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BBPXY AUCEPTAIMOHEH TPYH 32 IpUI00MBaHe Ha 00pa3oBareIHa U HayyHa CTENEH OOKMOp
¢ aBTOp Mae. uHdc. Mupocnasa bonuesa bapaxapcka
Ha TeMa MemoOu 3a no0obpsasane Ha OUHAMUKAMA HA USMEPEAHUAMA 8 CUCIEMU 34 YNPAGLIeHUe
T10JT HAyYHOTO PHKOBOICTBO Ha HOI. A-p LloHso CiaBos u mpod. 1-p ViBan MapKoBCKy
B Ipo(ecnoHaNHO HanpasiieHue 5.2. Enekmpomexuuxa, eleKmpoHUKa U asmomamura
nayuna crenuansoct 02.21.10 Ipunooicenue na npunyunume u memooume Ha KUOepHeMuUKama 6 pasnuyHu

obnacmu Ha Haykama

a%ﬁ\”ui.,ih(%i Ha Aucopraiin

[lenTa Ha IUCEPTAIIMOHHUS TPYL € J1a C€ JOpa3BUAT U3BECTHH METOAU — OCHOBAaHHW Ha H3IOJI3BaHE Ha
Mozen 1 6e3MOJeNTHH — 32 TIoJ00psiBaHe Ha Ipolleca Ha OIEHSBaHE Ha ONMTHO M3MepBaHa BenuuuHa. Ilo-
TOYHO, JOPa3BHBa Ce HJesTa 3a oleHsBane cbe cranmapred PMHMK, karo e paspaboreH moaubuuupan
BapHaHT Ha TO3d MeToA. Pa3paboTea ce HOB METON 3a MomoOpsIBaHe HA AUHAMHKATa Ha U3MepBaHe, Oa3upan
HA HEJIMHEEH MOJIEN, IPU KOETO BR3HUKBA HIeATa HEMHUTE CHCTOSIHUS 1a ObJar oneHeHu ¢ Pasmupes GuiaTsp
ua Kanman. [IpeniockeH € 1 MHOTOMOJICNICH BapHaHT Che cTaHmapTHH ¢untpu Ha Kamman, a cemo u ¢ He
¢untpu, 3a KaKbBTO MOAXOJ HSMa JAHHU B JOCTBIIHAara JWTeparypa. Pasmiexxmar ce W ce Ipeiarar
pasUIMpEeHN BapHaHTH HA OIICHSBaHE C OpToroHanHU moxenu Ha Jlarep u Kayn. CermacHO MoWTe NaHHH U
JIMTEpaTypara, ToBa € 00JIacT, KOSTO MIPOABIDKaBa Ja Ce pa3BUBA. B TO3M CMUCHII, TeMara Ha JUCEPTALUOHHUS
TPYA HECBMHEHO € aKTyajHa.

Crenen Ha MOZHABAHC HA CHCTOSHECTO Ha npodiaeMa 1 obma xapax

CPHCTYKA Ha JIMCEePTABOHHES TPYA

@opmynupaHy ca CIeTHHUTE 3a/1a4y Ha TUcepTalMoHHara pabora:

1. Mopudunupane Ha METOA 3a OI0OpsBaHE HA U3MEPBAHUSITA, HEU3IIOI3BAII MOJIENl HA U3MEPBAHETO,
Oa3mpaH Ha peKypCUBHUS METOJ Ha Haii-mankuTe kBagparu (PMHMK) ¢ nien nono6psiBane Ha IUHAMUYHHATE
U3MEpPBaHMs Ha IPOMEHSIIA C€ BbB BpEMETO BEJIMYNHA;

2. Pa3pabotBane Ha meTon, ocHoBaH Ha KanMaHoBa QuiaTpaius, 3M0JI3Ball] MOJEN Ha H3MEPBAHETO,
KOWTO 3aBHCH OT U3MEpBaHAaTa BeINUHUHA;

PaspaboTBane Ha METOM, HEM3IOI3BAI MOZIET Ha U3MEpBaHeTo, 6a3upaH Ha opToroHayeH Mozen Ha Jlarep,
0COOEHO MOIXOMSII IIPU arlepHOAMYHN H3MEPBATEIHH MPOIECH M 0COOEHO UKOHOMHMYEH OT IVIEHA TOYKa Ha
M3YHCITUTEIHA PECYPCH IIPU PEanu3alisi B PeaHo BpeMe; .
PazpaGoTBane Ha METO, HEU3IOI3BAL] MOJIENI HA U3MEPBAaHETO, Oa3upaH HAa OPTOTOHAJIEH MOJZIEI Ha Kayu,
0Cc0o0€HO MOAXO/ISII TPHX KoseOaTeTH! U3MEpBATEeNTHH MIPOIIECH;

PaspaboTBane Ha MeTOH 32 NOHOOPSIBaHE HA U3MEpBaHUATA, Oa3UpaHH Ha THHEHHN MHOTOMOJEIHHE QHITPH
3a cilydasi Ha 3aBUCHM OT M3MEpBaHara BEIWYMHA MOJEN Ha M3MEPBaHETO. MeTon ¢ MHOTOMOJIETIEH (QMITHD
Ha Kamman u meton ¢ Mmuoromopenes Heo GuaTsp.

