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TeMa Ha ANCEPTANMOHHUS TPYI:

Pasmurto yupapJaceHue Ha TEXHOJOTHYIHHA NPOUMECH 0T XUMHYECKATA NPOMHIIICHOCT
¢ peroBoauTen npod. in Cuexana Mopaanosa

ot aou. a-p Meroau I'eoprues I'eoprues

1. AKTYAJIHOCT HA pa3patoTBAHNA B JMCEPTANMOHHUS TPYA IP06JaeM B HAVYHO H HAYIHOII-
pUJI0kHO oTHOeHHe, CTeneH M HHBA HA aAKTYAJHOCTTA HA NMPo006JeMa M KOHKPeTHHTE 3a1a4M,
pa3padoTeHu B ANCEPTANMATA

JIuCEepTAalMOHHMAT TPYJ € NOCBETEH Ha IPOEKTHPAHE HAa CHCTEMH 332 aBTOMATHYHO YIPaBJICHHUE
HA MMPOLIECH U MHCTAJIALMN B XUMHYECKATa IPOMUILIIEHOCT C U3IOI3BaHE HA CUCTEMH C Pa3MHUTa JIOTHKA.

Texunueckn NaHHM Ha JUCEPTAlMOHHUA TPyX ca: 143 cTp. oOII TeKCT Ha JaucepTanuiTa;42 Home-
pupanu GpopMynu (B JEHCTBUTETHOCT ca MHOTO noseye); 13 tabuuuu; 51 ¢urypu; 135 mureparypun us-
To4YHMKa Oubnuorpadus, kouro nokpusat nepuon ot 1970 r. mo 2024 r. B €3uK0BO OTHOLIEHHE H3TOY-
HUIMTE ca pasnpeesieHy B 13 Ha Obarapckyu e3uK, 2 Ha PYCKH €3MK, a OCTAHAINTE Ha aHTIUICKH.

Ienure 1 3a0a9nTe Ha TUCEPTALMOHHIA TPYA ca AeHUHUPAH KOPEKTHO Ha cTp. 41, KaTo 3a 1en e
HOCTaBEHO ,,pa3paboTBAHETO U MHIYCTPHUATHOTO MPHIOKEHNE HA aTOPUTMHU M CTPYKTYpPH, Oa3vpaHu Ha
PJI n MeTonu 3a cUHTE3 HAa OCHOBA Ha €KCIIEPTHH 3HAHMUS 3a 00CKTa, TCOPHs Ha pOOACTHOTO yIIPaBIEHHE
1 odaiie napameTpryHa onTuMH3amys ¢ 'A%, a 3agaunte ca GopMyHMpaHu B ClieaHaTa MOCIeI0BaTe-
HOCT:

1. U3ygaBane Ha oOeKTa 3a yIpaBiIeHUuE U pa3paboTBaHe 3a LEIUTE Ha CUMYJIALIMOHHH U3CIIe/Ba-
Hus Ha MTCK Mozenu Ha 6a3a Ha JaHHM OT €KCIIEPUMEHTH.

2. CuHTe3 ¥ NMpOMUILJIEHA pealu3allis Ha CHCTeMa 3a peryjMpaHe Ha HHBO Ha pa3tBopa B KK
cse Cyreno PP ¢ Bxof rpemikara, 6e3 kjlacH4ecky MOfIeN Ha 00eKTa Ha OCHOBAaTa Ha €KCIIEPTHH 3HAHUA U
C OTYNTaHE Ha yCJIOBHUATA 32 poOAacTHAa YCTOMYMBOCT U poOACTHO KAYECTBO.

3. Cunres u npoMuiieHa peanusanusd Ha CAY 3a Huso ¢ PP ot PE ¢ aBa Bxoma — rpemka u oc-
HOBHO CMYIIIEHME U C IPEIIKa ¥ IIPOM3BOIHA Ha peryaupyeMara BeTHIHHA.

4. IlpoekTupane, IpOMUIIIEHA peaiu3alius U u3cieapane Ha cucrema ¢ [T APP upes ITPK me-
XaHU3BM 3a ajanrtanud Ha koeduiuentute Ha PP mpu meron 3a cunTe3s upe3 ontumusamms ¢ ['A Ha ma-
pametpute Ha APP.

Temara Ha AUCEPTAMOHHUA TPYJ € aKTyallHa, C €JIEMEHTH Ha Hay4Ha JIEHHOCT U MPaKTUIcCKa pean3a-
1 U ce oKycHpa BppXYy yIpaBJeHHE Ha IpollecH B KapOOHHU3AI[MOHHA KOJIOHA MPH IPOU3BOACTBO HA
KaJLIMHUpaHa coJia, KaTo (hoKyca € BpXY YIPaBICHUE HAa HUBOTO B KOJIOHATA.

