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ABTOp Ha AucepTauroHHus TpyA: mar. nHx. Crepan Knpuinos Kpberes

Tema Ha JUCEpTAaLMOHHUA TPYA: N3caenBane XapakTepa Ha U3MEHEHHE HA HANIBKHHUTE yCHIIUS
BbB BJIAKOB ChCTaB B PEKHM Ha CIIHPaAHE

UsleH Ha HAy4HOTO Xypu: Aol. A-p HHK. CBeToc1aB Becennos MapTuHoB

1. AKTyaJIHOCT HA JHCEPTALHATA

TenaeHuMATa 32 yBeIMUaBaHe Ha Ab/JKMHATA M MacaTa Ha TOBAPHMTE BJIAKOBE € CTpATErus Ha
EBponeiickust Cbio3 3a MOBHLLIABAHE HAa eHepruifHaTa epeKTUBHOCT U HAMANISIBAHE HA BPEAHUTE EMHUCHH
oT Tpancnopt. EBponeiickiTe U3UCKBaHM 3a OCHTypsABaHE Ha 6€30MacHOCT Ha XKEJE30MbTHHTE NPEBO3HU
W 1leTa 32 HaMaJsiBaHe Ha OTJACNSHUTE EMUCUM HalaraTr yCbBbPLIEHCTBAHE HAa CMIUPAYHUTE CUCTEMU Ha
BaakoseTe. CriupayHUTE MPOLECH MPH JbJIrOCHCTABHUTE TOBAPHU BJIAKOBE M Bb3HMKBALUMTE MPH TAX
CHIM 1O JbJDKMHA HA BJAKOBMA CbCTaB Ca MPSKO CBbp3aHU ¢ 6€30MacHOCTTa M €PEKTHBHOCTTA HA
’Ke1e30MbTHUS TPaHCNopT. M3cienBaHeTo MM M03BOJsABA Aa ce N0400pu npoueca no ynpasjieHUe Ha
BJAaKOBUTE CriMpayHu cucteMd. ToBa ocurypsiBa M Bb3MOXHOCTH 32 BbBEX/aHE Ha WHOBATMBHH
TEXHOJIOTMM 3a MpPEHOC Ha JaHHW M aBTOMAaTU3MpaHE Ha Mpoleca Mo yNnpaBlIe€HUE Ha BJIAKOBOTO
nBvxeHre. KoMOMHMpAHETO Ha aHAJIMTHYEH M EKCNEPUMEHTAleH MOAXOJ MpH M3CIEABAaHE Ha
M3MEHEHMETO HAa HAMTLKHMTE YCHJIUMS BbB BJAKOB CbCTaB B PEXKUM Ha CHMpaHE OCUrypsABa BHCOKA
CTENeH Ha 3HaYMMOCT Ha MOCTABEHUTE B AMCEPTALMOHHHUS TPYA 3a/1a4H.

Ha Gasa Ha H3GPOEHOTO 0 TYK CUMTaM, Y€ pasriie[laHus B AMCEpPTALMOHHHUs TPYA npobiem e
aKTyaJleH U 10J1e3eH, KaKTO B HayUHO-NPUJIONKHO, TaKa U B MPHJI0KHO HaNpasJIeHHUE.

