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AHOTALIIS

AKTyaJbHICTH po00oTH. 3a0e3MeueHHs] 0€3MepPEePBHOIO Ta HAJIUHOTO 3B’ SI3KY
€ KPpUTUYHO BOXKJIIMBHUM JISI CY9acHOI 1HOPACTPYKTYPH 3TI3HUIHOTO TPAHCIIOPTY,
0COOJIMBO B yMOBaX IHTEHCH(]IKaIli MepeBe3eHb, MiIBUICHHS BUMOT 10 O€3MeKH
Ta BIPOBADKEHHS ITUGPOBUX TEXHOJOTIM yIPaBIiHHSI PyXOM. Y IIbOMY KOHTEKCTI
PO3TOpPTaHHS TEXHOJOTIYHUX MEPEX Ppajio3B’s3Ky HOBOI'O IMOKOJIHHS (30Kpema
LTE-R ta FRMCS) mocrae sk kiaouoBHM eneMeHT IudpoBoi TpaHchopmarlrii
rany3i. AKTyaJlbHICTh TEMHM 3yMOBJICHa HEOOXITHICTIO OHOBJICHHS MOpPajIbHO
3acCTapiiiX  aHAJIOrOBMX  CHUCTEM  Ta  BIIPOBAIKEHHS e(eKTUBHUX,
CTaHAAPTU30BAHUX MIJXOJIB JO TMPOEKTYBaHHS, PO3PAXYHKY M ONTUMI3ALl
U(ppPOBUX CUCTEM 3B’S3KY B 3aJ13HUYHOMY CEKTOPI.

Karouosi ciaoBa: PAJIIO3B’SI30K, LTE-R, FRMCS, 3AJIIBHUYHUN
TPAHCIIOPT, [MUDPOBA MEPEXA, TEXHIKO-EKOHOMIYHUU
PO3PAXYHOK, CTAHLIIMHE ITOKPUTTS.

OO0’eKT JOCJTIAKEeHHSI — TEXHOJOrYHAa CHCTeMa Pajaio3B’s3Ky, IO
BUKOPUCTOBYETHCSI JJISI OMEPATUBHOIO Ta CIY)OOBOro 3a0e3leueHHs Ha
3II3HUYHOMY TPAHCIIOPTI.

MeTo0 po06OTH € aHai3, MOJICTIOBAaHHA Ta OIllHKa JIOUUIBHOCTI
BIIPOBA/KEHHsI LU(PpOBOi Mepexi paaio3B’sizky LTE-R Ha BuzHaueHiil AUISHIN
3QJII3HUYHOI 1HQPACTPYKTYpHU 3 YypaxyBaHHSM TEXHIYHMX, EHEPreTUYHUX Ta
eKOHOMIUYHMUX ¢akTopiB. OCHOBHUMHU 3aBAAHHSMH CTajld BUBUCHHS CY4YaCHHUX
CTaHJApTIB, PO3PaXyHOK TapaMeTpiB 30H OOCIYrOBYBaHHS Ta HAaBaHTA)XCHHS B
MEpEeXi, OIliHKAa BUTpPAT 1 €(QEKTUBHOCTI BIPOBADKEHHS I1HHOBAIIAHOI
PaIiOCUCTEMH.

CTpykrypa Ta 00csr po6oTu cranoBuTh /0 CTOPIHOK JAPYKOBAHOTO TEKCTY.
Po6ora mMicTUTh BCTyI, TPU PO3JALUIHA, BACHOBKH, CIIMCOK BUKOPUCTAHUX JDKEpEN Ta

OTATKH.



Po3aisin kBasigikauiiiHoi podoru:

VY nepmomy po3aiui po3risiHYTO Kilacu(iKalilo CUCTEM pajiio3B’s3Ky Ha
3QJII3HUYHOMY  TPAHCIIOPTi, HOPMATHBHO-NPABOBY Ta TEXHIYHY 0a3zy ix
NIPOEKTYBAHHS M €KCIUTyaTallli, a TAKO)XK BU3HAYEHO OCHOBHI BUMOTH J10 IU(DPOBUX
CUCTEM y KOHTEKCTi O€3meKn, MacTaboBaHOCTI i €(heKTUBHOCTI.

VY apyromy po3aiji 31iiiCHEHO MOPIBHIIbHUN aHaJ3 ITUGPOBUX PATIOCUCTEM
(GSM-R, LTE-R, TETRA, FRMCS), 3ocepemkeHo yBary Ha iX TEXHIYHHX
XapaKTepUCTHUKAaX, [lepeBarax, HeJ0JIiKax Ta NPAKTUYHUX acleKTaX BIIPOBAKEHHS
Ha YKPaiHCHKIN 3aJT13HUIL.

