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QALY TET ABTOMATUKA-

Gope 1=2/05.07.2026r PEL[EH3US

BBDXY IUCEPTAlMOHEH TPYZ, 3a Npy/001BaHe Ha 0Opa3oBaTe/iHa U HayuHa cTereH ,,JJoKTop® B
obnacT Ha Bucile obpasoBanue 5. ,,TeXxHUUeCKN HayKu®, MpodeCMOHaTHO HarpaB/eHue 5.2
“EnmexkTpoTexHuKa, e/leKTPOHMKa U aBTOMAaTHKa”, HayuHa CIelMaaHoCT “ABToMaTH3aLys Ha

TIPOU3BOJCTBOTO (110 oTpacin)”.

ABTOp Ha JUCepTaLMOHHMS TPYZ;: Mar. Uik, Munen Hukonaes CriaBos

Tema Ha IMCePTALMOHHUSA TPYA: ,,PasMuUTO yripaB/ieHre Ha TEXHOIOTMYHK TIPOLIECH OT
XUMHWYeCKaTa ITPOMUILIIEHOCT™

PettenseHt: jiow. i-p unxk. Sicen T'opbyHoB, nenapramenT NHdopmarrka, Hos Gbarapcku
YHUBEPCUTET

1. AkTyaqHOCT Ha pa3pa0oTBaHHMA B [JHCEPTALMOHHMSA TPyJ Npol/ieM B HayyHO H
HayYHONIPW/IOKHO OTHomIeHue, CTemeH M HHBA Ha aKTya/IHOCTTa Ha TmpobiemMa u
KOHKPeTHHTe 3a/laui, pa3paboTeHu B AUCEPTALMATA.

PaspaboTBanusaT npobsieM e akTyaaeH KakTO B HAy4YHO, TAKa M B IPWIO)KHO OTHOILIEHUE,
obeMHABANKN YTIPaBIEeHNETO HAa HeMMHEHHN TeXHOJIOTUUHK TPoLecy C edeKTUBHATa pean3alis
Ha UWHTE/IMTeHTHM perynaropu. HayuyHara akTyasHOCT ce JB/DKM Ha HeoOXOJUMOCTTa OT
CHCTEMaTH3MpaHd ¥ BepUGULMPaHNd MeTOAMKU 3a CHHTe3, CTPYKTYDHO-OPUEHTHPaH aHajiu3 W
OLleHKa Ha aJJaliTUBHU M POOACTHU PasMUTH DETry/IaToOpH, BK/IIOUMTENHO (OpMa/HO JoKa3BaHe Ha
YCTOMYMBOCT ¥ TapaHTHMPAHO KadyeCTBO Ha VIpap/ieHWe [IPU HaJIMYWe Ha IapaMeTpU4HU
HeOIIpe/Ie/IeHOCTH M BBHIIHM CMylleHus. IIpHrIo)KHaTa 3HaUMMOCT MPOM3THYA OT MOTPeOHOCTTa OT
a/ITOPUTMH, KOMTO MoraT fa ObAaT MHTerPUpPaHU B CHIeCTBYBAI[M MPOTPAMUPYEMH JIOTHUECKU
KOHTpOJIepy 0e3 ChILeCTBeHN MOAM(MUKALIMK Ha WHPPACTPYKTYpaTa, OCUI'yPABAWKM ONTHMU3ALIUS
Ha pecypcH, IOBMILABaHe Ha 0e30MacHOCTTa W YCTOHYMBO MOA0OpeHHe Ha MPOM3BOACTBEHaTa
edekrvBHOCT. CrermeHTa Ha akTyaJHOCT Ha rmpobiema ce TMposiBsBa IIOC/ENOBAaTeNHO Ha
TEOPEeTUYHO, METOJOJIOTMYHO MW TPOMMIIIEHO HHUBO, a [AWUCEPTALMOHHUSAT TPYA AE€MOHCTPHpa
3aBBPIIEHOCT Ype3 KOMILJIeKCeH TIOJXO0f — OT M3Tpak/aHe Ha aZleKBaTHU MOJENH, TIpe3 CHHTe3 U
HACTPOMKa Ha pasMMTH peryiaTopH, /10 eKCllepUMeHTaIHO OTBBPXK/eH e Ha TAXHaTa e(heKTUBHOCT
¥ poOaCTHOCT.

