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3a NpuaobuBaHe Ha Hay4YHa ANbXHOCT +OOKTOpP”

S _ABTOP Ha aucepTaumoHHusa Tpya: mar. uHix. deHuua UBenuHosa UeaHoBa-
Cooni MyTtadumuesa

Tema Ha pauceptaumoHHus Tpya: WscneapaHe Ha Bb3MOXHOCTUTE 3a

PaspaboTBaHe Ha nNepPCOHaNHM SAlWTHA Oo4YMna C uHTerpupaHa yHkuusa 22
ynTpasuoneroso (UV-C) crepunusupaHe Ha BOUWwaHUs Bb34yX

MpocbecroHanHo HanpasneHue: 5.1 MalwmuHHO UHXXeHepCcTBO
HokTopcka nporpama: 02.21.07 ABTOMaTU3UpaHU CUCTEMM 3a obpaboTka Ha
UHdopMaLUa u ynpaBneHue

ABTOp Ha CTaHOBULLE: 4n.-KOp. npod. aH uxx. MFeopru Togopos

lpeacTaBeHnsT gucepTauMoHeH Tpya ce CbeTou oT BbBeAeHue, celeM rnasu,
00l 13BOAM, CNUCHK Ha MU3NON3BaHaTa NUTEpaTypa, CrpaBka 3a NPUHOCUTE, CMUCBLLUM Ha
nybnukauumTe no gucepraumsTta, ourypute, TabnuuuTe Y U3NoN3BaHNTe CbKpaLLeHns u e

¢ obem oT 149 cTpaHuum. Bbe Bpb3ka C TPyAa ca npeAcTaBeHU YeTupu nybnukaumm, kaTto
€[Ha OT TAX e pedepupaHa B Scopus.

1. AKTyanHocT Ha paspaboTBaHuA B AUCepPTauMOHHUA Tpya npobnem B
HAY4HO U HAYYHO-NPUITOXHO OTHOLIEHUe

PaspaboTteHute B AucepTauvOHHUS TPyA WHOBATUBHM O4YMNa € Macka, ¢
VHTErpupaHa cuctema 3a yntpasuonetoso (UV-C) crepunuaupadHe Ha BOuLLBaHUS W
n3guiBaH Bb34yX, OCUrypsasBa BUCOKO HUBO Ha 3almTa e UIKIMKYUTenHo aKTyanHa Tema
HE CaMO B MNaHAEMWUYHW CUTyauuu, HO U B yCroBusitTa Ha Guonoruuuu, Gakrepuantu,
NPOU3BOACTBEHN 1  Apyrn 3annaxu. [locturHatute pesyntatm kakto B (UV-C)
crepunusvpaHe, Taka u B MeToaukaTta v OueHKaTa Ha eproHOMUYHOTO NPOEKTUPaHe OT
KaHAn4aTa umat npunoxeHue B Haykata u npaktukara. JucepTaunoHHUAT TPy NocTaes
W HOBW NOAXOAW, CBbP3aHN C Bb3MOXHOCTTA 32 aKTBHa 3alluTa v npeseHuus B bopbHaTa
CpeLLy BUPYCHU U DakTepuandu sannaxu.

AKTyaJ'lHOCTTa W 3HA4YNMOCTTa Ha U3CNenBaHeTO B HAY4YHO N NPUIOXHO OTHOLUEHUE
€ BUCOKa.

2. CteneH Ha nosHaBaHe Ha CBbCTOSIHUETO Ha nMpobGnemMa U nuTepaTypHUSA
MaTepuan u TBoOpYecka UHTepnpeTauusa Ha NUTepaTypHUA maTtepuan

B Tpyaa ca ananuavpaHu xapaktepuctukm Ha (UV-C) cTepunuampaHe w
HEoOOXOAMMOCTTa OT U3MNON3BaAHETO HA NWUYHW NpeanasHu cpeacTea. PasrnepaHu ca
OCHOBHUTE MNONOXEHUS Ha MeTOoAM 3a BUPTyanHo U (U3NYECKo npoToTunupaHe. B
ANCEPTaLUMOHHMA Tpya ca uutMpadu aktyanHun 115 nuTtepaTtypHu  U3TOUHULM.
CbcTosiHneTo Ha npobnema n nuTepaTypHUa MaTepuarn € OCbLUECTBEH aHaNUTUYHO U Ha
Herosa oCHoBa ca n3BefeHn 060CHOBaHN M3BOAUN U Ca OTKPOEHU HepelleHuTe npobnemu.
[lpaBunHo e hopmynupaHa uenta Ha gucepTtaunoHHaTa paboTa 1 3agadyute 3a HEMHOTO
NoCTUraHe.

