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Ha reMa Memodu sa nodo6pn6aHe Ha duuatvturcama Ha u3uep6qH%nmo 6 cucmeuu 3a ynpa*UeHue 
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rloA Hayrruoro pbKoBoAcrBo Ha Aou. A-p I{ouro Cnanos u upo1p. a-p LIsaH Mapxoncru
n upo$ecraoHaJrHo HarrpaBneHue 5.2. EnercmpomexHltKe, ereKmpoHuKa u a*mouamuKa

HafrHa creqrraJrHocr 02.2I.10 llpunocrceHue Ha npuHqunume u aemodume Ha rcu6epuemuKama 6 pa3ruttHu

o1nacmu Ha HayKama

I{enra Ha Anceprarlrronur4q rpyq e Aa ce .qopa3Br,rsr r.r3BecrHr{ MeroA[ - ocHoBarr]r Ha I43noJI3BaHe Ha

MoAeJr ra 6esN,roAerH[ - 3a no4o6panaue Ha rrpoqeca:ea orleHf,Barre Ha on[THo r,r3MepBaHa eerl,Iqm{a. flo-
ToqHo, Aopa3B[Ba ce r{Aesra 3a orleurBaHe cbc craHAapreH PMHMK, Karo e pa:pa6oteu rrao4z([rEqapan

BapraaHT Ha ro3lr MeroA. Paspa6orna ce HoB MeroA sa no4o6pxBaHe Ha E{HaMlrKara Ha I,I3Mepnaue, 6asnpan

HaHeJrraneeu MoAeJr, rrpr.r Koero B63Hr{KBa kr4eflTanefinure cbcro.f,Hr,rs la6rlat orleHenr{ c Pasruupen ([ranmp

ua Kamran. flpe4noNeH e r4 MHoroMoAeJreH Bapr,raHT clc crarrgaprHra (punrpra na Ka-nuan, a ctruo u c H-
$ulrpu, 3a KaKbBTo [o,{xo,{ HsMa AaHH}r B AocrbnHara Jrr{Teparypa. Pa-sEIeNAar ce I,I co [peAJlarar
pa3rrr[peHr,r Bap]raHTr,I Ha oqeHflBaHe c oproroHanHr.r MoAen[ ua Jlarep u Kayrl. Crrnacuo r,fo]r[e AaHH]g. u
nureparypara, ToBa e o6nacr, Korro rrpoAbnxaBa Ea ce pa3BrrBa. B rosu cMr{cbJI, TeMara Ha ruceprauuoHHllrl
Tpy[ HecbMHeHo e aKTyaJIHa.

(Doprrynrapamu. ca cneAHr{Te 3aplaqa Ha Aucsprarlr{oHHara pa6ora:

1. Mog[Suq[paHe Ha MeroA sa nogo6pxBaHe Ha r,BMepBaH[flTa, Her.r3[oJr3Bilq MoAeJI Ha IBMepBaHero,

6azupau Ha perypcrBur,rs MeroA Hauair-Nrurrr,rre KBaAparu (PMHMK) c rler no4o6pxnane Ha AHHitMI{ttHLIre

Lr3MepBaHU' Ha rrpoMeHrrrla ce BbB BpeMeTo BenI{qI,IHa;

2. Pazpa6orBaHg Ha Mero.u, ocHoBaH na Ka-nrvranona (prmpar\ils.,,t:non3Barrl Mo4en Ha lr3MepBaHero,

roftto 3aBucu or il3MepBaH ar a Bervqfilaai
Paspa6ornane Ha Mero,{, Herr3[oJr3Barrl MoAeJr Ha r,r3MepBaHero, 6asrapan Ha oproroHanen MoAerr ua Jlarep,

oco6eno [oAxoAsrrl np]I anepuoAr,rgHra r,r3MepBarenHr{ rrpoqecu rE oco6eno I{KoHoMIlqeH or rneAHa roqKa Ha

LI3qlICiIpITenHLI pecypcll flpu peanl,I3aqufl B peanHo BpeMe; * ? ,
Pa:pa6ornaue Ha MeroA, Hez3rroJr3Barrl MoAen Ha pBMepBanero, dazupav Ha oproroHaneH MoAer na Kayq,

oco6eno EoAxoAsrq upu xoue6areJrnlr ra3MepBareJrnr.r [pouecu;
Paspa6ornaue Ha MeroAz sa noAo6psBaHe Ha r.tsMepBaHwltta,1asupanrnanuuefiuu MuoroMoAenuu (puntpu

3a cnfra-rr Ha 3aBr.rcr.rM or lrcMepBauara BeJrrrqrrHa MoAen Ha lr3MepBarrero. MetoA c MuoroMoAereu (purtrp
ua Ka-nrr,ran r{ MeroA c MuoroMo.{eres H* Sranrsp.
Paspa6ornane Ha c[eur4anr,r3]rpaH co$ryep 3a peaJrr.r3arlkrfl kr cLrMyrrallr4ouHa rlpoBepKa ua paspa6oreullTe

METOAH

Pearrzsaqz.f, Ha H.f,Kor4 or MeroAlrre B cpeAara Ha rrpoMlrIuneH rrporpaMrrpyeM roruqecxl.I KoHTponep.

B mana 2 ce npe4nara rr,ro4u$r{rlfipaH MeroA sa no4o6peu]r Ar,ruaMr4qur{ rrcMepBankrfr Ha flpoMeH.f,Irla ce

8:6B BpeMeTO BeJIlIrIIrIHa, HeI,I3[OJI3Barr{ MO.{en Ha r43MepBaTelr:gitts.IlpoUeo. MetOAlr Ce OCHOBaBa]g'avrlleflTa3a

u4eHua(luxaulrrr B peaJrHo BpeMe Ha HecrarluoHapHa Ar{HaMr{rrua cr.rcreMa c ruo4zQnqrpau MoAeJI - nbn3slrla

cpeAua crofiHocr. Ilrpnouauanuo ce r{3BbprrrBa us6op Ha crpyrTypHr{Te rapaMerpl4 Ha MoAeJIa uaiasara:oa
Kpr,rrepu, na Axauxe. I4guorsna ce Mo.qr.r(puxaqur Ha peKypctrBuvtfl. MeroA na uafi-Iraalrl{Te KBaAparH

(PMHMK), KoflTo ocraryprBa rrocrorHua cJre.ua Ha KoBapraarlr{oHHara Marprrqa Ha oueHrr,rre Ha rlapaMerplrTe,

rrpr{ Koero ce noAAbpxa rryBcrBr{TeJrHocrra Ha MeroAa KbM rrpoMeHr{Te B rrcMepBaHara Berl,Iqffira. Pa6orata
Ha MeroAa e [3cneABarra (cuuyrauuoHno) [pr.r HsKonKo pa3nuquu HLrBa Ha lBMepBareJIH]ITe IIryMoBe.