CuuramM, 4e MOE3HOCTTA M AKTYa/qHOCTTAa HA JMCEPTAI[MOHHHUTE H3C/Ie[BAHMA Ca SICHO
JleMOHCTpUpaH! M HayuyHo oOocHOBaHW. OIieHsIBAM TIOJIOKUTEHO TeMaTW4YHaTa HaCOUYeHOCT M
BUCOKAaTa aKTyaJHOCT Ha U3Cjie[jBaHara rnpobjaeMaruka.

2. Crenen Ha mo3HaBaHe Ha CBhCTOAHMETO Ha Mpo0jieMa M TBOpYeCKa HHTepHperanus Ha
JIUTepaTypHUs MaTepuaJl.



JMcepTalMOHHUAT TPy, [eMOHCTpHpa 3a4bj00ueHO II03HaBaHEe Ha CHCTOSHWETO Ha
npo6sieMa, CBbP3aH C MPOEKTUPAHETO W peaM3alysiTa Ha PasMHATH PEry/IaTopH 3a yIpaB/eHHe Ha
CJIOKHM TeXHOJIOTMYHW Tmpoljecd. B mbpBara rnaBa e TIPOBe/leH CHUCTeMaTUUeH TIpersies Ha
ChbBpEMEHHUTEe MeTO[X 33 pasMUTO yIIpaejeHHe, BK/IIOUMTETHO OCHOBHUTe Ha 0a3aTra Ha MpaBwiIa,
CHUCTeMHTe 3a M3B/IMYaHe Ha PasMUTO 3aK/HOUeHHe, Kjacuueckute U Mopudduuypany Takaru-
Cyreno-KaHr Mofiesiv, KaKTo M TIOAX0[H 3a TlapaJiefiHo pasnpe/esieHa KoMIeHCalusl.

JIuteparypHuaT Marepuan oT 135 M3TOUHMKA € CUCTeMaTUYyHO M KPUTHYHO aHa/IM3WpaH,
Karo ca WJeHTUOULMPAHM OrpaHUYEHMATA Ha ChHIeCTBYBAIUTe METOAM U BB3MOKHOCTHTE 3a
VHTeTpUpaHe Ha aJanTHUBHY, (Da30BO OpPHEHTHpPaHU YU POOACTHU CTPYKTYPH B MPOMHIIIEHH
npuiokeHus. Visnos3BaHara imTeparypa obxBaija K1aCH4eCKd TPYJOBE 10 PasMHUTO yTIpaBJieHHe 1
IMJl/Cyreno perynatopu [5], [8], [14], [27-34], KakKTO W CBBPEMEHHHM W3C/eJBaHUS 3a
ONTMMM3aLMs M afanTuBHO yrpaeieHue [37], [74], [101-115]. TlpakTuueckuTe PBKOBOACTBA U
cranjapty [56-61] gorresiBar TeopeTuuHaTta 6a3a M MOKa3BaT KOMITIETEHTHOCT IPU ITPOMHIIUIEHOTO
rpusaraHe Ha MeTOAUTe.

ABTOPBT [eMOHCTpHpa TBOpYeCKa WHTeprpeTalys upe3 CHCTEeMAaTHYHO M3TpakAaHe Ha
MO/Zle/Id U MeTOAMKU 3a CUHTe3, ONTUMM3aLUs U BaAuvpaHe Ha pPasMUTH perynaropu — ot [IU u
TN CcTpykTypy® [0 aJalTWBHYU pelleHdss € TCeHeTWYHa ONTUMM3alys Ha I[apaMeTpure.
ExcriepyMeHTa/HUTe M3C/IeABaHMSA M TNPOMMIIUIEHUTE peair3aliii B KapOOHMU3ALMOHHA KOJIOHA
MIOTBBPXKABAT NpakTHyecKaTa NPUIOKUMOCT M HayyHaTa 3HaYMMOCT Ha MoJXo/a.

