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PELIEEH3NA

BbPXy ANCEepTaunoHEeH TPy 3a nosiydaBaHe Ha obpasoBaTesiHata 1 HayyHa
CTeNeH “AOKTOP” B HayyHata 06/1acT 5 .TEXHMUYECKM HayKu,

npodpecnoHasnHo HanpasneHue: 5.1. MalMHHO NHXEHepCTBO,

HayyHa crneumasiHoCT: ,ABTOMaTM3aLUnAa Ha MHXEeHepHUs Tpy4 N CUCTeEMU 3a
aBTOMaTU3NpaHoO NpoeKkTupaHe”

ABTOpP Ha AgncepTauMOHHUS TPYA: Mar. UHX. Muxaun CBeTtocnaBoB Munes

Tema Ha gucepTaunoHHNA Tpya: “Busyanmsaymsa Ha NbTHO-TPAHCNOPTHN
NPOU3LLECTBUA MPU eKcrnepTeH
NHXeHepeH aHanns"

PeueH3eHT: npody. A-p uHx. JTlobommnp Anmutpos - TY - Codmnsa

[MpencraBeHUAT gucepTaunoHeH Tpyh € B 06eM oT 125 CTp. TeKCT,
CTPyKTypupaH B 5 rnasu. NocoyeHn ca o6Lwo 68 nuteparypHu U3TOUYHUKA,
oT kouto: 30 Ha kupunmuya, 30 Ha naTnHULa U 8 UHTEPHET ajpeca.

1. AKTyas/IHOCT Ha pa3paboTeHus B gucepTtauuvoHHaTa paboTa

npo6nem

EoHM OT Hai-pa3npocTpaHeHUTe MbTHO-TPAHCMOPTHN MNPOU3LLIECTBUSA
(MTI) ca 3aryb6a Ha yCTOMYMBOCT Ha MOTOPHOTO NpeBO3HO cpeacTtso (MIIC),
3aryba Ha ynpas/sieHVe W yaap Mexay asToMobunu. W3cnepsaHeTto Ha
npouecute npu 1e3un MTI n3mckBa CTporn MexaHo-martemaTuyHu Moaenu. Te
npeAcTaB/isiBaT rpaHMYHa 3afiadya 3a cuctemMa OT HEeSIMHENHU OOUKHOBEHWU
AndoepeHumanHn ypaBHEHUS.

AHa/INTUYHOTO PELLEHNE Ha NPeLM3HO Cb3daZleH MexaHo-MaTteMaTuyeH
Modesn 6u fano MHgopMauusa 3a pas/iMyHU XapaKTeEPUCTUKN Ha OBUXEHUATA
Ha cniyumnoTto ce IMTT1. Oka3Ba ce obaye, ye nvncea obLa Teopus, KoATo Aa
rapaHTMpa paspeLlurMMocTTa Ha rpaHuUyHN 3a4avn 3a HEIMHENHN cUCTeMM, a



CbLLIO Taka 1 06La Teopus, Npeanaralla aHa/IMTUYHO peLleHne Ha TakbB TUN
3aaaumn.

ToBa HacouyBa KbM 3aK/OUYEHNETO, Ye 3a LeNnTe Ha aBToTeXHMJYeckarta
ekcnepTuza 6u 6u1o yaauyHo paspaboTBaHETO Ha AOMbHUTESIHW CPEACTBa,
npeanaraly Bulyanusauusi, Cb3fafeHa Bb3 OCHOBA Ha M3cneaBaHus TyK
MexaHoMaTeMaTuyeH Moaersn.

