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CPTALHOHEH TPYZ 3a mpHaoOHBaHe Ha 06pa30BaTEHA 1 Hay4Ha CTelleH ,,J0KTop”

QuUCepMaytoHHus mpyo. I/I3CJ'IEIIB3HC Ha Bb3MOKHOCTHTE 3a pa3pa60TBaHe Ha

TIEPCOHATHH 3AINTHH 0YHJIA C HHTErpHpana GpyHKuus 3a yarpasuojaeroso (UV-C)
CTEPUIH3HPAHE HA BIAHLIAHUS Bb3AYX

Hoxmopanm: Mar. uHK. denuna Usenunosa UBanosa — MyTaBuneBa

dnen na nayynomo scypu: mpod. ATH umk. BEHIIECJIAB IBETAHOB TOUIKOB

1. Akmyannocm na pazpabomeanus 8 QUCePMAUUOHHUA MPYO nPodaem

I_IenTa Ha JTHCEPTALIMOHHUS TPYA € Ja ce€ Hu3claenBar m YCTAaHOBAT BBb3MOXHOCTHTE Ja 6’5118 OCHTYpECHa
IPCBCHIMA M aKkTHBHA 3amuTa ypes UV-C crepunnsupane Ha BAMINBAHUS M W3IHIIBAHIS BB3AYX IIPH
NpeOHBaBaHE B CpPelH, CHABPKALIN BUPYCHH M Oakrtepuanuu (Hamp. or COVID-19 - navpemusita
SARSCoV2 u npyru) 3apasu u wndexumn. OcHOBHATA 3a124a € 4pC3 M3MOJI3BAHE HA yHUHUIMpaHa
JIALCBa TOHOJOTHA M BHUPTYaqHO MNPOTOTHIHPAHE Ja Ce KOHLEHmHpa u ONTHMH3Hpa MPOLECHT Ha
Cb3laBaHH Ha HMHOBAaTHBHH O4YWIa-3allMTHA Macka ¢ UV-C (xkbcu UV Boimm) CTepHJIM3alHs Ha
BAWIIBAHUAT H HM3JMIIBAHUAT OT IOTPEOUTENA BB3AYX M 4pe3 (DYHKIMOHAIHO (popmonsrpaxane u
CbBPEMCHHA C€PrOHOMHS Jia C€ [OBUIUM €(EeKTHBHOCTTA HA TAXHOTO Npou3BOACTBO. HMMeHHO
H3MOJI3BAHCTO HA TE3H HHOBATHBHH M CK30TUYHH TEXHOJNOIMHM, KAKTO M Ha ITOJXOJLAIIH ChbBPEMEHHU
MaTepHald 3a HM3paOOTBAHETO HA EKCIePHMEHTATHUTE 06pasuy, onpeodenam Heo8yCMUCTCHO
AKmyaninocmma, 3HAYUMOCHMING U OUCEPMAOUNHOCIMA HA Memama, Ha 3a0aqume U HA CamMusn
oucepmayuonen mpyo Kamo yano.

2. Cmenen na noslHaeane CoCmMoAHuemo Ha npooaema u MEOPUHECKA uHmepnpemauus Ha
JUMEPAMYPHUA MaAmepudai.

AMCepTauuOHHUAT TPy ¢ B 06eM 0T 146 CTpaHHIH, KaTO BKII0YBA 7 IVIABU U CIIUCBLH HA [IPUHOCHTE, HA
NyOJIMKaUMKTe HA JOKTOPAHTA, HA H3I0/3BaHATA JNTEPATYPA M €IHO NpHJIOKEHHE - aHKeTa, PaboTtarta
BKJIFOYBa 00110 83 durypu u 9 tabnumm. Ot u3nonssasute o6mo 112 JTUATEPATYPHH U3TOUYHHKA, OT KOUTO
105 ca nHa natmnuna, camo 1 e Ha KupuaMua, a OCTAHANMTE ca HHTEPHET aJpecH, KakTo W OT
HHTCPIPETAIMATA HA JIMTEPATYPHUS MaTepUaml H Ha eKCIePHMEHTANHHTE pEe3YITaTH Ce BIDKIA, Ye
A6MOopvM € HANBIAHO 3ANOIHAM U 0C6C00MEH 34 CobCHMOAHUCING HA NPODOIEMA, KAKMO 6 Meopemuyen,
MaKka u 6 npaKmu4ecKu acneKm..

