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Annotacija
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Abstract

The paper examines different width tracks for train control systems, traction calculation methods. According to
the European Rail Traffic Management System, consisting of different width tracks for trains running on the
development of traffic management techniques to improve the railway infrastructure capacity. Provided with
different width tracks for trains running traffic management techniques classification to analyze the method
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Darbe naudojamy santrumpuy sarasas

AB — akciné bendrové;

AHP — (angl. Analytic Hierarchy Process) daugiatikslio vertinimo metodas-analitinés hierarchijos
procesas;

ALS — automatiné lokomotyvy signalizacija;

ATO/ITF — (angl. Automatic train operation/ interface modul) sasaja tarp automatinio traukinio
valdymo ir kébulo jrangos;

ATV — automatinis traukiniy valdymas;

GSM-R - (angl. Global System for Mobile-Railway) balsiné¢ radijo rySio ir bevielé duomeny
perdavimo sistema;

ERTMS - (angl. The European rail traffic management system) Europos gelezinkeliy transporto
valdymo sistemos;

ETCS — (angl. European Train Control System) Europos traukiniy valdymo sistema;

EUAR - (angl. European Union Agency for Railways) Europos gelezinkelio agentira;

EVC — Eismo valdymo centras;

EVK — eismo valdymo kokybé¢;

HMI — (angl. Human — machine interface) sasaja Zmogus — masina;

KLUB - kompleksinés unifikuotos lokomotyvo saugos sistemos;

LG - Lietuvos gelezinkeliai;

OBCU_ATP — (angl. On Board Computer Unit _Automatic Train Protection) traukinio valdymo
jranga. Automatinis traukinio stabdymas (sistema);

RBC — (angl. Radio Block Center) radijo signaly perdavimo jrenginys;

RCS TU - (angl. Radio code system-train unit) traukinio jranga, skirta informacijai perduoti,
blokuoté — masinisto kabina;

RCS AP — (angl. Radio code system — Access point) lauko ir navigacijos sistemos jrenginiai, skirti
GSM-R informacijai perduoti;

TEG — traukiniy eismo grafikas;

TVD — (angl. Train vacancy detector) bégiy grandiniy uzimtumo detektorius;

WCU _ATP - (angl. Waysite computer unit (in interloking) viena sudedamyjy daliy tarp
centralizacijos ir signaliniy GSM-R tasky.



Terminai ir apibrézimai

Gelezinkelio kelias — inzinerinis statinys, kurj sudaro zemés sankasa, virSutiné kelio konstrukcija
(balasto sluoksnis, pabégiai, bégiai) ir kiti inzineriniai jrenginiai.

Gelezinkeliy infrastruktira — gelezinkeliai, statiniai, Zemé, pastatai, pagrindin¢ jranga ir jrenginiai,
biitini eismui organizuoti ir valdyti bei eismo saugai uztikrinti.

Gelezinkeliy linija — gelezinkeliy tinklo dalis su jrenginiais, statiniais bei eismo valdymo
sistemomis.

Gelezinkelio riedmenys — traukos priemonés (lokomotyvai), vagonai, dyzeliniai ir elektriniai
traukiniai, automotrisé€s ir specialieji riedmenys.

Gelezinkelio tinklas — Lietuvos Respublikos gelezinkeliy infrastruktiira, kurig valdo ir priziiiri jos
valdytojas ar savininkas.

Gelezinkeliy transportas — Lietuvos Respublikos iikio ir socialinés infrastruktiros dalis, skirta
visuomenés ir iikio subjekty poreikiams tenkinti — keleiviams, bagazui ir (ar) kroviniams
gelezinkeliais vezti.

Gelezinkeliy transporto veikla — keleiviy, bagazo ir (ar) kroviniy vezimas gelezinkeliais,
gelezinkeliy infrastruktiiros valdymas, plétra ir priezitira, taip pat kita veikla, tiesiogiai susijusi su
gelezinkeliy infrastruktiira, keleiviy, bagazo ir (ar) kroviniy vezimu.

Infrastruktiiros pralaidumas — didziausias nustatytos masés traukiniy skaicius (pory skaicius) kuris
gali bati praleistas Siuo ruozu per laiko vieneta (para) esant tam tikrai techniniei jrangai ir eismo
tvarkymo priemonéms, bei traukiniy eismo organizavimo sistemai.

Keleivinis traukinys — i§ keleiviniy vagony suformuotas traukinys, vezantis keleivius.

