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[Ipobnemute 3a 3arybara Ha YCTOHYMBOCT B MEXaHHKara ca C IMOCTOSHHA BbB BPEMETO
aKTYaJTHOCT, TOPaJIX HapacTBAIIMTE M3UCKBAHUS 32 MUHIMAJIHA Maca M ONITUMAaJTHA CTPYKTypa
Ha ChbBPEMEHHHUTE MEXaHUYHHU CUCTEMH, IPH KOUTO KbM LISTIOCTHOTO HATOBAPBAHE CHIICCTBEH
ST IMa HAIPE)KEHUETO Ha HATUCK.

3amayara 3a 3aryba Ha YCTOMYMBOCT € KjacuMdecka W € naepuuupana ot Oiinep 3a
HATOBAapBaHE Ha KOJIOHW olle mnpe3 nanednara 1744 r. [To-kbcHO MpoOJIEMBT ce Pa3npocTupa
U BBPXYy OOEMHHM Tella, €IaCTUYHU IUIOYM M Yepynkd. B Hamm JHM chueTaBaHETO Ha
KIIACHYECKUTE TEOPETHYHU PE3YITaTH C YUCICHUTE METOAM M HM3YUCIUTENHATa MOII Ha
KOMIIOTPUTE Ch3AaBaT OCHOBA 3a pPa3BUTHE HA CHBPEMEHHUTE MPHIOKHH co(TyepHH
MPONYKTH. B TO3M CMUCHII, Makap 4e € JJOCTUrHAJI BUCOKO HUBO OIIe B MUHAJIOTO, IPOOIEMBT
MPOIBIDKABA Ja € aKTyaJIeH U IMa Bb3MO)KHOCTH KaKTO 32 aHAJIUTUYHO TEOPETUYHO Pa3BUTHE,
TaKa U 3a pujiaraHe Ha Ta3u TeOpHs B ChBPEMEHHHUTE KOMITIOTBPU3UPAHU CUCTEMU. B THENIHO
BpEMeE YMCIICHUTE aHAIN3H U CUMYIIAIlii, KOMOMHUPAHU C ITOPUTMHU Ha HEBPOHHUTE MPEXKH,
MAIIMHHOTO OOyYCHHWE W W3KYCTBEHHUS MHTEIICKT, M3BEXKIAT 3ajadara B JIPYTH JIOTHYECKU
MIPOCTPAHCTBA, KBAETO OCBEH 32 ONTHMH3ALINS CE Ch3aBaT Bb3MOKHOCTH 33 TPOTHO3UPAHE U
camoo0y4eHue.

B Hay4HONPWIIOKHO OTHOIICHWE NpPU pellaBaHe HAa KOHKPETHH 33/1a4d, BBIIPOCHUTE 32
BHE3aIHaTa 3ary0a Ha YCTOMYMBOCT BUHATH 1€ Ca aKTYyaTHH, 3aI0TO 3acsTaT BAXKHH aCMEeKTH
Ha ONTHMAaJIHOTO HHXCHEPHO MPOCKTHPAHE.

TeleH HAa MO3HAaBaHe CHCTOSIHMETO HAa MpPoOjeMa M TBOPYECKA HHTePHpeTalus Ha
JIMTEPATYPHUSI MATepHuaJl

JIOKTOpaHTBT Ce € 3armo3Hai J00pe ChC CHhCTOSHHUETO Ha MpolieMa, 3a KOETO TOBOPHU
YMECTHO MOIOpPAaHUAT CIMCHK Ha LUTHUpaHU 94 nuTepaTypHM HM3TOUYHUIM HA HEMCKH,
AHTIIUICKY U OBJITApCKU €3UK. BBIIpeKy, ye ChCTOSTHUETO Ha HaydHaTa TeMaTHKa B 001acTTa e
JOCTaTb4HO OOIIMpHA, TOM NPAaBMIHO C€ € KOHLEHTPUPAJI BbPXY Ppa3MISKIAHETO H
BKJTIOYBAHETO HA M3TOYHHUIIM, CBP3aHH C KOHKPETHKaTa Ha 3aJa4nTe, KOUTO TpsiOBa Ja pemm
B JMCEPTALMOHHUS TpyHd. B nmuteparypHus mMarepuan € OTAEICHO MSCTO M Ha CHUCTEMH 3a
KOMITIOTBPHO TPOEKTHUPAHE, YIPaBICHHE HA KU3HEHUS UK, JTUTUTAICH TBOWHUK M METOI
Ha KpalfHUTE eJIEMEeHTH.