3. Cvomeemcmeue na_uzdpanama _memoduxka Ha_uzciedeane u NOCMASCHAMA Wen u 3adauu Ha

QUCEPMAUUOHHUA MPYO C ROCIMUZHAMUME RPUHOCH.

W3cnenBannsaTa M0 QMCepTAUMsTa Ca M3BbpIIeHH B naboparopuure “CAD/CAM/CAE B UHIycTpusaTa”
keM QUT nHa TY-Codus u “3D KpeatuBHocT u 0bp30 mporotunupane” koM CHUP]I, [Ipoyuyenu ca
CbBPEMCHHHUTE M3HMCKBAHUSA, HA KOMTO TPsOBa 12 OTrOBapsT JIMYHHUTE TPEANasHi CPEACTBA THII MACKH H
notenuuana Ha UVC LED TexHomorusra, Kakro U Xapakrepiuctukute Ha UV CBET/INHA M € YCTAHOBEHO,
Y€ Npu AbDKMHA Ha BbAHata or 265 nm PHK / JHK crpykrypara na mukpoopranusmure € Haii-
dYBCTBHTC/IHA H IIPH HEA C€ OCHIypsiBa MakcuMaieH edekr. Momnocrra Ha UV-C pagnanusara e
M3MEpBaHa C IIOMOINTA Ha Ypea 3a Je3HH(EKIN Ha IIOMELIEHHS U 3alINTa 0T HH(EKIMO3HH 3200 19BaHNs
dpe3 mnpuaBwksaHe Ha UV-C uyBCTBHTENHHS ceH30p. Pasrieman e MeToa 3a ompejelsHe Ha
MPUTHCKAIIOTO HalAraHe, HEOOXOAMMO 3a MPaBUJIHO NPHIENBAHE KBbM TOINOJOIMATA HA JIMLETO, KATo
H3MEepBaHeTO ¢ HanpaBeHo upes cunomep INSIZE ISF-DF500A Bbpxy ner 4oBeka ¢ pasiuuHi pasMepH H
(hopma Ha IIaBaTa ¢ LeNl Ch3aBaHe Ha MOJEN Ha aHTPOIOMeTpHIHa BopMma. Banunupana e uHTerpupana
macka ¢ UV-C akTMBHO HeyTpanusupaHe M Ae3dH(EKUMA HA BAMIIBAHUA W W3/MIIBAHUS BB3YX.
IIpenoppyan ¢ onTManeH MarepHal 3a MpEANa3HUTE CPEACTBA C BH3MOKHOCTH 32 He3uHpeKuHs u
CTCPUIM3aLHUs, KAKTO H HEOOXOMMMOCTTAa OT IOKPHTHE WM JOOaBKH ¢ aHTHOakTepHaleH edekT 3a
OHOCBEBMECTHMH MATEpHAIM ¢ BB3MOXKHOCT 3@ M3IOM3BAHE B CIOKHH DOPMHU C nodpa enacTU4HOCT U




YCTOﬁqHBOCT. Yact ot H3CII€ABAHUATA Ca OCBIICCTBEHHU II

uscnensanue keM MOH, orosop Ne KII-06-H47/9, ,U3cnenpane Ha BB3MOXKHOCTHTE 3a pa3paboTsane
Ha , AKTUBun“ IlePconanuu 3ammrau Oumia c MHTerpHpana Macka ¢ (QyHKUHH 3a e(eKTHBHO
yntpaBuosneroBo (UV-C) crepunusupane Ha BAMIIBAHIS BB3ayX — AKTHUB ITPO UV™.* | Pesynrarure ot
H3CJIenBaHNATa Ca BHCAPCHH W CE MOJI3BAT NPH PA3BUTHETO HA HOBM npoayktu B, Apexcum EAJT*. Or
H3II0KEHOTO C€ BIXKIA, Y€ aBTOPBT € MMal BB3MOKHOCT 1a aHaIM3Mpa MH(OpMalus, MojiydyeHa c
[TOMOIITA HA HAH-MONEPHH H3CIENOBATEICKH METOIMKIL, METOMM W TPOrpaMHH MAKETH, KOETO My e

TO3BONUIIO 0a docmuzne 0o 0600UEHUA U U3COOU, KOUNO 3gyuam yoeoumenHo u He noonexcam Ha
CoMHeHUe.

