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Bbpxy Ar,rcepraurroHeH TpyA sanpugodvBaHe Ha

o6pa:oearenna kt :aaylrta crerren ,,4oxTop"
e npo$ecnoHaJlHoro HarrpaBJIeHlIe 5.2. EnercrporexHr{Ka, Enerrponrrra ra ABToMarr,rKa"

(Aeroruarus aqtAr Ha npoueeo4creoTo)
aBTop Ha ALIcepTaqIroHHI{fl rpy.U: Mar. r,rH)r(. Mu;ren Huxonaen Cranos

TeMa Ha lucepTarluoHHrrfl TpyA:

Paluuro y[paBJreHl{e Ha rexHoJrornqHrl rrpoqecrr or xr{MrlqecKara rrpoMlrruJreHocr
c pbxoBoArrrer upo$. Au Cuexaua fropAauoaa

or AorI. a-p Merogu leopruee leopruer

1. Anryarnocr na pagpadorsaHrrq r AucepraquoHHuq rpyA npo6,reM n HayqHo ll Hayquon-
purtoxtto otltotueune. CreneH u nraea ua axryaruocrra Ha upo6,.reMa rl KoHrperHr.rre gaAaqrl,
paspa6oreHu e A[cepraq[sra

flr,rceptaquoHnrrf,T tpyr e [ooBereH Ha rrpoerrrrpaue Ha crrcreMil 3a aBToMarr,rrrHo yflpaBnenlre
Ha npoqeopl lI I4HCTIIJIaIII{LI B xI{MI{qeCKaTa IIpOMI{IIIJIeHOCT C H3IIOJI3BaHo Ha CI{CTeMI4 C pa3MI4Ta JIOTLIKa.

Texnv.IecK[.qaHHI,I Ha AI,IceprauLIoHHI,Iff rpyA ca: 143 ctp. o6rq rercr Ha Ar{ceprauvtna;A2 HoMe-
pI,IpaHI,I Soprvryrn (n AefictnraterrHocr ca MHoro uoneue); 13 ra6nuqu; 51 lpr,rrypu; 135 nureparypHr{ r43-

TotIIruKa 6z6nuorpafiI{fl, KoI{To noKp}IBar [epr4oA or 1970 r. w 2024 r. B egprroeo ornorrreHr4e ]r3Torr-
HpIuI4Te ca pa3npeAeJleHl,r B 13 na 6r.nrapcKr{ e3HK, 2 ruapycxu e3rrK, a ocraHaJrr4Te na anrnuficru.

I{enure lazaIlaqr4Te Ha AI,IcepraIILroHHvtfl.TpyA ca 4eQrnuparu.r KopeKTHo Ha crp. 41, raro 3a rlen e

rlocraBeHo ,paspa6o:rnalrero u ltn1ycrpprirJrHoro [pr,uroxeHr4e Ha aJrrop[TMr{ H crpyrTypu, 1awrparuu rua

PJI u rraeroAl,I 3a cI,IHTe3 Ha ocHoBa Ha eKclreprHu 3uaur4fl, sa o6exra, Teopr{ff ua po6acrnoro yrrpaBJreHr4e

lr otf.nafin napaMerpuqHa orrrrrMr,r3arl]m c fA", a 3aAaqure ca Soprvrylupa*n B cJreAHara rrocJregoBareJr-
HOCT:

1. I,lsyuanane ua o6exra 3a yflpaBneukre a paspa6omane 3a qeJrHTe Ha cuMyaaqr4oHHrl r{3cJreABa-

Hur.Ha MTCK MoAeJrr{ laa6aza Ha.qauHr,r or eKcnepr{MeHTu.
2. Culalez u npoMpllrrJreHa peiullr3ar\ufllna crcreMa 3a peryJrrrpaHe Ha Hr{Bo Ha pa3TBopa s KKr

ctc Cyreno PP c BxoI rperlrKara, 6es KnacuqecKl,I MoAeJr na o6erta Ha ocuoBara Ha eKcrreprrrtr 3HaHr{r r,r

c oTqr.rTaHe Ha ycnoBurra sa po6acrna ycrofiur4BocT u po6acrno KaqecTBo.
3. Cuntes u ilpoMl{luneua pealll,I3aurrfl Ha CAY sa Hr,rBo c PP or PE c lsa BxoAa - rperrrxa il oc-

HOBHO CIuy[IeHI,Ie I4 C rpeIIIKa Ia npoI,I3BOAHa Ha peryfifipyeMaTa BeJIIIqLIHa.

