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CTAHOBHIE
BBPXY AHCEPTAIHOHEH TPY/L 34 Npuaobusane Ha 00pa30BATE/HA H HAYYHA CTENCH
WIOKTOP™.

AsTop Ha aucepTauMonHus Tpya: Mar. mok. Maptun Atanacos 3UKAMOB

Tema Ha AWCEPTANHOHHHSA TPYA: . ACPOJMHAMHYHO [POCKTHPAHE W H3C/ICABAHC HA
HOCCIH CHCTEMH OT THNA KPWIO-BHTI0® mno mnpodecuonanno nanpasienne: 5.5 Tpaucnopr.
kopaboniaaHe © aBHauMs, JOKTOpcKa mporpama . JIpoekrupaHe H KOHCTpyHpaHe Ha
ABTOMATHYHH W NHJIOTHPAHH NETATS/IHH anaparu™,

Harorsua cranopumero: npod. ara [eoprm Corupos, MHCTHTYT 38 KOCMHYCCKH
H3CICABAHMS M TEXHOIOIHH - BAH

[MpeAcTaBeHOTO CTAHOBHULE € Ha ocHoBamue 3anosea Ne OXK-5.5-22 or 24.06.2026 r. na
Pexropa Ha TexHuyeckua yuupepcuter-Codus ¥ Ha peuwicHHMe OT 3accianme Ha HayuHoro &ypu,
nposeaeno x#a 01.07.2026 r.

1. AKTyaaHOCT HA Pa3paloTBaHKus B AUCEPTANMOHHNAS TPYA npobem.

Temata Ha JHCEPTAIHOHHHA TPy € HHIEPECHA H AKTyalHa 3aioT0 HENPEKbCHATOTO
HAPAcTBAHC Ha KOJIHYCCTBOTO M ACHHOCTHTE HA MANOTHPYyeMaTa H OesmuIoTHATA aBHALHHE HasaraT
HeoOXOIMMOCTTAa 7Ia CE THPCAT HOBH MCTO/M, CPEACTBA M TCXHOJOTHM 3a nojoOpasane Ha
HAJICAKMHOCTTA, TOYHOCTTA M CHTYPHOCTTA HA JICTATE/HHTE anapatd B TOBa 4YMCIO H HA TE3H
H3MO/I3BAHM 38 PAXIAHCKH [EeJH — NMOBHINABAHC HA TPAajACKa MOOHIHOCT, NMPEBO3 Ha TOBapH.
HOMICHCKH MCAMUMHCKM YCOIyr# M Jap. B Tasm BpB3Ka CBBPCMCHHHTE JICTATE/IHH anaparn c
BEPTHKAIHO M3JIMTAHC M KalldHC C HOCCIA CHCTEMA KPHJIO-BHTJIO CC ABSBAT CAHO NCPCIICKTUBHO
HANIPABNEHHE B PasBHTHETO HA OCINMMIOTHATA SBMAIMA, NEKTPHYSCKHTE H XHOPHAHHTE CHAOBH
YCTAHOBKH H IPHJIOKCHHATA B IPAACKATa BBH3IYITHA MOOHIHOCT .

2. MocTragenn Hean M 3aJa4H.

Ilesrra Ha paspaGorkara 1o AHCEPTAUMOHHHA TPY/l €, A4 Ce H3C/CABA ACPOJHHAMHKATAE HA
HOCCIIH CHCTCMH OT THIA KPHJIO-BHTIO W JIa Ce MpeUIOAH MCTOIMKA 338 ONTHManeH w3bop Ha
mapaMeTpH TPH KOHICNTYATHOTO ACPOJAHHAMHYHO NPOSKTHpalHe HA JICTATENHH anapard ¢
BCPTHKA/IHO M3JIMTAHE M KalaHe,

