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ABTOp Ha qucepTanuoHHUs Tpya: Mmar. HHK. Credan Kupnios Kpneres
Tema na qucepranuonnus tpya: ,,U3CJIEJABAHE XAPAKTEPA HA U3MEHEHUE HA
HAJUITBKHUTE YCUINS BbB BJIAKOB CbCTAB B PEXKUM HA CITUPAHE*

Hayuynu psxoBoauTe/n: gou. A-p nHx. Kupuia Beqakos u gou. a-p unzk. Cerocias Ciiapyen

OcHoBaHue 3a MpeJCTaBsHE HAa CTAHOBMIIETO: YYacTHE B ChCTaBA HA HAYUHOTO JKYPH IO
3alMTa Ha JUCEPTAlMOHHUS TpyJ, CbIvlacHO 3aroBea Ha Pextopa Ha TY NeOX-5.5-06 or
12.03.2026r.

1. Nudopmanus 3a qucepranra

Mar. umx. Credan KpbcreB e 3auuciieH Karo peqoBeH JOKTOpaHT no Hayuna
crienuanHocT: ,,[IoABM)KEH JKeIe30NMbTeH ChCTaB M TErVIMTENHA CHJla Ha BJIAKOBETE™ KbM
Katenpa ., KenesombTHa TexHHKa™“ Ha DakyyiTeT 1O TpaHCHOpPTA. YCHEIIHO € H3ITbJIHUII
3aJlauTe 110 WHAUBUIY ATHHUST yueOeH TUIaH.

2. XapakTepucTHKA HA JHCEPTALHOHHHUS TPY/I.

JlucepTariMOHHUSIT TP € IIOCBETEH Ha U3CJIe/IBAHE XapaKTepa Ha M3MEHEHHE Ha Ha/TbKHHUTE
YCHJIUSI BBB BJIAKOB ChCTaB B PEXKUM Ha CIIMpaHe, KOETO MPaBU M3CIIEIBAHETO aKTYaTHO U 3HAYUMO,
KaKTO 3a TEOPHUSTA, TaKa U 3a MPaKTHKAaTa.

JlucepTaroHHUSAT TPy € pazpadboteH B 00em ot 130 cTpaHuIy, KaTto BKIIOYUBA YBOJI, S TIIaBU
3a pemiaBaHe Ha (hOPMYJIMpaHUTE OCHOBHH 3aJlaud, CIIUCHK HA OCHOBHHUTE IMPUHOCH, CIIUCHK Ha
Iy OJIMKAMUTE 110 AMCEpTALUATA U U3II0J13BaHa uteparypa. [lutupanu ca obiio 142 nureparypHu
W3TOYHHIIY, KaTo 91 ca Ha marunuua U 51 Ha kupwmMna. JlnteparypHuTe U3TOYHUIM Ca KOPEKTHO
[IUTUpaHU B TekcTa. ToBa Mmoka3Ba BUCOKA HHPOPMHUPAHOCT U NMPOQeCHOHATHA KOMIIETEHTHOCT Ha
JIOKTOpaHTA 110 M3cieiBaHara npodiemaruka. JlucepTaluoHHUsT TPy, BKIIIOUYBa 001110 51 ¢urypu u
3 Tabiurm.



3a nocTUraHe Ha IOCTaBeHaTa Iejl, KaKTo M 3a pelllaBaHe Ha CBbP3aHUTE C Hesl KOHKPETHH
3a/1a4M B AMCEPTALMOHHMS TPy Ca U3MOJI3BAHH OOIIOHAYYHUTE METO/IH 3a Hay YHH U3ClieBaHusl. Bb3
OCHOBA Ha U3BBPIIEHUTE U3CIICIBAHMS, QHATU3U U CpaBHEHUSI ca (PopMyJTUpaHu 0000IIEH s, H3BO/IH
H TIPETIOPBKH.

