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Btpxy AlICepraI{I4oHeH rpyA :a npm4o6IaBaHe Ha o6pa:oeareJrHa 14 Haf{Ha creneH ,,[orrop" B

o6lacr Ha BficIrIe o6pa:oranue 5. ,jlexHraqecKr4 :aayrrr", npo@ecuona.flHo HarrpaereHue 5.2

"EflexrporexHlrKa, eneKTpoHIrKa I4 aBToMarI4Ka", Ha5ryg1 cilelll4a.tIHocr "ABToMarpBaI{I4g Ha

Epout3BogcrBoro (no orpacau)".

Anrop Ha Auceprar{r4oHHr4fl rpyA: Mar. nnx. MuleH Hr,rxonaee Cnaeoe

Teua Ha AHCeprar{r4oHHHq rpyA: ,,Pa3Mr,rro ynpaBneHr,re Ha rexHo/rornrrHr4 npoqecu or
xHMHr{e cKara npoMI4IIIneHo cr"

Peqeu:eHr: AoI{. 4-p Iasx. .flceu lop6ynoe, AenapraMeHr TlnQopnraruxa, Hon 6rnrapcxll
yHr4BepcHreT

1. Arryannocr Ha paspa6oreaHnr B Auceprarlr.loHHlrn TpyA upo6nem B Hafruo *r

HayqHonplJroxHo orHoruenl{e. Crenen u H}rBa Ha aKTyaJrHocrra Ha npo6nema fi
KouKperHrrre 3aflaqr{, pa:pa6orenrr B Ar{ceprarlr{flTa.

Parpa6oreanum rpo6leM e alffya"treH KaKTo B HayqHo, TaKa ]r B npl,rnoxHo orHorrreHrze,

o6e4uHreafiKl4 ynpaBneulzero ua uenaHefiHr4 rexHolrorzqHu Epoqecr4 c eQexrnnHara peanr43ar{r4q

Ha HHTeJII4TeHTHIa peryJlaroprt. Hayruara aKTyanHocr ce AIarKH Ha ueo6xo4ul,rocrra or
cI4creMarI43I{paHI4 ra uepu$r,rqplpaHl4 MeroAr4Kt4 3a cr4Hre3, crpyKTypHo-op?reHTr4paH aHa.rrr43 H

oqeHKa Ha a4anrl4Buu u po6acrHl4 pa3Mr4r[ pery/raropr4, BK/r[oqHTe.rrHo QoprvranHo AoKa3BaHe Ha

ycroiluueocr n rapaHTl4paHo KarrecrBo Ha ynpaBrreHrae npr4 HaJrHr{r4e Ha napaMerpr,IqHr,r

HeonpeAeneHocrl4 14 BIHIITHI4 cMyll{eHtafl. flpnnoxHara 3Har{raMocr [por43Tr,rqa or norpe6Hocrra or
arropl4rMl4, Kot4To Morar 4a 6t4ar uHTerpr4paHr4 B cbrrlecrByBarqr4 rrporpaMr4pyeMr4 /rorr4qecKr.r

KoHTpo/IepH 6e: cttqecrBeHl4 MoAH$unaqrau ira znopacrpyKTypara, oczrypneafiKh onrriMtr3ar{r4fl

Ha pecypcH, IIoBI4IIraBaHe Ha 6esOnacHocrra r4 ycrofiuueo no4o6peuue Ha npor43BoAcrBeHara

eSerruunocr. Crenenra Ha aKryarlHocr Ha npo6neua ce nporBffBa noc/reAoBareJrHo Ha

TeoperxqHo, MeToAoJIorlIqHo I4 npoMaIIIJIeHO Hr4BO, a Ar,rCepTar{r4oHHHrrT rpyA AeMOHCrpr4pa
3aBbplrreHocT tlpes KoMIL[eKceH IIoAxoA - or pGrpaxAaHe Ha aAeKBaTHr4 MOAeJrr4, npe3 cr,rHTe3 14

uacrpofixa Ha pa3MI,ITI4 peryaaropu, Ao eKcnepr,rMeHTa"[Ho norBbpxAeHr4e Ha rflxHara eSexraruocr
n po6acrHocr.

Cuutana, qe noJle3Hocrra 14 aKTyaaHocrra Ha Ar4cepraqr4oHHnTe r43clreABaHr4fl ca scHo

AeMoHcrppIpaHI,I a Ha) IHo o6ocHogaHa. Oqeuxeau noJroxure"[Ho reMaruqHara HacorreHocr r4

Br4coKara aKlyaaHo cr Ha r,r3cJleABaHara npo6neuatuxa.

2. Crenen Ha rIo3HaBaHe Ha ctcrorgilero na npo6"ueMa r{ TBoprrecKa lrgTeprrperarlnfl Ha

JrlrTepaTn)Hlt.E MaTeprraJr.
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fizceptaquoHHl4flr rpyA AeMoHCrpHpa :agur6oueno no3HaBane Ha cbcroqHuero Ha

npo6neua, cBbp3aH c npoeKTl{paHero H pearrrtar{r4flra Ha pa3M}rrr,r peryJraropn 3a )mpaB/reHr4e Ha

c"[oxHl4 TexHoJIoruqHI4 npoqecl4. B ntpeara uraBa e npoBe4eH cr4creMaruqeH npeffreA Ha

cBBpeMeHHIare MeroAI,r 3a pa3MI4To )mpaBneHl4e, BK"rrrolII4Te.[Ho ocHoBlzre Ha 6asara Ha rrpaBr4.rra,

cI,ICTeMHTe 3a H3BrI,FIaHe Ha pa3MLITo 3aKJIIorIeHVe, K"[acr4r{ecKI,ITe u nrrorqaSraql4paHl4 Tarara-
Cyreuo-Kaur MoAerIH, KaKTo r4 noAxoAI4 3a napanenHo pa3npeAe.rreHa KoMrleHcaqr,rfl.