PaspaboTBane Ha cnenuaiM3upaH coTyep 3a pealu3anus ¥ CHMYJIAIMOHHA IpOBepKa Ha pa3paboTeHUTE
METOIH
Peanu3arus Ha HIKOU OT METOAMUTE B cpeiaTa Ha MPOMUILIEH IIPOTPAMUPYEM JIOTHYECKHA KOHTPOJIED.

B ritaBa 2 ce npeanara MonuduIupal METON 3a MOR0OpeHN IUHAMUYHYI H3MEPBAaHUA HA IIPOMEHSIIA CE
BBB BPEMETO BEJTHMYMHA, HEU3IIOI3BAIL MO/IE Ha U3MepBaTeIHus Ipolec. MeTonbT ce OCHOBAaBa HA HEATA 3
uneHTHGHUKALHS B PeaHO BpeMe Ha HeCTallMOHapHa AMHAMAYHA CHCTeMa ¢ MOTU(HITIPaH MOJIEN — TBJI3sIIIa
cpenna croinocT. [TbpBOHAYATHO ce M3BBPLIBA H300p HAa CTPYKTYPHHUTE IIapaMeTpH Ha Mojiesa Ha 6a3ara Ha
Kputepuss Ha Axawmke. V3mom3Ba ce MomuduKanus Ha PEKYpPCHBHHS METOJ| Ha Hal-MaJIKUTE KBaJIpaTH
(PMHMK), xosiTo ocurypsiBa NOCTOSIHHA CJIefia Ha KOBapHallHOHHATa MaTpHIla Ha OLEHKHUTE Ha IIapaMeTPHUTE,
TIPH KOETO C€ MOAAbPKa UyBCTBUTEITHOCTTA Ha METO/la KbM IIPOMEHUTE B U3MepBaHaTa BenuduHa. Paborara
Ha MeToja € Hu3cjenBaHa (CHMYJIAIMOHHO) IIPU HSKOJKO pa3IMYHM HHBA HA H3MEPBATEIHUTE LIYMOBE.
M3cnenBano € U BIUSHUETO HA peia Ha MOAEa Ha IIpoleca BbPXY TOYHOCTTA U CKOPOCTTa Ha OLEHABAHETO.



H3BBpIIEHO € CpaBHEHNME Ha METO/a C METOJ, OCHOBaH Ha cTaHmapreH ¢untep Ha Kamman. Ilomydenute
pe3y/ITaTd MOKa3BaT MPeIMMCTBOTO Ha IPEMIOKEHHS METO IIpU IoK00psABaHe HA JUHAMUYHOTO M3MEPBaHEe
Ha IPOMeEHSIa ce BBB BpeMeTo Maca. Ilpemnara ce 3a ONEHABaHETO HA IPOMEHSIIATa C€ BbBB BPEMETO
u3MepBaHa BeIWdrHA Ja ce uarmon3Ba Mopudukanus Ha PMHMK, xosaT0 ocurypsiBa IOCTOSIHHA clefa Ha
KoBapHanuoHHara Marpuna. Crenara Ha MaTpHIaTa ce NOANbPXKA OCTOSHHA 33 CMETKa Ha IIPOMEHIIMB BbB
BpeMeTo KoeuIieHT Ha 3a0paBsHe [IpaBeHn ca CHMyNaMOHHM ONUTH IIPU PA3IMYHU HAYATHH CTOMHOCTH
Ha KOBapHalHOHHATa MaTpUla, pe Ha MojielIa M JUCIEepCHs Ha IIIyMa U pa3jInyHa OlCHsIBaHA TeMIIepaTypa U
BIMSHHETO UM BBPXy (yHKIwsTa Ha 3aryoure npu onenssane ¢ MPMHMK. Ilpencrasenu ca cpaBHUTENHH
pesynraru ot onessBane ¢ MPMHMK u cranpapren ¢untsp Ha Kanman.

B maBa 3 e mpemiokeH MeTon 3a IomoOpsiBaHe Ha JMHAMMYHMTE H3MEpBaHUsS, OCHOBAaH Ha
Moauumpad HenrHeeH QuiaThp Ha Kanvan. 3a pa3iuka oT Ipyrd METOAM, OCHOBaHM Ha MOJIeNa Ha IIporeca
Ha W3MEpBaHe, MPEAJIOKEHUAT METO/ € IPHIOKHM 332 M3MEPBaHMs BBB BPEMETO, NMPH KOUTO MOAENBT HA
U3MepBaHe 3aBHCH OT caMara m3MepBaHa BennuyMHa. OCHOBHAra ules €, Y€ B TaKWBa CIIydad 3ajadara 3a
OILICHKA Ha HeHM3BECTHATa BEIMYMHA ce Ipeobpa3yBa B 3ajada 3a OIEHKA Ha CBCTOSHHUATA Ha HEIHHEHHA
aBTOHOMHA cHcTeMa. Karo mpumep 3a MPUIOKEHHETO Ha TO3M METOJ CE pasmiekiza HoaoOpsBaHe Ha
IVHAMHUKATA Ha HM3MEpPBaHETO Ha IPOMEHSINA ce BbB BpeMeTo Maca. OCHOBHAra €l € Ja Ce YBEIHYH
CKOpOCTTa M TOYHOCTTA HA IpoIieca Ha U3MepBaHe. 3a LEIUTe Ha CPABHEHUETO € MIPOCKTHPAH U CTaHapTCH
nuneen Qunrsp Ha Kanman 3a nonmoOpsiBaHe Ha AWHAMHUKAaTa Ha HM3MEpBaHe, KOMTO € CHHTEe3UpaH 3a
¢uxcupana cTOMHOCT Ha HewsBecTHara Maca. Ilomydenure pesyarard NMOTBbp)KAABaT IPEJUMCTBAaTa Ha
IpeUIOXKEHUS] METOI, OCHOBaH Ha HenuHeeH GuiaTep Ha Kanman.

