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BBPXY NHCCPTAUHOHEH TPya 3a npugoOuBaHe Ha o0pasoBareiHaTa H Hay4Ha
CTEIeH ,,TIOKTop"

[Ipodecronanno nanpasnenne: 5.1 Mamunso HHKEHEPCTBO

Hayuna cnermantoct: AsTomaTisupann cucteMu 3a oOpaboTka Ha HHGOPMALMS 1 yIIpaBIeHHe
ABTOp Ha IMCEPTALHOHHUS TPYA: Mar. HHk. Jennua Msennnosa HBanoBaMyTtaduuesa

Tema na mucepraumonnus tpyn: ,,M3ciensane Ha Bb3MOKHOCTHTE 3a pa3zpaboTBaHe Ha NEePCOHANHH

3aIUUTHH OYMJIA C HHTErpHpaHa QyHKUuMA 3a yiarpaBuoaeroso (UV-C) CTEPHIH3HpAHE Ha
BIAHIIAHHA Bb3ayX"

neH Ha Hay4HOTO KypH: npod. a-p mxk. FOmmsHa Seoposa ['eopruesa, XTMV-Codus

[IpeacraBenuar amcepraimonen Tpyn e odbopMeH B 7 TmaBu i obem or 149 CTPAHHUIIH,
cpabpxka 83 ¢urypu u 9 tabmmuu. Braoousa cnpaBka 3a NPHHOCHTE, CIUCHIM HA M3MIO0I3BAHATA

JIMTEpaTypa, Ha NyOAuMKAaLUMUTE 110 AucepTauusTa, GUrypure u Tabmumumre. Ilo JUCEepTaLUATa ca
MpecTaBeHn 4 myOIuKalMK, KaTo e/IHa OT TAX € B H3AaHue, ped)epHpaHo B Scopus.

1. AxryannocT ma paspaGoTBanusi B JMCEPTALUMOHHHMS TPYX npobieM B HAYYHO M
HAYUMHONPHJIOKHO OTHOWeHMe. CTelmeH M HHBA HA AKTYAIHOCTTA Ha mnpobiaema wu
KOHKpPeTHHTe 32241, pa3padoTeHn B AMCEPTALUATA,

PaspaborBaniar B auceprauuonnus Tpya npoGiem e B o0JNACTTa HA MPEBECHLMATA H
CBEIKAAHETO 10 MUHHMYM Ha BB3/ACHCTBUETO HA MAHASMHUUTE OT HH(EKLHO3HH 3a00IsBaHUA BBPXY
Xo0paTa H HallHOHAJHHTE 3/IpaBHH CHCTEMH, KAKTO ¥ B APYTH KPU3HCHH CHTYALHH, Ype3 H3C/IECIBaHE
Ha BE3MOJKHOCTHTE 3a Ch3JaBaHE HA HOBO MOKOJICHHE TEXHOJIOTHS 3a aKTUBHA JINYHA 3aLIHTA.

AKTYalIHOCTTa Ha NpobieMa e Ge3CropHa NpH 3AIMMTHHTE CPEACTBA 3a IIABa, KaTO TYK CE
OTKpOsBAT OYHJATa C MHTErpUpPaHa Macka, OCHIypsBallla IOCPeICcTBOM ynTpaBHoseToBo (UV-C)
CTEPHIM3HPAHE AKTHBHOTO HEYTpaNH3UpaHe H Ae3HH(GEKUMA Ha BAMIIAHHSA W U3JMIUAHHS BB3IYX ¢
epexruBHOCT Hag 99%. B obnacrra ce paboTH aKTHBHO B L/ CBAT I10 BPEME HA NAHAEMUATA OT
COVID-19, 1o 3HaYUMOCTTa Ha M3CIEIBAHETO € TOJAMA U M3BBH MAHACMHYHATA CHTYaLHA, KaTo
CBLICBPEMEHHO OTKpPHBA M HOBH ChEpH HAa M3CICIBaHMA, CBBP3AHM C BB3MOKHOCTTA 3a AKTHBHO

npeanasBaHe W TNpeBeHNIHd B OopbOaTa ¢ BHPYCHH M OakTepHadHH 3amiaxu (BKIIOYHTEIHO
OHOJIOTHYHH OPBXKHSA, OSICTBUS H aBAPHH H Jp.).

