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Bbpxy rqt4cepraqiloHeH rpyA 3a npra4o6reane Ha o6paaoeare.nHa n HayqHa
cTeneH,,4oKTop"
Aerop Ha AilcepraqhoHHt4n rpyA: Mar. rnx. Mrnen Hilxoraes Cnaeoe
Tenna Ha Arcepral{vloHHun rpyg: PasA rro ynpaBneHhe Ha rexHo.nor.4eHvl
npoqech oT xr4Mr4r{ecKaTa npoM14uneHocT
Llnen Ha HayqHoro xypt4: npoQ.A-p l4Hx. Kocra I'lerpoe SouiHaxoe

1. AxryanHocr Ha pa3pa6oreaHhn B ArcepraqhoHHl,rf, TpyA npo6neru B HayqHo
14 HayqHo-n prurox(Ho oTHorxeHhe.

Vlzcnegeatn+Ta Ha pa3MtaTilTe chcreMr 3a qefltaTe Ha MareMarhqHoro
MoAenilpaHe n ynpaBneHre ca aKryanHil B MexAyHapoAeH Qopnnar. Te
no3BonfBaT BbBexAaHe Ha eKcnepTHr4 3HaHVf B ynpaBnflBat4hTe anropuTMu.
Ilo4xo4nqr ca 3a ynpaBneHre Ha nenuneilnu v c.floxH14 cl4creMil v
AeMoHcrpnpar no4o6pena aAanrrBHocr v1 ycroilureocr B cpaBHeHhe c

K.nacilqecKrre KoHTponeph 3a rexHo.noruv.Hu npoMeHnvBn Karo HytBo, pH, pasxo4
ua Qlyragn uxuwuttHil peaKl{uu.B cborBercrBile c no-rope 3anhcaHoro, Hanb.nHo

o6ocnoean e rs6optr Ha o6exr 3a npoBexqqaHe Ha ,r3cneABa HVflra 3a

ynpaBneHue Aa 6t4e HrBo e xap6onr3aqroHHa KonoHa npr npo[3Bo4crBo Ha

KanL[rHHpaHa coAa.

2. Crenex Ha no3HaBaHe cbcronHhero Ha npo6nerua n rBopqecxa
hHrepnpeTaqnfl Ha,hTeparypH 14e MaTepxan

Iltpeara r.naBa Ha AhcepraqraoHnrfl TpyA e o3amaBeHa ,,flperneA Ha Meroghre
3a npoeKTrpaHe Ha pa3Mrril perynaroptl" H no cBoflTa cbr4Hocr e 3a4bl6oqen
nhreparypeu o6aop. Kun ArcepraqnoHHufl TpyA e npunoH{eH cnhc'bx c 135
nrreparypHt4 l43Tot{Ht4lU4. floxropaHTbr AeMoHcrphpa aagu6oveHo no3HaBaHe
Ha cbu4ecrByBal4hre reoperilqHh u npr4noxHr4 nscneqBaHnn e o6nacrra Ha

pa3Mt4Toro H aAanrtaBHoro ynpaBneHre. HanpaBeH e cilcreMar[qeH nperneA Ha

KnacilqecKuTe v cbBpeMeHHilTe noAxoAl4 3a cmHTe3 Ha pa3MnTU perynaTopl4,
po6acrno v aryanrnBHo ynpaBneHue, KaKTo r napaMerprqHa onruMn3a\un c

reHeruqHu afiropurnnr. HanpaBeHr ca h3Bog,h 3a npeArMcrBara Ha pa3MuToro
ynpaBneHue, Qopnnynnpatn ca qenra Ha Ahcepral{HoHHt4n rpyA n 3aryaqvre 3a

nocThraHeTo vl.

3. CuoreercrBue na ra6paHara Mero4r4xa Ha uscneABaHe h nocraBeHara Llerr r
saAaqn Ha ArcepTaq,roHHl4fl TpyA c nocTrrHarrre npxHocl4.

Vlz6panata MeroAhKa Ha r3cne4BaHe e aAeKBarHa Ha nocraBeHara qen u

BK.nrcqBa eKcneprMeHTa,nHil n3cneqBaH|,4n B peanHa nHqycTpvtanHa cpeAa,
cvMYna\uoHHl4 l43cneABaH[fl, ct4HTe3 il onThMV3a\Vn Ha pa3MhTU n aAanTWBHtA
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perynaTopl4 vl aHanu3 Ha po6acrHocrra v KaqecrBoro Ha crcreMilTe. t{pea

npHraraHero Ha ra3H KoMn/reKcHa MeroAhKa ca nocrl4rHaru 3af BeHrre HayqHo-
npnno>+<Ht4 u nphnoH{Ht4 npnHocu, KoeTo cBil.qeTencTBa 3a KopeKTHocT u
eQexrusnocr Ha u3no.n3Ba Hufl u3cneAoBarencKr noAxoA.

