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OAnYJ.li ET ABTOMATVIKA.

fu. {e/-3ft6,{'e",ZnEY PErIEHStrfl

Bbpxy ALICepraIIroH eH TpyA 3a rprrAo1wsarte Ha o6pa3oBareIIHATAfi

Ha)rrIHa CTe,,eH,,AOKTOP"

Anrop Ha AucepraIIlIoHHIrlI TpyI: MaI. IrHx. Mupoc.rlaBa EoHqena Eapaxapcxa

Teua Ha AI,IcepraIILIoHHLtf, TpyA: Ilpoerrupaue II peaJIII3aUIIfl Ha MeToAIr 3a

rroAoopflBaHe Ha AHHaMIIKaTa Ha II3MepBaIIIIflTa B

errcreMrrre 3a yrlpaBJreHr{e

flpoifecuoHaJlHo HaflpaBlle]Hue:5.2 EnerrpotexHnKa, eneKTpoHvrKau aBToMarI{Ka

Hayuua C[eIIIltZuIHOCr: fIpuJIOxeHue Ha IIpIIHIIUIII{Te II MeTOAI{Te Ha

K[6epHerI'IKara B pa3[utIHV odnacrvt Ha Hayrara

I{nen Ha Ha) IHo xypr: fletro Xpncron flerros, A.r.H., rpo6ecop

1. AxryanHocT IIa pa3pa6ornaullfl B AIIcepTaUIIoHHI{fl TpyI rpo6JIeM

I,lsuepnaueTo Ha TeM[epaTyp a u ]MACA CA ilrlA CsUIeCTBeHI',T upo6neu]I, KOIITO Bb3IIUKBaT IIpII

paSpa6OrnaHeTo Ha IIH.UycTpI,IanHlI CHCTeMII 3a y[paBJIeH]Ie' Btnpexra yorrexI,ITe B Ta3I'I o6lact'

uogo6pxnaueTo Ha cKopocTTa rI TOqHOCTTa Ha IBMepBaHe Ha Te3H BeJII4tII,.IdVIB IIpHcscTBI',IeTo Ha

r,rHTeH3IrBHH IIIyMoBe ocTaBa eAlla cepflo3Ha 3a.qaqa' Toea o6ycnanx neo6xo'UutvtocT'ra oT

SaArn6o.IeHlI I{3cJIeABawlg) KOuTo }lMaT KaKTo TeOpeTI'ItIHa, TaI(a ta flpalcTfltlecKa HacOqeIIocT'

Ero gaulo [peAcTaBeH ara palora e aKTyaffIa, H3BbpIIIeHuTe ]I3CJIeABAHVIA Ca nepcneKTI{BHI{ I{

rroJrJrrreHl'ITe pe3yJlTarfl Morar Aa 6tI.at [pI{JroxeHI'I Ha rrparTfiKa'

2. CreueH Ha rro3HaBaHe Ha CbCTOflHIIeTO Ha IIpooJIeMa [I TBOprIecKa

rllrTep[peTaurrfl Ha JrrrTepaTypHrrf MareprraJr

TerCtr:r Ha AI{CepTaIIuoHIIaTa pa6ora IIoKiBBa, rle aBTopKaTa ce e 3a[o3IIaJIa saArI6O'IeHo c.6c

cGBpeMeHEI,ITeM9ToAI,I3aaflaJIu3I,IcHIIIe3HacI{cTeMI,I3ayIIpaBJIeHI,IeB4pI{c6cTBEeToHa
IlIyMoBe,KaTo[o[ytIeH}ITepe3yJITaTI{,qeMoHcTpI{paT,qeT,MoxeAaIlI3IIon3BaycfleruHoTe3I,I
MeTOAI,I3aIIOJITIaBaHoHaI{0B}Ipe3ynTAT:/_IIpUEpoeKT}IpaHeToIIac}IcTeMI'I'XapaKTepI'I3I{paqLl
ce c [o-Ao6po rauecTBo Ha flpoqecl'ITe. B guceptaUq4sTa ca qI'IT]IpaHI'I 93 nuteparypuu

r,r3TorrHr,rqfi, orgacrrqil ce Ao reMar a Ha lucepraql,IoHuara pa6ora, IIpI4 Koero e [oKa3arro ,uo6po

BnaAeeHe Ha MareplraJla B pa3rnexAaHara Ha)rqHa o6nact' I4snrpueno e cpaBHeHl're c

rr3BecTHlITe oT JII,ITepaTypaTa pe3yJITaTlI, KoeTo e AaJIo Bb3MoxHocT Aa ce HaIIpaBLI o6ermsHa

lpeueHKa 3a [peA]IMCTBaTa ]I HeAocTaTbq[Te Ha IIpeAJIOXeHI{Te oT IIet MeTo'{u'
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3. CrornercrBrre na us6paHara MeroArrKa Ha rr3cJreABaHe c rlocraBeuara
ueJr [r 3aAaqII Ha ArrcepraurroHHrrfl TpyA

