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NNOBBIINEHHE E.!A,I[E)KHOCTH IKCILIYATAITAA SPTATHYECKHX CHCTEM
VIIPABJIEHUA IYTEM IPUMEHEHNSA TEXHOJIOTHI TEPMAHAJLHOTO JOCTYIIA

E. B. I{ER/TBIRHHA, M. B. VILIAKOB
Vpaunckuii 20cy0apemeennutit yRUGepCUmenm HCenessooopoedcHo20 mpancnopma, 2. Xapovkos, Yepauna

BaxHBIM HATPaBIEHITEM Pa3BHTHS CHCTEM YTPABICHHA MOS3AHOH H MAHEBPOBOK paboTol Ha JKeIe3HOMO-
POKHOM TPAHCTIOPTE ABIAETCA CORCPIICHCTROBAHME IPTETHUECKHX CHCTEM CTAHLIMOHHOM aBTOMAaTHKH, OCHOB-
HBIMH W3 KOTOPHIX ABNAIOTCA YCeTpoHcTea wiekTpuMeckok (311) u mucniedepekoit (L) ueHTpammkanHH.

TpaauuMOHHbIE MOAXOAb K APOSKTHPOBAHHIO M PEANHMBALIMH TAKHMX CHCTEM [IPSANONAraloT MHOIo-
YPOBHEBYK) HCPapXMYecKyro CTPYKTYPY, B PaMKax KOTOpO#H MpefycMaTpHRaeTes HAOOp 3aMKHYTHIX KOM-
IUIEKTOB MHKPOTPOLIECCOPHOTO 0OOPYAOBAHHA HA KKIOM YPOBHE, KAMABIH H3 KOTOPBHIX IPEACTABNAET
c000it caMmocTOATENBHYIO pabouyio cTaHIHIo (pUCYHOK 1, @).

6}

Pucynok 1 — Crctema yrpasneHus Ha §aze pabovnx craHimii:
a — crpykrypa cicTeMbl; 6 — PJICB cheremi

B ycaoBMAX JIOKANLHOFO ceTeBoro oObeAHHESHNH MPHMEHEHHE CHCTEM YNpaBjieHHA Ha Dase pabodmx
CTaHIMH OpeamoaraeT HaTHyHe H3OBITOUYHOro 0COPYNOBAHNA, B PE3YALTATE YErO CHIDKACTCS IKCIUTyaTa-
LIHOHHAA HAJEXHOCTH CHCTEMBI B LEOM. PacueTHo-norudeckas cxeMa 6esorxasnoctd (PJICB) npu TakoM
TIOAXONE HMEEeT BHA, NIpe/ICTaBIIeHHbIH Ha pucyHKe 1, 6.
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PazpuTiHe HH(POPMALTHOHHBIX TEXHOMOTHI B COBOKYTTHOCTH ¢ MPHMEHCHHEM TIEPCAOBEIX HAYUHBIX METO-
JIOB ONTHMM3ALIMH B3aMMOJCHCTBHA KOMIIOHCHTOR TOZBOJISET OTKA3ATHCA OT TPANHUHOHHOW KITHEHT-
cepsepHOR apxuTekTyphl nocrpoenusa cicrem OL u JIL (cMm. pucynok 1), copmupoBas npH 3T0OM OfHO-
YPOBHEBYIO CUCTEMY Ha §a3e eIMHOrO BRIYHCHAATENBHOTO A1Pa, K KOTOPOMY MOJKIIOYCHHE KIHEHTOB bINoJI-
HACTCH 6e3 HCIONB30BAHHA JOTIONHUTENBHEIX DBM., Takeii nogxon peamusyeTces TePMHHATBHBIM JOCTYIIOM
K MOACUCTEME JIOTHYECKHX 3aBHCHMOCTEH ¢ NMPUMEHEHUEM TePMHUHATBHBIX CTAHIHH (PHCYHOK 2).

CrpyKTypHzamus H ONTHMH3ALMA YTIPARNIeHHS NPH PEATM3ALHH TSPMHHAIBHOTO MOAXO0Aa BHIIOIHACTCA ¢
HCTIONE30BAHHEM METOIOE Ipad)OaHAIMIHYECKOO TPOSKTHPOBAHHA H KOH(DHIypHPOBAaHMA IpPOrpaMMHO-
anmapatHex cpeacts. [lpu yroM ykasaHHEIE MeTOEI HHTerpHpYIOTCA B coBpeMeHHbIe CAIIP u CAE-cHCTeMBI.

