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AHOTALIA

Kieupka Oubra BiraniiBHa. YJOCKOHaJIEHHS KOHCTPYKLIi MaHEBPOBUX
TEIJIOBO31B 32 PAaxXyHOK BIIPOBAHKCHHS CY4aCHUX EHEPro30epiraroymx TEXHOJIOTIH.
KBamidikaiiitna HaykoBa Ipalis Ha rpaBax pyKOIHCY.

JHucepTariiss Ha 3100yTTS HAyKOBOTO CTYMEHS KaHIUAAaTa TEXHIYHUX HAyK 3a
cremianpHicTio 05.22.07 - pyxomMuii ckiaj 3ali3HUIb Ta Tiara noi3aiB (27 —
Tpancnopt). — CXiIHOYKpaiHCHKOMY  HAaIllOHAJLHOMY  YHIBEPCHUTETI  IMEHIi
Bononumupa [danga, MOH VYkpainu, CeBeposionensk, 2019.

HucepTariiiHy po0OTy MPUCBIYEHO BUPIMICHHIO HAYKOBO-TIPUKIIATHOT
npoOIeMu MiBUILIEHHS €(PEKTUBHOCTI BUKOPUCTAHHS MOJIEPHI30BAHUX MaHEBPOBUX
TEIJIOBO3IB NUISAXOM YJAOCKOHAJIEHHS METOJIB Ta MOJIENIeH BH3HAYEHHS Ta OI[IHKU
TEXHIYHUX  MapaMeTpiB  iX  KOHCTPYKIIi  0OpW  MOJEpHI3alii  HOBUMH
eHeproe(eKTUBHIUMU 3acO0aMHU.

3azHayeHa MeTa mepeadavaia MOCTAHOBKY Ta BUPIMICHHS TaKUX 3aBJaHb
JIOCITIJKEHHS: TPOBECTU aHalli3 TMapKy MaHEBPOBHUX JIOKOMOTHBIB II0JI0 BUTPATU
HUMHW TIaJMBa, BIUTMBY Ha HABKOJIUIIHE CEPEOBHUINE 3 BPaxXyBaHHSIM PEXKUMIB ix
poOOTH; BUKOHATH OTJISAJ] HAYKOBUX Ta MPAKTUYHHUX Mpallb B 00JACTI MIIBUIIEHHS
e(eKTUBHOCTI BUKOPUCTAHHSI MaHEBPOBUX TEIJIOBO3IB 32 PaXyHOK KOHCTPYKTHBHUX
3MIH Ta 3MEHIIICHHA HUMHU BUKH]IIB LIKIIJIMBUX PEYOBUH; PO3POOUTH MOJECNb OI[IHKA
BUOOPY €HEepro30epiraroyoro 3axojay Ipu MOJEPHI3allli KOHCTPYKII MaHEBPOBHUX
TEIUIOBO31B; PO3pOOUTH (PYHKIIOHAIBHY MOJENIb POOOTH MAaHEBPOBOTO TEILJIOBO3Y
MOJICPHI30BaHOTO [UISIXOM BUKOPHUCTAHHS TEXHIYHOT'O 3acol0y s
eHepro30epeKeHHs; PO3POOUTH MOJIENb I BU3HAUYCHHS palllOHATBHUX EKOJIOro-
EHEePreTUYHUX XapaKTepUCTUK MAaHEBPOBOTO TEIUIOBO3Y, IO MOJIEPHI30BaHUMN

TEXHIYHUM  3aco00M NI eHepro30epekeHHs;  BH3HAUYUTH  €(PEKTHUBHICTD



BUKOPUCTAHHS MAaHEBPOBUX TEIUIOBO31B, KOHCTPYKIlA SKHUX YAOCKOHAJIEHA 3a
paxyHOK BIPOBAHKEHHS Cy4YaCHUX €HEPro30epiratounx TeXHOJOT1H.

HaykoBa HOBHW3HA TMOJSTaE y BHPIMICHHI HAYKOBO-TIPUKIIATHOTO 3aBIaHHS
YIOCKOHQJICHHS KOHCTPYKIi MaHEBPOBOI'O TEIUIOBO3Y MUISIXOM BIPOBAIKECHHS
CydyaCHMX TEXHIYHUX 3ac00iB I €HEpPro30CpeKeHHS 3a paxyHOK BHOOpY ix
palllOHAJILHUX MapaMeTpiB 0 po3poOJIeHUM MeTojaM Ta MojeisiM. [lpu oMy Oyio
OTPUMAHO HACTyMHE: MOOYJ0BAaHO 3aJEKHOCTI TMOTYKHOCTI 00paHOi CHIIOBOT
YCTAaHOBKH B €HEPrOEMHOCTI HAKOMHWYYBadiB €HEPrii 3  BIAMOBITHUMHU
0OMEKEeHHSIMU 1 BapTICHUX MOKA3HHUKIB MOJIEPHI3allli JUIsl 3a1aHOTO PEXUMY POOOTH
3 BpaxyBaHHSM BHKHUJIB 3a0pYyJHIOIOUYMX PEYOBUH; (OPMAI30BAaHO TEXHOJOTIIO
YIOCKOHAJIEHHST KOHCTPYKI[IIT MaHEBPOBOrO TEMJIOBO3y Ha OCHOBI PO3pO0IEHOT
YJAOCKOHAJIEHOT MOJieNll T1OpUIHOTO JIOKOMOTHUBY, sSIKa J03BOJISI€ BU3HAYMTH MOTO
TEXHIKO-€KOHOMIYHI XapaKTEPUCTHKU MUISIXOM BHUKOPUCTAHHS ONTHUMI3allifHUX
METO/IB 1 THYYKOrO BHpPIBHIOBAHHS 3HAaY€Hb BHXIJHUX [apaMeTpiB B YaCTHHI
BpaxyBaHHS BUKHUAIB  3a0pyIHIOIOUYHMX  PEUOBHH  CHJIOBOK  EHEPreTUYHOIO
YCTaHOBKOIO, Ta THITy HAaKOMKWYyBaua €HEPTii, 3alpONOHOBaHA MOJIENh BU3HAYCHHS
3aX0/My YJIOCKOHAJEHHS KOHCTPYKINI JIOKOMOTHBY TP MHOro MojepHizallii 3
BpaxyBaHHSIM  €KOJIOT1YHOI  CKJAJ0OBOT  CHJIOBOI  €HEPreTUYHOi  YCTAHOBKU;
YIOCKOHAJIGHa MOJENb [l BU3HAYEHHsI palliOHAJbHUX TMapaMeTpiB T1OpPUIHOI
CUJIOBOI YCTAHOBKM IUISIXOM BpaxyBaHHS KOHCTPYKIIi JIOKOMOTHBA, YMOB
eKCIUIyarTalii Ta il eKOJIOTIYHHX TMOKAa3HHUKIB; YJAOCKOHAJCHO IMJAXOAU IO OIlIHII
e(DEeKTUBHOCTI 3aXOJy IO MOJEpHI3allli 3a paXyHOK YJOCKOHAJIEHOTO MIAXOJYy IO
BU3HAUEHHIO TEXHIYHOTO PIBHSA KOHCTPYKIIT MaHEBPOBUX TEIUIOBO3IB B YaCTHHI
OOTpYHTYBaHHS HOMEHKJIATYPH MOKa3HHUKIB, 0 XapaKTepU3ylTh MOPUIHUN TIPUBII
3 BpaxyBaHHSM €KOJIOT1YHUX TOKA3HHKIB.