.Ilureparypur,iflT Marepr4a.rr or 135 usroqnr4Ka e cr4creMaruqHo r,r Kpktrlrr{Ho aHaJrr43r4paH,

Karo ca n4exrrQraqr4paHra orpaHr4qeHr4.f,Ta Ha cbrrtrecrByBarrlr4Te MeroAr,r H BE3MoxHocrr{Te 3a

r,rHrerplapaue Ha aAanrtaBHr4, Sasoeo opueHrr.rpaHu a po6acrHr4 crpyKT"ypr{ B rrpoMt4rurreHr4

npu/IoxeHils. TlsnonssaHara /rr{Teparypa o6xearqa KrraclqecKr4 TpyAoBe rro pa3Mr4ro yrrpaBneHr,re 14

Illl.{/Cyreuo perynaropr4 [5], [B], lL4l, 127-34), KaKro vt cbBpeMeHHr.r Lr3cneABaHr4fl 3a

orrrr,rMr.Bardr,rfl [r aflanr].rBHo ynpaBJreHne [37], 1741, ll0l-1151. IlparrrqecKr,rre pbKoBoACrBa r,r

craHflaprr4 [56-61] AonbJrBar reoperr,rrrHara 6asa 14 EoKa3Bar KoMrrereHTHocr npr4 flpoMr4rx"[eHoro

npfi/raraHe Ha MeToAr4re.

Arroptr AeMoHCTpHpa rBoprlecKa uHTepfiperallllfl qpe3 cpICTeMarI4r{Ho I6rpax4aHe Ha

MoAe/IIr 14 MeroAI4KpI 3a cr4HTe3, onrraMpr3ar{vts, u Banu4apaue Ha pa3Marr4 perynaropr4 - or IITI u
IIVTA crpylffypl4 Ao aAalrr,IBHr4 pelxeHr4s c reHerraqHa orrrr,rMlruar{r4rr Ha rrapaMerpr4re.

Excnepuuerrra,[Hrare rccneABaHr,rff r4 rrpoMurrr.rreHure peanr,Bar{r4r4 n xap6onz3ar{r4oHHa Ko/roHa

[oTBBpXAaBaT IIpaKTI4rreCKaTa npr4nOXpIMOCT r4 Ha) {HaTa 3HaTIUMOCT Ha IOAXOAa.

3. CrotsercrBrle na ns6panara Mero,qrrKa Ha lrc"rreABaHe c rrocraBerrara rleJr r{ 3arqarrn Ha

,qrcepTarllroHHrrfl Tpyn.

I4s6panara MeroAr,rKa Ha r,BCneABaHe e B cborBercrBr,re c qenra r,r KoHKperHHre 3agaqr4 Ha

AI4cepraI{pIoHHI4rI TpyA. Tg iloc"rleAoBarerlHo cbqeraBa anarwlTtrquu, cr4Mynar{raoHHr4 u
eKcnepr{MeHrutHr noAxoAH, ganoqnafrxz c r,r3rpax4aHe rr Ba.rr,rAnpaHe ua uo4rzSru{r4paHu Tararu-
CyreHo-Kanr MoAenr,r Ha o6erra 3a yflpaBJrenpre. Cnsre3br Ha IlU, nm[ 14 aAanrr4BHr,r pa3Mr4Tr4

peryJraropfi e raBbprrreH Ha 6asara Ha yrBbpAeHlz Teoperr4qHt4 Mero4r.r, AonEnHeHr4 c

napaMerpuqHa orrrr4Mu3ar{Hrr qpe3 reHerr,IqHr,r anropkttMu. Mero4uxara BK-[rcr{Ba aHa/r}B Ha

po6acrHa ycrofiureocr r4 KaqecrBo Ha ynpaBrreHr4e, Koero ocr4rypflBa Sopiraaana [poBepKa Ha

nolrfreHr.Ire perxeHr{fl. Peanu:aquara Ha pa3pa6orerure perynaropr{ B nporpaMupyeM norr4r{ecKr4

KoHTpoJrep H eKCnepr4MeHTarrHVTe rccne4BaHprfl B peaaHa rap6oHn:aqlroHHa KoJroHa rapaHrupar

npaKTzqecKara BanHAHocr Ha pe3ynraruTe, flpunoxenara MeroAr{Ka ocr4ryprrBa rrt"rrHo t4

"florprqecKl4 3aBbpIUeHo I43nBJIHeHI4e Ha nocTaBeHI,ITe ISCIeAOBaTeJICKH 3aAarrfi.