Merograrara 3a H3cne,marre B .${cepraufionHara pa6ota ce 6asupa Ea I,t3rIoJI3BaHero Ira

pe3ynTaT[Te Ha cbBpeMeHHaTa Teopr{-f, Ha yrrpaBJreH}IeTo }I [o-cleuuaJrHo Ha Teopl{flTa Ha

ofrrr4MaJrHara ([urrpaqux. ,{ucepranrxara e paspa6otuna HoB}r H e ycbBbpllreHcrBaJra

cbrqecrByBatrIil MeroAu vt utropurMvt sa uogo6p-aBaHe Ha AulaavturKara Ha rrsMepBau.rz.flTa B

cucreMr{Te 3a yqpaBnenr,re, oco6euo 3a cJryqal,rre Ha 3HarI}ITeJIHo cboruorueHrle Ha MotrIHocrra

Ha rnyMa KbM Ta3r,r Ha IIoJIe3HI1IS crrrHaJr s rrptt MoAeJr Ha rrcMepBaHeTo 3aB]Ic[M oT I,BMepBAHATA

serfiqlaaua. B rlrJrocr, rroJr5nreHr{Te pe3ynrar}r norBbpxAaBar HaTIBJIHo BzIJIr.[AHocrra Ha

wz6panara MeroArrKa Ha lrccneABaue.

4. Kparma aHaJrrrrrrqua xapaKTeprrcrr{Ka Ha ecrecrBoro Lr oIIeHKa, Ha

AOCTOBepHOCTTa Ha MarepvailA

flpegcraneHara Auceprarllrouua pa6ora ce cbcrou ot 7 trasu II ccAbpxa o6ulo 148 crpauuqu.

B rn.l, cJreg KoMlereHTeH [perJreA ua rpo6neMr{Te H MeroAI{Te, cBbp3aHI{ c H3MepBaHero Ira

AuHaMr{qHo [poMerrrrrlu ce BeJrrrquHu (ocnonno reM[eparypa u uaca) B c]IcreM]rre 3a

ylpaBJIeHIle, e HaupaBeH lr3Bo.ua, .re Haft-uoAxoAf,rllu 3a IIeJrra ca MeroALITe, rrplt KoLITo He ce

ra3noJr3Ba MoAeJr Ha r,BMepBanero. @opuynupaua e ocHoBHara rlen Ha AI,rcepraqHoHHLIrI rPYil, a

r,rMerrHo la 6'sxar parpa6orenu HoBr.r u Aa 6rp;a't ycbBtprrreHcrBaHlr crlrlecrByBallllrre MeroAu LI

irflropr,rrMll sa nogo6pxnaHe Ha Ar,IHaMHKara Ha H3MepBauulna B c]rcreMl,I 3a yrrpaBJleHrre,

oco6eno B cJryrraure Ha rr[cro cborHorrreHne cfirlaaJt/urpr v ilpvt MoAen Ha IiBMepBaHero,

3aBr{cHM OT r8MepBarrara Benr,rquHa.

B rx. 2 e npegpoxeH Mo.qurpuqupan MeroA sa no4o6pflBaue Ha I,BMepBaHwITa B cLIcreMI{ 3a

yflpaBneur,re, rrplr roft:ro He ce rlsrroJrsBa Molen Ha qpolleca. Karo flnlocrparllBH]r rIp]IMepI,I ca

pa3ilreAaHr{ qpoqecfiTe 3a }BMepBaHe Ha TeMlepaTypa fi I0laca B cHcTeMa 3a ylpaBneH}Ie.

flpe4noxeHlrrr Mero.( e cpaBHeH c6c crarrAapren (fznrup na Kanrvran, Hacrpoeu rro MoAeJra Ha

[3MepBareJrnr{f, rrpoqec. I,Iecne.qsa*vt ca cnoficrsara Ha MeroAa rrprl pa3nI{.rHI,I ctofiHocr}I Ha

,urrclepcr{flTa Ha r,BMepBareJrHr{r uryM. flonyuenrre pe3yJlTar[ [oKa3Bar rpe.ql,IMcrBtra Ha

nao4z(puqupaHr,r, MeroA sa ro4o6pxnaHe Ha IBMepBaHr,IrITa, Aopfi pr trpvr I,BnoJBBaHe Ira ceH3oprl

C NO-HI,ICbK KJIAC HA TOITHOCT.