BOTBETCTBHE HA M30paHaTa MeTOAMKA HA HU3CJeJBAaHe ¢ MOCTABEHATA LeJ M 33Ja4M HA
AMCEPTALUOHHMSA TPYA

N36panara MeToiMKa Ha M3CJIEABaHE OCHOBHO € 0a3upaHa Ha MeTola Ha KpaiHuTe
eneMenTd (MKE) u Bb3MOXKHOCTHTE 3a IpUlaraHe Ha CbBPEMEHHU METOAM 3a ONTUMM3AIINS,
ChYETaH C M3KYCTBEH MHTEJIEKT, MALIMHHO OOyueHHe M HEBpOHM Mpexu. PazpaboreHu ca
MIPUIIOKEHUS, IIpoliec Ha cuMmyinannu W Bamupanuu upe3 MKE. Pemenu ca npumepn 3a
3ary0ara Ha YCTOHUMBOCT, 32 HETMHEHHO U3KbIYBAHE Ha yAKYCHA [IMJINHAPUYHA YepyIIKa U Ha
LUAJMHAPUYHA YEpyIKa ¢ MPOMsIHA Ha MapaMeTPUTE.



HenTa Ha nucepranusra: ,,Jla ce uzcnensar upe3 MKE MexaHu4HM CTPYKTypH, KOUTO ca
Mpepa3nojoKeH KbM BHe3amHa 3ary0a Ha YCTOMYMBOCT W Jla C€ MPEUIOKU TOAXOA 3a
MOBUIIIABaHE HA CTAOMITHOCTTA Ype3 CTPYKTYpHA U TOMOJOTUYHA ONTUMHU3ANHUS " € IPABUITHO
noadpaHa ¥ KOPECIOHIMpa Ha HAIIPAaBEHUTE U3BOAM OT JIMTEPATYpPHUS 0030p.

paTKka aHAJMTHYHA XaPAKTEPHUCTHKA HA eCTeCTBOTO M OLIEHKA HA JO0CTOBEPHOCTTA HA
MarepuaJia

[IpenocraBenusT ppkormuc B obeM oT 133 cTpaHuim chabpka 6 IJaBH, B KOWTO ca
BKJIIOUEHU M mpuHocute. Crex auTeparypHHs 0030p IOKTOPAaHTHT (opMyinupa Leira u
3a/1a4ara Ha qucepranusaTa. BeB Bropa miaBa ca pasmienanu metoaute 3a aHanu3 upe3 MKE,
HarpaBeHa € BepuuKanus U ca pa3paboTeHN YeTUPH CUMYJAlMOHHH MOAesa, KaTo €IuH OT
TSX € ChIIOCTABEH C MOBEIEHUETO Ha MHAYCTpUajeH oOpasel. TpeTara raBa € mocBeTeHa Ha
CTPYKTypHaTa ONTHMH3AIUS KAaTO BKIIOYBA KOMIUIEKCHO M3CIe/BaHE Ha COPTYCpHHU MaKeTH
YCTOMUYMBOCT MpPHU PA3IMYHU JOMBIHUTEIHU OrpaHMYeHHUs. B riaBa deTrBbpTa ca IaaeHU
CTPYKTYpHH ONTHMH3AIlMM IPU 3aryda Ha YCTOMYMBOCT, PEIICHH Ca HSAKOJIKO BHJA
ONTUMU3AIMOHHY 33Jlaud U € pa3paboTeHa HOBAa METOJMKA U KJIacH(pUKAIMs, KOSITO MOXE Ja
HaMepHU MPUIOXKEHHUE MPU PellIaBaHEe Ha CIO0XHHM 3a/1a4i 3a HaTUCKOBU HaToBapBaHus. B rmaBa
1era JOKTOPaHThT U3CIEABA IPUIIOKEHUETO HA H3KYCTBEHHSI HHTEJIEKT M MAIIMHHOTO
o0ydeHHe B YMCICHUTE METOAM W ampoOupa HOBAa METOIMKA M TECTOB BAPHAHT C HEBPOHHU
MpPEXU M HEMPEKbCHATO 00y4YeHUE 3a MpeACcKa3BaHE Ha pe3yATard OT CUMYJAIUU ChC 3aryda
Ha yCTOMYUBOCT.