4. Kparra aualturlrrlHa xapaKTeprrcrl{Ka Ha ecrecrBoro }r orleHr{a Ha AocroBepHocrra Ha

MarepI,IaJIa, Bbpqr xofrro ce rpaAflT rrplrHocrrre Ha ArrcepraqlroHrrufl TpyA.

flrcepraqlroHHr4{T rpyA e crpyKTypr4paH nocneAoBareJrHo 14 e ,r3rpaAeH B cborBercrBr4e c

yrBbpAeur4Te r{3r,rcKBaHvrr 3a Haf{Ho tacaeABaHe s o6racrra Ha aBToMarlrqHoro ynpaeleuue. B
paMKrTe Ha a3c"[erqBaHeTo e pa3rneAaHa crPyKrypHa r4HTepEpeTar{r4fl Ha pa3Mr4T perynarop qpe3

HMEJrr,qr4rHo BrpaxAaHe Ha KaHoHuqen f[71lfl7l,.{ sar<on 3a peryJrlrpaHe e 6asara or npaBuaa vflvt B

rasxoAHr4re $ynr<qna Ha pa3Mrarr,rs peryJlarop.
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B ntpea r/IaBa e IBBbpIITeH cl,IcreMarrz3npaH aHa/rurr4qeH nperneA Ha MeroAr4re 3a pa3MHTo

ynpaBaeHue, BKrlroql4Tenno 6asr rrpaBr4/ra, MexaHI,I3Mr4 3a pa3Mr4To 3aKirroqeHue, Tararu-CyreHo-
Kanr uo4erl,I, MeroArI 3a cnuTe3, aAanrr4BHo yfipaBneHr,re 14 napaMerpr4qHa orrrr,rMu3a\hfl,, Koero

$opnanpa KopeKTHa reoperr.rrrua paMKa 3a rro c/reABarr{raTe rBCneABaHr4fl .

Btr nropa r/IaBa e oflECaH peaJlHl4flr o6err 3a ynpaB/reHue Lt ca H3BeAeHra 14 BaJrr4AupaHrz

uo4IaSzqnpanra Taxarr,r-Cyreno-Kaur MoAenr4 Ha rap6ouu3ar.lnoHHa Ko"[oHa, Korzro ocur5psBar
npeAcraBflHe Ha HeJlnHefiuata AI4HaMr4Ka Ha [poqeca r4 cayxar Karo ocHoBa 3a chHTe3a Ha

peryJlaropllTe. Inasu rpera I,I qerBbpra ca ilocBereHr,r Ha cr,IHTe3a, nacrpofixara H peaJrr43ar{HffTa Ha

lll4 u II?Ifl paruilTpl peryrlaropl,I c pa3fir4qHa BxoAHa crpyKr1?a r4 KoMrreHcar{ufl Ha cMyrr.treHr,r.fl,

Karo pa3pa6o:reuure peureHl4fl ca peaJIH3I,IpaHr{ B nporpaMHpyeM rorfir{ecKr4 KoHrporep r4 ca
H3C/reABaHH qpe3 Cr4My/Iaqwr4u eKcnepr4MeHTr4 B peanHo BpeMe.

B nera ulaBa e pa3uleAan arqanrl,IBeH fII4[ parvrur pery/rarop, npu rofiro napaMerpuqHara
nacrpofixa e $opnryazpaHa Karo 3aAarra 3a onruMr43 a\ul u e peureHa qpe3 reHerr4qHr,r arropr4rMr4.

Pa6orara e rroAKpe[eHa c6c cI4MyJIaqHoHHvt Lt eKcrrepaMeHra.rrHrr pe3ynrarr4. Il]ecra ffraBa e
rocBereHa Ha aHann3a Ha ycrofrunBocr t4 po6acrno KarrecrBo Ha cucreMr4 c aAarrrl4BeH pa3Mr4T

perynarop, KaTo ca npil.Ilo)KeHll yTBBpAeHr,r aHa"rrHrr.rqHr4 Kpr4repr4r4 14 e npeAnoxeHa MeToAr4Ka 3a

[poBepKa ua ycrofiuuBocrra.

Cuure:ua crIMyJIaI{I4oHH}ITe H3caeABaHxq r4 eKcnepr4MeHTa"[HraTe pe3yJrraril ca B3alr4MHo

cBtJIacyBaHIa I,I [o3BoJlflBar e4Ho3HarrHa r4HTepnperaqua. Toea AaBa ocHoBaHr4e Aa ce rprreMe, rie

Marepva/Itr, Btpxy xoftro ce rpaAflr npr4Hocr,rre Ha Alrceprar{ktoHHr,rfl TpyA, e KopeKreH,

MeroAuqecKra o6ocHoeaH u AocrartqeH or HayqHa ffreAHa roqKa.

5. Hayuuu ulunu HayrrHorrprr.rroxHr, rrpuHocrl Ha Auceprarl]roHHr{fl TpyA.

flpueuarra 3asBeHHTe HafIHonpI4JIoxHr,r r4 rrppraoxHu npr4Hocr4 B Ar4ceprar{vtoHHur, TpyA 3a

peaJII43I4paHLI B cborBercrBl4e c $oprwynupaH?rre qe/rrd rr 3a4arrr4. Pa:pa6orenuTe Mo4enu, pa3Mrdrr4

fi aAanTLIBHI{ peryaarop}I ocurypsBar perrreHr4e Ha rrocraBeHr4re Haf{Hr{ npo6neuu r4 BoAfiT Ao
no4o6pmane Ha KaqecrBoto a po6acrHocrra Ha ynpaBneHlrero rrpu pa3urexAaHr4Te rexHorrorurrHr4

fipoqecfi. flolyrenlare pe3y/ITarI,I ca BaJrlrAr4paHra rrpe3 cr.rMynar{r4oHHr4 H3c/reABaHr4rr ?r

eKcneplIMeHTH B pearHa npoMl4lrr/reHa cpeAa, KoeTo noTBbpxAaBa rf,xHaTa npr4noxHMocT r.I

npaKTl4r{ecKa 3HaquMocr. B roeu cMr4cb/r Auceprar{raoHHr4flT TpyA npeAcraBJrflBa 3aBbplreHo H

[oc/IEIoBareJIHo HafIHo[pI,IJroxHo r43cJre4BaHe c flcHo Qopvrynnpasn u o6ocnoBaHr4 npr.rHocu.