2. CTteneH Ha no3HaBaHe CbCTOSIHMETO Ha npobsiema U TBOpYecka
MHTepnpeTauusa Ha nutepaTtypHua matepuasn

ABTOpPBT, Mar. WHX. Mwuxaun MuneB e 3ano3HaT MHOro gobpe c
npobsiema M e paboTun BbPXy Hero 3aab/bovyeHo. 3a ToBa CBUAETENCTBA
CMUCBHKBLT C M3MNosi3BaHara nuvreparypa, KoATo Bkawysa 30 3arnasma Ha
natmHnga, 30 Ha kmpunuua u 8 web cTtpaHuuy. ABTOPBT NOAPOGHO €
pasrnegan  (pyHAaMeHTa/IHA  TeOopeTUYyHU  MOCTaHOBKW, CBbp3aHn C
npunaraHeTo Ha CUCTEMEH noaxod Npu MoAenupaHe Ha peasiHn 06eKTu U
npouecn. [MpaBu BnedyatsieHWe, ye MOBEYETO NuTeparypa € CpaBHUTESTHO
HOBa.

B pe3ynTtat Ha M3BBLPLUIEHOTO /INTEpPATYPHO Npoy4vBaHe ca HanpaBeHU
M3BOON 3a JNUNCBALMTE acnekTu Ha u3cnegsaHua npobnem. Lenta u
3ajauite Ha AucepTtauuMoHHMA Tpyh ca  (popmynupaHs  ACHO UM ca
OCbLUECTBUMM.

[JOKTOpPaHTBLT MokKasBa OT/IMYHM TMO3HAHUA W MNPaKTUYEeCKU ONnUT B
obnactta Ha paspaboTBaHus AucepTauuoHeH npo6sem. W3BBbPLUEHUAT
aHa/IM3  Ha UuUTUpaHUTe /uTepaTypHU U3TOYHMUM, MpefcTaBAHETO WU
NHTEpPNpeTUPaHeTO Ha u3cnefBaHusa npobnem, paspaboTeHuTe noaxogn wu
cumynauynoHHn 3D mogenu, npoBedeHaTa ekcrnepumMeHTaslHa pabota wu
noslydeHUTe  pesyntatM  nokasBar  3a4b/1b04eHO  Mo3HaBaHe  Ha
pasrnexgaHata TemaTuka U oCb3HaBaHe Ha HeliHaTa akTyasiHOCT.

3. CboTBETCTBME Ha Wu3GpaHaTa MeToAMKa Ha Wu3cneaBaHe C
nocTaBeHaTa Len 1 3ajaun Ha gucepTaunoHHUS TPy

Llenta Ha [AucepTauMoHHMA TPy € paspaboTBaHe Ha LUEneBo
ajanTupaHa cpefa 3a 3D aHumauysl. TS CbAbpXa pesyTatute oT MexaHo-
MaTeMaTUYHOTO MOJENMpaHe Ha MbTHO-TPAHCMOPTHM  MPOM3LIECTBYUS.
MNpegHasHauyeHa e 3a OpraHM Ha C/eACcTBMETO C HecneuvanvMavpaHu B
06/1aCcTTa MHXEHEPHW MO3HAHWUS.



N36paHuaT nogxon, npeacrassu, 3D mogebT Ha aBTOMOOWU/T yyacTBalll
B NbTHO-TPAHCMOPTHN NPOU3LLIECTBUSA, KATO HECBOOOAHA MexaHU4YyHa cucTema,
ynpasfisiBaHa 4pe3 He3aBUCMMW NapamMeTpu, MNo3BONABa pesynratute oT
MexaHo-maTeMaTUM4YHOTO MogenupaHe Ha [T ga ce wusnonsesatr 3a 3D
aHnMmmnpaHeTo Mmy. C ToBa e nocTurHata 1 ocHoBHarta Len Ha gnceprtaymMoHHNA

ToYA:

4. KpaTka aHa/IMTUYHa XapakTepucTmka Ha eCTeCTBOTO M OLEeHKa Ha
OOCTOBEPHOCTTA Ha Martepuasia, BbPXY KOUTO ce rpagar
NPMHOCUTE Ha AuceprtaumaTa.

B nbpBa rnaBa Ha HactosAwmsa Tpy4a ca npeacTaBeHn O06eKkTbT U
npeagMeTbT Ha u3cneasaHe, pfeduHMpaHM ca Uuenta UM 3ajadute Ha
anceprtauMoHHna Tpyd. HanpaBeHa e 0600CHOBKa Ha akTyaslHOCTTa Ha
pasrnexgaHata Tema. [lafeHn ca HAKOM OCHOBHU gedouHuuuK B obnactute
kacaewm guceptauuoHHus Tpya. MoTtueBupaH e nM36opbT Ha cpefctBa 3a
n3cnenBaHeTo.

