ra€ Ynonue — «AOGAE3HAL) HATPY3KA B 4ac HAHOONBLIEH HATPY3KH, ¥ on.cc — €TIOJIE3HAI» HATPY3KA 33 CYTKH.
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e Yo am — (MEMAKOLIAD HATPY3Ka YaC MAKCHMAIBHOR HAFPY3KH; Yem o — «MELHAKOWIAR» HATPY3KA 34 CYTKH.

Brson. IpoGnemMa «MeIIAIOIIFXY HEPETOBOPOB CTOHT OCTpo NMpH pafoTe noesaHOH paaHOCBA3H; pe-
IIEHHE 3AKIHYaeTCA B ICPEBOC PAAHOCBA3Y B AHANA30H METPOBbIX HIH ACLIUMET-POBEIX BONH [4, 5], rae
COBpEMEHHEIE l.[H(i)pOBbIe CHUCTeMBi pa;mocsasn MOBO/IAKOT 8 OHOM YACTOTHOM KAHAIS opraHmonm aT
BOCEMH H §0J1ee CCaHCOB PaHOCEI3H OHOBPEMEHHO.
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NNOBBIINEHHE E.!A,I[E)KHOCTH IKCILIYATAITAA 3PTATHYECKHX CHCTEM
VIIPABJEHHUA Y TEM IIPAMEREHAS TEXHOJIOTWA TEPMHHAJILHOTO JOCTYIIA

E. B. IJERJIBIKHHA, M. B. VIHAKOB
VYrpauncruii 2ocyoapemeennutii yrugepcumenm HeeresHo0opodcnozo mpancnopma, 2. Xapokos, Yxpauna

BacHBIM HATIPABNEHMEM Pa3BHTHA CHCTEM YTIPaBICHHA MOC3AHOI 1 MAHEBPOBOH paboToM Ha JKE/IE3HOMO-
POXXHOM TPAHCTIOPTE ABIAETCA COBCPIICHCTBOBAHME YPTETHYECKHX CHCTEM CTaHLIMOHHOH aBTOMAaTHKH, OCHOB-
HBIMM W2 KOTOPBIX ABNAIOTCA YCTpoiicTea ekTprieckoil (GL1) v micnevepcroi (JL1) neHTpamkanH.

TpaauuMoHHbIe MOAXOAB K APOSKTHPOBAHUIO M PEaNH3ALMM TAKMX CHCTEM [IPEINONaraloT MHOIO-
YPOBHEBYIO HEPAPXNYECKYIO CTPYKTYPY, B PAMKAaX KOTOPOH NpeaycMaTpPHBAacTCA HabOp 3aMKHYTRIX KOM-
IUIEKTOB MHKPOMPOLIECCOPHOTO 00OpPYIOBaHKHA HA KAXKAOM YPOBHE, KAXABIH H3 KOTOPBIX IPEACTABNAET
c000it caMocTOATENBHYIO pabodyi0 CTAHITHIO (PHCYHOK 1, a).

6}

Pucynok 1 — Crctema yopaeneHus Ha §ase paboyHxX CTAHITHME:
a — cTpykTypa cHeremMbl; 6 — PJICE cheremet

B ycaoBuaX NOKANLHOFO CeTeBOro o0meHHeHNA NPHMEHEHHE CHCTEM YNpaBjeHHA na 6ase pabounx
CTaHIMH NpefTIONaraeT HalTHuHe W30BITOYHOrO OOOPYNOBAHAA, B PESYILTATE YErO CHIDKACTCS IKCIUTyaTa-
LIHOHHAsA HAaleKHOCTb CHCTEMEI B LeNOM. PacueTHo-orudeckad cxema GesorxasHocTH (PJICB) npu TakoM
TIOAXONE HMEET BHA, TIpe/ICTaBIIeHHEIH Ha prcyHKe 1, 6.
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PaseuTHe HHQOPMALTHOHHBIX TEXHOJOIHH B COBOKYITHOCTH ¢ MPHMEHCHHEM NEPEROBRIX HAYUHBIX METO-
JIOB ONTHMH3ALMH B3aMMOAEHCTBHMA KOMIIOHGHTOR TO3BOJISET OTKA®aThes OT TPANMLHOHHOW KITHEHT-
cepsepHOR apXHTeKTyphl noctpoeHua cucrem OL n ML (cM. pucyHok 1), chopmuposas npH 3ToM OfHO-
YPOBHEBYIO CHCTEMY Ha 0a3e ¢IMHOTO BHITHCIHTENBLHOTO A0pa, K KOTOPOMY NOJKIIOYSHHE KIHEHTOR BINON-
HACTCA o3 HCMOMBIOBAHMS JOTIONMHHTENBHEX DBM, Takoil momxon pearusyeTes TEPMHHATBHBIM JOCTYIOM
K MOACHCTEME JIOTHYECKHX 3aBHCHMOCTEEH ¢ MPUMEHEHHEM TePMHHANBHBIX CTAHUHH (PUCYHOK 2).