3. ChoTBeTCTBHE HA n36paHaTa MeTOJKa Ha HM3C/Ie/IBdHEe C MOoCTaBeHaTa eI MU 3aJa4uM Ha
AUCEPTALITMOHHUA TPYA.

M3bpanara MeToAMKa Ha M3C/leBaHEe € B CHOTBETCTBHE C IIe/ITa ¥ KOHKPETHUTE 3a/jaud Ha
JucepTaljioHHHA TpyA. Td TmocrefoBaTeNHO CbYyeTaBa aHaJWTUYHM, CHUMYJALMOHHA W
eKCIlepMMeHTa/IHU TI0X04H, 3all0YBaliKy C U3rpaXk/aHe U BallJupaHe Ha Mogudupany Takarn—
Cyreno-Kanr mozenu Ha obekra 3a ynpaBienude. CunTe3bT Ha [IU, [TV/I u afanTHBHU pa3sMUTU
perynaropd e Wu3BbpIIeH Ha 0a3aTa Ha YTBBDAEHM TEOPeTHMYHW METOAH, [OMBIHEHU C
rapaMeTpuyHa OITMMHU3AUMsl uype3 TeHeTHYHM alropuTMu. MeToAukara BK/IIOUBAa aHaau3 Ha
pobacTHa yCTOMUMBOCT M KaueCTBO Ha YTIPABIe€HHEe, KOETO OCUrypsiBa (opmasHa MpoBepKa Ha
TMoJ/iyueHuTe pellleHMst. Peanuzariuara Ha pa3spaboTeHuTe perysiaTopyd B MPOrpaMHpyeM JOTHUeCKU
KOHTDPOJIED U eKCIIepIMEeHTA/THUTe M3C/Ie[IBaHUs B peanHa KapOOHM3Al[MIOHHA KOJI0HA TapaHTHpaT
IpaKThuecKara BaJlWAHOCT Ha pesyiararure. IlpwiokeHaTta MeTOAMKA OCHIYpsiBA IIBJIHO U
JIOTMYECKU 3aBBPIIEHO U3IIb/IHeHUe Ha [T0CTaBeHUTe U3C/e[0BaTe/ICKH 3adau.

4. Kparka aHa/uTHYHa XapaKTepHUCTHKA Ha eCTeCTBOTO U OLieHKA Ha AOCTOBEPHOCTTa HAa
Marepua/a, BbpXy KOMTO ce rpajAT NPUHOCHTE Ha ANCePTAMOHHUS TPYA.

JlvcepTallMOHHUAT TPYZ € CTPYKTYPUPaH TIOC/Ief0BaTeHO U e U3rPajieH B ChbOTBETCTBHE C
YTBBbPJeHUTe W3WCKBaHWS 3a HAyYHO M3CjeJBaHe B 00sacTTa Ha aBTOMaTUYHOTO yrpaejeHue. B
paMKuTe Ha U3C/e[BaHETO e pasIvieflaHa CTPYKTypHa MHTepIIpeTallyds Ha pasMMT perysarop upes
WUMIUTMLIATHO BrpakAaHe Ha kKaHoHuueH ITVI/TTVI/] 3akoH 3a peryaupaHe B 6a3ata OT IpaBu/ia WK B
V3xoAHUTe QYHKIMA Ha Pa3MUTHST PEry/aTop.



B nbpBa 171aBa e U3BbpIIeH CHCTeMaTHU3MpaH aHa/IUTHYEH NPeriel] Ha MeTOAUTe 3a Pa3sMHTO
yTIpaB/ieHHe, BKIHOUMTEIHO Oasy rpaBuiia, MeXaHM3MU 3a Pa3sMHTO 3akiroueHne, Taxarn—CyreHo—
KaHr Mofies, MeToaM 3a CHMHTe3, aJIalITUBHO YIIPAB/IEHWE W MapaMeTPUYHa ONTHMM3AIHsi, KOeTo
(opMupa KOpeKTHa TeopeTHUHa paMKa 3a T0C/Ie/IBaI{|Te U3C/IeIBaHus.