BbB BTOpa rnasa e HanpasBeH aHa/IM3 Ha CbCTOSAHMETO Ha npobiema.
PasrnegaH e n3BecteH mexaHo-matemMaTnyeH mMogesi, onvceal, ABMKEHUETO
Ha aBTOMOOWN Mpu 3aryba Ha YCTOMYMBOCT W NpeAcTaBnsBall, rpaHW4yHa
3a/laya 3a cuctemMa OT HeJiMHeHN 0OUKHOBEHN AnddepeHUMasiHN ypaBHEHUS,
AHanMsnpaHu ca nutepaTtypHy U3TOYHULM, NOCBETEHN Ha paspeLlunMocTTa Ha
rPaHMYHN 3a[ayn 3a HeNUHEeNHW cuctemMu AudpepeHunasHN ypaBHEHUS.
dopmMynMpaHn ca HAKOM 00606LLEHN U3BOAW.

B TpeTa rnasa e npesn/ioXeH noaxon 3a BusyasiMsnpaHe Ha peLleHneTo
Ha pasrfexgaHusa B r1asa 2 mexaHo-matemMatndyeH moges. Bb3 OCHOoBa Ha
KOHKPETHM CTOMHOCTW Ha Habop OT napameTpu, NOSIyYEHU OT pPeLUEeHNETO Ha
mMogena, nogxoAavT npegnara 3D aHMMMpaHe Ha NbTHO-TPAHCMOPTHU
MPOU3LLIECTBUS.

YeTBbpTa rnaesa npegnara napameTpuyHo 3D wmMopgenupaHe Ha
MexaHuyHara cuctema Ha aBToMOOWU/T C Lesl aHuMpaHe Ha ABVKeHUsTa My.
EkcnepumeHTaniHata paboTa e HanpaseHa B cpefara Ha Autodesk Maya.

B nocnegHata neTa rnasa e HarnpaBeHo aHMMUpaHe Ha ABUWXKeHUATa Ha
aBToMo6un. M3rpageH e TMNOB CUMyNaLMOHEH MOoAes BMU3yanm3anpaly, NbTHO-
TPaHCMNOPTHM NPOM3LIECTBUS, KOETO npeacTaBs 3aryba Ha YCTOMYMBOCT Ha
aBTOMOOUN. M3rpageHnAaT cumynaumMoHeH MOAeN ycBosBa W MHTeprnpeTupa
rpagouyHO YMCNOBU AaHHW OT BbHLUHA 3a Hero cpea.



5. HayuyHu w/vnn Hay4HO-MPUIOXKHU W MPUIOXKHN TMPUHOCU Ha
anceptaunoHHUA Tpya
B pesyntar Ha nocTtaBeHUTE B AWCEpPTauuoOHHUA Tpyh 3adadn wn
N3BbLPLUEHUTE W3CNeaBaHuda, aBTOPbLT € npeacTaBui Hay4YHO-MPUNOXHU W
NPUNOXHN NMpUHOCK. [pu3HaBaM NMPUHOCUTE KakKTo cneasa:
Hay4HO-nNpunoXHu npuHocu:
> Pa3paboTeH e noaxof 3a Busya/msypaHe Ha pelleHusTa Ha
MexaHomMaTtemaTuyeH MoAen Ha ABWKEeHMe Ha aBToMoown npu
3aryba Ha ycToiumBoCT. Bb3 OCHOBa Ha KOHKPETHU CTOMHOCTU Ha
Habop OT napameTpu, paspaboTeHuAT noaxon npegnara 3D
aHumumpaHe Ha T1TT1.
[MprnoXHn npuHocwK:
> 3a aBTOoMOOW/M, YyyacTBal, B aHuMauusata, € Cb3gafeH

PeKoHhurypmpyem 3D mogen, KOTO No3Bo/isiBa
npeopa3mepsiBaHe Ha aBTOMO6MNa W ynpaB/ieHWe Ha HeroBute
[IB/XXEHUS.

