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1. AkTyanHOCT Ha pa3paboTBaHus B AUCEPTALIMOHHUS TPy MPOOJIEeM B HAYYHO U
Hay4YHO-IIPUJIOKHO OTHOIIECHUE.

B mucepranmonnus TpyJ ce pasriiexkaar cepus J00MUTHU TPUIIOKEHHUS HA
cBpBxxuIpododbeH MaTepual, pa3paboTeH OT AUCEPTAHTA — CAXKAU OT PATUYHO OJUO, B Hall-
pasnuuHu 00JacTH Ha HayKaTa, TEXHUKaTa U MeaunuHara. Kato akryanHnu npobieMu MoraTt
7la ce mocovYaT KPHOChXPAHEHUETO HA )KUBH THKaHU U TSXHOTO pa3MpassBaHe (OHOJIOTHsS U
MEIMIIMHA), IPEAIa3BaHeTO Ha METAJIHU IOBbPXHOCTH OT 3aJI€/IIBAHE U HAJICIU C
OMOJIOTHYEH TPOU3X0/1 (MHKEHEPHH HAYKH ), MPOLECHT Ha BTBBP/ISBAHE HA BOJHA KAIlKa B
3aBHCUMOCT OT THIIA MIOBBPXHOCT ((PU3NKOXUMHUS, (PU3MKA HA KOHACH3UpAHATA MaTepusl).
Pa3paboTBanuTe B AucepTanusTa MpoOIeMH MOTAT J1a C€ XapaKTepU3UpaT KaTo U3ISII0
Hay4HO-TTPUJIOKHHU.

2. Tlo3HaBa U TUCEPTAHTHT ChCTOSHUETO HA Mpo0sIeMa U OLIeHsBA JIM TBOPUYECKU
JUTEepaTypHUsl MaTepual.

be3cropHO AucepTaHTHT NO3HABA OTIMYHO ChCTOSIHUETO HA M3CIIEABAHUTE MTPOOIEMH.
Jloka3aTescTBO 3a TOBa € TOJIEMUAT Opol IIUTHpaHa JTuTeparypa B AucepranusTa (433
M3TOYHMKA), CBOOOAHOTO U YBEPEHO M3I0J3BaHE HA TEPMUHOJIOTHS OT HAKOJIKO HAYKU
(pusuka, xumus, OMOJIOTHS, MEAULIMHA, NH)XEHEPHU HAYKH ), KAKTO U KOMIIETEHTHOTO
OIMCAaHNE Ha U3I0JI3BAHUTE €KCIIEPUMEHTAIHU METOIA U aHAJIN3a Ha MTOJIyYEHUTE C TAX
pe3yaratu. CUHTE3bT Ha BBIJIEPOIHH CaX/IU M TAXHOTO MPUIIOKEHHE € OCHOBHATA 00JIaCT Ha
u3cieABaHMs Ha JucepTanTa npes3 nociaeanure 10 ronuHu.

3. WM30panaTta MeTOJMKa Ha U3CIIEBAHE MOJKE JIU J1a 1aJie OTTOBOP Ha MIOCTABEHUTE LIE
Y 33]]a44 Ha AMCEPTALlMOHHUS TPYI.

W3non3BaHuTe U3cae10BaTeICK METOIU BapupaT B IIUPOKa 00JacT MOPaJH CHIIHO
MHTEPIUCIUIUIMHAPHATA TEMATHKa Ha JUCEPTALUATA: KaTO Ce€ 3all0YHE OT YHCTO
¢uznyeckuTe onTuyHa poTorpadus, onTuyHa aOCOPOIIMOHHA CIEKTPOCKOIHUS, CKaHHUpaIla
enekTpoHHa Mukpockonus (SEM), aromHo-cuinoBa mukpockomnust (AFM), enepro-
aucriepcrioHHa pentreHosa cekrpockonus (EDX), pentreHoBa ¢poToeneKkTpoHHa
cnekrpockonus (XPS), PamanoBa ciekrpockonus, cenuuyHaTa TeXHUKa Ha TPENTsIaTa
KBapLiOBa MUKPOBE3Ha, XUMUYHU METOJIU 3a ompenaensHe Ha pH, OnonornyHu Mmetoau 3a



OIMPECACIIIHC HAa KOHICHTpAalHA Ha MI/IKpO6I/I " CE€ CTUTHC 10 MEAUIITMHCKHN CTATUCTHYCCKHU
METO/H. I/I36paHI/ITe MCECTOJHMKHU Ca aICKBATHHU U IMOJAXOJAIIHN 3a IIOCTaBCHUTC L CJIN.