B raBa 4 € mocodeH eIiH OT OCHOBHUTE HEOCTAThIM Ha METOAMTE, H3MOI3BAIIN MOZCI — Hy)XJlara OT
MOJIEN OT BHCOK PeJl ITPX BHCOKO HHUBO Ha ITyMa. 3aT0Ba C€ MIPUCTHIIBA KbM Oe3MONEITHI METOIH 33 OL[CHKA
Ha u3MepBaHara BenwuuHa. [{uTHpanu ca u pabotn Ha Hamus Konera gou. aH Kamen Ilepe. OCHOBHHAT
IPHHOC B Ta3H [VIaBa € IPEIOKEHIUST HOB METOJ], HEM3IIO3Ball MOJIE Ha H3MEPBAHETO 3a MON00psBaHe Ha
IPOMEHSAIIATE C€ BBB BPEMETO JAMHAMHUYHH H3MEPBAHHKS, OCHOBAH Ha OpToroHaneH mozxen Ha Jlarep. Tosu
METOJI € IOIXO/IAIN 3a alepHOANYHU IPOLECH Ha M3MEpBaHe. 3a pas3iliKa OT ChLIECTBYBAIUTE METOIH, HE
H3II0I3BAIIM MOJET, IPEUTOKEHUSAT METO MOJICIIIpa Ipolieca Ha M3MepBaHe ¢ OPTOrOHalleH Mojen Ha Jlarep
BMECTO ChC crenuuueH MOIeN ¢ KpaifHa HMIIyICHA XapakTepucTuka. IIo To3u HauwH TO¥ ChUeTaBa
HpeIUMCTBaTa Ha METOIUTE, HE M3IO0JI3BAINI MOZIEN M IIOX0/1a B MAEHTH(QHUKANMATA, IIPH KOUTO CC U3I0JI3BaT
OPTOTOHANHH MOJENH. B pesyinrar Ha TOBa, IPESATOKEHHAT METON OLIeHsIBa H3MepBaHara BeMIrHa Obp30 u
TOYHO € MOZENI OT IMO-HHCHK el OT OLEHEHHs TaKbB IPH H3IOJI3BaHE HAa KOHBEHIIHOHAJICH METOM,
HEM3IION3BAll MOJEN B ClIydass Ha HUCKO CHOTHOIIEHHE HA MOIMHOCTHUTE Ha IIOJE3HHS CHTHAJ KbM IIyMa.
M3BBpIIEHO € OHNAiH OlEHsBAHE HA IIPOMEHSINA CE BB BPEMETO H3MEPBaHa BENHMYUHA Ype3 MONUDHIUPAH
JIMHEEH PErPEeCHOHEH MOJEN M PeKYPCHUBEH alTOPHTHM Ha Hal-MaJKUTe KBaJIpaTH C MOCTOSHHA Cliefa Ha
KOBapHallMOHHATa MaTpuIia. MeToABT, MPEAJIOKEH B Ta3y INIaBa, € BAIMAUPaH C IPHMEPH 3a H3MEpPBaHE Ha
TeMneparypa u Maca. IIpu Haii-3airyMeHust BApHaHT Ha H3MepBaHe Ha Maca ce MolydaBar JoOpH pesyiTarH
OpH 7-MH peJi Ha MOZIeNa, KOMTO pes € 3HAYUTENHO O-HUCHK OT TO3H, H3MIOJI3BaH OT KOHBEHI[OHAIIHHUS METO.