2. CreneH Ha NO3HABaHe CLCTOAHHETO HA nMpofieMa M TBOPYECKA MHTEPNpeTanus Ha
JHUTEPATYPHUSA MAaTepHall.

B pamkure Ha AucepTalMOHHHA TPYX ca UHTHpaHH oOm©0 115 nIuTepaTypHM M3TOUHMKA,
npeobnanasamo nydnuxysanu cnenx 2015 ronuna. B nureparypHOTO mpoyuBaHe ca pasriiefaHu
CHCKTPAIHUTE XapaKTCPHCTHKH HA YITPABHOJETOBHTE JIBYM, MPOYYEHH M aAHAIM3HPAHH Ca
Pa3IMYHH CTPATErMH 3a AE3WH(EKUM, IT0KA3aHa € HeoOXOIMMOCTTa OT M3MOJI3BAHETO HA JIHUHU
MpeAna3Hu CPe/ICTBA, ONMCAHH Ca U3UCKBAHMATA KbM JIMUYHUTE Npeana3Hu cpeacTsa. [IpeactaBenu
Ca M METOOMTE 32 BHPTYATHO M (H3HYECKO mpoToTHNHpaHe. JIMTEpAaTypHHAT 0030p 3aBBpIUBA C
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KOHKDPCTHH M3BOZH, OT KOUTO CIIC/BAT JIOTHYHO TOYHA (POPMYTMPOBKA HA METAa M 3aauuTe Ha
JAUCEPTALIHOHHMA TPY/I.

OObmoTo MK BrieyaTiIeHHe OT IHTEPATYPHOTO MPOYYBAHE €, e JIOKTOPAHTBT TO3HABA J00pe
H3CleNBaHaTa MaTepus, OOpaBH KOMIETEHTHO C JIHTEpAaTypHuTe (GAKTH M HMA MHOLO 106po

fIO3HABAHC HA CBCTOAHMETO Ha npobiema. Camara JIMTEPATYpHA CIPABKAa € AOCTATHYHO IIBJIHA W
OCHIypsBa HeoOXoauMaTa 0630pHA OCHIYPEHOCT Ha M3CIIeIBAHUATA.

3. CrorBeTrcTrBHE HA H30panaTa MeToaMKa HAa M3CJIeBAHe H MOCTABEHATA LeJT U 3a7a4Yu
Ha QHCEPTAUHOHHUSA TPYA € NOCTHTHATHTE MPHHOCH.

C‘{HTaM, ye 1-136paHaTa MCTOAHKA Ha HAYYHHTC H3CJCABAHHUA € MOAXO/ILA 3a MOCTABEHATA
LCJI 1 3a/1a4H Ha MUCEePTALMOHHUA TPYA H MIO3BOJISIBA JOKA3BAHETO HA IMMOCTUTHATHUTE PE3VITATH.

4. Hayysu u/maM HayYHONPHIOKHHE IPHHOCH HA JAHCEPTALHOHHMS TPY.

Ilpuemam npe1oKeHHTE OT aBTOpPa HAYYHO-NIPIIOKHH H NPUJIOKHH HPHUHOCH Ha
OUCEPTALIMOHHUS TPY.