4. Kparka aHaJIUTHUYHA XapaKTEPUCTUKA HA €CTECTBOTO U HA JOCTOBEPHOCTTA HA
Marepuaia, BbpXy KOMTO ce TpajsiT IPUHOCUTE HA TUCEPTAIUOHHUS TPY/IL.

JlocToBepHOCTTa HA MaTepuaa Ha MOJIeKH Ha cbMHeHue. Beuuku pe3ynTaTtu ca
nyOIuKyBaHH B pedeprpaHu CIUCAHUS C BUCOK UMIAKT QakTop. B HsKOM OT cTaruute B
CIUCaHMsI, JOMYCKAIIHN Ta3h Bb3MOXKHOCT, 32 IIO-TOJIsiIMa ITbJIHOTA UMa Pe3yJTaTH,
JOMBJIHUTEITHO BKJIIIOUEHH B T.HAp. ,,Supplementary data“. [Tonyuenure pe3ynraru ca
W3II0KEHU SICHO, (hOpMYIIHUpaHUTE U3BOIM 3By4YaT yoeauTenHo. OOMIOTO 3a BCHUKH PE3YITATH
€ MPUIIOKEHUETO Ha CBPBXHEOMOKPSIEMHTE CAXK/IA OT PAITMYHO OJIMO B PA3IMYHU 00JIACTH HA
HayKara, TeXHUKaTa U MeauiuHata. EquHcTBeHaTa Mu 3a0esexka €, ue JJOKaTo B HIKOU OT
paboTute ¢ MeaMIMHCKA HacodeHocT (ctaruu 12, 13, 14 u 15) u3cnenBannuTe NayeHTH ca
cpaBHUTEIHO rojsm Opoii (mexay 10 u 20), To B npyru padotu (cratuu 1,2 u 11) te ca
Masko (camo 2 uiu 3), KOeTO MOCTaBs Mo/l ChbMHEHHE MOBTOPSEMOCTTa Ha HAOII0JaBaHUTE
3aBHUCHMOCTH.

5. B kakBo ce 3akJt04aBaT HayYHUTE WM HayYHO-IPUIIOKHUTE IPUHOCH HA
JUCEPTALUOHHUS TPYA:

JlucepTanThT € PopMyNIupan 1Ba ,,yHUKAIHNA HAY9HU TPUHOCH

1. OMoKpsimuTe (CBPHXHEOMOKPSIIIUTE) CBOMCTBA HA TBBPAOTEIHUS HHTEpdEnc urpast
KJIFOUOBA POJIS 32 YCIIEIIHOTO KPUOChXPAHEHUE Ha KUBA MATEPHS;

2. Hano4acTuIMTe OT Ca)KAH1, CMECEHH C YOBEIIKH PENPOIYKTUBHU OMOMPOTYKTH IIpU
TeJecHa TeMIepaTypa, Morar Jia moo0psT penpoAyKTUBHUS MOTEHLMAJ HA YOBELIKUTE
CIepMAaTO30MIU Upe3 OMOXMMHUYHO U €JIeKTPOCTaTUYHO aKTUBUPAHE Ha TSIXHATA MOJBU)KHOCT.
Cnopen (opMaliHO H3KMCKBaHATa Kiacu(UKalus, Te3U JBa MIPUHOCA MOTAT Jja C€ OTHEeCaT KbM:
,DPopMypaHe 1 000CHOBaBaHE Ha HOB HayueH npobaem*. Ocrananure 4 ,,HOBU HAyYHU
MIPUHOCHU* MOraT Jla ce OTHecaT KbM: ,,Jloka3BaHe C HOBU CPEJICTBA HA ChIIECTBEHU HOBU
CTpaHU Ha ChUIECTBYBAIU HAY4YHHU ITpobiemu u Teopun. Te ca:

1. I[IpocnensBane Ha OMOMOJIEKYIISIPHU PEAKIIMH, TPOTUYALLY B CEMEHHA TEYHOCT Upe3
aHaJIN3 Ha IPOMEHUTE HA TapaMETPUTE Ha HEOMOKpsieMa TPENTAIAa KBapLloBa MUKPOBE3Ha;

