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Y Review on the PhD thesis submitted by Maxat Orunbekov with the
| title “Development of an optimal model for the safe control and :zeZ?E::ém e
} management of train traffic (Mo#biaaap Kosfanbicbin perTeyai " UnsiiZeichan
| KOOPAMHATaNbIK TACIIMEH YiHbIMAACTBIPYAbIH, OHTaAbI KaHe Unsere Nachricht vom
Kayincia mogeniH »acay)”
Scientific relevance of the topic
Due to its location in Central Asia, Kazakhstan plays a central role in the
realization of the major New Silk Road project. A significant section of
the crucial railway corridor between China and Western Europe passes
———

through Kazakhstan. The forecast volume of container trains requires a
significant increase in the performance of this important rail connec-
tion. Today the route is predominantly single-track and is equipped
with outdated control and safety systems. A concept is therefore ur-
gently needed to equip this route with modern systems for controlling
and securing train traffic, with which the required increase in perfor-

mance can be achieved in an operationally and economically optimal
form.

Mr. Orunbekov has now set himself the task of developing a scientifi-
cally based concept in his dissertation and proving the benefits of the
proposed systems through simulation. The dissertation thus pursues a
scientifically demanding topic that is very topical and of great im-
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sortance for the development of the Kazakh railway network.

Evaluative consideration of the content

s it is usual in a scientific paper, there is an explanation of the research question at the
seginning. First of all, the modern systems available today for controlling train traffic will be
analysed and tested for their applicability in the Kazakh railway network. An equipment
concept is then derived from this, which is modelled using computer-aided methods and
wnose operational effects are proven using simulation methods. As a particularly innovative
2pproach, further efficiency gains are to be achieved by combining the operational control of

train journeys with dynamic engine control of the locomotives.

For the first part of the research question, Mr. Orunbekov provides a comprehensive descrip-
tion of modern procedures for controlling and securing train journeys. In addition to already
mplemented processes such as ETCS, new ideas that have not yet been implemented in prac-
tical rail operations are also being considered, such as the detection of trains using optical
fibers. As a result of this analysis, Mr. Orunbekov proposes a solution in which a traditional
olock system based on the fixed block principle is combined with an innovative system based
on the principle of moving block. This also enables economical mixed operation of older and
newer technologies for a transitional period.

A concrete equipment concept is then derived from this and examined in more detail using
simulations. To select an optimal simulation process, Mr. Orunbekov analyses the software
solutions available on the market. To do this, he chooses the interesting approach of as-
sessing the importance of the simulation tools based on the number of scientific publications
on these tools. The presentation of the frequency of publications on the individual simulation
tools over a period of 10 years provides interesting insights into the importance of these
tools, regardless of the research question examined here, and is therefore also interesting for
other questions for which a suitable simulation method is needed is to be selected. As a re-
sult, Mr. Orunbekov opted for the OpenTrack simulation system, which is particularly wide-
spread at universities and is very well recognized in the academic world.

Using OpenTrack, Mr. Orunbekov then examines train sequence cases in great detail with
different combinations of trains that run in a fixed and in a moving block system. Not only the
headway times, but also the energy consumption and acceleration behavior are examined.
This provides a microscopic analysis that enables a very precise assessment of the operational
effects. Since Mr. Orunbekov also modelled a longer section of route with the entire infra-
structure in OpenTrack, we discussed whether this could also be used to carry out a real ca-
pacity study by simulating not only individual train sequence cases, but also a timetable with
trains in both directions. This would be entirely possible, but would have exceeded the scope
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o7 this dissertation. With this data model, Mr. Orunbekov has created a basis that can later be
_sed for research work based on it.

%5 a final point, Mr. Orunbekov examines the influence of the characteristics of rolling stock
on the efficiency of operational management. This is particularly about optimizing the engine
control. To determine the stability of the nonlinear control, a mathematical model was devel-
ooed using MATLAB. This model comes from an earlier research work by Mr. Orunbekov, but
was integrated into the concept of the dissertation in a very interesting way.

Final rating

n this dissertation, Mr. Orunbekov has dedicated himself to a challenging scientific topic. The
results are highly topical given the international importance of the railway corridor through
¥azakhstan.