pu pabotata mo mpoekt Ha Poux Hayumu

4. Havunu u/unu HAVUHONPUTRONCHU RPUHOCH HA OUCEPHIAUUOHHUA MPYO:

HpencraBeHaTa AUCEPTAlIHsd HMa KaKTO HAYYHU-TIPDHJIOKHH, TakKka M [IPHJIO)KHH NPHHOCH,
MOT'BJI Oa I'PyIHpaM 10 CIeHUSI HAYHH:

4.1. Dopmyaupane unu 000CHOBABAHE HA HOB HAVYECH NPOOIEeM unu Hoea meopun (xunomesza
CuuramMm, ye AUCCPTALMATA HAMA NIPUHOCH B Ta3H rpyra.

4.2.. Hokazeane ¢ noegu cpeocniea Ha CHULCCHECHU HOBU CIPANU 6 COULECINBY6AULU HAYYHU
npooiemMu u meopuu

4.2.1. Paspabomena e unosamuena Konuenuus n e nokazana Bb3MOJKHOCTTA 3a u3paborsane Ha
33 TIpelnas’Ha Macka (3alIUTeHa C MONe3eH MOJEN) ¢ HHTEIPHPAHA cHCTeMa 3a CTepHIN3aLusa |
BB3MOYKHOCT 33 HHTETPALMA Ha HEJEIUMH TIPeIIa3HH 0YHIIA.

4.3. Cv3dasane na nosu knacudpuxayuu, memodu na uzcnedsare, Hoeu KOHCHPYKU U,
mexHon02uL, npenapamu u ni. .
4.3.1. Paspabomena e memodonozus 3a w3paborsane Ha NpeanasHa Macka MpH OTYHUTAHE HA
CPrOHOMHYHHTE (DAKTOPH W W3UCKBAHHA, KATO JIHLECBA TOMOJOTHS M (u3Muecka eproHoMHs ¢ wLen

YCPBBPIICHCTBAHE Ha TMpOLECHTE HAa pa3paboTka M 3a mO-1oOpH yCnoBHA 3a MOTpeGHTENs npu
H3IIOJI3BAHETO HAa HOBHS IPOIYKT;

KOUTO OHuX

4.3.2.Pazpabomen e anmponomempuuen moden Ha TOTOTOIHATA HA MBKKATA I KEHCKaTa (popma
Ha TilaBaTa H e ycmanoéeno, 4¢ MOJEIbT FapaHTHPA IIOCTHTAHETO Ha “KOMIPOMHCHA eJacTHYHA”
KOHTaKTHa ()OopMa Ha MacKaTa M 3a Cb3JaBaHE HA “YHHCEKC” H "YHHCA3” elacTHYHA CHCTEMa Ha
Mackara,

4.3.3. Obocnosana e xunomesa 3a W3NON3BaHE HA 0e3)UATBPHH CHCTEMH ¢ MaKCHMAJIHO HICKO
CBIIPOTHBJICHHE HA IIPOXOAMMOCT Ha Bb3yXa MPH BIULIBAHE U W3/IMIIIBAHE.

4.4. Ilonyuagane u dokazeane Ha Hoeu dhaxmu

4.4.1. Ypes mynTudU3NYHA CUMYJALHS € YCHAHO6eH ONTHMAIHUS TbT HA BB3AYLIHUTE NMOTOLH

[Ip€3 KOpmyca Ha Mackara, rapaHTHpaimu MakcuManHa ekcnosuuus Ha UV-C LED cBeTimHata 3a
TPETHPAHE HA IPEMHHABALIMS [TOTOK U 3a MOCTHUIAHE HA MAKCHMATHO BH3MOKHA CTEPHIN3ALIHS,

4.5. Ilpunocu, cevpsanu ¢ npakmurxama

4.5.1. IIpednoscen e ontumaneH MatepHan 3a OCHOBATA HA MAcKaTa C no0bpa eNacTHYHOCT H

YCTOHYHBOCT, KaKTO W € 00OCHOBaHa HEOOXONMMOCTTA OT NPHJIATAHETO HA TOKPUTHE WIH JOBABKU C
aHTHOaKTepHaaeH eeKT 3a nogobpsBade Ha GHOCHBMECTUMOCTTA,

4.5.2. Bb3 ocHOBa Ha uszzpadenama 3D zeomempuuna xonuenyus 3a UV-C LED MOJIYJIa U
WHTCIpHpaHaTa KbM HEN0 KOHTPOJHA TUIaTKa C W3BOAM 3a 3apeXKJaHE M XEpPMETHU3HPAHO

BKJTIOUBAHE/U3KITIOYBAHE, KAKTO M Ha MHAMKATOP 3a 3apaia Ha GarepHsara ce eapanmupa JOMYCTHMOTO
MaKCHMaJIHO BpEMeE 3a [IPECTOHU B 3apa3€HU CPEIu.