HayuHo-npunokuu npuHocu: ® HaarpazeHa € MeTomosnorus 3a pa3sBUTHE HA HOB MPOAYKT C
dokyc Ha epronomusra: Jlebunupane/Haeiina $paza — Bupryauen [Ipororun/IlpesenTanus Ha
Buptyanen Ilporotun — Matepunamusamus u Ou3HYeckH TECT M € 0KA3aHO, 4e ce noaodpssa
OTYHTAHETO HA EPrOHOMHYHHTE (aKTOPH U M3MCKBaHUs; ¢ [Ipe/sioxkeHa H TPHMEPHO BAPHAHTHO €
MOIC/JIMpaHa HHOBAaTHBHA KOHLENUHS 3a npeamnasHa MackKa (3ammcna C IIOJIC3CH MOlICJI) C
MHTErpHpaHa CHCTEMA 32 CTEPHIIH3ALMS H BB3MOKHOCT 32 MHTErpAIHA HA HCACTHMH NPEANasHH
oumna; e MscnenBanu ca BApHMAHTHH KOHLEINIH HA CHCTEMATA 32 CTEPHIM3AIMA YPe3 BAINAALUH HA
BCAKAa I'CHEpHYHA KOHLEMIIHSA U CJie]] CTBIKOBO Monmbmmpaﬂe Ha 4YaCTH OT KOMIIOHEHTHTE €
AOCTHCHATO [0 ONTUMM3MPAHO YyHHU(uUupaHo peweHue; ¢ Jlokasan upe3 MyaTH(GU3MYHA
CHMYJIALHA € ONTHMAJICH BT HA BB3YLIHUTE MOTOLM NPE3 KOPIyca Ha MackaTa IOCTHralll HUBO Ha
Makcumanna excnozuuna Ha UV-C LED cBeTimHaTa 3a TpeTHpaHe Ha MpeMHHABallMA MOTOK M €
MOTBLP/ICHA BUCOKA e(EKTHBHOCT HA CTEPHIM3ALMA Ype3 MIOCTHIHATATA eKCIIO3UuLus; ¢ Pazpaboren
¢ aHTPONOMETPHYECH MOJEJ HA TOMOJOTHATAa HA MbXKKAaTa W jKEHCKaTa (opMa Ha TJaBata H e
YCTaHOBEHO, Y€ € Bb3MOXKHO A3 Ce yHHOHLMPA C ONpeeIeHa AeBHALNA (OpMa Ha JKEHCKH CKaJII ¢
MOJIEN Ha MBXKKa (opMa 1iH o0partHo; ¢ JlokasaHo e, 4e MOJENBT Ha AHTPOTIOMETpHYHATA (hopMa

M03B0OJIABa HAMHMPAHE HA “KOMIIPOMHCHA elacTHYHA  KOHTAKTHa (opMa Ha Mackara MeEKIY
Pa3sINYHUTE MNOMyJTalMH — MHOTO Ba)KHa OCHOBA 3a CB3JABAHE Ha “‘yHHceKC” MW ‘“‘yHucans”
elacTHYyHa CHCTEMa Ha Mackara.

HQHHO)KHH INPpHUHOCH: @ HpellﬂO)KeHa € ONTHMAaJIHA CEJICKLMSA HA MaTepHall 32 OCHOBATaA Ha

MacKaTa ¢ Bb3MOKHOCTH 3a AC3HMH(CKIUMA U CTepHAN3alHi, ¢ 100pa eJJaCTHYHOCT H YCTOHYHBOCT,
KaKTO U 3a MPHJIaraHeTo Ha MOKPUTHE WIH JJOOaBKU ¢ aHTHOaKkTepHaieH edekT 3a nogodpssaHe Ha
OuocrBmMecTMOCTTa; * OOOCHOBAHA € XHMMOTE3a 3a M3MOI3BaHE HAa Oe3HITHPHH CHCTEMH C
MaKCHMAJITHO HHCKO CBIPOTHBJICHHC Ha MpoXoAUMOCT Ha obema Bb3AyX TIIpH BJIHIIBAHC H
usauiuBade, * Msrpagena e neraiina 3D reomerpuyna konuenuusa 3a UV-C LED moayna c
ONMTHUMAJIHO MHTCI'PUpPaHa KOHTPOJIHA TVIAaTKd Ha MOAYJ1d C H3BOJH 34 3apCiKIAaHC H xepme'rmupaﬂo
BI/IFOYBAHE/M3K/IIOYBAHE M MHIAMKATOP 3a 3apsjga Ha Oartepuara; ® MscrmexsaH B pesyirar Ha
CUMYJIAlIMUTE € JOKa3aH ONTUMAJICH ITbT Ha BB3AYIIHUTE MOTOLM IMpe3 KOopIyca Ha MackaTa 3a
MOCTHTaHe Ha MakchuMmanHa excnosuuus Ha UV-C LED cBetnMHaTa 3a TpeTHpaHE Ha
[peMHHaBaL{sA NOTOK; ® Upes yuciIeHn cUMyJalii ¢ BaJWAMpaHaTa IPOTOYHA YacT € olpeaesieHa
pajiMallHOHHATA eKCIO3UIHA OT MUHUMYM 47,88 J/mm?2 3a uenus obeM, KOETO € M0-BUCOKO OT
IIOCOUeHHTe B MUTepaTypara u3uckpanus 3a UVGI 3a nocrurane Ha LD90 (mexny 20 u 37 J/mm2)
3a SARS-CoV-2 u Jpyru KOpOHa W TIpuIlHM BuUpycu; ® Ypes duHaneH au3aiiH HA Mackara,
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H3pabOTCHa CBC CEpHifHA TEXHONOTMA € MpOBEAEHA AHKETA C MOTPEOUTENN M ca JOKa3aHu