AHanuTUYHATa XapaKTEepUCTUKAa Ha JAMCEpTalUsaTa ce€ OTHAacs 10 OOJacTU CBbP3aHU C
YCBBBPIIEHCTBAHETO Ha CO(PTyepHH CHUCTEMH C KOHKPETHO IPUJIOKEHUE 3a aHalu3,
ONTUMHU3ALMS U IPECKA3BAHE HA BHE3aIHA 3ary0a Ha yCTOMYUBOCT.

ay4YHH M HAYyYHONPHUJIOKHHM IPUHOCH HA JUCEPTALHOHHUSA TPYA:

Hayunonpunoxcnume npunocu na agmopa ca cieonume:

Cp3aaneHa € HOBa METO/IMKA 3a U3CIIEBAHE HA HATHCKOBY HAaTOBapBaHMsl, Oazupala ce
HAa [TOJIy4YE€HUTE ONITHUMHU3ALIMOHHH PE3YITaTH C BUCOKA CTETIEH Ha IOCTOBEPHOCT IIPH PEILIABAHE
Ha peajHu UH)KEHEPHHU 3aJauu.

baszupana Ha chIIMTE NPENNOCTaBKH € Ch3/1a/IeHa U KJIacH(pHUKaLs.

W3non3BaHu ca HEBPOHHU MPEXH M M3KYCTBEH MHTEJIEKT 3a MpeAcKa3BaHEe Ha 3aryda
Ha YCTOMYMBOCT NPEAN MPOBEKAAHE HA CUMYJIALIUU.

Ch3aaneHa € BB3MOKHOCT 3a HENIPEKBbCHATO 00y4EeHUE Ha aIrOPUTHM 3a MOBHUILABAHE
Ha CXOAMMOCTTA U TOUHOCTTA Ha CUMYJIIMPAHUTE BApUAHTH.

Aemopvm e nocmucHan cieonume RPUILONCHU NPUHOCU:

Yernpun  CUMYITAMOHHM  MOJE€JNa Ha  pEaJlHu TIEOMETPUYHU  CTPYKTYpHU
IIPEAPa3OoI0KEHN KbM 3ary0a Ha yCTOMYHUBOCT ca pa3paOdOTEHU U Ca aHATM3UPAHU OCHOBHUTE
MoKa3aresu Npu 3aryda Ha yCTOWIMBOCT.

Kato MeTon Ha BUPTYaTHOTO MHXKEHEPCTBO € IIPOBEIEHO KOMIUIEKCHO M3CIIE/IBAaHE Ha
Bb3MOKHOCTHTE B coryepHute maketu TOSCA u Optimus 3a pa3iIuyHH CTpaTeruu 3a
KOMITIOTBPHA CTPYKTYpHA ONTUMU3ALINS, TP KOSITO Ca U3MOI3BaHU CUMYJIAlIMOHHU MOJIEIH.

Pa3zpaGoTreHute METOAM M MOIXOAM Ca MPUIOKEHH B PELICHHUS Ha ONTUMHU3ALMOHHU
MPaKTUYECKH U TEOPETUYHH 33/1a4M 3a 3aryda Ha YCTOWYMBOCT KaTO ca U3MOJI3BaHU BOJICILU
KOMEPCHAJIHU IIPOAYKTH.

HanpaBeHa e cbliocTaBka M BaIuJalUsl HA PE3YITaTUTE OT MPOTHO3UTE HAa OOyUEHHUTE
HeBpoHHM MpexH 3a MoBe/IeHHE Ha 00eKTa Ha MOJICIIUPAHE C PE3YNITATUTE OT ClIeUAN3UPaH
aHaJIN3.