4. flpoertupaue, rpoMr,rruJreHa peanr,r3arlr.rfl r,r rz3cJreABaHe Ha clrcreMa cIILII,APP upes fIPK rvre-

xaHI,I3bM ga a4anrarys. ua xoe$rzqueHTlrre na PP [pr,r MeroA 3a cr,rHTe3 qpe3 orrrlaMn3ar\ylfl, c fA na ua-
paMerprre Ha APP.

Tevrata Ha AI,IcepraIIrIoHHI,I{ TpyI e aKryaJrHa, c eJreMeHTr,r Ha rra}nrHa,{efinocr r [paKTr,rqecKa peaJrr,r3a-

IJufl. u ce Sorycupa Bbpxy ynpaBnenr,re Ha rrpoqecn n xap6oHr43arl?roHua KoJroHa rrpI,t npou3Bo.{crBo Ha

KirJrrtrHHr4pama corya, xaro fioxyca e Bbpxy ylpaBJreHr,re Ha HuBoro B KoJrouara.

2. Crenen na noguanaue crcronu[ero na npo6neMa rl rnoD.recxa unrepnDeraq[s Ha flure-
I}ATYPHIIfl MATEPITAJI

flo otnorueHl,Ie Ha crerleHTa Ha [o3HaBaHe ua upo6neMa, cqlrraM, qe AoKTopauta Munen Cnasos
e MHoro 4o6pe 3a[o3Har c npo6nenrarnKara, Jlnreparypnr,rre u3TorrHrru[ rroKpktBar r43rl.,rJro kl3JroxeHoro
rlo reMara. Jlureparypara e KopeKTHo ulrrlrpaHa B Tercra Ha lr4ceprarlLtoHHr4.f, TpyA. I43y.{eHr,r ca 3Haqu-
TeJIIIO KOIr,rqeCTBO JrlrTepaTypHl4 IA3TOTIHLIUII, KaKTO r4 CbrqeCTByBaUI[Te MeTOArr, aJrropr{TMrr rr MaTeMa-

Tr,rqecKr.r anapaT 3a rrpoeKTr4paHe Ha cAy, TexHLt, aHuil43 kt ortrr4Mkr3a\ux. [ucepTaur4oHHr4.rr rPY,q e oo-
KyclrpaH Bbpxy peuraBaHe Ha peaJreH upo6nevr [prr ynpaBneHwe Ha nenr,rnefiHr.r o6errr MHalrkrqkre Ha rra-
paMerpIlrlHrI r,r curHarrur4 cMyrrleHux z nogo6prBaHe Ha KarlecrBoro Ha ylpaBJreHr,re [ocpe.4crBoM prrpa-
6oreaHe Ha HoBr{ rrao4n(frqupaHr,r peryJraropu dazwpaur,r Ha pa3Mrrra JroflaKa. B o6scHrarenHara 3a[r4cKa
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ca troKa3aHE MHoxecrBo eKclepEMeHTirJrHr4, cl4MyJrarluoHHr,r I,I pearrHlr IaHHV, Kot4To .{oKa3Bar pa6oroc-
noco6nocrra na paspa6oreHlare Mo.{eJrr{ rd anrop}rrMu, fiucepraur4oHulr.,rr rpyA floxprrBa MHoro ArJroBe
or reoparlTa I{a y[paBJIeHI,Ie Ha rrpoqec]rre Karo aBToMarrrcaL\Lrfl, Ha rexHoJror]rqHr4 flpouecn, TexHurrecKz
cpeAcrBa 3a aBToMarl{3arJvtfl., piIgMI4To ynpaBneHue, orrrktMr{3a\k fl, yt ApyM. flosuaeaHero Ha reoper}rq-
HrIrI Marepr{a[ e rIo3BoJrrrJIO Ha AOKTOpaHTa Ia flpr{noxr4 HayqeHoro Ha IIpaKTHKA H Aa ,{OCTr{fHe .{o
rrpaKTI.MecKa pea"Ilrl3arlufl HA rI3JIOXeHr,ITe HayqHI,r MeT0AII.