2. CTeneH HA NMO3HABAHE ChCTOMHUETO HA MpolJeMa n TBOPUYCCKA HHTEpHpETALMA HA JIUTEC-
PAaTYPHUS MaTepHaJl

ITo oTHONIEHHE HA CTENIEHTA Ha NTO3HaBaHe Ha IpobiiemMa, cyuTaM, ye JokTopanTa Munes CnaBos
€ MHOro f06pe 3ano3Har ¢ npodaemMaTukara. JInTepaTypHUTE U3TOUYHHUIN HOKPUBAT HU3IBUIO U3II0KEHOTO
1o Temara. JIuteparypaTa € KOpeKTHO IUTHpaHa B TeKCTa Ha AUCEPTALlMOHHUSA TpyA. VM3yueHu ca 3Ha4H-
TEJIHO KOJMYECTBO JIMTEPATYPHHU M3TOYHMIM, KAKTO M CHIIECTBYBAIINTE METOIH, AITOPUTMH U MaTeMa-
TUYECKH anapar 3a npoektupane Ha CAY, TexHus aHanu3 u ontuMuszanusd. Jucepranuonsus Tpyn € ¢o-
KyCHpaH BbPXY pelllaBaHe Ha peajeH MpoOieM IpH yIpaBieHue Ha HEeTMHEHHN 00EKTH 1 HaIMYUe Ha I1a-
PaMETpUYHH U CHTHAIHU CMYIIEHUS U [10J00psBaHe Ha Ka4eCTBOTO Ha YIPaBJIEHUE MOCPEACTBOM pa3pa-
6oTBaHe Ha HOBH MoAM(UIIUpaHH perynaTopy Oa3upaHu HA pa3MuTa JIOTUKA. B 00sicHHTENHATa 3amrcKa
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Ca [OKa3aHH MHOXECTBO CKCIICPUMEHTAIHH, CUMYJIAlMOHHY M PEATHH JaHHHU, KOUTO J0Ka3BaT paboToc-
TMOCOOHOCTTA Ha Pa3pabOTEHUTE MOIENH H ATOPUTMH. JJUCEPTALHOHHHST TPy ITOKPHUBA MHOTO [ISUIOBE
OT TCOPHATA Ha YIIPABICHUE Ha MIPOLCCUTE KaTO aBTOMATH3ALMs Ha TEXHOIOTHYHYU POIIECH, TEXHUYECKU
CPeACTBa 3a aBTOMAaTHU3alMsA, PA3MUTO YIPABJICHHUE, ONTHMHU3ALMA U Ipyry. [103HaBaHETO Ha TeOopeTHU-
HHSl MaTcpuajl € MO3BOJIMIIO Ha JIOKTOpaHTa Ja MPHIOXKH HAyYeHOTO Ha INPaKTUKA M a HOCTHUTHE 110
IIPaKTHYEeCKa pealn3alys Ha U3JI0KEHHTE HAYYHH METOIH.

3. CLOTBETCTBHE HA n3opanara METONUKA HA U3CIEIABAHE ¢ NOCTABEHATA IIeJ M 3aa4Yd HA
AUCEPTAIIMOHHHUA TPYA

VI3bpanute B IMCEPTAMOHHHS TP/ ANTOPUTMU B CODTYESPHHU TIPUITOKEHHS HAIIBIHO Y{OBIETBO-
psBaT peanusauuaTa Ha TeMaTukara. M30paHnTe moaxoau ChOTBETCTBAT HA IIEITa U 3aJa9HTe MOCTABEHU
B INCEPTAlMOHHUS TPYA. VI3M0N3BaHNTE METOMM H AITOPHTMH Ca BaJIMAUPAHH Ype3 cOPTYEPHO MOJICIIH-
PaHHsA 1 Ca MPUIIOKEHN NPAKTHYESCKH B PEATHU POM3BOACTBEHH YCIOBHS, KOETO € HPSKO JOKA3aTEICTBO
3a TAXHaTa paboTOCTIOCOOHOCT.

4. Kpatka aHaJuTH4YHA XapaKTEePUCTHKA HA €CTECTBOTO M OIIEHKA HA JOCTOBEPHOCTTA Ha
MaTepualia, BbPXY KOHTO ce I'PaadaT NPUHOCHTE HA ANCEPTALIMOHHUSA TPVYA.