[IpakTHdHe 3HAUYEHHS PE3YNIbTATIB AUCEPTAIIHOI pOOOTH TOJSITAE B TOMY, IIIO
MaTepialy AOCIKEHHS MOXXYTh OYyTH BHKOPHCTaH1 IpU po3poOIll Ta MOoJEpHi3alll

MAaHCBPOBHUX TGHHOBOSiB, 3aCHOBAHUX Ha Ti6pI/II[HI/IX TEXHOJIOTIAX 3 BUKOPUCTAHHAM



CyYJacHUX eHepro30epiraroumx 3aco0iB Ta TEXHOJOrid. BrpoBamkeHHS BHOpaHUX
3ax0JliB JI03BOJIMTHh 3MEHIINTH BUTPATH MaJMBa Ta BUKHUIW IIKIIJIHUBUX PEYOBHH JI0
atmocthepu. Po3pobiieHi mozeni MOXyTh OyTH BHUKOPHCTaHI NPH MPOrHO3YBaHHI
TUNY 1 CTPYKTypU MapKy MaHEBPOBHX TEIUIOBO3IB Ha IIOYATKOBUX €Tamax ix
MIPOCKTYBaHHS, @ TAKOXK ITiJ1 YaC MPOBEJCHHS MOACPHI3aIlli.

OcCHOBH1 HayKOBI pe3yJIbTaTHU IIOJ0 BU3HAYEHHS TEXHIYHOIO PIBHS TiOPUIAHOIO
TEIJIOBO3a, OILIHKA €(EKTUBHOCTI BiJ BIPOBA/KEHHS HA MaHEBPOBOMY TEIIOBO31
riOpuaHOI CHUJIOBOi yCTAaHOBKM Ta HABEJIEHHWI KOMILUIEKC MOJIENE MOXYTh OyTH
BUKOpUCTaHI JlemapTaMeHTOM JIOKOMOTHBHOTO TOCIOJIAPCTBA «YKpP3alli3HUIID»Y TIpU
PO3pOOII TEXHIYHMX PEKOMEHJIAIll /0 HOBUX MaHEBPOBUX TEIIOBO3IB. TakoK BOHU
BUKOPUCTOBYIOTHCSI Yy HaBuYaJbHOMY Ta HAyKOBOMY TMpolieci YKpaiHChKOTO
JIEP’KaBHOTO YHIBEPCUTETY 3aII3HUYHOTO TPAHCIOPTY MPU TPOBEJCHHI 3aHATH Yy
rpynax ¢akynbTeTy MiJIBUIIECHHsS KBamidikaiii kaapiB, MATOTOBII OakalaBpiB Ta
MmarictpiB. HactuHa pe3ynbTaTiB poOoTH BOpoBagxkeHo B AT «TexHocTanmapT» Ta B
HaBYaJIbHY Ta HAyKOBY po0OTy VYKpaiHCHKOTO JIE€p>KaBHOTO  YHIBEPCUTETY
3aT1I3HUYHOTO TPAHCIIOPTY.

3a Temoro ucepralli omyOaikoBaHO 28 HayKOBMX Ipallb, 3 HUX 10 craTteil y
(daxoBux BHUAAaHHAX, 3arBepjukeHMX MOH Vkpainu, 6 cratedl y nepioanyHUX
BUJIAaHHAX, SKI 1HAEGKCYIOTbcs B Scopus abo Web of Science, 12 mpaip
arpoOaIliitHoro XapakrTepy.

Y  poGoti ¢opManizoBaHO 3adadyy BHU3HAUEHHSA TEXHIKO-€KOHOMIYHHUX
apaMeTpiB MaHEBPOBOI'O TEIUIOBO3a 3 TIOPUAHOI0 E€HEPreTUYHOI YCTAHOBKOIO 3
ypaxyBaHHSIM MOro BHUKHUAIB IIKIAJUBUX PEYOBHH. JlJis LIOrO MPOBEAEHO aHaJi3
napKy MaHEBpOBHX Tem10oBo3iB AT «YKp3ani3HULA» Ta IPOMHUCIOBOIO TPAHCIOPTY,
BUTpPAT HUMH AM3EIBHOTO MMajiBa 1 PEeXUMIB poOOTH B MAHEBPOBOMY pyCi, SIKUU
MOKa3aB, M0 MAHEBPOBI TEIJIOBO3M Oinbie HiXK Ha 98% BHpoOUIM CBiN pecypc, iX
poboTa XapaKTepH3yeTbCs PI3KO 3MIHHUM PEXUMOM, B SIKOMY CHJIOBA yCTaHOBKA

Ipaifioe OUTBITY YaCTHHY Yacy Ha €KOHOMIYHO HE BUTIIHMX pexkumax. [Ipu mpomy



BUTpAaTa MalvBa Ma€ TEHACHIIIO J0 30UIbIICHHS 31 3MEHIICHHSIM pecypcy
JoKOMOTHBa. ToMy, B SIKOCTI OJHOIO 13 CHOCOOIB MiABUIIEHHS €()EKTUBHOCTI
eKCIUTyaTallli TeTIOBO3a, MPOIOHYETHCS BUKOPHUCTAHHS TIOPHUIHOT E€HEPreTUIHOI
yCTaHOBKU. BukoHaHui aHai3 JIOKOMOTHBIB, SIKI MatOTh TOPUJIHY TATY MMOKa3aB, IO
CTBOPEHHSI TOPUTHOTO JJOKOMOTHBA Ha 0a3i MIECTHOCHOTO MaHEBPOBOT'O TEIIOBO3A 3
€JICKTPUYHOIO MEPEAAUCIO € AOLIITBHUM PIIICHHSIM.