[UTAHHPAHHTE EPrOHOMHYHH TOKasaTeNn (yAo0CTBO HAa MOCTaBsIHE, HOCEHe, 0030p M CHIIOBO
HaToOBapBamne).

§. Ilpeuenxa ma nyGamxaummre mno AMCEPTAUMOHHMS TPyA: Opoii, Xapakrep Ha
H3JaHMsITA, B KOWTO ca oTnevarand. OTpaskeHHe B HAYKATA — M3MNOJ3BAHE M HHTHPaHe OT
APYrH aBTOPH, B APYTH JIAOOPATOPHH, CTPAHH H TP,

Ilo Temara ma muceprammsra aoxropantkata uma 4 MyOJIHKALHH, OT KOMTO €IHA e
CaMOCTOATEIIHA, a B OCTAHATNTE € IIbpBH aBTop. ExHa oT nyGnukanmure e B W3ganye. pedepupano
B Scopus. IIpencrasenn ca nanum 3a ase uHTHpanus Ha nybnnkamuure. CYnTaM, 4e KOJIHYEeCTBOTO
Ha myOJIHMKAUMUTE € JOCTAThYHO 3a npuaobusane Ha OHC "IOKTOP” U MPEJCTaBs B rojisiMa CTereH

mpoueca Ha paboTa M NOCTHIHATHTE PE3YNTaTH. HaykoMeTpH4HHTE [MOKa3aTeau HAABHMILIABAT
U3UCKyeMHTe TakuBa 3a [TH 5.1.

6. MHeHus1, IPeNOPbKH M DeJIeKKH.

JMCEPTALMOHHHUAT TPYA CBHIETENCTBA 33 MO3HABAHE HA NpEAMETHATA 06IACT OT aBTOpa M
AaBa BL3MOXKHOCT 33 pa3sBUTHE HA [IOCTHTHATHTE PE3YJITaTH H NPAKTUYECKOTO MM IIPHIOKEHHE.

[lo3gongBam cu na orGeneska, ye HAYUHONPHIOKHUTE IIPHHOCH HE ca 3anucaHu abCoJII0THO
HACHTHYHO B UCCPTALUATA U B aBTOpPehepaTa, KOCTO BEPOSTHO € TeXHHIECKHU TIPOIYCK.

W3zkaszanara Oenexka B HUKaKbB CiIyyail He OMATOBaKaBa MOCTUTHATHTE B JMCEePTALHOHHHS
TPYA pe3ynTaTd ¥ MPUHOCH. LIsAMOCTHOTO MM MHEHHe 32 AMCEpPTAMOHHUS TPY] € MOTOKHUTETHO -

aKTyaJlHAa TEMATHKA, OPHIHHATIEH MOJXOA, JMo0pe CTpyKTypHpaHa paboTa ¢ BHCOKO KAa4eCTBO Ha
WIOCTPATUBHHA MaTepHall.

7. 3aK/I0YeHHe ¢ SICHA MOJOKHUTETHA WIH OTPHUATEIHA ONEHKA HA AHCEPTAIMOMHMS
TPpYA.