Cuzrana, EIe noryqeHl4Te pe3y/rrarl4 lrMar opr4rr4Ha,[eH xapaKTep H orroBapsr Ha

H3LIcKBaHI4sra 3a AHCepraqI4oHeH TpyA 3a npn4o6rnaHe Ha o6paroearerrHara r4 HafrHa crerreH

,,4oKTop".

6. Oqenxa 3a cre[euTa Ha "ilfirrnoro 5rq6s1r* Ha A]rcepraHTa B rrpaHoc[rre.

flpe4craeenure IGcaeABaHHrI B Aaceprar+4oHHr.rfl TpyA vt npr4ApfxaBarrlzre HafrHH
ny6luxaquh c aBTopcKoro fracrve MH AaBar ocHoBaHVe Aa cquraM, qe Ar4ceprar{raoHnrare
pe3ynTaTlr ca nocThrHaTlr fllrqHo oT AoKropaHTa.

3



F

7. [Ipeqenxa na ny6nnKallulrre no Alrceprarl]roHHfifl TpyA: 6pofi, xapaKTep Ha r.BAaHrrflTa, B

KolITo ca orfieqaranu. OrpaxeHr{e B HayKara - rr:noJrrBane }r q}rrrrpaHe or Apyru aBToprr, B

Apyrfi na6oparopurr, crpaHr{ }r Ep.

Pesylrarure or AVcepraI{pIoHHI,Ifi TpyA ca anpo6npaHr4 B rrrecr Hafruu ny6auraquh, npsKo
cBEp3aHI4 c reMarllKara Ha Al4cepral{r,rflra, ny6auryeaHra n pe$epupaHr.r Mex!4yHapoAHH cnvcaHr4x
ra c6opnzqu or MexAyHapoAHI4 HafIHI4 ronsepenquu. gacr or ny6nuraqrrr4Te ca orneqaraHlr B

IaHAeKCI,IpaHI,I B MexAyHapoAHI,I HayKoMerpprttuu 6asu AaHHrz vr,AaHus, c onpeAeneH KBaprlr"rr, KaKTo

c/IeABa: [1] Engineering Science and Technology, an International Journal (E]sevier) - Ql-, SJR'24
= 1.09; [2] WSEAS Transactions on Systems and Control - Q4, SJR'24 = 0.22; [5] MexarpoHr4Ka,

aBroMarH3aIII4s, ynpaB/reHr,re - Q4, SJR'24 = 0.19; [6] Jordan Journal of Electrical Engineering -
Q4, SJR'24 = 0.16. E4na ny6nuKa1us, [4] e sKriroqena e c6opHr,r6 r4uAeKcr{paH B IEEE Xplore, a

e4Ha [3] e ny6nuryraHa B roA]IIxHI4Ka Ha TexnuqecKr4s yr{r4Bepcr4rer - CoQrax. Tora crorsercrBa
Ha npuerzTe aKaAeMI4rIHI4 I43IacKBaHfifl za anpo6aqun Ha pe3y/rrarprre or Ar,rceprar-lr4oHeH rpyA 3a

npugo6ueaHe Ha o6pa:onaterlHara I4 Haf{Ha creneH ,,AoKTop", Karo Aopr4 rH HaAxB}pflq ro 6pohu
HayKoMeTpkl rrHra noKa3aTeJrr4.

Hay+roro orpilKeHae Ha pe3y/Irarl4re e norBbpAeuo qpe3 1-4 qr,rrnparu4rr, BK"rrroqrarenno 2

caMol{I4rr4paH}Is, ny6auryeaHrr B peHoMupaH}r MexAyHapoAHr4 Ha) rHlt rzn1aunfl ra Qopyrara.
fly6nuxaqral,ITe Ha Al{cepraHTa ca r{r4TupaHrz B cnlrcarrrff Karo IEEE Transactions on Dependabie
and Secure Computing, International Journal on Advanced Science, Engineering & Information
TechnologSr, Journal of Engineering and Sustainable Development, International Journal of Circuits,
Systems and Signal Processing, KaKro u B u31aHufl. Ha Springer Nature ra IOP Publishing.
I{nrapauraxra ca peaJrugr4paH}r or HegaBrdcnMIa HayrrH?r Ko"[eKTr4Bra or pa3nuqHr4 ABpxaBr4 r,r ca

cBbpsaHH c EpI4/IOXeHhrI Ha pa3MHra /rorr4Ka 14 r4HTe"[r4reHTHO )mpaB/reHr4e B pa3fir4qH].r fiHxeHepHr,r

I,I TexHo.[oruqnu o6nacr:a.