[OpHOTO AOKa3Ba, Ye AOKTOpaHTKaTa fobpe no3HaBa CbBPEMEHHOTO CbCTOSIHUE B

pasrnexpaHara obnact wu AEMOHCTPUpa HeoOxogumuTe 3HaHuUA 3a n3cnengsaHe wu
NoCTUraHe Ha HOBU pe3ynTtaTu.

3. XapakTepucTUKa U OLeHKa Ha AUCePTALUOHHUSA TPYA

[IncepTauMoHHUST Tpya NpeacTaBnsiBa €4HO HAUCTUHA WHTEPAUCLMMIIMHAPHO
nscnepsaHe. [leMOHCTpupa ce 3aabnbo4eHOTO no3HaBaHe Ha npobrnemute u
HeoOXo4MMOCTTa OT W3MOM3BAHETO HAa NWYHW NpeanasHu CPeAcTBa, U3Non3BaT ce Hail-
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CbBPEMEHHUTE TEXHONOIMU Ha BUPTYANHOTO UHXEHEPCTBO U Obp30TO NpoToTUNMpaHe 3a

NnocTuUraHe Ha yHuuumpaHa eproHoMust ¥ BUCOKU HUBA Ha (UV-C) ctepunusupane.
W3scnensaHeTo e B MeToguyHa nocrnefoBaTenHocT, pe3ynTaTuTe ca KOPeKkTHU U ca

NOAKPEneHn ¢ JaHHM U gokasaTencTtea. Ha TsxHa OCHoBa ca HanpaseHU CbOTBETHUTE

V3BOAW 1 3aknioveHus. lNoctaBeHaTa Uen v 3agaduTe, CBBbP3aHU C HEA ca U3MbIMHEHU B
Heobxoanmus obem u cvabpxaHve.

4. Hay4Hun u Hay4yHO-NPUNoXHHU NMPWHOCU Ha AUCepTaLUOHHUS Tpya,

lNpuemam copmynupanuTe ot aBTOpa NPUHOGCH, KOWUTO ca C HayYHO-NPUINOXEH U
MPUNOXEeH xapakrep.

Te moraTt fa 6baaT 0606LWeHn no CrnegHus HauuH:

4.1. HayuHonpunoxHu npuHocu

o PaspaGoten e koHuenTyaneH Mogen Ha WHOBaTMBHa npegnasHa macka c
Bb3MOXHOCT 3a WHTErpupaHe Ha npeanasHu ouuna, B KOSITO e BrpageHa UV-C LED
C1CTEeMa 3a akTMBHa CTepunuaauns, ocurypsisallia BUCOKa CTENeH Ha 3aluTa.

e HagrpageHa e usBecTtHa meToponorus 3sa NPpOeKTMpaHe Ha HOBW MPOAYKTU C
AKLUEHT BBbPXY nofoOpeHO oTyMTaHe Ha eproHOMUYHUTE W3NCKBaAHUA, KaTo u4pes
anpobupaHe n nscnefBaHe Ha Nony4eHoTo PELIEHNE € NoKa3aHa HeilHaTa eheKTUBHOCT.

e OnTuMMU3MpaHa e KoHuenuusaTa Ha cuctema 3a CTEpUNMU3aunsa Ha BOULLBAHWUA U
VSOVWIBAH BB3AYX 4PE3 uscCneABaHe W aHanua3 Ha pas3paboTeHu BapuaHTu u
MOAUMDULIMPAHE Ha rPaAUBHUTE UM KOMMNOHEHTY.

 Hpes MynTUU3NYHM CuMynaumm e oNTUMU3UPaH MLTST Ha Bb3AYLIHATE roToum
NPE3 Kopnyca Ha mMackata C Uen BMCOKA edeKTUBHOCT Ha CTepunusaums ypes
MakcumanHa ekcnosuuma Ha UV-C LED ceetnuHaTta 3a TpeTupaHe Ha npemuHaBsalus
MOTOK.