3. crornercrr[e na lrgdpaHara MeroA[xa Ha uscrennaHe c nocraneHara uer u ganaqlr Ha
NIICEDTAUIOHHI.Ifl TDV]I

Llzdparture B Auceprarll{oHnrlf, TpyA aJlropkrrMvr*t coQryepnu npr.rJroxeHr4s HarrbJrHo yAoBnerBo-
pflB,ar peilJrr,r3arlu{Ta Ha reMarr,rxata. Lls6paHure flo.qxoAr,I cbQTBercrBar Ha ueJrra u saTarrure nocraBeHpr
B AI4cepraIIIroHHI,rrI TPYA. I4snoJrcBaHrITe Mero.qH r,r a[ropr4TMw ca l,a[ruI.ktpaHr4 rrpe3 co$ryepno MoAeJrrr-
paHIJ'fl. I{ Ca [prrJroxoHl,I npaKTr4qecK[ B peanHr,r [por{3BoACTBeHI,I yCJrOBr4r, KOerO e rrpfKo AoKa3aTeJrATBO
3a rflxHara pa6orocuoco6uocr.

4. Kparrca ana.[raru.rua xaparcrepuctulca Ha ecrecrnoro g oueHra Ha Aocrosepuocrra Ha
Marepuana. nrpxy xoftro ce rpaAqr upuHoc[re Ha AuceprauuogH[n rpyA.

B nrpra HraBa ca pa3rJIe.{aHH MeroArrre 3a MoAeJrr{paHe Ha cncreMr,r 3a aBToMarilgarJktfl c pa3MH-
Ta Jrou{Ka, crIHTe3 Ha p[l3MI4TU peryJraropr4, Karo r4 Merollll 3a pa3MHTO aAarrrprBHo y[paBJreHkre r,I flapa-
MerpI,IrIHa orrTl,IMrrcaqufi. Ha pagv.r4Tu clrcreMra. lnasara no ctrrtrecrBo rrpeAcraBJrrBa nr,rreparypeH o6sop
Ha rlpunoxeHl,Ie Ha MeroAlITe Ha pa3Mr.rroro yrrpaBneHlre B ckrcreMrrre 3a aBToMarr,r3a\krs.. B frasa 2 e
oIIucaH o6exra Ha yrlpaBJresue. O6ercra e peaJrHa prHAycrpr{aJr*a u*craJtaqrax. Texnoroil4qHufl npoqec e
rIoK€l-3aH Ha,4Be P&ID .utarpaMI4 rloKa3aHrr ua $2r.2.1 u $ur.2.2, KbAero ca [oKa3aHr,r kr KoHrypr,rre Ha
y[paBJreHple. B msu rJIaBa ca paspa6orenu u r;anutrupanil Mo.qeJru Ha rexHoJrorvlr*ufl npoqec Ha ynpaB-
JIeH?Ie, rofito no cr"ulecrBo ce flBflBa yrrpaBneHrre Ha HrrBo r rap6onusarluouHa KoJroHa. Karo curyqaea-
rqu ersAeficrBus. ca flocoqeul4 HaJlsraHero Ha Blpxa Ha KoJroHara r4 rlpoMeHJrlrBoro npor,r3Bo.qcrBeHo Ha-
ToBapBaHe. Tyr ca paspa6omul Mo,4enu na rap6onrasaqrrouHara KoJroHa lazupauu Ha pa3Mr.rra Jrorr{Ka.
Te:u uo4el ca u3[oJI3BaHIa rro Hararbr e paspa6orraraga npoBexAaHe r{a cr,rMyJraq}roHHr,r pr3cJre.{BaHr4r.

