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1. IlpencraBenu marepuajaimn

Hoktopantst Mar. uHxk. YaBmap CraBpeB ['eoprueB e 3auncieH B peJOBHA
JIOKTOpaHTypa KbM Karenapa "Teopus Ha MexaHu3MHUTEe W MammHuUTe Tpu DakynreT Mo
WHIYCTpUamHu TexHojoruu Ha Texuudecku yHuBepcuteT - Codwus. 3a HU3rOTBSHE Ha
HACTOAIATa pEIEeH3Us ca TMOJYyYeHHM BCHUKM HEOOXOJMMH 3a 3al[uTara JOKYMEHTH,
BKJIFOUMTETHO TUCEPTALMOHEH TPy, aBTOpedepart, Komus Ha 5 myOIHKalMOHHNA MaTepuaa 1o
JUcepTanusTa, 1Ba NaTeHTa, aproonorpadusi, Konue oT JUIUIOMa 32 MarucThbp U Ap.

2. AKTyaJIHOCT Ha pa3padoTeHusl B IMCEPTALMOHHUSA TPy NpodiemM

[IpencraBeHUSAT MU 3a pelEH3Us TUCEPTAMOHEH TPYJ € U3KIIOUUTEIHO aKTyalleH,
3a1oTo ce PoKycupa BrpXy BakHa U ChbBpEeMEHHA MpobieMaTHKa B 00J1acTTa Ha BUPTYaTHOTO
WHXEHEPCTBO M KOMITIOTBPHOTO MpOeKTHpaHe. TpynbT H3cCielBa MEXaHHUYHU CTPYKTYpH,
KOUTO Ca MOJUIOKEHNW Ha HAaTHUCKOBU HAaTOBAapBaHUS U Ca MPEIpa3loOXKEHU KbM BHE3alHa
3ary0a Ha yCTOWYMBOCT, Oa3upaiiky ce Ha MeToJa Ha KpaitHuTe efneMeHTH. OCHOBHHUAT aKIIEHT
€ HaCOYEH BHPXY pa3paboTBaHETO HA HOBU METOJIU U MOAXO/IU 332 ONITUMATHO Opa3MepsiBaHe U
MOBUILIABAHE HAa YCTOWYMBOCTTA HA TE€3H KOHCTPYKILIHH.

BbBeneHnTe CHMyNAllMOHHUM MOJENM W METOJIM 3a CTPYKTYpHa M TOMOJOTHYHA
ONTUMU3ALIMS TTO3BOJISIBAT PEIIABaHE Ha CIOKHU MHAYCTPUAIIHU NMPOEKTU C BUCOKA CTENEH Ha
JIOCTOBEPHOCT. M310/13BaHETO HA HEBPOHHU MPEXKU U U3KYCTBEH MHTEJIEKT 3a IpeIcKa3BaHe
Ha CHUMYIJIAllMOHHU pe3ynaTaTH ©0e3 HeOOXOJMMOCT OT peajHH aHaIU3M MpeCTaBisaBa
WHOBATHUBEH MOJXO0/]I, KOUTO JOMBJIHUTEIIHO MOYEpTaBa 3HAUMMOCTTA HA U3CJIE/IBAHETO.

Bceuuko ToBa mokasBa, uye AUCEPTALMOHHUAT TPy MMa ChbBPEMEHEH U BaXXE€H MPHUHOC
KbM Hay4YHUTE W3CIEABAaHUS M MPAKTUUECKUTE TMPUIIOKEHHS B HHXKEHEPCTBOTO U
KOMITIOTHPHOTO MPOEKTHPaHEe, MpeJiarail perieHus 3a moJo0psBaHe Ha YCTOMYMBOCTTAa Ha
MEXaHUYHU CTPYKTYpPH.