B mepBa rmasa ca pasriaefaHy METOAMTE 3a MOJETMpPAHe HA CHCTEMH 33 aBTOMATH3ALMSA C pasMu-
Ta JIOTAKA, CHHTE3 Ha Pa3MHMTH PETYJIaTOPH, KaTO U METOMH 3a Pa3MHUTO aJallTHBHO YIPABICHUE U Mapa-
METpHYHA ONTUMH3ALMS HA PA3MHUTU CHCTEMH. [ J1agaTa 1o ChIIECTBO MPEACTABISIBA JIUTEPATYPEH 00630D
Ha IIPUIIOKEHUE Ha METOAUTE Ha pasMHUTOTO YIIpaBICHHE B CHCTEMHUTE 3a aBToMarm3anus. B I'maga 2 e
onvcan obekTa Ha ynpasneHne. OGeKTa e peanHa MHIyCTpHaTHa HHCTaTAmusl. TeXHOMOTHYHHS IIpoLEeC €
noxasad Ha /e P&ID nuarpamu mokasanm Ha ¢ur.2.1 u Gpur.2.2, KbIeTO ca MOKA3aHM M KOHTYPHTE Ha
ynpasiienne. B Tasn riasa ca paspaboTeHu M BaTHAMPAHH MOIEIH HAa TEXHOJOTHYHHUS MPOIEC HA YIIPaB-
JIeHHE, KOHTO 110 CHIUECTBO Ce ABsSBA YIpaBleHHEe Ha HABO B KapOOHM3aMOHHA KomoHa. KaTo cMymasa-
Y BB3/ICHCTBUSL Ca MIOCOYEHH HAISATaHETO Ha BBPXa Ha KOJIOHATA U IIPOMEHJIMBOTO TIPOM3BOICTBEHO Ha-
ToBapBaHe. Tyk ca paspaboTenn Moaeny Ha KapOOHH3ALMOHHATA KOJIOHA 6a3UpaHH HA Pa3MHTA JOTHKA.
Tesn mozen ca H3MO3BaHK MO HATATEK B Pa3paboTKaTa 3a MPOBEKIAHEe Ha CHMYJIAIIHOHHN H3CIIE{BAHHS.
I'maeu 3,4,5 1 6 mpeCTaBIABaT CHIIMHATA HA Pa3paboOTKaTa, KbAETO Ca IIPOSKTHPAHH, H3C/ICABAHI U Ba-
JHMPAHK HAKOIKO Moaudukanuyn Ha pasmuty 1T u IIAJ] perynaropu. PesyaraTure ca 0606meny rpa-
¢uuno n TabnuyHO, KaTO ca M3CIeABaHH POOACTHA YCTOHYMBOCT M POOACTHOTO KAYECTBO HA CHCTEMHUTE
32 YIPpaBJICHHE 110 HIKOJIKO MOKasaTens. JJucepTauuoHHUS TPy 3aBbPIIBa ChC 3aK/IIOYEHHE, B KOETO ca
(opMymMpaHn NpeTeHINUTE 38 HAyTHO-IPUIOXKHH U TIPHI0KHH TIPHHOCH.

5. Hayuyum u/mam HAVYHO-NIPUJIOKHH IPHHOCH HA THCEPTANUOHHNA TPV

B nucepranuonnus Tpya ca IpesBeHU MPETEHINH 33 5 HAYYHO-NPHJIOKHH NPHHOCA KAKTO CJIel-
Ba:

1. Wzeenenn ca MTCK mozenu Ha 06€KT OT JaHHH OT CKCIIEPUMEHTH ChIIIACHO METOMKA, IIPEIHA3HA-
YEHM 32 LIEINTE HAa CUMYNAalMOHHU U3Cle(BaHus. MosenuTe ca yCIelHo BAINANPaHy 110 He3aBUCH-
MH €KCIIEPUMEHTAIHU TaHHH.

2. Paspaborenu ca pasznmuunn Bapuantu Ha [T u ITAJ] PP, xakto u PP ¢ KoMmeHcamnus Ha OCHOBHOTO
M3MEPUMO CMYIICHHUE, ¢ M3IIOJI3BaHE Ha €KCIIEPTHU EMIIMPUYHH 3HAHWUS U 3aaeHH YCIOBHUS 33 Po-
OacTHa yCTOHIHBOCT M poGACTHO KAaYeCTBO.

3. Paspaboren e ITM]J] APP Ha ocHosa Ha IIJT PP ¢ BXofoBe rpemkara u mpou3BoHAaTa Ha peryiupye-
MaTa BEIMYMHA U napaieneH JuHeed uarerparop ¢ IIPK agantanus va nmapamerpute My, 3a noao0-
psBaHE Ha IOKA3aTCJIUTE 3a KAYECTBOTO HAa Pa3MHUTOTO YIpPaBJICHUE IPU MPOMEHU B 00€KTa U 3a Ha-
MaJisIBaHe Ha CyOEKTHBHOCTTA Ha €KCIIEPTHHUTE 3HAHWS NIPU CHHTE3a Ha PP,

4. Ananusupana e poGactHocTTa Ha cucTema ¢ IIJI APP(AnanTiseH pa3MHT perysaTop) 4pe3 MOJIH-
¢ukanua Ha 3a4aJeHN YCIOBHS 32 POGACTHA YCTOMYMBOCT M POGACTHO KauecTBO Ha cHucTema ¢ PP
(pasmut perymarop). Ilokasano e, 4e cucremara ¢ APP e exkBuBajeHTHa Ha pPoOacTHA CHCTEMa C
(HKCUpaHU NMapaMeTpu.