HscneAsauo e r.r BJrr.rrHl4ero Ha peAa Ha MoAena Ha [poqeca Btpxy roqHocrra r{ cKopocrra Ha orleHrBaHero.



Z:mpueno e cpaBHeHlre Ha MeroAa c Mero.{, ocHoBaH Ha crauAapreu (frnrup ua Kamran. llonyuenrare

pe3ynftrrr,r [oKa3Bar rrpeAr,rMcrBoro Ha rrpeAnoxeHllrl MeroA upu uo,4o6pfrBaHe Ha ALIHaM]ItIHoro LI3MepBaHe

Ha rrpoMeHrlrla ce BbB BpeMero Maca. Ilpe4rara ce 3a orleHrBaHero Ha rlpoMellf,Irlara ce BbB BpeMero

rr6MepBaHa BeJrr4trrana la ce r.r3rron3Ba rrao4raSuraqurfl. Ha PMHMK, Ko.flTo ocrrrypflBa rrocrosHHa cneAa Ha

KoBapr.raqlroHHara Marp[ua. CreAara Ha Marpprrlara ce rloAAbpxa [ocrosnHa 3a cMerKa Ha rIpoMeIrJI[B Br,B

BpeMero roe(fuqueur ua sa6panxue llpanenrr ca cr{Myna{I{oHHIa o[I{TI4 rrpIa pa3JII{qHI,I HatIaJInu crofiHoctu
Ha KOBapr{arIr4oHHaTa MaTpprqa, peA Ha MoAena H Ar,Iclepc[, Ha IIIyMa u pa3nLIqHa oIIeHsBaHa TeMlepaTypa ]I

BJrr,r.flHrero lrM Bbpxy $yuxquam ua sary6ure rpr orleHsBaHe c MPMHMK. fIpe4ctaBeHI,I ca cpaBHlIrenHI{

pe3yJrrirrrr or oIIeHflBaHe c MPMHMK n craHAapreH (funmp na KamraaH.

B ruasa 3 e upe.4noxeH MeroA 3a uogo6pxnane Ha .uraHaMI,IrIHrITe I{3MepBaHLI"f,, ocHoBaH Ha

rvrogz(fuqnpaH HeJrr{Heeu $unr"rp na Kanuan. 3a pa:nura or Ap}'fLI MeroAI{, ocHoBaHu Ha MoAena Ha rlpoqeca

Ha [3MepBaHe, rrpeAnoxeHr,r.f,T MeToA e [pr4nox[M 3a ]I3MepBaH'Idfl. BbB BpeMeTO, IIpII KOTITO MOAensT Ha

u3MepBaHs 3aB]srCVt OT CaMara rlBMepBaHa BenI4IIlIHa. ocnosHaTa l4lteg. e, qe B TaKuBa cJlwaw 3aI:ar,iaTa 3a

orIeHKa Ha He[3BecrHata Belrvr.rrurHa ce upeo6pasyea B 3a4arra 3a oqenKa Ha cbcrorHr4flTa Ha uenunefiua

aBToHoMHa cr{creMa. Karo npuiraep 3a rrpznox(eur{ero Ha ro3l4 Mero,q ce pa3rnexAa nogo6p.uBaHe Ha

Ar.rHurMprKara Ha lr3MepBarlero Ha rrpoMenfrqa ce BbB BpeMero Maca. Ocsonuara qeJI e .4a ce yBeflutll{

cKopocrra lr rotrHocrra Ha rrpoqecaHa r.r3MepBaHe. 3a qenrare Ha cpaBHeHl4ero e [poeKTI{paH }I crauAapreH

JrprueeH $alrup ua Kanuan aa uo4o6pflBaHe Ha AlrHaMI,IKara Ha rBMepBaHe, xofito e clIHTe3HpaH 3a

(luxcupana croftlrocr Ha Helr3BecrHara Maca. Ilonyreuate pe3yJlTaril [orBbpxAaBar rlpeArIMcrBara Ha

rrpeAnoxeHu.fl MeroA, ocHoBaH Ha HeJIuHeeu ([nnmp na Ka-nrrlan.

B rnaea 4 e noco.reH eAran or ocHoBHr{Te HeAocrarbrl}r Ha Mero.qlaTe, I,I3rIon3Barq}I MoAeJI - HyxAara or
MOAeJT OT BT4COK peA tlp]r BT.TCOKO Hr,rBO Ha rrryMa. 3atosa ce IIplIcTbIIBa KbM 6esN{oAeIHu rrner6ai sa oq-eura

Ha r,BMepBaltta Berr.rquua. I{urupann ca u pa6otu Ha luaurvrfl. KoJIera AoII. AH Kaueu llepen. OcuoeHllsr

rrpr{Hoc B Ta3r4 DraBa e rlpeAnoxeHrrflT HoB MeroA, Her,I3rroJr3Baru MoAeJI Ha I{3MepBaHero sa uogo6prBaue Ha

rlpoMeH{rqr,rTe ce BbB BpeMeTo AtrHnM}rrrHra rll3MepPiatsIvrfl, ocHoBaH Ha opToroHaIIeH MoAel na Jlarep. Tospl

MeroA e [oAxoAflrrl 3a arrepr4oArlrrHu [poqecvHa r,r3MepBaHe. 3a pa:nma or cbIqecrByBaIqI,ITe MeroAI{, He

rr3rroJr3Barru MoAeJr, rrpeAJroxeHr{flT MeToA MoAenr{pa [poqeca Ha I{3MepBaHe c opToroHaneH MoAen ua Jlarep

BMecro cbc cflequ(pnueu MoAeJr c rpaftua r{Mrryncua xaparTepl..Icr}IKa. flo tosIa HarI]IH tofi cr.Ietasa
rrpeAlrMcrButanaMeroAIaTe, He ]r3rroJl3Barrlr{ MoAen I{ rloAxoAa n Ia4entu(pvrKapflTa, uptl rofito ce I{3rIoJI3Bar

oproroHanHr.r MoAeJrr{. B pesynrar Ha roBa, rrpeAJroxeHr,IflT MeroA oIIeHsBa }I3MepBaHarar,erkrrtuma 6rpso u
TOTTHO C MOAeJT OT rrO-HUC5K peA OT OueHeHlrrr TaKbB [pI4 I,I3rIOn3BaHe Ha KOHBeHUI4OHaIeH MeToA,

He[3IIOJI3BaIU MOAen B Cn)^IiUI Ha HI{CKO CbOTHOIIIeHI4e Ha MOIIIHOCTITe Ha rIOne3HLI.f, C]IrHaJI KbM I[y]vla.