> YnpaB/fieHMEeTO Ha aBToMoOu/Ia e MOCTUrHaTO Kato 3aBMCUMO OT
AaHHW, nogasallym ce Ha NapameTpuyHUTe Bxogose Ha 3D mogena.
> [lapameTpuyHUTE BXOA0BE ca U3rpageHn cbobpasHo 0606LLEHNTE
koopaMHatn Ha aBTOMOOGW/Ia , MNOJSlyYyeHM OT  MexaHo-
MaTemMaTUYHUA MoAern.
A Tlpef/iI0XeHOo e CpeAcTBOo 3a NPEeHOC Ha JaHHW OT peLleHneTo Ha
MexaHo-MareMaTu4yHUA Mofest KbM napaMeTpuyHuTe BXOAOBE Ha
Mogena 3a 3D aHumauus.
He npmn3HaBam npuvHocC 1 1 nbpBaTa MNoJsioBMHa Ha NMPUHOC 2, 3all0To Te
ca B3eTu OT [8] n gopun camMnAT aBTOp TBBLPAM TOBa B Herosata “CripaBka 3a
MPUHOCUTE MO ANCepTauMOHHNA TpyL .

6. OueHka 3a cTeneHTa Ha JINYHOTO y4yacTMe Ha AucepTaHTa B
npuHocuTe
OvcepTtaymMoHHUAT Tpyn e paspaboteH B kKaregpa ,MexaHuka,
MalLUMHOCTpoeHe W TonnoTtexHuka“ Ha WMN® - CnueeH npu TY - Codwms.
Cuutawm, 4ye m3cnedBaHusTa no gucepraymoHHaTa paspaboTka ca HanpaseHu
OT aBTOpa Nnoj, PbLKOBOACTBOTO HAa HEroBUTE Hay4HW PbLKOBOAMTENN - MPOC.
ATH. nHX. CTaHnMmnp KapaneTtkoB n aou,. AMH. [NeTbo CaBoB KeneBeoxnes.



7. TpeueHkKa Ha nyo6nmkaumnute No gucepTauvoHHUA TpyL4,

[MpefcTaBeHa e cnpaska 3a nyoénmkaunmnte no guceptaynoHHNA Tpya. TA
cbabpxa 3 3arnasusd. [iBe oT nybnvkaLummTe ca caMoCTOATENHW, a TpeTarta e
B CbaBTOPCTBO C Hay4yHUTe My pbkoBoauTesnu. W Tpute nybnvkaumm ca ,nopg,
neyat’. Kato uUAn0 Te oOTpasdBaT KOPEKTHO 3asBeHuUTe B guceprauusarta
npuHocu. B nyb6nukauumuTe Nuum CnocobHOCTTa Ha [OKTOpaHTa KakTo KbM
CaMOCTOATENIHN U3CnedBaHus, Taka W KbM paboTta B KOekTMB. Hsama
npeacTaBeHn UMTupaHus.

8. V3non3BaHe Ha pe3ynrtatute OT AucepTauuoHHUA Tpya B
Hay4dHaTta u coumasiHa rnpakTuka
Pa3paboTeHnTe KOMMTbPHU CUMY/MAUMOHHW MOAENW B cpefgarta Ha
Autodesk Maya, 3a 3D aHMMMpaHe Ha ABWXEeHUSATa Ha aBTOMOOW Npu 3aryba
Ha YCTOMYMBOCT 6uxa MOIrM fAa paswupsaT Bb3MOXHOCTUTE npeq,
aBTOEKCMNepTUTE 3a peasiHo Bb3CTaHOBABAHE Ha AENCTBUTE/THUTE CbOUTUS MO
BpeMe Ha MbTHO-TPAHCMOPTHU MPOU3LLECTBUSA.

