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CTAHOBMULE

BbpXy AucepTauMoHeH Tpya 3a npuaobusaHe Ha obpa3oBaTesiHa M HayyHa
cTteneH ,,a40KTop”

ABTOp Ha gncepTaunoHHmA Tpya: Mar. nHx. Munen Hukonaes Cnasos

Tema Ha pgucepTaumoHHuMAa Tpya: PasmuTo ynpaBneHMe Ha TeXHOMOTUYHMU
npouecn oT XxMMmuyecKaTta NnpoMULLIEHOCT

YneH Ha Hay4yHOTO Kypu: Npod. a-p UHK. Kocta MeTpos bolwHakos

1. AKTyanHocT Ha pa3paboTBaHuA B AUCEPTALLMOHHUA TPYA, Npobiem B HayyHO
W HAaYYHO-NPUIOXKHO OTHOLLEHME.

N3cnepBaHuATa Ha pasmuTUTE CUCTEMM 3a LUeAUTEe Ha MaTemMaTUYHOTO
MoJenMpaHe W ynpaBleHWe ca aKTyaJHu B MexayHapogeH dopmart. Te
No3BONABAT BbBeXAaHe Ha €KCNepTHM 3HaHMA B YyNpaB/ABaLMTE a/IrOPUTMM.
MNoaxopAwm ca 3a ynpaBieHME Ha HEeNUMHEWHU W  CAOXHU CUCTEMU W
AeMOHCTpupaT nogobpeHa aganTMBHOCT M YCTOMYMBOCT B CpPaBHEHUE C
KNlaCMYECKUTE KOHTPOIEPU 38 TEXHONOTUUYHWN NPOMEH/IMBU KaTo HUBO, pH, pa3xops,
Ha GAYNAN N XMMUYHU peaKumun. B CbOTBETCTBME C NO-rope 3anmMcaHoTo, HaMb/HO
obocHoBaH e u3bopbT Ha O06EKT 3a npoBekgaHe Ha wu3cneABaHMATa 3a
ynpasneHve ga 6vae HMBO B KapbOHM3aUMOHHA KONOHA Npu NPOU3BOACTBO Ha
Ka/auMHUpaHa coaa.

2. CreneH Ha noO3HaBaHe CbCTOAHMETO Ha npobnema U TBOpYecKa
WHTepnpeTauusa Ha IMTepaTypHUa maTtepuan.

[MbpBaTa rnasa Ha AMcepTauMOHHMA TPyA e o3arnaseHa ,lMpernes Ha metoauTe
3a NpoeKTUpaHe Ha PasMUTKU perynaTopu” n No ceoATa CbLUHOCT e 3aabibo4eH
nutepatypeH 0630p. Kbm AuCepTauMOHHUA TPyA € MPUIOXKeH cnucbk ¢ 135
NNTEpPaTypHUN U3TOYHUUMU. [JOKTOPAHTLT 4EMOHCTPUpPA 3a4bAb0oYeHO No3HaBaHe
Ha CblUecTByBallUTE TEOPETUYHU WU MNPUNONKHWU U3CNeaBaHUA B obnactra Ha
pasMMTOTO U afanTUBHOTO ynpas/ieHMe. HanpaBeH e cucTemaTuyeH npernes Ha
KNacM4yeckuTe U CbBpeMeHHUTe NOAXOAM 33 CUHTE3 Ha pasMWUTU perynaTopu,
pobacTHO M afanTUBHO ynpaB/ieHUe, KakTo M napameTpuyHa OnTumusaumsa
reHeTU4YHM anropuTMmun. HanpaseHn ca M3BOAM 33 NpeguMMcTBaTa Ha PasmMMUTOTO
ynpasneHue, GOpmy/iMpaHn ca UenTa Ha AUCEPTaLMOHHMA TPYA U 3ajaumnTe 3a
NOCTUTAHETO W.

3. CvroTBeTCcTBME HA M36paHaTa MeToauKa Ha uscnegBaHe U NOCTaBeHaTa uen u
3a4a4M Ha AUCepTaulMOHHUA TPYA C NOCTUTHATUTE NPUHOCHU.