I4snrpmeuo e oruafin oqeHflBaHe Ha npoMeHrrqa ce BbB BpeMero r.BMepBaHa BeJIIIIILIHa qpe3 Mo.ul4(fzqvpan

Jrr,rHeen perpecfloneu MoAen pr perypcuBen aJrrop[TbM Ha naft-uarr nre KBaAparpI c rocrosuHa cJIeAa Ha

KoBapuau[oHHara Marpr{qa. MeroArr, flpeAnoxen B Ta3I,I HIaBa, e BaJI]IAI{paH c rlpl{Meprr 3a I,I3MgpBaHe Ha

TeMneparypav Maca. flpu nafi-salryMeHr{fi BapuaHT Ha lBMepBaHe Ha Maca ce [onfraBat 4o6pu pe3ynraru

npuT -wtupeA Ha MoAela, Koftro peA e 3Haq[TeJrHo rro-Hr4cbK or ro3l{, Ir3rIoJBBaH or KoHBeHIIuoHaJrHkrs. MeroA.

B rna3a 5 ce npucrbuBa K6M u3rroJr3Baue na rrro4u(fut\upauu MoAeJIII ua Kayu, no,{xoAffIrl}I rrp]I

role6areneu npoqec Ha r.BMepBane..3a qeJrra eAlrHcrBeHo e neo6xoAl{Mo rIpeABapI4TenHo la ca ]I3BecrHI4

.{oMr,rur.rparqr{Te [oJrrocr,r Ha r,r3MepBareJrHr{fl rrpoqec. kTqesranpu pa3rJre)K4arurfl. MeroA e Aa ce alpoKcl{Ml,Ipa

TpaeKTopr4flTa:rra cr4creMara rrpe3 oprorouzurHrr (fynnqura ua Kayq, BMecro ra ce Il3rIoJI3Ba npeAcraB.f,He c

xpaftua lrMrryncHa xapaKTepr4crrzna. flpe4roxen e HoB MeroA, HeIl3noJI3BaIrI MoAen Ha rI3MepBaHero, ocHoBaH

na ([yurcqnu ua Kayq, roftro noAo6psea A]rHaMrrKara Ha [3MepBaHuIflTa, KoI{To ce [poMeHrr BbB BpeMero.

MeroArr e oco6euo rrpr,tnoxIaM n crryvafi sa rore6areireH rrpoqec Ha [3MgpBaHe c BLtcoKo cborHolrreHne Ha

MorrlHocrra Ha IrIyMa KbM Ta3r.r Ha [oJre3uvrfl. cvrruur. OcnosHara pazlrurwa MexAy Irpe.unoxeHus MeroA I'I

KOHBeHIII{OHaIHI,I.S MeTOA HeI{3IIOJI3BaII{ MOAeJI e TLInbT MOAeJI, }I3IIOJI3BaH 3a IIpeAcTaBtHe Ha,4pIHaMLIKaTAIJA

113MepBaHero. Kouneuur{oHu}JruuflT MeroA, Helr3rroJI3BaIrI MoAeJI, oIIeHflBa eAI4H BIIA MoAen c orpaHl,Irreua

uMnyJrcHa xapaKTepr.rcTr{Ka, .UoKaro IlpeAnoxe]r,iufl't MeroA oIIsH.rBa oproroHaneH MoAeJI na KayU. LInpu IiBara

MeroAa pe(ypcr{BHr.rsr MeroA sa uafi-ua;rKprre KBaAparr,r c [ocrogHHa cneAa Ha KoBapl{auploHHara Marplrua

Ir3BbpruBa ourafis orIeHKa Ha Heu3BecrHa [3MepBaHa BeJrr{rrr{Ha. YIscteIBaHa e 3aBI,IcLIMocrra Ha oueuKara
3;

or [apaMerbparraza1panflHeu peAa Ha oqeHrBaH]Ifl MoAen.



B rJIaBa 6 ce npeAnara Aa ce ra3rroJBBa MHoroMoAeneH (funrrp na Kaluau (MOK). IIpu
MHOIOMOIeJIHI'Ifl IIOAXOA 3a OIIeHflBaIIe Ha C5CTO.f,IILts. Ce rBrroJBBaT ycrropeAHo pa6orerqu OK sa orIeHKa Ha
rrpoMeHflrrla ce r,BMepBaHa BeJrlr.-,iytma. Paspaooren e co$ryep B cpeAara na MATLAB/Simulink, xofiro
peaJrrl3l{pa [peAnoxeHlIt MeToA sa uo4o6pxBaHe Ha I,I3MepBaHI{rTa c MHoroMoAeneH Sunrrp sa Katraau. B
pa3Aen 6.5. e [peAcraBeH pa^:pa6orenl{f,T MeroA sa uo4o6pxBane Ha Ar{HaMr.rKara Ha r.r3MepBaHr.rflTa, ocHoBaH
Ha MHoroMoAeneH H. $unffip, Karo e flocoqeHo, qe rrpla Heroquo I,BBecrHr{ crarr,rcrr4trecKr.r xapaKTeprzcrr{Kr{
Ha rrlyMoBere I4 MoAena na o6exta anrepuarvnaHa $rzlrrpa na KanrrlaH e H- $unrnprr. Tofi upeAcraBnfiBa
(punrrp ga Haft-roluwx cttytafi., rloHexe ce [pe,q[onara, qs uryMoBere cauzfipanuraKa, qe ,{a ce-MaKc}rMr{3r4pa

lpellKara B oIIeHKara Ha cbcroflHrlero. Tosu $IErmp He r.r3rrcKBa H]rKaKBr.r [peAloroxegr{s orgocHo
myMoBere I{ [pelcraBlana po6acrHa Bepcus na Qraumpa ua Katraan. IrlsnecrHo e, ue $unrrpbr Ha Kaluau
e qacreu ctylaft na H- (prnmpa.

