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cTAHOBt4r4E
Bbpxy trilcepraqiloHeH rpytr aa npr406HBaHe Ha o6pasoBareflHa il

HayqHa cTeneH,,4oKTOp"
Aerop Ha ArceprallroHHnflrpya Mar. nHx. Munen H[xonaee cnaeoe
Teua Ha rqncepraLlLroHH vA rpytrt Pasiru4ro ynpaBneHue Ha rexHoflorhqHu
n pouecu oT xr4 Mt4r{ecKaTa n poMytuJneHocT
t{neu Ha HayqHoro xypl4: npo$.4rn. KpacrMilpa Croilnoea

crauoeNqero e il3rorBeHo B KaqecrBoro Mti Ha qfieH Ha Hay,rno xypvl,
Ha3HaqeHo cbc 3anoBe.q Ns OX-5.2-79116.10.2025 or perropa Ha Ty-Coeran.
1. Axryanuocr Ha paspa6orBaHnr B AucepraqnoHHur Tpyg npo6neu
AxryanHocrra Ha pa3rnexnanrre npo6fleMil B Ailceprau4+ra ce o6ycnaBfl or
cbBpeMeHHnre npeflil3BilKareflcrBa sa HenpeKbcHarh rexHonorilqHil nogo6peHnn e
x[MrlqecKara npoMt4[uneHocr. ,[ucepraHrbr ce e Hacoqiln KbM npilnaraHe Ha
no4o6peun MeroAl4 sa ynpaBneHile, 3a Ko[To He cbu{ecrByBar roroBl4 peu.leHilF, a e
Heo6xoguruo paepa6orBaHe Ha HoBh r4HTenNreHTHh nopxo AV sa ynpaBneHile c
il3nonSBaHe Ha pa3Mt4TO ynpaBneHile.

l-{enra Ha rqhcepraqn+Ta e paspa6oraaHe vi v1+&ycrpnarmo npilnoxeHr4e Ha
a.nropilTMl4 14 crpyKTypu,5aanpauil Ha pa3M[Ta norilKa il Merofll4 3a cnHTes Ha ocHoBa
Ha eKcneprHl4 3HaHils sa o6eKra, Teoprie Ha po6acrHoro ynpaBneHhe u o$nail1
napaMerpilqHa onrhMrsaqve c reHermlrHn anropLlrvrra. O6exrbr 3a ynpaBneHre e
HilBOTO Ha pa3TBOpa B XapooHrsaqnoHHa KOflOHa OT pearHa cilcreMa 3a
npoilSBoAcrBo Ha KaflqilHhpaHa coAa e n[eaHa. Toea e cnoxeH TexHonorhqeH o6exr
3a ynpaBneHue, rofiro ce xapaKTepr3rpa c HenhHerZHocr, npoMeHnilBocr Ha
napaMeTpHTe npil cMsHa Ha pexilMl4, HaToBapBaHe, 3a,qaHhe, MoAenHa
Heonpe4eneHocT v BnuAHVe Ha CMyr{eHnF.

3a nocrNraHe Ha Llenra EucepraHTur e SopMynr4pan 5 rourperHw aaItaeu,
ycneuHo pelueHh B,qucepTa qvflTa:.
1. l4syvaaaHe Ha o6exra oa ynpaBneHue u paspalorBaHe 3a uenrre Ha
cHMynaqiloHH14 t4scneEBaHilF Ha [VlograSraqrpaxra Taxarra-Cyreno-Kaur (MTCI()
MoAenH Ha 6asa Ha gaHHr or eKcnepuMeHTil.
2. Cuutes h npoMilutfleHa peanil3aqufl Ha crcreMa ga perynrpaHe Ha HilBo Ha
pa3rBopa e rap6oHr3auuoHHa KofloHa cuc cyreHo pa3Mllr perynarop (pp) c exog
rpeuKara, 6es rnacilqecKrt MoEen Ha o6erra Ha ocHoBara Ha eKcneprHl4 3HaHnA A c
orqilTaHe Ha ycnoBrFTa 3a po6acrua ycrorzuraocr N po6acrHo KaqecrBo.
3. CilHres u npoMt4ttlneHa peanil3aqhs Ha cilcreMa 3a aBToMarilqHo ynpaBneHile 3a
HhBO C PP Or pa3MilTt4 eAVHWUII C EBa BXOAa - C rpetuKa r ocHoBHo cMyqeH ve u c
rpeuJKa I npoh3Bo,qHa Ha perynfipyeMaTa Befiilr{rHa.
4. llpoerrupaxe, npoMt4u"neHa peanilsaqtt+ t4 ]t3clte4BaHe Ha chcreMa c llVl1
aflanrhBeH PP vpea MexaHtagbM Ha napaneflHo pa3npegeneHa KoMneHcallilH 3a
a,qanraqile Ha xoe$uqileHTrre na PP npn Merorq sa cilHTea qpes onrilMnaallvl+ e
reHerilLrHr4 anroplrrMt4 Ha napaMerpure Ha a4anrilaeH pp.
5. AHanils 14 t43Bex.qaHe Ha ycnoBilfl sa po6acrHa ycroilvreocr 14 po6acrHo KaqecrBo