2. CreneH Ha NMO3HABaHE CHCTOSIHMETO HAa mpo0jeMa M TBOpPYECKA MHTepHpeTauus Ha
JIHTEpaTyPHHS MaTepHal

JlMcepTaLMOHHUAT TPy € ¢ 06eM 130 CTaHIapTHU CTPAHMLM M € CHCTEMATU3UPaH B 5 I71aBH, B
KouTO ca npeacraseHu 51 ¢urypu u 3 Tabnuuu. Pasrienanu u onucanu B 6ubaunorpadekara cripaBka
KbM TpyJa ca obuwo 142 M3TOYHKMKA, KOMTO MOFaT a ce KiacH(puuupar: Karo KHHIH, y4eOHULM U
HayuHu ny6aukauud — 130 6posi; KaTo HOPMATUBHH JIOKYMEHTH, PEeryialuu, CTaHAapTH U TeXHH1ECKa
JOKyMeHTauus — 12 6Gposi; Mo e3uka Ha KoiiTo ca Hanucanu — 90 Opos ca Ha aHIJIMHCKU e3uK, 12 Ha
Gbiarapcku e3vk v 40 6post Ha pycku e3uK. Upes mpersiefa Ha qMTepartypara € npeicTaBeH 0030p Ha
W3M10/13BaHKUTE NP TOBAPHUTE BJIAKOBE CIUPAuHN CUCTEMH M NPUHLMIA UM Ha paboTa. Pasrienanu ca
OCHOBHHUTE NapamMeTpH CBbp3aHH ¢ epeKTHBHOCTTA Ha paboTa Ha CNUPaYHUTE CHCTEMU. AHANH3UPAHU
ca METOAMTE 3a U3cie[BaHe Ha HAUThKHUTE CUJIM MPU JBHIKEHHE U CIIMPAHE HA BJIAKOBHUTE ChCTAaBH.
[pecTaBeHUAT UTEpaTYpeH 0030p U M3BbPLUEHHMS KPUTHUEH aHAJIM3 MOKa3BaT 3a1bJI00YEHH 3HAaHU
Ha JI0KTOPaHTa N0 u3cjieABaHus npobsieM. TBopueckara MHTEPNPETaLUs Ha IMTEPAaTy pHUS MaTepHar ce
u3passBa B ajanTHpaHe Ha ChLIECTBYBALIUTE TEOPETHYHM MOCTAHOBKH M TPHJIAraHeTo MM B
KOMGHHHMpaH, TEOPETUHHO-EKCTIEPUMEHTAIIEH, MOJXO/L Ha M3C/Ie/BaHe Ha podnema.

3. CLoTBeTCTBHE HA H30PAHATA METOAMKA HA M3C/elBaHe H MOCTABEHATA WeJ H 33/1aYH Ha
JAMCEPTALHOHHHS TPY/] ¢ MOCTHTHATHTE NPHHOCH

MeToauKara 3a U3cjeBaHe Ha HAUTbKHUTE CHJIM, Bb3HWKBALLM BbB BJIAaKOB ChCTaB MPH PEXKNM
Ha CMMpaHE, ChOTBETCTBA HA MOCTAaBEHATa Lie/l M 33/1a4i Ha AMCEPTalUHOHHUS TPY. 3a mocturaHe Ha



LeATa Ha JucepTalusTa, Cjie]l W3BbPLUEH aHalM3 Ha CbCTOSHMETO Ha ChIIECTBYBALIMA B Kareapa
,JKenezonbTHa TexHuKa Ha TexHuueckn yHuBepcuTeT - Codus CTeH/1 32 ra30AMHAMUYHO U3CIIE/IBAHE
Ha BJIAKOBM CIIMPA4YHH CUCTEMH, € U3BbPILEHA MOJEPHU3ALIMS HA U3MEpBATE/IHaTa CUCTEMA Ha CTCH/A.
PazpaGoTeH € MareMaTH4YecKd MOjeNl OTpa3sBalll MOBEJEHUETO Ha BJaKa B CMHUPAYEH PEKUM.
[MpenoKeHUTE OT JOKTOPaHTA HAYUHO-NPUII0KHY ¥ HHKEHEPHO-TPUJIOKHHM MPUHOCH CHOTBETCTBAT HA
onucaHaTa METOJAMKa M MOAXOJa Ha u3cieaABaHe M ca (GopMyaMpaHu B pe3yiTaT OT NPOBEACHMTE
13Ce1BaHHUs.

4. OCHOBHM NPHHOCH HA THCEPTALHOHHHS TPY/]

IIpuHocuTe ca 060CHOBaHH, ICHO HOPMY/IMPaHK W OTPa3siBaT CbLUECTBEHA YacT OT NPOBEACHUTE
W3CNeABaHMs M MOTaT Ja ce KiacuuLMpar Kato ,,HayuHO-TPUIOKHH™ U ,,IPUIIOIKHH " TPUHOCH.