B nuteparypara Bce oIrle HrMa AoKraABarrlr pe3yJrrarrr 3a rrprrJroxeHr{e Ha MHoroMoAeJrHt4 H. $unrprE
sa no4o6pxBaHe Ha AraHaMraKara Ha lrMepBalvrflTa.

flpe4loNeull ca cblrlo ABa HoBpI MeroAq ocHoBaHLI Ha MHoroMoAeneH Jrr{HeeH $unrup na Kanruau ra na
MHoroMo,(eJIeH nI'IHeen H- $unrup, KoI{To uo4o6pxnar Ar{HaMr,rKara Ha rrpoMegf,rrlr4 ce BBB BpeMero
pI3MepBaHI4s. MetoAure ca oco6eno rrplanoxl{uu n cnyrafi Ha r,r3MepBareneu 11poqec, uuftro MoAen 3aBr.rcrr or
IBMepBaIIaTa BeJIlIqI,IHa, BKJIIO9I{T9JIHO [I 3a IIpOIIOCU C BT,TCOKO CbOTHOrrIeHr{e Ha rrryr\,ra K6M noJre3H6fl. cr4,r;g1ryr

Halrp. IIp}I [o-HeKarIecrBeHI,I gatuuqu). flonyreuare pe3ynrzrrr4 rroKa3Bar, qe Aopr,r r{ caMo c 3 (franmpa n
MoAenHara 6auxa, aJrropHTMI,Ire uo4o6prear 3Harrlrrenuo Ar.rHaMr{Kara Ha ceH3opa.

ll;i"'i'] l;'irrr,ll' Jiiliri r''a1 :I

flpe4uer ua 4iaceptaIII{oHH}L TpyA e Aopa3Br,rBaHero Ha MeroAr4 3a orleHrBane ia'rsrepiuru
BOJII'I9LIHI{, KaKTO e Om'ICaHo B [peAI,IIIIHaTa ToqKa. 3a Uelra Ca B3oTH I.BBeCTHII MaTeMaTurIeCKr,I I4HCTpyMSHTI,I
or reopl'IflTa Ha yllpaBJleHuero (nanp. H* lpumpra, MoAeJril ua Jlarep u r. n.), Kor{To ca xou6unhpaHkr u
IP}INOXEHI,I tIO rIOIXOAflIU HAqIIH, KOETO C5OTBETCTBA HA IIOCTABEHI{TE UEJII{ I{ 3AAAIilTHA A'ICEPTAI]iLTflTA.

11]"1,11

Kaxro 6e noco'reHo n r. 2 Ha peIIeH3LIf,Ta, AlrceprarJtrflTarroKa3Ba [o3HaBaHe ua npo6ueua r{ TBopqecKo
pelIraBaHe Ha rIocTaBeHlITe 3aharilr. ,{orasarelcTBo 3a AocToBepHocTTa Ha MaTepr,raqn ca npr{JloxeHr.rTe
oIIMyJIaIIilOHHI{ rIpI{MepkI, rloJrrreHlr cbc cnellrranHo cb3IaAeHU [porpaMH]r perueHl..rs.

5. i ip;rrri,:,.1H rtil r*tLlrlili itfirr*?t*rltr gii;i

B 4IEcepraqI{oHH[, TpyA.uoxropanTKara rrpereHAr4pa 3a cneAH]rre npr,ruocrl . - +

o flpe.4noNeu e uo4u(fEIIHpaH MeroA sa noAo6psBaHe Ha rlrcMepBaHr.rsra B cr.rcreMr{ 3a yrrpaBnerr[e, 11p1a

r<ofiro He ce I{3rIoJI3Ba MoAen Ha [poueca. Toft e flonfreH Karo ctqecrByBarrl MeroA e .{opa3Brar 3a orlegflBarre
Ha rIpoMeHfIrIa ce BbB BpeMero I,I3MepBaHa BeJIIaqLIHa. flpegnoNeHr.r.f,T uo4tt(fwqrapaH MeroA e cpaBHeH cbc
craH.4apreH (punrup Ha KarMaH, Hacrpoeu no MoAena Ha rr3MepBarerrutrfl. rrpoqec. Ilpegnoxeuo e Aa ce
rBBbplrrBa o6ocuonan rEs6op Ha pe,4a Ha olleuflBaHu.f, MoAefi Ha 6a3ara ua uu$opMarluoHgr.r.f, rroKrgaren Ha
Ar<araxe. I'IscreAeaura ca csoficrsara Ha MeroAa npu pa3rurrHr{ crofiuocrrE Ha Ar,rc11epc vrfrTa1ar,BMepBareJrHr4,
ruyrra. IIonfreHkITe pe3ynrarll IroKa3Bar rpe,4r4McrBtta Ha uo4ra$uqupaHars. MeroA sa uo4o6p.flBaHe Ha
r,r3MepBaHr.rflTa, ilopt4Lrrlprt lr3[on3BaHe Ha ceH3opra c IIo-HrrcbK KJrac Ha roqHocr.

oflpeAloNeH e MeroA :a no4o6pxBaHe Ha Ar.rHaMr{Kara Ha r,r3MepBaanflTa,lasupan na uo4ra(puqfipau
pa3llrllpeH lplanmp ua Kanuan. Togn MeroA e oco6eso [p[noxr.rM r clyraft Ha rrpoMeHrrrla ce BBB BpeMero
I43MepBalIa BeJII'IqLIHa, KOTaTO MOAenbT HA LI3MepBaHe 3ABUICIa OT lBMepBaHaTa IIpOMeHJILIBa.
Pa6otocnoco6noctta My e rlpoBepeHa ga cn'tlr,fl ua uogo6pxBaue Ha ArrHaMr.rKara Ha r{3MepBaHe Ha Maca,
r<oftro e qecro cpeqau B [paKT]IKara. Ctruo raKa 3a rleJrr.rre Ha cpaBHeur.rero e rrpoeKTlrpalr JrrrueeH (lutmp



I

Ha KanMaH 3a (bHKcI,IpaHa croftHocr Ha Hell3BecrHara Maca. florryveuure pe3ynrarrd rrorBtpxAaBar
rlpeAlrMcrButalrra MeroAa, dazupan Ha pa3rrrr4peuux Szlrsp na Kanuan rrpeA MeroAa, 6azupau. na nzneftna
Kamrrauosa ([ulrpaqrax.

oflpe.qloxeH e MeroA, HelI3[oJI3BarrI MoIeJr 3a rroAo6pxnaue Ha [poMeHrrrl]rre ce BbB BpeMero