3ajaunTe. KOMTO CH € TIOCTABMJ JIMCEPTAHTHT C4 CjacqHHTe: KiacHdukamms Ha
ceigecTsysammre JIA ¢ aepoaHHAMIYHA HOCCIA CHCTEMA KPHJIO-BHTJIO BB3 OCHOBA Ha NPOYYBAHE
H AHATH3 HA TEXHHTE OCHOBHH CXCMM, KOHCIPYKIDAH, NapaMeTps H XapakKTCpHCTHKM;
paspaboTBaHe Ha METOAHKA 33 N300p Ha ONTHMAIHH NapaveTph Ha JIA ¢ BEPTHKAIHO HITHTANHE H
KAllaHe ¢ HOCSIA CHCTEMA KPHJIO-BHTIO. IPH 33JM4ACHH MHCHH Ha nojiera H JIETaTe/HO-
TEXHHYCCKH XaPAKTCPHCTHKH: aHAIM3 ¥ H300p HA KPHTEPHI 32 ONTHMAIHOCT ¥ ONTHMH3AIHMOHHH
napamerps Ha JIA ¢ BEPTHKANHO MAIMTAHE M KALAHE ¢ HOCELIA CHCTeMa KPHJIO-BHIIO; AHAM3 H
1300p HA METOAM 3a ONpejAeNAHe Ha aCPOJHHAMHMHHMTC XAPAKTEPHCTHKH HA HOCCIM CHCTCMM
KPHJAO-BHTIO M ANTOPHTHM HA ONTHMH3ALHOHHATA 33J1a4a; YHCJICHO H eKCICPHMCHTATHO
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H3C/ACABAHC HA ACPOAHHAMHYHHTE XAPAKTCPHCTHKM HA HOCENIA CHCTEMa KpPHIO-BHIIO H
onpejensHe CTOHHOCTHTE HA KPHTEPHS 33 ONTHMAIHOCT 33 PasI/IeAAaHHTC KOHQHIYpALHH;
aHATH3 HA YMCIACHHTC M CKCHCPHMMEHTAJIHH Pe3YNTaTH M NPCUIOKCHHE HA  ONTHMAICH H
patonanen Gazos BapuanT Ha JIA ¢ BEPTHKAIHO HUMTAHE H KallaHe C HOCCHId CHCTEMA KPHIIO-
BHTJIO

3. CrorBercTBHE HA H3I0PAHATA METOAHKA HA HICIEIBAHE H MOCTABEHATA e B 31444 Ha
AMCEPTALHOHHHS TPY/ ¢ NOCTHIHATHTE NPHHOCH.

[lperneasT Ha wM3non3BaHara Jureparypa skwousama 101 sarnaems, or kowto 97 ma
NATHHANA NOKa3Ba, Y€ aBTOPhT Ha JHIcCepTalHATa ¢ Jo0pe 3an03HaT ¢ KOHUCNTYAJIHN paspaboTkH
OTHOCHO OCOBEHOCTHTE H BBH3MOKHOCTHTE 38 NPHIOKCHHE HA JICTATCIHHTE ANApaTH ¢ BEPTHKAIHO
H3IHTAHE M KalaHe ¢ HOCem|a CHCTEMA OT THNA KPWIO-BHINIO, KOHTO NpPEACTAB/IABAT
CAMOCTONTCIIHO M IICPCICKTHBHO HANIPABJICHHUC B PA3BHTHCTO HA ChbBPCMEHHHUTE KOHBEPTOIIAHH.

3acnyra ¥ MPHHOC HA aBTOpa €, Y& NpH npoekTHpane Ha JIA ¢ BEPTHKAIHO H3IMTAHE H
KallaHe HOCeIaTa CHCTEMa KPWIO-BHTJIO CC pasriciia Kato CAWHHA acpojMHAMHM4YHA H
SHEpruiiHa CHCTEMA, NPH KOATO MCOMETPHYHHATE NapaMeTpH Ha KPHIOTO, HAK/IOHACMHTE CCKIMH H
BHT/IOBATA CHCTCMA CA B3AHMHO CBbP3AHH.

Ha ocaosa [l-reopemara Ha Buckingham J0KTOpaRTHT © NpPEAIOKHI KOMILICKCCH
NPOSKTCH TCOMCTPHYMCH NapaMeTsp, KOMTO  XapakTepHsHpa OTHOCHTENHATa ILION] HA
HAKIOHACMHITC CCKIMH M MOKC 2a ObJ¢ W3NO/J3BAH KATO OCHOBHA NPOEKTHA NMPOMCHIMBA B
ONTHMH3AIHOHHATA 3a/ava.

PaspaGorenn ca METOLOIOIHA H METOMKA 38 ONTHMATHO ONpeeNgHe HA NAPAMETPHTE HA
JIA ¢ BCPTHKAIHO M3/IHTAHC M KALAHE ¢ HOCEHNA CHCTEMA KPWIO—BHTIIO, PH KOHTO H300pLT HA
FEOMETPHYHH NAPAMETPH ¢ H3BBLPIIBA 10 KPHTEPHS 338 MHHHMAIHA 00Ia CHePrus 3a H3IThJIHEH) e
HA MHCHATA.