3a Hy)KIUTEe Ha U3CIIEBAHETO B AUCEPTALMOHHUS TPY Ca aHATM3UPAHU pa3ropeionTe
Ha JeicTBaIUTe 3aKOHH, Hape10H, IPaBUJIHUIM U IPYTH HOPMATHBHU aKTOBE U ¢a U3I0JI3BAHN
MHOXKE€CTBO HMH(MOPMAIIMOHHM HM3TOYHUIM BKJIIOYBAINM OBJrapcka W YyXKjecTpaHHa
JauTeparypa.

llenta Ha nucepTalMOHHUS TpyH € Ha 0a3a pe3yiTarH, MOJyYeHH OT TPOBEICHUTE
71a00paTOpHU U3MMUTBAHUS 32 YCTAHOBSIBAHE HA Pa3BUTHETO HA CTUPAYHUTE CHUJTH 110 JIbJDKHHATA
Ha BJIAKOBHS CbCTaB U BbB (DYHKIIMS HA BPEMETO, U Upe3 U300p Ha MOAXO/IIIIT MaTeMaTHye CKH
MOJIEJT 1a C€ HaIlpaBH M3CJI€/IBaHE HA HAUTHKHOTO MY TOBEJICHUE B CHOTBETHHS PEIKUM.

[TocTaBenu ca meT OCHOBHH 3a/1aul, KOMTO Ce pelliaBaT MOC/IeI0BATE/THO B OT/ICITHHUTE TIaBH
Ha Tpyza. JloOpe ca onpenienienn o0eKTa U IpemMeTa Ha JIMCEePTAIMOHHHUS TPY/I.

B nepBa ri1aBa e u3BBpIIEH € U3BbPILEH 0030p Ha U3C/EABAHUSTA CBBP3aHH C HA/LTHKHUTE
YCHJIMS BB BJIAKOB ChCTaB B PEXKUM ciMpaHe. B jmrteparypHus 0030p ca aHAIM3HPAaHH OCHOBHHTE
BH/IOBE BJIIAKOBH CITUPAYHH CUCTEMH, TEXHUTE XapaKTEPUCTUKHU U U3MEPUTEITH Ha €(DEKTUBHOCTTA HM.
V3BBbpIIIeH € aHaM3 ¥ Ha OCHOBHHUTE METO/IM 3a M3CIIe[BAaHE HA HAJUTHKHUTE CHJIA Ha BJIAKOB ChCTaB
B PEXKUM CITUpaHe, MPH KOETO € YCTaHOBEHO, Y€ CHIIECTBYBA €IMHEH ITOIX0/T 38 U3CIIE/IBAHETO HM.

BbB BTOpa I1aBa € mpesicTaBeHO MOJEpPHU3MpaHe Ha W3MepuTeNHata cucrema. llenra Ha
MOJIEpHU3AIIMSATA € J1a CE OCUTYPH U3II0JI3BaHE Ha ChBPEMEHHH U3MEPBATE/THU CPE/ICTBA U BUPTYaJleH
MHCTPYMEHT Tpu oOpa0oTBaHE Ha JIaHHWTE, Ja Ce MOBHIIM TOYHOCTTA IPU M3MEpBaHE U Jia ce
rapaHTApa HaJISKIHOCT ¥ YCTOMUMBOCT HAa CHEMAHUTE TTapaMETPH.

Tpera rnaBa MMa CBOETO MPAKTHYECKO IPWIOKEHHWE M € CBbp3aHa € MOJEMpaHe Ha
XapaKTepUCTUKUTE Ha TEMIMYHOOTOMBAYHHTE CHOPBKEHUS. CbCTaBeHHM ca udepeHIraiiu
YpaBHEHHs 38 BCEKH BaroH OT BJIAKOBHS ChCTaB. V3BBpIIEH € aHaM3 Ha TIOBEJACHUETO Ha BIIAKa B
HaJUTH)KHA TIOCOKA MPH Pa3JIMYHUTE EKCIUIOATAIIMOHHH TTapaMeTpu. PazpaboTeHu ca cuMyJialliOHHH
MOJIEJH.