9. OueHKa Ha CbOTBETCTBMETO Ha aBTopedepara C UMCKBaHUATA
3a N3roTBAHETO My, KakKTO 1 Ha afieKBaTHOCTTa Ha oTpa3sBaHe Ha
OCHOBHUTE MNOJIOXEHUA U NPUHOCUTE Ha ANCEPTALVOHHNSA TPYA,

Cuutam, 4e aBTOpedpepaTbT € WU3roTBEH B CbLOTBETCTBME C

N3NCKBaHMATA U afileKBaTHO OTpa3siBa CbAbpPXXaHWETO, OCHOBHUTE MOJIOXKEHNSA
N NPUHOCUTE Ha gucepTaunoHHUA TPYA.

10. MHeHUA, NPenopbKN N Benexkn
MPUHUMMHM M CbLWECTBEHN TPELLKA B NpeAcTaBeHUTe [AOKYMEHTU Mo
KOHKypCca He OTKpuX. Bbux Hanpaswi cnegHUTe KOMeHTapu:

m OnucaHneTo Ha  CblUeCcTByBaWMA  NPOCTPAHCTBEH  MeXaHo-
mMaTemMatuyeH Mogesn Ha ABWKEHWEeTO Ha aBTOMOOW/ Mo Hak/oHeHa
paBHMHa B [naBa 2, 6um 6uno pobpe pa ce npeacrasn B
nTepaTypHUa 0630p Ha AncepTaunoHHUA TPYA,;

m /I1306pa3faBaHeTo Ha HAKOM OT 0606LeHMTe KoopauHaTU BbPXY
yepTexuTte TpsabBa ga ObAe B MONOXUTENHA MNocoka (cxemarta OT
dourypa 2.1);

m B rnaBa 2 HSMa cxema onucBalla HaToBapBaHETO Ha aBTOMOGUNA,



m B naBa 4 e onncaHo m3rpaxgaHeTo Ha caMo eauvH OT nogmoaynute
Ha aBTOMOOWMTHOTO wWacu. by 6mMNo B Nonsa Ha kaHAugaTa ako ce

onuLIaT ¥ ocTaHanuTe [ABa NoAMOAYNa,;

m 3D MoaenbT Ha Moayn Kapocepusi € usrpafeH B noAapoGeH aeTain.
OTunTaliku npegHa3HAYeHMEeTo Ha MoAerna, Hamupam 3a YaauHo
BbBEXAAHETO Ha HMBO Ha abCTpakUmMs Npu U3rpaxgaHe Ha dopmara

My;
m TexHuyeckn Genexkn - 6um 6mno fobpe cbAabpXaHWETO Aa e B

Hauyasl0To Ha AucepTaunoHHus Tpya. OcBeH TOBa B 3ar/laBUeTo Ha
avcepTaumsTa 6u TpsabBanio Aa ce M36sareat ChKpalleHus.

3ak/1ouyeHue

OueHkaTa MM 3a UsasiocTHaTa paboTa Ha fOKTopaHTa e MnosokUTesHa.
B pe3ynTtar Ha nocoyeHuTe MOCTUXKEHUA B AUCEPTaLNOHHUA TPyL CMATaM,
4ye TO Hanb/IHO CLOTBETCTBA Ha U3UCKBAHMATA Ha 3akoHa 3a pa3BUTUETO
Ha akageMnyHna cbCctaB B Penybnuka Bbnrapusa v M3usno otroBaps Ha
MpaBunHWka 3a npugobuBaHe Ha HayyHU CTeneHn U 3aemMaHe Ha
akageMnyHn anabxHocty B TY — Codwmsa 3a nonydyaBaHeTo Ha
obpasoBartefniHa M Hay4yHa cTeneH ,00KTop“. lNpeanaram Ha yBaxaemuTe
Y/IEHOBE Ha Hay4HOTO XYypWu Aa ce NpUcbAy Ha MarucTbp MHXeHep Muxaun
CeBetocnaBoB MwuneB ob6pasoBartenHata M HayyHa cTeneH ,[AOKTOp“ B
06nacT Ha BuClle ob6pa3oBaHMe 5. TexXHUYEecKM Hayku, MpothecnoHasIHO
HanpasneHve 5.1. MalUMHHO WHXEHEpPCTBO, [OKTOpCKa nporpamMa
"ABTOMaTM3aLMA Ha WHXEHepHWA Tpyh W CUCTEMM 3a aBTOMatu3vpaHo
npoeKkTupaHe".