3. CTeneH Ha MO3HABaHe CHCTOSIHUETO HA MPO0OJeMa U TBOPYECKA MHTEPHpPeTAIUsl HA
JIUTEPATYPHUS] MaTepuas

ABTOpBT JEMOHCTpHpa 3aIbI00YEHO TO3HABAaHE HAa TEKYIIOTO CBHCTOSHHE Ha
npoOyiemMa, CBbpP3aH C BHE3alHaTa 3aryda Ha yCTOMYMBOCT Ha MEXaHWYHU CTPYKTypH. B
JTUCEPTAIMOHHUS TPYH Ca BKJIIOYEHU OOMIMPHHU JUTEPATypHU HU3TOYHHIIM, KOMTO OOXBaIaT
KakTO TEOPETHMYHM, Taka M MPAKTUYECKHM AacleKTH Ha H3Cle/BaHaTa Tema. [Bopueckara
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HMHTEpIpeTalys Ha JUTEpaTypHHUs MaTepHall € BUAMMA Ype3 MPUIIaraHeTO Ha ChbBPEMEHHU
METOJIU 3a YHUCJIEH aHAJIU3 U CTPYKTYpHA ONTHUMH3ALMs, KAKTO U YPE3 UHTErpanusaTa Ha HOBU
IIO/IXO/IY 3@ U3I0JI3BaHE HA HEBPOHHU MPEXXH U U3KYCTBEH MHTEJIEKT. Ta3u HHTepnpeTanus He
camMO IOTBBP)K/laBa CHILECTBYBAIIUTE TEOPUH, HO U JONPHUHACSI C MHOBATUBHM PEILIECHUS U
METO/IY 32 OBUILIABAHE HA YCTOWYUBOCTTA HA KOHCTPYKIUUTE.

Te3u pesynTath MU JaBaT OCHOBaHUE YOEIEHO Aa TBBPISA, Y€ JOKTOPAHTHT HMa
HaIbJIHO 3aBBPIICHA IPEACTaBa 3a CHBPEMEHHOTO CBHCTOSHHE Ha IMpoOiieMa, KOETO My
MO3BOJISIBA Jia pa3BHe JIOTHKATa Ha pa3paboTeHaTa B AMCEpTALUATa KOHLEHIHS 332 HEHHOTO
pelmaBaHe BbB BSpHATa IMOCOKA. BCHUKO TOBa € J0Ka3aTesicTBO, 4e oOpa3oBaTenHaTa el Ha
00y4eHHMETO IO JIOKTOpCKAaTa IporpaMa € YCHEIIHO MOCTUTHATa M MO KaTeropuyeH HaYuH
OTpa3eHa B AUCEPTALMOHHUS TPY.

4. CproTBeTcTBHE Ha N30pPaHATA METOAMKA HA HU3CJeBaHe ¢ MOCTaBeHaTa LeJ U 3a1a4M
HA IUCEPTALMOHHMS TPYA

N30panara MeToauKa Ha M3CIE/BaHE B AUCEPTALIMOHHUS TPYJ HAIIBIHO ChOTBETCTBA
Ha IIOCTaBEHWUTE 1€l M 3afaud. M3moia3BaHeTo Ha MeTOJa Ha KpalHUTE €IEeMEHTH U
KOMITIOTbPHATA CTPYKTYpHA ONTHMH3ALHUS € aleKBaTHO CPEICTBO OTHOCHO CIEHU(PHUKHUTE Ha
W3CJIEIBAHETO HAa MEXaHWYHH CTPYKTYpH, TNPEApa3NojOKEHH KbM BHE3allHa 3aryda Ha
ycroiuuBocT. CHUMYJAlMOHHUTE MOJENIH, pa3paboTeHH B JuUcepTalusaTa, I03BOJIABAT
ONTUMHU3ALMS TIPU PA3IMYHU KPUTEPHUH 332 ONTUMAIHOCT U TPAaHUYHU YCIIOBUS, KOETO € B II'BJIHO
CbOTBETCTBUE C IIOCTAaBEHUTE 3aJaud. BKIOYBAaHETO HAa HEBPOHHM MPEXKU U H3KYCTBEH
MHTEJEKT 3a NPeCKa3BaHe Ha CUMYJIALMOHHU PE3yJATaTH 0€3 pealHu aHaIU3U AOI'BIIHUTEIHO
[oJYepTaBa HHOBAaTUBHHUS IOJIXOJ M CHOTBETCTBUETO HA METOJUKaTa C IEeJIUTe Ha
U3CIIEIBAHETO.