2. [ToxkpuTHsTa OT CaXKAH, JIETHPAHH ChC CPEOPO, CUITHO MOTHCKAT PA3BUTHUETO HA
OMOpIIMH BBPXY THX;

3. IIpu ManKo KOJINYECTBO HA KUCIOPOAHH IPYIH MEKIY CaXIAUTE OT PAIIMYHO OJINO
HaTpyHaHUTE BOJIHU MapH Ch3/1aBaT CBPbXHACUTEHH 00JIACTH HA MOBBPXHOCTTA, OCTaBANKU
MHOT0O HE3aCKPEKEHU 30HH BbPXY MOBbPXHOCTTA — SIBJICHHE, UMAILIO MOTEHIMAJI 33 Ch3/JaBaHe
Ha HeoOJIeIeHsIBallll ce€ MOBBbPXHOCTH;

4. OTKpUTH ca yclIoBUS, IPU KOUTO ce HaOI0aBa HOB PEKMM Ha 3aMpb3BaHe HAa BOJAHU
Kanku. B To3u pexxuM ce BieeHsIBa €IHOBPEMEHHO I1s1aTa 0OBUBKA Ha TEYHOCTTA.

Kaksa €, KOHKpPCTHO, 3HAYNMOCTTA HAa IPUHOCUTC 34 HAyKaTa U HpaKTI/IKaTa?
T KaTO HIKOU OT IIPUHOCUTE Ca MATCHTOBAHU, MOXKC J1d 6’L,Z[aT JIECHO 3a0es13aHu U Ja
CC OYaKBAT WHIKCHCPHU IMPUIIOKCHUA. Ot Apyra CTpaHa, B HAKOH OT CTaTUH CbaBTOPU Ca



JeiicTBally Jekapy B OOJHUIIM, KOETO yJIECHSIBa MIPUJIAraHEeTO Ha PE3yJITaTUTE B
MEJUIIUHCKATA IPAKTUKA.

6. Jlo KakBa CTENEH MPUHOCUTE B AUCEPTALMOHHUST TPY/I Ca JIMUEH MIPUHOC HA
JUCEepTaHTa, a IPU CUTHAJ 32 IUIaruaTcTBO Ja CE /1aJ1€ CTAHOBUIIE OTHOCHO
HaJMYMETO WJIU JINTICAaTa Ha IaruaTcTBo B auceprannonuus tpya (3PAC I1b, 4n.10
(2)).

BbB Bcuukute 15 cratuu, KakTo U B 4-Te MaTEHTH, JUCEPTAHTHT € Ha ITbPBO MSCTO Cpejl
ChaBTOPUTE — OE3CIIOPHO J0KA3aTEICTBO 32 BOJACIIMSA MY JIMUEH IPUHOC 32 NOJyyaBaHe Ha
pesyararute. Thi KaTO BCUYKH CTAaTUM Ca MUHAJIM IIPOBEPKa 3a IJIaruaTcTBO MPU
MyOIMKYyBaHETO UM, OYEBHIHO TAKOBA HAMA.

7. llpeueHka Ha MyOJMKALMUTE IO JUCEPTALMOHHUS TPYA: Opoii; XxapakTep Ha
u3JaHuATa (MEXyHapOAHH, HALIMOHAJIHU, BEIOMCTBEHH, CIyKeOHH OIOJIETUHH), B
KOUTO ca oTrevyaraHu. KakBo e OTpa)keHUEeTO UM B HayKaTa - U3I0JI3yBaHe U
LUTHpaHE OT APYrH aBTOPH, B Apyru Jlaboparopun? OLeHKa Jalyd KaHJUIaTbT
OTroBapsi HA MUHUMAJIHUTE HAI[MOHAJIIHU U3HCKBaHMs, u3uckBanusara B 3PAC-BAH u
M3HCKBAHUATA B IPUJIOKEHATA KbM TO3M JJOKYMEHT TaOJIuLa.