Ha cucreMarasa aBToMarilLtHo ynpaBneHile c aganrnaeu pp.

2. Crenen Ha no3HaBaHe cBcrorHhero na npo6nenaa.
,QorropaHrrrT e gano3Har orfll4LtHo 14 B geraiann c o6exra u npoMt4r.!fleHara

fiHcrafiaqilg, 3a Koero cnoMara HeroBara ,qbnroroEnuHa Mecropa6ora B ,,CoflBefi
Cogh" M. B qflnoro il3floxeHhe rofi geuoucrpilpa sa6un6oueHo no3HaBaHe Ha



Lut4pol( cneKTbp or 3HaHilg - OCHOBHI4Te npnHllt4nv Ha reopilflTa Ha ynpaBneHilero,
MeroAl4 3a a$anrnBHo, pa3MilTo t4 po6acrHo ynpaBneHre, onrilMn3allre c reHerr4qHil
aIropilTMl4, aHanu3 Ha AaHHil.

3. CuoreercrBue ua ns6patara Mero4uKa Ha cbBpeMeHH[Te r3cnegBaHe
r nocraBeHara qen u 3ap,av-n Ha AucepraquoHHl4g TpyE c ]Iocr}lrHarure
npuHoc14.

Hneoro Ha reqHocr a Kap6onu3alliloHHara KonoHa xaro o6exr 3a ynpaBneHhe e
HenilHeeH il HecrauiloHapeH, noAnoxeH Ha peAhqa cMyqeHilF. TOAa 3arpyAHeBa
I43norl3BaHero Ha Knac[qecKw nuaehau perynaropvt u lt3t/tcnBa npilflaraHero Ha HoBt4
noEXoAl4 3a nocrnraHe Ha ynpaBfleHfie c no-po6p[ noKa3arenv 3a KaqecrBo KaKBrro
npeEnara pa3MilTara florilKa. lAngyupuanHoro BHeApFBaHe Ha PP e orHocilTerHo
MaflKo cbrflacHo npocne,qeH14Te nrreparypHt4 t43ToL{Hmllt4 BbnpeKil n/luoroo6pa3ltero
oT cTpyKTypvi Ha pa3MilTnTe perynaTop[ A pa3|'tt/uHilTe MeToAV sa napaMeTpilqHaTa
ilM onrrMil3aqve. l4e6opur Ha PP e o6ycnoeeH orrexHhre npegrMcrBa, cBbp3aHil c
ynpaBneHile Ha He.nilHerttta, HecralliloHapHn v MHorocBbpgaHil o6exrv, ocvtrypnBaHe
Ha ycrofivilBocr n pobacrHocr 3a LUl4poK o6xear Ha pa6ora npil HanhL{ we Ha
cMyuleHiltl. florropaHTbr e ycnnn Aa cuHTe3ilpa pa3MilTil perynaropt4 c pa3fiilLtHl4
xouSrrypallil14 cbrnacHo nocraBeHilTe 3agaqil He caMo B nporpaMHa cpe4a, Ho yr B
pealHa npoMt4uneHa cilcreMa B ,,CoflBeil Cogu* A!.