5. IMapamerpute Ha nsBenenure MTCK Mozenu Ha oGexTa 1 Ha cunTe3upanute PP ca onTumumsupanu
otaiin ¢ I'A(renernuen anroputsM) Ha 6a3a Ha CHMyJIALMA Ha MOJENHUTE U HA 3aTBOPEHNTE CHCTE-
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MH 3a M39HCIIABaHe Ha npeanoxenn [P (uenesa GyHKIH) M0 TaHHN OT eKCIEPUMEHTH, OKPUBAIIH
obxBata Ha pabora.
.H 3 IPHJIO’KHH NPUHOCH:

1. ExcriepuMeHTaHO € H3CIEABaH CI0KEH TeXHOJIOrHYeH 00eKT 3a ynpasieHue - HuBoTo B KKi (kap-
OoHM3aIMOHHA KOJIOHA), KOHUTO ce XapaKTepU3Upa ¢ HENMHEHHOCT, IIPOMEHIMBOCT Ha MAPaMETPHTE
NpH CMsIHA Ha HaTOBAapBaHe M pabOTHA TOYKA, MOAENHA HEONPEAEICHOCT U BIMIHHUE HA PEAULa HH-
INyCTpUAIHU CMYIIEHU.

2. Paspaborennre PP u APP ca peanusupanu B IIJIK(nporpaMupyeM JIOrHYeCKH KOHTPOIEP) ¢ 06O
IpeTHa3HAYCHUEC, B KOWTO JIMIICBA HHCTpyMeHTapuyM 3a PJI(pa3mura jtoruka). 3a usrpaxmane Ha Jl-
gactra Ha [TAJ] 2B1M PP (pasMut peryaaTop ¢ aBa BXOAQ M €IHMH M3XO0[) € M3M0JI3BaHa IPOH3BOJI-
HaTa Ha PeryiupyemMara BeIM4nHa, M39HMCIIeHa KaTo KpalHa pa3iuKa Ha ABa (pHiIThpa OT THIA IIbJ-
34110 CPEHO, KaTo 10 TO3W HAYMH CE€ HaMaJsBAT MMKOBETE U LIIyMOBETE MPU JU(EPEHIIPaHE.

3. PaspaboTeHnTe cuCTEMH ca M3cieBaHu upes cumynanuu B MATLAB u upe3 ekcriepuMeHTH B pe-
aJIHO BpeMe ¢ paboTela NPOMHUIILIEHA HHCTaNalus. [loka3aTenTe 3a Ka4eCcTBO Ha YIIpaBIeHHE ca
OIICHCHH U CpaBHEHH. BLBenen e 0000meH nokaszaTen, KOHTO MOAIIOMAra CpaBHUTEIHMS aHaJIH3 10
pas3IMYHUTE OLECHKU Ha U3CIICABAHUTE CUCTEMHU

IlpremMaM mpuHOCHTE 3a OCHOBATENIHH UM apryMeHTHpanu. [IpuHOocHTe ca B 06J1acTTa Ha Ch3JaBaHe Ha
HOBY MOAM(MUMPAHK CTPYKTYPH 33 YNPABICHHE HA CIIOKHM HENMHEWHHU MPOLECH TIPU HAIMYUe Ha Na-
PaMETPUIHH ¥ CUTHAJIHM CMYIIECHHUS ¢ IPHIOKEHUE HA TEOPHUATA HA Pa3MUTUTE MHOKeCTBa. TeopeTnu-
HUTE pa3pabOTKH ca BHEIPEHM M NMPAKTHYECKH PEAlM3MpaHy B PEAHM TEXHONOTHYHU mpouecd. Te ca
3alIUTECHH C MHOTO IIPUMEPH, IpaUKU U PE3yNTaTU OT U3CICABAHMATA, KOUTO IIOKA3BaAT ChCTOATEIHOCT-
Ta Ha JUCEPTALMOHHUA TPYA ¥ NPHIOKUMOCTTA Ha PE3YJITATHTE OT HETO.

6. OleHKA 3a CTENEeHTa HA JHYHOTO YYaACTHE HA THCEPTAHTA B IPMHOCHUTE

Cunram, 4e IUCEPTALMOHHMA TPYJ, KAKTO U IPHUHOCHUTE KBbM HETO Ca CaMOCTOSTEIHO AEN0 Ha
nokTopanTa. ToBa MO€ MHEHHME CE€ OCHOBaBAa Ha INPEJOCTaBEHHUS MaTepHal, HaydyHHTE MyOIMKalMu C
y4acTHETO Ha JOKTOpAaHTa U mpe3eHTauusTa Ha Marepuanute npel HC na karenpa AHII na ®akyarer
ABTOMaruka.

7. IlpenieHKka Ha MyOJHKALMHTE MO JHCEPTAIMONHNA TPYA: Opoii, XapakTep HA W3IAHUSITA, B
KOHUTO ca oTiieyaTanu. OTpakeHne B HAYKATA — M3II0JI3BAHE M IUTHPAHE 0T APYIH aBTOPH, B APYTH
Ja00paTOPUH, CTPAHHU U Np.