Hay4Ho-npH/I0KHHTE NPHHOCH CE U3Pa3aBaT B pa3paboTBaHe U yChBbPIICHCTBAHE HA METOAMTE
M MOJX0/1a 3 M3C/IEABAHE HA CIMPAUHMTE CUJIM NPH TOBapHUTE BJIAKOBE M MOrar aa ce 0000LsT KaTo:

- Ch3JaBaHE HA METOAM 3a W3Cle[BaHe Ha HAJIbKHUTE CHJIM, Bb3HWUKBALUM B JIbJArOCHCTABHHU
TOBApHHU BJIAKOBE B CMIMPAYEH PEKUM;

- pa3paGoTBaHE M YCHBBPIUCHCTBAHE HA MOJENM 3a CHMYJHMpaHEe Ha MOBEIEHUETO Ha
JBJIrOCHCTABHU TOBAPHU BJIAKOBE B CIMPAYEH PEXKUM;

- OJlyyaBaHe Ha NOTBbPAUTENHHU GAKTH M BalMAMPAHE HA TEOPETUYHU MOJEIIN U PE3YNITaTH 4pes3
eKCIepUMEHTATHY U3CTIEABaHuM.

TpuJ10KHATE MPHHOCH €A CBbP3aHH C NMPAKTHYECKO MpUJlaraHe Ha yChbBbPIIEHCTBAHUS CTCHL U
MOJyYEeHUTE aHATMTHYHH M €KCMIEPUMEHTAIIHN PE3yNTaTH U MOrar jia ce o000LsT KaTo NPUHOCH 10
BHEJpABAHE HA METOAM M KOHCTPYKLMH 3a W3C/IE[BAHE Ha CIMPauyHUTE MPOLECH MpPU TOBAPHMTE
BaakoBe. [IpUI0KHITE MPUHOCH CE U3pa3aBaT B/BbB:

- MOJEpHM3allUsl, CbIIACHO CbBPEMEHHMTE EKCILIOATALlMOHHW ¥ HOPMATMBHM W3HCKBaHWS, Ha
CBLIECTBYBALL| CTEH/ 3a U3CJIEIBaHE Ha BJIAKOBHM CMIMPAYHU CUCTEMH;

- MOBMLIABAHE Ha NPELU3HOCTTA Ha PEe3yJITATUTE OT TEOPETHUHUTE MOJICJIH 32 MPAKTUYECKOTO UM
NpUIIOKEHUE 3@ MOAOOPSBaHE Ha KOHTPOJA Ha CIMPAHETO MpH YNpPaBlCHUE HA JBUXKEHUETO Ha
BJIAKOBETE B 3aBUCHMOCT OT apaMeTPU Ha ChCTaBa M XapaKTEPUCTHKK Ha MH(PACTPyKTypaTa;

- BbBEXK/1aHe Ha MHOBATMBHH TEXHOJIOTHH 32 MPEHOC Ha IaHHU 110 aBTOMATU3MpaHe Ha npoueca 3a
yNpaBJieHHE Ha BJIAKOBETE 3a NIOCTUraHe Ha ONepaTWBHA CbBMECTUMOCT U MOBUILABAHE HA KanauuTeTa
Ha JKeJIe30MbTHATa CUCTEMA,

- M3MOJI3BaHE HA MOJIEINTE U CTEH/A 3a NPOBEXK/IaHe Ha HaYYHU M3C/Ie/IBaHUs U 32 00yUYeHHe Ha
CTY/IEHTH U JJOKTOPAHTH.

CuuTaM, 4e AUCEpTalUITa € C MPUHOC KbM HayKaTa W NPaKTHKaTa, CBbP3aH C yCbBbPIICHCTBAHE
Ha METOAMTE U TEXHOJIOTMMUTE 3a U3C/IEIBAaHE HA CIIUPAYHMUTE MPOLECH NMPU TOBAPHUTE BJIAKOBE.

