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BbpXy AucepTaumMoHeH Tpynd 3a npuaobueBaHe Ha obpasosaTenHa u
Hay4Ha cTeneH ,aoKkTop”
ABTOp Ha ancepTauMoHHMa Tpya: Mar. urx. MuneH Hukonaes CnasoB
Tema Ha aMcepTaunoHHUsA Tpya: Pasmuto ynpaBneHue Ha TeXHOMOrMYHM
npouecu oT XMMmu4yeckata NpoMULLNEHOCT
YneH Ha HayyHOTO >Xypu: npod. ATH. Kpacumupa CTtounoea

CTaHOBNLLIETO € W3TOTBEHO B Ka4YecTBOTO MU Ha urieH Ha HayuyHo ypw,
HasHayeHo cbe 3anosen Ne OXK-5.2-79/16.10.2025 ot PekTopa Ha TY-Codusi.

1. AKkTyanHocT Ha paspaboTBaHusi B OuCepTaLMOHHMUS Tpya npoGnem
AKTyariHoCTTa Ha pasrnexaaHnte npobnemu B auceptauusita ce obycnaes oT
CbBPEMEHHUTE Npean3BUKaTencTBa 3a HenpekbCHaTh TEXHONMOMMYHM NnoaobpeHus B
XUmu4eckaTa NpOMULLNEHOCT. [MCepTaHTbT ce e HAcouYWn KbM MNpunaraHe Ha
nogobpeHn MeToam 3a ynpasrieHUe, 3a KOUTO He CbLLECTBYBAT rOTOBM peleHns, a e
Heobxoanmo paspaboTBaHe HA HOBW WMHTENWIEHTHU NOAXOAM 33 ynpasrneHue ¢
n3nornsBaHe Ha pasmMuTo ynpasreHue.

Llenta Ha AucepTauusita e paspaGoTBaHe M MHAYCTPUANHO MPUMOXEHWE Ha
anropuTMn 1 CTpykTypu, 6asmpaHn Ha pasmuTa forvka u MeToam 3a CUHTE3 Ha OCHOBA
Ha ekcnepTHM 3HaHMs 3a obekTa, Teopust Ha pobacTHOTO ynpasrieHne U odnaiH
napameTpuyHa onTMMn3auns C reHeTV4Hu anroputmu. OBeKTbT 3a ynpasneHue e
HMBOTO Ha pasTBopa B KapboHW3aUMOHHA KOMlOHa OT peanHa cucTemMa 3a
NpoM3BOACTBO Ha KanuuHupaHa cofa B [1eBHs. ToBa € CrOXEH TEXHONMorM4YeH o6exT
3a ynpaBfeHue, KOWTO Ce XxapaKkTepuavMpa C HEMHENHOCT, MPOMEHIMBOCT Ha
napaMeTpute npuM CMsiHa Ha pPeXuWMW, HaToBapBaHe, 3adaHWe, ModernHa
HeonpeAeneHocT U BNUSHWE Ha CMYLLIEHUS.

3a nocturaHe Ha uenTta AMCEPTaHTLT € popMynupan 5 KOHKPETHU 3agauu,
yCreLlHO pelueHn B AucepTaumaTa:

1. WsyyaBaHe Ha obGekta 3a ynpasneHne u paspaGoTBaHe 3a LeNUTe Ha
CMMynaumoHHu unscneasaHvst Ha Moauduumpann Takaru-Cyreno-Kanr (MTCK)
moaenu Ha 6asa Ha AaHHU OT eKCNEePUMEHTMW.
2. CvHTE3 U MpomMLLINeHa peanu3auus Ha cucTeMa 3a perynupaHe Ha HUBO Ha
pasTBOpa B kapboHW3aunoHHa KonoHa cbe CyreHo pasmuT perynatop (PP) c Bxon
rpelukara, 6e3 knacuyecku mogen Ha o6ekTa Ha OCHOBaTa Ha eKCMEPTHU 3HAHUS U C
oTyMTaHe Ha ycnosusiTa 3a pobacTHa yCTOMYMBOCT U poBacTHO KayecTBo.