fnasu 3,4,5 u 6 npe4craulrlBar cbtlllrHara na paspa6orKara, KbAero ca [poeKTupalvr, vacile1Balu kr Ba-
nilI'krpa]Ju H.uKoJrKo rrto4uSuraqkrnHapa3Mu'tuflJdn III,II perynaropu. Pesynrarure ca o6o6rqeHr4 rpa-
Snuno r,r ta6nzqHo, Karo ca I43cJIeABanz po6acrua ycrofivzBocr r{ po6acrnoro KarrecrBo Ha cr.rcreMr4Te
3a y[paBneHrle IIo H.,IK0JIK0 [oKa3areJUI. fluceptaqproHH]r, TpyA 3aBBpruBa cbc 3axnroqenze, B Koero ca
$oprrrynnpairr4 npereHrlrlr,rre 3a r{arrHo-rrp[Jroxgrr r.r [puJroxHrr [pr,ruocr.r.

5. Hay.rHr.r u/rlrtl Hayqno-npuroxrrn FpuHocu Ha.qficeprauuonHfis rpyA

B gucepraqrloHHl,Ifl rpya ca npeAflBeHlr npereHur.ur sa 5 uayuno-[prrJro]ftHrr flprrHoca KaKTo cJreA-
BA:

1. I'IsseAeHra ca MTCK MoAeJru na o6exr or AaHHr{ or eKcrrepuMeHTu cbnracno Merogr{Ka, npeAHa3ua-
qeurl 3a IIenLITe Ha clrMyJrarluouHlr usclre4Banux. Mogelute ca ycrremHo BanIlAr,rpaHr.r tlo He3aBr,rcr4-
MI,I eKCIIepI,IMeHTiLIrHLI .qaHHpI.

2. Paspa6orenu capa3nuqHl,I BaprraHTu:rraIIVTu[II4[PP, raxr:o ll PP c KoMneHcarlprflHaocuoBHoro
I43MepI,IMO CMyIIIeH[Ie, C LI3IIOJBBaHe Ha eKCIIepTHrI eMlrrrpHqHu 3HaHzrr u Saila4eHtr ycnoBr{.E 3a p0-
daquaycrofiuueocr u po6acrno KaqecrBo.

3. Paspa6oren e fII4[ APP na ocHoBa ua fI,{ PP c nxogoBe rperrrKara rr npor.r3BoAuara Ha peryrrr4pye-
Mara BerI,IqvIHa kr [apaJreJleH Jr[rHeeH r,rHTerparop c fIPK a4arrra:r\wfl Ha rrapaMerpnTe My, sa noAo6-
p{BaHe Ha uOKa3aTeJII,ITe 3a KaqecTBoTo Ha pa3M}IToTo yrrpaBneHlre [prz rIpoMeH[ s o6eKra pr 3a Ha-
MaJL[BaHe ua cy6ertnBHocrra Ha eKcneprHr,rre gHaHI4flilpqt cr{HTe3a na PP.

4. AtruwzupaHa e po6acrnocma Ha cr.rcreMa c lIVl[, APP(A4auruBeH pa3Mzr peryrarop) qpffi MoAkt-

$raxaqux Ha 3aAaAeHu ycroBnfl sa po6acrna ycrofiur.rnocr [r po6acrno KaqecrBo na cucreua c PP
(pasrraut perylatop). floragaHo e, qe cucreMara c APP e eKBraBaJreHTHa Ha poOacrna crrcreMa c
(pmcnpauu rapaMerpr,r.

5. flapanaerplme Ha ,I3Be.qeHLITe MTCK MoAenH ua o6erra vt Ha ctrrrg3ltpaHtrre PP ca orrrrMr,r3r.rpaHr4
o$lafiu c fA(renervqeH arroputrrvl) *talazaHa cuMynarlprfl.HaMo.qeJrrrre r4 Ha 3arBopeHzTe cr{cre-
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MI,I3a pI3qLIcJItBaHe Ha IrpeAJloxeuu I]@(uenera Synnqzx) rro AaHHu or eKcrrepfiMeHr]r, [oKpr4Barrl]r
o6xeara ua pa6ora.

u 3 upu;roxHrr flpr.ruocrr:
1, ErccneprMeHTaJIHo e I,I3cneABaH cJroxeH TexHoJrornqeH o6eKr 3a yrrpaBneur,re - HIaBoro n KKn (rap-

6oun:aquonna ronona), roftto ce xaparTeplrglapa c nenuuefinocr, [poMeHJr]rBocr Ha [apaMerpr{Te
npI,I cMJIHa Ha HaroBapBaHe Ir pa6orna rorrra, MoAenHa Heonpe,4eJreHocr rr r.rrwrnue Ha peAurla vH-
Aycrpr,riuHn cMyrrleHr,rr.