B maBa 5 ce mpucThIIBA KBM H3MOJI3BaHe Ha Momuduimpanu Monenu Ha Kayl, moaxomsmu Ipu
KonebareneH Mpouec Ha W3MepBaHe. 3a IelTa eIUHCTBEHO € HEOOXOIUMO MIPEABAPUTENHO J1a Ca H3BECTHH
JOMHHMpAIIKTE IOJIOCH Ha H3MepBaTeIHUS ITpolec. MaeaTa npy pasmiexaaus METOX € la Ce apOKCUMHpa
TPAaeKTOpHATA Ha CHCTeMara 4pe3 opToroHanHu ¢ynkuuu Ha Kayn, BMECTO na ce M3I0NI3Ba IIPEICTaBsIHE C
KpaifHa IMIyJICHA XapakTepucTuka. IIpemoxen € HOB METOM, HEU3IIOJI3BAIIl MOZICI HA H3MEPBaHETO, OCHOBAH
na ¢yukuu Ha Kayr, xoito mono6psiBa AMHAMHKATa HA U3MEPBAHMATA, KOMTO CE MPOMEHAT BbB BPEMETO.
MeToxsT € 0COOEHO IPUIIOKUM B CIydail Ha KonebareleH IpoLec Ha H3MEPBaHe ¢ BUCOKO ChOTHOIICHUE Ha
MOIIHOCTTA Ha IMyMa KbM Ta3W Ha MOJe3HUs curHan. OCHOBHATa pasjidka MEXAY MPEIUTOKEHHSI METOJ U
KOHBEHLIMOHAIIHHUS METO HEU3IOI3BAII MOJIEN € TUII'BT MOAEI, M3IIOJI3BaH 3a IIPEICTaBIHe Ha JUHAMUKATa Ha
u3MepBaHeTo. KOHBEHIMOHANHMAT METOJ, HEM3ION3BAIl MOJEN, OIEHsBa eIMH BUA MOJEH C OrpaHHdYeHa
AMITYJICHA XapaKTEPUCTHKA, JOKATO [IPEIIOKEHUST METOI OLIeHsBa OpToronaten moxen ua Kayr. Y npu fBara
METO/Ia PEKYPCUBHHAT METOJ Ha Hal-MalKHUTe KBAaZpaTH ¢ MOCTOSHHA ClIe[la Ha KOBapHAIlMOHHATAa MaTpUla
U3BBPIIBA OHJIANH OI[CHKA Ha HEW3BECTHA M3MeEpBaHa BeluMuuHa. M3cienBana e 3aBUCHMOCTTA Ha OLEHKATa
OT ImapameThpa Ha 3a0paBsiHe U pelia Ha OLEHABAHMS MOJEIL. " '



B mmaBa 6 ce mpemmara ga ce M3OON3BA MHOTOMOZIENEH ¢untep Ha Kamvan (MOK). Ilpu
MHOIOMOZCIIHHS TTIOAXO/ 33 OLECHABAHE HA ChCTOSHHUS CE U3IMON3BAT ycrmopenHo paboremu ®K 3a onenka ua
IPOMEHSINA Ce M3MEpBaHa BeMM4yuHa. PaszpaGoren e codryep B cpemara ma MATLAB/Simulink, koiito
peau3npa NpeIIOKEH S METO]I 3a [IOA00psiBaHe Ha H3MEPBAHUATA C MHOrOMozeneH GuiTsp Ha Kanvan. B
paszien 6.5. € IpeCTaBeH paspaboTeHHAT METOZ 3a ION00psIBaHeE HA UHAMUKATA HA H3MEPBAHHATA, OCHOBAH
Ha MHOTOMOzeNeH Hw GUITHP, KaTo € mocoueHo, Je Npy HETOYHO M3BECTHH CTATHCTHYECKH XapaKTePUCTHKH
Ha WIyMOBETE ¥ MOJieNa Ha obekTa antepHarusa Ha Gunrspa Ha Kaiman e Ho Guntepst. Toit npencrasissa
¢$unThp 32 HAR-ITOMMS CITyTali, TOHeIKe Ce IPE/IIoIara, ue ITyMOBeTe ca M3GPAaHH Taka, e JIa ce MaKCHMHU3Upa
TpeluKara B OUEHKAaTa Ha CBCTOSHHETO. To3W (QUITHD HEe HM3UCKBA HHUKAKBH IPENIONONKEHHS OTHOCHO
LIyMOBETE M NPEJICTaB/IIBA poOacTHA Bepeus Ha GpuiThpa Ha Kamman. Ussectro e, ye GunThpsT Ha Kanvan
¢ yacteH ciaydai Ha Ho ¢punrepa.

B ymreparypara Bee ole HiAMa JIOKTIBAHA Pe3y/ITaTh 3a IPHIOKEHHE HA MHOTOMOenH: He durpu
3a moxo0psBaHe Ha JUHAMUKATA HA H3MEPBAHUATA.

IIpennoxenu ca ChIIO ABa HOBU METOJIA, OCHOBAHH HAa MHOTOMOIEJIEH THHeeH GunThp Ha KanMan u Ha
MHOTOMOZIENeH uHeeH Hw ¢uiarsp, xomto momoOpsear IuHAMEKAaTa HA NPOMEHAIIE CE BBB BPEMETO
u3MepBaHusl. MeTouTte ca 0co6eH0 IPHIIOKIMHE B Cllydail Ha M3MepBaTeNeH MPOLEC, YHHTO MOJIEN 3aBHCH OT
U3MepBaHaTa BEJIMYHHA, BKIIOYUTENHO U 3a IPOLECH ¢ BUCOKO CHOTHOLIEHHE Ha IIyMa KBM TI0JIe3HUS CHIHAI
Hamnp. Ipy NO-HEKAYeCTBEHH Narduuy). [lonydennte pesynrarty moKasBat, 4e JOPH M caMmo ¢ 3 GuiThpa B
MoJie/HaTa O0aHKa, aTOPUTMHUTE TIOXOOPABAT 3HAYUTENHO THHAMUKATA HA CEH30PA.

