structure
changes. The scientific novelty of the work is confirmed by the complex simulation with
transient processes calculations in the developed model using the DigSilent Power Factory
software.

The thesis consists Introduction, four sections, conclusions, List of References and
appendices. It also presents material defining the object of research in the electric power
industry and key parameters for a correctly tuned PSS. The research work is accompanied by
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zn extensive description of the developed algorithm, network model, and structure of the Wide
~rea Damping System (WADS). ’
The work performed by the student is reflected in 4 scientific publications in peer-reviewed
journals of the Republic of Kazakhstan and foreign journals. The main provisions of the work
nave been approved in reports at international scientific and technical conferences, with the
publication of results in conference proceedings.
The thesis of Bektimirov Anur on the topic "ldentification and damping of low-frequency
ascillations along the «North-South» transit of Kazakhstan’s NEN using Smart Grid
:=chnology" corresponds to the direction of science development, has the necessary structure,
meets all the requirements for the thesis for the degree of PhD on the specialties 60071800
lectrical Power Engineering, and its author deserves to be awarded the PhD degree.

Research Consultant (Co-Supervisor)

Dr. Om P. Malik, LFIEEE, FCAE, FIET, FEIC, FWIF, FEC, P.Eng
Professor Emeritus :

Department of Electrical and Software Engineering



VHHBEPCHTET KAJIT'APHA

lHmxenepras mkoia llynuxa

Kadenpa
SJIEKTPOTEXHUKHU U IIPOI'PAMMHOMI MHKEHEPU

Tenedon: (403) 220-6178
Dakc: (403) 282-6855
OnextponHas noura: maliko@ucalgary.ca

26.06.2024 r.
ITo mecTy TpeGoBaHUS

OT3BIB 3apyOEKHBIX HAYYHBIX KOHCYIHTAHTOB 110 AUCCEPTAlM «BBIABICHUE U ralicHue
HHU3K0YACTOTHBIX KosieOanwmii mo Tpan3uty «Cesep-IOr» HOC Kazaxcrana ¢ HCIONB30BaHUEM
texaosornd Smart Gridy, mpeacTaBIeHHOM Ha COMCKaHUe yUeHoH creneny JIokropa
¢dunocodpuu (PhD) mo cnenmansaoctr 6D071800 «OnekTposHepreTuKay.

B uccepramuy IpefCTaBlIeHEl pe3yibTaThl BRIBICHNUS HU3K09AcTOTHBIX Konebanuii (HUK) B
sHeprocucteMe Kasaxcrana ¢ HCIOJIB30BaHUEM CHCTEMBI MOHUTOPHHIA NMEPEXOJHBIX PEKUMOB
(WAMS) u mpezjioxkeH anroputM raureHns onacHeix pexxumos HUK. Anamus manaex WAMS
BBIBMII IUTOXO 3armymreHnbie mexsonnsle HUK ¢ muanasonom gacrot 0,3-0,4 I'm.

AKTyaJIbHOCTh IPEICTABICHHOM IMccepTalliyl MOATBEPXKAACTCS OIMCAHMEM B HEH OCHOBHBIX
MOMEHTOB, COOTBETCTBYIOIIUX COBPEMEHHBIM TEHIACHIMSIM MOHHUTOPDHMHIA H YIPaBICHHS
VCTOMYMBOCTBIO JHEPrOCHCTEMEL. B OCHOBHBIX pasjenax pabOThl CTYZEHT JOKTOPaHTYPEI
DaCKpHIBAET INPHHIUIIEI HACTPOUKH IIapaMeTPOB CTAOHIM3aTOPOB JHEPrETHYECKOM CHCTEMBI
(PSS) ¥ oTBeuaeT Ha BOIPOC O BO3MOXKHOCTH IOBBLINECHHS YCTOHYMBOCTH IIPH M3MEHEHHHU
CTPYKTYPHI DHEPrOCUCTEMBI B PEXHME pealbHOro BpeMeHH. CTyZEHTOM HCCIIENOBaHEI HOBBIE
TeXHHYECKHE pEIICHWs II0 HAcTpolike mapameTpoB PSS CHHXpOHHBIX TIe€HEpPaTOpoB Ha
37eKTPOCTaHIUSX dSHeprocucTeMsl Kasaxcrana.

Pz3padoTanHblii anroput™ uaeHtudukarmmy u ramenus HYK cocrout u3 tpex 3amad. Ilepsad
3ataga — cOop maHHBIX U3 cucreM WAMS u SCADA u 00HOBIEHUE PacUETHOM MOJENH Ha
OCHOBE TEKYIEro COCTOSHHS 00OpynoBaHMs (T€HEpaTopoB, TpPaHC()OpPMATOPOB, JIMHUMK
3ISKTpOIIEpENay W T. 1.). BTopas 3amaya — BBIIBICHHE ONACHBIX 3JIEKTPOMEXaHHYECKHMX

x0o1e0aHui ¥ MPOBEIEHNE MOJATBHOr0 aHanu3a. TpeThs 3a1ada — HacTpoiika mapameTpos PSS
2= ramenus onacHeIx HUK Ha 0CHOBE IEpeCMOTPEHHOTO METO/IA BEIYETOB.