The dissertation submitted by Mr. Orunbekov meets all the requirements for an independent
academic achievement to obtain the academic degree of “Doctor of Philosophy (PhD)”. In
view of the aspects highlighted in my report, | recommend that the Commission accept the
dissertation submitted by Mr. Orunbekov.

3 kA

Prof. Dr.-Ing. Jérn Pachl
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“lascat OpynGexoB paiibingaran  «Temipsona kediringeri Kayincizaikri Gakbliay wmen
JSCAPYIBIH OHTAHIIBI MOZIe/1iH 33ipJiey» TAKBIPLIGLIHAAFDI AOKTOPJIBIK JHCCEPTALUSFA MIKip

S wCcepTalHs TAKBIPBIGLIHBIH FHIABIMH MaHBI3/IbLILIFLI

Opranbik A3usjia OpHAnacyblHBIH apKackinia Kaszakcran Pecry6nukacer «Kana XiGek sxombi»
aCBIH ICKe acwlpy/a Herisri pen aTkapaznsl. Kaszakcran apkplibl Keitait Men Bateic Eyponansr
~© THBICTRIPATEIH OMIPJIK MaHBI3ABI KOk Aonisinin enoyip Gemiri eteni. Bomxamnapra caiikec ocel
©- L3081 TEMIPIKOJ KAaThIHACKI 0OMbIHIIA KOHTEHHEePIiK MOHbI31apIBIH KeeMiH exayip YJIFAATY KaxKer.,
© o7 Tanda, Oyn OaFbIT Ken jKapiaiifa eckipreH Gakpuiay JkoHe Kayincisgik sxyienepiMen
“o-ZusTanrad Oip okonawl Temipikonaan Typaael. TuiciHiue, Oy GarbITThl MaiiganaHy sxoHe
VHRATBIK TYPFBIAAH OCBI GaFbiT GONBIHILIA TackiMa/lAay KONeMiH YIFalTyra MyMKiHAiK Oeperin
700 KO3FAJIBICBIHBIH Kayinci3airin 0akbpliay MeH KaMTamachi3 eTYAIH 3aMaHayM KyiHenepiMeH

©7 1misTay eTe MaHbI3abl.

O3iHIH  AMCCEpTALMANBIK  XKyMbIchiHAa ~ OpyHGEKOB MbIP3a  FBIIBIMM  HerizgenreH

~FwDeiMIavaHbl d3ipiiey KoHe KOMIBIOTEpNiK Monenbaey aicTepin KOJIIaHy apKbUIBl YCBIHBIIFaH

©=7SpaiH nalijachlH Herisjey MiHAeTiH Koiiabl. OcklFaH GaiiaHbICTHL, JAUCCEPTALHANIBIK JKYMBIC

“swcran PecnyOnuMKachiHBIH TEMIpIkoa JKeMiCiH JaMBITY YIUiH aca MaHbI3abl GOMBI TAGBLIATHIE
= recTi npobnemara sxayan Gepei.




JKyMBICTBIH Ma3MYHBIH Gara/ibIK Kapay

OJieTTe, FBUIBIMU XKYMBICTA aNbIMeH 3epTTey moHi Herisgenexi. EH angbiven, 6yrinri kywi
KOIKETIMIAI ~ NOHBI3NApABIH  KO3FalbICBIH  OakpllayiblH — 3amaHayu  okyienepi  Kasakcrau
Pecry6ankachiHbiH TeMipikoa JKesliciHue onapasl KOIJaHy MOHiHe TanfaHyhl JKOHE ChIHATYBl KaKer.
Ocblran cyiieHe OTBIPbIN, KOMMBIOTEPMiK dAiCTep/li KOJIAaHa OTBIPBINT MOJE/BLICHETIH KAHE JKYMBIC
THIMALTINT MOZJenbAey oAicTepiMeH pacTanaTbli KaGAbIK TYXKBIPBIMAAMAchl skacanambl. ApHaiibl
WHHOBALWMSAMBIK TSCILN pETiHAE MOHBI3NAD KO3FANBICBIH ONEPALMAILIK OaKbliayAsl JOKOMOTHB
KO3FANTKBILITAPEIH JAMHAMUKALIK OaKbllayMeH YINTACTbIPY/AbIH apKachlHIa THIMILIIKTEH TYCETiH
Keiinri maiiga Herizgenerin Gonapl.