4. Hayvnra ulunu HayqHonpufloxHr4 nprHocr4 Ha iqhcepraqiloHHl4r rpyf,:
.chHresilpaHa e c[creMa 3a perynfipaHe Ha HhBOTO Ha pa3rBopa B

rap6ouNsalliloHHa KonoHa cuc Cyreuo I-1h paerrltrr perynarop c eAt4H BX6A. OqeueHo
e KaL{ecTBoTo Ha perynrpaHe no Ha6op oT noKaoaTenil Ha 3arBopeHara cilcreMa c
pa3MilT perynarop no npexoAHilTe npollecv npn cMflHa B OnpeAefleH Ey.anasoH Ha
3aflaHnero 3a HrBO il CMyr4eHhero (nporranHa Ha HanflraHero Ha
npegxap6oHttsupa[V+ pasrBop B 3axpaHBau)nfl xonexrop) Karo ca nscnegaann 2
cficreMr. .[orasaua e ycrotZunBocrra r po6acrHocrra Ha sarBopeHara c]4creMa.
Crcreuara e peanil3rpaHa B npoMr4uneHocrra r e hscne,qBaHa B peanHo BpeMe.

.cilHresrpaHa e cficreMa 3a perynilpaHe Ha HilBOTO Ha pa3rBopa B
rap6ouNaaLll4oHHa KonoHa cuc Cyreuo nV PP c ABa Bxo,qa c KoMneHCaqvi1 Ha
cMyu-leHueTo il c BXoAoBe rpeLuKara il npol43Bo,qHara Ha perynrpyeMaTa Berfiql4Ha.
[laparvrerpt{Te 3a uacrpofixa na PP ce onpegensr off-line vpes onrilMr3a1lt4e c
reHerilqHr arlrophrMl4. fioxasaua e po6acrHara ycrofivilBocr r po6acrHo KaqecrBo
Ha SarBopeHara cilcreMa. Crcrerraara e peanngvpaHa u B npoMt4lxneHocrra.
lzlscnegeaHr ca B peanHo BpeMe rpvl cr4creMil c pagniltrHrr napaMerpr no
Onpe,qeneHh nOKa3aTenh 3a KaqeCTBOTO Ha peryf'lLlpaHe U Ca aHafiVAVpaHn
pe3yflTaTrTe.

. crsre3ilpaH e nvl[ PP c z Bxo,qa 3a rpeluKara r npoil3BorqHara Ha
perynhpyeMara BenilvnHa (Hreoro Ha pa3TBopa e rap6oun3aqiloHHara ronoua).
['lpegrarucrBoro Ha ro3h no.qxoE e, qe ce 3ana3Ba craHAaprHara 6aea or npaBrra, Ho
ce ocilrypgBa no-nnaBHo l43MeHeHre Ha ynpaBneHrero npr npoMflHa Ha 3aAaHilero
Ha perynaropa. llaparvrerpilTe Ha npeABaprrenHara fi Ha AonbnHfiTeflHara nn
o6pa6orra ca HacrpoeHm c noMolqra Ha reHerilqHr anropilTMr4 3a MuHVtMtA3tApaHe Ha
qeneBara $yurqmn, Kortro BKntoqBa KoMnoHeHTt4 3a rpeuKara u sa Ancnepc14flTa Ha
ynpaBneHmero. Snarogapeuue Ha roBa ce nocrhra no-ManKo il3HocBaHe Ha
H3nbnHilTeflHOTO yCrpOrzCreo n ce KoHcyMilpa no-ManKo eHeprilF or Hero.
IlpoexrrpaHara ct4crervra c l-1t/! PP c2 Bxoga nbpBo e r3cnegBaHa qpe3 cvpynaqa1e,
3a Aa ce npeABnAil noBefleHilero N n xaqecrBoro Ha perynilpaHe, cneA Koero e
BHeApeHa B npoMl4tufleHara ilHcranaqile Ha ,,conaerl co4ra" flfl. Hanpaaeur ca



eKCnepilMeHTLt Karo 3a cpaBHeHre e il3nofl3BaHa cbt4ecrByBaulara cilcreMa c
flilHeeH [1121 perynarop. ['lpexo,qHilre npoqecil Ha cilcreMara c irra4 pp c,qBa Bxoga
ca c no-KparKo BpeMe 3a ycraHoBflBaHe il no-ManKo npeperynilpaHe cnpeMo
npexoAHt4Te npoqech Ha cilcreMara c nrHeeH l1[r4 perynarop.
t llpoBefleHr ca eKcnepilMeHTh c rap6oHrsaLluoHHara KonoHa B peanHo BpeMe
h ca oqeHeHil noKasareflilTe 3a KaqecTBo Ha perynhpaHe Ha il3cne,qBaHilTe chcTeMil.
Cpaaueun ca 3 crcreMr c l-llz{[ pasn,tilr perynarop c 2 axopa c MeKil il rBbpAr
npaBrna il cbqecrByBaulara cilcreMa c rilHeeH l-llzl perynarop. Karo no_go6pa e
oLleHeHa cilHTe3ilpaHara cilcreMa c lllAl pp c ABa BXOEa C MeKh npaBnfla,
cbqeTaBau-la BrcoKa ToqHocT c nIaBHO ynpaBneHile.