4. Hayuxr,r nlnnn HayqHo-np[noxHr4 npxHoo,r Ha AhcepraqroHHl4n rpyA

B 4rcepra\uoHHuA TpyA ce cbgbplxar cneAHrre no-BaxHil HayqHo-npunox<HlA vt

nprnoxHV npvHocu:

4. 7 H oyu uo-n punortrH u n pu Hocu

1.7lsee4enr n Ban. AVpaHn ca Ha 6asara Ha eKcnephMeHTa,nHil AaHHr
nno4rQra4upaHn Taxarra-CyreHo-KaHr Mo.q,en n 3a Huloro B xap6onrasaq[oHHa
KOTOHa npr npoh3BoAcTBo Ha KanqilHhpaHa cofqa.

2.CuuteeupaHil A v3cneqBaHr ca crcreMh 3a aBToMarilqHo peryn[paHe Ha HhBo
s xap6ouu3aq[oHHa KonoHa c orr{rraHe Ha vga4cllaHnflTa 3a po6acrna
ycrofiursocr n KaqecrBo cbc cneAHmre cyreno pa3Mhn4 perynaropr: nu
perynarop c eArH BxoA n eAVH 143xOA, nn perynarop c KoMneHca4ilfl Ha

cMvlqeHhero, HanrraHe B KoneKropa, fltzl,Q perynarop c BxoAoBe 3a rpeuKara yl

npoil3BoAHara Ha perynr4pyeMara BeilAt{uHa u nn[ aAanrilBeH pa3Mhr
perynarop.

3.Paapa6oreHa e Mero4t4Ka 3a Hacrpofixa Ha pa3Mvtrn MareMarilqHh Mo1enu n
3a napaMeTpl4'{Ha onrnMu3alJ.uA Ha pa3MrTh cmcreMr4 3a ynpaBneHre qpe3

reHeTilqHn anfopuTmu;

4.Paspa6oreHa e Mero4r4Ka 3a aHanus ua ycrofivrBocrra Ha chcreMa c a4anrrBeH
pa3MHr perynarop

4.2. flpunot cHu npuHocu

S.Ilpoee4eHr ca eKcnephMeHTarHr uscne+Bar,u+ c qen il3BexAaHe Ha

MareMarhqHr MoAenuno HilBo Ha xap6onh3aqHoHHa KonoHa npt4 npoil3BogcrBo
Ha Kanqt4HupaHa coAa.

S.CilHresilpaHrTe n cnMyna\uoHHo t43cne4laHn pa3Murvt perynaropr4 ca

rMnreMeHTrpaH B nporpaMrpyeM .norilqecKu KoHTpoflep v c rflx ca
peanu3npaH'/- u u3cne4BaHu cl4cTeMil 3a aBTOMaTTqHO perynrpaHe Ha HrBo B

vlH[YcrpuanHa xap6ouuaaLlroHHa KoroHa npr npor3BoAcrBo Ha KarqhHilpaHa
coAa (,,Consefi Cogu" Afl, fleeHn).

l4s6poeHrre HayqHo-npnno>+<Hu u npnnolxHr4 npnHocu Morar Aa 6t4ar
oxapaxTepuzupalu Karo cnequ$nuau MeroAr4 aa paspa6orBaHe u ugcneryBaHe
Ha pa3MilTt4 CUCTeMU.
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5. IIpeqeHKa Ha ny6nrxaquure no ArcepraqroHHl4fl rpyA: flpoir,xapaKTep Ha
uS4aHnflTa, B KO]4TO Ca OTneqaTaHh.

Ktnn AucepraUhoHHnn rpyA ca npilnolxeHh uecr HayqHr rpyAa, r{erhpt4 or Kor4To
ca ny1nnxyeatu B MexAyHapoAHt4 cnncaHnfl, vt eAilH B peHoMilpaHa IEEE

MexAyHapoflHa xonQepenr4ran. BtnpocHhre ner ny6nrKa\uu ca B cbaBTopcrBo c
HayqHHfl pbKoBoAl4Ten v Ko,nerh n ca nHryeKcnpaHn e Scopus. E4ran or HayqHrre
rpyAoBe e caMocrorre.neH n e ny6nraxyean B Proceedings of the Technical
University of Sofia. Hayuunre ny6araxaqnu ca na neo6xoAr4Moro HayqHo HuBo u
oTpa3flBar HayqHrTe h3cneABaHufl B AhcepTa\noHHwA TpyA.