3eprrey noHiHiH Oipinii Genirinae OpyHGeKoB MbIp3a N0#ibI3Aap KO3FANBICEIHBIH Kayincizairin
Oakbl1ay MEH KaMTaMachls €TY/iH 3aMaHayM PaciMAEepiHiH TOJBIK CHMATTaMachlH ychiHaabl, ETCS
(Eyponansix noiibizpapasl 6ackapy xykeci) CHAKTbI KasipaiH e3iHe JKy3ere achlpbLIFaH ApoLecTepaeH
Oacka, TeMip:KoJ canacklHia a7 iCKe achbIpblIMAaraH KaHa Waesaap, MbICabl, TaJlllbIKThI-OMTHKAJBIK
KYHEHI KoJjJaHa OTBIPbIN MOFHbI3Aapabl aHBIKTAY KapacTbipbulaasl, OChIHAH Tangay HoTHIKeCiH[e
OpyH6eKkoB MbIp3a KO3FanMaiTeiH 610K NPUHLMITIHE HEri3AereH ACTYPli aBTOGI0KTAY HKbLIKBIMAITb
610K NpUHLMMIHE HETi3[eNreH HHHOBAUMSIBIK JKyileMeH yiineceTin wewimai yeuinansl. Byn erreni
Ke3eH/E eCKi JKOHE XKaHa TEXHOIOTHANAp bl YHEM/ apaiac naiiganaHy sl Xy3ere achlpyFa MyMKiHiK
Hepeni. :
OceliFaH CyiieHe OThIPBIN, KOMIBIOTEPIIK MOIEIbASY OAICTEPIH KOJIJaHa OThIpbIN, Oenrini 6ip
KaOIBIKTBIH TYKBIPBIMAAMACK! d3ipIeHeNIi jKoHe erskeil Terkeiini seprreneni. Onraiinel Monensaey
npouecin Tanaay ywin OpyH6exoB MbIp3a HapbIKTa KOJ JKeTiMAI Garaapiamanap sl Tanaansl. O yiuiH
OChl Kypanjap GOMbIHLIA FBUILIMU XKaPUSIAHBIMAAP CAHbIHA HEri3JeNreH MOAEbACY KypailapbiHbiH
MaHbI3ABUIBIFEIH OaranaybiIH KBI3BIKTBI TociniH TaHmaasl. 10 KeuizaH actam yakbT GOHEI skeke
MozeNbaCY Kypanaapbl GOHBIHIIA HKapHSAIAHBIM XKHUINIFIH TAHBICTBIPY OCHI JKYMBICTA KapaCTHIPLLIFAH
3epTTEY TAKbIPbIObIHA KapaMacTaH, MyH/ali KypaniapabiH MaHbI3AbIIBIFbIHA KBI3LIKTH KO3Kapac Gepei
JKOHe colikeciHlle Konaiiiel MoJenbaey d1iciH Tanaayabl KaXkeT ereTiH Gacka MOHAEp TYpPFBICHIHAH
KbI3BIKTBI 00JibiN Tabbinanabl. CoHbIH- HOTHXECIHAe OpyHOEKOB MbIp3a YHUBEPCHTETTEpAE KeHiHEH
TapajfaH JKoHe FhlIbIMKM KOFaMaacThiKTa Tanbliran OpenTrack Mozensaey xyitecin tTanaap.