CrpykTypuzamysa H ONTAMH3ALMA YTIPABISHHA NPH PEAM3ALHH TSPMHHAIBHOTO MOAXO0Aa BHIIOIHACTCA ¢
HCTIONB30BAHMEM METOHOB IpadiOaHAMTHYCCKOTO TPOSKTHPOBAHKA H KOH(HIypHPOBAHHS NpPOTPAMMHO-
armapatHex cpeacte. [Ipa 51oM yKkasaHHEIe MeToBI HHTerpHpYIoTcd B coppeMeHHbIe CATIP u CAE-cHcTeMBl.

COBMECTHO €O CTELHATHCTAMH YKPaHHCKOIO rOCYJapCTBEHHOTO YHHBEPCHTETA KENE3HOAOPOKHOIO
TpaHcropra H Hayuno-nponspogxcTBeHHOTO NpeAnpHATHS «XKengopasTomaTHka» (r. XaphKoR) BHITIONHEHA
sKCnepUMEHTANBHAS paspaborka cuctem D11 n JI11 Ha Gaze TepMHHANBHOTO AOCTYIA AIA MOChHedylomekH
peanualiy Ha MPOMBILUIEHHOM JKeJe3HOAOPOKHOM TpaHcropte. IIpH 3TOM BHIMOIHEHO HCCIEROBAHHE
nokazareneid 6e30TKA3HOCTH CUCTEM aHATIOTHYHOTO HAZHAYeHHA B BapHAlMH KaK TEPMHUHANILHOTO AOCTYNA,
Tak M A0cTyna Ha Gaze paGounx craHuui. Ha npumepe cucrems! L cpaBHHTEBHAA XapaKTEPHCTHKA pe-
3y/JBTATOB PacyeTa HAJEXKHOCTH npueBeAcHa B Tabnuume 1 (rae T, — cpemHass HapaGoTka Ao OTKasa,
Thoer — CPEAHEE BPEMA BOCCTAROBHESHHS.

Tarmammraos
A

JAgL

PucyHox 2 — CucteMa ynpasicHHs Ha 6a3e TEPMAHATBHEIX CTAHITHEA:
& — CIpyKTypa cuctemel; § — PAICE cHeTeME!

Tabruya | — CpABHHTeTBEHAS XAPAKTEPHCTHRA NoKa3aTeNeH HaaBKHOCTH ABYX BAPHAHTOR

peannzannn JII
N'BM Ha Gaze PC NEM w2 Gase TepmunHanos
Hanmenosanwe orukascTad. Ha T wr, . ma1ur
N Tg, r Tw r e T@. r Tgh. r
Cepeep 1 43662 4 1 43662 4
TepmitHaNbHLIA - - - 1 43662 4
cepeep
Kosmyravop 1 98690 4 1 98690 1
PaGouan craHums 20 9643 a - . N
TepMuHansHas - - - 2 400000 3
cTaHuMA

Kak BUOHO M3 pe3y/IBTATOR pacyera, cpefHaa HapaGoTka Jo OTKasa [IPM peanu3aluy Nogxoaa Ha 6ase
TEPMHHATBHEIX cTaHUH#i Gostee yeM B 40 pa3 NpeBBIIAET COOTBETCTRYIOMIHI pe3ynRTaT ANd NoAXona, 6a-
3UPYEMOTO HA pafodsx CTAHIMAX (INTHEHT-CECPBEPHOI apXHTEKTYpE).

Takum 06pa3oM, HeTecoobpasHEIM ABACTCA AdIbHENICS Pa3BHTHE TEPMHHAIHBIX TEXHONOIHH peanu-
3ALMK SPTaTHYECKHUX CHCTEM YTIpaBIeHHS Ha JKENE€3HOAOPOXKHOM TPaHCMOPTE ¢ MOJTANHBIM OTKa30M OT
OPUMEHEHHA KJIACCHYECKHX KIHEHT-CepBepHBIX apxuTekTyp. IIpu aT0M ciemyer otMeTHTS, uTo Gnaronaps
YMEHBLICHHIO KOTHYSCTBA 3aeHCTBOBAHHOTO CETEROX0 000PYAOBAHHS BO3PACTAIOT HE TOIBKO NOKA3ATENH
6e30TKa3HOCTH, HO H KnOepHETHUYEeCKOH 0e30MacHOCTH — B CBA3H ¢ YMCHBLUICHHEM KOJIHYSCTBA YA3BHMBIX
A5 KHOEpHETHUYECKHUX aTak IPOrpaMMHBIX y3loB, OnpenenieHne napametpob Knbepbe3onaHocTH u crene-
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HU BJIHSHUA HA HEC PANTHUHBIX CTIOCOBOB peasH3alMi apXUTEKTYPBl CHCTEM yTIpasIeHus TpeGyeT aono-
HUTEABHOTO HCCISAOBAHMA B NIPSAMETHOH 0DJIacTH.