B rn. 3 e npe4noxeH Mero4 sa no4o6p.flBaHe Ha 74ptnaur4r;dta Ha I{3MepBaHI{nra, da:;,tpar^ Ya

ivro4r,r(prErprpau HeJruHeen lpanmp ua Kanuan. Togu MeroA e npl4rroxrIM 3a II3MepBaHlr.f, Br,B

BpeMero, [pr{ Kor{To MoAenbr Ha H3MepBaHe gauucu or u3MepBaHarar,eIrrqr4na. Karo rrplaMep 3a

[punoxexr,rero Ha rosr,r Mero4 ce pa3nrexAa no4o6prBaue Ha A]ruaM]rKara Ira rtMepBarlero Ha

npoMeHrrrla ce BbB BpeMero vraca. OcuosHara rleJr e Aa ce yBeJrr,r.llr cropocrra Ia roquocrra Ira
rpoqeca Ha rrcMepBirne. 3a qenure Ha cpaBHeHlrero e flpoeKT]rpar14 crau4apreH JrI,IHeeH t[nnttp
sa Kanrrrau sa no4o6pxBaHe Ha Ar,IHaMlrKara Ha H3Mepraue, rofito e clluTe3upar 3a (pnrcrpana

crofinocr Ha Her,BBecrHara Maca. floryrenure pe3ynrarll [orBbpxAaBar rrpeA]rMcrBara Ha

flpegJroxeHr,r, MeroA, 6azupanHa HeJrrrreeu $urrrp ua Kanuan.
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B rn.4 e rrpeAnoxeH HoB MeroA rre]r3[oJr3Barrl Mo.qeJr Ha r,rcMepBarrero sa uogo6prBaHe Ha

flrrpoMeH{rrl}rre ce BbB BpeMero A}rnaMratrHra r,rsMepBa'rrv$., 6arnpau Ha oprororaJreH MoAeJI Ha

Jlarep. 3a pasnrra or cbrrlecrByBarrlr.rre MeroAr,r, [peAlroxenrurr MeroA MoAeJr]rpa rpoqeca Ha

H3MepBaHe c oproroHaneH MoAeJr na Jlarep BMecro cbc crrerlr{Suuen MoIen or rLIn rpafina
raMrryJrcHa xapaxTepr,rcrr{Ka. flo ro3r,r Harrr,rH rofi cbqeraBa rrpe,qrrMcrBara Ha Mero.quTe

Her,B[oJr3Barrlr,r MoAen ]r rroAxoAa n u4eurn(pvrKa\uflTa, upn rofiro ce ]BrroJr3Bar oproroHa;IHrl

MoAenlr. MeroArr e BarruAr{pau c flprrMep]r 3a rBMepBaHe Ha reMrlepurypa I,I Maca.

B m. 6 ca npe4JroxeHu ABa HoBrr Mero,qa, 1azrupann Ha MHoroMoAeJreH JrI,IHeeH $rump ua

Kanuan u Ha MHoroMoAeneH Jrr,rHeeH Hoo $unrrp, Kor{To uo4o6pmar Luuauil:rara Ha

fipoMeH.rq1[r ce BbB BpeMero r,BMepBaHfis. MeroAure ca oco6eHo rrpr{JroxuMl{ B cnytait rua

I,r3MepBaTeJIeH IIpOqeC, qlrlrTo MoAen 3aBl.,cvt oT rl3MepBalIdta BeJIIIqIIHa BKJIIOTITITeJIHO I,I 3a

rrpoqecu c Br,rcoKo cborHorrreHr{e myil( KbM noJre3eH cHrHaJr (censopu c uo-HLIcBK KJrac Ha

rouuocr). florry.ruure pesyJrrixru noKul3Baxr, qe AopI{ ]r caMo c 3 ([unrupa B MorenHara 6aJr<a,

aJrroplrrMlrre no4o6pxnar 3naqr,rreJruo Ar,rHaMr,rKara Ha ceH3opa. flpegroxeuure Mero.qll

rrpeAcraBrr Bt3MoxHocru 3a 6rAerqu reoperr,rqHr,r r,BcnegBaur{f,, cBbp3aHu c 6pox Ha MoreJMTe

B MoAeJruara6antxa, c pa3nr.rqHfl aJlropr.rrMlr 3a orlpe,qeJrrne Ha renroBHl,rre xoetfnqueHTr{ Lt Ap.