5. Kparka aHaIMTHYHA XapaKTepPUCTHKA HA eCTECTBOTO M OLIEHKA Ha I0CTOBEPHOCTTA HA
MaTepuaa, BbpXy KOMTO ce rpajsAAT NPUHOCUTE HA AUCEPTALMOHHMSA TPy

I[IbpBa riaaBa oT AUCEpPTAIMOHHUS TPY MPEAOCTaBs 00mUpeH 0030p Ha mpobiema ¢
BHE3alnHara 3ary0a Ha YCTOMYMBOCT NpPH THHKOCTEHHHM METAJHU KOHCTPYKIIMM, KOUTO ca
MO/IJIO’KEHU Ha HATHCKOBM HaToBapBaHus. M3cnenBa ce 3HAUEHUETO HAa YCTOMYMBOCTTA U
CbCTOSIHUETO Ha PaBHOBECHE, KAaTO ce AePUHUPAT KPUTHUHUTE CHCTOSHUS U CUJIU, BOJICIIH JI0
3ary0a Ha ycTOWYMBOCT. Pa3riiejanu ca pa3inyHu TUIIOBE HATOBAPEHU CTPYKTYpPU U TEXHUTE
peakiuy Ha HAaTUCK, BKJIIOUYHUTEIHO CIy4yau Ha W3KbJIYBaHe M Oudypkauus. OOcwmxaar ce
ChbBPEMEHHU CHUCTEMHU 3a KOMIIOTHPHO IPOEKTUPAHE, METOIHU 3a BUPTYAJHO MHXKEHEPCTBO U
YIOPaBIEHUETO Ha JKU3HEHUS LMKBJI Ha TMPOJAYKTa, KaKTO W KOHLEMUUATA 3a JUTUTaJIEeH
nBoMHUK. B riaBa 1 e BKIIFOYEHO W MOJPOOHO ONMKMCAHKME HA METOJA Ha KpaWHUTE €JIEMEHTH,
W3MOJ3BaH 3a aHalu3 W ONTUMHU3ALMSA Ha CTPYKTYpHUTE, KaTo ce Ioa4yepTaBa HeromaTa
MPUJIOKUMOCT U €(eKTUBHOCT B MH)KEHEpHATAa MPaKTHKA.

Bropa raaBa ot aucepranusira ce Gpokycupa BbpXy crenupukara Ha aHATUTUYHUTE
MOJIXO/IM U U3CJIe/IBaHE Ha 3arybara Ha yCTOMYMBOCT ¢ MeToj1a Ha KpaiiHute enemenTu (MKE).
OnumcBar ce pa3nuyHu BuAoBe cumynanuu U aHanu3n ¢ MKE, BKIOUHMTENHO cTaTHYeH,
JUHAMHYEH, TOIUIO-MEXaHWYEH aHalu3 U ONTUMU3alus Ha Au3aiiHa. [IpouechT Ha cumymnamus
¢ MKE e neraitiHO npeicTaBeH, KaTo ce pa3riekaaT BCUYKU CTHIIKH - OT TEOMETPUYHU JaHHU
no noctaporecur. CrienquaiHO BHUMaHUE € OTJEJIEHO Ha BalMJalusATa Ha TOYHOCTTa Ha
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M3YHCICHHATA upe3 Kiacuuecku mpumepu kato Lee's Frame Buckling. Ta3u rnaBa 3aBbpiiBa ¢
pa3paboTBaHETO HAa CUMYJIAIIMOHHHU MOJICIIH 32 U3CIICBaHE Ha 3arydara Ha yCTOWYMBOCT, KATO
ce MpaBH CHIIOCTABKA HA PE3YJITATUTE C PEaTHU WHAYCTPHAIIHU 00pa3Iu.