COBMECTHO CO CMEUHMATHCTAMH YKPAHHCKOTO FOCYAAPCTBEHHOTO YHHBEPCHTETA XKEHE3HOAOPOKHOIO
TpaHermopTa 1 HaydHo-nponsBoacTBeHHOr0 NpeApuaTHs «XKennopasToMaTHKay (I. XapbKOR) BHITIONHEHA
sKCnepuMenTaAnbHAs pazpaborka cucteM 311 u [ Ha Gaze TepMHHANBHOTO JOCTYNA AIA NOChneqylomek
peanHzaliy HA MPOMBILLIEHHOM JKeJIE3HOJOPOKHOM TpaHcnopTe. [IpH 3TOM BHINOIHEHO HCCIEROBAHHE
nokazareliel 6e30TKAZHOCTH CUCTEM aHATOTHYHOTO HA3HAUSHHA B BapHallHH KaK TEPMHHAIBHOTO J0CTYNA,
Tak M J0CTYMa Ha Oase pabounx craHuui. Ha npumepe cucremsr L cpaBHUTebHAA XapaKTePHCTHKA pe-
3y/JbTAaTOR pacyeTa HazexHOCTH npuBegcHa B Tabmime 1 (rme T, — cpennass HapaGorka Ao OTKasa,
Thoor — CpEOHEE BPEMA BOCCTARORNICHHS.

a) —"
6)

" dan @ e
PucyHox 2 — CucteMa ynpasJiteHHA Ha 6a3¢ TEPMANANBHEIX CTAHIMH:

a — CIpyKTypa cuctemsl; § — PICE cHOTeMEL

Tabruya | — CpABHATeTBEHAS XAPAKTEPHCTHRA NoKa3aTeNeH naaEkHoCTH ARBYX BAPHAHTOB

peannzannn JI1
N'BM #a Gase PC NBM w2 Gase TepmMHanoB
HawmeHosanwe RaTet, Ha 1w, . Halan
3 Tg,. r Tu, r - To. r Tlﬁ’ r
éepaap 1 43662 4 1 43662 4
TepMrHanbHBIH - - - 1 43662 4
cepeep
Kommyravop 1 99690 4 1 98690 1
PaBouan craHums 20 2643 4 = - =
TepMvHansHas - - - 2 400000 3
cTalumnA

Kak BUAHO M3 pe3Y/IBTATOR pacyeTa, cpeHAn HapaGoTka A0 OTKa3a NpH peanM3aliH noaxoaa Ha 6ase
TEPMHHATHHEIX CTaHUMH Gostee yeM B 40 pas mpeBbIIAET COOTBETCTRYIOMMIT pe3yneTaT AN riogxoaa, a-
3UPYEMOTo Ha palouiX CTAHIMAX (KTHCHT-CEPBEPHOH apXHTEKTYpe).

Takum 06pa3zoM, HeaecooOpa3HbIM AB/IAeTCA JanbHelliee pa3BHTHE TEPMHHANHBIX TEXHONOIHH peanu-
3ALMK 3PTATHYSCKUX CHCTEM YTIPaBIEeHHI HA JKEIe3HONOPOKHOM TPAHCNOPTE ¢ MO3TANHBIM OTKA30M OT
OPUMEHSHMA KJIaCCHYECKHX KIHEHT-CePBEPHBIX apXHTekTyp. [IpH 3ToM cliesyer oTMeTHTS, 9To Graromaps
YMEHBIISHHID KOTHYECTBA 3a1eHCTBOBAHHOIO CETCROFO 000pYAORAHHS BO3PACTAIOT HE TONEKO MOKA3aTENH
6€30TKa3H0CTH, HO H KHOepHETHYECKOH §e30MaCHOCTH — B CBA3H ¢ YMCHBIICHHEM KOJHYCSCTBA YA3BHMBIX
I KuDEpPHETUYECKHX aTak IPOrpaMMHEIX y3ios, OnpeneneHre napameTpos Knbepbe3onaHocTH u cTene-
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HU BJIMAHHA HA HSE PANTHUHBIX CTIOCOOOB peaH3alliH apXHTEKTYPhl CHOTEM YNpasieHus TpeSyeT Aonos-
HHUTEBHOTO HCCIISAOBAHHSA B NIPSAMETHOH 00J1acTH.

B npoliecce MMHTALIHOHHOTO H (pH3HUECKOro MOJENHPOBAHHA CHCTEM PasTHYHOrO HA3HAYEHHA C MPH-
MEHEHHEM TEPMUHANBHOTO AOCTYTIA ONMpeAeNeHBl TaKhe NCTIONHHTEbHBIC 0COOCHHOCTH HX pealH3alliu,
KaK HeoOXoaMMOCTh ¢neud(puYecKknx mHuensuit cHcTeMHOro mporpaMmHoro obecnevenus (I10), crou-
MOCTE KOTOPBIX HH3KE, YeM CTOHMOCTE OTACNBHBIX CCPBECPHBIX H KIHEHTCKHX J'IHI.[eHBHﬁ JNnA CHCTEM Ha
Gaze pabovHX CTaHLMH, (POPMHPOBAHHE CAMHEIX TOTICH NEPEMEHHBIX B cocTaBe mpHiian#oro I10, ueH-
Tpanu3auus BHIMUCICHUE U T. A. B KOHTekcTe Henoas3oanua cospeMeHHbIX CAE-cHeTeM obecnieunBaeT-
CA TAKKE OCTATOUHAA SKOHOMHYECKAs 11e/Ieco00pasHOCTh TAKOTO NOAX0Aa.

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 "TSI 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 anthorised 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 Furopean 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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