ITo Temara Ha AucepTauuATa aBTOPBT MMa IecT myOnukaruu. EnHa OT TSX € caMOCTOSTENHA B
roguiuHuka Ha Texanuecku yausepeuteT — Cous, a OCTaHANINTE ca B ChaBTOPCTBO C HAYYHUS MYy PBKO-
Boauten npod. 1 CHexana Mopaanosa u apyru aBTopy. Te My6GIMKYBaHH B MEXK/IyHAPOJHH CIIHCAHHS
u xoH(depennun. Yetupu ot nyOIMKAIMUTE Ca B CIIUCAHUS, KaTO eqHOTO OT TaX € B QI 3a 2024 r. ¢ SJR
1.093, nBe cnmcanms ca B Q4 s SJIR 0,215 3a WSEAS Transactions on Systems and Control u SJR 0,155
3a Jordan Journal of Electrical Engineering. O6must 6poii Touku no pasgen I' ua §14 or IIII3PACPE e
80 ¥ maned HaAXBBHPIIA U3UCKYEMUSI MUHIMYM OT 30 TOUKH.

Benuky my6nukanun oTpasssaT ChUIECTBEHN €TANK U Pa3jieli OT pa3paboTBaHaTa B JUCEPTAIHS-
Ta TEMaTHKa M IIOKa3BaT NPEACTaBUTEIHO HAKOU OT IOCTUTHATUTE PE3yJITATH.

KBM KOMIUTEKTa TOKYMEHTH 110 pOLEaypaTta € IPeACTaBeH CIUCHK ¢ 14 nmuTHpaHns Ha myOsnka-
LUATE U II0Ka3Ba OTPa3sABaHETO Ha Pe3yJITaTUTE 110 JUCEPTAllMOHHMUS TPY/ B MEXKIyHAPOIeH Maiao.

8. M3nos13Bane HA Pe3VJITATHTE OT JHCEPTALMOHHHS TPYA B HAVYHATA U COIMAJHATA NPaK-~
Tuka. Haauune HA OCTHTHAT NPSIK HKOHOMHAYECKH edexT M mp.

Or Hay4Ha rjieiHa To49Ka pe3yJITaTUTE Ca OTPAa3CHU aACKBATHO ITOCPEACTBOM peauLa HY6HI/IK3HI/II/I
U TsAXHATa IIPHUIIOKHUMOCT B HaYUCH acCIICKT CC IIOTBBPKAaBa OT IPHJIOKEHUA B JOKYMCHTAIIUATA CIIMCHK
C IUTHpAHUs B peaulia MEXAYHApPOJHHU CIIMCAHUA U KOH(I)GPCHL[I/II/I.

Pesynrature OT OUCEPTALMOHHUSA TPYJ Ca pealM3MpaHd B pealHa IIPOM3BOJCTBEHA MHCTATAIMS
Yype3 Ch3/1aBAHETO HAa QYHKIMH M NMPOIEAYPH 32 IMPOrpaMHPYeEM JIOTHIECKH KOHTposiep. Te3u pe3yaTaTu
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ca ToKa3aHu B ['1aBu JBe, TPU M 9ETHPH Ha JUCEPTAlMOHHUS TpyA. He ca mpencTaBeHn MOKYMEHTH 3a
peaTH3NpaH HKOHOMUYECKH €(EKT, KOETO HE OMATOBaKaBa MPAKTHYECKHS ACTIEKT HA HAMpPABEHATa Pas3-
padoTka.

9. OneHKa HAa CLOTBETCTBUETO HA aBpTOpedepara ¢ M3MCKBAHMUSITA 32 H3TOTBAHETO MY, KaK-
TO H Ha A1€EKBATHOCTTA HA OTPA3SABAHE HA OCHOBHMHTE IOJI0KEHUS M MIPUHOCHUTE HA AU CePTALMOH-

HHUA TPV

AropedepaTsT € H3roTBeH 00eM oT 32 ctpanuim. O6eMbT M CHABPKAHUETO My ca CHOTBETCTBHE
C M3MCKBAHMATA M OTPA3siBAT B IBJIHA CTENEH OCHOBHHTE MOJIOXKEHUS, KOHIEIIUHN U pa3paboTKH B 1U-
CepTallMOHHHUSA TPY.

10. Muenns, IpenopbLKku U 0ejIeKKn

CrpsAiMO CTaHOBMILETO MU KbM JUCEPTALMOHHUS TPYH Ha HpeaBapureiHara sammrarta npeg HC
Ha karenpa AHII, @A, cienpa 1a mojguepras, 4e CHIIECTBEHUTE OEIEKKH ¥ IPENOPHKA B CPABHEHHUE C
¢uHaTHATA BEPCHS HA AUCEPTALMOHHUS TPY/ Ca KOPUTHPAHU U OTCTPAHEHH.