Tpera rinaBa oT nucepTallMOHHUS TPY/ € IOCBETEHA HAa U3CJIEIBAHETO HA MOJAXOAHM 3a
CTPYKTypHa ONTHMHU3ALMsI BbB BUPTYAIIHOTO UHKEHEPCTBO. Pa3riexaar ce pasnuuHu METOIu
3a ONTHUMM3alUs, KaTO BCEKM METOJ € aHaJu3UpaH MO OTHOIIEHWE Ha NIpPEeIuMCTBA U
HemocTaThll. B Tasm wacT ce omnucBa MaremMaTruyeckara  (OpMyJIMpOBKa  Ha
ONTHMHU3ALIMOHHUTE 3aJ]aud U C€ MPEACTaBsl IpoLeca Ha UHTETPUPAHE HA YUCIECHUS MOJEN 3a
CTPYKTYpPEH aHaJIM3 B ONTUMHU3ALMOHHMS alropuTbM. CrHenuagHo BHUMaHUE ce oOpblla Ha
HenapaMeTpuyHaTa TOIIOJIOTMYHA ONTUMU3aLMs, HemapaMeTpuyHaTa ONTUMU3alus Ha
¢dopmara u ontumuzanuiTa ¢ pedpa. Pasrinenana e u aBroMaru3anusaTa Ha CUMYJIALMOHHUS
Ipouec M mapaMeTpuyHaTa oNTUMM3alus. [7aBata 3aBbpHiBa € M3BOAM, KOWUTO
CHCTEMAaTH3HpaT BB3MOXKHOCTHTE Ha Pa3IUYHU CO(DTYepHH IAaKeTH W ONTHMH3AIMOHHU
CTpaTeruu 3a noAo0psBaHe HAa YCTOMUMBOCTTA HA MOJIEIH.

YerBbpTa rjaBa OT JUCEPTALMOHHUS TpYyJ € IIOCBETEHAa Ha CTPYKTypHAarTa
ONTHMHU3ALMSI Ha IPUMEPH ChC 3aryba Ha ycroiuuBocT. [IpenctaBenu ca pa3ianyuHu ciydau Ha
ONTUMHU3ALMS, BKIOYUTEIHO TONOJOTMYHA ONTUMHU3ALMS HAa PAaBHUHHO €JIACTUYHU TeJa,
ONTHMHU3ALIMS HA paMO OT X0/10BaTa 4acT Ha aBTOMOOMII U METaJIHA pejica, KaKTO U HeJIMHEelHa
ONTUMHU3ALMS Ha cBeTO(apeH CThIO U MapaMeTpu4Ha ONTHUMM3AIM Ha opedpeHa Iuiova. 3a
BCEKM IMIpPUMEp Ca H3MOJ3BAaHM CHEHU(PUYHU ONTHMH3AIMUOHHA METOOM M CcO(TyepHH
MHCTPYMEHTH, KaTO LeJITa € HaMaJIIBaHE Ha TErJOoTO U NOBUILIABAHE HAa YCTOWYMBOCTTA Ha
CTpyKTypuTe. Pe3ynratute noka3BaT 3HAUUTENHO I[OAOOpEHHWE B YCTOWYMBOCTTA H
e(EeKTUBHOCTTa HA ONTHMH3HpPAHHUTE CTPYKTypH. [7aBata 3aBbpmiBa ¢ W3BOAM W HOBa
METOJIMKA 3a KJacHu(UKalus, KOSTO MOXE Jla C€ M3IO0J3Ba IMPH PEIIaBaHETO Ha CIOXKHHU
WHYCTPUATTHU MPOEKTH.