Oqeurnaru BI4coKo npeAcraBeHara ny6auraquouua 4efiuocr vt orKpr,rrr.rre r{urarrr.
flocoqeuute Sanrn AaBar ocHoBaHI{e Aa ce Epr{eMe, qe pe3yrrarr4re or Ar4ceprar{HoHHr4rr rpyA
I,IMaT peaJIHO HayqHO OrPilKeH?Ie, pa3no3HaBaeMocT u npunox(lrMocT I43BBH paMKr4Te Ha

KoHKperHoro r43crreABaHe, Koero norBbpxAaBa rffxHara HayqHa 14 HayrrHonpu/roxHa crofiuocr.

8. IlsnoasBarre Ha p$yJITarlITe or ArrceprarponHrrfl TpyA B rrayqHara rr coqfiaJrnara
[PaKTnKa. Haarl.rue Ha ttocrlrrHar flpflK rlKoHoMr{qecxu efexr rt np. ,{oryruenur, Ha Kor{To
ce ocHoBaBa TBbp,4eHlIeTo.

Petynrarute or Al4cepral{}IoHHoro H3c.[eABaHe ca r4MnrreMeHrupaHr4 B Haf{Hara r,r

uruKeHepHa npaKrl4Ka fiocperqcrBorra pa:pa6orKa, BHeApflBaHe 14 eKcnepr4MeHra"rrHa Baa]r4al{prs Ha

pa3Mhrl4 I4 aAanrI,IBHI4 aJIropI,ITMI4 3a yllpaB/Ienue. Te ca npfi/roxeHr4 B peaJIeH TexHonorl4r{en o6exr
Ha xlzMl4qecKara I4HAycrpufr - xap6onu:aquoHHa KoJroHa 3a npor43Bo4crBo Ha Kanr{nHrpaHa coAa.

Tlurerpaqz.rra Ha EpeAJIoxeHlITe aJlropurMr4 e ocbrr{ecrBeHa qpe3 EporpaMr4pyeM .rlorpruecKIz

KoHTponep 6e: nno4IaSraKaI{HrI Ha cbll{ecrByBarr{ara apxHreKrypa Ha cilcreMara 3a aBroMarH3ar{Hq,

KOeTO OTTOBapE Ha TBLTCKBaHHflTa 3a AlrpeKrHo r4HAycTpuaJrHo npl4"rloxeHl4e,

ErcnepuueHTaJlHoro BHeApflBaHe AeMoHcrplapa 3Haqr4Mo no4o6penue Ha KaqecrBoro Ha

ynpaBneHlae, rIoBLIIueHa po6aCrHocr CnpflMo eK3oreHHra cMyrrleHhfl u [apaMeTprrrrHr4

HeonpeAeaeHocrt4, KaKro u cra6unuzar{I4s Ha rexHoJrorr4qHufi rrpoqec B pa3rrrr4peH onepar{koHeH
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AHana3oH. Te:n perynrarx npf,Ko AonpnHacsr 3a noBurrraBaHe Ha Ha{exAHocrra H oneparr4BHara
e$errunnocr Ha [,rHCTaJIar{r4ffTa.

Brnperu qe npflK uKoHoMl,ttlecxz e$err He e KorrarrecrBeHo orrrereH upe: $rnancorn
[oKa3are"rlil, peanl{3l{paHl,ITe no4o6penzr AeMoHcrpr4par r]oreHr{r4a.r 3a peAyKrIHff Ha

TexHo"[orvqnra :ary6z, onrHMH3al{ufl Ha pa3xoAa Ha pecypcl4 vt Mu]Hvrmw3rzpaHe Ha orl(JroHeHuflTa
oT 3aAaAeHr,r TexHoJrorprrrHl,r [apaMeTpH.

fioryueHra.[Hara ocuoBa 3a npeAcraBeHuTe rrpr4rroxeHrzs BKJI]oqBa eKCnepr,IMeHTaJrHr4

pe3ynrarh B pea"rrHo BpeMe, Srarypraparqu B AHCeprar{r4oHHHs rpyA, nporoKo"rrr4 or npoMr4rrr"rreHr4

vtgttvfiBa]Hufl' Kal(ro 14 Ha) rHH ny6nuraquu, pe$epnparqn pa:pa6orKara u uefiuara r4HAycrpr4anHa

peanr43ar{H"s.

9. Oqeura rra cBorBercrBrlero na arrope$epara c rrgrrcKBaurrffTa 3a il3rorBflHero My, KaKTo u
Ha aAeKBaTHOCTfa lra oTpa3qBaHe Ha ocHoBHrrTe llo.rloxeHlrs tt nprlHocrrTe Ha

ArrcepTarluoHHrrfl Tpy[.

Aerope$eparbr e I43rorBeH B ctorBercrnl4e c u3vtct<BaHurra :a o$opM"[eHr4e ]r crpyr(rypa.
OcHoeHure ronoxeHl,Is I4 HafrHI,Isr npl4uoc Ha Ar4ceprar{r4oHHr4.rr rpy4 ca scHo H Tor{Ho orpa3enr,r,
Karo ca noAqepraHu KaKTo reoperuqHr,rre, TaKa H lrprr/roxHuTe pe3ynram. flpe4craBnHero e

nocneAoBare"[Ho r{ aAeKBarHo, 6es orKfloHeur,rf or csrr.trHocrra Ha H3c.[eABaHero.