Takoxx Oymo BUKOHAHO OTIJISAJ HAYKOBHX 1 MPaKTHYHUX POOIT B o06sacTi
MiBUIICHHS €(QEKTUBHOCTI BHUKOPHCTAHHS MAaHEBPOBUX TEIUIOBO3IB 3a PaxyHOK
KOHCTPYKTHUBHUX 3MiH 1 3MEHIIIEHHS HUMU BUKHUIB IIKIJUTMBUX PEYOBHH, MOKA3YE,
0 JUisl BUPINICHHS 3aBJaHHS BU3HAYEHHS TEXHIKO-€KOHOMIYHUX ITOKA3HMKIB
TEIJIOBO3IB 3 TIOPUIHOIO EHEPTeTUYHOI YCTAaHOBKOK HEOOXITHWA KOMILJIEKCHUN
MiJX1/1, SIKAWA [OBUHEH TMOB'SI3yBaTH MK COOOI0 TEXHIYHI MapameTpu TEIrioBO3a,
MOKAa3HUKM eKCIUTyaTallii Ta BapTICHI TMOKA3HWKH 3 YpaxyBaHHSIM EKOJOT14HOT
CKJIaJOBOI.

Po3pobrieno Monens OImMiHKKA BUOOpPY €HEPro30epirarodoro 3axoay TMpH
MOJIEpHi3aIlli MaHEBPOBUX TEIUIOBO3IB 3 YpaxyBaHHSIM EKOJIOTIYHOI CKIIaJOBOI 3
BUKOPUCTAHHAM METOJAY aJanTuBHOI onTtuMizarii. [Ipu 1npomy Bci 3axoam Oynu
PO3/IJIEHI Ha JIBl OCHOBHI IPYIH: OPraHi3alliifHO-TEXHOJOTTYHI Ta KOHCTPYKIIiiiHI. B
pe3yNbTaTi PO3PAXyHKIB OTPUMAHO, IO HA JAaHUH MOMEHT JIOIUIBHUMHU € 3aXO0JIU, SIK1
HaIpaBJIeH1 Ha MOJIEpHI3aIlil0 JOKOMOTHBA TOPUIHOI0 CUJIOBOIO YCTAHOBKOIO.

3anponoHoBaHo: (PYyHKIIOHATbHA MOJEIb POOOTH MaHEBPOBOTO TEIIOBO3Y 3
riOpUIHOI €HEPreTUYHOI0 YCTAaHOBKOIO, KA JTO3BOJIMJIA BU3HAYUTH (DYHKIIIOHAJIbHI
3B’A3KM MDK €JIEeMEHTaMH Iepenadi MOTYKHOCTI 13 TIOpMAHUM NPUBOJOM, Ha i
OCHOBI BHM3HAYEHO PEXKUMH pPOOOTH MAHEBPOBOIO TEIUIOBO3a 3 TIOPUIIHOIO
€HEepPreTUYHOI0  YCTAaHOBKOIK;  MOJ€Ab  JJIA  BU3HAYEHHA  pallOHAIbHHUX
KOHCTPYKIIHHO-EHEPTeTUYHUX  XAPAKTEPUCTUK MOJECPHI30BAHOTO MaHEBPOBOTO

TEIUIOBO3a 3 TIOPUAHOI0 EHEPreTHYHOIO0 YycTaHOBKOIO. OTpuMani (yHKIIIOHATBHI



3aJIEKHOCTI TOTYXXHOCTI JU3€Nb-T€HEPATOPHOI YCTAaHOBKU BiJl E€HEPrOEMHOCTI
HAaKOMMYyBaya €HepTii JJIs MaHEBPOBOi pOOOTH TEIII0BO3A.

Brockonaneno onTumizamiiHi MOJENI HEIHIMHOIO MpPOrpaMmyBaHHS IO
BU3HAUCHHIO PAalllOHAJIBbHUX TEXHIKO-€KOHOMIYHUX IIOKAa3HUKIB MaHEBPOBOIO
TEIJIOBO3a 3 TIOPUAHOI EHEPreTUYHOI YCTAaHOBKOKO, $IKa BpPAaXOBYE BapTICHI
MIOKa3HUKU €JEMEHTIB TOpUIHOTO MPUBOY, BUTPATH HA PEMOHT 1 0OCIYyroByBaHHS,
a TaKOX €KOHOMIYHMI €(eKT BiJ] BIPOBAIKEHHS T1OPUIHOTO MPUBOAY Ha TETIOBO31
3 ypaxyBaHHSIM BUKHU/IB HIKIUIMBUX peuoBUH . Ha ocHOBI mopenelt po3poOieHwmit
OPOrpaMHUN KOMIUIEKC JJIi PO3PAXYyHKY TEXHIKO-€KOHOMIYHUX XapaKTepUCTHK
MaHEBPOBOT'O TETNIOBO3a 3 TIOPUIHOIO EHEPTETHYHOIO YCTaHOBKOIO.

BuzHaueHo TexHIYHUN piBEHb MOJIEPHI3OBAHMX MIECTHOCHUX MAaHEBPOBUX
TEIJIOBO3IB 3 EJIEKTPUYHOIO Tepeaadero. s mporo Oyna oOpaHa HOMEHKIIATypa
MOKa3HUKIB, M0 XapaKTEPHU3y€E TEIJIOBO3 3 T1IOPUIHOI0 €HEPTETUYHOK YCTAaHOBKOIO 1
3 BHUKOPHCTAHHSIM METOJly BaroBUX KOE(QIIIEHTIB, PO3PAXOBAHO KOEQIIIEHT
TEXHIYHOTO PpIBHS MOJIEPHI30BAHMX IIIECTHOCHUX MAaHEBPOBUX  TEILIOBO3IB.
Pe3ynbratu po3paxyHKiB IMOKa3aliy, 0 B TIOPiBHSAHHI i3 IPOTOTUTIOM, BUKOPUCTAHHS
JMILIE MOJIEPHI30BAaHOI CXEMH Ta HAaKONMYyBaya €HEprii 103BOJUTH 30UIBIIUTU HOTO
Ha 10%, a BMKOPHUCTAHHS Cy4acCHOTO JW3€JIb-T€HEpaTopa MEHIIOi MOTYXXHOCTI 1
HakonuuyBava eHeprii — Ha 23%. [{e 703BomI0 miABUIUTH €(EeKTUBHICTh TEXHIYHOI
eKcIulyaTallli JaHoro TeIuioBo3y. Po3paxoBaHO MOKa3HUKM BapTOCTI >KUTTEBOTO
UKy MaHeBpoBoro TermioBoza UME3 1 MoaepHizoBaHOro Ha Horo 6a3i riOpHUIHOIO
E€HepreTuyHolo0 ycraHoBkowo. IlokazaHo, 1m0 3a 4ac ekciulyaTalli CyMapHUU
E€KOHOMIUHUN e(eKT BiJ OJHOTO TEMIOBO3a CTAaHOBUTHUME 3,85 MIIH. TpH. A
MIEPIIOTO BapiaHTy MOJIEpHI3allii.