B uerBbpTa I71aBa € pazpaboTeH MaTeMaTH4YecKd MOJEN, KOHTO ONMUCcBa IOBEJAECHHETO Ha
BJIAKOB CHCTaB M BB3HUKBAIIUTE HATHKHU CUIM MPU ABM)KEHUETO MY B CIIMpavyeH PeXUM, KaTo e
u3ros3BaHa nojporpamara Simulink zHa codryepa MatLab. M3rpagenust Mozen ce ¢beTou oT 44
BaroHa, KOETO Ce pa3jituaBa 3HAYUTEITHO OT U3IOJI3BAHUAT 32 OCHOBA TPHMACOB MOJIEI, pasrJie/laHu
B JIUTEpATypHUsI 0030p. YBeIn4aBaHeTo Ha Opost Ha MacHTe B MOJIENa UMa 3a 11eJT JIa e MOCTUTHAT
MaKCHMAJTHO TOYHH Pe3yJITaTH, ChOTBETCTBAIIM Ha [MOBEJICHUETO Ha EKBUBAJICHTEH PEaJieH BIIAKOB
cveraB. CrielT aHaM3a U ChOTBETHO MOJICIMPAHETO HA BCHYKU CHITH, KOMTO OKa3BaT BIMSHUE BBPXY
BJIAKOBUSI ChCTAB € U3BBPIIEHO 00eTMHSIBAHE HA BCUYKU MOJICITH.

B mera maBa ca MpeACTaBeHH PEe3yJITaTHTE OT M3YUCIICHUSITA, KOUTO Ca W3BBPIICHH 32
pa3myHKUTe (HAKTOPH, OKa3BAllM BIMSIHUE BBPXY HAJUTHKHUTE CHIIM 3a pasfiiyeH Opoil BaroHu B
ChCTaBa Ha BJIAKa; 3a pa3IMyeH Pe)KUM Ha paboTa Ha ClipayHaTa CUCTeMa; 3a pa3/IMyHH MTO3UIIMH Ha
KpaH-MalllMHUCTA; 3a pa3JInyeH Mpoduil Ha IBTS; 3a pa3/iMyHa Maca Ha BaroHUTE; 3a HaJIWYUe Ha
BAaroHH C W30JIMPAHH CITUPAUKH.



(Dopmymdparm Ca OCHOBHH aBTOPOBHU U3BOJIA, KOUTO OTpa3ABaT LAJIOCTHATA KOHIICITIIN
Ha aBTOPOBHJA ITOJAXOX KBM aKTyalHaTa U CbBPEMEHHA U3CJIEA0BATECIICKa np06nemaTMKa.
He e 3a0ens3ano miaruarcTso B AUCCPTATUOHHUSA TPY .

4. HayuyHu u/m/ju Hay4HONPHIIOKHU MPHHOCH HA THCEPTALMOHHHSA TPY /L

B nucepTallioHHUST TPy SICHO C€ OTKPOSIBAT OCTUTHATHTE HAYUYHO-TEOPETUYHU U HAY YHO-
MPUJIOKHA pE3yJITaTH, KOWUTO JIONPUHACAT 3a M3CJe/IBaHE Ha MpPOIECUTe Ha pa3BUTHE Ha
HaJUTB)XHUTE CHUJIM BBB (YHKIMS HA BPEMETO M PA3BUTUETO Ha CIHMPAYHUTE IPOILECH I10
JIbJDKMHATA Ha BIAKOBUS ¢hCTaB. OT MOJIyYeHUTE Pe3yJITaTH € Mpe/UIoKeH JIMHAMUYEeH MOJIE]
Ha BJIAKOB ChCTaB, cbeTOSL] ce OT 44 BaroHa, KOWTO Mpe/ICTaBs MAaKCUMaJHO TOYHO
MOBEJICHUETO MYy IPH Pa3IMYHU CKOPOCTH Ha JIB)KEHHUE, Pa3JIMUYHU XapaKTePHUCTUKH Ha
JKEJIe3HHUs BT U Pa3IUYHHM CTPATEeTUH 3a yIpaBleHHe Ha ciupadHuTe cuctemu. [lomyuenure
pe3yitaTd OT IUCEPTALMOHHHS TPYJ OTHOCHO DPa3BHUTHETO HA CIIMpPAYHUTE IPOLECH BbB
(GYHKIMS Ha BpEMETO M BapuallMsTa Ha Ha/UTbKHUTE CUJIM ca PUJIOKUMHU [IPU PelIaBaHeTo Ha
CIHMpaYHHU 3a7audl ¢ LeJ MoJo0psBaHe Ha XOJOBOAMHAMHYHHUTE KauyecTBa Ha H3CJIE/BaHMs
MIOJIBUXKEH CHCTAaB.