Ilera rnaBa oT AUCEpTAMOHHUS TPYJ pas3rieka H3IMO0JI3BAHETO HA H3KYCTBEH
unTenekT (Al) u mammuaHO oOyuenue (ML) B uncnenure cumynauuu. [Ipeacrasen e npumep
3a U3I0JI3BAaHE HAa HEBPOHHM MPEXHU 3a T'EHEPUPAHE Ha CUMYJIAIMOHHU pe3ylTaTd IpHU
M3KBIYBAHE U CJIe]l U3KBJIUBaHE Ha TphOa. M3nomsBan e meroasT Long Short-Term Memory
(LSTM) 3a oOpaboTka Ha JaHHHU, KaTO ca HampaBeHH 16 cumynanuu 3a oOyueHue u 64
npenckasanus. Pesyiararure noka3Bar 3HaUMTENIHO HaMaJIsIBAaHE HA BPEMETO 33 U3YUCIISIBAHE U
MUHUMAJTHO OTKJIOHEHHE OT pealHuTre cumynauuu. llpoydyeHu ca mnpeaumcrBara Ha
HENpPEKbCHATOTO MAalIMHHO OOydeHue npu J00aBsHE Ha HOBU IapaMeTpu WU TPaHUYHU
CTOMHOCTH. ['aBaTa 3aBbpIlIBa C U3BOAM, KOUTO moaudepTraBar noreHuuana Ha Al u ML 3a
Obp3U U TOYHHU CUMYJIALIMOHHU PE3YJATATH.

6. Hay4yHO-NPUJIOKHH U NPUJI0KHH MPUHOCH HA TUCEPTAHOHHUSA TPY/]

Cuutam, ye U3BEJCHUTE IPUHOCU Ca HAYUYHO-TIPUJIOKHU U MPUIIOKHH.

A. Hay4yHO-nIpHJI0KHHM NPUHOCH:

Crnopen xapakTepa cu Hay4YHO-TIPUIIOKHHUTE MPUHOCH CIIaJIaT KbM ClIeIHaTa METOAMYHA
KaTeropusi:

Cv30asane na Hoeu Kaacupuxkayuu, memoou, n00X00u, ai20pummu, KOHCMPYKYuu,
Mooenu u op.
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1. Pa3paboTeHa e HOBa METOIOJIOTHUS U KITaCU(UKAIIH 32 ONTUMAITHO Opa3MepsiBaHe Ha
KOHCTPYKLIMU U JI€TalyIM 110/ HAaTUCKOBM HaTOBAapBaHUs, OCUTypsiBallla BUCOKA JJOCTOBEPHOCT
IIPU PEIIABAHETO HA CIOXHU UHyCTPUAIHU IPOEKTH.

2. Cp3azieH € MHOBAaTUBEH METOJ 32 MpeACKa3BaHe Ha CUMYJIALIMOHHU PE3YNITaTH MPU
3ary0a Ha yCTOWYMBOCT C IIOMOIITA HA HEBPOHHU MPEKHU U U3KYCTBEH WHTENEKT, CIIMMUHHUPAILL
HE00XO0AMMOCTTA OT PEaTHH CHEIMATH3UPAHN aHAIU3H.

3. Metoau 3a mpeacka3BaHe 4pe3 HEBPOHHHM MPEXKH ca arpoOHpaHH C BB3MOKHOCT 32
Ha/ArpaxaaHe Ha 00y4YeH alrOpUTHhM (HEMPEKbCHATO 00ydeHHe), KOSTO MOBHIABA TOYHOCTTA
U YCKOpPSIBAa CXOAMMOCTTA MEXAY NPEICKA3aHUTE U CUMYJIMPAHUTE PE3YITATH.

b. IIpni10:KHU IPUHOCH

Kareropusi: /[okaszsane ¢ nHoeu cpeocmeéa na cvbuecmeeHu HO8U CMpPAHU HA 8eue
cvwecmaysawu HayunHu ooracmu, npoonemu, meopuu, xunomesu — Ilpunocu 1 u 4.

Karteropusi: Cv30asane Ha HO6uU Kiacugurkayuu, memoou, KOHCMpPYKYul, MexHo102UU
— Ilpunocu 2 u 3