OGocHoBaH ¢ KpUTepuil 32 ONTHMATHOCT, KOWTO OCHTYpPEBa BB3MOXKHOCT 32 MPAKO
CPABHEHHE MENIY PA3IHYHHA FEOMETPHYHH KOHQHIypaiMy NpH CIHAKBH MHCHH HA NOJETa H
JCTATC/IHO-TEXHHYCCKH XapakTepucTHKH. [1o To3H HAYHA Ce OTYHTA CAHOBPECMCHHO BIMAHMETO HA
PCeAHMA Ha BHCCHS H Ha KPCHCCPCKHA NOJICT.

4. Hayuss w/nim HAYYHONPRIOKHA NPHHOCH HA AHCEPTAUMOHHHS TPY L.

Karo uano npuemaMm (GopMy/HpaHdTe OT KaHJHJaTa B AHCCPTALHOHHHMA TPYA PHHOCH,
KOHTO 110 MOE MHeHHe 00001ICHO C¢ 3aK/I04aBaT B HAYSHO-TIPHIIONKHR H MPHIOKHH.

HayuHo-npHIOAHE NPHHOCH Ca CBBP3AHH ¢ H3CAEABAHE M OleHKa Ha JIA ¢ BepTHKAIHO
HAIHTAHE W KaljaHe C HOCEIa CHCTeMa KPHWIO—BHT/IO KATO: aHAJIM3 H ODOCHOBKa Ha OCHOBHH
NEOMETPHYHH NIapaMeTpH; paspaboTKa Ha MCTO/IQJIONHH H METOAMKH 38 ONTHMAIHO ONpe/ie/IAHe Ha
NapaMeTPHTE; METOAMKA 38 CKCIICPHMEHTAIHN AePO/IMHAMHYHN HIC/IE/IBAHNS YPC3 H3NOI3BAHC HA
J33epHO-ONTHYHN METOIH; ONPEACISHE HA ONTHMAIHHTE MapaMerpH MOCPEACTBOM CHMYJIa-
IHOHHH M CKCNCPHMCHTAIHH H3C/ICIBAHNHA.

TIpHIOAHNTE NPHHOCH CE H3PA3ABaT B pa3paboTBAHETO U BHEAPABAHETO HA YCTPOHCTBA 34
CKCICPHMCHTAIHH  ACPOAHHAMHYHH H3CJICABAHHMA HA HOCCH(H CHCTEMH KPWIO-BHIJIO B
aepoauHaMHyHa Tph0a, KaKTO ¥ Ch3/1aBaHETO HA NPoeKT BJIA ¢ BEPTHKAIHO HIIHTAHC M KalaHe ¢
HOCeINA CHCTeMa KPHIIO-BHTIIO.



3a MCH 3HAYMMOCTTA HA [PHHOCHTE HA JHCEPTALMOHHHA TPYA ca Oeanopuy, K4TO TC €4

NPHAMKHMH KaAKTO B HAYKATa, TAKa M B MPAKTHKATA.
5. OueHKa 3a CTENEHTA HA JIHYHOTO YYACTHE HA AHCEPTAHTA B NPHHOCHTE.

IMTpHeMam, ¢ JUCEPTAHTHT € YYacTBasl aKTHRHO B JICHHOCTHTE 10 paspaloTKuTe, KOETO ¢
BHIK/Ia OT My O/IMKALMHTE [0 JUCCPTALMATA, B TPH OT KOHTO TOH € ¢IHHCTBEH aBTop.

B ofpazoBarciHo OTHOWICHME JOKTOPAMTHT € YCBOHJ METOAHTC H CPCACTBATA 34
H3C/CABAHC M NPH/IOKCHHE HA JICTATCIHHTE ANAPATH C BEPTHKAIHO HVIHTaHE H Kalane ¢ Hocela
cHCTeMa OT THNA KPHJIO-BHTIO.

6. llpenenka na MybMKANHHTE NO JHCEPTAUHOHHNS TPYL.
[ly6mmxamuure no guceprauusra ca 4 Ha Opoii u ca npeacTasuTennn 3a obxsara u. B X
JMCEPTAHTBT € CAMHCTBEH ABTOP B TPH OT TAX H BCHYKH NyOIHKAIMH Ca BKIIOUCHH B PCLCH3HPAHH
H3laHHs W Ha KoHdepenimure , Texuuka. Texnonoruu. OOpasosanue. Caryproer 2025” u na
MEKyHapoHa HayyHa kondepenis va BBBY I'coprun benxoseku™ 2025 r. Tosa ¢ ocHoBanke
Ja CE TIPHEME, H¢ PE3yITaTHTE OT W3CASARBAHHATA 110 JHCEPTALMATA Ca MOZHATH.