JlucepTaHThT € MpencTaBmil 15 cTaTHl — BCUYKH B MEXTyHApOAHU PEHOMHPAHU
CIIMCAaHMSI C BUCOK UMIAKT-(pakTop (WIKN KBapTUIl), KakTo ciieasa: Sensors & Actuators A
Physical (IF 4.1) — 2, Cryobiology (IF 2.3) — 2 u no enna B cieguure cnucanusi: Colloids &
Surfaces A (IF 4.9), Progress in Organic Coatings (IF 6.5), Journal of Physics D: Applied
Physics (IF 3.1), Coatings (IF 2.9), Diamond & Related Materials (IF 4.3), Current Applied
Physics (IF 2.4), Micromachines (IF 3.0), Applied Thermal Engineering (IF 6.1), Nanoscale
Advances (IF 4.6), Reproductive Biology (IF 2.5), Nanomaterials (IF 4.4). ITopanu
MHTEPAUCHUIIMHAPHOCTTA HA U3CIIEABAHUATA, [IOBEYETO OT CIIMCAHMATA ca (PU3UUYECKH, HO
HSIKOM Ca MH)KEHEPHH, XMMUYECKH U OMOJIOTHUECKH. BrieuaTnsaBaiio e, 4e aBTOPbT € BIIFOYIIT
B JIMCEPTAIUATA CH CTaTHH CaMO OT TIOCIIETHUTE 5 TOAMHU. BBIIpexu ToBa 3a TOBa KPaTKO
BpeMe Te Beue ca chOpanu 0610 108 nuTrpanus — OTJIMYEH aTecTaT 3a MHTepeca KbM Ta3u
TEeMaTHKa U TOJXy4YeHUTe pe3yiaTatd. KaHauaaTheT HAITBIHO OTroBaps Ha M3UCKBAHUATA B
3PAC-BAH, xaro B rpyna nokaszartenu I' n [l naxxe HaaXBbpisd N3UCKBaHUATA. JlUCEpTaHTHT
MPEJCTaBs 3HAYUTEIHO MO-ToJIsiM Opoit nuTupanust. ChIio Taka MMa BOJIEI IPUHOC BbB
Benukute 15 cratuu (11 ¢ Q1 u 4 ¢ Q2), 3am0To BHB BCUUKH € IBpBU aBTOp. [Ipencrasui e u
4 nateHTH.

8. Pesynrartute OT AUCEPTALMOHHMS TPy U3I0JI3BAHNU JIM CA BEU€ B HAyYHATa IIPAKTHKA,
¥Ma JIM TOCTUTHAT MPSK UKOHOMHYECKU e(deKT u np.? JIoOKyMeHTH, Ha KOUTO ce
OCHOBaBa TBBHPJICHUETO.
He e u3BecTHO fanu pe3ynTaTuTe Beye ca M3MOI3BaHU B HayyHaTa npaktuka. Odaue
CEpHO3Ha 3asBKa 3a TOBA ca 4-Te NPEACTaBEHU TaTEHTH:

1. MeTon 3a KpHOKOHCEpBAalsl Ha YOBELIKH KJIETKH U ThbKaHH I1OCPEICTBOM
CBPBXXUAPO(YOOHN MOKPUTHS OT BBIIIEPOTHH CAXKIIH;

2. Cucrema 3a KOMIUIEKCEH OMOXMMHUYEH aHalIu3 Ha ypUHa, Oa3upaHa Ha
CBPBXHEOMOKpsIEMa KBapllOBa MUKPOBE3Ha;



3. MeraneH abprkaTen 3a KBapLOB MME30€JIEKTPUYEH CEH30p, (PYMKIIMOHUPAILl B yCIOBUS
Ha OTPULIATEIIHU TEMIIEPATYpH;

4. CBpbXHEOMOKPSEMH BBIVIEPOIHM CAXKIN KaTo (PYHKIIMOHAIEH aKTUBATOP HA YOBEIIKH
CIIEPMATO30MIH.

9. MoTuBupanu Npenopbky 3a ObEII0 U3NOI3BaHE HA HAYYHUTE U HAYYHO-TIPHIIOKHHUTE
MIPUHOCH.
HsMaM KOHKpETHH MOTHUBUPAHU MPETIOPHKH.

10. ABTopedepaThbT U3rOTBEH JIU € CHITIACHO M3UCKBAHUATA, IPABHITHO JIK OTPa3siBa
OCHOBHHTE MOJIOKEHUS U HAYYHUTE MIPUHOCH Ha JUCEPTALIMOHHUS TPya?
AstopedepeparsT (¢ 06em 105 ctp., boraTo wiroctpupas ¢ 67 ¢purypu u 27 TabIUIM)
HaITBJIHO OTpa3sBa OCHOBHUTE IMOJIOKEHUS U HAYYHUTE PUHOCH Ha TUCEPTAIMOHHUS TPY/I.
N3srotsen e chrioacHo uznuckBanusaTa Ha 3PAC-BAH. EqunctBenoTo Heyno0cTBO npu
YETEHETO MY €, Y€ JIMIICBA ChAbPKAHNE U LUTUPaAHA JINTepaTypa, KOETO Hajlara NOCTOSIHHA
CIpaBKa C JUCEPTALUATA.