* PaspaboteH e aHTponomeTpuyeH Moaen Ha TOMOMOTMATA HA MbXKATa U
KEHCKaTa (opMa Ha rnasaTa M € YCTAaHOBEHO, Ye e Bb3MOXHO Aa ce yHUUUMpa ¢
ornpeAaeneHa aesnaunsa popma Ha XEHCKU CKann ¢ MOAEN Ha MbXka dhopma Unu obpatHo.

e [lokasaHo e, 4e MOAEeNnbT Ha aHTPONoMeTpUYHaTa hopma no3Bonsea HamupaHe
Ha "KOMNPOMUCHA enacTuyHa” KoHTakTHa copma Ha mackara MeXay pasnuyHuTe

nonynauun, Ha ocHoBaTa Ha KOATO MOXe Qfda ce cb3gage “yHucekc” W “yHucais”
enacTuyHa cucTemMa Ha mackara.

4.2. NpunoxHu npuHocu

e M30paH e noaxopsw matepuan 3a u3paboTBaHe HA OCHOBATa Ha MackaTa ¢
fobpa enacTUYHOCT U YCTOMYMBOCT, KOWTO MO3BOMSBA AE3VNHMEKUMS, CTepunusaums u
npunaraHe Ha nokputne wnu pobaskn ¢ aHTUbakTepuaneH edekT 3a nogobpsiBaHe Ha
BuocvLBMECTUMOCTTA.

e OOocHoBaHa e xwunoTesaTa 3a MW3NON3BaHe Ha GE3MUNTLPHU CUCTEMU C

MaKCMManHoO HUCKO CbMNPOTUBNEHME Ha NPOXOAMMOCT Ha o6ema Bb3ayX Npu BAMLIBAHE U
n3guLIBaHe.

e PaspaboteH e 3D mogen Ha UV-C LED moayn ¢ uHterpmpaHa KoHTponHa nnaTka
C U3BOAM 3a 3apexaaHe, XepMeTU3NPaHO BKITIOYBAHE/U3KINIOYBAHE 1 MHAUKATOp 3a 3apsaa
Ha BbaTtepusTa.

e Ypes uncneHun cumynauum € onpepeneHa CTOMHOCTTA Ha paguauvoHHaTa
EKCrno3numa Ha NPOEKTUPaHOTO usgenue - 47,88 J/m? , KOATO e No-ronsiMa oT NOCoYEeHUTe
B cneuvanusvpaHaTa nutepartypaTta usuckesaHua 3a UVGI 3a nocturane Ha LD90 (mexay
20 1 37 J/ m?) 3a SARS-CoV-2 1 apyri KOpoHa 1 rpUnHu BUPYCH

e [loTBbpaeHn ca nnaHupaHuTe eproHoMuyHuM nokasatenu (ypobcTBO Ha
nocTaBsiHe, HOCEHE, CUITOBO HaTOBapBaHe U AP.) Ypes aHKeTa ¢ noTpedbuTenu, nonssallu
(PM3NYECKN NPOTOTUNU Ha pa3paboTeHns NPOAYKT.
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5. OueHKa Ha cTeneHTa Ha NUYHOTO ydacTtue Ha aucepTaHTa B NPUHOCUTE

OueHsiBaM npuHocUTe B [uUCepTaUMOHHATA pabotata kato pesynTtar oT
CbBMECTHUTE YCUNNA Ha aBTOpa, HA HEroBUTE PBLKOBOAUTENW W pabortata no npoexr
Horosop Ne KM-06-H47/9 WscnensaHe Ha Bb3MOXHOCTUTE 3a paspaboTBaHe Ha
JAKTUBHW® MePconannu sawmtiun Oumna c VHTErpUpaHa Macka ¢ dyHkuuM 3a

eEKTUBHO YNTPaBMONETOBO (UV-C) crepunusupaHe Ha savwisanus Bb3ayx — AKTUB
MPO UV" Ha ®oHa Hayunn UscneasaHua kbm MOH.

JIN4HOTO y4acTue Ha AoKTOpaHTa U HeroBUTE NUYHN NPUHOCH npu paspaboTesaHeTo
Ha AMCEPTaLMOHHMA Tpya 1 nybnukauunTe no Hero ca 6e3cnopHM, KOETo ce NnoTBbLPXKAABA
OT 1 OT € CamocTosTENHa Nybnukauus, a B octaHanute 3 KaHAMAATLT € MbPBK aBTopP.