Kareropusi: [lonyuasane na nomevpoumenuu ¢paxmu — Ilpunoc 5

7. OueHKa 3a CTeNeHTa HA JINYHOTO YYACTHE HA TNCEPTAHTA B IPHUHOCHTE

ITo3HaBam NOKTOpaHTA IpeIr BCUYKO OT HEroBaTa Hay4Ha NPOAYKIMs, IEMOHCTPUPAHA
CTIIONYWIMBO Ha BaXHU HaydHU Gopymu. OT npyra crpaHa, mo3HaBaM MHOTO JOOpe €IuH OT
Hay4YHUTE PBhKOBOIUTENH - Ipod. 1H ['eopru Tomopos. BrucokoTo HUBO Ha HeroBara padoTa,
npodecroHaIM3bM U METOIM 33 00YUICHHE Ha JOKTOPAHTH MU JIaBaT OCHOBAHUE Jia ITO4epTas,
Ye OCHOBHHUTE UJIEH, 3aJI0KEHHU MPH pa3paboTBaHETO Ha Ta3u paboTa, ca OpUTHHAIIEH IPUHOC
Ha aBTOpAa.

8. MHeHMs1, PeNnOPbKU U OeJIeKKH

Hsamam chiiecTBeHn 3a0eneku, ¢ KOMTO Ja OCHOpBaM IOCTUTHATUTE PE3YITaTH U
IIPUHOCHU MOMEHTH B MaTepHaluTe, IpeacTaBeHu oT Mar. uHxk. Yasmap ['eoprues. bux
Mpenopbyal pas3llidpsiBaHE Ha H3CIEABaHUATa BBHPXY MHO-IIMPOK HAOOp OT Marepuaiu u
KOHCTPYKTUBHHM €JIEMEHTH. TOBa I1ie MpeIoCTaBy IMO-TOJIsMA 'bBKABOCT M MPUIOKUMOCT Ha
MpeNIoKEHUTE METOAU. J[ONBJIIHUTENHN EKCIIEPUMEHTAIHU M3CJIEeBAaHUs MoraT Ja Obaar
MIPOBEACHU 3a BaJUIAUPAHE HA CHUMYJALMOHHUTE MoJAenu. ToBa Ie MOBUIIM JOBEPUETO B
PE3YATATUTE U € MOAKPENH TEOPETUIHUTE U3BOJU C MPAKTUYECKHU JOKA3aTEJICTBA.

9. 3akil0ueHue

[To Moe MHeHue nucepTalnuaTa MPECTaB/IsABa HAM'BJIHO 3aBBPIIEH HaydyeH TPy C
MOYEPTAHO MPAKTUUYECKO NpuiiokeHue. MartepuanbT € a00pe CTPYKTYypHpaH, SICHO M
MIPErJIEAHO U3JI0KEH.

B 3axmouenue mora ia otOenexa, 4e JUCEPTAMOHHUST TPYJ HAITbIHO OTroBaps Ha
M3HMCKBaHUATa Ha 3aKOoHa 3a pa3BUTHE Ha akaJeMU4HMs chbcTaB B PenmyOnuka bearapus u
[IpaBmiHHMKa 3a HEroBOTO mpujaraHe. BbB Bpb3Ka C TOPEU3TIOKEHOTO TMpeajaraM Ha
nountaemMmoro HayuHo xypum na npucbkaum Ha mar. mH:xkK. Yaspap CraspeB I'eoprues
oOpa3oBarenHata U HayyHa creneH ''loktop'" B mnpodecnoHanHo Hampasienue ,,5.1
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MamuHHO MHXKEHEPCTBO* M HAYYHA CNEIHATHOCT ,,/IMHAMIKA, SIKOCT U HAIEAKTHOCT HA
MAaIMHHUTE, yPeAUTe, alapaTuTe U CUCTEMHUTE .

10.06.2024 r. Penensenr:
Impod. mu urk. Jumutsp dndes/
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OPINION

by Prof. D.Sc. Eng. Dimitar Andonov Dichev on the dissertation work of
M.Sc. Eng. Chavdar Stavrev Georgiev on the topic: "Research and
optimization of mechanical structures with a sudden loss of stability” for
awarding the educational and scientific degree "doctor” in the professional
direction "5.1 Mechanical engineering” and scientific specialty "Dynamics,
strength and reliability of machines" , the devices, apparatus and systems"
scientific supervisors: Prof. D.Sc. Eng. Georgi Dimitrov Todorov,

assoc. prof. Ph.D. Eng Yavor Petrov Sofronov, Technical University of Sofia

1. Presented materials

The PhD student M.Sc. Eng. Chavdar Stavrev Georgiev is enrolled in a full-time
doctoral program at the Department of Theory of Mechanisms and Machines at the Faculty of
Industrial Technologies of the Technical University - Sofia. For the preparation of this review,
all documents necessary for the defense were received, including the dissertation, abstract,
copies of 5 publications on the dissertation, two patents, CV, copy of the Master's degree, etc.
2. Actuality of the problem developed in the dissertation work