4.5.3. Upes cumynauuy e ycmanogen ONTHMAIIEH ITBT HA BB3YLIHATE NOTOLH Ipe3 Kopryca Ha
MaCkata 3a IOCTHraHe Ha MakcHManHa excnosuuus Ha UV-C LED cBerimHara 3a TpeTHpaHe Ha

2
NpEMUHABALIHS MOTOK U € onpedenena paalallHiOHHATa EKCIO3UIMA 0T MUHHMyM 47,88 J/M* 33 penus
00eM, KOATO € MOo-BHCOKA OT IMOCOYBAHMTE Jocera u3ucksanus 3a UVGI 3a mocturane ma LD90 (MexIy

201 37 J/mZ) 3a SARS-CoV-2 u apyru KopoHa u FPHITHY BUPYCH;




4.5.4. Ype3 npoeenena amkera c NoTpeduTenu ca Ooxazanu IUIAHUPAHUTE eProHOMHYHU
HTOKa3aTC/In Ha Macka, u3paboTeHa Cbe cepuiiHa TCXHOJIOTHs, KakTO M Ha 3aXpaHBAHETO C BKIIOYCH
CBCTJINHCH JaTYHK 32 OCTABALIMS 3apsi U C jlecHa | Obp3a 3amana na GarepusTa Ge3 HHCTPYMEHTH;

4.5.5. PesynTature oT W3CIeABAHHSTA ca BHCAPCHH M C€ NON3BAT NPH DPAa3BUTHETO HA HOBU
npoaykTu B ,,Apekcum EAJT*,

B o6mm minun toBa ca ocHoHITE [IPHHOCHH MOMEBTH Ha JAMCePTalHOHHUS Tpya. Beuuku Te ca
C Xapakmep Ha , nayuno-npunoscnu” u »NPUNOHCHU™ RPUHOCU, TIO-TOJAMATA 4YacT OT KOWTO ca
HAaCOYCHH TIPAKO M KbM MPAKTHKATa NPH IPOU3BOJCTBOTO Ha NpeaAnasHUTe MackH.

J. llpeuenka na nydnuxkayuume no ducepma HOHHUA MPYO

ITo nucepraumsara ca IIyONHKYBaHH 4 CTATHH, OT KOMTO €gHA e CaMOCTOSIT€JIHA, @ B OCTAHAIUTE
AIOKTOpaHTKaTa € Ha NbpBO MACTO. Tpu CTATHM ca JOKJAaZBAHH Ha MEKIYHAPOJHH KOHpEpeHUuHH B
bbarapus, a yerswvprara € mon neuar. Cuurtam, ve ny6GnukauuuTe OTpa3saBaT OCHOBHUTE MOMECHTH OT
AUCEPTALHATA M Y€ HAYYHUTE TIOCTHKEHHUS HA dBTOpa Ca OrTaCeHH I0CTaThbYHO UIMPOKO Y HAC,.

IIpencrasen e JokymeHT 32 1Be LMTHPaHH BbB BPb3Ka C MyONMKAIMUTE HA JOKTOPAHTA.
6. Muenus, npenopovxu u Denexcku

Jluncpar nyGnukanum B 4yxOHHA, KOETO He e 3aIBIDKHTENIHO, HO € mpenopbyHTensHo. OcBeH

HAKOH peaakKuHOHHH [IPEIIOPBKH, BKJI. W JIUIICH Ha [IPETIMHATCIHH 3HAlM, HsIMaM 3abelexku I1o
CBIIECTBO.