Lokomotyvo brigada — darbuotojy grupeé, valdanti lokomotyva, dyzelinj ar elektrinj traukinj.
Lokomotyvo brigadg sudaro masinistas ir jo padé¢jé€jas, o garveziuose ir kiirikas.

Marsrutas — traukinio ar manevrinio sgstato vaziavimo per tam tikrus ieSmus, kelias i$ tarpstociy |
stot], 1S stoties ] tarpstotj arba i vieno stoties kelio i kita.

Prekinis traukinys — 18 prekiniy vagony suformuotas traukinys, veZantis krovinj.

Sistema — tam tikra tvarka sujungty komponenty visuma.

Stotis — gelezinkeliy infrastruktiiros dalis. Ja sudaro keliy, pastaty, statiniy ir jrenginiy kompleksas,
uzimantis tam tikrg Zemés sklypa ir skirtas traukiniams priimti, i$formuoti, iSleisti ir praleisti;
keleiviams, bagazo ar kroviniy siuntéjams (gavéjams) aptarnauti.

Traukinio pralaidumo intervalinis skaiciavimas — trumpiausio laiko tarpo, po kurio ] tg patj tarpstot]

galima iSleisti kitg tos pacios krypties traukinj, skaic¢iavimas.
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IVADAS

Transporto reikSmé bet kurios Salies tikio Sakos ekonomikai yra labai didelé ir ji didéja vykstant
pasaulinei ekonomikos globalizacijai, kai Salis, esancias skirtinguose zemynuose, jungia prekybiniai
ir zmoniy laisvojo judéjimo rysiai. Gelezinkeliy transportas, konkuruodamas su kitomis transporto
rasimis, privalo gerinti keleiviy ir kroviniy vezimo kokybg. Tam plétojamas gelezinkelio keliy
tinklas, gerinama jo ir riedmeny kokybé, tobulinamas vezimo procesas.

Gelezinkeliy transportas — viena svarbiausiy Lietuvos transporto Saky. Jo svarba pabrézta
Lietuvos Respublikos susisieckimo ministerijos parengtoje Nacionalinéje transporto plétros
programoje. Cia gelezinkeliy transportas apibiidinamas kaip svarbiausia Lietuvos transporto $aka,
skirta keleiviams ir kroviniams veZti didesniais atstumais. Si transporto rii§is yra labiausiai
pritaikyta masiniams kroviniams vezti. Kroviniy vezimo rinkoje gelezinkeliai pirmauja vezant Siuos
krovinius: nafta ir naftos produktus, metalg ir jy produkcija, traSas, medieng ir statybines
medziagas, maisto produktus ir jy zaliavg ir kt. Keleiviy vezimo sektoriuje gelezinkeliams
pagrindinis vaidmuo priskiriamas vezant keleivius tarp didziyjy Lietuvos miesty.

Praktiné reikSmé. Gelezinkeliy transportas yra ekologiska transporto riisis. Tai suteikia jam
konkurencinj pranaSumga lyginant su kitomis transporto rii§imis. IStyrus ir jvertinus skirtingo plocio
vézeémis traukiniy eismo valdymo sistemas galima nustatyti traukiniy vaziavimo valdymo rezimus,
siekiant taupyti degalus ir mazinti kroviniy bei vezimo laika. ISnagrinéjus teorinius ir
eksperimentinius eismo valdymo procesus, pateikiamos iSvados ir pasitilymai, kaip optimizuojant
eismo valdymo rezimus ir didinant gelezinkelio ruozo pralaiduma, galima pasiekti eksploataciniy
sgnaudy sumazéjima.

Sio darbo tikslas - remiantis Europos geleZinkeliy eismo valdymo sistemy jgyvendinimu, sudaryti
skirtingo plocio vezemis vaziuojanciy traukiniy eismo valdymo plétros
metodika, leidziancig padidinti gelezinkelio infrastruktiiros pralaiduma.

Problemos aktualumas — gelezinkeliuose sunku numatyti keblias situacijas vezant keleivius
ar krovinius. Todé¢l reikia tobulinti savo Zinias ir atkreipti ypatingg démesj | pacias svarbiausias
problemas. Viena i§ jy yra keleiviy ir kroviniy vezimo kokybé¢, kroviniy pristatymas laiku ir
keleiviniy traukiniy vaziavimas pagal numatyta grafika. Vienas svarbiausiy Lietuvos investiciniy
prioritety yra transporto infrastruktiiros gerinimas. Siuo metu eksploatuojama eismo valdymo
sistema yra pasenusi ir neatitinka Europos gelezinkeliy sistemy reikalavimy. Pastaruoju metu vis
daZzniau tenka susidurti su situacijomis, kai atsiranda rimty problemy dél neteisingo traukos

skai¢iavimo ir eismo valdymo organizavimo.