CBOTBETCTRAC HE HPCIVIOKEHATE MET

HITE TPV

4 HA HBCHCHBAHS ¥ NOCTARCHVTS 18 ¥ Uauw Ha

JHCEPTaig
IIpenMer Ha AMCEePTALMOHHMS TPYA € JOPa3BHBAHETO HA METONHM 33 OLCHSIBAHE Ha HU3MEpBaHU
BEJTHIMHH, KaKTO € ONIUCAHO B IPEIUIIHATa TOYKA. 3 IeJITa Ca B3eTH H3BECTHH MaTeMATHIECKH HHCTPYMEHTH
OT TeOpHATa Ha ynpaslneHueTo (Harp. He ¢untpm, Momemn Ha Jlarep u T. H.), KOMTO ca KOMOMHHpPAHH K
TIPUIIOXKCHH I10 MOIXOMAN] HAYMH, KOETO ChOTBETCTBA HA IOCTABEHHUTE LIEJIH U 3a/[a4y Ha JUCEPTAlUATA.

4. OueHxa Ha JI0CTOBEPHOCTTA HA MATEPHANA, BLPXY KOUTO ce IpaisT IPHHOCUTE Ha JCePTALOHHUA
TPYA

Kakro 6e mocoyeno B T. 2 Ha peneHsuiaTa, fucepranusaTa IoKka3sa II03HaBaHe Ha npoGHeMa " TBOPYECKO
pe€IaBaHC Ha IMOCTABECHUTE 3aJa4H. I[OKaBaTCJICTBO 3a JOCTOBEPHOCTTA HaA Marcpuala ca IPHIIOKEHUTE
CHUMYJIaUHOHHU IIPUMEPH, TTOJIYUYECHHU CHC CIIEMHAIHO Ch3aICHI IIPpOTpaMHU pEIICHU .

5. Hpuuocy ga JUCepTaliOHHus TPy

B nmucepranuonuus Tpya JOKTOPAHTKATa IPETEHUPA 3a CIEIHATE IPAHOCH: = -

o [Ipemioxken e MomuduUIpan MeTo 3a TONOOPSIBaHE HA H3MEPBAHHUATA B CHCTEMH 34 yIIpaBlIeHHE, IPU
KOUTO HE Ce H3MOJI3Ba MOJIeN Ha Iporieca. Toi e omyyeH KaTo ChINeCTBYBAL METOLT € JIOPa3BUT 3a OIIEHABAHE
Ha IIPOMEHSIIIA CC BbB BPEMETO U3MEpBaHa BeJn4iHA. [IpenokeHuIT MOTU(UIIPAH METO € CPABHEH ChC
cTanfapreH ¢punThp Ha Kanman, HacTpoeH 10 Mozena Ha M3MEpBATETHHUS npouec. [Ipemtoxerno e ga ce
U3BBPIIBA 0O0CHOBAH M300p Ha pejia Ha OIEeHsABAHUS Mojel Ha Gasara Ha UH(POPMAIMOHHKS IIOKa3aTell Ha
Axauke. M3cnenBanu ca cBolicTBaTa Ha METOA ITPH PA3JIMIHH CTOHHOCTH Ha JUCIIEPCHSITA Ha U3MEPBATETHHUS
uyM. Ilomydenure pesynratu IOKa3BaT MpPEJUMCTBATA Ha MOAM(DHITMPAHHS METOX 3a nonoOpsiBaHe Ha
U3MEPBaHUATA, TOPH U IIPU M3IIOJI3BAHE HA CEH30PH C IMO-HUCHK KJIAC HAa TOYHOCT.

o [Ipenyioxen e MeTox 3a IMOROOpsIBaHE HA JUHAMMKATA HA U3MEPBAHUATA, 0azupaH Ha MOAUQHITUPAH
pasmmper ¢punthp Ha Kanman. To3u MeTox € 0co6eHO0 NPUIIoKKEM B CTydail Ha IIPOMEHSIIA c€ BB BPEMETO
U3MEpBaHa BEIHYMHA, KOraro MOICTBT HA M3MEpBaHE 3aBHCH OT H3MEpBaHATa IIPOMEHJIMBA.
Pabotocnoco6HOCTTa My € mpoBepeHa 3a ciaydas Ha nonoOpsBaHe Ha NMHAMHKATa Ha M3MEpPBAHEe HA Maca,
KOHTO € YeCTO CPEIlaH B mpakThkara. ChINO Taka 3a LeJIUTe Ha CPABHEHHETO € MIPOEKTHPAH JIMHECH bunTsp
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Ha KanMan 3a (QuKcHpaHa CTOHHOCT Ha HeW3BecTHara Maca. lIoydeHHWTe pe3y/Tard IMOTBHPIXKIABaT
IpeIUMCTBaTa Ha MeTola, 6a3supaH Ha pasmupeHus ¢untbp Ha Kanman npen Merona, 6asupan Ha TuHEHRHA
Kamvanosa ¢unrparus.