B uocneAnuta,T-arutaBa, e rrcBbpmen cpaBHrrreneH anaJrlr3 ua paspa6oreHr,ITe Mero,ql{, Karo 3a

rleJrlrre Ha cpaBHeHrreTo e rrpoBeAeH clrMynaqraoHeH eKc[epr,rMorm 4p[r [poMHrtrIH ce BrB

BpeMero reMleparypauMaca. Oopuyrnpamu ca Il [pr,rHoc]rre Ha rorceprarlfloHrrara pa6ora.

flo 4rcepraqlrorrnara pa6ora ca HarrpaBeun 5 rry6nuKaquu, Karo rpr,r or rflx ca r.rH,{eKc}rpaHr{ B

Scopus u2 -rl:ss Web of Science.

B pa6orara ca cbrreraHu ycrrerrrHo reoperrrrHlr rrccneABaHr.r, c noJrfraBaHe Ha HafrHo-
npranoxHr{ pe3ynTaTH, KoeTo e ,4aJro Bs3MoxHocT Ha Ar{cepTaHTKaTa Aa npeAcTaB}r eAHo

Ha[bJrHo 3aBbprrreHo r,r3cJre.{BaHe. @opnryrr4paur ca rrer HafrHo-qpr,rJloxn]r w EBa npI4JroxHLI

rrpr,rHoca, KoHTo HarrbJrHo cEorBercrBar Ha rBJroxeHrTe B 4wceprar\LrfrTa pByJITarLI.

I,lsnoxeuuero e JIomIHo flocrpoeuo, tIocJIeAoBareJIHo lr,cHo.

5. OcnonHrl HayrIHo-[pI{JroxHI{ 11 [prrJroxHrl [prlgocrr

Karo uo-crqecrBeHl{ Ha}rurHo-flpl{JroxH}r flpuHocrl, floJrfrerl{ or AI,IcepraHTKara, Morar Aa ce

or6enexar:
- flpe4noxeH e Morr,r$nqupau Mero,q sa no4o6psBaHe Ha r,r3MepBalaurTa B cucreMll 3a

yflpaBJreur{e, qpr,r rofiro He ce r,r3rroJBBa MoAen Ha nporleca. Tofi e rroJrfreu Karo cbqecrByBarrl
MeTOA e Aopn3Br,rr 3a OrIeHrBaHe Ha npoMerrrrqa ce BbB BpeMero [r3MepBaHa BeJILFI]IHa.

flpe4noxeHr,rrr MoAu$uqupan Mero,u e cpaBHeH cbc craHAaprHI,IrI $rrmp Ha Kaluan,
HacrpoeH rro MoAeJra Ha lrcMepBareJtrrr,rfl qpoqec. flpegnoxeHo e .qa ce I,I3Bbprlrsa o6ocHonan
us6op Ha pe.qa Ha orleHf,BaHr{fl MoAen na 6asara ua un(popMarlr{ouHr4fi tIoK:BareJI na Axafire.
?IscreAnaHr ca ceoficrsara Ha Mero,{a rrpu pasrflrrHr,r crofinocrr.r Ha Arrc rrcpcwffa Ha

I,I3MepBarenHr{fl Iuylu. florry*reuute pe3yJlTa[r rloKa3Bar [pe.ryIMcrBara Ha rrao4n(puqrpanrx
MeroA sa no4o6paBaHe Ha r,r3MepBaHr,rf,Ta, Aopu u rrpu rnrroJr3BaHe Ha ceu3oplr c HucbK KJIac Ha

TOTIHOCT.
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- flpegnoxeH e MeroA 3a floAo6pmaue Ha Ar{HaMvrKara rra }rsMepBayffItra, 6asllpan ua

ruogu(pnqupaH pa3mlrpeu Srump na Ka.nuan. To:u MeroA e rIplInoxI,IM B cJryrlar Ha

flpoMeHrrrla ce BbB BpeMeTo I.r3MepBaHa BeJr]rq]rHa, KoraTo MoAeJrbT Ha ]GMepBarre 3aB]rcl{ oT

Ta3u rlpoMeHJrlrBa. Pa6orocnoco6nocrra My e [poBepeHa sa c[y$s. na nogo6prBarre Ha

Ar{HaMr,rKara Ha rBMepBaHe Ha vraca. Cruo raKa 3a rIenLITe Ha cpaBHeHuero e [poeKTI{paH

Jrr,rHeeu (pranrsp na Kanrraau sa t[uxczpana crofinocr Ha Heu3Becrnara Maca. flonyrenure
pmynrarr{ rrorBbpx,{aBar npeA}rMcrBara Ha METoAa, 1atupau Ha pirrlr4penua Srnrup ua

Kanuan flnpe,u MeroA a, 6azvpan na xnnefina KarrMaHoBa SIanrpaqHx.
- Ilpe4noxeH e MeroA HeH3[oJr3BarrI Mo.ueJr sa uogo6pxBaHe Ha [poMeHsIqI,ITe ce BbB BpeMero