XapakTepbT Ha MPUHOCUTE € MPEAUMHO CO(TYEPHO YChBBPIIEHCTBAHE HAa MPOIYKTHU C LIEJ
yJIeCHsIBaHE Ha PELICHNEeTO Ha 3aJlauM 3a 3aryoa Ha yCTOMYHUBOCT.
LEHKA 3a CTelleHTa HA JIUYHOTO Y4acTHe HA JMCePTAHTA B IPHHOCUTE

IIpn mpexncraBsHETO HAa OUcEpTalMATa HAa BbTPELIHATA 3alUuTa B Kareapa ,,[eopus Ha
MEXaHU3MUTE U MAIIMHUTE", JOKTOPAHTHT IEMOHCTPUPA 3a1bJI0O0UEHO EKCIIEPTHO [103HABAHE
Ha Marepuajga, OTITOBOPH HAa BCUYKM BBIPOCH M y4YacTBa KOMIIETEHTHO B CIIOHTaHHO
Bb3HUKHAIIUTE IOUCKyCUH. Jlpyr IOKas3aren 3a BUCOKara CTEIEH Ha JIMYHOTO YYacTHE ca
yOJUKalMUTE B ChaBTOPCTBO O JUCEPTALUATA, B KOUTO JOKTOPAHTHT € Ha II'bPBO MSACTO.

peneHKa Ha My0JIMKALMHUTE 10 INCEePTALMOHHUSA TPYA

JIOKTOpaHTHT € MpEeACTaBUI MET MyOJUKAIIMU, OT KOUTO B YETUPHU € ChABTOP, a B €HA €
camocTosTeNleH aBTop. J[Be OT cTtaruurte ca MyOoJUMKyBaHH B peepupaHOTO HEHHJIEKCHPAHO
,,DBJIFapCKO CIHMCAHME 33 HMHXEHEPHO IPOEKTHpAHE™, a OCTaHAJIMTE TPU ca JOKJIaaud Ha
koH(pepenuuu. [IpeacraBenu ca U perucTpanuy Ha €AUH MMO0JIE3eH MOJIEN U MaTeHT.

3M0JI3BaHe HAa pe3yTaTuTe OT JAUCEPTANMOHHMS TPYl B HAy4yHATa M COIMAJIHATA
NMPaKTHKA

lonsima wact ot paborata U pe3yiaTaTHTEe Ha JOKTOpPaHTa ca BCIEACTBHE Ha paboTra Mo
BOXHU  WHAYCTpUATHM  TpoekTd. llocraBenure  3amaud,  (GOpMyIHpaHETO  Ha
ONTUMU3AIMOHHUTE KPUTEPUU U pa3pabOTECHUTE HOBU alITOPUTMHU Ca ILTO]] HA MIPEOAOISIBAHETO
Ha peayiHy MPEIU3BUKATEIICTBA C BAXKHO MKOHOMHUYECKO 3HAYCHHE.

HEHMN$, NPEeNOPbKHU U 0es1eKKH

B npeasapurennara Mu peLeH3us otoens3ax, ye Jucepranmsara € opopMeHa CpaBHUTEITHO
no0pe, 0e3 TpaMaTHYHU U IPABOTIMCHU TPEIKH.

JIOKTOpaHTBT € B3eJl Mpe/BUJ BCHUYKH MOM 3a0€]eKKU OT MpeJBapUTesHaTa peleH3Hs,
IOpajiy KOETO TYK HAMaM ChIIECTBEHU Bb3pakeHHUs 1o paboTara.

bux npenoppuan 3a ObJeIIMTe HAyYHU HU3CIEIBAHUS aBTOPBHT Jla OOBPHE IO-TOJISIMO
BHHUMaHUE Ha OMMCAHUETO U 00paboTKaTa Ha EKCIIEPUMEHTAIHUTE JAHHU.