2. Pazpa6oreHllre PP u APP ca pea.rllr3llpaHr B llJlK(uporpaMrrpyeM rroruqecKr,r ronrponep) c o6uo
[peAHa3HarIeH]Ie, B r<ofito JIIr[cBa r,rHcrpyMeuTapr,ryM ea PJl(pa.:nrura norrra). 3a rsrpaNgane ua,{-
qacrra uallklfizBl, PP foasrvrur perynarop c ABa BxoAa n e1prr r{3xoA) e u3roJr3BaHa rrpor,r3Bo.{-
Hara Ha peryJll4pyeMara Belil4qkrHa, I{3lrl.rcJrena Karo xpafiua pa3Jrr.rKa Ha .{Ba (rrlrrupa or rurra rrbJr-
3rIIIo cpeAHo, Karo rro ro3pl HarIIrH ce HaMaJrrrBar nl{KoBere r,r [ryMoBere upu prSepenqrnpane.

3. Paspa6oreHure cucreMl4 ca I,I3cJreABaHu qpe3 cvMyila\!fir e MATLAB u rrpe3 eKc[ep[MeuTrr B pe-
aJIHo BpeMe c pa6oteqa upoMI,IIIIJIeHa krmcraJra:qlas. florasareJrure 3a KaqecrBo Ha yrrpaBnemile ca
oIIeHeHrI I,I cpaBHeHI{. Brne4en e o6o6qen noKa3areJr, rofito rroAnoMara cpaBHrrreJrHlafl, anan:rzr3 rro
paSnI4rIHI,ITe OUeHKI4 Ha I&CJIe.4BaHlITe CT4CTeMLI

Ilpneuau ilpl,Iuoclrre 3a ocuoBareJrHrr r4 apryMeurrdpairu. flprHocure ca s o6racrra Ha cb3AaBaHe Ha
HoBI.r MoAuorEqupaun crpyKTypkt 3a y[paBneHr4e Ha cJroxHr4 senpruefiHra llpoqecu [pr4 Hiuu4rrHe Ha rra-
paMgrpI,Ir{H}I u cIrrHiIrIHI4 cMyIUeHI,r, c [punoxeHr,re Ha reoprrflTa Ha piBMr,rrl{Te MHoxecrBa. Teoperuu-
H[Te piBpa6otrn ca BHeApeHV Lt ilpa](iTl/LqecKLl pearrr43r{paH}r B peaJrHr{ TexHororr4r{Hr{ npoqecil. Te ca
3aIqI,ITeHu c MHoro [pHMep[, rpaouxu I{ pByJrrarr,I or r,r3cJreABaHyMT\ Kor,rro [oKa3Bar cbcroflTeJrHocr-
Ta Ha AucepTarlr4oHHktf, Tpylu npr,rJroxr4MocTTa Ha p*ynTaTr,rTe oT Hero.

6. Ouenxa 3a creneHTa Ha JrrrrrHoro HA NI{CEDTAHTA B TIDIIHOCIITE

C.rrarau, qe A[cepraur4oHu]I.f, TpyA, KaKTo r,r [pI4HocI4Te KbM Hero ca caMocrorreJluo Aeno Ha

IoKTopaHTa. Toea Moe MHeHI{e ce ocHoBala Ha [pelocrareHr{, Marepr4aJl, Hayrrgure uy6nuxarfqtu c
yqacrl4ero Ha AoKTopaHTa n rrpe3eHTarlrz;rra Ha Marepr4irJrrrre rrpeA HC na Karerpa AHfI na @arynrer
AsroI,IaTlIKa.