,uHHaMuqHn r,BMepBaulrr, 6aztrpan Ha oproroHaJren MoAer ua Jlarep. Tosu Mero,{ e ro,4xoAttrI

3a anepuoAraqnra rrpoqecu Ha rsuepnane. 3a puBn[Ka or ctlrlecrByBalqrrre MeroALI

HeH3[OJr3BarrI[r MOAeJr, rrpeAnoxeHr{.f,T MeTo,u MoAeJILIpa 4polleca Ha [BMepBaHe c opToroHaJIeH

MoAen na Jlarep BMecro cbc creqlr$zueu Mo.{eJr or rLrrr rpafiua uMrryncHa xapaKTepnc. vtna-

flpe4noxeHlrJrr MeroA orlerrflBa lrMepBaHara BeJrHq[Ha 6rpso I,I TorIIro c Mo,[eJI or rIo-HrIcr"K

peA or orleneHra, c KoHBeHrIr{oHaJreH MeroA HerBloJr3BarII MoAeJr, oco6eno rrprl HI{cbK KJrac Ha

TOTIHOCT Ha CeH3opa.

- flpe4noxeH e MeroA Her,r3rroJr3Barq MoAen, 6asnpan na ([ynruxx ua Kayq, r<ofiro nogo6pxna

AHHaMLIKaTa Ha r.BMepaamuflTa, Korrro ce [poMeHflT BbB BpeMero. MeroArr e [pEnoxI{M B

cryruia Ha ocqr{nqpauy'rone6areireH [poqec Ha r-BMepBaHe c BI,IcoKo cborHorlreH]Ie myM Kr,M

rroJre3ex cr{rHaJr. Ocnonuara pa3Jr}rKa Mex,(y [peAJroxeHI,IrI MeroA [I KoHBeHII]roHaJrHI,L MeroA

HeH3[OJBBarrI MOAen e Tr{II5T MOAeJr, r,r3[On3BaH 3a IIpeACTaBrHe Ha AI,IH1IMI{KaTa Ha

r,r3MepBaHero. flonyreuure p*yJrrarlr AoKa3Bar pa6orocnoco6nocrta Ha 6azuparuut. Ha

Syurugxra na Kayq MeroA r,r [oxa3Bar HeroBr.rre flpe,q,rMcrBa, Karo rrocruraHe Ha roqHa

crofinoct Ha rrerlrcBecrHa rcMepeHa BeJllrqr.rHa 3a rq)arKo BpeMe (upu6.nu:utenHo ABa rrbrl,I rro-

6rpso or KouBeHlluolrut:avtfl, uero4) c HrcbK pe4 Ha oqeHrBaHllt MoAen.

- flpegnoxemu ca ABa HoBrr MeroAa iazvpaau Ha MHoroMoAeneH JrlrueeH (punmp ua Kanvran u

Ha MuoroMo,qeJren Jr[HeeH Holpnnmp, Korrro no4o6panar Afilr,avtvrr..ara Ha npoMeHrIIIIV ce BBB

BpeMero lr3MepBaHr{fl. MeroArare ca upruroxfiM]r n cnyrafi Ha I,BMepBareJreH [poqec, qpllrTo

MOAen 3AB.VtCyt OT H3MepBarraTa BeIII,IqUHa BKJIK)qI4TeJrHO r,I 3a [poqec]l c BIIcoKo cboTHoIIIeHI,Ie

uryr\[ K6M rroJre3eH cr,rrHrur (ceusopn c Hr.rcbK KJrac Ha ro.ruoct). flonyrnure pesyJlTaru

rroKiBBar, qe Aopr,r lr caMo c 3 lpurrrpa B MoAeJrHara 6ama, a"JIropHTMI{Te uogo6pxaat

3narrlrreJrno Ar,rnaMr,rKara Ha ceu3opa. flpe4roxeufiTe MeroAI,r qpeAcraBrr Bb3Moxuocr[ 3a

6rAeulu reoperlrqHrr r,r3cJreABanvrfi., cBlp3aHr{ c 6poa Ira MoAe.mrre B Mo.(eJIHara 6anra, c

pa3Jrr{rrur,r zuropr{rMu 3a olrpeAeJrf,He Ha reuloBH}rre xoe(puqueHTil I,I,qp.