Paswntvat l-1tl! perynarop rn,ta 6oraril Bb3MoxHocl4, cpaBHilTeflHo fleceH
c[HTe3 il yEOBneTBOpflBa IA3IACRBaHVATa 3a ynpaBneHre B peanHo BpeMe no
orHoueHile Ha ilKOHOMt4LtHO fi3nofl3BaHe pecypcilTe Ha uHAycrpilaneH
nporpaMilpyeM florilLtecKta KoHTponep c o6u1o npeEHa3Hat{eH]4e. B gonunueHre,
r3nonsBaHero Ha cyreHo Motren c npereHeHo cpeAHo npil Eepa3MrBaHe
l(oHcyMrpa ManbK il3t{l4cflilTeneH pecypc. [lpovrraufleHara cpe4a, KaKTo r cnoxHrre
TexHoflorfiqHil npoqecr Haflarar AonbflHrrenHil ytgt/tcKBaH]/.r 3a po6acrHocr,
euepriltlua eSexruaHocr n ocnrypflBaHe Ha Abflbr MeMypeMoHreH nept4o4 3a
cKbnilTe il3nbnHLrreflHil MexaHV3MA tA perynnpau.lh opraHil. Te ce yEoBnerBopsBar
qpe3 nphnaraHe Ha rexHrKh aa SrnrprpaHe Ha lxyMa u cMyrleHilflTa Karo nbn3gqo
cpeAHo il npoh3BoAHa Ha HilBo. [1o4xognr4hre pa3Mrrn npaBwna v onrvwnsa.]Lw+Ta
Ha napaMerpilTe Bo,qgT AO HaManFBaHe Ha rper.xKara, uJyMa r etsgerZcrBilero Ha
cMyuleHil9Ta Bbpxy ynpaBneHreTo r HeroBaTa AtAcnepcn' .

. Cnrre3hpaH e fl/rfl aAanrrBeH pa3Mrr perynarop (APP) 3a HilBo Ha pa3TBop
e rap6oxusaqnoHHa KonoHa. Cue4aAeHunr nilE App e Ha 6asa ua Cyreuo
nponopq[ouanxo-gr$epeHllilaneu (n[) PP ra napanefleH rHrerparop Ha rpeuKara.
ulpes Mogyn 3a napaflenHo pa3npe,qeneHa KoMneHcaLlHe e ocrtgecrBeHa on-line
pa3Mhra ananrauatq Ha napaMerbp Ha nE PP vnu Ha ilHTerparopa B 3aBilct4Mocr or
TeKyuloro Ht4Bo vnu 3aAaHile. llaparvrerpilTe Ha nilI APP ca onrilMt43npa14 c
reHerilLlHl4 anrophrMH. OnrNruilsaLIAATa e no ABa Kprreprl: MttHVtMtAgtApaHe Ha
cpeAHo-KBaflparnllHara rpeuKa (wnw noeur.uaBaHe Ha roqHocrra Ha ynpaeneHre) n
MnHt4Mt43upaHe Ha orHocfiTenHara Ancnepc]4e Ha ynpaBnsBau_loro euaEerZcreNe
cnpflMo eAuHl4lla 3aAaHile orHeceHo KbM flilcnepcn+Ta Ha ocHoBHOTO CMyqety,e (unvt
yEbnxaBaHe Ha eKcnnoaralp/toq{un nepiloE Ha ]43nbnHilTenHilF MeXaHr3bM a4