Tperiii po3ais IpUCBAYEHO TNPAKTUYHOMY IIPOEKTYBAHHIO MEpexl Ha
YMOBHIN JUISHII 3ali3HULI 3 BHUKOHAHHSM pO3paxyHKIB 30H OOCIYroBYBaHHS,
HABAaHTAXXEHHS, NapaMeTpIB E€HEProCIOXUBAHHS, KUIBKOCTI 0a30BHX CTaHLIN 1
BuTpar. HaBeaeHO  TEXHIKO-€KOHOMIYHE  OOIPYHTYBaHHs  €()EKTUBHOCTI
BIIpoBakeHHs Mepexi LTE-R.

MeTtoau aocaigkeHHsi. Y poOOTI BUKOPUCTAHO CHCTEMHHUH IMJAXIiJ, IO
BKJIIOYA€ aHalIi3 HOPMATHUBHOI 0a3u, pPO3PaXyHKH PaTIONOKPHUTTS, IHXKEHEpPHE
NPOEKTYBAHHS, BUKOPHUCTAHHS METOJMK EHEPreTUYHOr0 MOJENIOBAaHHSA Ta
€KOHOMIYHOI'O OI[IHIOBaHHS HA OCHOBI peajbHUX IMapaMeTpiB 00J1aJHAHHS.

Pexomenaauii 010 BUKOPUCTAHHA Ta pe3yJbTaTH
BIIPOBA/IKeHHS. 3apPONOHOBAHI PIIIEHHS MOXKYTh OyTH aanToBaHi 10 Oyab-sIKOi
perioHanbpHO1 (inii 3ami3auii B Ykpaini. BnpoBamkenns uudposoi cucremu LTE-
R 3a0e3neunTh 3MEHIIEHHS 3aTPUMOK, MIJIBUILEHHS €(EKTHUBHOCTI YIPaBIIHHSA
PYXOM, 3HWKEHHS eKCIUTyaTallliHUX BHUTpAT 1 IHTErpamico 3 MIXHAPOJAHUMHU

TPaHCIIOPTHUMHA CUCTCMAaMMU.



ANNOTATION

Relevance of the study. Ensuring uninterrupted and reliable communication
is critically important for modern railway transport infrastructure, especially amid
Increasing transportation intensity, higher safety standards, and the implementation
of digital traffic management technologies. In this context, the deployment of next-
generation technological radio communication networks (such as LTE-R and
FRMCS) emerges as a key element of the digital transformation of the railway
industry. The relevance of the topic is driven by the need to replace obsolete
analog systems and to introduce efficient, standardized approaches to designing,
calculating, and optimizing digital communication systems in the railway sector.

Keywords: RADIO COMMUNICATION, LTE-R, FRMCS, RAILWAY
TRANSPORT, DIGITAL NETWORK, TECHNO-ECONOMIC ANALYSIS,
STATION COVERAGE.

Object of the research — the technological radio communication system
used for operational and service support in railway transport.

Purpose of the study is to analyze, model, and assess the feasibility of
implementing a digital LTE-R radio network on a selected railway section, taking
Into account technical, energy, and economic factors. The main objectives include
studying modern standards, calculating service area parameters and network load,
estimating costs, and evaluating the efficiency of deploying an innovative radio
system.

Structure and scope of the work: The thesis comprises 70 pages of printed
text. It includes an introduction, three chapters, conclusions, a list of references,
and appendices.

Structure of the qualification work:



The first chapter provides an overview of railway radio communication
system classifications, the regulatory and technical framework for their design and
operation, and defines key requirements for digital systems in terms of safety,
scalability, and performance.

The second chapter presents a comparative analysis of digital radio systems
(GSM-R, LTE-R, TETRA, FRMCS), highlighting their technical features,
advantages, limitations, and practical aspects of implementation in the Ukrainian
railway sector.

The third chapter focuses on practical network design for a selected railway
section, including calculations of service coverage areas, network load, energy
consumption parameters, base station requirements, and investment costs. It also
provides a techno-economic justification of LTE-R implementation.

Research methods. The study applies a systems approach combining
regulatory analysis, radio coverage calculations, engineering design, energy
modeling techniques, and economic evaluation based on real equipment
parameters.

Recommendations for application and implementation results. The
proposed solutions can be adapted to any regional branch of Ukrainian Railways.
The deployment of an LTE-R digital system will reduce delays, improve traffic
management efficiency, lower operational costs, and support integration with

International transportation systems.
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