11. Ipyru BpIIpOoCH, NO KOUTO PELEH3EHTHT CUUTA, Y€ CIIE/ABA /1a B3€ME OTHOILICHHUE.
Hsama takusa.

12. 3akmtoueHue ¢ ICHO CTAHOBHIIIE JIa CE /1aJ1€ WU HE HayyHaTa CTEIEeH:

BB3 ocHOBa Ha TOPEHU3II0KEHOTO MPENOPHYBAM HA HAYYHOTO JKYPH Ja TIPUCHIHA Ha
Kapexun [lukpan EcmepsiH HayuHaTa cTereH ,,JOKTOp Ha HayKuTe' B Hay4Ha obract: 4.
[Ipupoanu Hayku, MaTeMaTUka U HHPOpPMATHKA, MPOPECHOHATHO HampaBieHue: 4.1.
du3nuecKu HayK1

Hara: 20.11.2024 Penenzenr:

/mpod. nd3u Mupocias Abparues/
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1. Relevance of the problem developed in the dissertation in scientific and scientific-

applied terms.

The dissertation examines a series of curious applications of a superhydrophobic material
developed by the dissertation student - rapeseed oil black in various fields of science,
technology and medicine. Current problems include the cryopreservation of living tissues and
their thawing (biology and medicine), the protection of metal surfaces from freezing and
adhesions of biological origin (engineering sciences), the process of solidification of a water
drop depending on the type of surface (physical chemistry, condensed matter physics). The
problems developed in the dissertation can be characterized as entirely scientific and applied.

2. Does the dissertation student know the state of the problem and creatively evaluate the

literary material.

Undoubtedly, the dissertation student knows the state of the researched problems very
well. Evidence for this is the large number of cited literature in the dissertation (433 sources),
the free and confident use of terminology from several sciences (physics, chemistry, biology,
medicine, engineering sciences), as well as the competent description of the experimental
methods used and the analysis of the obtained with them results. The synthesis of carbon soot
and its applications have been the main area of the dissertation's research for the past 10
years.

3. Can the chosen research methodology provide an answer to the set goals and

objectives of the dissertation work.

The research methods used vary widely due to the highly interdisciplinary subject of the
thesis: starting from the purely physical optical photography, optical absorption spectroscopy,
scanning electron microscopy (SEM), atomic force microscopy (AFM), energy-dispersive X-
ray spectroscopy (EDX) , X-ray photoelectron spectroscopy (XPS), Raman spectroscopy, the
specific technique of the vibrating quartz microbalance, chemical methods for determining
pH, biological methods for determining the concentration of microbes and leading to medical
statistical methods. The chosen methods are adequate and suitable for the set goals.



4. A brief analytical description of the nature and credibility of the material on which the

contributions of the dissertation are based.

The authenticity of the material is beyond doubt. All results were published in refereed
journals with a high impact factor. In some of the journal articles allowing this possibility, for
greater completeness there are results additionally included in the so-called "Supplementary
data". The obtained results are presented clearly, the formulated conclusions sound
convincing. Common to all results is the application of super-non-wettable carbon black from
rapeseed oil in various fields of science, technology and medicine. My only remark is that
while in some of the medically oriented works (Articles 12, 13, 14 and 15) the number of
patients studied is relatively large (between 10 and 20), in other works (Articles 1,2 and 11)
they are few (only 2 or 3), which calls into question the repeatability of the observed
dependencies.

5. What are the scientific or scientific-applied contributions of the dissertation:

The dissertation student has formulated two "unique scientific contributions":

1. The wetting (supernonwetting) properties of the solid interface play a key role in the
successful cryopreservation of living matter;

2. Carbon black nanoparticles mixed with human reproductive bioproducts at body
temperature can improve the reproductive potential of human spermatozoa by biochemically
and electrostatically activating their motility. According to the formally required
classification, these two contributions can be referred to: "Formulation and justification of a
new scientific problem". The remaining 4 "new scientific contributions" can refer to: "Proof
by new means of substantial new aspects of existing scientific problems and theories". They
are:

1. Tracking of biomolecular reactions occurring in seminal fluid by analysis of parameter
changes on a non-wettable vibrating quartz microbalance;

2. Silver-doped carbon black coatings strongly suppress the development of biofilms on
them,;

3. With a small amount of oxygen groups between the canola oil soots, the accumulated
water vapor creates supersaturated regions on the surface, leaving many unfrozen areas on the
surface, a phenomenon that has the potential to create non-icing surfaces;

4. Conditions were discovered under which a new mode of freezing of water drops is
observed. In this mode, the entire liquid shell is iced simultaneously.