5. Ilpeuenka Ha NMyGIHKALMATE MO JHCEPTALHOHHMS TPYI

TpeactaBend ca 5 HaydHM MnyOiMKauMd MO AOKJaAM OT HaUMOHAIHHM KOH(epeHUHH ¢
MEeXLyHapoaHO yuacTHe. JlBe oT myGnukauuute ca uHaexcupand B Scopus. OcTaHaiuTte TpH
nyGnuKauuMu ca B pedepupaHd W3JaHMs C HAY4YHO PELEH3MpaHe WM B PENAKTUPaHW KOJNCKTHBHMU
Tpy/10Be BKIIoYeHU B HaunoHanHus pedepeHTeH CMChK Ha ChBPEMEHHH OBIrapCKu HayuHU H3AaHHs
C Hay4yHO peleH3upaHe. EjHaTa oT nyGnMKauuuTe € CaMOCTOSTE/NHA, a OCTAaHAIWTE 4eTHpH ca B
CHABTOPCTBO, KATO JJOKTOPAHTa € MbpBU CbaBTOP. KbM MOMEHTa Ha H3rOTBAHE HAa CTAHOBHILIETO, €/HATA
oT pa3paboTkuTe ,,IIpoyuBaHe OTHOCHO METOAMTE 3@ U3C/IE/IBAHE HA HA/UTBXKHATA INHAMKUKA Ha BIIAKOB
CbCTaB B PEXKHMM CrUpaHe™ He € MyOJMKyBaHa, KaTo € MPEeICTaBeH cepTudUKaT yAOCTOBEPABALL, Ye
cTaTusTa e npuera 3a mnybnukysaHe. OOeMBT M ChIBPKAHMETO Ha MyONMKAlMUTE OTpasiBa
CHIUIECTBEHUTE MOMEHTH OT AMCEPTAaUMOHHHMA TPyl, KOETO MOTBbPXKAABa PasMpOCTPAHCHHETO Ha
pe3yNTaTuTe OT M3cieaBaHusTa. He Mu € M3BECTHO MyOMMKaLMKMTE /1a Ca UIMTHPaHH OT pyrH aBTOpH.



He MM e WM3BECTHO Aa MMa MJarMatcTBO OT CTpaHa Ha JOKTOpPAaHTa B JIMCEPTALMOHHWA TPYI W
nyOAUKaLKMUTE MO HEro.

6. MHeHMs1, IPEenopbKU H OeJIeKKH

JlMcepTaLUMOHHHUST TP NPUTEKaBa TOrMUHa CTPYKTYpa. [IpeacTaBeHUTe U3CIICABaHM TT0Ka3BaT
3a1bN60YEHH MO3HAHMS Ha aBTOpa B pasriex/aaHaTa HayyHa obnact. IlpeacraBeHuTe HayYHU 1aHHU U
MOJIyYEHUTE PE3yITaTH ca J0CTOBEPHHU. ChLIECTBEH MOMEHT OT JIMCEPTALIMATA € YChBBPLICHCTBAHCTO
Ha ChLUECTBYBALLA METOMKA 33 EKCTIEPUMEHTAIIHO U3C/IE/IBAHE HA OCHOBHH NapaMeTpH Ha CrimpatiHala
cucrema Ha BiakoBere. CuMmTam, ye B paspaborkara e TpiOBalo aa ce OTOENEeKHM 10-00CTOHHO
3HAYUMOCTTA Ha MOJIyYEHUTE EKCMEPUMEHTAJIHW pPEe3yaTaTh W posidTa UM TpH [POBEXKIAAHE Ha
u3cnensaHero. Kato TexHuuecka 3a0enexka Mora fna Irocoya pasjiMuusTa npu OTpassBaHe Ha
W3MON3BAHMTE M3TOYHHLM B Oubnuorpadcekara crpaska. [IpemopbuBam Ha aBTopa ja 3albiO04u
W3c/ieqBaHUATA B 001aCTTa Ha AMCEPTALMSTA U 1a Ce CTPEMHU /1 IyOJIMKYBa B W3 1aHUS ¢ BUCOK HMIIAKT
daKTop U UMNAKT paHr.