BBB BTOpa IVIaBa € OMKMCaH peajHUAT 00OeKT 3a YIpaB/lIeHWe ¥ Ca U3BeJeHH U BaJuAUpaHU
mopuduimpany Takarn—Cyreno—KaHr Mogien Ha KapGOHM3alMOHHA KOJMOHA, KOUTO OCHTypPSBAT
npeAcTaBsiHe Ha He/MHelMHaTa JUHaMWKa Ha TIpolleca W CIyXKaT KaTo OCHOBA 3a CHUHTe3a Ha
perynaropure. [71aBu TpeTa 1 4yeTBBPTa Ca OCBETEHN Ha CHHTE3d, HACTPOWKATA M peaaM3aljusaTa Ha
1 u ITA]] pasMATH perynaTopu C pa3TudHa BXOAHA CTPYKTYpPa M KOMIIEHCALUsl Ha CMYIIeHws,
Karo paspaboTeHMTe pellleHHs Ca DealH3HPaHd B IPOTPaMUpyeM JIOTHUECKH KOHTPOTep M ca
V3C/e[iBaH{ Ype3 CUMY/Ialii U eKCIIePUMEeHTH B peaiHo BpeMe.

B neta r1aea e pasmiean agantused [TVI]] pasMUT perysnatop, Mpy KOMTO MapameTpuyHarTa
HaCTpo¥iKa e GopMy/MpaHa KaTo 3ajada 3a ONTHMH3ALMS U € PelleHa upe3 reHeTHUHH aarOpHTMH.
Paborara e moakpeneHa ChC CHMY/IALMOHHM M eKCTIepUMeHTalHH pesynTatd. Illecta maea e
TMOCBeTeHa Ha aHa/M3a Ha YCTOMYMBOCT M POOACTHO KaueCTBO Ha CHCTEMM C a[alTMBEH pPasMHUT
perysarop, Karo ca NpUIOKeHW YTBbPJEHHU aHA/JMTUYHU KPUTEPHUHU U e TpejioXkeHa MeToAuKa 3a
IIpOBepKa Ha yCTOWYMBOCTTA.

CHHTe3BT, CUMY/NALIMOHHUTE W3C/Ie/[BaHUS U eKCIIePUMEHTA/JHUTe pPe3y/ITaTH ca B3auMHO
CBhIVIaCyBaHU M ITO3BOJIIBAT €JHO3HAUHa MHTeprpeTanus. ToBa faBa oCHOBaHMe fla Ce TIpHEME, ye
MaTepuanbT, BBPXy KOWTO Ce TIpajiiT IPUHOCMTE Ha /UCEPTALIOHHMS TPYZ, € KOpeKTeH,
MeToAMYeCcKd 060CHOBAH M I0CTaThueH OT HayuyHa I/le/jHa TOUKa.

5. Hayunu w/min HayYHONIPU/I0KHY NPHHOCH Ha AMCEPTALMOHHHUA TPYA.

IIpremaM 3asiBeHUTe Hay4YHOIPUIOXKHM U TIPH/IOXKHHU TIPUHOCH B /JUCEPTAMOHHHUS TPYZ, 3a
peasn3ipaHy B ChOTBETCTBHE C OPMyIMpaHUTe Lie/M U 3aJauil. PaspaboTeHuTe MOJIE/IH, pasMUTH
W a/laliTUBHYU Dery/aTopy OCHUTYPABAT pellleHre Ha I0CTaBeHHWTe HAy4YHU NpobieMu U BOJAT [0
nofo6psBaHe Ha KAYeCTBOTO ¥ poOACTHOCTTA Ha YIIPaB/IeHNeTO MPH PasI/IesKJaHITe TeXHOIOTHUHH
npotiecu. Ilomyuyenure pesynrrati ca BalWAWPAHH Ype3 CHMY/IALMOHHU W3C/eABaHUS U
eKCIIepUMeHTH B peajlHa MPOMHMIIJIEHA Cpeja, KOeTo IOTBbpKZaBa TAXHATa MNPWIOKHUMOCT H
NPaKTUYeCKa 3HAYMMOCT. B TO3M CMHCBII JMCepTALMOHHUAT TPYZ IpeACTaB/IsBA 3aBbPIICHO W
TNI0C/Ie/I0BaTe/THO HAyUYHOTIPU/IOXKHO U3C/IeiBaHe C ICHO (OpMy/IMpaHy M 060CHOBAaHH TIPUHOCH.