3. CuHTe3 1 npomuLurieHa peanuaaumst Ha cMcTeMa 3a aBTOMATWUYHO yrpaBneHue 3a
HWBO ¢ PP OT pa3muTi eauHMuM € ABa BXOAA — C rpeLuka U OCHOBHO CMYLLIEHWE U C
rpeLuka 1 Npou3BoaHa Ha perynupyemarta BenuymHa.
4. TpoekTvpaHe, NpoMULLNEHa peanusauvs W U3credBaHe Ha cucTema C nna
apantmBeH PP upes mexaHu3sbm Ha napanenHo pasnpegeneHa KommneHcauwst 3a
apganTtauus Ha koeduumneHTuTe Ha PP npu metoa 3a cuHTEs ypes onTuMusaums ¢
reHeTUYHN anropuTMn Ha napameTpuTe Ha aganTueeH PP.

5. AHanus v usBexaaHe Ha ycrnoBusi 3a po6acTHa yCTONYMBOCT M POBACTHO KAYECTBO
Ha cuctemara 3a aBToMaTU4HO ynpasneHue ¢ aganTtuseH PP.

2. CrteneH Ha No3HaBaHe CHCTOAHUETO Ha Npobnema.

JJOKTOpaHTBLT € 3ano3HaT OTMMYHO M B AeTalnu ¢ obekra u npomuLineHaTa
VHCTanauus, 3a KoeTo crnomara Herosarta AbnaroroauwHa mectopa6orta B ,Conseit
Coan® A[l. B uANOTO M3noXeHWe TO AeMOHCTpUpa 3aAbnGOYEHO Mo3HaBaHe Ha



LUMPOK CNEeKTbp OT 3HAaHUA - OCHOBHUTE NPUHUMNK Ha TeopusaTa Ha ynpaBreHUeTo,
MeToan 3a aganTuUBHO, pasMnUTo U p06aCTHO ynpasrieHne, ontmuMmn3anuna ¢ reHeTUYHU
anropuTtMmun, aHanms3 Ha gaHHuw.

3. CrnoTBeTcTBMe Ha M3bpaHaTa METOAWKAa Ha CbBPEMEHHUTE M3CNeaBaHe
W nocraBeHaTa uUen M 3af4aduM Ha [UCEPTALMOHHUS TPYA C MOCTUrHaTUTE
npuHoCW.,

HuBOTO Ha TeuHocT B Kap6GoHnaaLmoHHaTa KonoHa kato o6ekT 3a yrnpasrieHue e
HEJIMHEEH 1 HecTalunoHapeH, NoANloXKeH Ha peauua cmylieHusi. Toea 3aTpyaHsiBa
M3NON3BaHeTo Ha Knacu4eckn NMHeiHM perynaTopu 1 3nckea npunaraHeTo Ha HOBW
MOAXOAM 3a nocTuUraHe Ha ynpasneHve ¢ No-go6pu nokasaTenu 3a Ka4ecTBO KakBUTO
npeanara pasmutata norvka. MiHayctpuanHoTo BHeapsisaHe Ha PP e oTHocuTenHo
Marsko CbrMacHo npocneneHnTe nMTepaTypHN USTOYHULM BbNPEKM MHOroo6pasneTo
OT CTPYKTYpW Ha pasMuTuTe perynatopu v pasnmyHute MeToam 3a napameTpuyHaTa
M onTummsaums. M3dopsT Ha PP e o6ycrioBeH oT TexHWTe npegymcTsa, CBbp3aHu C
yNpaBneH1e Ha HenvHenHW, HeCTaUMoHaPHN U MHOTOCBBLP3aHU 06eKTH, ocurypsisaHe
Ha YCTOWYMBOCT M poBacTHOCT 3a LUMPOK 06XBaT Ha pabota npu Hanuuve Ha
CMyLleHusi. [loKTopaHTBT e ycnan ga cuHTesupa pasmuTi perynatopu ¢ pasnu4yHu
KOHUrypaLummM cbrnacHo NocTaBeHWTe 3aaaun He camo B nporpamHa cpega, Ho U B
peanHa npomuiineHa cuctema B ,Coneeit Coan“ Afl.