My dissertation submitted for review is extremely topical because it focuses on an
important and contemporary issue in the field of virtual engineering and computer-aided design.
The thesis investigates mechanical structures that are subjected to compressive loads and are
prone to sudden loss of stability, based on the finite element method. The main focus is on the
development of new methods and approaches to optimally size and increase the stability of
these structures.

The introduced simulation models and methods for structural and topological
optimization allow solving complex industrial designs with a high degree of reliability. The use
of neural networks and artificial intelligence to predict simulation results without the need for
real analyses represents an innovative approach that further highlights the significance of the
research.

All this shows that the dissertation makes a contemporary and important contribution to
research and practical applications in engineering and computer-aided design, offering
solutions to improve the stability of mechanical structures.

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

The author demonstrates a thorough knowledge of the current state of the problem
related to the sudden loss of stability of mechanical structures. The dissertation incorporates
extensive references that cover both theoretical and practical aspects of the research topic. The
creative interpretation of the literature is evident through the application of modern numerical
analysis and structural optimization methods, as well as the integration of novel approaches
using neural networks and artificial intelligence. This interpretation not only confirms existing
theories but also contributes innovative solutions and methods to enhance the stability of
structures.
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These results give me reason to confidently assert that the PhD student has a fully
completed understanding of the current state of the problem, which allows him to develop the
logic of the concept developed in the dissertation for its solution in the right direction. All of
this is proof that the educational goal of the doctoral program has been successfully achieved
and is reflected in the dissertation in a definite way.

4. Compatibility of the chosen research methodology with the aim and objectives of the
dissertation

The chosen research methodology in the dissertation fully corresponds to the set goal
and objectives. The use of the finite element method and computational structural optimization
is an adequate tool concerning the specifics of the study of mechanical structures prone to
sudden loss of stability. The simulation models developed in this thesis allow optimization
under different optimality criteria and boundary conditions, which is in full accordance with
the set tasks. The inclusion of neural networks and artificial intelligence to predict simulation
results without real analyses further highlights the innovative approach and the relevance of the
methodology to the research objectives.

5. Brief analytical description of the nature and assessment of the reliability of the
material on which the contributions of the dissertation are built

Chapter one of the dissertation provides an extensive review of the problem of sudden
loss of resistance in thin-walled metal structures subjected to compressive loads. The
significance of stability and equilibrium state is investigated by defining the critical states and
forces leading to loss of stability. Different types of loaded structures and their responses to
compression are considered, including cases of buckling and bifurcation. Advanced computer-
aided design systems, virtual engineering methods and product life cycle management are
discussed, as well as the concept of the digital double. Chapter 1 also includes a detailed
description of the finite element method used to analyze and optimize structures, highlighting
its applicability and effectiveness in engineering practice.

Chapter two of the dissertation focuses on the specifics of the analytical approaches
and the study of stability loss with the finite element method (FEM). Different types of
simulations and analyses with FEM are described, including static, dynamic, thermal-
mechanical analysis and design optimization. The FEM simulation process is presented in
detail, with all steps from geometry data to postprocessing discussed. Special attention is given
to the validation of the accuracy of the calculations through classical examples such as Lee's
Frame Buckling. This chapter concludes with the development of simulation models to
investigate stability loss, comparing the results with real industrial samples.