Karo npuJroxeH flpr,rHoc rpr6ra Aa ce or6elexn, qe 3a fiporpaMHara peiuln3allvts. Ha

npezuroxeur{Te Mero4lr ga uogo6pmane Ar,rHaMrrxara Ha I{3MepBarr}rrra e pa-:pa6oteno

co$ryepuo ocrrypsBaHe B cpeAara na MATLAB/Simulink. Mnoro 4o6po BreqarreHlre rypaBl{

Qarmr, .re pa6orocuoco6noctra u e(ferrnrocrra na paspa6oreurlTe MeroAlr ca flpoBepeul,I c

roJrrM 6pofi crrvrynaqlroHHrr rBcJreABaHN.E. flo ro3l4 HaqI,Iu r pa6otara ca cbqeraHu ycrelxHo

TeopeT[qHr,r il IIpI,InoxHI,I MoToAI1I, oc[ryprBarrl[ I8[bnIIeHI,IeTO HA [OCTaBeH[Te B

Ar{c epTarlu sr a 3a4aril4.
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6. Oqeurca 3a crerreuTa Ha JrrrqHo yrracrlre Ha ArrcepraHTa B nprrHocrlTe

Crgtpxanuero Ha ny6nuraquure rro Arrceprarluouu]r, TpyI KareroprrlHo [oKa3Ba, qe

[oJr]rlreHr.rre rrpunoc]r ca pegyJrrar or irr,rqHara pa6ora Ha ItuceptaHTKara, cneAnafixr,r HacoKHTe,

.qaAeHra u or nefiuzre HayrrHu pbKoBoAI{reJII,I.

7. IIpeqeHKa Ha ry6Jrrxarlrrrre rlo ArlceprallrroHHrlfl TpyA

flo pa6orara ca HarrpaBesu 5 ny6nmaqulr, Karo 2 ca s cfii4cam?Is. y laac, a 3 ca AoKJraAlI Ha

Mexryuapo4nu rou([epeHrl]rrr, Ko]rro ca [rH.qeKc4pamr4 B cBeroBHr[ 6asu .uaHHI,I. Ct4rpxaunero
na rry6.nnrcaqlrr{Te orroBap, Ha[bJrHo Ha cb.qbpxaur4ero Ha Arrceprall]roHlrara pa6ora.

8. [I:no.rr3BaHe Ha peyJrrarrrre or ArrceprarlrroHHrrfl TpyA B HayrrHara r{

coqrraJrHaTa rrp aKTr{Ka

flpe4.noxeHr,rre or Ar.rcepraHTxara Mero.qfi sa no4o6prBaue Ha A]IHaM]rKara Ha ]BMepBa]r[r.f,Ta B

cucreMuTe 3a yr4)aBneHlre ule HaMeprr rrprdJloxeHlre B Ha)rufio-I,I3cne.qoBareJlcKara u yte6wata
pa6om Ha KareApa,,Cucreulr,r y[paBJreHvreoo B TexnruecK[, yHfiBepcurer - CoQna, KaKTo I,I B

Apyrlr rexnrrqecKr.r yHr,rBepcr,rrerr,r y nac. Te Morar Aa ce l,rcrro3Bar ycrleruHo rrpu y[paBJleHllero

H a KOrrKp eTHil I1,,IIAy CTp}.I'AJTIIH CWCT eMI{ 3 a y[paBJreHae.

9. Oqeuxr Ha cborBercrBr{ero Ha aBTopeQepara c rI3I{cKBaHrIflTa 3a

rr3roTBfHeTo My

Arrope(leparhr Ha Ar,rceprarl[ourrara pa6ora e Haflr{carr B cborBercrBl,Ie cbc cblqecrByBalqIrre
rB[cKBaH]rr u orpa3flBa areKBarHo noJrfleHure a pa6orara pe3yJrrarl,I.

10. Mneur{fl, rrperopbKr{ u Oerexxr.r

,{ncepraqnoHuara pa6ora npaB}r Mrroro go6po B[errarJreHue c npotpecl{oHtlJlHoro BnaAeeHe Ha

MeTOAlrTe HA CbBpeMeHHaTa Teopr,rf, Ha y[paBneHr{eTo, KoeTo e Aiulo B63MOXHOCT Ha

AoKTopaHTKara aa roJrfrr HoBlr pesyirrarn. KrIra pa6omta 6xxa otnpareull peAI,Iqa sa6erexK[
Ha erarra Ha [peABaprrreJrHoro o6crxAaue, Kor,rro 6rxa nserv rlpeABI,IA rlpu flo,uorBfHero Ha

oKoHqarernvrfi. r,apuarrT Ha,[ficeprall]IoHuara pa6ora.