[Tpuemam npencTaBeHUTE OT aBTOpA IPUHOCH B IUCEPTALIMOHHUS TPY /I 32 000CHOBAHU
¥ OCHOBATEJIHHU.

5. lIpenenka Ha mMyOJHMKALMATE 110 AUCEPTALMOHHHS TPY/

[lo nucepTallMOHHUAT TPYJ ca MNpPEeACTaBEeHH IEeT MyONUKaIlMK, KaTo €IHa OT TAX €
camocTosTeIHa. EquH oKIaa e myOiIuKyBaH B MHAEKCHUPAHO U3/1aHUE B CBETOBHOM3BECTHATA
6aza nanau SCOPUS, a ocrananute yetupu Opost B pedepupanu uzjaanus. B Tsx ca orpazenu
OCHOBHH MOMEHTH OT M3CJICJIBAHETO U PE3yJITaTUTE OT AUCEPTAIIMOHHUS TPy 1. ABTOpedepaTbT
Ha JucepranusaTa ¢ pa3pabOoTeH CBITIACHO H3UCKBAHUATA MU JOCTAThYHO IBJIHO U TOYHO
OTpassiBa HalpaBeHUTe H3cienBaHus U pa3paborku. CTpykTypara My OTroBapsi Ha
ChAbPXKAHHETO Ha aucepranusTa. OTpaseHH ca OCHOBHHUTE MOMEHTH U HPUHOCHTE OT
pazpaboTeHaTa JucepTalus.

6. MHeHusI, IPeNnOPbKH H 0e/1eKKH.
JIucepTallMOHHUAT TPYJ IPEJICTABIsIBA CAMOCTOSITEIHO, 3aIbJIOOYEHO U IAJIOCTHO

pa3paboTeHO HAy4YHO H3Cje[BaHe, ochlIecTBeHO oT jokTopaHTa Credan Kpwcres. B Hero
10CJIeI0BATENIHO U apryYMEHTHPAHO € M3ITbJIHEHA OCHOBHATA M3CJIe0BATEIICKA 11ell.

Kato mpemopbka KbM JIOKTOpaHTa OHMX IOCOYMJI BB3MOXKHOCTTA 3a ObAeLIO
MPUJIOKEHHE Ha pe3ysITaTUTe OT HaydHaTa pa3paboTka ¥ OBJeNio Mo-aKTHBHO ydacTHE Ha
HaydyHH MEXKIyHApOAHH (OPYMH, C 1€ 3ano3HaBaHe Ha OOIIHOCTTa C HalpaBEHUTE
U3CJIe/IBAHUS U TIOJyUEHUTE Pe3yITaTH.

3AK/IIOYEHHUE

JIMcepTalMOHHUAT TpPYZ JEMOHCTpHpA Hay4Ha 3psUIOCT, AaKTYalHOCT M IIpaKTHYecKa
3gaunMocT. [IpuTekaBa Oe3CIOPHH HAYYHHU JIOCTOMHCTBA M JIEMOHCTpUPA 3aIbjI00ueHa paboTa 1o
u3cieBaHaTa mpodneMaruka. Ha ocHOBaTa Ha NMOCTUTHATUTE PE3yITaTH B JAMCEPTALMOHHUS
TPy MpeaaraM cieIHOTO:



1. JlucepTallMOHHUAT TPYH IO CBOSATA CTPYKTypa, 00eM M ChAbpIKAHHE OTroBaps Ha
BCHYKH M3MCKBAHM Ha 3aKOHA 3a pa3BUTHE Ha aKkaJleMUYHHs chCTaB B PenyOnnka brirapus.

2. [MocTurHary ca ycreurHo NoCTaBeHUTE 1€l ¥ 3a1a4M OT JOKTOPAHTa.

3. I3BbplleHUAT aHAIU3 € 3aAbJI00YEH, IPUAPYIKEH € ¢ rpadUKH, 1MarpaMu. TadJnIiu.
M3BOJIM M € U3sBEHA JIMUHA MTO3ULIMS M OLIEHKA Ha aBTopa.