4. HayuyHu n/unu Hay4HONPUNOXHU NPUHOCK Ha ANCEPTALMOHHUS TpyA:

*CuHTe3MpaHa e cucTeMa 3a perynupaHe Ha HUBOTO Ha pasTBopa B
kapboHU3aLMoHHa KonoHa cbe CyreHo M pasmuT perynaTtop ¢ eanH Bxoa. OueHeHo
€ Ka4eCTBOTO Ha perynupaHe no Habop OT nokasaTenu Ha 3aTBopeHaTa cucTema ¢
pasMuT perynaTtop no npexoaHWTe Npouecu Npu cMsiHa B onpeaeneH AvanasoH Ha
3a[aHNeTo 3a HMBO WU CMyWEHVeTO (NpoMsiHa Ha HansaraHeTo Ha
npeakapboHM3npaHnsa pas3TBop B 3axpaHBaLLus KOMEKTOp) KaTo ca uacrnenBaHn 2
cuctemu. [lokasaHa e ycTOMYMBOCTTa M pobacTHOCTTa Ha 3aTBOpeHaTa cucTtema.
Cuctemata e peanusvpaHa B NPOMULLINEHOCTTA U € U3creaBaHa B pearHo Bpeme.

eCuHTE3MpaHa e cucTtemMa 3a perynupaHe Ha HUBOTO Ha pastBopa B
kapboHusaunoHHa konoHa cbc CyreHo MU PP ¢ aea Bxoma ¢ KOMMeHcaumsa Ha
CMYLLIEHMETO U C BXOOBE rpeLukaTa v npoussogHaTta Ha perynmpyemara BenvumnHa.
MapameTpuTte 3a HacTpoiika Ha PP ce onpepenst off-line ypes3 onTMMu3aums ¢
reHeTu4HN anroputmu. [lokasaHa e pobacTHaTa yCTOMYMBOCT U poBACTHO KavecTBO
Ha 3aTBopeHaTa cuctema. Cuctemata e peanvavpaHa M B NPOMMWLLIIEHOCTTA.
WscnepnsaHn ca B peanHo Bpeme TpM CUCTEMU C PasnvyHu napameTpu no
OonpeaeneHn nokasatenu 3a KavyecTBOTO Ha perynupaHe W ca aHanusupaHu
pesynrtaTtuTe.

. Cuntesvpan e MO PP ¢ 2 Bxoga 3a rpewkarta u npoussogHaTa Ha

perynipyemata BennumHa (HMBOTO Ha pasTBopa B KapbOHM3aUMOHHaTa KOMOHa).

MpennMcTBOTO Ha TO3M NOAXOA €, Ye Ce 3anasea cTaHgapTHaTa 6asa oT npasuna, HO

Ce ocurypsiea no-nnaBHO M3MEHeHWE Ha yrpaBneHneTo Npu NpoMsiHa Ha 3aAaHueTo

Ha perynaTopa. lNapameTpute Ha npegBapuTenHata U Ha AonbAHWTenHata U

obpaboTka ca HaCTPOEHM C MOMOLLTA Ha FeHeTUYHIU anroPUTMK 3a MUHVMU3NPAHE Ha

LenesaTa hyHKLMS, KOSITO BKIMIOYBa KOMMNOHEHTW 3a rpeLukaTta 1 3a avcnepcusita Ha

ynpaeneHueto. bnarogapeHune Ha ToBa ce nOCTUra Mo-Marnko W3HOCBaHe Ha

M3NBITHUTENHOTO YCTPOMCTBO M CE KOHCyMMpa MO-Marko eHeprusi oT Hero.

Mpoektnpanata cuctema c MU PP ¢ 2 Bxoga nbpeo e uscneasaqa ypes cumynauus,

3a Aa ce npeasnan NOBEAEHVETO M M KayecTBOTO Ha perynvpade, crnepg KoeTo e

BHEpeHa B npomuuineHara uHctanauua Ha ,Coneewt Cogu“ AL, HanpaseHu ca



EKCNEPUMEHTN KaTo 3a CpaBHEHVWE € W3Mon3BaHa CbLUecTByBallata cucTema C
nuHeeH TU perynatop. MNMpexoaHuTe npouecy Ha cuctemaTta ¢ MO PP c gea Bxopa
Ca C MNo-KkpaTko BpeMe 3a yCTaHOBsIBaHe W Mo-mMasnko npeperynupaHe CcrpsiMo
npexofHuTe npolecu Ha cuctemara ¢ nuHeeH MW perynatop.

o MNpoBeneHn ca ekcnepuMeHT ¢ kKap6oHU3aUMOHHATa KOMNOHa B pearnHo Bpeme
1 Ca OLUeHEHN NokasaTennTe 3a ka4ecTBo Ha perynupaHe Ha nscreaBaHuTe CUCTEMM.
CpaBHeHn ca 3 cuctemu c¢ MU pasmut perynatop ¢ 2 Bxoaa C Meku v TBbpAN
npasuna n cbllecTByBalllata cuctema c nuHeeH M perynatop. Kato no-go6pa e
OueHeHa cuHTesnpaHata cuctema c¢ WO PP c gBa Bxoga ¢ Meku npasuna,
CbyeTaBsalla B1COKa TOYHOCT C NIaBHO ynpasreHue.