Cuntam, Ye TMONydYeHWTe pe3ylTaTd HMMaT OpPUTHMHANIEH XapakTep M OTroBapsaT Ha
M3HUCKBaHUSATA 3a AWCEpPTAl[MOHeH TpyJ 3a NpujobuBaHe Ha obpa3oBaTesHaTa ¥ HayyHa CTeleH
»OKTOP®.

6. OnjeHKa 3a CTeNmeHTa Ha TMYHOTO YYACTHE HA JUCEPTAHTA B IPUHOCHTe,
llpeAcTaBeHuTe W3CAeABaHKMA B JUCEPTALMOHHMA TPYZ W TIPUZAPY)KaBal[UTe Hay4YHH

HyﬁﬂHKaLII/II/I C aBTOPCKOTO y4daCTHe MU JaBaT OCHOBaHWEe [a CUYMTaM, 4Ye JUCepTalMOHHHUTE
pe3y/TaTu Ca NMOCTUTHATHU JIMYHO OT JOKTOPAHTa.



7. IlpenieHka Ha myO/IMKaMUTe 10 AUCEPTALHOHHUA TPYA: Opoii, XapakTep Ha U3JAHUATA, B
KOMTO ca oTnedyaTanu. OTpakeHHe B HayKaTa — H3I0/13BaHe M LIUTHPAHE OT JPyrd aBTOpH, B
APYTH /1a00paToOpHH, CTPAHM H Tp.

Pesynrature OT AMCePTALMOHHUS TPY/, Ca anpoOUpaHH B 1IeCT HAyUYHW MyOIMKaLUH, TIPSKO
CBbP3aHU C TeMaTHKaTa Ha JucepTalysaTa, y6/mMKyBaHu B pedeprpaHi MeXAYHAPOAHHU CITUCAHUS
¥ cOOpHUIM OT MeXXAYHapOAHM HayuyHu KoHbepeHImu. YacT oT MyOIMKaL[MUTe ca OTIIEYaTaHy B
MH/IeKCUPaH! B MEeXIYHAPOJAHM HayKOMeTPUUHM 0asyl [JAHHU M3/aHUs C OTIPe/ie/IeH KBapTUJI, KAKTO
cnezsa: [1] Engineering Science and Technology, an International Journal (Elsevier) — Q1, SJR’24
= 1.09; [2] WSEAS Transactions on Systems and Control — Q4, SJR’24 = 0.22; [5] MexaTpoHHKa,
aBToMarusalys, ynpasnenue — Q4, SJR’24 = 0.19; [6] Jordan Journal of Electrical Engineering —
Q4, SJR’24 = 0.16. Exna nybmmkanms [4] e BkmoueHa B c6opuuk, ungekcupad B IEEE Xplore, a
efHa [3] e mybmukyeana B rogumHuKa Ha TexHwueckust yuusepcuteT — Codusi. ToBa chLOTBeTCTBa
Ha NpUeTHTe aKaJeMUYHU M3UCKBaHWA 3a anpobaljyst Ha pe3y/TaTHTe OT JUCEepPTALMOHeH TpPy[ 3a
npunoGuBaHe Ha 0OpasoBaTe/HaTa U HayuHa CTeleH ,,J0KTODP, KaTo I0pM I HaJXBLP/Is Mo 6poii 1
HAyKOMeTPUYHHU TI0Ka3aTeIx.

HayuHoTO oTpakeHHe Ha pe3y/iTaTUTe € MOTBLPAEHO upe3 14 [UTHpaHWMs, BKIIOUUTENTHO 2
CaMOLIUTUPaHus, TyO/MMKYBaHM B DEHOMHDAaHW MEXKAYHapOJHW HAYYHM W3JaHusi U (OPyMH.
[TybnukaiunTe Ha JUCEpTaHTa Ca LUTHpaHU B cnvcaHus Kato 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, kakro u B usfaHus Ha Springer Nature m IOP Publishing.
IutrpanusTa ca peajM3sMpaHy OT He3aBUCHMMH HAyYHM KOJIEKTUBU OT Pas/MUHM JLPXKAaBH M Ca
CBbP3aHH C NPUJIOKEHUS Ha PasMHTA JIOTUKA ¥ MHTe/TUTeHTHO YIIpaB/IeHNe B Pas/IMUHA NH)KeHePHU
Y TeXHOJIOTUYHH 00/1acTH.