Uzdaviniai:

e iSnagrinéti mokslinius straipsnius susijusius su eismo valdymo ir infrastruktiiros
modernizavimo ypatumais gelezinkeliy transporto sistemoje. Pateikti traukiniy eismo
valdymo plétros metodikos taikymo galimybes, iSnagrinéti analitinius ir teorinius metodus;

e iStirti ir palyginti skirtingo plocio véziy gelezinkelio linijy pralaidumo skaiCius pasiremiant
traukiniy eismo valdymo metodais ir eksperimentiniais rezultatais;

e pateikti siilymus gelezinkelio ruozo pralaidumui didinti ir naujy sistemy statybos bei

diegimo sagnaudoms mazinti.

Darbe analizuojama situacija atskleidé kaip yra svarbu zinoti Zmogaus reakcijos jtaka eismo
valdymo procesui. Palyginama intervalinio traukiniy eismo reguliavimo teorija esant dabartiniai
situacijai ir planuojamai, kai europinei 1435 mm plocio vézei bus integruota ERTMS 2 arba 3
lygio sistema. ISanalizuotos techninés ir organizacinés priemonés, kurias pritaikius transportas

taps efektyvesnis.



1. MOKSLO DARBU, SKIRTU SKIRTINGO PLOCIO VEZEMIS
VAZIUOJANCIUY TRAUKINIY EISMO VALDYMUI TIRTI IR JI
REGLAMENTUOJANCIU DOKUMENTU, ANALIZE.

1.1. Lietuvos geleZinkeliy traukiniu valdymo sistema reglamentuojantys

dokumentai
Lietuvos Respublikoje kroviniy ir keleiviy vezimo gelezinkeliais kokybe bei gelezinkeliy
infrastruktiiros naudojima, reglamentuoja jvairus dokumentai. Gelezinkeliy transporto veikla
reglamentuoja Lietuvos Respublikos gelezinkeliy transporto kodeksas (Zin., 2004, Nr. 72-2489),
Lietuvos Respublikos gelezinkeliy transporto eismo saugos jstatymas (Zin., 2004, Nr. 4-27; 2010,
Nr. 12-557) ir kiti teisés aktai. AB ,,Lietuvos gelezinkeliai® Gelezinkeliy infrastruktiiros direkcijos
pagrindiniai norminiai techniniai dokumentai yra:
e 320/E Laikinoji traukiniy eismo organizavimo instrukcija (2016-01-18 jsakymas Nr. |-
42);
e 241/SS Krovimo darby saugos technologiniy korteliy aprasas (2010-09-20 jsakymas Nr.
1-732);
e R/86 Gelezinkelio riedmeny stabdziy naudojimo taisyklés (2015-10-15 jsakymas Nr. |-
882);
e 26/AR Rysiy jrenginiy technings priezitiros instrukcija (2015-07-03 jsakymas Nr. 548);
e 163/K Statiniy artumo gabarity taikymo instrukcija (2001-11-26 Jsakymas Nr. 456);
e A/85 Vaziuojancio traukinio techninés biiklés automatinés kontrolés priemoniy
naudojimo instrukcija (2011-11-250jsakymas Nr. [-922);
e 210/E Traukiniy eismo grafiko sudarymo instrukcija (2015-02-17 jsakymas Nr. ]-137);
o 246/AA-T Kompleksinés unifikuotos lokomotyvo saugos sistemos (KLUB-U)
naudojimo instrukcija (2010-04-30 jsakymas Nr. [-334);
e 18/A Signalizacijos jrenginiy ir sistemy saugaus remonto ir prieziiiros instrukcija (2014-
08-14 jsakymas Nr. [-756);
e |ST 1005384.7:2014 Gelezinkelio pervazy dangy parinkimas ir jrengimas (2014-1017
isakymas Nr. [-959);
e 284/A Bombardier transportation objektiniy valdikliy sistemos OCS-950 naudojimo
instrukcija (2013-12-31 jsakymas [-1162);
e 110/K Specialiyjy gelezinkelio riedmeny naudojimo ir techninés prieziiiros instrukcija
(2016-05-04 jsakymas Nr. [-400).