7. Ilpeuen$a ua ny6r+rcau[ute no a[ceprau[ounus rpyA: 6pofi. +aparrep na nrAanr.rsra, s
Korrro ca orrleqarauu. Orna)r(eHr{e B Havxa'TA - U3TIOJI3BAHE [I UIITIIDAHE OT NDVIII ABTODII. B NDVTII
;ra6opa'ropult, ctpauu u up.

flo teuata Ha Al4cepra:qll,frTa aBTopbr LrMa rrlecr uy6rurcauuu. Erna or rflx e caMocroflTeJrua B

roArrrlrHr4Ka na TexnzqecKl,I yHI,IBepcI,lTer - Co$nx, a ocraHirJrr4Te ca B cbaBTopcrBo c HayqHr{-f, My pbKo-
BoArreJr npoQ. An Cuexana fropAanoBa H WWu aBToprr. Te uy6rurxyBaHr.r B MexAyuapo AHvr rlifiicaHu;.
u xout[epeuquu. rlerupn ot ny6maKarlu]rre ca B crrucaHrrrr, Karo eAHoTo or rsx e n Ql sa2024 r. c SJR
1.093, rBe crllrcaHufl. caB Q4 s SJR 0,215 za WSEAS Transactions on Systems and Control u SJR 0,155
sa Jordan Journal of Electrical Engineering. O6rquxr 6pofi ro.rrn ro p€BAerr f na $14 or IIII3PACPE e
80 u.uaneq HaIxBtpJu pr3r,rcKyeMr,r{ Mr,rHr,rMyM or 30 ro.mu.

Bcu.rru uy6nunaqrarr orpa3rBar cbruecrBeHrr erarru ?r pa3AeJrlr or paspa6orBaHara B A?rceprarllrr-
Ta TeMaTI,IKa U EOKa3BaT ITpeACTaBIITeJIHO HfiKOI4 OT TIOCTI,ITHaTnTe pe3yJrTaTr4.

Kru xovrnneKra AoKyMeHTu tro npoqeAypara e [percraBeH cnrtcbx c 14 gttrupanns, Ha ny6nnxa-
IIHLITe LI [OKa3Ba OTpasf,BaHero Ha pe3yJrrarl4Te rro Araceprarl[oHHtl, rpya s MexAyHapo4en uarrla6.

8. IlgrorsnaHe Ha pegyi[Ta]ilure or ArrceprarlrroHHrrr{ TpyA B Hayquara r{ courraJrnara rrpaK-
Trrra. Hanuqrae Ha rrocrr,rrHar rrKoHoMurrecrcu e6ercr u nD.

Ot uayuua rneAHa roqKa pffiynrarl4Te ca orpa3eHpr aAeKBarHo rrocpe.{crBoM peAur{a rtylrrurwluu
v TflxHaTa rIptIJIoxpIMocT B HarreH ac[eKT ce [oTBbpxAaBa oT upl{JroxeHz.rr B loKyMeHTaururTa crllrc5K
c t\Lrrupalaptx B peAr,rqa MexAynapoAlrtu crtficanlnx u ronfepeHurtu.

Pesynra:rure or .4uceprarJuronHlrfl. TpyA ca peaJrrr3rrpaHr.r B peanHa rrpolr3BolcrBeHa rrHcraJrauu.,{
qpe3 cb3AaBaHero na Synxquu H flpoueAypla 3a [porpaMupyeM rorurrecKu KoHTpo.nep. Te:r p%yJrrarpr
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ca noKa3al{rr B fnaBI,I ABe, TpI,I u servpv Ha Ar,rceprarlproHHr4, TpyA. He ca [peAcraBeHu AoKyMeHTV 3a
peaJrI,BlIpaH I4KOHOMI,IqeCKI'r eoeKT, KOerO He OMaJTOBaN(aBa [paKTr4qecKuq ac[eKT Ha HarrpaBeHara pa3-
pa6orra.

9. Ouenna na crorsercrsuero Ha asrope6epara c lrsucrtraHusra ga [srorssuero rdy. KaK-
.TO E HA AAEKBATHOCTTA HA OTPA3flBAIIE IIA OCHOBHIITE TIOJIO}I(EHI{fl II IIPITHOCIITE HA AIICEPTAUI-IOH.
Htrfl TPYN.