3a1bp1004aBaHETO Ha TEOPETUUHUTE M3CIIE/IBaHUS 3a 3ary0a Ha yCTOMYMBOCT B ChUeTaHHE
C MOCTHKEHHUATA HA TEOPUsITA HA €JaCTUYHOCTTA, €JaCTUYHUTE YEPYIIKU M IIJIOYM € Japyrara
OnaronpusaTHa HaCOKa, IO KOSTO MOXeE Ja C€ MOCTUTHAT BaXKHU HayYHHU IPUHOCH.

aKJII0YCHHe:

Karo um3xoxznaM OT 3HAUMMOCTTa W OPUTMHAJIHOCTTa HAa JUCEPTALIMOHHUS TPV,
CBBP3aHUTE C HETO MyOJUKAIIMHM U MIPUHOCH, KAaKTO U OT ChOTBETCTBUETO MY C M3UCKBaHMATA
Ha 3aKoHa 3a pa3BUTHE Ha akaJeMU4yHUs chcTaB B PemyOnuka bearapus u IlpaBunHuka 3a
yCIOBHATA W pela 3a npupoOuBaHe Ha HaydHu creneHu B TY—-Codus, npenopbuBam Ha
YBaXa€MOTO KYpH J1a PUCHIU Ha JOKTOpaHTa mar. uHxk. Yapaap Craspes 'EOPI'HEB
oOpa3oBareHaTa U Hay4yHa CTeleH ,,JOKTOP” B IpodecroHaIHO HanpasieHue 5.1 MamuHHo
HHKeHepcTBO, HayyHa creruaitdHoct 02.19.08 ,,/Jlnnamuka, sIKOCT M HaJAENKTHOCT HA
MAIIMHUTE, YPeAuTe, allapaTuTe U CHCTEeMHUTe”.

Hara: 15.06.2024 1.
PELIEH3EHT:

/mpod. n-p T. Tonopos/
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1. Relevance of the problem developed in the dissertation work

The problems of the loss of stability in mechanics are of constant relevance over time, due
to the increasing requirements for minimum mass and optimal structure of modern mechanical
systems, in which the compressive stress has a significant share of the overall load.

The loss of stability problem is classical and was defined by Euler for column loading as
early as 1744. Later, the problem was extended to solid bodies, elastic plates and shells.
Nowadays, the combination of classical theoretical results with numerical methods and the
evaluating power of computers creates a basis for the development of modern applied software
products. In this sense, although it reached a high level already in the past, the problem
continues to be relevant and has opportunities both for analytical theoretical development and
for the application of this theory in modern computerized systems. Nowadays, numerical
analyzes and simulations combined with neural network algorithms, machine learning and
artificial intelligence bring the task into other logical spaces where, in addition to optimization,
opportunities for prediction and self-learning are created.

In a scientific and applied sense when solving specific tasks, questions about the sudden
loss of stability will always be relevant because they affect important aspects of optimal
engineering design.

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

The PhD student has become well acquainted with the state of the problem, which is
indicated by the appropriately selected list of cited 94 references in German, English and
Bulgarian. Although the state of the scientific subject in the field is extensive enough, he has
correctly concentrated on examining and including sources related to the specifics of the tasks
he has to solve in the dissertation work. In the literature, space is also devoted to computer-
aided design systems, life cycle management, digital twin and finite element method.

3. Correspondence of the chosen research methodology with the set goal and tasks of
the dissertation work

The chosen research methodology is mainly based on the finite element method (FEM) and
the possibilities of applying modern optimization methods combined with artificial intelligence,
machine learning and neural networks. Applications, simulation processes and validations
through FEM have been developed. Examples of loss of stability, nonlinear buckling of a
stiffened cylindrical shell and of a cylindrical shell with a change in parameters are solved.

The aim of the dissertation: "To investigate through FEM mechanical structures that are
prone to a sudden loss of stability and to propose an approach to increase stability through
structural and topological optimization" is correctly selected and corresponds to the
conclusions drawn from the literature review.