e Pagrindiniai norminiai ir teisiniai dokumentai rodo, kad didziausias démesys skiriamas:



e AB ,Lietuvos gelezinkeliai verslo vertés augimui, didinant gelezinkeliy transporto
veiklos efektyvuma, gelezinkeliy transporto ir susijusiy paslaugy patrauklumg klientams;

e cfektyviam vieSosios gelezinkeliy infrastruktiros valdymui, priezitirai, atnaujinimui ir
plétrai pagal valstybés poreikius ir finansines galimybes;

e veiksmingam gelezinkeliy transporto ir susijusiy viesyjy paslaugy tiekimui ir Salies
strateginiy interesy jgyvendinimui teis€és akty ir kompetentingy valstybés institucijy
nustatyta apimtimi.

AB ,Lietuvos gelezinkeliai“ veiklos objektas yra Lietuvos Respublikos teisés aktuose nustatyty
viesSosios gelezinkeliy infrastruktiiros valdytojo funkcijy atlikimas, keleiviy ir kroviniy vezimas
gelezinkeliy transportu, taip pat gelezinkelio keliy ir jy jrenginiy apsaugos zony prieziiiros darby
organizavimas ir kitos ukinés-komercinés veiklos, kuriy vykdymas neprieStarauja Lietuvos
Respublikos teises aktams, vykdymas, teikiamy paslaugy kokybés pagal norminius dokumentus bei
Jy teikimo nepertraukiamumo uztikrinimas.

Gelezinkeliy transportas yra saugesnis, maziau zalingas aplinkai, naSesnis nei keliy

transportas, taciau jam plétoti, reikalingos didelés infrastrukttros investicijos. Visy pirma, turi biti

suteikiama negraZinama parama, dengianti visuomeninés veiklos (keleiviy vezimo) nuostolius.

1.2. Gelezinkelio infrastruktiiros tyrimai ir analizé

Gelezinkeliy infrastruktiiros modernizavimas ir plétra yra esmin¢ sékmingo darbo Europos
gelezinkeliy sistemoje salyga. Prioritetas teikiamas gelezinkeliy infrastruktiiros renovacijai ir
modernizavimui tarptautiniuose transporto koridoriuose, pagrindini démesj skiriant Lietuvos
gelezinkeliy techniniai sgveikai su Europos gelezinkeliais uztikrinti, Siuolaikiniams saugos ir
aplinkosaugos reikalavimams jgyvendinti, gelezinkelio keliy apkrovai ir traukiniy vaziavimo
greiCiui didinti, miSriems vezimams skaitinti.

Atnaujinus gelezinkeliy infrastruktiira, keleiviniy traukiniy greitis siekia iki 160 km/val. esant
1520 mm plocio vézei ir iki 240 km/val. kai vézés plotis yra 1435 mm. Esant dideliems traukiniy
greiciams, reikalinga gera Zmogaus reakcija ir profesionalumas.

Nuo traukiniy eismo salygy priklauso keleiviy komfortas, krovinio pristatymo terminai,
patikimumas, o svarbiausia — eismo saugumas. Eismo saugumo uztikrinti geleZinkeliuose
diegiamos kelio kontrolés, signalizacijos ir traukiniy valdymo, komunikacijos sistemos (Hamilton,
Edwards & Kelcey 2009). Nagrin¢jama strukturiné dinamika greituojy gelezinkeliy transporto
priemoniy sistemose (Lei, Zhang 2010), modernizuojama riedmeny stogo jranga (Cheli, Melzi
2010). Atlikta gelezinkelio riedmeny dinaminés sistemos analizé (Nasr, Mohammadi 2010).
Svedijos Stockholm — Gothenburg ruoze nagrinéjami nebrangios technologijos traukiniy greitj