EdextuBHICTh MOJepHi3allii MaHEBPOBUX TEIUIOBO3IB  3aIPOMOHOBAHO
BU3HAYATH KOE(QiIieHTOM e(QEeKTHBHOCTI, SKHH BpaxoBYy€ TEXHIYHUNU pPIiBEHb
TEIUIOBO3a, BUTPATU 3@ >KUTTEBUNM UK 1 €KOJOTIYHY CKJIAJ0BY 3 BIATOBIIHUMHU

BaroBUMH Koe(ilieHTaMHu.
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ABSTRACT

Kletska Olha Vitaliivna. Improvement of the design of shunting diesel
locomotives due to the introduction of energy-saving technologies. Qualifying
scientific work as a manuscript.

Dissertation for obtaining the scientific degree of the candidate of technical
sciences on the specialty 05.22.07 "rolling stock of railways and traction of trains"
(273 - railway transport). - Ukrainian State University of Railway Transport, Ministry
of Education and Science of Ukraine, Kharkiv, 2018.

The dissertation deals with the solution of the applied scientific problem
regarding the increase of the efficiency of modernized shunting diesel locomotives
due to the improvement of the methods and models for the determination and
evaluation of the technical parameters under their modernization with new energy-
efficient tools.

The specified goal meant setting and solving the following research objectives:

to carry out the analysis of the shunting locomotive fleet in terms of their fuel
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consumption, the impact on the environment taking into account operation modes; to
perform the review of applied scientific works in the area of the efficiency increase of
shunting diesel locomotives due to design changes and the decrease of hazardous
substance emissions; to develop a selection evaluation model of energy-saving tools
under the modernization of the shunting diesel locomotive design; to develop the
functional model for the operation of the modernized shunting diesel locomotive by
means of the application of an energy-saving tool; to develop the model for the
determination of the rational ecology and energy characteristics of the shunting diesel
locomotive modernized with an energy-saving tool; to evaluate the operation
efficiency of the shunting diesel locomotives, the design of which was improved due
to the implementation of new energy-saving technologies.

The newness of the research is in the solution of the applied scientific objective
regarding the improvement of the shunting diesel locomotive design by means of the
implementation of modern technical tools for energy efficiency due to the selection
of their rational parameters according to the developed methods and models. In this
connection, the following results were obtained: the power plant output was plotted
as a function of the energy intensity of energy storages with correspondent limitations
and the cost parameters of the modernization for a specified operation mode taking
into account hazardous substances emissions; there was formalized the technology of
the improvement of the shunting diesel locomotive design based on the developed
improved hybrid locomotive model, which makes it possible to determine its
technical and economic parameters applying optimization methods and the flexible
alignment of output parameter values regarding taking into account hazardous
substances emissions by a power plant, and the type of the energy storage; the model
for the identification of the tool for the improvement of the locomotive design under
its modernization with regard to the ecological component of the power plant was
proposed; the model for the determination of the rational parameters of the hybrid

power plant, taking into account the locomotive design, operation conditions and its
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ecological indices, was improved; there were improved the approaches to the
evaluation of the tool efficiency in terms of modernization due to the improved
approach to the evaluation of the technical level of the shunting diesel locomotive
design regarding the substantiation of the nomenclature of the parameters defining
the hybrid drive with regard to ecological indices.

The practical importance of the dissertation findings is that the research
materials can be used in the development and modernization of the shunting diesel
locomotives based on hybrid technologies with the application of modern energy-
saving tools and technologies. The introduction of the selected measures will make it
possible to decrease the fuel consumption and hazardous substances emissions into
the atmosphere. The developed models can be used in forecasting the type and
structure of the shunting diesel locomotive fleet at initial stages of their designing and
during their modernization as well.

The main scientific findings regarding the evaluation of the technical level of a
hybrid diesel locomotive, assessment of the efficiency resulting from the
implementation of a hybrid power plant in a shunting diesel locomotive and the
described models can be used by the Department of Locomotive Economy of the JSC
“Ukrainian ~ Railways”  (Ukrzaliznytsia) in  developing new  technical
recommendations for new shunting diesel locomotives. They are also used in the
educational and research activities of the Ukrainian State University of Railway
Transport for training Bachelors, Masters and in the Institute of retraining and
professional development. The part of the findings was implemented in JSC
“Technostandart” and in academic and research activities of the Ukrainian State
University of Railway Transport.

On the subject of the dissertation there were published 28 scientific papers
including 10 articles in professional editions approved by the Ministry of Science and
Education of Ukraine, 6 articles in periodicals indexed in Scopus or Web of Science,

12 approbation papers
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The task for the determination of technical and economic parameters for a
shunting diesel locomotive with hybrid power plant, taking into account harmful
substance emissions, was formalized. For this purpose the analysis of the shunting
diesel locomotive fleet of JSC Ukrainian Railways (Ukrzaliznytsia) and the industrial
transport, their diesel fuel consumption and shunting operation modes was made. The
analysis showed that shunting diesel locomotives have used up more than 98% of its
service life, their operation is characterized by an abruptly changing mode in which
the power plant operates in economically not profitable modes most of the time.
Besides, the fuel consumption tend to increase with the increase of the locomotive
wear level. That is why, as a way to increase the efficiency of the diesel locomotive
operation, the hybrid energy installation was proposed for application. The performed
analysis of locomotives with hybrid traction showed that the creation of a hybrid
locomotive on the basis of a six-axle shunting diesel electric locomotive is an
appropriate solution.

The review of research and applied scientific works in the area of the increase
of the operation efficiency of shunting diesel locomotives due to the design changes
and the decrease of their hazardous substances emissions was also made, which
shows that we need a comprehensive approach to the solution of the problem on
determining the technical and economic parameters of diesel locomotives with hybrid
power plant, and that approach has to relate the locomotive’s technical parameters,
operation parameters and cost parameters to each other taking into account the
ecological component.

The evaluation model for the selection of energy-saving tools, when upgrading
shunting diesel locomotives with regard to the ecological component applying the
adaptive optimization method, was developed. Besides, all measures were divided
into two main groups: organizational and technological, and design ones. As the
result of research calculations, it was obtained that currently the appropriate measures

are those aimed at the modernization of locomotives with a hybrid power plant.
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The functional model for the operation of a shunting diesel locomotive with
hybrid power plant, which made possible to define functional relations between the
power delivery elements and hybrid drive, was proposed. Based on this model, the
operation modes of shunting diesel locomotives with hybrid power plant were
defined. The model for the assessment of the rational design and power parameters of
modernized shunting diesel locomotives with hybrid power plant was proposed. The
functional dependences of the diesel-generator set on the energy intensity of an
energy storage for diesel locomotive’s shunting operation were obtained.

The optimization models for nonlinear programming on the determination of
rational technical and economic parameters for a shunting diesel locomotive with
hybrid power plant, taking into account the cost parameters of hybrid drive elements,
repair and maintenance costs as well as the economic effect resulting from the hybrid
drive implementation with regard to hazardous substance emissions, were improved.
Based on the models, the software complex for calculating the technical and
economic parameters of a shunting diesel locomotive with hybrid power plant was
developed.