6. MHeHue, npenopbku u 3a6enexku

HAMam cbliecTBeHn 3abenexku, KouTo Aa WUMaT OTHOLUEHWE KbM OCHOBHUTE
HAYHHO-NPUIOXHN 1 NPUNOXHW NpUHOCK Ha Kanaupata. Kato pbkoBoauTen Ha [orosop
Ne KIM-06-H47/9 ,J3cneasaHe Ha BBL3MOXHOCTUTE 3a paspaboTtsaHe Ha ,AKTUBHK"
MePcoHnanun sawmtHu Ouuna c wuHTerpupaHa macka ¢ PYHKUMM 32 edEeKTUBHO
yntpasnonetoBo (UV-C) ctepunusupaHe Ha BOuLLBaHUS Bb3ayx — AKTUB MPO UV’ Ha
®oHA HayyHu WscnepBavus kbM MOH, cbm Habnopasan paboTtata B passuTve U

Bb3HUKHANUTE Oenexkn v npenopbku BAxa B3eTW noa BHUMaHue oT aBTopa B Xo[a Ha
nscneaBaHnAaTa u 0hopMAHETO.

3AKITKOYEHUE

Bb3 ocHoBa Ha 3ano3HaBaHeTO MW C npeacTaBeHuTe MaTtepuanu,
AKTyanHocTra U 3Ha4YMMOCTTa Ha CbAbPXKaWMUTE Ce B U3CNeABaHUATA Hay4HO-
MPUNOXKHA WU NPUNOXHU NPUHOCK, CHUTAM Ye Te OTFOBapAT Ha 3aKoHa 3a pa3BUTUE
Ha akagemMu4yHua cbecTaB B Penyb6nuka Bwnrapus, MpaBunHuka 3a HeroBoTo
npunoxeHue u lNpaBunHuka 3a ycnoBuATa U pepa 3a 3aemMaHe Ha aKafdeMUYHM
ANBXHOCTU B TY-Cocbusi U HaMuMpam 3a HaNbLIHO OCHOBATENHO Aa NPeAsnoXa Ha
yBaxaemoro Hay4Ho Xypwu aa npucwuam Ha mar. unxk. JeHuua MBenuHosa MBaHoBa-
MyTtaduneBa obGpasosatenHarta M HayyHa cTeneH ,,AOKTOP“ no npocecuoHanHo
HanpaBneHue 5.1 MalWMHHO UHXEeHepCTBO, Hay4YHa CMeuuanHocT ,,ABTOMaTUIUPaAHU
cucTtemu 3a obpaboTka Ha MHcpopMauua U ynpasneHue”.

20.03.2025 ABTOp Ha CTaHOBULLE:

(4n.-kop. npod. AH uHx. Neopru Toaopos)



OPINION

ifion of the scientific title of "Doctor”

e dissertation: M.Eng. Denitsa Ivelinova Ivanova-Mutafchieva
Topic of the dissertation: Research into the possibilities for developing personal

protective glasses@mask with an integrated function for ultraviolet (UV-
inhaled air.

C) sterilization of

Professional field: 5.1 Mechanical Engineering, Doctoral program: 02.21.07 Automated
information processing and control systems

Author of opinion: Corr. Member, Prof., DsC Georgi Todorov

The presented dissertation work consists of an introduction, seven chapters,
general conclusions, a list of references, a reference list, lists of publications on the
dissertation, figures, tables and abbreviations used and is 149 pages. Four publications
are presented in connection with the work, one of which is referenced in Scopus.

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

The innovative glasses with a mask, with an integrated system for ultraviolet (UV-C)
sterilization of inhaled and exhaled air, developed in the dissertation, provide a high level
of protection is an extremely relevant topic not only in pandemic situations, but also in
conditions of biological, bacterial, industrial and other threats. The results achieved both in

(UV-C) sterilization and in the methodology and assessment of ergonomic design by the
candidate have application in science and practice. The dissertation also puts forward new
approaches related to the possibility of active protection and prevention in the fight against
viral and bacterial threats.

The relevance and significance of the study in scientific and applied terms is high.

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

The work analyzes the characteristics of (UV-C) sterilization and the need for the
use of personal protective equipment. The basic principles of methods for virtual and
physical prototyping are examined. The dissertation cites 115 current literary sources. The
state of the problem and the literary material is carried out analytically and on its basis,
justified conclusions are drawn and unresolved problems are highlighted. The goal of the
dissertation work and the tasks for its achievement are correctly formulated.