Chapter Three of the dissertation is devoted to the study of structural optimization
approaches in virtual engineering. Different optimization methods are considered and each
method is analyzed in terms of advantages and disadvantages. This part describes the
mathematical formulation of the optimization problems and presents the process of integrating
the numerical model for structural analysis into the optimization algorithm. Special attention is
paid to nonparametric topological optimization, nonparametric shape optimization, and edge
optimization. Automation of the simulation process and parametric optimization are also
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discussed. The chapter concludes with conclusions that systematize the capabilities of various
software packages and optimization strategies to improve model stability.

Chapter four of the thesis is devoted to structural optimization of examples with loss
of stability. Various optimization cases are presented, including topological optimization of
planar elastic solids, optimization of a car chassis arm and a metal rail, as well as nonlinear
optimization of a traffic light pole and parametric optimization of a ribbed plate. Specific
optimization methods and software tools are used for each example, with the goal of reducing
the weight and increasing the stability of the structures. The results show a significant
improvement in the stability and efficiency of the optimized structures. The chapter concludes
with conclusions and a new classification methodology that can be used to solve complex
industrial designs.

Chapter five of the dissertation discusses the use of artificial intelligence (Al) and
machine learning (ML) in numerical simulations. An example of using neural networks to
generate simulation results for buckling and post buckling of a pipe is presented. The Long
Short-Term Memory (LSTM) method was used for data processing, and 16 training simulations
and 64 predictions were made. The results show a significant reduction in computation time
and minimal deviation from the actual simulations. The advantages of continuous machine
learning in adding new parameters and boundary values are investigated. The chapter ends with
conclusions that highlight the potential of Al and ML for fast and accurate simulation results.
6. Scientific and Applied Contributions of the Dissertation

I believe that the contributions are scientific and applied.

A. Hay4yHO-nIpHJI0KHU NPUHOCH

According to their nature, scientific and applied contributions fall into the following
methodological category:

Creation of new classifications, methods, approaches, algorithms, constructs, models,
etc..

1. A new methodology and classification for optimal dimensioning of structures and
details under compressive loads is developed, providing high reliability in solving complex
industrial projects.

2. An innovative method has been developed to predict simulation results under loss of
stability using neural networks and artificial intelligence, eliminating the need for real
specialized analyses.

3. Prediction methods using neural networks have been validated with the ability to
upgrade a trained algorithm (continuous learning), which increases accuracy and accelerates
convergence between predicted and simulated results.

b. Applied contributions

Category: Proof by new means of significant new aspects of already existing scientific
fields, problems, theories, hypotheses - Contributions 1 and 4.

Category: Creation of new classifications, methods, constructions, technologies -
Contributions 2 and 3

Category: Obtaining Confirmatory Evidence - Contribution 5
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7. Assessment of the degree of personal involvement of the dissertant in the contributions

I know the PhD student primarily from his scientific production, successfully
demonstrated at important scientific forums. On the other hand, I know very well one of the
scientific supervisors - Prof. D.Sc. Georgi Todorov. The high level of his work, professionalism
and methods of training doctoral students give me a reason to emphasize that the main ideas set
in the development of this work are an original contribution of the author.

8. Opinions, recommendations and comments

I have no substantive remarks to dispute the results and contributions in the materials
presented by M.Eng. Chavdar Georgiev. | would recommend extending the research to a wider
range of materials and structural elements. This would provide greater flexibility and
applicability of the proposed methods. Further experimental studies could be conducted to
validate the simulation models. This will increase confidence in the results and support the
theoretical conclusions with practical evidence.

9. Conclusion

In my opinion, the dissertation represents a complete scientific work with a marked
practical application. The material is well structured, clearly and clearly presented.

In conclusion, I can note that the dissertation fully complies with the requirements of
the Academic Staff Development Act in the Republic of Bulgaria and the Regulations for its
implementation. In view of the above, | propose to the Honourable Scientific Jury to award to
M.Eng. Chavdar Stavrev Georgiev the educational and scientific degree ""Doctor™ in the
professional field 5.1 Mechanical Engineering™ and scientific specialty "*Dynamics,
Strength and Reliability of Machines, Devices, Apparatus and Systems™’.

10.06.2024 Reviewer:
/ Prof. D.Sc. Dimitar Dichev /
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