What, specifically, is the significance of the contributions to science and practice?

Since some of the contributions are patented, engineering applications may be readily
noticed and anticipated. On the other hand, in some of the articles co-authors are practicing
doctors in hospitals, which facilitates the application of the results in medical practice.

6. To what extent the contributions in the dissertation work are personal contributions of
the dissertation student, and in the case of a plagiarism report, to give an opinion on
the presence or absence of plagiarism in the dissertation work (ZRAS PB, art. 10 (2)).
In all 15 articles, as well as in the 4 patents, the dissertation student is in the first place
among the co-authors - an indisputable proof of his leading personal contribution to obtaining
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the results. Since all articles have been checked for plagiarism upon publication, there is
clearly none.

7. Evaluation of publications on the dissertation work: number; nature of the editions
(international, national, departmental, service bulletins) in which they are printed.
What is their reflection in science - use and citation by other authors, in other
laboratories? Assessment of whether the candidate meets the minimum national
requirements, the requirements in the ZRAS-BAS and the requirements in the table
attached to this document.

The dissertation student has presented 15 articles — all in internationally renowned
journals with a high impact factor (or quartile) as follows: Sensors & Actuators A Physical (IF
4.1) — 2, Cryobiology (IF 2.3) — 2 and one each in the following journals: Colloids & Surfaces
A (IF 4.9), Progress in Organic Coatings (IF 6.5), Journal of Physics D: Applied Physics (IF
3.1), Coatings (IF 2.9), Diamond & Related Materials (IF 4.3), Current Applied Physics (IF
2.4), Micromachines (IF 3.0), Applied Thermal Engineering (IF 6.1), Nanoscale Advances (IF
4.6), Reproductive Biology (IF 2.5), Nanomaterials (IF 4.4). Due to the interdisciplinary
nature of research, most of the journals are physical, but some are engineering, chemical and
biological. It is impressive that the author has included in his dissertation articles from only
the last 5 years. However, in this short time they have already collected a total of 108 citations
- an excellent certificate of interest in this topic and the results obtained. The candidate fully
meets the requirements in ZRAS-BAS, and even exceeds the requirements in group D and D
indicators. The dissertation presents a significantly higher number of citations. He is also the
lead contributor to all 15 papers (11 with Q1 and 4 with Q2) because he is first author on all
of them. He also presented 4 patents.

8. Have the results of the dissertation already been used in scientific practice, has a direct
economic effect been achieved, etc.? Documents on which the claim is based.

It is not known whether the results have already been used in scientific practice. However,
a serious request for this is the 4 presented patents:

1. Method for cryopreservation of human cells and tissues by means of superhydrophobic
carbon black coatings;

2. System for complex biochemical analysis of urine, based on ultra-non-wettable quartz
microbalance;

3. Metal holder for a quartz piezoelectric sensor, functioning in conditions of negative
temperatures;

4. Supernonwettable carbon black as a functional activator of human spermatozoa.

9. Reasoned recommendations for future use of scientific and scientific-applied
contributions.
I have no specific motivated recommendations.

10. Is the abstract prepared according to the requirements, does it correctly reflect the
main points and scientific contributions of the dissertation work?



The abstract (with a volume of 105 pages, richly illustrated with 67 figures and 27 tables)
fully reflects the main points and scientific contributions of the dissertation work. It was
prepared according to the requirements of ZRAS-BAS. The only inconvenience in reading it
1s that it lacks a table of contents and cited literature, which necessitates constant reference to
the dissertation.

11. Other matters which the reviewer considers should be addressed.
There are none.

12. Conclusion with a clear opinion on whether or not to grant the academic degree:
Based on the above, I recommend to the scientific jury to award Karekin Dikran

Esmeryan the scientific degree "Doctor of Sciences" in scientific field: 4. Natural sciences,
mathematics and informatics, professional direction: 4.1. Physical sciences

Date: 20.11.2024 Reviewer:

/prof. D.Sc Miroslav Abrashev/