7. 3aka0uenune

B 3akiioueHue, MpeACTaBEHUST AMCEpPTALMOHEH Tpyad Ha Tema ,M3cienBaHe xapakrepa Ha
W3MEHEHME Ha HaJIbXKHMTE YCHIIMS BbB BJAKOB CbCTAB B PEXKMM Ha CHMpaHC” CbOTBETCTBA Ha
W3MCKBAHMATA Ha 3aKOHA 3a Pa3BUTHETO Ha aKajeMuuHus cheTaB B Penybaunka buirapus, Hpasuinnka
3a HeroBoTo npunaraHe v [paBuiHKMKA 32 YCIIOBUATA M pe/la 3a NPUAOOHBAHE HA HAYUHW CTEHCHH B
Texuuuecku yuusepcuter — Codus. [locTurHatute HayYHO-NPUIOKHU M TPUIIOKHM NPUHOCH W
Hay4yHUTE MyOGAMKALMH N0 AMCEpTaLMsATa Ca OCHOBAHHE 32 M0JI0XKHMTEHA OLEHKa Ha Tpy.a. Bb3 ochosa
Ha ToBa, npejiaraMm, Hay4HoTo >xypu Aa npuchbau obpaszoBaresiHaTa W Hay4dHa CTENCH ,JIOKTOP™ 110
HayuHa crieuuanHocT ,J1oABUIKEH XKeae30MbTeH CbCTAaB M TEIJIMTENHA CHJA HA BJIAKOBETE” B
npodecuoHanto Harpasnexue 5.5. Tpancnopt, kopabonnaBaHe ¥ aBUalWs Ha mar. MHXK. Credan
Kupusios KpbeTes.

Codus,
18.05.2026 .
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SCIENTIFIC OPINION
on the dissertation for the acquisition of the educational and scientific degree of ,,Doctor*

Author of the dissertation: Eng. Stefan Kirilov Krustev, MSc
Title of the dissertation: Investigation of the Variation in Longitudinal Train Forces During Braking

Member of the scientific jury: Assoc. Prof. Eng. Svetoslav Veselinov Martinov, PhD

1. Relevance of the Dissertation Topic

The trend of increasing the length and gross mass of freight trains is a strategy of the European
Union for improvement of energy efficiency and reducing harmful emissions from transport. The
European requirements for ensuring safety of the rail transport and the goal of reduce the emissions
impose improvement of the train braking systems. Braking processes at the long freight trains and the
longitudinal forces that are emerged along the train length are directly related to the safety and efficiency
of the rail transport. Their study allows to be improved the process of control of the train braking systems.
That also offers opportunities to utilize innovative data transfer technologies and automate train traffic
control processes. Combining an analytical and experimental approach to study longitudinal forces in a
train set during braking ensures a high degree of significance of the research objectives of the
dissertation.

Based on the above, I consider the problem discussed in the dissertation to be relevant and useful
from both a theoretical and a practical perspective.

2. Degree of Knowledge of the State of the Problem and Creative Interpretation of the
Literary Material

The dissertation comprises 130 standard pages, structured into 5 chapters, and includes 51 figures
and 3 tables. The bibliography references a total of 142 sources, which include 130 books, textbooks,
and scientific publications, alongside 12 regulatory documents, standards, and technical papers. In terms
of language distribution, 90 sources are in English, 12 in Bulgarian, and 40 in Russian.

The literature review presents the braking systems used in freight trains and explains their
operating principles. The primary parameters that influence braking efficiency are analysed.
Furthermore, methodologies for investigating longitudinal forces during train movement and braking
are evaluated. This comprehensive literature review and critical analysis demonstrate the doctoral
candidate's profound understanding of the research problem. The creative interpretation of the scientific
literature is reflected in the adaptation of established theoretical concepts and their integration into a
combined theoretical-experimental approach to the study.