e [IpeutoxeH € MeToH, HEHM3ION3Ball MOJAEN 3a MOMO0psSBaHE Ha MPOMEHSAIIUTE CE BBB BPEMETO
JVHAMUYHH HM3MEpBaHMs, Oa3zupaH Ha oproroHaseH moxen Ha Jlarep. Tosu MeTom € MOOXOAAI] 3a
arlepHoJUYHY IIPOIECH Ha M3MEpBaHE. 3a pa3jivKa OT CHINECTBYBAIUTE METOIM, HE H3MOJI3BALH MOJET,
IPEIUIOKECHUAT METOZ MOAEIMpa Ipolieca Ha HU3MEpBaHE C OPTOTOHAJCH Mojen Ha Jlarep BMECTO ChC
crienHYeH MOZIEN OT THII KpaifHa UMITyJICHA XapaKTepHCTHKA. [Ipe/ToKeHUAT METOT OIIeHsIBa H3MEPBaHaTa
BeJIMYMHA OBP30 M TOYHO C MOJIEJN OT [TO-HUCHK pell OT OICHEHHS TaKbB IIPH U3I0JI3BaHe Ha KOHBEHIIHOHAICH
METOJ HEM3IIOI3Balll MOJIEN, 0COOEHO IIPH HUCHK KJIac Ha TOUHOCT Ha CEH30pa. . i

e[Ipemmoxen e MeTon Hews3moi3Ball Monen, OasupaH Ha ¢yskimus Ha Kaym, koiTo momoOpsBa
JHHAMHKaTa Ha H3MEPBaHMSTA, KOUTO CE IIPOMEHST BEB BpeMeTo. MeTOIbT € 0COOSHO MPUIIOKHM B CITydaif
Ha KoyieOaTelleH MpoLeC Ha U3MEepBaHE C BHUCOKO CHOTHOIIEHHE IIyM KBM Toje3eH curHasl. OcHOBHATa
pasnrKa MEeXAy IpPeJIOKEHHUS METOJ M KOHBEHIIMOHATHHS METOJ] HEHW3IOJ3BAIll MOJEN € THIBT MOJIEI,
U3NON3BaH 3a IIpeJCTaBsHE Ha JWHAMHUKAara Ha W3MepBaHeTo. [lonydeHWTe pe3yaTaTd I0Ka3BaT
paboTtocniocobHOCTTa Ha Gasupanus Ha Qynkiusara Ha Kayr MeToq 1 moka3Bar HErOBHTE IMPEIUMCTBA, KaTo
IIOCTHraHEe HA TOYHA CTOMHOCT Ha HEM3BECTHA M3MEpPEHa BEIMYMHA 33 KParTko BpeMe (IMPHONU3UTENHO JBa
II'BTH 10-0BbP30 OT KOHBEHITMOHAIHUS METOJ) C HUCHK Pell Ha OIeHSIBAHUS MO

e [Ipennoxenu ca ABa HOBU MeTofa, 0a3upaHd Ha MHOTOMOJeNIeH jauHeeH GunThp Ha Kaaman u Ha
MHoromozeneH juHeeH Hwo ¢uaTbp, xowTo momoOpsBar JUHAMHKAaTa Ha MPOMEHSIIH Ce BBB BTEMETO
u3MepBaHusl. MeTtonuTe ca 0coOEHO MIPUIIOKUMH B CIIy4ail Ha H3MEpBaTelieH MPOIEC, YHUTO MOJIEI 3aBUCH OT
M3MEpBaHara BEJIMYMHA, BKIIOYUTETHO M 3a IPOLECH C BHCOKO CHOTHOILICHHE INYyM KBbM IIOJE€3€H CHTHAI
(CEeH30pH € MO-HUCHK KJlac Ha TOYHOCT). [lomydennTe pe3yiraru mokassar, 4e JOPH M ¢aMo ¢ 3 GuiIThpa B
MozenHara 0aHKa, aITOPUTMUTE OAOOPSIBAT 3HAYUTEHO TUHAMHUKATa Ha ceH3opa. [IpemmoxkeHuTe MeETOAM
HPEICTaBAT BE3MOXKHOCTH 32 ObIeNIN TEOPSTHYHHI U3CIIEABAHKS, CBBP3aHHU ¢ OpOs Ha MOJEINTE B MOJEIHATA
0aHKa, C pa3IMYHU AITOPUTMHU 3a OIIpeJelITHe Ha TETJIOBHUTE KOSC(QHUIIUSHTH H JP.

e3a mporpaMHara peaiu3anvs Ha IPEIIOKECHUTE METONU 3a MOJoOpsBaHE Ha JUHAMHKATa Ha
U3MEpBaHUATa € pa3paboTeHo copTyepHo ocurypssane B cpenara Ha MATLAB/Simulink

[Tpuemam Taka onMCaHUTE MIPHHOCH.

6
Crenen Ha auw HOTO YHACTHO HA JOKTODAHTRATE B IDHBOCHTE

3a JHMYHOTO y4JaCcTu€ Ha JOKTOpaHTKara ChIAA IIO HY6J'II/II(YB8_HI/ITC IO mucepranuiaTa MarcpHalid.
XapaKTCp"bT Ha U3CJICABAHETO IIpeariojiara MHOIo 1106pa U IIAPOKa NOoAroTOBKa B obactra Ha TCOpHATA Ha
YIIPABJICHUETO U MPUIIOKECHUETO M B IIpaKTHKara. C‘-II/ITaM, Y€ ONOKTOpaHTKara €€ € CrpaBuia yCIICIIHO, KaTo
HE IOCTaBSAM O]l CbMHEHHE TUIHOTO M y4acTuc B pa3pa60TBaHeTo Ha JUCECPTAITMOHHUA MaT€puall.