10. Mneuuq, rrpeflopbxn n 6enexxr.r.

flucepraquoHHl4flr rpyA npeAcraBrlflBa r{fl/rocrHo r43c/reABaHe c flcuo 4eSranupanu \eilu,
HayqeH rIpI{Hoc I,I npEnoxHa 3Haql4Mocr. Brnperu roBa, HflKofi acneKTH Ha H3JroxeHHero Morar rqa

6t4at no4o6peun. Z:noxenuero B laaea 1- e npexaleHo o6euno; qacr or t43BecrHr.rre tparrra 6uxa
MorfiI,I Aa ce o6o6rqar e ta6nuqHa Qopua. flo-qeuen 6u 6un aHa.[H3br Ha npr4trrlHr4re 3a

,,orpaHllrleHoro flpruIoxeHl4e Ha PP :a ylpaB/reHHe ua o6erru B rrpoM[rrureHocrra('(r.1.5), r<oftro

6u zacunua Morr4Bar{r4flra :a u:6opa Ha PY
B lnasa 2 ce na6aro4aBar repMl,rHoJror[IqHr,r HeroqHocru: TexHo.[ou{qHara Be.[Lrqr4Ha,,HuBo

Ha pa3TBopa" r Kap6oHl43aqI4oHHara KoJIoHa e onpeAe/IeHa Karo o6exr Ha ynpaBrleHl4e, Koero He

orroBapfl Ha ycraHoBenara HafIHa repMl,rHonorns. Heo6xoAr4Mo e npeqr,r3Ho pa3rpaHr4qaBaHe Ha

TepMI,IHI4Te ,r5mpaBreHl,Ie" v ,,peryrl4paHe", KoI4To e pa6orara ca H3no.rBBaHI4 cMeceHo.

OopvryaupoBKara ga BHeApflBaHe Ha "HoBpr pBMepBaHHfl" cfle4Ba 4a 6r4e Aopa3BHTa, 3a Aa ce

H3ffcHffT KoHKperHara HoBocr n e$err Bbpxy yrrpaBnear4ero Ha npoqeca.
Brnpexu qe 3affIaBl4e?o npe4noaara pa3ffrer(4aHe Ha ,,TexHoltorlruuu npoqecu" or

xHMHrrecKara npoMr.rufleHocr, peanHr,rsr Qoxyc e Bbpxy eAr4H KoHKpereH npoqec
IIpoI{3BoAcrBoro Ha KanI{HHI,rpaHa coAa. Bu 6uno yMecrHo reKcrbr 14 3arraBr4ero Aa orpa3flBar no-
rorluo 4eficreutemrzg o6xsar Ha ltcJreABaHero uilu Aa 6r4e no4uepraH flcHo MaTrla6rr sa
Epr4JroxHMocT Ha rrocrt4rHarr{Te pe3y/rTaTH uttpvt ApyfH npoqecr4.

Hanpareuure KoMeHTapLI ilpeAng/rarar npenopbKa 3a peAaKIHoHHa 14 TepMr,rHo.[orr4qHa

npel{I43Hocr, KaKTo Ia )ruotlHeHr,re Ha reMaruuruR o6xna1 Ho He rrocraBflT noA cbMHeHI4e HafrHara
crofinocr v npLIHoc Ha Alacepral{ploHHrafl rpyA. flonoNzremra or{eHKa 3aca)DKaBar

ny6luxaqnoHuara 4efinocr c per{emr,ru or cneqfia/rr4crr4 r u5rx6uua, Ko-flro HaAxBbp/rs

MHHI4MaJIHI,ITe Idl,IcKBarlnfi za npr,r4o6ueaue Ha OHC "4oKTop", KaKTo r4 Bl4coKara I{HTI4pyeMocr or

5



qyxAecTpaHHI4 clreqHa/IfiCTl4, KOeTo nOTBbpxAaBa 3Har{HMOCrra r{ MexAyHapoAHoro [pr.r3HaHr4e Ha

A?rc epTar{[oHHt4s rpyA.

11. 3arnro.reHue c flcHa [oJIox(HTeJIHa l{Jrrr orpr{qare.rrHa orIeHKa Ha Ardceprarlr{oHH}rfl TpyA.

Oqeuneau noroxl4Te.rlHo nocrl4rHarr4Te HafrHr4 u HafrHonpuaoxHl4 [pr,rHocr4 Ha

AI4cePraquoHHI,Ifl TpyA Ha Mar. unx. Mraren Huxoaaer Cnaeoe. C.ruraM, qe H3vcKBaHr4flTa Ha

3arona 3a pa3BHTI,Ie Ha aKaAeMr,rrrHl4fi cbcrilB e Peny6nrara Erarapzr, flpaeunHrra 3a HeroBoro
EpI4/IaraHe u flparunara I4 npol{eAypl4 3a [pr4eMaHe u o6yreuue Ha AoKTopaHTukt npz4o6zeane ua
o6paroearerlHara vI HafrHa creneH ,,,qoKTop" Ha TY-CoSun ca H3rrb"ltHeHlz B I{finocr.
IopezaroxeHoto MLt AaBa ocHoBaHI,Ie Aa AaM [oJrox[rre,[Ha orIeHKa 3a npeAcTaBeHr4ff

AHcepraI{HoHeH TpyA H Aa npenopbrlaM ua HayuHoro x(ypr4 Aa Epr4cbAu r-ra Mmeu HuKoaaee
Cnasos Ha)rr.IHara creneH ,,4oKTop" no npo$ecl4oHa.[Ho Ha[paB/IeHrae 5.2 "E.nerrporexH]rKa,
eneKTpoHI4Ka u aBToMarI4Ka", HayqHa crel{I4aJlHocr "ABroMaruSa]qiufr, Ha llpol,I3Bo4creoro (ro
orpacma)".
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Title of the thesis: Fuzzy Control of Technological Processes in the Chemical Industry

Reviewer: Assoc. Prof. Eng. Yassen Gorbounov PhD, Department of Informatics, New Bulgarian
University

1. Relevance of the research problem in scientific and applied terms. Degree and levels of
relevance of the problem and the specific tasks addressed in the dissertation.