SAKJIIOYEHMUE

Kakro momyyennsr excriepumenTasen MaTepuall, HeroBara 00paboTka M TpejcTaBsHe, Taka U
TBOPHECKATa My HHTCPNPETALMA FOBOPAT 3a CEPUO3HATA NPODECHOHATHA KBATH(UKALKA HA JI0KTOpaHTa
H TIPHZIAaBaT Ha AHCEPTALHOHHHHA My TPYJ Ka4€CTBA HA METOANYHO NPaBUITHO MOCTPOEHO, JOCTOBEPHO U
Hay4IHO M3MBPXKAHO CKCMEPHMEHTATHO-TEOPETHYHO M3CIIEBAHE, KOTO € M C OIpeJie/ieHa MpakTHYecKa
HACOYEHOCT U 3HAYHMOCT.

Kato u3xoxnam or mocoueHmte MO-rope NPHHOCHH MOMEHTH Ha JAUCEPTALHOHHHSA TPYH, OT
HCCbMHCHATA TCOPCTHYHA M NPAKTHYECKA 3HAYMMOCT HA IIOJyYEHHTE PEe3yNTAaTH, CH MO3BOJABAM Ja

npenopeyam Ha [ounraemoro HAYUHO JKVPU na npuchan Ha mar. nm. AEHHULIA HBEJTHHOBA
HUBAHOBA - MYTABYMEBA o6pa3zoBateanara u Hay4Ha crenen “ JJOKTOP »,
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OPINION

dissertation for the acquisition of the educational and scientific degree "doctor"

?(ploring the possibilities for developing personal protective eyewear with an
Integrated function for ultraviolet (UV-C) sterilization of inhaled air

Author of the dissertation thesis: Denitsa Ivelinova Ivanova-Mutafchieva, MSc,

Eng.

Jury member: Prof. VENTSESLAV TSVETANOV TOSHKOYV, DSc, Eng.

1. Relevance of the problem solved in the dissertation

The aim of the dissertation is to investigate and establish the possibilities of ensuring prevention and
active protection through UV-C sterilization of inhaled and exhaled air when staying in environments
containing viral and bacterial (e.g. from COVID-19 - the SARSCoV? pandemic and others) infections and
diseases. The main goal is to conceptualize and optimize the process of creating innovative protective
goggles with mask where UV-C (short UV waves) sterilization is obtained of the inhaled and exhaled air
by the user through functional form-building and modern ergonomics. It is the use of these innovative and
exotic technologies, as well as appropriate modern materials for the manufacture of experimental samples,

that unambiguously determine the relevance, significance and dissemination of the topic, the tasks and
the dissertation itself.

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

The dissertation thesis is 146 pages, including 7 chapters and lists of contributions, publications of the
doctoral student, used literature and one appendix - a survey. The work includes a total of 83 figures and 9
tables. Bibliography is 112 literary sources used, of which 105 are in Latin, only 1 is in Cyrillic, and the
rest are Internet addresses, as well as from the interpretation of the literary material and the experimental

results, it is evident that the author is fully familiar and informed about the state of the problem, both
in theoretical and practical aspects.

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

The research on the dissertation was carried out in the laboratories “CAD/CAM/CAE in Industry” at the

FIT of TU-Sofia and “3D Creativity and Rapid Prototyping” at the SNIRD. The modern requirements that
personal protective equipment such as masks must meet and the potential of UVC LED technology, as
well as the characteristics of UV light, were studied and it was found that at a wavelength of 265 nm the

RNA/DNA structure of germicides is most sensitive and provides maximum effect. The power of UV-C
radiation was measured using a device for disinfection of premises and protection from infectious diseases
by moving the UV-C sensitive sensor. A method for determining the compressive pressure necessary for
proper adherence to the topology of the face was examined, as the measurement was made using an
INSIZE ISF-DF500A force gauge on five people with different sizes and head shapes in order to create an

anthropometric shape model. An integrated mask with UV-C active neutralization and disinfection of
inhaled and exhaled air has been validated. An optimal material for protective equipment with disinfection

and sterilization capabilities has been recommended, as well as the need for a coating or additives with an
antibacterial effect for biocompatible materials with the possibility of use in complex shapes with good
elasticity and resistance. Part of the research was carried out during the work on a project of the Scientific
Research Fund of the Ministry of Education and Science, Contract No. KP-06-N47/9. “Investigation of
the possibilities for developing “ACTIVE” PERSONAL protective glasses with an integrated mask with
functions for effective ultraviolet (UV-C) sterilization of inhaled air — ACTIVE PRO UV”. The results of
the research have been implemented and used in the development of new products at Arexim Ltd. From
the above, it is clear that the author had the opportunity to analyze information obtained using the most



modem' rgsearch methodologies, methods and software packages, which allowed him to reach
generalizations and conclusions that sound convincing and are beyond doubt.