perynnpaqilq opraH il HaMaflFBaHe Ha ets4erlcrauero Bbpxy ocraHanilTe
xap6oureaqhoHHlt KofloHt4, Kol4To ca e pa6oreH pexrrv).
. cwcreMara cbc ctllTesnpaHw+ nn[ App c 2 BxoEa e r3cneABaHa B
npoMl4[uneHa cpeAa. Ilenra e Aa ce aqannsvpa BnrflHrero Ha paaMilTara a}anratJ.An
Ha EeHopMann3ttpauJtan roeSrrlmenr Kd Ha il3xo4a Ha [1,[ PP c2 BXoEa 1 wsxogwnu
Ha BpeMeKoHcraHTara Ti ua rHTerparopa Bbpxy npviern noKa3arenil 3a KaqecrBo Ha
perynrpaHe Karo e npaBeHo cpaBHeHhe cbc ct4creMa cllV1l PP c gea Bxo.qa 1 usxog
c SrrcrapaHra Kd r Ti.
. Paspa6oreH e no.qxoA 3a aHaflr3 Ha ycrorlurBocrra Ha aaanrtBHrr cl4creMn c
pa3Milr perynarop Ha 6asara Ha vro4n$uRaqAA Ha o6egrHeHilTe Kpurep44 Ha llonoe
sa ycrotZvrBocr Ha uenNuefiHm ct4creMh N Ha [Mopapv 3a po6acrHocr ua nrueilur
cilcreMfi. MeroAur ce ocHoBaBa Ha 3a,qageHil ycnoBrn aa po6acrHa ycrofivrBocr Lr

po6acrHo KaqecrBo Ha eKBnBaneHTHa nrueilHa chcreMa, Kosro e nonyqeHa or
cilcreMa c APP cneA cephn or rpaHcsopvraqrara. .[orasaua e eKB[BaneHTHocrra Ha
po6acrHara nwueilaa cucreMa c APP. [lpexo4umre npoqecn Ha po6acruara
eKBilBaneHrHa nuuefrHa cilcreMa ca 6nrsrt cresn Ha nnHeapvsupaHvi+ pasvrrar l-'l1z'l!



perynarop c 1 exog n 1 uexopnnvlq pa3MhTl4fl aEanrilBeH perynarop c2axopau
1 nsxog.

' AHafir3br aaycrohunBocrra Ha cilcreMa cAPP c eAHoBpeMeHHa a1anraqnfl
Ha EBa napaMeTbpa AaBa Bb3MoxHocT 3a onperqeflFHe Ha Anana3oHa ilM Ha
il3MeHeHile, TaKa qe,qa ce 3ana3Ba ycrofiurBocrra. Paspa6oreH e 3a cuctevw c 1

Bxo.q il 1 uaxog n c 2 exoga u 1 vtsxoE aAanrNBeH pasMilT perynarop. no4xogur He
e orpaHHqeH caMo 3a KOHKperHilq O6exr, Ho Moxe Aa ce npilnoxil 14 KbM Apyrr
cl/lcTeMil c aAanTnBeH pa3M[T perynaTop c pa3nuqHil nphHqilnr Ha aAanrallre, KaKTo
u npn paepa6oreaHe Ha cilcreMr c pa3MilTtl perynaropr4.

oqeurearu BilcoKo npilHoctaTe Ha AilcepraL{hgTa, Kor4To ca HayqHn,
HayqHonpilnoxHl4 u nprnoxHm. Oco6eHo BaxHo e, qe reoperh\.{Hhre vacneI;BaHne vt
cvMynalpAt4Te He Ca ocraHanil caMo Karo MoAeflL1, HO Ca BHeApeHn 3a peaneH
npoMt4uJneH o6eKr B xrMilqecKoro npoil3BogcrBo.

5. flper.lenra ua ny6nrKaqhure no RrcepraUroHHhf, Tpyfl:
3HaqrrenHo ca HaEBil[xeHV MVlHVMaflHure ngvccBaHvrg no ro3r4 noKa3arel.l

- orneqara{n ca 6 uayvur ny6nraxaqilil c pe3ynrarfi or.qilceprallwnta xano 1 e
c sJR, Q1, [1];2 ca c sJR, Q4, [2] r [6]; 1 e rugexcilpaHa B scopus, [4].
Ily6nraxaquvre ca craHaflr ,qocrogHr4e Ha Hayquara obulHocr or pa3nhL{Hl4
crpaHil n ca qt4TvtpaHil B npecrhxHvl t 3EaHVie. l-1y6n. l1l nva 7 }wupaunn (1
aBrorlr4rl4paHe He ce npheMa);f2l nvia 4 qnrwpanua; [3] n 14] ca c no 1 LlilrilpaHe.
6. MHenuR, npenoprKu u6enext<u