25.06.2021 . PeLeH3eHT:

nHX. J1. Jumutpos/



REVIEW

on a dissertation for obtaining the educational and scientific degree
"Philosophy Doctor" (PhD) in the scientific field 5. Technical Sciences,

professional field 5.1. Mechanical Engineering

specialty “Automation of engineering work and design automation systems”

Dissertation author: mag. eng. Mikhail Svetoslavov Milev

Dissertation topic: "Visualization of traffic accidents in expert engineering
analysis"

Reviewer: prof. Lubomir Dimitrov - Technical University - Sofia

The presented dissertation is in a volume of 125 pages of text,
structured in 5 chapters. 68 literature sources are listed: 30 in Cyrillic, 30 in
Latin and 8 web pages.

1. Relevance of the problem developed in the dissertation

(MTN - road accident)

(MIC - vehicle.

One ofthe most common road accidents is loss of stability of the vehicle,
loss of control and impact between cars. The study of the processes in these
accidents requires strict mechano-mathematical models. They represent a
boundary value problem for a system of nonlinear ordinary differential
equations.

The analytical solution of an accurate mechano-mathematical model
would provide information about different characteristics of the movements of
cars during the accident. However, it turns out that there is no general theory
to guarantee the solvability of boundary value problems for nonlinear systems,
as I;)/\I/ell as a general theory offering an analytical solution to this type of
problem.



This leads to the conclusion that for the purposes of auto technical
expertise it would be appropriate to develop additional tools offering a
visualization created on the basis of the mechano-mathematical model studied

here.

2. Degree of knowledge of the state of the problem and references
creative interpretation

The author, mag. eng. Mihail Milev is very well acquainted with the
problem and has worked on it in depth. This is evidenced by the list of
references, which includes 30 titles in Latin, 30 in Cyrillic and 8 web pages.
The author has examined in detail fundamental theoretical formulations related
to the application of a systematic approach in real objects modeling. It is
noteworthy that most of the literature is relatively new.

As a result of the literature review, conclusions were made about the
missing aspects of the researched problem. This is how the goal and tasks of
the dissertation are formulated on this base. The aim and tasks of the
dissertation are clearly formulated and feasible.

The applicant shows excellent knowledge and practical experience in the
field ofthe developed dissertation problem. The performed analysis of the cited
literature sources, the presentation and interpretation of the researched
problem, the developed approaches and simulation 3D models, the conducted
experimental work and the obtained results show in-depth knowledge of the
considered topic and awareness of its relevance.

3. Correspondence of the chosen research methodology with the
dissertation aim and tasks

The aim of the dissertation is to develop a purposefully adapted
environment for 3D animation. It contains the results of mechano-mathematical
modeling of traffic accidents. It is intended for investigation bodies with non-
specialized engineering knowledge.

The chosen approach, presenting the 3D model of a car involved in traffic
accidents, as a non-free mechanical system controlled by independent
parameters, allows the results of mechano-mathematical modeling of the
accident to be used for its 3D animation.



4. Brief analytical description of the nature and assessment of the
authenticity of the material on which the contributions of the
dissertation are based
In the first chapter of the present work the subject of research is

presented, the aim and the tasks of the dissertation work are defined. A
substantiation of the topicality of the considered topic is made. Some basic
definitions in the areas concerning the dissertation are given. The choice of
means for the research is motivated.

In the second chapter an analysis of the state of the problem is made. A
well-known mechano-mathematical model, describing the motion of a car in
case of loss of stability and representing a boundary value problem for a
system of nonlinear ordinary differential equations is considered. Literature
sources dedicated to the solvability of boundary value problems for nonlinear
systems of differential equations are analyzed. Some generalized conclusions
are formulated.

In the third chapter an approach for visualization of the solution of the
mechano-mathematical model considered in Chapter 2 is proposed. Based on
specific values of a set of parameters obtained from the solution of the model,
the approach offers 3D animation of traffic accidents.