AI4HttMr,rrIHr.I r{3MepBaHr/U, 6aSZpan Ha oproroHi}JreH MoAen na Jlarep. Tosu NderoA e rro.ryoA.f,rrl 3a

alepuo.{uqH}I rrpoqecl,I Ha I,r3MepBaHe. 3a pasrurra or cbrrlecrByBarrl]rre MeroAlr, He r,I3rron3Barrltr MoAeJr,

flpe.unoxeHuflT MeroA MoAenupa [poqeca Ha r,r3MepBarre c oprorouaneu MoAeJr na Jlarep BMecro cbc
cneqn(puueH MoAeJr or rI,In r<paftua [Mrryncua xapaKTepr,rcrura. Ilpe4noxeur,rsr MeroA orlenrBa rrcMepBaHara

BeJII{qLIHa 6rp:o I,I TorIHo c MoAen or rro-HlrcbK pel or oqeHeHzfl TaKbB rrpr4 r{3[oJr3BaHe Ha KoHBeHrIr,roHirneH

MeroA HelI3rIoJI3BarrI MoAeJI, oco6eHo IrpI,I HlIcbK KJIac Ha roqHocr Ha ceH3opa. s + _.

oflpeAtoNen e MeroA Herrcron3Barrl MoAen, 6asupau ua (pynxqvrs. Ha Kayq, xofiro ro4o6pxna
Ar.rHaMI,IKara Ha I{3MepBauurflTa) Kor,rro ce [poMeH.flT BbB BpeMero. Mero.4rr e oco6eno nplrJroxr.rM n clyuaft
Ha xore6areneu npoqec Ha r,r3MepBaHe c Br.rcoKo ctorHorrreur,Ie [ryM KbM rtore3eu cI,IrHuIJI. Ocuongata
pailn[IKa MexAy [pelnoxeHr.rfl MeToA ]r KoHBeHquoHarHus MeToA Her{3[oJr3Barrl MoAen e TLIIIbT MoAeJr,

lI3[OJBBarr 3A [peACTaBrHe Ha A]rHaMr{KaTA Ha IlBMepBaHeTO. IIOryreUUre pe3yJrTaTr{ AOKa3BaT

pa6otocuoco6nocrra ua 6azwpartufl. Ha {ynrquxra ua Kayu MeroA r,r [oKa3Bar HeroB]rre rrpeAr,rMcrBa, Karo
nocrrlraue Ha rotlHa crofinocr Ha Her{3BecrHa r,r3MepeHa Beruquma 3a KparKo BpeMe (npu6truturenHo ABa

nrnE no-6rp3o or KorBeHuraolaaJrlrrtts. uero4) c HracbK peA Ha orleH.f,BaHr.r, MoAen.

oIIpeAloxeHV ca ABa HoBr,r MeroAa, iazupawu Ha MHoroMoAeneH Jrr.rHeeH (pnrrurp ua KanrraaH rE na
MHoroMo.{eJIeH JruHeeu H- (!umtp, Kor,rro no4o6pxnar Ar{HaMuKara Ha flpoMeuf,rqr4 ce BbB BTeMero

LI3MepBaHLLfl. MetOAUrc Ca OCO6eUO [pLrJrOXplMU n Cnyrafi Ha r.r3MepBaTeJreH [pouec, qrruTo MoAeJI3aB]ro[r oT

I,I3MepBaHaTa BeIUtII{Ha, BKJIIOqI4ToJIHO U 3a IIpOqeC[ C BLICOKO CbOTHOIUeHI{e [IyM KbM IIOJIe3eH CI4THTIJI

(ceusoprE c IIo-HpIcbK KJIac Ha rouuocr). floryreuzre pe3ynrarra noKirBar, qe Aopv ra crrMo c 3 $nnrrpa n

MoAenHara 6anxa, aJIroplITMI,Ire no4o6prBar 3HarrHTeJrHo Ar{HaMr.rrara Ha ceu3opa. flpe4loxenr{Te MeroAr4

lpeAcraBsr B63MoxIroct[ sa 6tAerql4 Teoper]rrruu LrscneABarttrs, cBBp3aHr{ c 6por Ha MoreJrr{rb drrloAenEara
6anra, c pUBJIHuHI{ iurropurMr.r 3a orrpeAeJrf,He Ha renroBur{Te roe$rqrenrtrv rp.

o3a nporpaMHara peiIJII,I3auus Ha flpeAJloxeHr,rre MsroAu sa uo4o6pf,BaHe Ha LvrnaMuxara Ha

I{3MepBaH}Inaepazpa6oreHo co(pryepno oc}rryptrBaHe B cpe.qara Ha MAILAB/Simulink
Ilpuerraau raKa o[ucaHr4Te flpuHocr{.

*
il:'elr*x lra ridnix)r'* vtlii::::fr* rra jt.q*Krl fii];ri{T:$iftra B fipirr.{{}{i4? s

3a nll.IHoto fracrl,Ie Ha AoKTopaHTKara cbAs rto ny6nurysaufiTe no Ar.rceprau]rsra Marepvuryr.
Xapameprr Ha,I3cJIeABaHero npeAfloJrara MHoro Ao6pa ]r m[poKa [oAroroBra n o6lacma Ha reop]rsraHa
yrIpaBJIeHLIero !r [punoxeHr.reto t B rrpaKTrKara. Cuura:ra, qe AoKTopaHTKara ce e c[panr.rna ycfiemHo, Karo

He uocraB.f,M noA cbMHeHIae JruqHoro t yuacrue n paspa6orrauero Ha Auceprarlvronuvrfl.Mareplran.

l,l1,aI!,'l,l'r] riA ,lljil 1I11"']1ir !!: ;.r !rr,'i',,. 1! rt.1r,,i,',.. r r11.'r
" i

flo teruara Ha ArrceprallproHHus rpyA ca HarrpaBenr,r 5 ny6nrzraqlztv - Bcr,rqKr4Te B cbaBTopcrBo.

fly6lnxaquu Nr 1, 2 ca c rro rpr4Ma cbaBTopr{ r{ HocflT no 20 /3 TotrKH Bc.rrKa or rsx. lly6nur<aquu Jllb 3, 4, 5
ce Bl{x.qar n SCOPUS v Web of science rI cborBerHo Hoc.f,r to 40 /3 rorrKr,r Bc.f,Ka or rf,x. Tara o6Iqarn 6poir
Ha rorrK[Te rlo [oKa3arel f e 53, xoero HaAxBbpnr pr3rrcKBaHr{re 30 ToqKr4. lly6nvxaqrar.rre orpa:}flBar rro-

CbIIIeCTBeHI,ITe pe3yJITaTLI, TIOCTIIIHaTI{ B,4I{CepTaII}IOHHI{fl TpyA.