3. Correspondence of the Chosen Research Methodology and the Set Goal and Objectives of
the Dissertation with the Achieved Contributions

The methodology for studying the longitudinal forces arising in a train set during braking
corresponds to the set goal and objectives of the dissertation. To achieve the goal of the dissertation,
after an analysis of the status and capabilities of the existing experimental setup for gas-dynamic research
of train braking systems at the Department of Railway Engineering of the Technical University of Sofia,
the doctoral candidate modernized the test rig and its measurement system. Furthermore, a mathematical
model simulating the train's dynamic behavior during braking was developed. The scientific-applied and
engineering-applied contributions proposed in the dissertation are formulated as a result of the conducted
research and directly correspond to the described methodology and research approach.
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4. Main Contributions of the Dissertation

The contributions are justified, clearly formulated, reflect a substantial part of the conducted
research, and can be classified as "scientific-applied" and "applied".

The scientific-applied contributions are expressed in the improvement of the methods and
approaches for analyzing the braking forces in freight trains and can be summarized as:

- Creation of methods for studying the longitudinal forces arising in long freight trains during
braking

- Development and improvement of models to simulate the behavior of long freight trains in
braking mode

- Obtaining confirmatory facts to validate theoretical models and research results through
experimental studies.

The applied contributions related to the practical application of the modernized test rig and the
obtained analytical and experimental results can be summarized as contributions toward the
implementation of methodologies and devices for studying braking processes in freight trains. The
applied contributions are expressed as follows:

- Modernization of the existing train braking test rig according to actual operational and normative
requirements

- Enhancement of the precision of the results obtained through theoretical models and their
practical application to improve braking control in train movement, depending on the parameters of the
train set and rail infrastructure characteristics

- Introducing innovative data transfer technologies to automate the train control process to achieve
interoperability and increase railway system capacity

- Utilization of the developed models and modernized test rig for conducting scientific research
and training undergraduate and doctoral students.

I consider that the dissertation represents a contribution to science and practice related to
improving the methods and technologies for studying braking processes in freight trains.

5. Evaluation of the Publications Related to the Dissertation

The doctoral candidate has presented 5 scientific publications from reports at national conferences
with international participation. Among these, two papers are indexed in the Scopus database. The
remaining three are published in peer-reviewed journals or edited collective volumes included in the
National Reference List of Contemporary Bulgarian Scientific Publications with Scientific Review. In
terms of authorship, one publication is sole-authored, while the other four are co-authored, featuring the
doctoral student as the first author. At the time of preparing the scientific opinion, one of the papers
"Study about methods for investigating the longitudinal train dynamics in braking mode" has not yet
been published, and a certificate has been submitted certifying that the article has been accepted for
publication.

The overall volume and content of these publications accurately reflect the core findings of the
dissertation, thereby confirming the successful dissemination of the research results. There are no
registered citations of these publications by other authors. Furthermore, no instances of plagiarism have
been identified within the dissertation or its associated publications.

6. Comments, Recommendations and Critical Notes

The dissertation has a logical structure. The presented research shows the author's in-depth
knowledge in the scientific field under consideration. The presented scientific data and the obtained
results are credible. An essential point of the dissertation is the improvement of an existing methodology
for experimental research of basic parameters of the trains’ braking system. I consider that the
significance of the obtained experimental results and their role in conducting the research should have
been noted in more detail in the dissertation. As a technical remark, I can point out the differences in



bibliographic formatting. I recommend that the author continue the research in the field of the
dissertation and strive to publish future findings in peer-reviewed journals with a high impact factor and
impact rank.

7. Conclusion

I conclude that the presented dissertation "Investigation of the variation in longitudinal train forces
during braking" complies with the requirements of the Development of the Academic Staff in the
Republic of Bulgaria Act, the Regulations for its implementation and the Regulations on the Terms and
Procedures for Acquiring Scientific Degrees at the Technical University of Sofia. The achieved
scientific-applied and applied contributions and the scientific publications on the dissertation are
grounds for a positive assessment of the work. On this basis, I propose that the Scientific Jury award the
educational and scientific degree of "Doctor" in the scientific specialty "Rolling Stock and Traction of
Trains" in the professional field 5.5. Transport, Navigation and Aviation to M.Eng. Stefan Kirilov
Krustev.

Sofia, Member of the Scientific Jury: [~ 22
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