OpenTrack sxyliecinin apkacbinaa OpyHOEKOB MbIp3a TIpKeNreH KOHE KBUDKBIMANBI GJIOK
JKyHeci KONAaHbLIaTLIH 9PTYPI Moiibl3 Tipkecimaepi Gap noibizaap Tisberiiy jxarnaiinapeia erxei-
TEMIKEHI 3epTTen WeIKTbL. By sKYMBICTBIH THIMALTITIH HakTbl Garanayra MyMKiHIIK GepeTiH erxkeii-
TerKeinl Tanaayael opblHAayFa MyMKiHAik Gepai. OpynGekoB Mbip3a coHeiMeH Karap OpenTrack
KyHecinae TONBIK MH(pPaKypeUTbIMbI Gap GarbITBITH Y3aKKAa CO3BLUIFAH YYacKeCiH MOJelbIeyMeH
aiHa/IbICKAH/IBIKTaH, 013 albIHFaH HOTHIKENEp/i Noibl3fap Ti30ETiHiH JKeKeNereH JKaraainapelH FaHa
emMec, COHbIMEH Karap TMOWBI3NApABIH €Ki GaFbITTa JKYPY YaKbITBIH MOJENBACY apKbUIbl HAKTHI
KYKTEMEHI 3epTTey YWIiH NalijanaHy MYMKiHAIrH TankeUiagblk. By ic Ky3iHae MYMKiH CHAKTBI,
anaija Oys1 AuccepTalMANBIK KYMBICTBIH ascbiHa Kipmeiai. Ocbl Mogenbain apkacsinaa OpyHGeKoB
MbIp3a 0oJallaKTa FBUILIMH JKYMBICTBI OpblHZAyFa Heris perinae KoJjgaHyra OONarblH Heri3
KaJIBINTACTBIP/IbI.

Tynren kenrenne OpyHOEKOB MBIP3a JKBUDKBIMA/ Bl KYpaM napaMeTprepiHiH JKYMBICTE 6acKapy
THiMintirine acepin 3epTTeni. by, aran alitkanna, Ko3ranTKeIWTE Gackapy bl OHTalIaHIBIpYFa acep
ereni. ChHIBBIKTEIK emec OackapyAblH TypaKkTBUIBIFBIH aHbiKTay yuwidn MATLAB kemerimen
mMareMaTHKalblK MOAenb kacaniasl. byn moaens OpyHOekoB Mbip3aHblH OypbIH OpBIHAAFaH 3€pPTTEY
’KYMBICBIH@H aJIbIHFaH YoHe IHCCePTALMAHBIH OCbl TYJKbIPBIMAAMACBIMEH OpbIHAbI OipiKTipiareH.




KopbITbIHABI GaFa
Ochbl auCCepTaLUsANbIK JKYMBICT
AsbiHFaH HaTKenep KasakcTa apKplibl €TeTiH TeMipiKos J2i3iHiH XaJblKapa

ecKepe OThIphIT, aca MaHbI3 bl Honplll TabbUIAakL.

OpyHGEKOB MbIP3a ©3€KTI FBLIBIMHU MacesieHi KapacThIpaabl.
JIBIK M@HBI3AbUIBIFbIH

OpyHOEKOB MBIP3a YCBIHFAH JMCCEPTALIMAIIBIK HYMBIC «@unocodus nokTopsl (PhD)» FeLIBIMHU
jeperkecin Gepy YuIiH Tayencis akaleMUsIbIK skeTicTiKTepre KoibiIaTbiH GapiblK Tananrapra xayar
Bepeni. JKorapbia alTbUIFaHAAPABI €CKEPE OTBIPBIT, MEH komuccusira OpyHOeKOB MbIp3a AaiibIHAaFaH

AMCCEPTALHSIBIK JKYMBICTBI KaOBLIAAY bl YChIHAMBIH.

/Konwl/
[Mpodeccop, TEXHUKABIK FbITbIMAAP AOKTOPb! .
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l'opox Anmarsr, Pecny6imka Kasaxcran, «29» anpenst 2025 roma. S, Xamurosa Mepyepr
CapeiGaesHa, HOTapHyc ropona Anmarsr, ICHCTBYIOLIEH HA OCHOBAHHK FOCYIapCTBEHHOM JIHIIEH3HI
© 20002485 ot 10.02.2020 o4, BelanHO# Munucreperom HcTumuu Pecny6nukn Kazaxcran,
CBUIICTCIIBCTBYIO [OJIHHHOCTD [1OMHCH fepesorTiKa  komnanuu  «InoLingvoy KoneGaepoit
Axmapan Carunynnaesroi, KOTOpas caemana B MoeM NMpHCYTCTBHA. JImunocts ee YCTaHOBJIEHA,
NE€ECIOCOOHOCTh U MOTHOMOYMS IEPEBOIUHKA TIPOBEPEHEL. Horapuyc ne HOATBEPKIaeT (hakToB
H3JIOKEHHBIX B JIOKYMEHTE, a JIHMIIE HOATBEPIKIACT MOMTHHHOCTD TTOTHCH IIEPEBO/IYHKA.
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