11, 3akaI0UeHHe ¢ OLEHKA HA JUCEPTANMOHHUS TPV

OnensiBaM MOJIOKHTETHO PE3YNTATUTE M KaueCTBOTO Ha auceprauuonnus tpyn PASMHUTO
YIIPABJIEHUE HA TEXHOJIOI'MYHU ITPOLHECH OT XHUMHYECKATA IIPO-
MUINJIEHOCT na mar. na:k. Mujed Huxomaes CiaBoB. Toii mpencrapisaBa CHCTEMEH U 3a-
IBI00YEH HAYYHOU3CIENOBATENCKH TPYA ChC CBOUTE NOKA3aHH M MOTBBPIECHU PE3yITaTH, U B KOMTO
TpyZ 0Opa3oBaTellHaTa M HayJHATa CHCTABSILIN HA JUCEPTALAATA Ca U3IIBIHECHH.

Huceprammonnust tpyn PASMUTO YIIPABJIEHHUE HA TEXHOJOI'MYHMU ITPO-
HECH OT XUMHNYECKATA ITIPOMUIIJIEHOCT na mar. unk. Muinen Hukonaes Ciia-
BOB OTroBaps HallbJIHO Ha M3UCKBaHMATA Ha 3aKoHa 3a Pa3BuTHETO Ha AKaJeMHUYHUS CbCTaB B Pemny0-
nuka bearapus, Ha IlpaBunnuka 3a npunarane Ha 3akoHa 3a Passuruero Ha Axkamemuunus CBCTaB U Ha
KONMYECTBEHUTE N3UCKBAHUA 32 KAYECTBO HA AMCEPTALMOHEH TPy Ha HOPMAaTUBHHUTE JOKyMeHTH Ha TV -
Co¢us. ABropedepaThT 0Tpa3sBa IIEIHO U MPEACTABUTEIHO OCTUTHATHTE B AUCEPTALIMOHHHS TPY] pe-
synratd. [lybnukanuuTe, BKIIIOUYCHH B aBTopedepara Ha AMCEPTALMOHHYS TPY. MPEACTABAT HETOBH OT-
JeHu CheTaBsmu. KaTo us10 ca HanMie H3MCKBAaHUATA KbM JUCEPTALIMOHHMA TPY/ U B Hay4Ha, ¥ B 00-
pasoBaTeHa HaCOYEHOCT, a paboTaTa € JIMYHO JeJI0 Ha JOKTOPaHTa.

Karo ce mma npeasu ropensnoxkeHaTa 1 apryMeHTHpaHa MOJI0KUTETHA OI[EHKA 38 TIPEACTABEHHS
nucepranuoned Tpya Ha teMa PASMUTO YIIPABJIEHUE HA TEXHOJIOI'MYHU IMPOLECHU
OT XUMHNYECKATA MPOMMIIJIEHOCT, cu no3eossiBaMm [a npeioxa Ha uneHosere Ha Hay4no
XKypu B npouemypara 3a 3alluTa, Ha3HAYE€HO ChC 3amoBex Ha r-H Pexropa TY-Cogus Ne OXK-5.2-
79/16.10.2025 1, na 6b1e npEchAeHA Ha Mar. HHK. Mwten Hukonaes CnaBos 00pa3oBaTenHara U Hayd-
Harta CTEeH “AOKTop” B IMpodecHoHanHOTO Hampasienue 5.2. Enekrporexnuka, Enexrponrka u ABTO-
MaTuKa* (ABTOMaTH3alusa Ha MPOM3BOJCTBOTO)KBM Kateapa ,,ABromaru3auns Ha Henpekscuature [Tpo-
m3pozcTea® npu A Ha TY-Codus.

06.01.2025 Perensent: /2z/
Codus (mou. n-p Mertonu I'eoprues)
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1. Relevance of the problem developed in the dissertation work in scientific and applied sci-
ence terms. Degree and levels of relevance of the problem and specific tasks developed in the disser-
tation

The dissertation is dedicated to the design of automatic control systems for processes and installa-
tions in the chemical industry using fuzzy logic systems.

Technical data of the dissertation are: 143 pages of total text of the dissertation; 42 numbered
formulas (there are many more); 13 tables; 51 figures; 135 literary sources bibliography, which cover the
period from 1970 to 2024. In terms of language, the sources are distributed in 13 in Bulgarian, 2 in Rus-
sian, and the rest in English.

The goals and objectives of the dissertation are defined correctly on page 41, with the goal being
“the development and industrial application of algorithms and structures based on fuzzy logic and synthe-
sis methods based on expert knowledge of the object, robust control theory and offline parametric opti-
mization with genetic algorithms”, and the tasks are formulated in the following sequence:

1. Study of the object for control and development for the purposes of simulation studies of modi-
fied Takagy-Sugeno-Kang (MTSK) models based on experimental data.

2. Synthesis and industrial implementation of a solution level control system in carbonization col-
umn with Sugeno fuzzy regulator with error as input, without a classical model of the object based on ex-
pert knowledge and considering the conditions for robust stability and robust quality.