B mpoLiecce HMUTALHOHHOTO M (PU3HIECKOro MOAETHPOBAHHA CHCTEM PAa3NIHYHOrO HAHAYCHHA C© MPH-
MEHEHHEM TEPMUHANBHOIO HOCTYNA ONpedeNeHBl TaKHe JOTIONHHTENBHBIC 0COOCHHOCTH HX PealH3alum,
KaK HeoGX0AMMOCTh CneuM(pHYECKIX THLEeH3ME cHCTeMHOTo nporpammuoro obecneuenus (I10), crou-
MOCTE ROTOPBIX HHKE, Y4eM CTOHMOCTE OTAEIBHBIX CCPBCPHBIX H KITHEHTCKHMX J'lHI.IeHBPIﬁ JNA CHCTEM Ha
Gaze pabouMX CTAHLMH, (POPMHpPOBaIHHE €IUHBIX MONeH NMepeMeHHBIX B cocraBe npuKiaaxoro 10, uen-
Tpanu3auys BEMHCICHHA U T. 1. B KOHTeKkcTe HCnoMb3oBauka coBpeMeHHBIX CAE-cHeTeM obecrieUHBaeT-
cA TaKke JOCTATOYHAA SIKOHOMHYECKAA LielecoobpasHOCTh TAKOTO NOAX0A.

UDC 656.256.3

SELECTED ASPECTS OF RESEARCH ON THE COOPERATION OF ERTMS ON-BOARD
EQUIPMENT WITH TRACK-SIDE EQUIPMENT

A. BIALON, J, FURMAN
Railway Research Institute (Warsaw, Poland)

The article focuses on issues related to the structural control-command and signalling subsystem im-
plemented by the Commission Regulation (EU) No. 2016/919 of 27 May 2016 on the technical specifica-
tion for interoperability within the control-command and signalling subsystems of the rail system in the
European Union, hereinafter referred to as "T'SI CCS "(from control-command and signalling) [1].

According to the provisions of Directive 2008/57/EC of June 17, 2008 command and signalling sub-
system is described as: “All the equipment necessary to ensure safety and to command and control move-
ments of trains authorised to travel on the network™. Moreover [2] divides command and signalling subsys-
tem into two separate subsystems i.e. " Control-Command and Signalling On-board Subsystem " and "
Control-Command and Signalling Track-side Subsystem”. It is clearly visible that in spite of the common
denominator "control-command and signalling ", both subsystems are independent assessment subjects for
their EC verification by notified bodies [12]. It should also be remembered that apart from the above men-
tioned control-command and signalling layers of the subsystem so-called basic layer is also distinguished.
It consists of track vacancy detection devices, turnouts, station, line equipment etc. The requirements for
the basic layer are defined by national regulations and this is conditioned by the diversity of traffic regula-
tions and the applied technical solutions in individual Member States like it is in Poland in [7]. The con-
firmation of meeting the TSI requirements by the subsystem is to receive the EC certificate of verification
which, after carrying out the necessary checks and inspections is issued by the notified body [9, 12].

Regardless of the case under consideration, the European Rail Traffic Management System (ERTMS)
is installed on interoperable railway vehicles and interoperable railway lines. ERTMS is defined to meet
the TSI control-command and signalling requirements despite where it is implemented. The ERTMS sys-
tem is classified as Class A and is divided into the European Train Control System (ETCS) and the Global
System for Mobile Communications-Railways (GSM-R). The operation of the ETCS system is based on
calculating and controlling the braking curves [4, 5]. The aforementioned curves depend on many factors
relating both to the vehicle and to the track. When devising the system, it was assumed that these factors
can be separated into track-dependent and vehicle-dependent. Thus, vehicle data includes information such
as vehicle weight, maximum axle load, maximum speed, brake system parameters, etc.

ETCS systems in both on-board and track-side variants appear in three levels and depending on the re-
quirements also several baselines. Baselines correspond to the version of the technical specifications de-
signed and validated for particular project. TSI 2016/919 {1] indicates three sets of specifications that may
be applied during EC verification. From 1 January 2019 the set of specifications only number 2 and 3 are
valid for on-board subsystem. That means that since that date only vehicles equipped with baseline 3.4.0
and 3.6.0 are able to obtain EC certificate of verification excluding some specific cases with derogations.
Differences between baselines consist in introducing additional functionalities clarifying the requirements
as well as improving the stability of the system operation. Baseline 3.4.0 comparing to baseline 2.3.0d in-
troduces new functions such as: Passive Shunting mode, Limited Supervision mode, level crossing not pro-
tected, new specification for the Non Leading mode, track conditions for the power supply, track condi-
tions for sounding the horn, virtual balise cover etc. It is worth to mentioned that baselines backwards and
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