The technical level of modernized six-axle shunting diesel electric locomotives
was evaluated. For this purpose, the nomenclature of parameters, describing diesel
locomotives with hybrid power plant, was selected, and the technical level coefficient
of modernized six-axle shunting diesel locomotives, applying the method of weight
coefficients, was defined. The research findings showed that comparing with the
prototype the use of only the upgraded design and energy storage will enable us to
increase it by 10%, and the application of a less powerful modern diesel-generator set
and an energy storage — by 23%. It led to increasing the technical operation efficiency
of the locomotive in question. The life cycle cost parameters of the shunting diesel
locomotive ChMEZ and the modernized locomotive based on it with hybrid power

plant were calculated. It was shown that during the life cycle period the aggregate
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economic effect of one diesel locomotive will equal to 3.85 mln. hrn. for the first
option of modernization.

It was proposed to determine the efficiency of the modernization of shunting
diesel locomotives with the efficiency factor that takes into account the technical
level of locomotives, the life cycle costs and the ecological component with
corresponding weight coefficients.

Key words: shunting diesel locomotive, hybrid power plant, shunting

operation, energy storage, ecological index, modernization
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JbpIMHOCTh OTpaOoTaBIIMX Ta30B. HOpMBI M METOIBI OIpEAEIICHHUS.
(Apmenus, bemapych, Kuprusms, Monmosa, Poccus, VY3b6ekucran)
BBejieH B JeiictBue ¢ 1.07.2014 1.
['OCT 27705-88. TenmoBo3bl MaHEBpOBbIE MOIIHOCTHEO 180 KBT.
OcHoBHbIE TapaMeTpbl M TexHuUYeckue Tpedoanus -M.: U3a-Bo
cTaHjapToB, 1988.- 6 c.
['OCT 30574-98. lu3enu CcyAOBbI€, TEMJIOBO3HBIE U MPOMBIIIJIECHHBIE.
N3mepenrie BBIOPOCOB BPEAHBIX BEIIECTB C OTPAOOTABIIMMH Ta3aMH.
[Mukner ucnbiTanuii. (AsepOaitmkan, Apmenus, benapycw, ['pyswus,
Kupruszusi, MongoBa, Poccus, Tamxukucran, TypkMeHucras,
V36ekucran, YkpanHa) BBesieH B neiicteue ¢ 1.01.2000 r.
['OCT 31967 — 2012. [Igurarenn BHYTPEHHETO CrOpPaHUs MOPLIHEBBIE.
BrIOpockl BpemHBIX BeHmIECTB ¢ OTpaboTaBmMMHM TazamMu. Hopmbl u
Metoabel onpenenenus. (bemapycb, Kazaxcran, Kuprusus, Moijosa,
Poccus, Tamxukucran, Y30ekucrtan) BBejieH B aericteue ¢ 1.07.2014 r.
I'OCT 4.346-85. Cucrtema TmoKaszaTelneid KayecTBa MPOAYKIUU.
DnexkTpoBO3bl MarucTpaibHbele. HoMeHkiatypa nokasareneit. - M.: U3n-
BO CTaHJapToB, 1983. -9 c.
I'OCT 24028. Jlgurarenu BHYTPEHHErO  CropaHus  IOpPIIHEBBIC.
JBIMHOCTH OTpIOOTaBIIMX ra30B. HOpMBbI M1 METOMIBI ONpeeeHHUS.
['OCT P 50953-96. BpIOpochl  BpemHBIX BEHIECTB H  JBIMHOCTH

OTpa6OTaBIHI/IX Ta30B MATruCTPAJIbHBIX W MAHCBPOBBIX TCILJIOBO30B.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

HopwMmsl 1 MmeToas! onpeacineHus.

I'CTY 32.001-94. Bukuau 3a0pyAHIOIOYUX PEYOBHUH 3 BIAMPAIbOBAHUMU
ra3aMu TETUIOBO3HHX am3eniB. Hopmu Ta mMeTronu Bu3Ha4YeHHsS. YMHHHMA
B11 01.01.1995 p.

I'yoenko B.K., Ilapynaksa B.D. OO0mmii Kypc HIpOMBIIUIEHHOTO
TpaHcnopTa. Y4eOHuK 1Jis By30B. -M.: Tpauncriopt, 1994. -200 c.

I'ynna, H.B. Hakonurenu sueprum [texcer]: / H.B. I'ynua // M.: Hayka,
1980. — C.137-138.

JIBurarenu BHYTPEHHEro CropaHusi MOpIIHEBbIE. BBIOPOCH BpegHBIX
BeniecTB ¢ oTpadoTaBmumu razamu: 'OCT 31967-2012 — [YUuHHMM Bijg
2012-12-03] - 28 c.

HepxaBHa ciyx0a craTucTuku Ykpainu [Enextponnuili pecypc]: -

http://www.ukrstat.eov.ua/. — ([ara 3Bepuenus: 05.01.2019).

Jlxenta, /Ix. HakormeHne KMHETUYECKON DHEPruu. Teoprst U mpakTHKa
COBpPEMEHHBIX MaxOoBUYHBIX cucteMm [Tekcrt]: / k. Jlxenra // Ilep. ¢
anri. — M. : Mup, 1988. —430 c.

Jlnarnoctuka u perynupoBka TeruioBo3oB [Tekct] / A.3. Xomuu, C.I'.
Kankun, A.D. Cumcon, 2.J1. TaprakoBckuil. - M.: Tpaucnoprt, 1977. -
222 c.

JNCTY  2501-94 Amnamizatropu Tra3iB  JUisl  KOHTPOJIKO  BUKHJIIB
TPAaHCMOPTHUX 3aco0iB. 3arajJibHI TEXHIYHI BHUMOTH 1 METOAM
BUNPOOYBAHb.

Edpemos, A. InnoTrans 2012: HoBUYKM HaOUPaAIOT CUITY (TPOAOTIKEHUE)
[Texct]: / A. Edbpemos, b. Paiickun. M. XazoB // Kenesusie qoporu Mupa
(Poccust). —2012. — Nell. - C. 9-37.

Ixyc B.C., ®anenaum A.Il. Metoauka BU3HA4YCHHS TEXHIYHOTO PIBHSA
MaHEBPOBHUX TEIJIOBO3IB 3 ypaXyBaHHSAM pErioHy eKcruryaTalii. / 301pHUK
HayKOBHUX Tpaib. —XapkiB: YKpIA3T, 2003. -Bun.53. -C.103-107.
3abemno, M. JI. MaHeBpoBble JIOKOMOTHBBI 3JIEKTPUPUIUPOBAHHBIX

xene3Hbsix gopor [Tekcr]: / M. JI. 3abemno, A. M. bapanos. - M. :

157



60.

61.

62.

63.

64.

65.

66.

67.

68.

Tpancnopr, 1967. - 150 c.