4. ABTopedeparbT M HayYHHUTE IPUHOCH ca 0000IIEHHE HA HAYYHHUTE MOCTHIKCHHS Ha
JIOKTOpAHTA.

5. IlonoxxuTeaHaTa OLlEHKA M Hay4YHUS MOTEHLHAI, KOWTO MOKa3Ba JIOKTOpaHTa JaBaT
OCHOBaHHE ¢ yOeIeHOCT Ja rilacyBaM IOJIOXKHTENHO 3a NMpUCHXKAaHe Ha mar. nHxk. Credan
Kpbcres obpaszoBarenHara 4 Hay4Ha creneH ,,Jlokrop” no Hayuna cnieumannoct: . Iloasusicen
JKEJIe30IIbTEH CHCTAB M TETJIMTENIHA CHJla Ha BiakoseTe™, B OOnacT Ha BUCIIETO 0OpazoBaHue
5 ,.Texuuuecku Hayku“, [Ipodecnonanno Hamnpasienue 5.5 ,/Tpancrnopr. kopaboriaBane

aBUaLus’.
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“TODOR KABLESHKOV”
UNIVERSITY OF TRANSPORT

158 Geo Milev Str, 1574 Sofia, Bulgaria e-mail: office@vtu.bg

OPINION

By Prof. Eng. Krasimir Todorov Krastanov, PhD

on a dissertation for the acquisition of the educational and scientific degree of '""Doctor",
Field of higher education: 5. "Technical Sciences', Professional field: 5.5 "Transport,
shipping and aviation", Scientific specialty: '""Rolling stock and traction force of trains"

Author of the dissertation: Mag. eng. Stefan Kirilov Krastev

Topic of the dissertation: "STUDY OF THE NATURE OF CHANGE OF THE
RELEVANT EFFORTS IN A TRAIN COMPOSITION IN BRAKING MODE"
Scientific supervisors: Assoc. prof. eng. Kiril Velkov, PhD and Assoc. prof. eng. Svetoslav
Slavchev, PhD

Reason for submitting the opinion: participation in the scientific jury for the defense of the
dissertation, according to order of the Rector of TU No. OX-5.5-06 of 12.03.2026.

1. Information about the doctoral candidate.

Mag. eng. Stefan Krastev is enrolled as a full-time doctoral student in the Scientific
specialty: "Rolling stock and traction force of trains" at the Department of "Railway
Engineering" of the Faculty of Transport. He has successfully completed the tasks according to
the individual curriculum.

2. Characteristics of the dissertation work.

The dissertation is dedicated to studying the nature of the change in longitudinal forces in a
train set in a braking mode, which makes the study relevant and significant, both for theory and practice.
The dissertation is developed in a volume of 130 pages, including an introduction, 5 chapters for
solving the formulated main tasks, a list of the main contributions, a list of publications on the
dissertation and used literature. A total of 142 literary sources are cited, of which 91 are in Latin and
51 in Cyrillic. The literary sources are correctly cited in the text. This shows a high level of awareness
and professional competence of the doctoral student on the researched issues. The dissertation includes
atotal of 51 figures and 3 tables.

To achieve the set goal, as well as to solve the specific tasks related to it, general scientific
methods for scientific research were used in the dissertation. Based on the conducted reseérch, analyses
and comparisons, generalizations, conclusions and recommendations were formulated.

For the needs of the research in the dissertation, the provisions of the current laws, regulations,
rules and other normative acts have been analyzed and numerous information sources including
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Bulgarian and foreign literature have been used. The aim of the dissertation is to conduct a study of its
longitudinal behavior in the respective mode, based on the results obtained from the laboratory tests
conducted to establish the development of braking forces along the length of the train set and as a
function of time, and by choosing an appropriate mathematical model.

Five main tasks have been set, which are solved sequentially in the individual chapters of the
work. The object and subject of the dissertation are well defined.

In the first chapter, a review of the research related to the longitudinal efforts in the train set in the
braking mode has been carried out. The literature review has analyzed the main types of train braking
systems, their characteristics and measures of their effectiveness.