Pasmutuar MWL perynatop uma 6oratm Bb3MOXHOCTH, CpaBHUTESNHO NeceH
CAHTE3 W y[OBNETBOpPsBa W3NCKBaHUATA 3a ynpaBrfieHWe B peariHo Bpeme Mo
OTHOLUEHWE Ha VKOHOMWYHO  M3MOJNI3BaHe pecypcuTe Ha  MHAOYCTpUaneH
nporpaMmnpyemM norM4eckn KoHTponep ¢ oblo npegHasHadeHve. B gombrnHeHue,
n3nonssaHeTo Ha CyreHo MoAen C npeTerneHo cpeaHo Mpu AepasmuBaHe
KOHCyMWUpa ManbK nsuncnutened pecypc. lNpomuwineHaTta cpena, KakTo 1 CROXKHUTE
TEXHONOIMYHM Mpouecn Hanarat AOMbIHUTENHW W3NCKBaHWA 3a pobacTHOCT,
eHepruiHa edgeKTVBHOCT M OCUrypsiBaHe Ha ObMbLI MEXOYPEMOHTEH nepuoa 3a
CKbNUTE N3MLITHUTENTHN MeXaHU3MM U perynupaium opraHu. Te ce ynoosneTsopsisaT
4pes NpunaraHe Ha TEXHUKN 3a (pUnTpmpaHe Ha LyMa ¥ CMyLLIEHUATA KaTo MbN3SILLO
CPeAHo 1 NponssoaHa Ha HKBo. MoaxoaawmTe pasMuTyi Npasuna u oNTUMMU3aumsTa
Ha napameTpuTe BOAAT A0 HaMarsiBaHe Ha rpellkaTta, Wyma 1M Bb3OelcTBUETO Ha
CMylLleHUsTa BbPXy YNpaBieHneTo 1 HeroBaTa aucrepcus.

. CuHtesnpaH e NI agantueeH pasmut perynatop (APP) 3a HUBO Ha pa3TBop
B KapboHn3aumoHHa koroHa. Cb3gageHusT N0 APP e Ha 6asa Ha CyreHo
nponopunoHanHo-ancepeHuvaned (M) PP v napaneneH nHterpatop Ha rpelukara.
Ypes Modyn 3a napanenHo pasnpeferieHa KOMMEHcauusi e ocbluecTseHa on-line
pasmnTa afjantauus Ha napameTbp Ha Il PP unu Ha nHTerpatopa B 3aBUCMMOCT OT
TeKyLI0TO HMBO unmn 3apaHue. lNMapametpute Ha MO APP ca ontumusvpanu c
FEHeTUYHU anroputmn. ONTUMKU3aUUATa e Mo ABa KPUTEPUs: MUHUMWU3UPaHE Ha
CpeAHo-KBaapaThyHaTa rpellka (U1 nosuiaBaHe Ha TOYHOCTTA Ha ynpasreHue) v
MUHUMU3NpaHe Ha OTHOocuTenHaTa Aucnepcus Ha YnpaBnsaBalloTO Bb3OencTBue
CNpAMO eAnHULA 3ajaHne OTHeCEeHO KbM AMCTepcusiTa Ha OCHOBHOTO CMYLLiEHUE (M
yAbXaBaHe Ha eKcnroaTauuMoHHUS Nepuod Ha USMLIHUTENHUS MEeXaHU3bM W
perynupaiims opraH W HamansiBaHe Ha BbL3OENCTBUETO BbPXY OCTaHanUTe
KapBOHW3ALMOHHM KOTNIOHM, KOWTO Ca B paboTeH pexium).

o Cuctemata cbc cuHTesvpaHus MWL APP c 2 Bxopga e n3cregBaHa B
npomuuineHa cpefa. Llenta e fa ce aHannavpa BNUSIHUETO Ha pa3muTaTa agantauys
Ha AeHopmanuanpaims koeduumeHTt Kd Ha usxoaa Ha M4 PP ¢ 2 Bxoaa 1 uaxog vnm
Ha BpeMeKoHCcTaHTaTa Ti Ha MHTerpatopa BbpXy NPUeTV NoKasaTenu 3a Ka4yecTBO Ha
perynupaHe kaTo e npaBeHo cpaBHeHWe cbe cuctema c MO PP ¢ asa Bxona 1 nsxon
¢ ¢pmkempanm Kd u Ti.