7. Onenxa HA CHOTBETCTBHETO HA aBTopedepara ¢ HIHCKBAHHATA 32 HITOTBAHETO
MY, KAKTO H H2 2/IeKBATHOCTTA HA OTPA3SBAHE HA OCHOBHHTE MOJIOREHHS H NPHHOCHTE HA
AMCEPTALHOHHAS TPYA
Crienn BHHMATEICH NMPOYHT Ha aBTOpediepara npHeMam, 4e Toli 0TpasiBa KOPEKTHO BCHYKH
YacTH HAa AMCEpTAlHATA W JaBa NPC/ACTaBa 34 CBHIMHOCTIA HA [POBCACHHTS HICHCABAHHA M
nomydenuTe pesyararH. CnaseHn ca M HM3MCKBAHWATA 3a M3rOTBAHE Ha asropedepara B
choTBeTCTBHE ¢ oOpaseua, nocoueH Ha caiita Ha Texunueckus Yunsepcurer, Codus B pasjen
"PazBuTHC HA AK4ICMHYHHMSA CHCTAB - PADOTHH JOKYMEHTH".

8.3axmouenne

TTo NpeACTABCHUA MATEPHAN MOKE Jia Ce CHM, Ue HAYTHHTE H3CJACABAHNA B AMCCPTALMATA
¢4 MPOBCACHH NMPHUM3HO M KOPCKTHO, @ HAYYHOTO HHBO Ha TMOJYHCHHTC PE3VITATH ¢ BHCOKO.
JIMCepTAHOHHHAT TPy oTroBaps Ha wsnckeanuata 3a 3PAC B P.Buarapus u ITIT na 3PAC 3a
H3NBLIHEHHE HA JHCEPTANMOHCH TPYA 3a NoayuaBaHe Ha obpasopareiHMa M HAYYHA CTENEH
~JLoKTOp™.

BBB BpB3Ka C NOPCH3IOAKCHOTO, aBaM MO/IOKHTEHA ONCHKA Ha JHCCPTAUMOHHHUA TPYA HA
Mapmin Atanacos 3MKAMOB H npejjaraM cpmmAaT, Aa Onae msbpan 3a "Jloxrop™ B obnact na
Bucme obpasosanme 5 . Texuuuecku Hayku™, npodecHonaino Hanpasaenue 5.5 Tpascmopr,
KopaGoruiaBade W aBHanus, JOKTopeka mnporpama JllpoextHpane M KOHCTpYHpaHe Ha
ARTOMATHYHH H MHJIOTHPAHH NETATE/IHH anapari™. <

Haromsuzn cranoBamero <

26.08.2026 r. [Ipod.arammK. & // /Teopru Cotapos/
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OPINION
on a doctoral thesis for the award of the academic and scientific degree of ‘Doctor’.
Author of the doctoral thesis: MSc (Eng.) Martin Atanasov Zikyamov

Thesis topic: ‘Aerodynamic design and investigation of wing-propeller-type lifting systems’
in the professional ficld: 5.5 Transport, Shipping and Aviation, doctoral programme ‘Design
and Construction of Unmanned and Manned Aircraft’.

Opinion prepared by: Prof. Georgi Sotirov, DSc, Institute for Space Research and Technology
— Bulgarian Academy of Sciences

This opinion is issued pursuant to Order No. 0Z-5.5-22 of 24 June 2026 of the Rector of the
Technical University of Sofia and a decision of the Scientific Jury meeting held on 1 July 2026.

1. Relevance of the problem addressed in the doctoral thesis.

The topic of the doctoral thesis is interesting and relevant because the continuous growth in the
number and activities of manned and unmanned aviation necessitates the search for new
methods, means and technologies to improve the reliability, accuracy and safety of aircraft,
including those used for civil purposes — enhancing urban mobility, freight transport, postal and
medical services, etc. In this regard, modemn vertical take-off and landing (VTOL) aircraft with
a wing-propeller lift system represent a promising direction in the development of unmanned
aviation, electric and hybrid powerplants, and applications in urban air mobility.

2. Objectives and tasks.

The aim of this doctoral thesis is to investigate the acrodynamics of wing-propeller lift systems
and to propose a methodology for the optimal selection of parameters in the conceptual
acrodynamic design of vertical take-off and landing aircraft.