OrensiBaM BHUCOKO IIpeJcTaBeHaTa ITyONMMKAIMOHHA A€HHOCT W OTKPUTUTE LMTaTH.
IlocouenuTe QakTh JaBaT OCHOBaHMe Ja Ce IPHeMe, Ye Pe3y/ITaTHTe OT AUCepPTALMOHHHUS TPV
VMaT peajlHO HAyYHO OTpakKeHHe, paslo3HaBaeMOCT W TPWIOKHUMOCT H3BLH paMKHUTE Ha
KOHKPETHOTO H3C/Ie/iBaHe, KOeTO IOTBbPJK/aBa TSAXHaTa HayyHa U HayUHOIIPH/IOXKHA CTOMHOCT.

8. M3no/i3BaHe Ha pesyaTaTuTe OT /[UCePTAlMOHHMA TPYJA B HayyHara M COIMa/HaTa
npakTuka. Ha/imune Ha moCTUrHaT NpsAK HKOHOMHYECKH edeKT u np. JJOKyMeHTH, Ha KOHUTO
ce 0CHOBaBa TRHP/JAEHHUETO.

PesynTature OT AMCepTalMOHHOTO U3C/efBaHe Ca WMIUIEMEHTHpaHM B HayuHaTa M
MH)KeHEepHa TPAKTHKa IT0CPe/ICTBOM pa3paboTKa, BHe/PSABAHE M EKCIIePUMEHTa Ha Balujalus Ha
PasMHTH M a/JalITUBHK a/I'OPUTMHU 3 yripaBieHue. Te ca PUIOXKEHH B peasieH TeXHOIorMYeH 06eKT
Ha XMMUYECKaTa MHAYCTPHUsl — KapbOHM3alMOHHA KOJIOHA 3a TIPOM3BO/CTBO HA Ka/IMHUPAaHa COja.
WuTerpaupsara Ha Ipe//IoKeHUTe alrOPUTMU e OCHIIeCTBEHa uYpe3 MpPOrpaMUpyeM JIOTMuYecKH
KOHTpoJiep 6e3 MoaudUKalys Ha ChIIeCTByBalljaTa apXMTeKTypa Ha CHCTeMara 3a aBTOMaTU3aliys,
KOETO OTroBapst Ha U3UCKBaHUATA 3a JUPEKTHO UH/AYCTPUATHO MTPUIOKEHHE,

EkcrniepriMeHTa/IHOTO BHe/psiBaHe JeMOHCTpHpAa 3HAaYMMO Mofo6peHHe Ha KAyeCTBOTO Ha
yrnpaBjieHue, TOBMIEHAa pOOACTHOCT CHPSMO eK30TeHHH CMYLIeHHWss W IlapaMeTpUYHH
HeOIpe/ie/IeHOCTH, KaKTO U CTabH/IM3aLis Ha TEXHOJIOTMYHMS TIPOLIEC B pasiliMpeH OepaljiioHeH



AuanasoH. Tesu pe3ynrarv NpsKo JONPUHACAT 3a TOBUIIABAHE HA HA/IEXAHOCTTA U ONepaTHBHATA
e(eKTUBHOCT Ha MHCTa/TAIUATA.

BbIpeku ue Mpsik MKOHOMUYECKH e)eKT He e KOJIMYEeCTBEHO OTYeTeH upe3 (QUHAHCOBH
TMoKasaTe/ly, peanusvpaHuTe TIOAOOpeHMs JeMOHCTPUpAT TOTEeHLMaa 3a peayKus Ha
TeXHOJIOTMYHH 3ary0H, ONTHMM3aLMs Ha Pa3xoJa Ha pecypcd M MMHHMM3MpPaHe Ha OTK/IOHEHHsTa
OT 3a/ja/|eHH TeXHOJIOTUYHU TTapaMeTpH.