o Paspa6oTeH e noaxop 3a aHanu3 Ha yCTOMYMBOCTTA HA aAanTUBHU CUCTEMU C
pasmMuT perynaTop Ha 6asata Ha MoguduKaums Ha o6eanHeHNTe KpUTepun Ha Monos
3a YCTOMYMBOCT Ha HenMHeNHW cucTeMn 1 Ha Mopapy 3a po6acTHOCT Ha MMHENHM
cuctemn. MeToabT ce ocHOBaBa Ha 3afiafieHy YCrosus 3a pobacTHa YCTONYMBOCT M
pobacTHO KauyecTBO Ha EeKBMBANEHTHA NMHeHa CUCTEMa, KOSTO e nonyyeHa or
cuctema ¢ APP cnep cepusi oT TpaHcopmaumm. [lokasaHa e eKBUBaneHTHOCTTa Ha
pobacTtHaTa nuHeiHa cuctema ¢ APP. [MpexoaHuTe npouecu Ha po6acTHata
€KBMBamneHTHa NIMHenHa cucTema ca 6nmsku ¢ Teaun Ha NuHeapmanpaHusa paamut M4



perynatop ¢ 1 Bxoa u 1 uaxog u NN pasmutnsa agantveen perynatop ¢ 2 Bxoaa u
1 n3xopn.

e AHanusbT Ha ycTOMYMBOCTTA Ha cucTema ¢ APP ¢ elHOBpeMeHHa aganTauus
Ha [ABa NapamMeTbpa AaBa Bb3MOXHOCT 3a onpedensHe Ha Auanas3oHa MM Ha
N3MeHeHue, Taka 4Ye Aa ce 3anassa ycTtonvmsoctTa. PaspaboTteH e 3a cuctemu ¢ 1
BXxoA ¥ 1 Msxon v c 2 Bxoaa v 1 U3XoA aganTuBeH pasmmT perynaTop. MNoaxoabT He
€ OrpaH1yeH camo 3a KOHKPETHUsi 0BEKT, HO MOoXe Aa Ce MPUMoXu U KbM Apyru
CcUCTEMM C alanTMBEH pasMuT perynaTop ¢ pasfnuyHn NPYHLUUNK Ha afanTaumsi, KakTo
¥ npn paspaboTeBaHe Ha CUCTEMU C pasMUTU perynaTopy.

OLl,eHFIBaM BMCOKO NpUHOCUTE Ha JguceptaumaTta, KOUTO ca Hay4HH!,
Hay4YHOMPUIOXHU U NpUnoXxHu. OcobeHo BaXXHO €, He TeopeTNUYHNTE nscneaBaHus u
cumynaummTe He ca ocTaHanu camo KaTo MoAaenu, Ho ca BHe[peHN 3a peaneH
npomuLLneH 06eKkT B XMMUYECKOTO npon3BoacTBO.

5. TMpeueHka Ha Ny6nukauumTe NO AUCEePTaLUOHHUS TpyA:

3Ha4YUTENHO ca HaABULLEHN MUHUMANHWUTE U3UCKBAHMS MO TO3W NokasaTten
- 0TneYaTaHu ca 6 HayuHu nyGnukaumm ¢ pesyntati oT aucepTaumsTa kaTto 1 e
¢ SJR, Q1, [1] ; 2 ca c SJR, Q4, [2] n [6]; 1 e uHOEeKcUpaHa B SCOPUS, [4].
MNybnukaunmte ca ctaHanuW OOCTOsiHME Ha HayyHaTa O6LWHOCT OT pasnuyHn
CTpaHn 1 ca unTUpaHn B NpecTwkHn naganna. Myon. [1] uma 7 untmparus (1
aBTOUMTUPaHe He ce npremay);[2] ma 4 unTtnpanus; [3]u [4] cacno 1 unTupaHe.