M36paHaTa mMeToouKa Ha u3lcneaBaHe e ajgeKBaTHa Ha NOCTaBeHaTa uen u
BK/IIOYBa €KCnepumeHTaiHNn un3cnengsaHMA B peaslHa MUMHAYCTPUasZiHa Cpeaa,
CUMYNAUNOHHU n3cnenBaHua, CUHTE3 U ONTUMN3aLIMA Ha Pa3sMUTU U aJaNTUBHU



perynatopu v aHanus Ha pobacTHOCTTAa M KauyecTBOTO Ha cucTemuTe. Ypes
NpWAaraHeTo Ha Tasy KOMIJIEKCHa MeTOAMKa Ca NOCTUTHATU 3aABEHUTE HayUYHO-
MPUNOXKHM U TMPUIONKHU MPUHOCK, KOETO CBMAETE/ICTBA 338 KOPEKTHOCT W
€(peKTUBHOCT Ha U3MN0A3BaHUA U3C1eA0BaTE/ICKM NOAXOA.

4. Hay4yHu n/vnv Hay4yHO-NPUNOKHU NPUHOCKU HA AUCEPTALMOHHMUA TPYA

B ANCEPTAUMOHHUA TPy Ce CbAbPHKAT CneaHUTE NO-BaXXHU HAYYHO-NPUJIOKHU U
NMPUNOKHN NPUHOCHU:

4.1 Hay4yHo-npunox<Hu npuHocu

1.M3BepeHn u BanuampaHn ca Ha 6asata Ha eKcnepuMeHTasHU AaHHU
moanduumpann Takarn-CyreHo-KaHr mofenn 3a HMBOTO B KapbBOHM3aLMOHHA
KOJIOHa Npu NpoM3BOACTBO HA KaNUMHUpPaHa coaa.

2.CuHTEe3MpaHu 1 n3cneaBaHn ca CUCTEMU 3a aBTOMATMUHO pery/inpaHe Ha HUBO
B KapboHM3aLMOHHA KO/MIOHA C OTYMTaHe Ha W3MCKBaHMATA 3a pobacTHa
YCTOMYMBOCT M KayecTBO CbC cnegHute CyreHo pasmutu perynatopu: U
perynatop ¢ eauvH BXog, v eauH m3xod, [M perynatop ¢ KomneHcaumsa Ha
CMYLLIEHWETO, HanAraHe B8 konektopa, MU/, perynatop c BXoAoBe 3a rpeuikata v
npoussofHaTa Ha peryaupyemata BesnuuumHa u MWL apantuseH pasmuT
perynarop.

3.PaspaboTeHa e meToaMKa 3a HaCTPOIMKa Ha PasMUTM MaTeMaTUYHU MOZENN U
33 MapameTpuMyHa ONTUMM3AUMA Ha Pa3MWUTM CUCTEMM 3a YMpaB/ieHMe upes
reHeTUYHU anropPUTMu;

4.Pa3paboTeHa e MeTOAMKaA 33 aHA/IM3 Ha YCTOMUYMBOCTTA Ha CUCTEMA C afanTUBeH
Pa3MUT perynartop

4.2. [IpunoxcHu npuHocu

5.I'Ipose,u,eHV| Ca eKCnepumeHTasHU wu3cneasBaHuUA C Uen u3BeXadaHe Ha
MaTemMmaTuiHn moaenm no HUBO Ha Kap6OHM3aU,VIOHHa KOJ1IOHa Npu Npon3BoaCcTBO
Ha Ka/lunHUpaHa coaa.

6.CMHTE3MpaHuUTe M CUMYNaUMOHHO UW3CNefBaHWM pasMWUTM  perynatopu ca
UMMNIEMEHTUPAH B MNpOrpaMmpyem JIOTUMECKM KOHTPONep M C TAX Cca
peanusupaHuM w nscnenBaHu CUCTEMM 3a aBTOMATUUYHO perynvMpaHe Ha HUMBO B
MHAOYCTpUanHa KapboHM3aLUMOHHA KOMOHA NPW MPOM3BOACTBO Ha Ka/lLMHMPaHa
coga (,Consert Cogn“ Afl, lesHs).

N3bpoeHnUTe Hay4yHO-NPUNONKHU W MPUNONKHM MNPUHOCKM MoOraT Aa Obaar
OXapakTepusMpaHu KaTo cneunduyHM metoam 3a paspaboTsaHe u uscnenBaHe
Ha PasMUTU CUCTEMM.



5. lNpeueHka Ha nybauKkaumuTe no AncepTaumMoHHUA TpyA: 6poii, XxapaKTep Ha
M3faHUATA, B KOUTO Ca OTNeYaTaHu.