Anrope(peparbr e rmorBeH o6elt ot 32 crpanttgn. O6elmt la ctrbp)KaHr.rero My ca csorBercrBfie
c I43r,IcKBaHLrflTa u orp:tsf,Bar B rrbJrHa crerreH ocHoBurare rroJroxeHr,r"rr, KoHIIenrIr4ra u paspa6orKr,r B A]I-
cepraqr.roHHmrpya.

10. Mnerurs. upenoDrxu r.r 6enexru

Cnpxruo craHoBl,Iqero MI{ KGM ALIcepraII}roHHr{fl TpyA Ha [peABapprreJrHara 3arrl]rrara npe.u HC
Ha KareApa AH[I, @A, cnegra .4a rro4leprafr, qe cbrrlecrBeHrare 6enexrr,r u flperroptKr,r B cpaBHeHr4e c
$rnanuara Bepcrrx Ha Ar,rceprarlrroHHr.rfl TpyA ca Kopr{rprpaHpr r4 orcrpaHeHr4.

l1.3axnro.reHue c oueHrca Ha A[ceprauuoHHr.rq rpyA

OIIeHsnaM rIoJroxI{TeJrHo pe3yJrrarr.rre ll KairecrBoro Ha Ar.{cepraunon:oufl. rpyg PA3MI4TO
yTIPABJIEHI{E HA TEXHOJIOrr4qHr,r [pOqECr4 OT XI4MT4qECKATA rIpO-
MI4IIIJIEHOCT Ha Mar. rrHx. Mn;reu HuroJraes Cnanos. Tofi upe1craBrrflea cr4creMeH r.r 3a-

Arr6o.reu HafrHolrccneAoBareJrcKrz TpyA cbc cBor4re AoKa3aHr.r pr norB6pAeHr4 pe3ynrarpr, vr e Kofiro
rpyg o6pa3oBareJrHara rr HafrHara c[craB.f,rrlr4 Ha rr{ceprarlttflTa car,r3rr6JrHeHr{.

flzcepmqzoHHrr.rrr rpya PA3MI,ITO yIIPABJIEHI,IE HA TEXHOJIOIIIIHI,I [PO-
UECII OT XIIMI,IqECKATA TIPOMI,IIIIJIEHOCT ua Mar. rrH]K. Mu;res Hurco;raer C.xa-
BoB orroBapq HarlbrHo r.au3ktcKBaHnflTa ua 3axosa saPassutkrero Ha Ara4euuvuvrfl cbcraB e Peuy6-
nuxa Ernraprrfl., Ha flpaewnnura 3a np[raraHe Ha 3axona sa Pa3szr[ero Ha Axa4errazunus. Cbcras v Ha
KoJrlrqecrBeHLITe I43LIcKBaHwfl.3a KaqecrBo Ha Ar4cepraulroHeH TpyA Ha HopMarlrBHrrre AoKyMesuE na TY-
Co$zx. Anrope$eparbr orpa3rBa rrtJrHo r,r [peAcraBrrreJrHo nocrr{rHarr4Te B Ar4cepraurrouHrur rtrlya pe-
3yJrrarl,I. fly6nvraqulrre, BKJrroqeHV B anrope{epara Ha Ar,rceprarlr{oHHrrfl rpyA npeAcrar,flT HeroBr{ or-
AenHrr ctcraB.alqv. Karo uf,no ca HaJrr{qe vB?rcnBanvrflTa K6M Ar{ceprarlr4oHHr{f, TpyA r,r B Haf{Ha, u e o6-
pa3oBareJrHa HacoqeHocr, a pa6otara e rurrHo Aeno Ha AoK"opaHTa.