3a6emno, M.JI. ManeBpoBasi pabota Ha »xele3HbIX goporax [Tekct]: /
M.JL. 3a6emmo // Tpyast HHUU. — 1958. — Beim.160. — 232 c.

3aitieBa, T. H. MeTtozsl cokpamienusi noTpeOiaeHUsl SHEPTUU U TOIIMBA
[Texct]: / T. H. 3atiuieBa // JlokomoTus. —2010. — Ne 2. — C. 44-45.
3aitesa, T. H. Merozas! cokpamieHuss NOTpeOIeHHUs] 3HEPTUU U TOILTMBA
[Texcr]: / T. H. 3atiueBa // Jlokomotus. —2010. — Ne 3. — C. 44-46.

3akoH Ykpainu “ [Ipo tpancnopt ” (Bizomocti Bepxosnoi Pagu (BBP),
1994, N 51, c1.446) [BeoauTthcs B jiro IloctanoBoro BP N 233/94-BP Bin
10.11.94, BBP, 1994, N 51, c1.447] 31 3MiHaMH 1 JOTIOBHCHHSMH CTaHOM
Ha 2012 pik.

3akoH Ykpainu «Ilpo 3amizHuunuii Tpancnopt» (Bigomocti BepxoBHoi
Pamgu (BBP), 1996, N 40, ct.183), [BBoguThcs B aito IloctanoBoro BP N
274/96-BP  Bim 04.07.96, BBP, 1996, N 40, ct. 184] 3i 3MiHamu i
JIOTIOBHEHHsIMU cTaHOM Ha 2018 pik.

3BoHOB, B.A. Orenka BbIOpoca TBEpAbIX YAaCTUIl C OTPAOOTABIIMMHU
razamMmu aBToTpaktopHoro mm3ens [Texcr] / A. B. 3Bomnon, A. I
Mapuenko, M. B. Ilapcapganos, A. Il. Ilomusnuyk // «JIBuraremu
BHyTpeHHero cropanus» co.ct. HTY XIIN — 2006— Ne 2 — C. 64-67.
3youxun, A.B. TexHonmorus riOpugHoro mnpuBoga TOMOI9H
SINARAHYBRID [rekct]: / A.B. 3youxun, E.B. ®emopos, A.H.
Tapacos, B.H. Manaxos, A.B. /lyounun // JlIokomoTus-undopm. — 2012.
—Ne9. — C. 36-42.

NBanoB H.E. Texnuko-akoHOMHYecKass 3(h(PEKTHBHOCTH TEIMIOBO3HOM
TATH B yCIOBUSX MeTajutyprudeckoro 3aBona [Tekcr]: / H.E. UBanos //
Coopuuk HayuHblx TpyaoB. Tpynel JUUT. — M: 1967. — Bein. 65. —
254c.

HNBanoB, H.E. MHccaegoBanue HaACKHOCTH M JOJTOBEYHOCTH
MaHEBpPOBBIX  TEIUIOBO30B C THAPAaBIMYECKMMH IepeladyaMud B

3dBUCUMOCTH OT PCKHNMOB HUX pa6OTLI Ha JKCJIC3HBIX JOporax

158



69.

70.

71.

72.

73.

74.

75.

76.

7.

INPOMBILUICHHBIX NPEeANpUsATUi: nuc. ... K.T.H. [Tekct]: / H.E. 1IBaHOB.-
J.: JUUT, 1969.-167c¢.

N3mepeHue BBHIOPOCOB BPEIHBIX BEIIECTB C OTPAa0OTABIIMMH Ta3aMHU:
['OCT 30574-98 — [Uunnwii Big 1998-11-12] - 14 c.

KazanmnieB, B.Il. Bribop onTuManbHONW MOITHOCTH MaHEBPOBOTO
JJOKOMOTHBA JUIsl paOOThl HAa BBITSXKKE B TEKYLIUX IKCILTyaTalMOHHBIX
ycioBusix u Ha niepcnektuBy [Teker]: /B.I1. Kazanues // guc. ... K. T. H. -
M,:1966.-156¢.

Kum, C.A. OnwiT skcrutyaramuu TermioBoza UYMD3 ¢ aByxau3enbHOU
cminoBoit ycranoBkoii [Tekct]: / C.H. Kum, C.H. Xypasnes, A.b.
®enoroB // Jlokomotus. — 2012. — Ne 11. — C. 30-33.

KoHcTpykius, pacuer W TPOEKTHUPOBaHHE TemaoBo30oB [Tekct]: /
Amnanosuu H.I'. u ap. - M.: MaummHocTtpoenue, 1969. - 388 c.

Koccos, E. E. ManeBpoBsiii razotyp6oBo3 [Tekct]: / E. E. Koccos //
JlokomotuB-uHpopm. — 2007. — Ne 10. — C. 30-32.

KoccoB, E.E. BnusHue 5(()EeKTUBHOCTH HAKOMUTENS DHEPruu Ha
TOTUTMBHYIO 3KOHOMHUYHOCTH JIokomoTuBa [Tekct]: / E.E. Koccos, B.A.
Azapenko, A.H. Kopnae, M.M. Komapnutikuii // JlokomoTuB-undopM. —
X:Texnocranaapt, 2008. —Ne3. — C. 44 — 45.

KoccoB, E.E. BbiOop XapakTepucTUK MarucTpalbHbIX M MaHEBPOBBIX
tertoBo3oB [Tekcr]: / E.E. KoccoB, B.A. CrapoBoiit // IloBbieHue
TOIUIMBHOM JKOHOMHYHOCTH TeIIOBO30B: Tpyasl BHUMXKT. — M.:
Tpancnopt, 1991.— 238 c.

KoccoB, E.E. K Bompocy BbIOOpa MOIIHOCTHBIX XapaKTEPUCTUK
MEePCIEKTUBHOTO aBTOHOMHOTO TSATOBOTO TMOJIBIKHOTO cocTaBa [Tekct]: /
E.E. Koccog, B.A. Azapenko, M.M. Komapunkuti / Hayka u TpaHcmopr.
—2007. - C. 20-21.

Koccos, E.E. O camkenun sneproemkoctu Hakonutens [Tekcr]: / E.E.
Koccos, C.O. Hukunensi#t / Mup tpancnopra. — M. —2011. — Ne 1. — C.
46-51.
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78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

KoctiokoB A.H. IlpoextupoBanue teruososa [Tekcer]: / A.H. KocTiokos
/I —Omck: OMUUT, 1966. —54 c.

Kpynenno H.H. Pacuer BBIOPOCOB 3arps3HSIONIUX BEIIECTB OT
NEepeABMKHBIX UCTOYHUKOB KEJIE3HOIOPOKHOTO TPAHCIIOPTA U IIJIaThl 32
3T BbIOpOCHl . MeTonnueckue ykazanus. - M.: MUNT, 2006. - 19 c.
Kynpsimi, ALl TloBbiuenue 3((EKTUBHOCTH TEIJIOBO3HBIX JIU3E]b-
reHepaTtopoB B skciuryararuu [Texkcr]: / AL Kynpsm, B.T. Co3zaes,
9. /1. TaprakoBckuii // XKeneznogopoxHbiit TpancopT. — 1972. — No 10. —
C. 38-40.