6. MueHus, npenoptku n 6enexku

Cuntam, uye pabotata e MHOrO A06pa B TEOPETUYHO W MPUIIOKHO HanpasneHwue.
CuHTE3MpaHN ca WHTENMWIeHTHW MEeTOAW 3a yhpaBreHve 3a peareH npoMULLINEH
ODeKT, uMeTo npeaMMCTBO € [OKasaHO uYpe3 CPaBHEHUE HEe CaMO CbC
CblUECTBYBallata cMcTeMa 3a yrnpasfieHWe, HO U C BapuaHTW Ha HOBOCbL3AAAEHM
cuctemu 3a ynpasneHvie. B pesyntar ce nogobpsiea eHepruiiHata edekTUBHOCT U ce
YAbIDKaBa KMBOTA Ha M3MBLIAHUTENHUS MEXaHW3bM W perynupalms oprad. [pyr
NONOXWUTENEeH pe3ynTaT oT u3cneaBaHusita e, Ye Tean MeToAu ca BanuaHU He camo
3a pasrexaaHna KOHKpeTeH 0DeKT, HO MoraT ja HaMepSIT NPUIOXEHUE 1 3a APYr TN
Hen“HenH 0GeKTn Npu NPOM3BOACTBOTO Ha coda u B TELL.

7. 3aknwoueHue

AvcepTtaumsita Ha mar.mHxX. Munex Hukonaes Cnasos oTroBapsi Ha ycrnosusita Ha
3PACPE u TMN3PACPE. [McepTauMOHHUAT TpyA cbAbpXa Hay4HW, Hay4Ho-
NPUNOXHU W NPUNOXHU pe3ynTaTM C UWHOBaTUBEH Xxapaktep. Te wumar
OpuUrnHaneH npuHOC B HaykaTa W MNPOMMULUNIEHOCTTa, KOWTO OLEHSsIBam
nonoxutenHo. loctaBeHata uen Ha AucepTauMoHHaTta paboTa € W3nblHeHa.
KaHonpaTsT nputexxaBa 3aabnboyveHn 3HaHWs MO M3cneasaHaTa TemaTuka. Toi
AEMOHCTPMpa CNoCOBHOCT 3a CaMOCTOATENHU U3CIeABaHNS U YCNELIHO U3MbIHEHME
Ha pewasaHnte npobnemun. [lpuHOCUTe Ha AOucepTauMUsiTa OLEHABaM
nonoxurenHo. Y6eaeHo npenopbuyBaM Ha YBaXaeMOTO Hay4yHO Xypwu
npuckxaaHe Ha obpasoBaTenHarta u HayyHa cTereH ,,A4oKTop“ Ha mar.uHxX. Munen
Hukonaes CnasoB B o6nact Ha Buclie obpasoBaHve 5. TexHuyecku HayKu,
npodecnoHanHo HanpaeneHue 5.2. EnekTpoTexHuka, €eNeKTPOHVKA U aBTOMAaTMKa,
Hay4Ha cneumanHocT: ABToMaTnsauus Ha NnpousBo4CTBOTO.
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OPINION

of a Dissertation for awarding the educational and scientific degree "Doctor"

Ph.D. student: MEng Milen Nikolaev Slavov

Title of the Ph.D. thesis: Fuzzy Control of Technological Processes in the Chemical Industry
Professional field of study: 5.2 ,Electrical engineering, electronics and automation®
Scientific specialty: ,Industrial Automation”

Member of the jury: Prof. D.Sc. Krasimira Petrova Stoilova,

Institute of information and communication technologies — Bulgarian Academy of Sciences

This review was prepared in my capacity as a member of a scientific jury, appointed by Order No.
OX-5.2-79/16.10.2025 of the Rector of the Technical University-Sofia

1. Actuality of the problems in the PhD thesis

The relevance of the issues considered in the dissertation is determined by the
contemporary challenges for continuous technological improvements in the chemical industry.
The dissertation candidate has focused on the implementation of improved management methods
for which there are no ready-made solutions, but it is necessary to develop new intelligent
management approaches using fuzzy control.

The aim of the dissertation is the development and industrial application of algorithms and
structures based on fuzzy logic and synthesis methods based on expert knowledge of the object,
robust control theory and offline parametric optimization with genetic algorithms. The control
object is the solution level in a carbonation column of a real soda ash production system in
Devnya. This is a complex technological control object, which is characterized by nonlinearity,
variability of parameters when changing modes, load, task, model uncertainty and the influence
of disturbances.

To achieve the goal, the dissertation candidate has formulated 5 specific tasks, successfully
solved in the dissertation:

1. Study of the control object and development for the purposes of simulation research of

Modified Takagi-Sugeno-Kang models based on experimental data.