Kbm AncepTaumoHHus Tpya ca NpUAOXKEHM WECT HaYYHM TPYAA, YETUPU OT KOUTO
ca nybnvKkyBaHM B MeXAyHapoOAHW CMWCAaHWA, M eauH B peHomwupaHa IEEE
mexayHapoaHa KoHbepeHuua. BbnpocHuTe neT ny61mMKaumm ca B CbaBTOPCTBO C
Hay4YHWA PBKOBOAUTEN U KONETU U Ca MHAEKCUPaHK B Scopus. EAMH OT HayyHuTe
TpyAose e camoctosATeneH U e nybnukysaH B Proceedings of the Technical
University of Sofia. Hayunute ny6amkauum ca Ha He06X0AMMOTO Hay4YHO HUBO M
OTpasABaT Hay4YHWUTe M3C/1e[BaHUA B AUCEPTALUOHHUA TPYA,.

MHoro pnobpo BneyaTneHMe npasBu Hanuumeto Ha 14 UMTUPAHUA Ha
NPUNOXKEHUTE HaYYHW TPYA0BE KaKTO CieaBa: 3a Ny6MKauma o3HayeHa KaTo [1]
— 8 untupanua, 3a [2] — 4 uutupaHua v 3a [3] v [4] — no egHo UUTUpaHe.
Hanuuneto Ha cpaBHUTENHO ronam Bpoii uuTMpaHuA 3a AucepTaLMOHEH Tpya e
AI0Ka3aTe/ICTBO 3a MOJIE3HOCTTa Ha MPOBeAEeHUTE U3CNeABaHMA U MOSyYEeHUTe
pe3ynTaTu.

6. MHeHuA, npenopbKku 1 6enexku.

LianocTHaTa My oLeHKa 3a AMCepTaUMOHHUA TPYA, Ha Mar. MHX. Munen Hukonaes
CnaBoB e nonoXxuTesnHa.

7.3aKknl0ueHMe C ACHa MONOXMUTENHA WAM OTpULATeNHa OLEeHKa Ha
ANCepTaLUOHHUA TPYA,

AHanu3bT 3a M3NbAHEHME HA MWHUMANHMTE HaUMOHAZHU W3UCKBAHMA 3a
npugobusaHe Ha obpasosaTenHaTa M HaydHa cTeneH ,JOKTOp“ Mo
NpodecMoHanHOTO HanpaBneHue 5.2 ENeKTpoTexHWKa, e/IeKTPOHUKa W
aBTOMaTMKa W W3UCKBaHUATA Ha [lpaBunHMKa 3a ycnosuaTa UM peja 3a
npugobusaHe Ha HaydHM cTenewn B TY-Codua nokassa, 4e Mo rpynata ot
nokasaTenu A, npu nsnckeaHn 50 ToUKK, C NpesCTaBeHUA aUcepTaLMOHEH TPy,
mar. nHxX. M. CnaBoB nocTtura Te3u TOYKM M MO rpynaTa oT nokasatenu I, npu
nsuncksaHu 30 TOUKM, mar. uHK. M. CnaBoB No Mou nsumncneHmnsa noctura 90 ToUKu.

Bb3 ocHoBa Ha nonosKuTenHata MW OLEHKA 3a AMCEepPTaLMOHHUA Tpya U
W3/10KEHOTO B HACTOAWOTO CTaHOBMILE, Npeasiaram Ha yBakaemoTo HayuyHo
}KYPU A3 NpUCHAU Ha mar. UHX. MuneH Hukonaes ChaBos obpa3oBaTtenHarta u
HayyHa cTeneH ,A0KTOp“, B HayyHa obnact 5. TexHMYecku Hayky,
npodecnoHanHo HanpasneHue 5.2 ENekTpoTexHMKa, e1eKTPOHMKa U aBTOMaTHKa,
Hay4Ha cneuuanHocT ,,ABTOMaTM3auma Ha NPon3BOACTBOTO .

[lata: 14.01.2026 YJIEH HA KYPUTO: /72/
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OPINION

on the dissertation for the acquisition of the educational and scientific degree
"Doctor (PhD)"

Author of the dissertation: M.Eng. Milen Nikolaev Slavov

Topic of the dissertation: Fuzzy control of technological processes in the chemical
industry

Member of the scientific jury: Prof. Dr. Eng. Kosta Petrov Boshnakov

1. Relevance of the problem developed in the dissertation work in scientific and
scientific-applied terms.

Research on fuzzy systems for the purposes of mathematical modeling and
control is relevant in an international format. They allow the introduction of
expert knowledge into control algorithms. They are suitable for controlling
nonlinear and complex systems and demonstrate improved adaptability and
robustness compared to classical controllers for technological variables such as
level, pH, fluid flow rates and chemical reactions. In accordance with the above,
it is fully justified to choose the object for conducting control studies to be a level
in a carbonation column in the production of soda ash.