3. Synthesis and industrial implementation of a level control system with fuzzy regulator with two
inputs — error and main disturbance and error and derivative of the regulated process.

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

The topic of the dissertation is current, with elements of scientific work and practical implementa-
tion and focuses on process control in a carbonation column in the production of soda ash, with the focus
on level control in the column.

2. Degree of knowledge of the state of the problem and creative interpretation of the literary
material

Regarding the degree of knowledge of the problem, I believe that the doctoral student Milen
Slavov is very well acquainted with the issues. The bibliography fully covers the materials presented on
the topic. The literature is correctly cited in the text of the dissertation. A significant amount of literature
sources has been studied, as well as existing methods, algorithms and mathematical background for the
design of automatic control systems, their analysis and optimization. The dissertation is focused on solv-
ing a real problem in controlling nonlinear objects and the presence of parametric and signal disturbances
and improving the quality of control by developing new modified controllers based on fuzzy logic. The
material shows a lot of experimental, simulation and real data that prove the working capacity of the de-
veloped models and algorithms. The dissertation covers many parts of the theory of process control such
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as automation of technological processes, elements of industrial automation, fuzzy control, optimization
and others. Knowledge of the theoretical material has allowed the doctoral student to apply what he has
learned in practice and to achieve practical implementation of the presented scientific methods.

3. Compliance of the chosen research methodology with the set goal and objectives of the
dissertation work

The algorithms and software applications selected in the dissertation fully satisfy the implementa-
tion of the topic. The selected approaches correspond to the goal and tasks set in the dissertation. The
methods and algorithms used have been validated through software modeling and have been practically
applied in real production conditions, which is direct evidence of their workability.

4. A brief analytical description of the nature and assessment of the credibility of the mate-
rial on which the contributions of the dissertation are built.

The first chapter discusses the methods for modeling automation systems with fuzzy logic, syn-
thesis of fuzzy controllers, as well as methods for fuzzy adaptive control and parametric optimization of
fuzzy systems. The chapter essentially represents a literature review of the application of fuzzy control
methods in automation systems. Chapter 2 describes the control object. The object is a real industrial in-
stallation. The technological process is shown in two P&ID diagrams shown in Fig. 2.1 and Fig. 2.2,
where the control loops are also shown. In this chapter, models of the technological control process are
developed and validated, which essentially is level control in a carbonation column. The pressure at the
top of the column and the variable production load are indicated as disturbances. Here, models of the car-
bonation column based on fuzzy logic are developed. These models are used further in the development
to conduct simulation studies. Chapters 3,4,5 and 6 represent the core of the work, where several modifi-
cations of fuzzy PI and PID controllers are designed, investigated and validated. The results are summa-
rized graphically and tabularly, and robust stability and robust quality of control systems are studied by
several indicators. The dissertation ends with a Conclusions, where the claims for scientific and applied
contributions are formulated.

5. Scientific and/or scientific-applied contributions of the dissertation work

The dissertation claims 5 scientific and applied contributions as follows:

1. MTSK models of an object were derived from experimental data according to a methodology
intended for the purposes of simulation research. The models were successfully validated on independent
experimental data.

2. Different variants of PI and PID fuzzy controllers were developed, as well as fuzzy controllers
with compensation for the main measurable disturbance, using expert empirical knowledge and set condi-
tions for robust stability and robust quality.

3. PID adaptive fuzzy controller was developed based on PD fuzzy controller with inputs the error
and derivative of the regulated process value and a parallel linear integrator with parallel distributed
compensation adaptation of its parameters, to improve the quality indicators of fuzzy control in the event
of changes in the object and to reduce the subjectivity of expert knowledge in the synthesis of fuzzy con-
troller.

4. The robustness of a PID system with an adaptive fuzzy controller is analyzed by modifying the
given conditions for robust stability and robust quality of a system with a fuzzy controller. It is shown
that the AFC system is equivalent to a robust system with fixed parameters.

5. The parameters of the derived MTSC models of the object and the synthesized FFs are opti-
mized offline with a GA (genetic algorithm) based on simulation of the models and closed systems for
calculating the proposed OF (objective function) based on experimental data covering the scope of work.
and 3 applied contributions:

1. A complex technological control object - the level in a carbonation column - was experimentally
studied, which is characterized by nonlinearity, variability of parameters when changing the load and op-
erating point, model uncertainty and the influence of several industrial disturbances.
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2. The developed fuzzy controller and adaptive fuzzy controller were implemented in a general-
purpose PLC (programmable logic controller), which lacks a toolkit for fuzzy logic. To build the D-part
of the PID 2110 FL (fuzzy regulator with two inputs and one output), the derivative of the process value
was used, calculated as the final difference of two moving average type filters, thus reducing peaks and
noise during differentiation.

3. The systems developed were studied through simulations in MATLAB and through real-time ex-
periments with a working industrial installation. The control quality indicators were evaluated and com-
pared. A summary indicator has been introduced to support comparative analysis of the different assess-
ments of the systems studied.