HoKymMeHTanHata OCHOBa 3a Ipe/CTaBeHUTe INPHIOKEHHUs BK/IIOYBA eKCIepUMeHTa/HHU
pe3ynTati B peasHO Bpeme, Gurypupamy B AUCEPTALMOHHUS TPYA, MPOTOKOIU OT MPOMMIIIEHN
V3IMTBAHMUS, KaKTO W HayuyHW Iy0/mKaiyy, pedepupaniy paspaboTkara v HeliHaTa MHAyCTpHasHa
peanu3arys.

9. OneHka Ha CHOTBETCTBHETO Ha aBToped)epaTa ¢ H3MCKBAHUATA 33 M3TOTBAHETO MY, KAKTO U
Ha aJeKBaTHOCTTA Ha OTpa3fABaHe Ha OCHOBHHTEe IO/IOKeHHA M [PHHOCHTE Ha
AMCepPTalHOHHHA TPYA.

ABropedepaTbT e U3rOTBeH B ChOTBETCTBHE C M3MCKBAaHMATA 3a 0(OPMIEHHe U CTPYKTYpA.
OcHOBHUTE MTO/IOXKEHUS U HAayYHMAT MPHHOC Ha JUCepPTALMOHHHUS TPY/| Ca sICHO ¥ TOYHO OTpa3eHH,
Karo ca MojuepTaHd KakKTO TEOPETHUYHWTE, TaKa W TPUIOKHUTEe pe3ynaratd. [Ipe[cTaBaHeTo e
T0C/Ie/I0BaTe/THO U a/leKBaTHO, Oe3 OTK/IOHEHHS OT CHIHOCTTA Ha U3C/IeBaHeTo.

10. MHeHuA, NPENOPBKH H GeTeXKKH.

[ACepTalMoHHMAT TPY/ Npe/CTaB/sgBa LIANOCTHO M3C/IEBAHE C ACHO Ae)MHUDAHU LieNH,
Hay4eH IPUHOC ¥ TIPUJIO’KHA 3HAUMMOCT. BBIIpeKH ToBa, HAKOM acTieKTH Ha U3/I0KEHHUEeTO MOraT Ja
6baar mogobpenu. Msnoxennero B [71aBa 1 e npekaneHo 06eMHO; 9acT OT M3BeCTHHTe (aKTH G1xa
Mo fia ce o6o6mar B TabmuuHa dopma. ITo-neHen Gu 6wl aHanMW3LT Ha NPUUMHWTE 3a
»OI'PAHUYEHOTO npuioxkeHue Ha PP 3a ynpasnenue Ha ob6ekTu B npomuiuieHoctta® (T.1.5), KOHTO
61 3acumI MOTHBaLMsATA 3a u3bopa Ha PY.

B I'maBa 2 ce HabmofaBaT TePMUHOIOTUYHYA HETOYHOCTH: TEXHOJIOTMYHATA BeJIMUHHA ,,HUBO
Ha pasTBopa“ B KapOOHM3AI[MIOHHATA KOJIOHA e OrpeesieHa Karo 00eKT Ha yrnpaBieHHe, KOeTo He
OTroBapsi Ha yCTaHOBEHaTa Hay4Ha TepMHHOjorus. HeobxoAuMo e mpely3HO pasrpaHHYaBaHe Ha
TEPMUHWTE ,yIpaBleHue“ U ,peryiupaHe”, Kouto B paboTara ca W3MNOA3BAHM CMeCeHO.
dopmy/nMpoBKaTa 3a BHe[psBaHe Ha “HOBU M3MepBaHus” crefBa Aa Owbie gopassuTa, 3a Ja ce
U3SICHAT KOHKPETHAaTa HOBOCT U e()eKT BbPXY YIIpaBJeHHETO Ha Mpolieca.

Bbripeku ue 3amiaBMeTo npejmosiara pasriexJaHe Ha ,,TeXHOMOTMYHM TIPOLecH” OT
XMMHUYecKara TMPOMHIIIEHOCT, peajHUAT (OKyC e BbpPXy eOUH KOHKDeTeH TMpoiec —
NIPOU3BO/CTBOTO Ha Ka/ILMHKMPaHa cofa. by 6110 yMecTHO TeKCTBT U 3ar/iaBUeTo Jja OTpassBar Io-
TOYHO [IEWMCTBUTE/IHMsA 00XBAaT Ha M3C/IeABAHETO WM Ja ObJe TMojyepTaH SCHO MamadbT Ha
MIPUIOKUMOCT Ha ITOCTUTHATUTE Pe3y/TaTy v MPU APYTH TPOLIeCH.