Kpaiinata MH OUeHKa OTHOCHO CBHABPKAHHETO M MPHHOCHTE HAa JHCEPTAIHOHHHS TPYA €
nonoxurenHa. CYHTaM, 4Ye MpeICTaBEeHHAT AMCEPTALMOHEH TPYX OTroBapsl HA M3UCKBAHHSTA HA
3akoHa 3a pa3BUTHE HA aKaAeMH4HUsA CheTaB B Peny6nuka Bbirapus, na IIpaBHiHMKa 3a HETOBOTO
NPHIOKCHHE, KAKTO H HAa M3HUCKBAHWATA 3a MPUA00HMBAaHE Ha 00pa3oBaTejiHATA M HAy4yHA CTENEH
,»I0KTOp™ B Texuuueckn YHuBepcuret - Codus.

l'opensnoxkeHoTo MM JaBa OCHOBaHHE Ja NpenophbuaM Ha yBaxkaeMoTo Hayumo Kypu ja
MPUCHAM oOpasoBaTeHaTa M Hay4yHa CTeleH ,JOKTOp” Ha mar. mHk. Jenuna HMeennnosa
HBanoBaMyradunera B Hayyna oGnact 5. Texumdeckn Haykd, npodecHOHATHO HaNpaBiIeHHE
5.1. Mamunnuo MHXEHEPCTBO, HayYHA CHNELUHATHOCT “ABTOMATH3HPAHH CHCTEMH 3a 00paboTKa Ha
MHpOpMALIUA U yrIpaBiaeHne”.

Codns, 23.03.2025 r. YJIEH HA KYPUTO:

/mpod. a-p umwxk. FOmusaua SBoposa/
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OPINION

of a dissertation for awarding the educational and scientific degree "Doctor”

Scientific area: 5. Technical sciences

Professional field: 5.1. Mechanical Engineering

Scientific specialty: “Automated Systems for Information Processing and Control”

Author: M.Sc. Eng. Denitsa Ivelinova Ivanova-Mutafchieva

Dissertation topic: “Investigation on the possibilities for development personal protective glasses
with an integrated function for ultraviolet (UV-C) sterilization of inhaled air”

Member of the scientific jury: Prof. Dr. Eng. Juliana Javorova Georgieva, UCTM Sofia

The presented dissertation is structured in 7 chapters and has a volume of 149 pages, contains
83 figures and 9 tables. It includes a reference list, lists of used literature, publications on the

dissertation, figures and tables. 4 publications related to the dissertation are presented, as one of
them is in an edition referenced in Scopus.

1. Relevance of the problem developed in the dissertation in scientific and scientific-
applied terms.

The problem developed in the dissertation is in the field of prevention and minimizing the
impact of infectious disease pandemics on people and national healthcare systems, as well as in
other crisis situations, by exploring the possibilities for creating a new generation of active personal
protection technology.

The relevance of the problem is undeniable in head protection equipment and in particular
through glasses with an integrated mask, providing, through ultraviolet (UV-C) sterilization, the
active neutralization and disinfection of inhaled and exhaled air with an efficiency of over 99%. The
field is being actively worked on worldwide during the COVID-19 pandemic, but the significance
of the research is great beyond the pandemic situation, while also opening up new areas of research

related to the possibility of active protection and prevention in the fight against viral and bacterial
threats (including biological weapons, disasters and accidents, etc.).

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

A total of 115 literary sources are cited within the dissertation, predominantly published after
2015. The literature review examines the spectral characteristics of ultraviolet rays, studies and

analyzes various disinfection strategies, demonstrates the need for the use of personal protective
cquipment, describes the requirements for personal protective equipment. Methods for virtual and
physical prototyping are also presented. The literature review ends with conclusions, from which
logically follow a precise formulation of the purpose and tasks of the dissertation.

My general impression of the literature survey is that the PhD student knows the researched
matter well, handles literary facts competently and has a good knowledge of the state of the

problem. The literature review itself is sufficiently complete and provides the necessary overview of
the research.
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3. Correspondence of the chosen research methodology and the set goal and tasks of the
dissertation with the achieved contributions.

[ believe that the chosen methodology of the scientific research is suitable for the set goal and
tasks of the dissertation and allows the proof of the achieved results.

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

I accept the scientific and applied contributions of the dissertation work proposed by the
author.