Muoro 4o6po BneqarreHile npaBr Hanuevero Ha 1,4 qurupaHun Ha
nprnoxeHilre HayqHr rpyAoBe KaKro cne4Ba: aa ny6nuKaLl,tr o3HaqeHa xaro [].]
- B qurupaHnfl, sa [2] - 4 4nrvrpalun ra sa [3] n l4l - no eAHo r_u4rrpaHe.
Hanwqueto Ha cpaBHilTe.nHo ro.nflM 6poi,r WlrupaH,un 3a At4ceprallhoHeH TpyA e
AoKa3arencrBo 3a no.ne3HocTTa Ha npoBeAeHHTe h3cneABaHt4A V1 nonyqeH[Te
pe3ynraril.

6. Mnenrfl, npenoprrKt4 u 6enexxr.

l-[naocrnara Mu oqeHxa 3a AilcepraLlroHHr4fl TpyA Ha Mar. rHx. MuneH Hhxoaaee
Craeoe e nonoxilTe.flHa.

T.3axnpqeHhe c f,cHa

AhcepraqnoHHufl rpyA.
norolr{r4Te,lHa UnU OTpl4r4aTenHa oL{eHKa Ha

AHarrstr 3a r3nb,nHeHhe Ha MvlHVManHhre Ha\noHanln v3ncKBaHVn 3a
nprarqo6reaue Ha o6pasoeare.nHara v HayqHa creneH ,,goKTop" no
npoQecroHa,nHoro HanpaBneHhe 5.2 EaexrporexHilKa, e/leKrpoHhKa u
aBTOMarrKa v u3ltcKBaH[nra Ha [lpasrlurxa 3a ycnoBHfra u peAa 3a
npr4o6raane Ha HayqHil creneHil e TV-CoQran noKa3Ba, qe no rpynara or
noKa3arenu A, npu vl3ttcKBaHr 50 rovxr, c npeACTaBeHhr ArcepraqhoHeH TpyA
Mar. ilHx. M. CraeoB nocrl4ra re3il ToqKr u no rpynara or noKa3arenn f , npu
l43hcKBaHil 30 ro,{xv, Maf . t4Hx. M. CnasoB no Mor4 1,131{l4c.neH vn nocrura 90 roqxr.

Bts ocHoBa Ha no.noxilTe,fiHara MV oL{eHKa 3a ArcepraltvtoHHufl TpyA u
h3.nox{eHoro B Hacroflr.r-loro craHoBl4u{e, npeAnaraM Ha yBaxaeMoro HayvHo
xyptl Aa nptacb$n Ha Mar. rHx. Mraex Hrxonaee Cnaeoe o6paaoearerHara h
HayqHa creneH ,,goKTop", B HayqHa o6nacr 5. TexHrqecxr HayKV,
n poQecrao Har Ho H a n pa Bne aue 5.2 Eae xrporexH il Ka, en e KTpo H nla u a BToMar[ Ka,

HayqHa cneqhanHocr,,ABToMaril3aqilfl Ha npon3eo4crBoro".

flara: L4.OL.2O26 T{flEH HA }KVPhTO: /%-/

/npo$. Kocra Eourxaxoe/

3
OAKYJiTIT

AB'TOlj] AT[TKA

4
YH lt\1, !x

+€l 0dJ l,i

oI
-i

?!'4

e.{

8S p ,uu ( s-Fz/ Lzt



#W- #€{- 0€3
OAKY.[TTET ABTO MAT14 KAi

,7tQ a-+/a+,a/.x22dr
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

Ievel, pH, fluid flow rates and chemical reactions. ln 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 methodotogy 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.
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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. 7 Sci e ntifi c-a p pl i e d co ntri b utio ns

1. Modified Takagi-Sugeno-Kang models for the level in a carbonation cotumn 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 tuzzy mathematical models and
for parametric optimization of fuzzy control systems using genetic atgorithms;
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 Iisted scientific-applied and applied contributions can be characterized as
specific methods for developing and researchin gfuzzy 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 121- 4 citations and
for [3] and [ ] - 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.

5. 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, I 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 "lndustrial
Automation".

Date: L4.OL.2O26 JURY MEMBER, /TZ /

I Prof . Kosta Boshnakov/
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