2. Synthesis and industrial implementation of a solution level control system in a carbonation

column with a Sugeno fuzzy controller (FC) with error input, without a classical object model

based on expert knowledge and taking into account the conditions for robust stability and robust
quality.

. Synthesis and industrial implementation of an automatic level control system with a FC of fuzzy
units with two inputs - with error and fundamental disturbance and with error and derivative of
the regulated quantity.

4. Design, industrial implementation and research of a system with PID adaptive FC through a
mechanism of parallel distributed compensation for adaptation of FC coefficients in a synthesis
method through optimization with genetic algorithms of the parameters of an adaptive FC.

5. Analysis and derivation of conditions for robust stability and robust quality of the automatic
control system with an adaptive FC.

2. Degree of knowledge of the state of the problem

The doctoral student is well-versed in the details of the industrial site, which is helped by his
long-term employment at Solvay Sodi AD. Throughout the presentation, he demonstrated in-
depth knowledge of a wide range of topics - the basic principles of control theory, methods for
adaptive, fuzzy and robust control, optimization with genetic algorithms, data analysis.



3. Correspondence of the chosen research methodology and the set goal and
tasks of the dissertation with the contributions achieved

The liquid level in the Carbonation Column as a control object is a nonlinear and non-stationary
object, subject to a number of disturbances. This makes it difficult to use classic linear controllers
and requires the implementation of new strategies to achieve control with better quality indicators
such as those offered by fuzzy logic. The industrial implementation of fuzzy controllers is relatively
small according to the literature sources reviewed, despite the variety of FC structures and the
different methods for their parametric optimization. The choice of fuzzy controllers is determined
by their advantages related to the control of nonlinear, non-stationary and multi-connected
objects, ensuring stability and robustness for a wide range of operation in the presence of
disturbances. The doctoral student was able to synthesize fuzzy controllers with different
configurations according to the tasks set not only in a programming environment, but also in a
real industrial system at "Solvey Sodi" AD.

4. Scientific and practical achievements in the PhD thesis

* A system for regulating the solution level in a carbonation column with a Sugeno PI fuzzy
controller with a single input has been synthesized. The quality of regulation has been assessed
by a set of indicators of the closed system with a FC for transient processes when changing the
level setpoint and the disturbance (change in the pressure of the pre-carbonation solution in the
feed manifold) within a certain range, and 2 systems have been studied. The stability and
robustness of the closed system have been proven. The system has been implemented in
industry and studied in real time.

* A system for regulating the solution level in a carbonation column with a Sugeno Pl FC with two
inputs with disturbance compensation and with inputs the error and the derivative of the
regulated quantity has been synthesized. The parameters for setting the fuzzy controller are
determined off-line by optimization with genetic algorithms. The robust stability and robust
quality of the closed system have been proven. The system has also been implemented in
industry. Three systems with different parameters have been studied in real time according to
certain indicators of the quality of regulation and the results have been analyzed.

* A PID FC with 2 inputs for the error and the derivative of the controlled variable (the solution
level in the carbonation column) is synthesized. The advantage of this approach is that the
standard rule base is preserved, but a smoother control change is provided when the controller
setpoint is changed. The parameters of the preliminary and additional Pl processing are tuned
using genetic algorithms to minimize the objective function, which includes components for the
error and variance of the control. Thanks to this, less wear and tear on the actuator is achieved
and less energy is consumed by it. The designed system with a 2-input PID fuzzy controller was
first studied through simulation to predict its behavior and the quality of regulation, and then it
was implemented in the industrial installation of Solvay Sodi AD. Experiments were conducted,
using the existing system with a linear PI controller for comparison. The transient processes of
the system with a PID FC with two inputs in the simulations have a shorter settling time and less
overshoot compared to the transient processes of the system with a linear Pl controller.

» Experiments were conducted with the carbonation column in real time and the control quality
indicators of the studied systems were evaluated. Three systems with a PID FC with 2 inputs
with soft and hard rules and the existing system with a linear PI controller were compared. The
synthesized system with a PID FC with two inputs with soft rules, combining high accuracy with
smooth control, was evaluated as better.