HarpaBenuTe KOMeHTapH IpeAro/araT Iperopbka 3a pelakiMOHHa W TepMHHOJIOrMYHA
NPELM3HOCT, KaKTO U YTOUHEHHe Ha TeMaTW4HHs 00XBaT, HO He TOCTaBST T0f, ChMHEHVe HayyHaTa
CTOMHOCT W TIPUHOC HAa /JUCepTalMOHHWs TPyA. [lofoXKUTeqHAa OLjeHKa 3aciIy’KaBaT
MyOMKallMOHHaTa eHHOCT C peLieH3HH OT CIIeLMaJuCTH B 4Yy)KOWHA, KOATO HaJXBBLPIS
MUHUMAJ/IHUTe W3MCKBaHMs 3a puobusaHe Ha OHC “moKTOp”, KaKTO M BUCOKATa LUTHPYEMOCT OT



Uy)K/IeCTPaHHU CIeLMaTMCTH, KOETO MOTBbPXK/ABa 3HAUMMOCTTA ¥ MEXAYHAPOJHOTO NPU3HAHKE Ha
JHCepTalviOHHUS TPY,.

11. 3ak/roueHue ¢ sICHa MO/I0KKUTe/THA WM 0TPHULIATe/THA OL|eHKa Ha AUCePTaIjHOHHHA TPY/.

OreHsiBaM  TIO/IOKUTEHO TIOCTUTHATUTe HAyYHH W HAYYHONPHIOXKHM IIPUHOCH Ha
AWCepPTaLMOHHUA TPyA Ha Mar. MHX. Munen Huxosae CnaBoB. CumTam, ye M3WCKBaHMATA Ha
3aKoHa 3a pasBMTHE Ha aKaJeMU4HMs CbCTaB B PeryGnvika Boirapus, TIpaBuiHKMKa 3a HETrOBOTO
npusiarae v [IpaBusiata u rpoLjeZlypy 3a IIpueMaHe 1 o0yueHue Ha JOKTOPaHTH U NpuobKuBaHe Ha
obpasopareNHaTa ¥ Hay4yHa cTereH ,Joktop” Ha TY-Codus ca H3NLIHEHM B ISUIOCT.
Topensno)KeHOTO MM flaBa OCHOBaHHMe Jla /laM IMOIOKHMTE/HA OLeHKa 3a [peJCcTaBeHHs
JAycepTaLioHeH TPy U [a mperopkyam Ha HayuynoTo Xypu Aa npuchau Ha MwumeH Hukosnaes
CraBoB HayyHaTa CTerneH ,,OKTOP“ MO MpO(eCHOHANHO HampaeneHue 5.2 “E/eKTpOTeXHHKa,
e/IeKTPOHHKA M aBTOMAaTHKa”, HayyHa CIeLMaJHOCT “ABTOMATH3alidsi Ha TMPOU3BOACTBOTO (110
oTpaciu)”.
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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, structure-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 fuzzy controllers, to
experimental validation of their effectiveness and robustness. I consider that the usefulness and
relevance of the research are clearly demonstrated 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, fuzzy
inference systems, classical and modified Takagi-Sugeno—Kang (TSK) models, as well as
approaches for parallel-distributed compensation.



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 structures into industrial applications. The references include classical works on fuzzy
control and PID/TSK controllers [5], [8], [14], [27-34], as well as contemporary research on
optimization and adaptive control [37], [74], [101-115]. Practical manuals and standards [56-61]
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 fuzzy 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 applicability 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 fuzzy 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 of fuzzy control methods, including rule
bases, fuzzy inference mechanisms, TSK models, synthesis 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 implementation 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 real-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



systems, applying established analytical criteria and proposing a methodology for stability
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
contributions 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 industrial 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:
[1] Engineering Science and Technology, an International Journal (Elsevier) — Q1, SJR’24 = 1.09;
[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.



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 carried 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
industrial 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 structural 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 1.5) 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,



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 production. 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 international 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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