_ C'{ilraM, ve pa6orara e MHoro go6pa B TeoperrqHo r nphnoxHo HanpaBneHhe.
CnHresrpaHr ca ilHTertilreHTHr Mero,qn 3a ynpaBfleHhe sa peaneH npoMr4r.r1neH
o6err, qilero nperqr4McrBo e EoKa3aHo qpes cpaBHeHHe He caMo cbc
cbu.lecrByBau-lara cilcTeMa 3a ynpaBneHhe, Ho kl c BapAaHTn Ha HOBOCb3AaAeHil
cilcreMil 3a ynpaBfleHfie. B peeynrar ce nogo6pnBa eHeprnituata e$exrnagocr t/ ce
yAbaxaBa xnBora Ha [3nbflHttTenHne MexaHilsbM r perynrpauJ[e opraH. fipyr
nonoxilTeneH pe3ynrar or l43creEBaHa(qTa e, qe re3il Mero.qr ca Banil,qHil He caMo
3a pasrflex4aHils KoHKpereH o6err, Ho MorarAa HaMepqr npilnoxeHwev3aApyrriln
HenrHerZHu o6errr npt,t npon3Bo,qcrBoro Ha coga ra a TEI_{.

7. 3axnpqenre
fincepraqmsra Ha Mar.hHx. MrneH Hilxonaee Cnaaoe orroBapq Ha ycnoBil era Ha

3PACPE n Ill-l3PACP6. flncepraqno*Hvt+r rpyA cbArpxa HayqHn, HayqHo-
npurroxHr4 u npl4roxHt4 pe3yrraru c HHoBarrBeH xapaKTep. Te uMar
opurnHaneH [pl4Hoc B HayKara n npoM14ltJrreHocrra, Kogtro oqeHgBaM
nonoxurenHo. [locraeeHara qen Ha ErcepralliloHHara pa$ora e il3nbnHeHa.
KaHgn4arur nprrexaea sa4tn6oqeHil sHaHVA no r3cneABaHara reuarura. TorZ
fleMoHcrpl4pa cnoco6Hocr 3a caMocrogTenHl4 t/scneABaHVn r ycneluHo r3nbflHeHile
Ha peuaBaHilTe npo6neur. [lprxocrre Ha .qhcepraq]4FTa or{eHeBaM
nonoxHTenHo. Y6eAeno npenopbqBaM Ha YeaxaeMoro HayqHo xyp14
npilcbxqaHe Ha o6pasoaarenHara h HayqHa creneH ,,goxTop,, Ha Mar.IHx. MrneH
Hilronaee Cnaeoa e o6nacr Ha Bilclue o6pasoeaHre 5. TexHh.{ecxv HayKA,
npoSecroHanHo HanpaBneHne 5.2. EnexrporexHilKa, eneKTpoHLlKa h aBToM arvta,
HayqHa cneqilanHocr: AstoMarvsa1n+ Ha npohaBogcrBoro.

flara: 28.11.2025 LTIIEH HA )Kypt4TO: /rz,/
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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 lndustry
Professional field of study: 5.2 ,,Electrical engineering, electronics and automation,,
Scientific specialty:,,lndustrial Automation',
Member of the jury: prof. D.Sc. Krasimira petrova Stoilova,
lnstitute 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.
o>K-s.2-79116.10.202s 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 t.ech.nological improvements in the chemical industry.
The dissertation candidate has focused on the impldmentation of improved ,unug"*"rt methodsfor 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 onfuzzy .logic and synthesis methods based on expert knowledge ir g,* object,
robust control theory and offline parametric optimization with genetic algorithris. The control
gbject is the solution level in a carbonation column of a real soda ash production system inDevnya. This is a complex technological control object, which is characterized by nonlinearity,
variability of parameters when changing modes, load, task, model uncertainty uno tf,* influence
of disturbances.

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

], Study of the control object and development for the purposes of simulation research of
Modified rakagi-sugeno-Kang models based on experimental data.
2' Synthesis and industrial implementation of a solution level control system in a carbonation
colum.n with a Sugeno fuzzy controller (FC) with enor input, without a classical object model
based on expert knowledge and taking into account the condiiions for robust stauitiiy and robust
quality.

3. 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 plD adaptive FC through a
mechanism of paralleldistributed 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

controlsystem 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 bisic 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 offeredby 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 industrialsystem at "solvey Sodi" AD.