4. Scientific and/or applied scientific contributions of the dissertation work:

The presented dissertation thesis has both scientific-a
group as follows:

pplied and applied contributions, which I could

4.1. Formulation or justification of a new scientific problem or a new theory (I
[ believe that the dissertation does not make any contributions to this group.

4.2.. Proving by new means of significant new aspects of existing scientific problems and
theories
4.2.1. An innovative concept has been developed and the possibility of producing a protective

mask (protected by a utility model) with an integrated sterilization system and the possibility
of integrating integral safety glasses has been proven.

4.3. Creation of new classifications, research methods, new designs, technologies,
eflc.

4.3.1. A methodology has been developed for producing a protective mask taking into account
ergonomic factors and requirements, such as facial topology and physical ergonomics, in
order to improve the development processes and for better conditions for the user when using
the new product.

4.3.2. An anthropometric model of the topology of the male and female head shape has been
developed and it has been established that the model guarantees the achievement of a

“compromise elastic” contact shape of the mask and for the creation of a “unisex” and
“unisize” elastic mask system.

4.3.3. A hypothesis has been substantiated for the use of filterless systems with the lowest possible
resistance to air permeability during inhalation and exhalation.

4.4. Obtaining and proving new facts

4.4.1. Through multiphysics simulation, the optimal path of air flows through the mask body has
been established, guaranteeing maximum exposure to UV-C LED light for treating the
passing flow and achieving the maximum possible sterilization.

4.5. Contributions related to practice

4.5.1. An optimal material for the base of the mask with good elasticity and resistance is proposed,
and the need for the application of a coating or additives with an antibacterial effect to
improve biocompatibility is justified;

4.5.2. Based on the built 3D geometric concept for the UV-C LED module and the integrated
control board with charging terminals and sealed on/off, as well as a battery charge indicator,
the maximum permissible time for staying in infected environments is guaranteed;

4.5.3. Through simulations, an optimal path of air flows through the mask body has been
established to achieve maximum exposure to the UV-C LED light for treating the passing
flow and the radiation exposure of at least 47.88 J/ for the entire volume has been
determined, which is higher than the previously specified requirements for UVGI to achieve
LD90 (between 20 and 37 J/ ) for SARS-CoV-2 and other corona and influenza viruses;

4.5.4. Through a survey conducted with users, the planned ergonomic indicators of a mask made
with serial technology, as well as the power supply with a light sensor for the remaining
charge and with easy and quick battery replacement without tools, have been proven;

4.5.5. The results of the research have been implemented and are used in the development of new
products at Arexim EAD.

In general, these are the main contributions of the dissertation. All of them are of the nature of

"scientific-applied" and "applied" contributions, the majority of which are directly aimed at
the practice of the production of protective masks.

3. Assessment of the publications on the dissertation

pothesis)

preparations,




4 articles have been published on the dissertation, of which one is independent, and in the others
the doctoral student is in first place. Three articles have been reported at international
conferences in Bulgaria, and the fourth is in print. I believe that the publications reflect the
main points of the dissertation and that the author's scientific achievements have been widely

publicized in our country. A document for two citations in relation to the doctoral student's
publications has been submitted.

6. Opinions, recommendations and notes

There are no publications abroad, which is not mandatory,
editorial recommendations, including missing punctuation marks, I h

CONCLUSION

Both the obtained experimental material, its processing and presentation, and its creative
interpretation reveals the serious professional qualification of the doctoral student and give his dissertation
the qualities of a methodically correctly constructed, reliable and scientifically meaningful experimental-
theoretical research, which is also of a certain practical focus and significance,

Based on the above-mentioned contributions of the dissertation thesis, on the undoubted
theoretical and practical significance of the obtained results, I recommend to the Honorable SCIENTIFIC

JURY to award to MSc. Eng. DENITSA IVELINOVA IVANOVA — MUTAVCHIEVA the educational
and scientific degree of “DOCTOR”.

but recommended. Apart from some
ave no substantive comments.

17.03. 2025 r. JURY MEMBER:
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/ Prof. DSc V. Toshkov /