The fuzzy PID controller has rich capabilities, relatively easy synthesis, and satisfies the
requirements for real-time control in terms of economical use of resources of a general-purpose



industrial programmable logic controller. In addition, the use of the Sugeno weighted average
model in defuzzification consumes little computational resource. The industrial environment, as
well as complex technological processes, impose additional requirements for robustness,
energy efficiency and ensuring a long maintenance period for expensive actuators and
regulators. These are met by applying noise and interference filtering techniques such as moving
average and level derivative. Appropriate fuzzy rules and parameter optimization lead to a
reduction in error, noise and the impact of disturbances on the control and its dispersion.

*A PID adaptive fuzzy controller (AFC) for solution level in a carbonation column has been
synthesized. The created PID AFC is based on a Sugeno proportional-differential (PD) FC and
a parallel error integrator. An online fuzzy adaptation of a parameter of the PD FC or the
integrator has been implemented using a parallel distributed compensation module, depending
on the current level or task. The parameters of the PID AFC are optimized using genetic
algorithms. The optimization is based on two criteria: minimizing the mean square error (or
increasing the control accuracy) and minimizing the relative dispersion of the control effect per
unit setpoint relative to the dispersion of the main disturbance (or extending the operating period
of the actuator and the regulating body and reducing the impact on the remaining carbonation
columns that are in operation).

e The system with the synthesized PID AFC with 2 inputs has been studied in an industrial
environment. The aim is to analyze the influence of the fuzzy adaptation of the denormalization
coefficient Ky of the output of the PD fuzzy controller with 2 inputs 1 output or of the time
constant T; of the integrator on the adopted control quality indicators, comparing it with a system
with a PID fuzzy controller with two inputs 1 output with fixed Ky and T..

e An approach for analyzing the stability of adaptive systems with a FC has been developed
based on a modification of the combined Popov criteria for the stability of nonlinear systems
and Morari criteria for the robustness of linear systems. The method is based on specified
conditions for robust stability and robust quality of an equivalent linear system, which is
obtained from a system with an adaptive fuzzy controller after a series of transformations. The
equivalence of the robust linear system with the AFC is proven. The transient processes of the
robust equivalent linear system are close to those of the linearized fuzzy PID controller with 1
input and 1 output and the PID AFC with 2 inputs and 1 output.

* The analysis of the stability of a system with an AFC with simultaneous adaptation of two
parameters allows for determining their range of variation so as to maintain stability. An AFC has
been developed for systems with 1 input and 1 output and with 2 inputs and 1 output. The
approach is not limited only to the specific object, but can also be applied to other systems with
an adaptive fuzzy controller with different principles of adaptation, as well as in the development
of systems with fuzzy controllers.

I highly appreciate the contributions of the dissertation, which are scientific, scientifically
applied and applied. It is particularly important that the theoretical studies and simulations have
not remained just models, but have been implemented for a real industrial site in industry.

5. Assessment of the Ph.D. publications

The minimum requirements for this indicator have been significantly exceeded - 6 scientific
publications with results from the dissertation have been printed, 1 with SJR, Q1, [1] ; 2 with SJR,
Q4, [2] and [6]; 1 indexed in SCOPUS, [4]. The publications have become available to the
scientific community from different countries and have been cited in prestigious publications.
Publication [1] has 7 citations (1 self-citation is not accepted); [2] has 4 citations; [3] and [4] have
1 citation each.



6. Few assessments, recommendations, and remarks

I think that the work is very good in theoretical and applied directions. Intelligent control
methods for a real industrial facility have been synthesized, the advantage of which has been
proven by comparison not only with the existing control system, but also with variants of newly
created control systems. As a result, energy efficiency is improved and the life of the actuator and
the regulating body is extended. Another positive result of the research is that these methods are
valid not only for the specific facility under consideration, but can also be applied to other types
of nonlinear facilities in the production of soda ash and in thermal power plants.

7. Conclusion

The Dissertation of Milen Slavov meets the requirements of the Law on the Educational and
Scientific Degree "Doctor" and the Regulations for its implementation.

The dissertation contains scientific, scientific-applied and applied results of an innovative
nature. They have an original contribution to science and industry, which | evaluate positively.
The set goal of the dissertation has been achieved. The candidate possesses in-depth knowledge
of the research topic. He demonstrates an ability for independent research and successful
implementation of solved problems. I strongly recommend to the Honorable Scientific Jury
the awarding of the educational and scientific degree "Doctor" to MEng Milen Slavov in
the field of higher education 5.2 Electrical engineering, electronics and automation in the scientific
specialty: ,Industrial Automation”.

28.11.2025 Member of the Scientific Jury: /2% /

/Prof. DSc. Krasimira Stoilova/
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