didinti (Persson 2010), rezultatas pagerino esamg situacija iki 9 %.
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Idiegus naujg eismo valdymo sistemg, visoje Europoje bus nustatytas vienas bendras
signalinés jrangos standartas, kurj taikant bus kontroliuojamas traukiniy greitis ir prireikus
nurodoma jj sumazinti. Tai uztikrins, kad traukiniai suderintais nacionaliniais tinklais kursuoty
sklandziai, nevéluoty. Nereikéty atlikti papildomy patikrinimy ar derinimo. Lyginant su
tradicinémis signalizacijos sistemomis, ERTMS (ETCS+GSM-R) sistemos uZztikrina maksimaly
efekta uz mazesnius investicinius kaStus. Nuomoné Europoje ir kitose Salyse apie sumontuotas
ERTMS sistemas yra tokia, kad po tam tikro jdirbio laiko, jos pasiekia pakankama patikimumo lyg;.
Tokj pat kaip tradicinés signalizacijos sistemos. Tai pasiekiama intensyviu testavimu ir gerinimu,
naudojant programas, ] kurias jtraukti tiek gamintojai tiek infrastruktiiros valdytojai. IS moksliniy
darby analizés matyti, kad idiegus ERTMS sistema kituose Europos gelezinkeliuose, patikimumo ir
saugumo rodikliai vis ger¢jo. IS 74 jvykiy analizes, kurie jvyko 14-oje Europos Salyse nuo 1998 iki
2011 mety (Smith et al. 2013), padarytos iSvados, kad gautas rezultatas rodo teigiamg GSM-R
sistemos poveikj. IS 11-os jvykiy dél automatikos, signalizacijos ir rySiy sutrikimy buvo tik vienas

GSM-R sistemos gedimo atvejis.

1.3. Gelezinkelio transporto eismo sauga

Gelezinkelio transporto eismo sauga — didziausias AB ,Lietuvos gelezinkeliai* prioritetas.
Pagrindinis gelezinkeliy transporto eismo saugos uztikrinimo tikslas — turéti modernig subalansuotg
konkurencingg draugiSka aplynkai gelezinkeliy transporto sistema, kuri efektyviai tenkinty Lietuvos
ir kaimyniniy valstybiy gyventojy ir verslo poreikius.

Siekiant tapti svarbia transeuropinio transporto tinklo dalimi ir didinti Lietuvos konkurenciniy
pranasuma keleiviy ir kroviniy vezimo gelezinkeliy transportu srityje, svarbiausias AB ,,Lietuvos
gelezinkeliai* uzdavinys yra gelezinkeliy infrastruktiiros ir gelezinkelio riedmeny modernizavimas
ir atnaujinimas, kad gelezinkeliy transporto naudojimas atitikty aukSciausiais saugos standartus.

Federaliné gelezinkelio administracijos reglamente nurodytos S$eSios pagrindinés incidenty
gelezinkelio keliuose priezastys: kelio bukle, signaly gedimai, avarijos pervazose, zmogaus elgesys,
valdymo jrenginiy defektai ir gedimai. Pagal atliktg statisting analiz¢ nuo 2016 m. sausio iki liepos
ménesio, dazniausia incidento priezastis buvo zmogaus elgesys. Gelezinkelio keliuose uzfiksuota
incidenty:

e Zmogaus elgesys —33,5%;

e Kelio buklé — 27,9%;

e Kitos priezastys — 15%;

e Valdymo jrenginiy defektai ir gedimai — 13,3%;

e Avarijos pervazose — 8,3%;
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e Signaly gedimai — 1,9%.

Europos Sgjungos Reglamente d¢l gelezinkeliy sistemos Europos Sajungoje kontrolés, valdymo
ir signalizacijos posistemiy techninés sgveikos specifikacijy, nustatyti reikalavimai visiems taikymo
lygiams.

Traukinj su riedmenyje jdiegta traukinio apsaugos A klasés sistema, atitinkancia tam tikra
taikymo lygj, turi biiti galima eksploatuoti to lygio arba bet kurio kito zemesnio lygio linijose:

e traukinj su riedmenyse jdiegta traukinio apsaugos A klasés sistema, atitinkancia antrajj
lygi, turi biiti galima eksploatuoti Sio lygio ir pirmojo lygio gelezinkelio linijose,

e nereikalaujama, kad traukinyje su riedmenyse jdiegta pirmo lygio A klasés traukinio
apsaugos sistema bty jranga, tinkama duomenims GSM-R ETCS radijo rysiu perduoti,
taciau jame turi biti jdiegtos visos antrojo ir treciojo lygiy funkcijos ir taip uztikrinta,
kad:

e véliau prijungus tik duomenims perduoti skirta radijo rySio jrangg GSM-R ETCS,
traukinio jranga atitikty antrajj lygi,

e véliau prijungus tik duomenims perduoti skirta radijo rySio jrangg GSM-R ETCS ir
traukinio sgstato vientisumo aptikimo priemones, traukinio jranga atitikty treciajj lygj.