2. Degree of knowledge of the state of the problem and creative interpretation
of the literary material.

The first chapter of the dissertation is entitled "Review of Methods for Designing
Fuzzy Controllers” and is essentially an in-depth literature review. A list of 135
literary sources is attached to the dissertation. The PhD student demonstrates in-
depth knowledge of existing theoretical and applied research in the field of fuzzy
and adaptive control. A systematic review of classical and modern approaches to
the synthesis of fuzzy controllers, robust and adaptive control, as well as
parametric optimization with genetic algorithms has been made. Conclusions
have been drawn about the advantages of fuzzy control, the goal of the
dissertation work and the tasks for its achievement have been formulated.

3. Compliance of the selected research methodology and the set goal and tasks
of the dissertation with the achieved contributions.

The selected research methodology is adequate to the set goal and includes
experimental research in a real industrial environment, simulation studies,
synthesis and optimization of fuzzy and adaptive controllers and analysis of the
robustness and quality of the systems. Through the application of this complex
methodology, the stated scientific-applied and applied contributions have been
achieved, which testifies to the correctness and effectiveness of the research
approach used.



4. Scientific and/or scientific-applied contributions of the dissertation work

The dissertation work contains the following more important scientific-applied
and applied contributions:

4.1 Scientific-applied contributions

1. Modified Takagi-Sugeno-Kang models for the level in a carbonation column in
the production of soda ash were derived and validated based on experimental
data.

2. Systems for automatic level control in a carbonation column were synthesized
and studied, taking into account the requirements for robustness and quality with
the following Sugeno fuzzy controllers: Pl controller with one input and one
output, Pl controller with disturbance compensation, pressure in the collector,
PID controller with inputs for the error and derivative of the controlled variable
and PID adaptive fuzzy controller.

3. A methodology has been developed for tuning fuzzy mathematical models and
for parametric optimization of fuzzy control systems using genetic algorithms;

4. A methodology has been developed for analyzing the stability of a system with
an adaptive fuzzy controller

4.2. Applied contributions

5. Experimental studies have been conducted to derive mathematical models for
the level of a carbonation column in the production of soda ash.

6. The synthesized and simulation-studied fuzzy controllers have been
implemented in a programmable logic controller (PLC) and systems for automatic
level control with them in an industrial carbonation column in the production of
soda ash ("Solvay Sodi" AD, Devnya) have been implemented and studied.

The listed scientific-applied and applied contributions can be characterized as
specific methods for developing and researching fuzzy systems.

5. Assessment of publications on the dissertation: number, nature of the
editions in which they were printed.

Six scientific papers are attached to the dissertation, four of which have been
published in international journals, and one in a renowned IEEE international
conference. The five publications in question are co-authored with the supervisor
and colleagues and are indexed in Scopus. One of the scientific works is single-
authored and published in the Proceedings of the Technical University of Sofia.
The scientific publications are at the required scientific level and reflect the
scientific research in the dissertation.

The presence of 14 citations of the applied scientific works as follows is very
impressive: for the publication marked as [1] — 8 citations, for [2] — 4 citations and
for [3] and [4] — one citation each. The presence of a relatively large number of
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citations for the dissertation is evidence of the usefulness of the research
conducted and the results obtained.

6. Opinions, recommendations and notes.

My overall assessment of the dissertation work of M.Eng. Milen Nikolaev Slavov
is positive.

7. Conclusion with a clear positive or negative assessment of the dissertation
work.

The analysis of the fulfillment of the minimum national requirements for
acquiring the educational and scientific degree "Doctor (PhD)" in the professional
field 5.2 Electrical Engineering, Electronics and Automation and the requirements
of the Regulations on the conditions and procedure for acquiring scientific
degrees at TU-Sofia shows that under the group of indicators A, with a required
50 points, with the presented dissertation work, M.Eng. M. Slavov achieves these
points and under the group of indicators G, with a required 30 points, M.Eng. M.
Slavov achieves 90 points according to my calculations.

Based on my positive assessment of the dissertation work and the arguments
presented in this opinion, | propose to the esteemed Scientific Jury to award
M.Eng. Milen Nikolaev Slavov the educational and scientific degree "Doctor
(PhD)", in the scientific field 5. Technical Sciences, professional field 5.2 Electrical
Engineering, Electronics and Automation, scientific specialty "Industrial
Automation".

Date: 14.01.2026 JURY MEMBER: /22 /
/Prof. Kosta Boshnakov/
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