Tipenenxa na nyOrukaupuTe 1o ARCEPTAROHHIE TPV

Ilo Temara Ha QUCEpTAlMOHHHUS TPYJ Ca HApaBeHH S5 ITyOJUKAIMHM — BCHYKHUTE B CHABTOPCTBO.
[TyGmuxarmu Ne 1, 2 ca ¢ mo TpuMa cbaBTOpH U HOCAT 1m0 20/3 ToukH Beska oT Tax. ITyomukammu Ne 3, 4, 5
ce Bmxar B SCOPUS u Web of science u crotBeTHO HOCAT 110 40 /3 TOYKM BCska OT Tsax. Taka obmmst Gpoit
Ha ToYykuTe 10 nokasaren [ e 53, koeto HagxBbpns usuckBanure 30 touku. [IyOnukamuure oTpassBar mo-
CBIIECTBEHUTE PE3YITATH, TOCTUTHATH B IUCEPTAITMOHHHS TPYI.

8. Vsnomssame wa POBVATATHTOC O JHCCDTAIMOHHEY TPV B HAYKATA ¥ HPAKTHKATA
He Mu e n3BecTHO 3a Beue HaIIpaBEeHO MPAKTHUYCCKO IPHUIIOKEHUE Ha JaACHUTE PE3YIITAaTH. Tosa moxe

Ja e mpeaMeT Ha Obiema paboTa, BKIFOYUTEIHO OT JPYTH KOJEKTHBU CIE] MOMYyISpH3NPAHETO HA TE3H
pe3yJTary.



9. g.:?i.lé;ﬁé%{& HA ChOTBETOTBHOTS H i‘ii%'%.‘(?§}$(§}$'§l'}é§'.iﬁ'éf§ CHBHOKBOHEATIE 38 HBUOTRBIAHCTO MY,

AACKBATHOCTTA HE OTDARHBAND HA OCHOBMUITE NOIOWCHNSS ¥ 11 DHHOCHTO HaA i

ApropedeparsT 0Tpa3sBa afeKBaTHO OCHOBHHTE IOJOXKEHHS U IPUHOCHTE Ha muceprarusaTa. Hakpas
nMa | cTpanuia pesroMe Ha aHrmiicka. CBIIACHO U3MCKBaHMUsTA, aBTOpedeparsT He TpsAOBa J1a HAJXBBPISL
32 cTpaHHIH, TOYHO KOJKOTO € JaCHHUSIT.

Mpecu L, IIDCTIONDBRY ¥ Oesrenion

Cnena Ha KOBapHallMOHHATA MaTpHIA — INE € MHTEPECHO 1a Ce W3CJENBa BBIPOCHT JalTd HPOLECHT Ha
HACTPOMKa Ha KOBAPHAIlMOHHATA MAaTPUIA € BUHATH CXOJSI MPH Pa3IMYHK HAYalHM CTOMHOCTH U C KaKBa
CKOPOCT. ‘ . _
Ille € MHTEPECHO 1 ONE3HO A Ce HAIPABH M pealH3alys Ha HIKOH OT pasriefaHUTe METOIM B cpefara Ha
IPOMHMILIEH IPOrPAMUPYEM JIOTHUECKH KOHTPOJIEP 32 MPAKTHYECKO IPHIIOKEHHUE.

3. Ille e MHTEPECHO J1a CEe HAIPABH KpaTKa 3aKIIOYMTEHA KIaCH(DUKAIKA Ha IIPEIOKEHATE METOIH OT
[JIe[IHA TOYKA HA TAXHATA M3YUCIUTEIHA CIOXKHOCT 3a €BEHTYAJIHO IPUJIOKEHHME W B HUCKOCTOMHOCTHH
CpEIICTBa 3a U3MEPBAHE U aBTOMATH3AITHS.

. IlpaBu BreyareHHe CPAaBHUTENHO TOJIEMHUAT Opol IUTUpaHH MyONMKAIMH C aBTOP IOKTOPAaHTKATA M
HEWHUTE PHKOBOJUTEITH.

. BEKIoueHHES

Hucepranuara ceappxa 149 crpamumm; o6y Gpoit Gurypu — 237; Gpoii myONUKaLUY 110 TeMara Ha
JMCEPTAMOHHUS TPy — 5, Opoii muTepaTypHu H3TouHUIM — 93. Topen3bpoeHoTo n0Ka3Ba, e JOKTOPaHTKATA
UMa 3a1bJI00YEHH [TO3HAHNUS B TEeMaTHKaTa Ha IPOBEAECHUTE HU3CIIEIBAHMU.