Scientific-applied contributions: e It has been upgraded a methodology for developing a new
product with a focus on ergonomics: Definition/Idea Phase - Virtual Prototype/Presentation of
Virtual Prototype - Materialization and Physical Test. It has been proven an improvement at the
consideration of ergonomic factors and requirements; ® An innovative concept for a protective mask
(protected by a utility model) with an integrated sterilization system and the possibility of
integrating integral safety glasses has been proposed and modeled in three dimensions; ¢ An
optimized unified solution was reached through investigation of variant concepts of the sterilization
system were d through validations of each generic concept and after step-by-step modification of
parts of the components; * Proven through multi-physics simulation is an optimal airflow path
through the mask body achieving a level of maximum exposure to UV-C LED light for treatment of
the passing flow and high sterilization efficiency has been confirmed through the achieved
exposure; ® An anthropometric model of the topology of the male and female head shape has been
developed and it has been established that it is possible to unify, with a certain deviation, the shape
of a female scalp with a model of a male shape or vice versa; ¢ It has been proven that the
anthropometric shape model allows finding a “compromise elastic" contact shape of the mask
between different populations -a very important basis for creating a "unisex" and "unisize" elastic
mask system.

Applied contributions: e It is proposed an optimal selection of material for the base of the
mask with disinfection and sterilization capabilities, with good elasticity and resistance, as well as
for the application of a coating or additives with an antibacterial effect to improve biocompatibility;
* It is substantiated a hypothesis for the use of filter less systems with the lowest possible resistance
to the passage of air volume during inhalation and exhalation; ¢ It is built a detailed 3D geometric
concept for a UV-C LED module, with an optimally integrated control board, with hubs for
charging and with hermetic on/off, and also a battery charge indicator, which is especially important
for planning the possible time spent in infected environments; ¢ It is studied the optimal path of air
flows through the mask body through simulations, ensuring treatment of the passing flow with
maximum exposure from the UV-C LED source; ¢ Based on the numerical simulations performed
with the validated flow part of the UVGI module, the radiation exposure of a minimum of 47.88
J/m® for the entire volume was determined, which is higher than the requirements specified in the
literature, between 20 and 37 J/m®, for SARS-Co V2 and other corona and influenza viruses, to
achieve LD90; ¢ Using serial technology, it was developed the final design of the goggles-mask,
and a survey was conducted with users, through which the planned ergonomic indicators
(convenience of placement, wearing, overview and force load) were proven.

S. Assessment of publications on the dissertation work

On the topic of the dissertation, the doctoral student has 4 publications, one of which 1 is like

a single author, and in the others she is the first co-author. One of the publications is in an edition
referenced in Scopus. Data for two citations of the publications are presented. I believe that the
number of publications is sufficient for acquiring the educational and scientific degree "doctor" and
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largely represents the process of work and the results achieved. The scientometric indicators exceed
those required for PF 5.1.

6. Comments, recommendations and remarks.

The dissertation testifies to the author’s knowledge of the subject area and provides an
opportunity to develop the achieved results and their practical application.

I would like to point out that the applied-scientific contributions are not written absolutely
identically in the dissertation and in the abstract, which is probably a technical omission.

The remark mentioned does not in any way affect the significance of the results and
contributions achieved in the dissertation work. My overall opinion of the dissertation work is

positive - topical subject matter, original approach, well-structured work with high quality of
illustrative material.

7. Conclusion with a clear positive or negative assessment of the dissertation work.

My final assessment regarding the content and contributions of the dissertation work is
positive. I consider that the presented dissertation meets the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria, the Regulations for its application,

as well as the requirements for obtaining the educational and scientific degree "Doctor" at TU -
Sofia.

The above gives me reason to recommend to the respected Scientific Jury to award the
educational and scientific degree "Doctor” to M.Sc. Eng. Denitsa Ivelinova Ivanova-Mutafchieva
in Scientific area 5. Technical sciences, Professional field 5.1. Mechanical Engineering, Scientific
specialty “Automated Systems for Information Processing and Control”.

Sofia, 23.03.2025 JURY MEMBER:

/ Prof. Dr. Eng. Juliana Javorova/
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