The problem addressed is relevant both scientifically and practically, combining the control
of nonlinear technological processes with the effective implementation of intelligent controllers.
The scientific relevance stems from the need for systematic and verified methodologies for
synthesis, stucture-oriented analysis, and evaluation of adaptive and robust fuzzy controllers,
including formal proof of stability and guaranteed control quality in the presence of parametric
uncertainties and external disturbances. The practical significance arises from the demand for
algorithms that can be integrated into existing programmable logic controllers (PLCs) without
substantial modifications to infrastructure, ensuring resource optimization, increased safety, and
sustainable improvement of production efficiency.

The relevance of the problem manifests consistently at theoretical, methodological, and
industrial levels. The dissertation demonstrates completeness through a comprehensive approach-
from constructing adequate models, through synthesis and tuning of. firuzy controllers, to
experimental validation of their effectiveness and robustness. I consider that the usefulness and
relevance of the research are clearly demonsrated and scientifically substantiated. I positively
assess the thematic focus and high relevance of the investigated problem.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literature.

The dissertation demonstrates deep knowledge of the problem related to the design and

implementation of fuzzy controllers for complex technological processes. The first chapter presents

a systematic review of modern fuzzy control methods, including rule-base fundamentals, flzzy
inference systems, classical and modified Takagi-Sugeno-Kang (TSK) models, as well as

approaches for parallel-distributed compensation.
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The literature from 135 sources is systematically and critically analyzed, identifying the
limitations of existing methods and the possibilities for integrating adaptive, phase-oriented, and
robust sftuctures into industrial applications. The references include classical works on fuzzy
control and PID/TSK controllers [5], [B], [1"4], 127--341, as well as contemporary research on
optimization and adaptive control [377,174], [101-115]. Practical manuals and standards [S6-G1]
complement the theoretical foundation and demonstrate competence in industrial application.

The author shows creative interpretation through the systematic development of models and
methodologies for synthesis, optimization, and validation of f,,nzy controllers-from PI and PID
structures to adaptive solutions with genetic parameter optimization. Experimental studies and
industrial implementations in a carbonation column confirm the practical appticability and scientific
significance of the approach.

3. Correspondence of the chosen research methodology with the goal and objectives of the
dissertation.

The chosen research methodology aligns with the goal and specific objectives of the
dissertation. It sequentially combines analytical, simulation, and experimental approaches,
beginning with the construction and validation of modified Takagi-sugeno-Kang models of the
control object. The synthesis of PI, PID, and adaptive fuzzy controllers is performed based on
established theoretical methods, complemented by parametric optimization via genetic algorithms.
The methodology includes analysis of robust stability and control quality, providing formal
verification of the obtained solutions. Implementation of the developed controllers in a PLC and
experimental investigations in a real carbonation column ensure the practical validity of the results.
The applied methodology ensures complete and logically coherent fulfillment of the research tasks.

4. Brief analytical characterization of the nature and evaluation of the reliability of the
material on which the dissertation's contributions are based.

The dissertation is systematically structured and developed according to established
requirements for scientific research in automatic control. The study considers a structural
interpretation of" luzzy controllers through implicit embedding of canonical PI/PID control laws into
the rule base or output functions of the fuzzy controller.

Chapter 1 provides a systematic analytical review af. fuzzy conuol methods, including rule
bases, fuzzy inference mechanisms, TSK models, slmthesis methods, adaptive control, and
parametric optimization, forming a correct theoretical framework for subsequent research.

Chapter 2 describes the real control object and derives validated modified TSK models of
the carbonation column, representing the nonlinear process dynamics and serving as the basis for
controller synthesis. Chapters 3 and 4 focus on synthesis, tuning, and impiementation of PI and PID
fuzzy controllers with different input structures and disturbance compensation. The developed

solutions are implemented in a PLC and tested through simulations and reai-time experiments.
Chapter 5 addresses an adaptive PID fuzzy controller, where parametric tuning is formulated

as an optimization problem and solved using genetic algorithms. Simulation and experimental
results support the work. Chapter 6 analyzes stability and robust control quality of adaptive fuzzy

2



systems, applying established analytical criteria and proposing a methodology for stabiiity
verification.

The synthesis, simulations, and experimental results are consistent and allow unambiguous
interpretation. This provides a basis to consider that the material supporting the dissertation's
conffibutions is accurate, methodologically sound, and sufficient from a scientific perspective.

5. Scientific and,/or applied contributions of the dissertation.

I accept that the declared scientific, applied, and practical contributions of the dissertation
are realized in accordance with the formulated goals and objectives. The developed models, fuzzy,
and adaptive controllers provide solutions to the posed scientific problems and improve control
quality and robustness in the studied technological processes. The results are validated through
simulations and experiments in real indusfiial conditions, confirming their applicability and

practical significance. In this sense, the dissertation represents a complete and coherent scientific
and applied study with clearly formulated and substantiated contributions.