He Iuz e LI3BecrHo 3a Beqe HarrpaBeHo nparTurrecKo trpranoxeHr4g Ha Aa1eukrre pe3yJlTarr,r. Tona uoxe
Aa e upe.qMer Ha 6rAerqa pa6ora, BKJrrorrr{TeJrHo or rpyrur KoJreKT[rBu cJreA rrorryJr.f,pr{3}rpaHero Ha re3r.r

pe3ynTaTr,r.



Anropet[eparbr orpa3rBa a,{eKBarHo ocHoBHHTe rroJroxenufl. kt lpr{Hocr,rre Ha A}rceprarlzxra. Haxpax
IEnra 1 crparll4lla pe3roMs na aumuftcxra. CruacHo rrsucKBaHrrflTa, aBTope$eparrr ne rpa6na Aa HaAxBbpnfl
32 crpamgr.r, Torrrlo KoJrKoro e p;a1euurflT.

\jiilL:llifll. ill],"llXlt:l J,:r'{ J.l i}il.:\ i'r'l. N.

CneAa Ha KoBapI,IaIII{oHHara Marprlqa - ue e lrHTepecHo Aa ce rlBcneABa Bbfipocbr ranu fipoqecbr Ha

HacrpoftKa Ha KoBap[aquoHHara Marp[IIa I BuHarr.r cxoArrr{ rrpu pa3JruqHu HarraJrnra crofilro crLr pt c KaKBa

cKopocr.

IIIe e I{HTepecHo I4 fione3uo Aa ce HarrpaBr{ ra peaJrrr3arltrs.HaHflKo}r or pa3ureAaHr.rre MeroAr{ B cpe,{ara Ha
[poMI,IIIIJIeH IIpOTpAMI{pyeM JIOrUqeCKr.r KOHTpOJTep 3a [paKTr.rrrecKo rrpunoxeH]re.

3. IIIe e I{HTepecHo Aa ce HarIpaBI{ KparKa 3axJrrormTenna xnacu(pu:rlapfr. Ha rrpeAJroxeur{Te MeroA[ or
uIeAHa roqra Ha r.f,xuara kuqr4cltprrenHa cJroxnocr 3a eBeHTyanHo rrpraJroxeur4e w B Hr{crocroftuoctnra
cpeAcTBa 3a r,r3MepBaHe I{ aBTOMaTT{3aIIr{fl.

. flparu Brleqarrrenue cpaBHI,ITerHo ronelruxr 6poft qr{Tr,rpaHr,r ny6ruraqu}r c aBTop AoKTopaHTKara r4

ueft ur.rre pbKoBoAfi TeJrr,r.

"i

flrzceptaquxta cbAbpxa 149 crparrurlu; o6Iq 6poft $rErypu - 237;6poft uy6nrrKag;'zrv rro reMara Ha

AuceprarlroHul,L TpyA - 5, 6pofi nI,ITeparypHI{ I{3TorrHr{Uu-93.lopeus6poeHoro AoKa3Ba, qe IoKTopaHTKara
nrua saAsn6oqeHr.r [o3HaHr4.f, B TeMar]rKara Ha [poBeAelrrrre ugcrreilBanufl..

Ct4rpNanrero u rIpI{HocI{Te Ha AlrceprarluonuLtfl.TpyA Ha Man, r.rux. Mupocnana EapaxapcKa rroxprrBar
rI3I{cKBa}r}Itra sa 3axona 3a pa3BI.{TI,Ie Ha aKaAeMurrHr4fl cbcraB na Perry6nura Erlrapns., Ha flpa}rEmrura sa
HeroBoro IrpunoxeHl{evIira llpaaumruKa 3a ycnoBvrflTav. peAa 3a npu4o6unane Ha HafrHr{ cTerreHr.r n TY -
Co$ur. Zsarpueua e 3HasLITeJIHa rlo o6elr u cbAbpxaHr{e rrccneAoBareJrcKa pa6ora. Llvra Eocrarr.reH 6pofi
Haluso-rrprlnoxHll ll [pI,IJIoxH]I nplaHocr{. flpe4craseHr{ ca.qocrarbrreH 6poft ny6nLrKar\vurrro Avceprarlrrsra,
uy6nur<ynanpl Ha rlpecruxHl{ HayqHLI Qopyrrru. Bescuopuo e Jrr{rruoro 1nracrr4e Ha ,{oKTopaHTKara B

pa:pa6otrata u rIoJIfreHI,ITe rlplaHocr,I. He lrpr e r;r3BecrHo 3a rrJratr{arcrno. Tona MW AaBa ocuoBaHrde Aa
llpelopbqzlM Ha YnaNaetroto Hayruo xypH la flp]rcblr{ Ha Man, LrHx. Mupocnana Eapaxapcxa
o6pasonareJlHara I,r HayqHa crefleH ,,4orTop" n npo([ecuoHanno HarrpaBJreHue 5.2. EnexmpomexHttKo,
ereKmpoHuKo u aamoMomltKa) HafrHa cleqrraJrHoct 02.21.10 Ilpuaocrceuue Ho npuHqunume u uemodume Ha

rcudepuemuKamo 6 pct3rurtHu o6nacmu Ho HayKama.

Co(prax, 20 4exerrlnpw2024 r. I43|OTBI4JIPEI{EH3I4-f,TA: /-??-l

(aoq. a-p Acnapyx Mapxoscrcu)
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on a dissertation work for the acquisition of the educational and scientific degree of PhD
with author M.Sc. Engineer Miroslava Boncheva Baraharska - .

entitLed Methods for improving the dynamics of measurements in control systems

under the scientific supervision ofAssoc. Prof. Tsonyo Slavov, PhD and Prof. Ivan Markovski, PhD
in a professional domain 5.2. Electrical engineering, electronics and autornation

scientific specialty 02.21.10 Application of the prin.ciples and methods of cybernetics in various fields of
sctence
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The aim of the dissertation is to further develop known methods - based on the use of a model and

model-free - to improve the process of estimating an experimentally measured quantities. More precisely, the
idea of evaluation with a standard Recursive Least-Squares Method is further developed, and a modified
version of this method has been developed. A new method for improving measurement dynamics based on a
nonlinear model is developed, where the idea arises to estimate its states with an Extended Kalman filter. A
multi-model variant with standard Kalman filters and also with H- filters has also been proposed, for which
approach there is no data in the available literature. Extended estimation options with orthogonal Lagef and

Kautz models are considered and proposed. According to my data and the literature, this is an area that
continues to develop. In this sense, the topic of the dissertation is undoubtedly relevant.