Kynpsim, A.IL. Pe3epBbl MNOBBIIEHUS 3IKOHOMHUYHOCTH TEIJIOBO30B
2T310JI [Teker]: / A.IL. Kynpsm, E.I'. 3acnaBckuii, 3.J]. TapTakoBckuii.
— M.: Tpaucnopr, 1975. - 64 c.

Kypoukun, B.® OueHka TEXHUYECKOTO YPOBHS TPAaHC-NOPTHBIX CPE/ICTB
[Texct] / B.®. Kypoukun, B.J[. Bypnakos // C6. tpynos BHUMHMALIII,
BoIm. 60. -M.: BHUMH-MAIII, 1988. -¢.106.

Jlabyr A.A. MHccnenoBaHusi BOIPOCOB OKCIUTyaTallud M PEMOHTA
MaHEBpPOBOT'O TEIJIOBO30B C TWApoNepenader: auc. ... K.T.H. CHEL.
[Tekcr]: / A.A. JIabyT. — M.: MUUT, 1969. — 173 c.

Jlamko, A.Jl. OcHOBHblE HampaBJ€HHMs OOHOBJIEHHUS TATOBOTO
noABWXKHOTO coctaBa Ykpaunsl B 2006-2010 rr. [Tekct]: /A.Jl. Jlamko,
B.H. Camconkun, A.M. T'onuapoB, A.B. Konoranor // JlokoMOTHB-
uHpopm. - 2006. -Ne6. -C.8-12.

JlokomotuB cepun UMD3-II. Texunueckoe onucanue [Tekct] /4-8090-
016-00. Yenickas pecnybmuka. -124c.

Jloce, E. II. DddexTuBHOCTh NpUMEHEHUS HAKOMUTENIEeH SHEPTruu B
CUJIOBBIX YCTAHOBKaX aBTOHOMHBIX JIOKOMOTHBOB : AMUC. ... K. T. H. :
crier. 05.22.07 — IloaBWXKHOM COCTaB KEJIE3HBIX JIOPOT M TAra MOE3]I0B
[Tekct]: / E.IL. JloceB. — M.: MI'VIIC, 2000. — 211c.

Jloces, E.II. [Ipumenenre MHEPLMOHHBIX IBUTATENIEU I TATU MOE310B

[Tekct]: / E.Il. JloceB // Bectnuk mammuHoctpoenus. — 1989. — Ne3, — C.

160



88.

89.

90.

91.

92.

93.

94.

95.

34-37.

Jlybenen, H.M. Bribop mnokazareneid 1jisi OLIEHKM KadyecTBa PEMOHTA
teroBo3oB [Tekcr] / H.U. Jly6enen, M.B. Ctpy30epr // [loBbienue
HAQJIC)KHOCTH TOABM)KHOTO COCTaBa J>KEJIC3HOJPOKHOTO TpaHCHOpTa. -
Kyiiopimes: KUMKT, 1989. -Bbin.2. -C.49-52.

ManozemoB, H.A. TennoBo3zopeMoHTHbIE npeanpustusa. Opranuszanus,
IJIaHUpoBaHWe U ympasieHue [tekct]: / H.A. Manozemos, A.M.
Nynnxun, M.II. Kammynos. — M.: Tpancnopr, 1979. — 264 c.
ManespoBbie 1okoMOTHBBI [Enextponnuii pecypc]: / Pexum gocryma:
http://www.rzd-expo.ru/innovation/stock/shunting_locomotives/. — (/lara

3BepHeHHs: 20.10.2016).

MaHeBpOBBIil JIOKOMOTUB ¢ KOMOMHMpPOBAHHON (TMOPUAHON) CUIIOBOM
ycranoBkod  JI'M 1  [Enexktponnmit  pecypc]: /  Hayuno-
npousBojcTBeHHOe mnpeanpusitue <«IIOJIET» // Pexum pgocrtyma:
http://www.npppolet.ru/catalog/mashinostroenie/zhelezodorozhniy-
transport/manevrovie-lokomotivy/. — 3arn. ¢ skpana. (/lata ob6parieHus:
30.06.2013).

ManeBpoBslit TerioBo3 cepun TOM 33 [Enextponnuit pecypc]: / Pexum
noctyna:  https://vird.lt/ru/mpotyKThI/HOBBIE-TOKOMOTHUBBI/TOM-33/ -
(Mara 3Bepuenns: 20.10.2017).

MamneBpossiii TermnmoBo3 TOM TMX [Enextponnmii pecypc]: / Pexum
noctyma: http://www.ukbmz.ru/production/manevrovye-teplovozy/51/. —
(Hara 3Bepnenns: 10.05.2018).

ManeBpoBblii TerioBo3 TOM31: HeorpaHMYeHHbIE BO3MOKHOCTH IPHU
pabote ¢ moABWXKHBIM cocTaBoM [Enexktponnuit pecypcl: / Pexum
JOCTyTa: http://tehnorussia.su/zheleznodorozhnaya-tekhnika/43-
manevrovye-i-servisnye-poezda/l 110-manevrovyj-teplovoz-tem31-
neogranichennye-vozmozhnosti-pri-rabote-s-podvizhnym-sostavom.  —
(Hara 3Bepuenns: 22.06.2017.

ManeBpoBbiii  TerioBo3 TOM9 [Enexktponnuit pecypc]: / Pexum



96.

97.
98.

99.

100.

101.

102.

103.

JoCTyma: http://tehnorussia.su/zheleznodorozhnaya-tekhnika/43-
manevrovye-i-servisnye-poezda/103-manevrovyj-teplovoz-tem-9. —
(lata 3Bepuenns: 22.06.2017).

Menbuuk, 1.B. Busnauenns BapianTa mojepHizanii TerioBo3is UME3
[Texcr] / 1.B. Menbuuk, A.Il. ®@anenmamm // 30. Hayk. mpamb. —X:
YxpAA3T, 2015. -Bun.158. -C.157-160.

Metonuka onpeaenenus texuuueckoro yposus 'KHT CCCP.-24 c.

MeTtoapl OLEHKM KU3HEHHOT'O IMKJIa TATOBOTO IOJBMXKHOTO COCTaBa
xene3Hbix nopor: Monorpadus / 3.J1.Taprakosckuii, C.I'. I'punienko,
IO.E. Kanabyxun, A.Il. ®anenawiu. —Jlyranck: Uzn-Bo «Hoymumx»,
2011. -174c.