I consider that the obtained results are original and meet the requirements for a dissertation
for the educational and scientific degree of Doctor of Philosophy (PhD).

6. Assessment of the doctoral candidate's personal contribution to the results.

The presented research in the dissertation and the accompanying publications with the

author's contribution lead me to conclude that the doctoral results were personally achieved by the

candidate.

7. Evaluation of the publications related to the dissertation: number, type of
journals/conferences, impact. Use and citation by other authors, in other laboratories,
countries, etc.

The dissertation results have been presented in six scientific publications directly related to

the dissertation's topic, published in peer-reviewed international journals and conference

proceedings. Some publications are included in indexed journals with specified quartiles as follows:

[L] Engineering Science and Technology, an International Journal (Elsevier) - Ql", SJR'24 = L.09;

[2] WSEAS Transactions on Systems and Control - Q4, SJR'24 = 0.22; [5] Mechatronics,
Automation, Control * Q4, SJR'24 = 0.19; [6] Jordan Journal of Electrical Engineering - Q4,
SJR'24 = 0.16. One publication [4] is included in an IEEE Xplore-indexed collection, and one [3] in
the Annual of the Technical University * Sofia.

This meets and even exceeds the academic requirements for approval of doctoral results in
terms of number and bibliometric indicators.

The scientific impact is confirmed by 14 citations, including 2 self-citations, in reputable

international journals and forums. The candidate's publications are cited in IEEE Transactions on

Dependable and Secure Computing, International Journal on Advanced Science, Engineering &
Information Technology, Journal of Engineering and Sustainable Development, International

Journal of Circuits, Systems and Signal Processing, as well as Springer Nature and IOP Publishing.

3



Citations come from independent research groups in various countries, linked to fuzzy logic and

intelligent control applications in engineering and technological domains.
I highly appreciate the presented publication activity and the recorded citations, which

confirm the research's scientific relevance, recognition, and applicability beyond the specific study.

8. Use of dissertation results in scientific and social practice. Evidence of direct economic
effect, etc. Documents supporting the claim.

The dissertation results have been implemented in scientific and engineering practice

through the development, deployment, and experimental validation of fuzzy and adaptive control
algorithms. They have been applied in a real chemical industry plant - a carbonation column for
soda production. Integration of the proposed algorithms was caruied out via a PLC without
modifications to the existing automation system architecture, meeting the requirements for direct
industrial application.

Experimental implementation demonstrated significant improvement in control quality,

increased robustness against exogenous disturbances and parametric uncertainties, and stabilization
of the technological process across an extended operational range. These results directly contribute
to the reliability and operational efficiency of the installation.

Although direct economic impact is not quantified, the implemented improvements
demonstrate potential for reducing technological losses, optimizing resource consumption, and

minimizing deviations from target process parameters.

Supporting documentation includes real-time experimental results presented in the

dissertation, industrial test protocols, and scientific publications reporting the development and

indusuial implementation.

9. Evaluation of the abstract's compliance with requirements and adequacy in reflecting the
main statements and contributions of the dissertation.

The abstract is prepared according to the formatting and sructural requirements. The main
statements and scientific contributions of the dissertation are clearly and accurately reflected,
highlighting both theoretical and applied results. The presentation is consistent and adequate,

without deviation from the essence of the research.

10. Opinions, recommendations, and remarks.

The dissertation represents a comprehensive study with clearly defined objectives, scientific
contributions, and practical significance. However, certain aspects of the presentation could be

improved. Chapter 1 is overly detailed; some well-known facts could be summarized in tables. A
more valuable analysis of the reasons for the "limited application of" fuzzy controllers in industrial
process control" (section L.5) would strengthen the motivation for choosing fuzzy control.

Chapter 2 contains terminological inaccuracies: the technological variable "solution level"
in the carbonation column is defined as the control plant, which does not correspond to established

scientific terminology. A precise distinction between the terms "control" and "regulation" is needed,
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as they are currently used interchangeably. The formulation for implementing "new measurements"
should be further elaborated to clarify the novelty and its effect on process control.

Although the title implies coverage of "chemical industry technological processes," the
actual focus is on a single process - soda producdon. It would be appropriate for the text and title to
more accurately reflect the study's scope or clearly emphasize the applicability of results to other
processes.

The comments suggest editorial and terminological refinement and clarification of thematic
scope but do not question the scientific value and contribution of the dissertation. The publication
activity with international peer reviews and high citation impact is commendable, confirming the
work's significance and intemational recognition.

11. Conclusion with a clear positive or negative evaluation of the dissertation.

I positively evaluate the scientific and applied contributions of M.Sc. Eng. Milen Nikolaev
Slavov's doctoral thesis. I consider that the requirements of the Bulgarian Law on the Development
of the Academic Staff, its implementing regulations, and the Rules and Procedures for Admission,
Training, and Awarding the Educational and Scientific Degree "Doctor of Philosophy" at TU-Sofia
have been fully met.

Based on the above, I give a positive assessment of the presented dissertation and

recommend that the Scientific Jury award Milen Nikolaev Slavov the degree of Doctor of
Philosophy in professional field 5.2 "Electrical Engineering, Electronics, and Automation,"
scientific specialty "Industrial Automation (by sectors)."
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