The chapterfourillustrates parametric 3D modeling of a car's mechanical
system to animate its movements. The experimental work was done in
Autodesk Maya

In the last fifth chapter an animation of the car's movements is made. A
standard simulation model visualizing traffic accidents has been built, which
represents a loss of stability of a car. The constructed simulation model
assimilates and interprets graphically numerical data from an external
environment.

5. Scientific and 1 or scientific-applied and applied contributions of the
dissertation work
As aresult ofthe tasks set in the dissertation and the performed research,
the author has presented scientific-applied and applied contributions. |
acknowledge the contributions as follows:

Scientific and applied contributions:
An approach has been developed for visualization of solutions of a
mechano-mathematical model of car motion in case of loss of



stability. Based on specific values of a set of parameters, the
developed approach offers 3D animation of car road accidents.

Applied contributions:
> A reconfigurable 3D model has been created for a car participating in the
animation, which allows resizing the car and controlling its movements.

> The control of the vehicle is achieved as dependent on data supplied to
the parametric inputs of the 3D model.

> The parametric inputs are constructed according to the generalized
coordinates of the car, obtained from the mechano-mathematical model.

> A means for data transfer from the solution of the mechano-mathematical
model to the parametric inputs of the 3D animation model is proposed.

| do not acknowledge contribution 1 and the first half of contribution 2,
because it is taken from [8] and even the author himself states this in his
"Report on the contributions to the dissertation".

6. Assessment of the degree of applicant personal participation in
contributions
The dissertation was developed in the Department of Mechanics,
Mechanical Engineering and Thermal Engineering of UMN® - Sliven at the
Technical University - Sofia. | believe that the research on the dissertation was
made by the author under the guidance of his supervisors - Prof. Dr. Eng.
Stanimir Karapetkov and Assoc. Petyo Savov Kelevedzhiev.

7. Evaluation of the publications on the dissertation
A reference to the publications on the dissertation is presented. It
contains 3 titles. In two of the publications eng. Milev is the only author and the
third is co-authored with his supervisors. All three publications are "in print". In
general, they correctly cover the main contributions stated in the dissertation.
The publications show the applicant ability for independent research and for
work in team. No citations presented.

8. Use of the dissertation results in scientific and social practice
The computer simulation models developed in the Autodesk Maya
environment (for 3D animation of car movements in case of loss of stability)



could expand the possibilities for car crash experts to recover the events during
traffic accidents.

9. Abstract assessment:
| confirm that the abstract is prepared in accordance with the
requirements and adequately reflects the content, main points and
contributions of the dissertation.

10. Other recommendations and notes

| did not find any fundamental and significant errors in the submitted
dissertation. | would make the following comments:
> It would be better to present the existing spatial mechano-

mathematical model of the motion of a car not in Chapter 2 but in
literature review;

> The representation of some of the generalized coordinates on the
drawings must be in a positive direction (the diagram in Figure 2.1);

> There is no diagram in Chapter 2 describing the vehicle load,;

> Chapter 4 describes the construction of only one of the sub-
modules of the car chassis. It would be better if the candidate
describes the other two submodules;

> The 3D model of the Body module is built in detail. Considering the
purpose of the model, | find it appropriate to introduce a level of
abstraction when building its form;

> Technical notes - it would be good if the content is at the beginning
of the dissertation. In addition, abbreviations should be avoided in
the title of the dissertation.

Conlusion

My assessment of the overall work of the doctoral student is positive.
As a result of the above achievements in the dissertation, | believe that it fully



complies with the requirements of the Law on the Development of Academic
Staff in the Republic of Bulgaria and fully complies with the Regulations for
acquiring scientific degrees and holding academic positions at TU - Sofia for
obtaining educational and scientific degree "doctor". | propose to the
members of the scientific jury to award the Master of Engineering Mihall
Svetoslavov Milev the educational and scientific degree "Doctor" in the field
of higher education 5. Technical sciences, professional field 5.1. Mechanical
engineering, doctoral program "Automation of engineering work and systems
for automated design".

25.06.2021 r.