ChabpikaHHeTo ¥ IPUHOCUTE Ha AUCEPTALHOHHIS TP/ HA Mar. WHX. Mupocnasa Bapaxapcka okpusar
M3UCKBAHMATA HA 3aKOHA 3a pa3BUTHE HA aKaJeMHUYHHS CbCTaB Ha PenyOiuka Beiarapus, na [pasuiauka 3a
HEroBOTO IpHJIOKeHHe U Ha [IpaBuiHMKa 3a ycI0BHATa U pelia 3a MpuaoOuBaHe Ha Hay4HH cTeneHu B TY —
Codus. spppuiena e 3HAYUTENIHA 0 00EM M ChIBPXKAHHE H3CIIenoBarescka pabora. ViMa gocrarbuen 6poit
HayIHO-TIPUIIOKHH M ITPUIIOXKHHU IpHHOCH. IIpenicraBenu ca foctarbueH Opoil MyOIuKaIyy [0 TUCEPTaIuaTa,
nyOJUKyBaHW Ha IPECTHKHH HaydHH (opyMH. Be3cropHo € JMYHOTO y4acTHe Ha IOKTOPAHTKATa B
paspaboTkaTa M IOIy4eHHuTe IpuHOCcH. He MU e M3BeCcTHO 3a IuraruarcTso. ToBa MM JaBa OCHOBAaHHE Ia
nperopkyaM Ha YBakaemMoro Hayuyno >Xypum na mnpuchau Ha Mar. WHX. Mupocnasa Bapaxapcka
oOpasoBaTenHaTa M Hay4YHa CTEIeH ,,JJOKTOP“ B NpO(ECHOHATHO Hampasienue 5.2. Enexmpomexnuxa,
eleKmpoHuKa u asmomamuxa, Hayuna cnenuanaoct 02.21.10 Ilpunoowcenue na npunyunume u memooume Ha
KubepHemuxama 6 paznuynu obnacmu Ha Haykama.

Codus, 20 nexemBpu 2024 r. N3TIOTBUJI PELIEH3USITA: /2t/

(mou. n1-p Acmapyx MapKoBCKH)

e
Y o1 e
L 8 W H hg

V24
D - ih A
b "'5,/7 e 4 ¢7J:;cf: Lt Aia &

S , ol
'{ GAKYRTCy s

LABTO M -
W Ry VY. 1
8 ATHKA)
\\‘ V.
A w \
\"\Q? ;‘5.,"-“:?; )
4SO @ A



DRFG-pe?-O57
QARY I TET ABTOMATUKA

‘ A REVIEW
Buo el 6 /2013 RO2% by Assoc. Prof. Asparuh Markovski, PhD
on a dissertation work for the acquisition of the educational and scientific degree of PAD
~ with author M.Sc. Engineer Miroslava Boncheva Baraharska .
entitled Methods for improving the dynamics of measurements in control systems
under the scientific supervision of Assoc. Prof. Tsonyo Slavov, PhD and Prof. Ivan Markovski, PhD
in a professional domain 35.2. Electrical engineering, electronics and automation
scientific specialty 02.21. 10 Application of the principles and methods of cybernetics in various fields of
science

1. Actuality of the dissertation

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 He 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.

-

2. Degree of knowledge of the state of the problem and general characteristic of the dissertation work

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 Kautz
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 Ho 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 quantity 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 a time-variant dynamic system with a modified moving average 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 of the method has been illustrated (by simulations) at several different measurement noise 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



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. Comparatlve results of
estimation with Multi-Model RLSM and standard Kalman filter are presented.

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 synthesized 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 hased
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 purpose, 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 orthogonal Kautz functions
instead of using a finite impulse response models. A new method, not using a measurement model baséd 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 Kautz 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 Ho filter, is presented, and it is indicated that, with
imprecisely known statistical characteristics of the noise and the object model, an alternative to the Kalman
filter is the Ho 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 He filters to improve
the dynamics of measurements.

Two new methods based on a multi-model linear Kalman filter and a multi-model linear Ho 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 results show that
even with only 3 filters in the model bank, the algorithms significantly improve the sensor dynamics.

3. Correspondence of the proposed research methodology and the goals and objectives of the

dissertation work

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.

4. Assessment of the credibility of the material on which the contributions of the dissertation work are

based

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

5. Dissertation Contributions

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 further developed for estimating a time-varying
measured quantity. The proposed modified method is compared with a standard Kalman filter tuned according
to the measurement process model. It is proposed to make a reasoned choice of the order of the evaluated
model based on Akaike's criterion. The properties of the method at different 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 dynamics 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, wher€ the
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 orthogonal Lager 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._The



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 number
of models in the model bank, with different algorithms for determining the weighting coefficients, etc.

e For the program implementation of the proposed methods for selecting the dynamics of the
measurements, a software provision has been developed in the MATLAB/Simulink environment.

I accept contributions so described.

i~

6. Degree of personal participation of the doctoral student in the contributions

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.

7. Assessment of dissertation p

5 publications were made on the topic of the dissertation — all co-authored. Publications No. 1, 2 have
three co-authors each and carry 2073 points each. Publications #3, 4, 5 are visible in SCOPUS and Web of
science and respectively carry 40/3 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.

8. Using the results of the dissertation work in science and practice

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.

9. Assessment of the compliance of the abstract of the dissertation with the requirements for its

preparation. as well as the adequacy of 1

flecting the main points and contributions of the dissertation work

The abstract adequately reflects the main points and contributions of the dissertation. There is a 1-page
summary in English at the end. According to the requirements, the abstract should not exceed 32 pages, which
is exactly the case here.

10. Opinions, recommendations and notes

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.



i1, Conclusion

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 for Acquiring 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 fields of
science.

Sofia, December 20, 2024 Reviewer: / 2/

(Assoc. Prof. Asparuh Markovski, PhD)
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