JcmEoBHaS HIes, pacKphIBaeMasl B JAUCCEPTAIlUH, CBOAUTCS K aJTOPUTMY aJalTHBHOIO METOZA
zzctpoiixi PSS mns ramenuns HYK. Haywynas m mpakTudeckas HOBHM3HA IIPEICTaBICHHOIO
PEIICEES OTPAXCHA B Pe3yNbTaTax JHCCEPTAIi M 3BKIMOYAETCS B HCIOIb30BAHAM JAHHBIX
WAMS, SCADA u 10pa00OTaHHOTO METOZa BHIYETOB I HacTpoiku IapameTpoB PSS mpu
SHEHHH CTPYKTYphI cucTeMbl. Hayunas HOBHM3HA pabOTBI IOITBEPIKIAETCS KOMILIEKCHBIM
?v:_‘_‘.fTZIpOBaHHe\i C pacueTaMi IEPEXOMHBIX IPONECCOB B pa3pa60TaHHon MOZEN: ¢

lsccepTals COCTOMT U3 BBEICHHS, YCTHIPEX PA3/IENoB, 3aKIIOUCHIS, CIUCKa HCTIOBb30BAHHON
IHTEPaTYpHl H NPIIOXKEHHH. B Helf Takke NpeNCTAaBIEH MaTepHal, ONpEIENSIOmui 0GBeKT
HCCISI0BaHUS B JIEKTPOIHEPreTHKE M OCHOBHEIE TapaMeTphl s KOPPEKTHO HacTpoeHHOM PSS.
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Hay9HO-HCCIeI0BaTeIbCKas pabota COIIPOBOXK/IAETCS Pa3BEPHYTHIM ONHUCAaHUEM
pa3padOTaHHOIO &ITOPHTMA, CETeBOHM MOJEIM U CTPYKTYpPhl CHCTEMBI IIHPOKOM 30HEI
zemnduposanus (WADS).

Pz0oTa, BBIIOJHEHHAs CTYJICHTOM, OTpakeHa B 4 HayuyHBIX IyOJIMKAIWSIX B PELEH3UPYEMBIX
zyvpranax PecnyOnuku Kasaxctan u 3apyOexHBIX XypHanaX. OCHOBHEIE ITOJIOXEHHUS PaOOTHI
anpo0HpOBaHEl B JOKJIaAax Ha MEXAYHApOIHBIX HAYYHO-TEXHHYECKHX KOH(EPEHIHIX C

vOIHKalHeH pe3yabTaToB B COOPHUKAX JIOKNAI0B KOH(DEPEHIHIA,

Zuccepranus bexktumupoa AHypa Ha TeMmy «BBISBICHHE ¥ TallleHHE HH3KOYACTOTHBIX
zo1e0anuif 1o Tpar3uTy «Cepep-IOr» HOC Kaszaxcrana ¢ HCIOIB30BAaHMEM TEXHOJIOTHH Smart
Grid» COOTBETCTBYET HANpaBICHUIO DPAa3BUTHS HAyKH, HMEET HEOOXOMUMYIO CTPYKTYDY,
0TBEYaeT BCEM TPeOOBaHMAM, IPEIBSIBIIEMbIM K JHCCEPTAIMY Ha COUCKAHWME YUYEHOM CTEIECHH
zoxTopa Gumocodpuu (PhD) no cnenuansHOcTH 6D071800 «OIIeKTpOSHEPreTHKA», U €€ aBTOP

ZOCTOHH NIPUCYXKIEHUS yueHol crenern JJokropa pumocodun (PhD).

nogdnuce/

HzvuHBIH KOHCYJIBTaHT (COPYKOBOAUTEID)
Z-p Om II. Manuxk, LFIEEE, FCAE, FIET, FEIC, FWIF, FEC, P.Eng
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Hadeapa DNEeKTPOTEXHUKU U IPOrPaMMHON HHKEHEPUH
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Pecny6iuka Kazaxcras, ropoz AJMaThl.
JlesiTHaIaTOS HOAOPS /BE THICATH ABa/LATh U€TBEPTOrO oA,

51, BexemGaena Posa INepHeGekoBHA HOTApHyC rOpOAa AJIMATEL IeHCTBYIOIIMMI
Ha OCHOBaHMM TocynapcTBeHHoM smmemsum — Nel5022328, BBIJTAHHOM
MurucreperBoM FOctuumy Pecny6muxu Kasaxcral or 25 nexabps 2015 roxa,
CBHIIETEILCTBYI0 BEPHOCTH COBEPINEHHOIO MHOKO II€PEBOJA IAHHOrO TEKCTa
JOKYMEHTA C QHITIHHCKOTO SA3bIKa HA PYCCKUH A3BIK.

3aperucTpupoBaHo B peecTpe 3a Ne8492
B3bickaHo:

Hotapuyc

S
*EIUEAEBA\;()!Y‘ ‘\‘2,"9\915‘ (Ng

Shppggguy ) 24

) >
ANRANG /4
N el g S

), /;"i'a T ,Aab"‘@”” i
LS ‘742,89"9)[ g\ O
”“"’mu agi:’ll“ ‘}’o"
s o3

A
A

ET7005441241119191044Q91909E

HotapuaTTsik ic-apeKeTTiH Gipereii HOMIpi / YHUKa/bHLIA HOMEp HOTapuUa/bHOTO Aeiicteus