The above proves that the doctoral student is well aware of the current state of the

art in the field under consideration and demonstrates the necessary knowledge for
research and achieving new results.



3. Characteristics and evaluation of the dissertation work

The dissertation work represents a truly interdisciplinary study. The in-depth
knowledge of the problems and the need for the use of personal protective equipment is
demonstrated, the most modern technologies of virtual engineering and rapid prototyping
are used to achieve unified ergonomics and high levels of (UV-C) sterilization.

The study is methodically consistent, the results are correct and supported by data
and evidence. On their basis, the relevant conclusions and conclusions have been made.
The goal and the tasks related to it have been fulfilled in the required volume and content.

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

| accept the contributions formulated by the author, which are of a scientific-applied
and applied nature.

They can be summarized as follows:

4.1. Scientific and applied contributions

e A conceptual model of an innovative protective mask with the ability to integrate safety
glasses has been developed, in which a UV-C LED system for active sterilization is built in,
providing a high level of protection.

e A well-known methodology for designing new products has been upgraded with an
emphasis on improved consideration of ergonomic requirements, and its effectiveness has
been proven through testing and research of the resulting solution.

* The concept of a system for sterilization of inhaled and exhaled air has been optimized

by researching and analyzing developed variants and modifying their structural
components.

e Through multiphysics simulations, the path of air flows through the mask body has been
optimized for the purpose of high sterilization efficiency through maximum exposure to UV-
C LED light for treatment of the passing flow.

® 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.

e It has been proven that the anthropometric shape model allows finding a “compromise
elastic” contact shape of the mask between different populations, on the basis of which a
“unisex” and “unisize” elastic mask system can be created.

4.2. Applied contributions
e A suitable material was selected for making the mask base with good elasticity and
resistance, which allows disinfection, sterilization and application of a coating or additives
with an antibacterial effect to improve biocompatibility.
e The hypothesis for using filterless systems with the lowest possible resistance to the
passage of air volume during inhalation and exhalation was substantiated.
e A 3D model of a UV-C LED module with an integrated control board with charging
terminals, sealed on/off and battery charge indicator was developed.



e Through numerical simulations, the radiation exposure value of the designed product
was determined - 47.88 J/m2, which is greater than the UVGI requirements specified in the
specialized literature to achieve LD90 (between 20 and 37 J/ m2) for SARS-CoV-2 and
other corona and influenza viruses

® The planned ergonomic indicators (ease of placement, wearing, force load, etc.) were
confirmed through a survey with users using physical prototypes of the developed product.

5. Assessment of the degree of the personal participation of the doctoral
candidate in the contributions

| assess the contributions to the dissertation work as a result of the joint efforts of
the author, his supervisors and the work on the project 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” of the Scientific Research Fund of the Ministry of
Education and Science.

The personal participation of the doctoral candidate and his personal contributions
to the development of the dissertation work and the publications on it are indisputable,

which is confirmed by and is an independent publication, and in the remaining 3 the
candidate is the first author.

6. Opinion, recommendations and remarks

| have no significant remarks that are related to the main scientific-applied and
applied contributions of the candidate. As the supervisor of Contract No. KP-06-N47/9

“Investigation of the possibilities for developing of "ACTIVE" PERSONAL PROTECTIVE
GOGGLES with an integrated mask with functions for effective ultraviolet (UV-C)

sterilization of inhaled air - ACTIVE PRO UV" of the Scientific Research Fund at the
Ministry of Education, Science and Culture, | have observed the work in progress and the
arising notes and recommendations were taken into account by the author in the course of
the research and design.

CONCLUSION

Based on my familiarization with the presented materials, the relevance and
significance of the scientific-applied and applied contributions contained in the
research, | believe that they comply with the Act on the Development of the
Academic Staff in the Republic of Bulgaria, the Regulations for its implementation
and the Regulations on the terms and conditions for holding academic positions at

TU-Sofia and | find it completely justified to propose to the esteemed Scientific Jury
to award the M. Eng. Denitsa Ivelinova Ivanova-Mutafchieva the educational and

scientific degree "Doctor"” in professional field 5.1 Mechanical Engineering,
scientific specialty "Automated Information Processing and Management Systems".

Date: 20.03.2025 Author of opinion:

----------------

(Corr. Member, Prof., DsC Georgi Todorov)
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