An analysis of the main methods for studying the longitudinal forces of a train set in braking

mode was also carried out, and it was established that there is a unified approach to their study.
In the second chapter, the modernization of the measuring system is presented. The purpose of the
modernization is to ensure the use of modern measuring equipment and a virtual instrument in data
processing, to increase the accuracy of measurement and to guarantee the reliability and stability of the
measured parameters.

The third chapter has its practical application and is related to modeling the characteristics of
traction devices. Differential equations have been compiled for each wagon of the train set. An analysis
of the train's behavior in the longitudinal direction under different operational parameters has been
carried out. Simulation models have been developed.

In the fourth chapter, a mathematical model has been developed that describes the behavior of
a train set and the longitudinal forces arising during its movement in braking mode, using the Simulink
subprogram of the MatLab software. The constructed model consists of 44 wagons, which differs
significantly from the three-mass model used as a basis, considered in the literature review. Increasing
the number of masses in the model aims to achieve the most accurate results, corresponding to the
behavior of an equivalent real train set. After the analysis and, accordingly, modeling of all forces that
influence the train set, all models were merged.

The fifth chapter presents the results of the calculations that were performed for the various
factors that influence the longitudinal forces for a different number of wagons in the train set; for
different operating modes of the braking system; for different positions of the crane driver; for different
road profiles; for different mass of the wagons; for the presence of wagons with isolated brakes.

The author's main conclusions are formulated, which reflect the overall concept of the author's
approach to current and contemporary research issues.

No plagiarism has been noticed in the dissertation work.

3. Scientific and/or applied scientific contributions of the dissertation work.

The dissertation clearly highlights the achieved scientific-theoretical and scientific-applied
results, which contribute to the study of the processes of development of longitudinal forces as a
function of time and the development of braking processes along the length of the train set. From the
obtained results, a dynamic model of a train set consisting of 44 wagons is proposed, which represents
its behavior as accurately as possible at different speeds, different characteristics of the railway track
and different strategies for controlling the braking systems. The results obtained from the dissertation
on the development of braking processes as a function of time and the variation of longitudinal forces



are applicable in solving braking problems in order to improve the hydrodynamic qualities of the
studied rolling stock.

I accept the contributions presented by the author in the dissertation as justified and well-
founded.

4. Assessment of dissertation publications.

Five publications have been presented on the dissertation, one of which is independent.
One report has been published in an indexed edition in the world-famous SCOPUS database.
and the remaining four issues in refereed editions. They reflect the main points of the research
and the results of the dissertation. The dissertation abstract has been developed in accordance
with the requirements and sufficiently fully and accurately reflects the research and
developments carried out. Its structure corresponds to the content of the dissertation. The main
points and contributions of the developed dissertation are reflected.

5. Opinions, recommendations and notes.

The dissertation represents an independent, in-depth and comprehensively developed
scientific research, carried out by the mag. eng. Stefan Krastev. In it, the main research goal is
consistently and reasonedly fulfilled.

As a recommendation to the doctoral student, I would point out the possibility of futurc
application of the results of the scientific work and future more active participation in
international scientific forums, in order to familiarize the community with the research

conducted and the results obtained.

CONCLUSION

The dissertation demonstrates scientific maturity, relevance and practical significance. It has
undeniable scientific merit and demonstrates in-depth work on the researched issues. Based on the
results achieved in the dissertation, I propose the following:

1. The dissertation, in its structure, volume and content, meets all the requirements of the Act
on the Development of the Academic Staff in the Republic of Bulgaria.

2. The goals and tasks set by the doctoral student have been successfully achieved.

3. The analysis performed is in-depth, accompanied by graphs, diagrams, tables, conclusions
and a personal position and assessment of the author is expressed.

4. The abstract and scientific contributions are a summary of the doctoral student's scientific
achievements.

5. The positive assessment and the scientific potential shown by the doctoral student give
reason to vote positively with conviction for the award of the mag. eng. Stefan Krastev the educational
and scientific degree "PhD" in the Scientific specialty: "Rolling stock and traction force of trains". 1
the Field of Higher Education 5 "Technical Sciences", Professional Direction 5.5 ”TI&I’Iprl‘l Shlppmﬂ

and Aviation". ; \
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