4. Brief analytical description of the nature and assessment of the credibility of the
material

The provided manuscript in a volume of 133 pages contains 6 chapters, in which
contributions are also included. After the literature review, the doctoral student formulates the
aim and task of the dissertation. In the second chapter, FEM analysis methods are discussed,
verification is done, and four simulation models are developed, one of them being compared
with the behavior of an industrial sample. The third chapter is dedicated to structural
optimization, including a complex study of TOSCA and Optimus software packages, and
approaches to optimizing models with loss of stability under various additional constraints are
discussed. In the fourth chapter, structural optimizations in the case of loss of stability are given,
several types of optimization problems are solved, and a new methodology and classification
is developed, which can find application in solving complex problems for compressive loads.
In chapter five, the PhD student explores the application of artificial intelligence and machine
learning in numerical methods and tests a new methodology and test case with neural networks
and continuous learning to predict results from loss-of-sustainability simulations.

The analytical feature of the dissertation refers to areas related to the improvement of
software systems with a specific application for analysis, optimization and prediction of sudden
loss of stability.

5. Scientific and applied scientific contributions of the dissertation work:

The scientific and applied contributions of the author are the following:

A new methodology for the study of compressive loads has been created, based on the
obtained optimization results with a high degree of reliability when solving real engineering
tasks.

Based on the same premises, a classification was also created.

Neural networks and artificial intelligence were used to predict loss of stability before
running simulations.

An opportunity has been created for continuous training of an algorithm to increase the
convergence and accuracy of the simulated variants.

The author has achieved the following applied contributions:

Four simulation models of real geometric structures prone to loss of stability have been
developed and the main indicators of loss of stability have been analyzed.

As a method of virtual engineering, a complex study of the possibilities in the software
packages TOSCA and Optimus for different strategies for computer structural optimization was
carried out, in which simulation models were used.

The developed methods and approaches are applied in solutions of practical and
theoretical optimization problems for loss of sustainability using leading commercial products.

A comparison and validation of the results of the predictions of the trained Neural
Networks for the behavior of the object of modeling with the results of a specialized analysis
was made.

The nature of the contributions is primarily software product improvement to facilitate the
solution of sustainability loss tasks.

6. Assessment of the degree of personal involvement of the dissertation student in the
contributions

During the presentation of the dissertation on internal defence in the "Theory of
Mechanisms and Machines" department, the PhD student demonstrated in-depth expert
knowledge of the material, answered all questions and participated competently in the
spontaneously arising discussions. Another indicator of the high degree of personal
involvement is the publications in co-authorship of the dissertation, in which the doctoral
student is in first place.



7. Assessment of dissertation publications

The PhD student has presented five publications, of which he is a co-author in four and an
independent author in one. Two of the articles were published in the refereed non-indexed
"Bulgarian Journal of Engineering Design", and the remaining three were conference reports.
One utility model and patent registrations are also presented.

8. Using the results of the dissertation work in scientific and social practice

A large part of the PhD student's work and results are the result of work on important
industrial projects. The set tasks, the formulation of the optimization criteria and the developed
new algorithms are the result of overcoming real challenges of important economic
significance.

9. Opinions, recommendations and notes

In my preliminary review, I noted that the dissertation was fairly well laid out, with no
grammatical or spelling errors.

The PhD student has taken into account all my remarks from the preliminary review, so I
have no major objections to the work here.

I would recommend that for future research, the author pays more attention to the
description and processing of the experimental data.

The deepening of the theoretical research on loss of stability combined with the advances
in the theory of elasticity, elastic shells and plates is the other favourable direction in which
important scientific contributions can be achieved.

10. Conclusion:

Based on the significance and originality of the dissertation work, the publications and
contributions related to it, as well as its compliance with the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria and the Regulations on the
Terms and Procedures for the Acquisition of Scientific Degrees at TU-Sofia, I recommend to
the esteemed jury to award the PhD student an M.Sc. Eng. Chavdar Stavrev GEORGIEV
educational and scientific degree "doctor" in professional direction 5.1 Mechanical
engineering , scientific specialty 02.19.08 "Dynamics, strength and reliability of machines,
devices, apparatus and systems" .

Date: 15.06.2024
Member of scientific jury:

/Prof. Dr. T. Todorov/