I accept the contributions as well-founded and reasoned. The contributions are in the field of cre-
ating new modified structures for controlling complex nonlinear processes in the presence of parametric
and signal disturbances with the application of fuzzy set theory. The theoretical developments have been
implemented and practically realized in real technological processes. They are supported by many exam-
ples, graphs and research results that demonstrate the validity of the dissertation work and the applicabil-
ity of its results.

6. Assessment of the dissertation candidate's personal participation in the contributions

I believe that the dissertation work, as well as the contributions to it, are the independent work of
the doctoral student. My opinion is based on the materials provided, the scientific publications with the
participation of the doctoral student, and the presentation of the materials before the Academic Council of
the Department of ANP of the Faculty of Automatics.

7. Assessment of publications on the dissertation work: number, nature of the editions in
which they are printed. Reflection in science — use and citation by other authors, in other laborato-
ries, countries, etc,

The author has six publications on the topic of the dissertation. One of them is an independent one
in the yearbook of the Technical University - Sofia, and the rest are co-authored by his scientific supervi-
sor Prof. DSc. Eng. Snezhana Yordanova and other authors. They are published in international journals
and conferences. Four of the publications are in journals, one of which is in Q1 for 2024 with SJR 1.093,
two journals are in Q4 with SJR 0.215 for WSEAS Transactions on Systems and Control and SJR 0.155
for Jordan Journal of Electrical Engineering. The total number of points under section I of §14 of the
Regulations for the implementation of the Law on the Development of the Academic Staff of the Repub-
lic of Bulgaria is 80 and far exceeds the required minimum of 30 points.

All publications reflect significant stages and sections of the topic developed in the dissertation
and show representatively some of the achieved results.

A list of 14 citations of publications is presented with the set of documents for the procedure and
shows the coverage of the results of the dissertation work on an international scale.

8. Use of the results of the dissertation work in scientific and social practice. Presence of
achieved direct economic effect, etc.

From a scientific point of view, the results have been adequately reflected through several publi-
cations and their applicability in a scientific aspect is confirmed by the attached documentation list of ci-
tations in a number of international journals and conferences.

The results of the dissertation work have been implemented in a real production installation by
creating functions and procedures for a programmable logic controller. These results are shown in Chap-
ters two, three and four of the dissertation work. No documents have been presented for the realized eco-
nomic effect, which does not belittle the practical aspect of the development made.
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9. Assessment of the compliance of the abstract with the requirements for its preparation, as
well as the adequacy of reflecting the main points and contributions of the dissertation work.

The abstract is a 32-page volume. Its volume and content comply with the requirements and fully
reflect the main points, concepts and developments in the dissertation work.

10. Opinions, recommendations and notes

Regarding my opinion on the dissertation work of the preliminary defense before the SC of the
Department of ANP, Faculty of Automation, I should emphasize that the significant notes and recom-
mendations compared to the final version of the dissertation work have been corrected and removed.

11. Conclusion with evaluation of the dissertation work

I positively evaluate the results and quality of the dissertation work FUZZY CONTROL OF
TECHNOLOGICAL PROCESSES IN THE CHEMICAL INDUSTRY by M.Sc. Eng. Milen Niko-
laev Slavov. It represents systematic and in-depth research work with its proven and confirmed results,
and in which the educational and scientific components of the dissertation are fulfilled.

The dissertation work FUZZY CONTROL OF TECHNOLOGICAL PROCESSES IN THE
CHEMICAL INDUSTRY by M.Sc. Eng. Milen Nikolaev Slavov fully meets the requirements of the
Law on the Development of the Academic Staff in the Republic of Bulgaria, the Regulations for the Im-
plementation of the Law on the Development of the Academic Staff and the quantitative requirements for
the quality of dissertation work of the regulatory documents of TU-Sofia. The abstract fully and repre-
sentatively reflects the results achieved in the dissertation work. The publications included in the abstract
of the dissertation represent its individual components. In general, the requirements for the dissertation
work are present in both the scientific and educational direction, and the work is the personal work of the
doctoral student.

Considering the above-stated and reasoned positive assessment of the presented dissertation work
on the topic FUZZY CONTROL OF TECHNOLOGICAL PROCESSES IN THE CHEMICAL IN-
DUSTRY, I take the liberty of proposing to the members of the Scientific Jury in the defense procedure,
appointed by Order of the Rector of the Technical University of Sofia No. OX-5.2-79/16.10.2025, to
award M.Sc. Eng. Milen Nikolaev Slavov the educational and scientific degree "Doctor" in the profes-
sional field 5.2. Electrical Engineering, Electronics and Automation" (Production Automation) at the De-
partment of "Continuous Production Automation" at the Faculty of Engineering of the Technical Univer-
sity of Sofia.

06.01.2025 Reviewer: 4
Sofia (Assoc. Prof. PhD Eng. Metody Georgiev)

Bg/@w ' 57,94/('2 A2 AR

4/4