3a6enexxn u rrpe4noxenkrs. sa uo4o6pennx:

L flpanu B[eqarreHle, qe B pa6orara ca pa3ure.(aH]r caMo BpeMeBrI MeroA]r 3a auaJra3 Ha

AEHaMHKaTa Ha lr3MepBarenHf, flpoqec. B reopnxta Ha lasMepBarrrzflTa IrpeAcraBJrrBar

r,rHTepec fi crrexTpaJrullre ('recrorur,rre) MeroAr,r, Kolrro B rrf,Kol{ cJrfra}r ca rro-

uuipopnrarnBHrr or HreAHa roqKa na tfrrurara Ha Irpoqeca. Haup., rpeAcraBJUIBa LIHTepec

cbrrocraBf,Hero Ha qecrorHr.rre xapaKTepucrta<vt na (punrupa na Kanrraar crc cneKbpa Ha

Ir3MepBaHr{fl c}IrHan r{ T.H.
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2. IrlsrnexAa 11oAoA{1Io Qpasata,,MeToA, HeI,B[oJI3BanI MoIeJr Ha ]r3MepBaHero'o 4a ce cMeur{

c c Iro-KparKoro ,,6e3uo4ereH MeroA Ha [3MepBaHe", a ,,MeroA sa uo4o6pf,BaHe ]ra

H3MepBaHfi.f,Ta, Herl3ttoJl3BatrI MoAeJI Ha fi3MepBauero" - c ,,6e:uoge.nen MeroA 3a

uogo6panaue Ha r,BMepBaHvrara" .

3. Buecro Matlab/Simulink rpxna Aa ce sanucsa MATLAB/Simulink.

Osenr,rAuo e, qe re3r{ sa6euexrr.r He HaMaJrflBar rrpr,rnocaTe Ha .qlaceprallrroHlrara pa6ora.

1 1. I{g urJrHenrr e H a HayxoMerp[rrHrrre [r3rrcKBaHlrfl

,{euaprpaM r.r3rrbJrHeHr4ero Ha HopMarrrBHI{Te }r3r,IcKBaHr4, rro orHoIIreHI,Ie Ha HaII}IoHaJrHr.ITe I,I

r.rHcrlrryrcKr{Te HayKoMerpurruu Earrrirz, sa o6racr ,,5. TexuuuecKrr HayK}I" 3a npxgo6usame Ha

o6paronarcnnarau HayqHa crerreH ,,goKTop'o rro rpyfia [oKa3areJrn KaKTo cJreABa: A:50 t; I
: 53 r., T.e., rrplr ueo6xo.urEura 80 r. ca I,I3tIbJrHenn 103 r.

3AKJIIOIIEHI,IE

Ocnonnra-flr rrpr,ruoc Ha Ar,rceprarlnou*ara pa6ora e [prJroxeH[ero Ha cbBpeMeHH]rre MeroA]I3a

orleH.flBarre, paspa6oreuu B Teopfi.,lTa H yrrpalJreHr,rero, KbM [BMepBareJIHI,ITg [poqecu,
xaparoep[3r,rpaq[ ce c Ar,rHaMrara. Tona e AaJro B63MoxHocr Aa ce fioJryqar HoBI{ pe3ynrarl{,

Kor4To BogxT 4o no4o6pflBaHe Ha cKopocrra H TotlHocrra Ha I,BMepBaHIlura.

,{r,rcepraqnonuara pa6ora [paBr4 Mnoro 4o6po B[eqarreHue crc crerHarara opran]reallkrfl. Ha

ll3Jroxelllaero, orcbcrB[ero Ha pa3cbx,qeHl{f,, KoI,ITo He ca Ito cblllecrBoro Ha pa6otata, KaKTo I,r

c eKc[ep]rMeHTaJrHr{To pe3yJrTaT[, c Ko]rTo e r4JrrocTpl4paE aHurrt3a Ha cboTBeTHure MeToAI4.

Brg ocuosa Ha [oJryqeHlrre or ,ru,IceprauTKara cbulecrBeH]r [p]ruocrt, .(aBaM rroJroxureJlHa

orIeHKa Ha Ar,rcgprarllroHHara pa6ora u clr no3BoJrrBaM Aa flporlopbqaM Ha yBaxaeMoro ]Kyp]r.qa

rrpnc:sAu Ha Mar. znx. MrpocnaBa Eonqera Eapaxapcrca o6paronareJrHara v luayqma crerreu

,,4oKTopto.