4. scientific and practicarachievements in the phD thesis
'A system for regulating the solution level in a carbonation column with a Sugeno pl fuzzy

controller with a single input has been synthesized. The quality of regulation has b-een assessed
by a set of indicators of the closed system with a FC for tiansient 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 pioven. 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 lhe fuzzy controller are
determined off-line by optimization with genetic algorithms. The ro-bust staUitity 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 PlD FC with 2 inputs for the error and the derivative of the controlled viriable (the solution

level in the carbonation column) is synthesized. The advantage of this ,ppror"h 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 funition, 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 quatity of regulation, and then it
was implemented in the industrial installation of Solvay Sodi AD. experimeits were conducted,
using the existing system with a linear Pl controller foi comparison. The transient processes of
the system with a PID FC with two inputs in the simulations have a shorter setiling time and less
overshoot compared to the transient processes of the system with a linear pl coitroller.

'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 plD FC with 2 inputs
with soft and hard rules and the existing system with a lineir Pl 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 realtime control in terms of economical use of resources of a general-purpose

I



industrial programmable logic controller. ln addition, the use of the Sugeno weighted average
model in defuzzification consumes little computational resource. The industrial eivironment, aswell as complex technological processes, impose additional requirements for robustness,energy efficiency and ensuring a long mainienance period for expensive actuators andregulators. These are met by applying noise and interference filtering tectrniques sucn as movingaverage and level derivative. Appropriate fuzzy rules and parameter opiimization lead to areduction in error, noise and the impact of disturLances on the control and it" dispersion.

'A PID adaptive fuzzy controller (AFC) for solution level in a carbonation column has beensynthesized. The created PID AFC is based on a Sugeno proportional-differential (pD) FC anda parallel error integrator. An online fuzzy adaptati-on of a parameter of the pD FC or theintegrator has been implemented using a paralleidistributed compensation module, dependingon the curent level or task. The parameters of the PID AFC are optimizeJ using genetic
algorithms' The optimization is based on two criteria: minimizing the mean ,qr"r" error (orincreasing the control accuracy) and minimizing the relative dispJsion of the conirol effect per
unit setpoint relative to the dispersion of the main disturbance (oi extending the operating period
of the actuator and the regulating body and reducing the impact on the r6maining carbonation
columns that are in operation).

' 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'fuzzV adaptation of the denormalization
coefficient Ka of the output of the PD fuzzy controller with 2 inputs 1 outpui ortf p," tir"
constant Tiof the integrator on the adopted controlquality indicatois, 

"o*paring 
it with a system

with a PID fuzzy controller with two inputs 1 output with fixed Ko and ri.
'An approach for analyzing-.the stability of adaptive systems with a FC has been developed

based on a modification of the combined Popov criteiia for the stability of nonlinear systems
and lMorari criteria for the robustness of linear systems. The method is based on specified
conditions for robust stability and robust qualiti of an equivalent linear 

"yit"*, 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 linearize d tuzzy pf O'contioffer with 1
input and 1 output and the plD 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 wilh tuzzy controllers.

I highly appreciate the contributions of the dissertation, which are scientific, scientifically
applied and applied. lt 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 significanfly exceeded - 6 scientific

publications with results from the dissertation have been printedl 1 with SJR, e1, [1] ; 2 with SJR,
Q4, [2! and [6]; 1 indexed in SCOPUS, [4]. The publications have become available to the
scientific co-mmunity from different countriei and have been cited in prestigious publications.
Publication [1] has 7 citations (1 self-citation is not accepted); [2] has + citatiois; tgt ;no [4] have
1 citation each.



6. Few assessments, recommendations, and remarks

I think that the work is v9ry good in theoretical and applied directions. lntelligent controlmethods for a real industrial facility have been synthesized, ilr" ,Jurnlrg;"i ffi;'h has beenproven by comparison not only with the existing control sysiem, 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 fiositive l"""ult of the research is that these methods arevalid not only for the specific facility under consideration, but can also be applied to other typesof nonlinear facilities in the production of soda ash and in thermal power ptairts.

7. Conclusion
The Dissertation of [\4ilen Slavov meets the requirements of the Law on the Educational andscientific 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 I 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:,, lndustrial Automation".

Member of the Scientific Jury: /*r- /

/Prof. DSc. Krasimira Stoilova/

28.11.2025
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