The tasks set by the doctoral candidate are as follows: to classify existing aircraft with a wing-
propeller aerodynamic lift system based on a study and analysis of their basic configurations,
designs, parameters and characteristics: to develop a methodology for selecting the optimal
parameters of vertical take-off and landing aircraft with a wing-propeller lift system, given
specific flight missions and flight performance characteristics: analysis and selection of
optimisation criteria and optimisation parameters for vertical take-off and landing aircraft with
a wing-propeller lift system; analysis and selection of methods for determining the aerodynamic
characteristics of wing-propeller lift systems and an algorithm for the optimisation problem;
numerical and experimental investigation of the aecrodynamic characteristics of wing-propeller
lift systems and determination of the values of the optimality criterion for the configurations
under consideration; analysis of the numerical and experimental results and proposal of an
optimal and rational basic variant of a vertical take-off and landing aircraft with a wing-
propeller lift system

3. Consistency between the chosen research methodology and the aim and objectives of
the thesis, on the one hand, and the contributions achieved, on the other.

A review of the literature used, comprising 101 titles, 97 of which are in Latin script, shows
that the author of the thesis is well acquainted with conceptual developments concerning the
characteristics and potential applications of vertical take-off and landing aircraft with a wing-



propeller-type lifting system —propeller configuration, which represent an independent and
promising direction in the development of modern convertiplanes.

The author’s merit and contribution lie in the fact that, when designing VTOL aircraft, the
wing-propeller lifting system is treated as a unified acrodynamic and energy system, in which
the geometric parameters of the wing, the tilting sections and the propeller system are
interrelated.

Based on Buckingham’s P-theorem, the PhD candidate has proposed a comprehensive design
geometric parameter that characterises the relative area of the tilting sections and can be used
as the main design variable in the optimisation problem.

A methodology and procedure have been developed for the optimal determination of the
parameters of a vertical take-off and landing (VTOL) aircraft with a wing-propeller lifting
system, in which the selection of geometric parameters is carried out according to the criterion
of minimum total energy required to complete the mission.

4. Scientific and/or applied scientific contributions of the thesis.

Overall, I accept the contributions set out by the candidate in the thesis, which, in my view, can
be summarised as scientific-applied and applied.

Scientific-applied contributions relate to the investigation and evaluation of vertical take-off
and landing (VTOL) aircraft with a wing-propeller configuration, such as: analysis and
justification of key geometric parameters: development of methodologies and techniques for
the optimal determination of parameters; methods for experimental aerodynamic investigations
using laser-optical techniques; and the determination of optimal parameters through simulation
and experimental studies.

The applied contributions consist of the development and implementation of apparatus for
experimental aerodynamic investigations of wing-propeller lift systems in a wind tunnel, as
well as the creation of a UAV design with vertical take-off and landing capability utilising a
wing-propeller lift system.

In my view, the significance of the contributions made in this thesis is indisputable, as they are
applicable in both science and practice.

5. Assessment of the extent of the doctoral candidate’s personal contribution to the
research.

I accept that the doctoral candidate has actively participated in the research activitics, as
evidenced by the publications related to the thesis, three of which he is the sole author.
From an educational perspective, the doctoral candidate has mastered the methods and means
for researching and applying vertical take-off and landing aircraft with a wing-propeller lift
system.

6. Assessment of the publications related to the doctoral thesis:

There are four publications related to the thesis, which are representative of its scope. The
doctoral candidate is the sole author of three of them, and all publications have been included
in peer-reviewed journals and at the conferences ‘Technology. Technologies. Education.
Security 2025" and at the international scientific conference of the “Georgi Benkovski® Military
Academy in 2025. This provides grounds for concluding that the results of the research covered
by the thesis are well-known.



7. Assessment of the abstract’s compliance with the requirements for its preparation, as
well as the adequacy of its presentation of the main theses and contributions of the thesis.

Having read the abstract carefully, I consider that it accurately reflects all parts of the thesis and
provides an insight into the nature of the research conducted and the results obtained. The
requirements for the preparation of the abstract, in accordance with the template provided on
the website of the Technical University of Sofia under the section ‘Academic Staff
Development — Working Documents’, have also been met.

8. Conclusion

Judging by the material presented, it can be concluded that the research carried out in the thesis
was conducted meticulously and correctly, and that the scientific standard of the results
obtained is high. The thesis meets the requirements of the Higher Education Act in the Republic
of Bulgaria and the Regulations for the Implementation of the Higher Education Act for the
completion of a thesis leading to the award of the academic and scientific degree of *Doctor’.
In view of the above, I give a positive assessment of the doctoral thesis by Martin Atanasov
Zikyamov and propose that he be awarded the degree of *Doctor” in the field of higher education
5 ‘Technical Sciences’. professional area 5.5 Transport, Shipping and Aviation, doctoral
programme ‘Design and Construction of Unmanned and Piloted Aircraft’.

Prepared by:
26 August 2026 Prof. D.Sc. (Eng.) » (/ rereorgr Sotirov/
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