Karo ce raMa rIperBI4A ropev3JroxeHara r{ apryMeHTnpa*a noJroxvreJrHa oueHKa 3a rrpeAcraBeur{.fl

rrrceprarluoHen rpyA Ha reMa PA3MI4TO yIIPABJIEHI4E HA TEXHOJIOII4qHII IPOIIECII
OT XI,IMI,IqECKATA IIPOMI,IilJIIEHOCT, cv nosBoJr.rBaM Aa rpeAnoxa Ha rrrreHoBere na Hayuuo
Xypu B npolleAypara 3a 3aruura, Ha3HaqeHo crc 3auoeeA Ha r-H Per:ropa TY-Co$ux J\le OX-5.2-
79116.10.2025 r, ga 6t4e upnctAeHa Ha Mar. IrHx. Munen HzKonaes Cnasos o6pasorareJrHara fi :uayq-
Hara crerleH "AoKTop" e npo@ecroHaJlHoro HalpaBJlenr.re 5.2. Ener<TporexHr,rKa, Ener<rponttKav Aero-
MarHKa" (Anrouarusaqlrfl Ha npol,I3BoAcrroro)xrna KareApa ,,ABToMarrz3arlvrfl. na Henpexrcnarzre flpo-
u3Bo.4crBa" npz @A na TY-CoSzx.

06.01 .202s
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on a dissertation for the acquisition of the educational and scientific degree "Doctor"

in the professional arca 5.2. Electrical Engineering, Electronics and Automation (Production Automation)
author of the dissertation: MSc. Eng. Milen Nikolaev Slavov

Topic of the dissertation:

Fttzzy control of technological processes in the chemical industry
Supervisor: Prof. DSc. Eng. Snejana Jordanova

reviewer: Assoc. Prof. PhD Eng. Metody Georgiev Georgiev

1. Relevance of the problem fleveloped in the dissertation worB in scientific and anplied sci-
ence terms. and levels of relevance of the blem and soecific tasks ed 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 to2024.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 4L, 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-
mizationwith genetic algorithms", and the tasks are formulated in the following sequonce:

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 fuznJ regu,lator 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 fazzy 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 fu2ry 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. Desree of ofthe state ofthe problem and creative 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 bibliogrryhy 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 qualify of conkol by developing new modified controllers based on fazzy logic. The
material shows a lot of experimental, simulation and rcal 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 sfudent to apply what he has
learned in practice and to achieve practical implementation of the presented scientific methods.

3. Compliance of the chosen research methodologv with the set qoal an4 obiectives of the
dissertation work

The algorithms and software applications selected in the dissertation fully satisff 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 an descrintion of the nature and assessment of the of the mate-
rial on which contributions of the dissertation are built.

The first chapter discusses the methods for modeling automation systems with fuzry 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 conkol
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. Z.Z,
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 fazzy logic are developed. These models are used further in the development
to conduct simulation sfudies. Chapters 3,4,5 and 6 represent the core of the work, where several modifi-
cations of fuzry 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 scienti{ic-anplied contribqtions of thg dissertatiq{r 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 fazzy 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 fazzy 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 analyzedby modifying the
given conditions for robust stability and robust quality of a system with a fiizzy 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 characterizedby 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 corrtroller 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 2IlO FL (fu2ry regulator with turo inputs and one output), the derivative of the p.or.r, uul6
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 w"re eral.rated and com-
pared' A summary indicator has been introduced to support compaiative analysis of the different assess-
ments of the systems studied.

I accept the conhibutions 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 fu2ry settheory. The theoretical developments have been
implemented and practically realized in real technological processes. They are support"d by -uny 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 candi4ate'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.

Assessment the nature
which thev are Reflection in science - u and citation bv other authors. 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 superv!
sor Prof. DSc. Eng. Snezhana Yordanova and other authors. They are published in intemational journals
and conferences. Four of the publications are in journals, one of which is in Ql for 2024 with SJR 1.093,
two journals are in Q4 with SJR 0.21 5 for WSEAS Transactions on Systems and Control and SJR 0. 155
for Jordan Journal of Electrical Engineering. The total number of points under section f 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 the dissertation work in scientific and 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 prenaration. as
well as the adequacv of reflecting the main points and contributions of the dissertation;ork

The abstractis a3}-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 thg dissertation work

I positively evaluate the results and quality of the dissertation work FUZZY CONTROL OF
TECIINOLOGICAL 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 disSeTtation woTK 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 lopic FUZZY CONTROL OF TECHNOLOGICAL PROCESSES IN TIIE 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 fteld 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
Sofia
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Reviewer /*-/
(Assoc. Prof. PhD Eng. Metody Georgiev)
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