Muxansuenko, I'.C. Teopus 1 KOHCTPYKIIUS JIOKOMOTUBOB: YUEOHUK JIJIs
By30B X.-1. Tpancnopta [Tekct]: / I'.C. Muxansuenko, B.H. Kamnukos,
B.C. Koccos, B.A. CumonoB.— M.: Mapuipyt, 2006. — 584 c.
MonuanoB, A.M. ABTOMaTU3UpOBaHHAsA CHCTEMA Yy4Ye€Ta, KOHTPOJS U
aHaju3a pacxoja TOIUIMBAa MAaHEBPOBBIMU TeruioBo3amu [TekcT]: / A.U.
Momnuanos, U. JI. Tloapkos, JI.A. Myrunmreitn, K. M. Ilonos //
Bectank BHUMXKT. — 2004. — Ne2. — C. 36-42.

HepeBsitkun K.A. CoBeplieHCTBOBAHME METOJUKH  OMNPEIEIICHUS
TEXHUUYECKUX XaAPAKTEPUCTUK MPOEKTUPYEMBIX JIOKOMOTHBOB Ha OCHOBE
MaTeMaTU4YECKOro MOJACIUPOBAHUS: aBTOpEd. JUCC. HA COUCK YUEH. CTeIl.
K. T. H. [Tekct]: / K.A. HepeBstkun. — M. : MI'VIIC, 1998. — 23c.
Hukunensiit, C. O. IloBbimenue 3¢(HeKTUBHOCTH pabOThl TEIMIOBO30B
MpU MPUMEHEHUU HAKOMUTENS YHEPTUU B CHJIOBOM IEMU: JUC. ... K. T. H.:
cren. 05.22.07 — IIoaBUKHOM COCTaB KEJIE3HBIX TOPOT, TAra MOE3I0B U
anektpudukamus [Teker]: / C. O. Hukunensiii. — M.: MI'VIIC, 2011. —
167 c.

Hukunensiii, C.O. [loBbimenue 3(pPeKTUBHOCTU TATOBOIO MOJBHXKHOIO

CoCTaBa IIpyu IPUMCHCHHH HAKOIIUTCIII OHCPIrHU B CHJIOBOM OeIIn
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104.

105.

106.

107.

108.

109.

110.

[Tekct]: / C.O. Hukunensiit / Tpyasl 5-0ff MEXIyHapOOHOW Hay4dHO-
npaktuiyeckor koHdepeHuuu «Trans-Mech-Art-Chemy». — M. : MUNUT,
2008. - C. 170-172.

HoBble TeniaoBo3bl I MaHEBPOBOM U MOe3AHON pabotsl / YKene3Hbie
noporu mupa (Poccmst). — 2012, — Nel0. — C. 38-42. // (K/ Hiller et al.
Eisenbahntechnische Rundschau. — 2011. - Ne9. — S. 28-33; maTepuaisi
komnanuu Alstom (www.alstom.com)).

Hoceipes, J[.5I. OCHOBBI OIIGHKHM M MPOOJIEMBbI TOBBIIIEHUS KadyecTBa
teruioBo3oB [Tekcr]: / J1.51. Hoceipes, E.C. [TaBnosuy, }O.E. IIpocBupos
// Yaebnoe mocodbue. -M.: B3UUT, 1988. - 62 c.

Hortuk, 3.X. TemmoBo3zsr UMD3, UMD3T [Tekcr]: / X.3. Horux //
[Tocobue mammuucty. — M.: Tpancnopt, 1990. —381 c.

Onunnos, JI. B. Bonpocs Teopun maneBpoBoii pabots! [Tekct]: / JI. B.
OnuntoB // yuebHoe mocodue — M. : Tpancxkennopusaar, 1947. — 204 c.
Onunnos, JI. B. Opranuzaius JBUXKEHHS Ha JKEJIE3HOJIOPOKHOM
tpancnopte [Tekct]: / JI. B. OnunnoB // y4e6. moco6. Bein. 2 — M. :
B3UUT, 1963. - 151 c.

[Tar. 112729 VYxkpaina, MIIK (2016.01) B60K 6/12 (2006.01),
F02B 73/00. I'itOpunHa cuioBa yCTaHOBKa PEWKOBOTO TPAHCIOPTY 3
rigponepenauero notyxkHocti[Tekct] / Kankin O.[., TapTakoBchkuii
E. ., Kankia C.I., Xankia JI.C., Muxankis C.M., ®anesgum A.Il.,
Ananpkuii  O.0.; 3a9BHUKM Ta TATEHTOBJIACHUK  YKPATHCHKUM
JIEp’)KaBHUM YHIBEPCUTET 3alli3HUYHOTO TpaHcmopty — Ne a 2015 110344

; 3asB1. 23.10.2015 ; omy6a. 10.10.2016, Bron. Ne 19.

[TaT. 98807 VYkpaina, MIIK (2015.01) B60K 5/00. T'i6punna cuioBa
ycTtaHoBKa  peiikoBoro  tpancmopty[Texct] / Kamkin  O.[.,
TaprakoBcekuit E.J[., Kankin C.I'., XKankin I.C., Muxankis C.M.,
Ganengum AL, Ananpkuit O.0.; 3asdBHMKH Ta ITAaTCHTOBJIACHHK

VYkpaiHcbka Jep)aBHa akaieMis  3ali3HAYHOTO  TPAHCIOPTY —
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111.

112.

113.

114.

115.

116.

117.

118.

Neu 2014 11899 ; 3asBn. 03.11.2014 ; omy6u1. 12.05.2015, bros. Ne 9.
[linBunieHHs e(EKTUBHOCTI €HEPro3abe3reUueHHs] PYyXOMOro CKIamy
METPOTIONITEHY 3 CHCTEMaMH peKymneparii MUIIXOM 3aCTOCYBaHHS
€EMHICHUX HAKOIUYyBayiB €HEPTii : aBToped. AMC. ... KAaHJ. TEXH. HAYK :
05.22.07 [Tekct]: / A. O. Cynum; [epx. mianpuemctso "Jlepx. HJIIL
3aJI13H. TpaHcn. Ykpainu". - Kuis, 2015. - 20 c. - ykp.

[ToBbrienne sHEprodhHEKTUBHOCTH JIOKOMOTHUBOB / JKenesHbie moporu
mupa (Poccus). — 2010. — Nel10. — C. 40-45. (D. Lustig. Railway Gazette
Internatuional. — 2010. — Ne7. — p.38-41; marepuanst kommanuii GETS
(www.getransportation.com), EMD (www.emdiesels.com), Motive
Power (www.motivepower-wabtec.com), Railpower
(www.rjcorman.com), Progress Rail Services (www.progressrail.com) u
Brandt Road Rail (road-rail-corp.brandt.ca)).

[logBuwxHoW coctaB kommanuu JR FEast ¢ ruOpuaHbIM TSTOBBIM
npuBojoM / XKenezusie qoporu mupa (Poccus). — 2011. — Nel. — C. 26-
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