L2.12.2024r. gleu Ha xypl{ro: /.fr-l
/upoQ. flemo flerros/
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Author of the dissertation: mag. eng. Miroslava Boncheva Baraharska

Dissertation topic: Design and implementation of methcds ta improve
the dynamicn of measurements in control systems

Profcssional direction: 5.2 Electrical engineering, electrouics and automation
Sciencc major: Application of the principles and methods of cytrernetics in

various fields af science
Ir{ember of the scientific jury: Petko Hristov Petkov. Ph.D., professor

3, Degree uf knowtedge of the state of the prablem and ereativ*
interpretation of literary material

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

The research methodology in the dissefiation work is based on the use of the results of the

modern naanagement theory and in particular the theory af optimal filtration. The doctaral
stude*t has developed nerv and improved existing msthods and algorithms tct improve the

dynamics of measurements in control systems, especially fbr the cases of a signifieant rati* of
the power of the noise to that of the useful signal and with a me&suremsnt model elependent oll
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the measured quantitv. Overall, the obtained results fully confirm the validity of the chasen
research methodology.

4" L hrief analytical description of the nature and assessment of the
credibility of the material

The presentsd disserktion consists of 7 chapters and sontains a total of I4f{ plrges.

ln Cli. 4, a new method not usillg the measurement model is pr*posed to impr*ve the time-
varying dynarnic measrrements, based on all orthr:gonal Lager model. Unlike the existing
raethods, {he proposed methcd models the measurement process wittrr an crth*gonal Lager
model instead of a specifie finite impulse response type rnodel. Thus, it c*mbines the
aclvartages of model-li'ee methods and the identification approach that uses *rthogonal models.
Ttre meth*d is validated with examples of ternperature and mass measurements"

tn Ch. 6, two new methods trased on a muiti-madel linear Kaiman filter and a rnulti-rnodel
trinear Ho: filter are proposed, which improve fte dynamics of time-varying *reasurements" The

methods are particularly applicable in the case of a uleasurementprocess wh*se meidsl depends

on the measured value, including fbr processes with a high rati* of noise to useful signal

{sensors with a lower accuracy class). The obtained results show that even with only 3 fitrters

in the rnadel bank, th* algorithms significantly improve the sensor dynamies. The proposed

methods present opportunities fbr future theoretical research related to tb.e number sf models
ir the model irmlq with different algorithms fbr determining the weighting ccefficienls, etc.
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In tlee last, 7th chapter, a comparative analysis r:f the developed rnethods was carri*d r:ut, and

fnr the puqposes of the comparisr:n, a simulation experiment was carried out with time-
varying ternperatr"rre and mass. The contributions of the dissertation wotk are also fbrrnr:iaterl.
5 publir:ations were madr an the dissertatir:n work, three of which were indexed irr Sccp*s
and 2 in Wetr ol' Science.

The w*rk su*cessf'ully *ombines theoretical research with obtaining scientific-apptied results,

which gave the doctarai studrnt the appofiunity to present a fully cumpleted study. Fiv*
scientific-applied and trro applied contributions were formulated, which fully *r:resptncl to
the results presented in the dissertation. The exposition is logically oonstnrcte<l, coherent anci

clear.

5. Main scientific-applied and applied contributions
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6. Evaluation of the degree of per$onal participation of the dissertation
student in the contributions

The content of the dissertation publications clear$ shows that the contributions received are

the result of the dissertation student's personal work, following the guidelines also given by
her scientific supervisors.

and 3 are

cortent ofl

8. I")sing the results

7. Xvaluatian af publieetirns on the dissertation wsrk

The methr:ds proposed by the doctoral student to improve the dynamics of measurements in
control systen:s will find application in the research and teaching work of ttre "Systems and

Cnntrol" department at the Technical University * Sofia, as well as in other techni*al
universities in rlur country. Tley can tre used successfully in the fitanagement of specilic
industrial controtr systems.

9. Assessmcnt of the compliflnce of the authorts reference with the
requirements for its preparation

The abstract af the dissertati*n work is written in assordance with the existing reqi:irements
and adequately re{lects the results obtained in the wr:rk.

10. OpiniCIns, recsmmendations and not€s

The dissertation work rnakes e very goeid impression with thr professional rnastery *f the

methods of modern managemont theory, which enabled the doctoral student to obtain nerv
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results. A numtrer of *amments were rnade to the work at the prelirninary discussi*n stage,

whi*h were takefi into account when preparing the final version of the diss*rtation work.

Nates and suggestions for improvements:

tlbviously, these ren:arks do not detract frr:m the contributions of the dissertation"

1 l. Futfillment of the scientometric requirements

I declare the fultllknent of the normative requirements regarding the uationai and iirstitute
scientometric riata ior the area "5. Technical Soiences" for the acquisition of the educatinrtal

and scientific degree "doctor" according to a group CIf indicators as follows: A : 50 items; ffi :
53 items, i.e.. rvith the required 80 items. 103 items have been ccmpleted"

CONCLUSION

Jury member: / "lz /
lprof. Fetko Petkavl