The following tasks of the dissertation are formulated:
1. Modification of a measurement improvement method that does not use a measurement model based

on Recursive Least Squares (RLS) to improve dynamic measurements of a time-varying quantity;
2. Development of a method based on Kalman filtration using a measurement model that depends on

the measured quantity;
3. Development of a method that does not use a measurement model, based on an orthogonal Lager

model, particularly suitable for aperiodic measurement processes and particularly economical in terms of
computational resources when implemented in real time;

4 Development of a method that does not use a measurement model, based on an orthogonal \a$z
model, particularly suitable for oscillatory measurement processes;

5. Development of measurement improvement methods based on linear multi-model filters for the case

of a process-dependent measurement model. A multi-model Kalman filter method and a multi-model H- filter
method to be used;

6. Development of specialized software for implementation and simulation verification of the developed
methods;

7. Implementation of some of the methods in the environment of an industrial programmable logic
controller.

A modified method for improved dynamic measurements of a time-varying quantrty that does not use a

model of the measurement process is proposed in Chapter 2. The method is based on the idea of real-time
identification of atime-variant dynamic system with a modified moving ayerage model. Initially, the structural
parameters of the model are selected based on Akaike's criterion. A modification of the Recursive Least-
Squares Method (RLSM) is used, which provides a constant trace of the covariance matrix of the parameter

estimates, while maintaining the sensitivity of the method to changes in the measured quantity. The
performance ofthe method has been illustrated (by simulations) at several different measurement floise levels.

The influence of the order of the process model on the accuracy and speed of the estimation was also

investigated. A comparison of the method with a method based on a standard Kalman filter was performed.

The obtained results show the advantage of the proposed method in improving the dynamic measurement of



I

time-varying mass. It is proposed to use a modification of Multi-Model RLSM to estimate the time-varying

measured quantity, which provides a constant trace of the covariance matrix. The trace of the matrix is kept

constant due to a time-varying forgetting factor. Simulation experiments have been performed at different

initial values of the covariance matrix, model order and noise variance, and different evaluated temperature

and their influence on the loss function when evaluated with Multi-Model RLSM. Comparative results of
estimation with Multi.Model RLSM and standard Kalman filter are presented. . r

In Chapter 3, a method for improving dynamic measurements based on a modified nonlinear Kalman

filter is proposed. Unlike other methods based on the measurement process model, the proposed method is

applicable to time measurements where the measurement model depends on the measured quantity itself. The

main idea is that in such cases the task of estimating the unknown quantity is transformed into the task of
estimating the states of a nonlinear autonomous system. As an example of the application of this method, the

improvement of the dynamics of the time-varying mass measurement is considered. The main goal is to
increase the speed and accuracy of the measurement process. For comparison purposes, a standard linear

Kalman filter is also designed to improve the measurement dynamics, which is syrthesized for a fixed value

of the unknown mass. The obtained results confirm the advantages of the proposed method based on a
nonlinear Kalman filter.

Chapter 4 points out one of the main drawbacks of model-based methods - the need for a high-order

model at a high level of noise. Therefore, model-free methods are used to estimate the measured quantity. The

works of our colleague Assoc. Prof. DSc Kamen Perev are cited here. The main contribution of this chapter is

the proposed new measurement model-free method for improving time-varying dynamic measurements [ased
on an orthogonal Lager model. This method is suitable for aperiodic measurement processes. Unlike the

existing non-model methods, the proposed method models the measurement process with an orthogonal Lager
model instead of a specific finite impulse response model. Thus, it combines the advantages of model-free

methods and the identification approach that uses orthogonal models. As a result, the proposed method

estimates the measured quantity quickly and accurately with a lower-order model than that estimated using a

conventional, model-free method in the case of low signal-to-noise powers. Online estimation of a time-
varying measured quantity was performed using a modified linear regression model and a Recursive Least-

Squares algorithm with a constant trace of the covariance matrix. The method proposed in this chapter is

validated with examples of temperature and mass measurements. In the noisiest variant of the mass

measurement, good results are obtained when the order of the model is 7, which order is significantly lower

than that used by the conventional method.

Chapter 5 proceeds to the use of modified Kautz models suitable for an oscillatory measurement process.

For this pu{pose, it is only necessary to know the dominant poles of the measurement process in advance. The

idea in the considered method is to approximate the trajectory of the system by orthogonalKautz functions

instead of using a finite impulse response models. A new method, not using a measurement model baset on

Kautz functions, is proposed that improves the dynamics of time-varying measurements. The method is
particularly applicable in the case of an oscillatory measurement process with a high ratio of the power of the

noise to that of the useful signal. The main difference between the proposed method and the conventional

model-free method is the type of model used to represent the measurement dynamics. The conventional model-

free method estimates a kind of finite impulse response model, while the proposed method estimates an

orthogonal Kavtz model. In both methods, the recursive least-squares method with a constant trace of the

covariance matrix performs online estimation of an unknown measured quantity. The dependence of the

estimate on the forgetting parameter and the order of the evaluated model is investigated.

Chapter 6 suggests using a multi-model Kalman filter (MMFC). In the multi-model state estimation

approach, FCs operating in parallel are used to estimate a changing measured quantity. Software has been

developed in the MATLAB/Simulink environment, which implements the proposed measurement

improvement method with a multi-model Kalman filter. In section 6.5 the developed method for improving

the dynamics of measurements, based on a multi-model H. filter, is presented, and it is indicated that, with
imprecisely known statistical characteristics of the noise and the object model, an alternative tolhe Kafunan

filter is the H* filter. It is a worst-case filter because the noises are assumed to be chosen to maximize the state



estimation error. This filter does not require any assumptions about the noise character and is a robust version
of the Kalman filter. The Kalman filter is known to be a special case of the H- filter.

No results have yet been reported in the literature for the application of multi-model H- filters to improve
the dynamics of measurements.

Two new methods based on a multi-model linear Kalman filter and a multi-model linear H* filter are
also proposed, which improve the dynamics of time-varying measurements. The methods are particularly
applicable in the case of a measurement process whose model depends on the measured quantity, including
for processes with a high noise/signal ratio (e.g. with poorer quality sensors). The obtained resulis show*that
even with only 3 filters in the model bank, the algorithms significantly improve the sensor dynamics.

iJ i ris*r"1;i1.ir::'l',,r, i:tli

The subject of the dissertation work is the further development of methods for evaluating measured
quantities, as described in the previous point. For this purpose, well-known mathematical tools from control
theory (e.g. H- filters, Lager models, etc.) are taken, which are combined and applied in an appropriate way,
which corresponds to the set goals and objectives of the dissertation.

11

As stated in item 2 of this review, the dissertation shows knowledge of the problem and creative solurion
to the tasks set. Proof of the credibility of the material are the attached simulation examples obtained with
specially created software solutions.

d. I)i:."i'l ritii,ii' i'ri:r;iJtttlirrlr -

In her dissertation, M.Sc. Eng. Miroslava Baraharska claims the following contributions:
. A modified method for improving measurements in control systems that does not use a process model

is proposed. It was obtained as an existing method was firther developed for estimatinga time-varying
measured quantity. The proposed modified method is compared with a standard Kalman filtertuned according
to the measurement process model. It is proposed to make a reasoned choice of the order of the evaluated
model based onAkaike's criterion. The properties of the method at difflerent values of the measurement noise
variance were investigated. The obtained results show the advantages of the modified method to improve the
measurements, even when using sensors with a lower accuracy class.

. A method for improving the dyramics of measurements based on a modified extended Kalman filter
is proposed. This method is particularly applicable in the case of a time-varying measured quantity, wherEthe
measurement model depends on the measured quantity. Its performance has been verified for the case of
improving mass measurement dynamics, which is common in practice. Also for comparison purposes, a linear
Kalman filter is designed for a fixed value of the unknown mass. The obtained results confirm the advantages

of the method based on the extended Kalman filter over the method based on linear Kalman filter.
. A model-free method for improving time-varying dynamic measurements based on an orthogonal

Lager model is proposed. This method is suitable for aperiodic measurement processes. Unlike the existing
non-model methods, the proposed method models the measurement process with an orthogonalLagu model
instead of a specific finite impulse response type model. The proposed method estimates the measured quantity
quickly and accurately with a lower-order model than that estimated using a conventional model-free method,
especially for a low sensor accuracy class.

. A model-free method based on a Kautz function is proposed that improves the dynamics of time-
varying measurements. The method is particularly applicable in the case of an oscillatory measurement
process with a high noise-to-signal ratio. The main difference between the proposed method and the
conventional model-free method is the type of model used to represent the measurement dynamics.-f,he

I
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obtained results prove the workability of the Kautz function-based method and show its advantages, such as

achieving an accurate value of an unknown measured quantity in a short time (approximately twice as fast as

the conventional method) with a low order of the evaluated model.
. Two new methods based on a multi-model linear Kalman filter and a multi-model linear H- filter are

proposed, which improve the dynamics of time-varying measurements. The methods are particularly

applicable in the case of a measurement process whose model depends on the measured quantity, including
for processes with a high ratio of noise to useful signal (sensors with a lower accuracy class). The obtained

results show that even with only 3 filters in the model bank, the algorithms significantly improve the sensor

dynamics. The proposed methods present opportunities for future theoretical research related-to the nuraber

of models in the model bank, with different algorithms for determining the weighting coefficients, etc.
. For the program implementation of the proposed methods for selecting the dynamics of the

measurements, a software provision has been developed in the MAILAB/Simulink environment.

I accept contributions so described.

The personal participation of the doctoral student is judged by the materials published on the

dissertation. The nature of the study implies a very good and broad preparation in the field of Control Theory

and its application in practice. I believe that the doctoral student has done well, and I do not doubt her personal

involvement in the development of the dissertation material.

,. \:li:illr.;til l,; " l;.; r. r,:ll1,r1i ,.1,i. i,, .;. .ri11,

5 publications Were made on the topic of the dissertation - all co-authored. Publications No. 1, 2lave
three co-authors each and carry 206 points each. Publications #3,4,5 are visible in SCOPUS and Web of
science and respectively carry 4M points each. Thus, the total number of points under the corresponding

indicator is 53, which exceeds the required 30 points. Publications reflect the more substantial results achieved

in the dissertation work.

t) , : - "i- i..'r i rtllr, !!-rrr t'i.iiititlr: ,1. tl]" .,J.lSrr' ,,,.:, ri] 1.1 ,):ti ili r{,ji*rt.-tj ii!lLi It! :':ilr.';'

I am not aware of any practical application of the given results. This may be the subject of future work,

including by other collectives after these results are publicized.

The abstract adequately reflects the main points and contributions of the dissertation. There is a lgage
sunmary in English at the end. According to the requirements, the abstract should not exceed 32 pages, which
is exactly the case here.

1. Trace of the covariance matrix -- it will be interesting to investigate whether the covariance matrix
tuning process is always convergent for different initial values and at what rate.

2. It will be interesting and useful to implement some of the considered methods in the environment of
an industrial programmable logic controller for practical application.

3. It will be interesting to make a brief final classification of the proposed methods in terms of their
computational complexity for possible application in low-cost measurement and automation tools as well.
. The relatively large number of cited publications authored by the doctoral student and her supervisors should

be noted.

*



The dissertation contains 149 pages total; number of figures -237; enough tables and formulas; number
of publications on the subject of the dissertation - 5, number of literary sources * 93. The above proves that
the doctoral student has in-depth knowledge of the subject of the conducted research.

The content and contributions of the dissertation work of M.Sc. Eng. Miroslava Baraharska meet the
requirements of the Law on the Development of the Academic Staff of the Republic of Bulgaria, the
Regulations for its Application and the Regulations for the Conditions and Procedures forAcquiring Scientific
Degrees at TU - Sofia. A considerable volume and content of research work has been carried out. There are a
sufficient number of scientific and applied contributions. A sufficient number of dissertation publications
published in prestigious scientific forums are presented. The personal participation of the doctoral student in
the development and the contributions received cannot be denied. I am not aware of plagiarism. This gives me
reason to recommend the Honorable Scientific Jury to award M.Sc. Eng. Miroslava Baraharska the educational
and scientific degree "PhD" in professional field 5.2. Electrical engineering, electronics and automation,
scientific specialty 02.21.10 Application of the principles and methods of cybernetics in various Jields of
science.

Sofia, December 20,2024 Reviewer:

(Assoc. Prof. Asparuh Markovski, PhD)
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