Integruojant Lietuvos gelezinkelio sistemas j Europos sistemas, labai svarbu uztikrinti saugy
gelezinkeliy infrastruktiiros eksploatavima, laikytis saugumo standarty reikalavimy. Nagrin¢jami Sie
gelezinkelio sistemy patikimumo ir saugumo rodikliai (Bnacenko, Teera 2010):

e P(t) — negendamumo tikimybés reikSme;

e  Q(t) — gedimo tikimybeés reikSmeé;

e A(t) — gedimy intensyvumas;

e T —resurso vidutiné matematiné reikSmeé;

e Ps(t) —saugios eksploatacijos tikimybés reikSmé;

¢  Qi(t) — kritinio gedimo tikimybés reikSmé;

o  Au(t) — kritiniy gedimy intensyvumas;

e Ty - resurso vidutiné matematiné reikSme esant kritiniam gedimui.

Kadangi eksploatacijos metu sistemos kritiniai sutrikimai atsiranda labai retai, geleZinkelio
signalizacijos sistemoms, automatikos tkiui gedimy intensyvumas imamas be konkretaus laiko
tarpo. Siuo atveju taikomos lygtys:

A(t) = A = const ir Akr(t) = Ak = const. (1.1)

Tokiais atvejais negendamumo ir gedimo tikimybés reikSmés apskaiCiuojamos pagal
eksponentinio désnio pasiskirstyma:

P(t) = e—At,PS (t) = e — Akrt; (1.2)
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Q(t) = 1—e—At,Qkr(t) = 1 — e — Akrt; (1.3)

Tkr = — (1.4)

Lietuvoje yra sustiprintas eismo saugumas gelezinkelio pervazose. Sékmingai jgyvendinti saugos
sistemy, kuriose jdiegtos naujausios technologijos, projektai. Nors mir¢iy skaicius pervazose sudaro
tik apie 2% bendro mirciy skaiciaus automobiliy kelivose, taciau siekia 20-30% visy mirciy

gelezinkeliuose (Gailiené ef al. 2013).

1.4. Keleiviy vezimo geleZinkeliais komforto tyrimai

Pastaruoju laiku daug démesio skiriama démesio keleiviy vezimo komfortui. Analizuojama, esant
kokiems keleivinio traukinio gedimams, galima toliau eksploatuoti riedmenj neislaipinant keleiviy.
Apskaiciuota, kad tikslingiau eksploatuoti lokomotyvus arba vagonus su smulkiais defektais, nei
sumazinti traukiniy, i§vykstanciy j kelione skai¢iy (Luca D’Acierno et al. 2016). Atlikta strateginé
analizeé (D*Acierno ef al. 2012) parod¢, kad sumaZinus keleivinio traukinio naSumg 20 %, galima jj
eksploatuoti toliau. Sumazéjus naSumui 80 % ir daugiau, reikia nedelsiant iSlaipinti keleivius ir testi
keliong kitu traukiniu arba kitomis transporto priemonémis.

Atlikus krovininiy ir keleiviniy traukiniy srauty analize, pagal anksCiau atliktas studijas,
(Griskevicien¢ et.al. 2011) daroma prielaida, kad ruoze nuo Lietuvos/Lenkijos valstybés sienos iki
Kazly Riidos 2020 m. gali vaziuoti 24 krovininiai ir 17 keleiviniy traukiniy. 2055 m. atitinkamai jy
gali biiti 24 krovininiai ir 59 keleiviniai traukiniai. Keleiviy vezimus gelezinkeliais tyrinéjo
(Dailydka, Lingaitis 2012), (Sun, Hu 2012). Labai svarbu turéti objektyviais duomenimis pagrista
keleiviy vezimo atskirais traukiniais kokybés nustatymo ir vertinimo metodika. Keleiviy vezimo
kokybei tirti taikomi daugiakriteriniai metodai (Maskelitinait¢ 2012). Pateiktas tarptautiniy
traukiniy keleiviy vezimo kokybés vertinimo modelis (Maskelitinaité, Sivilevic¢ius 2012). Didele
jtaka traukiniy eismo parametrams turi gelezinkelio kelio kokybé, kuri vertinama kelio kokybés
indeksu (KKI) (Hu ef al. 2011). Bégiy kelio geometriniai parametrai vertinami naudojant
palydovines sistemas (Koc 2012). Bégiy kelio saugumui uztikrinti, taikoma programy visuma (Vale
et al. 2012), sudaromi gelezinkelio kelio, balasto priezitiros valdymo modeliai (Sevi, Ge 2012).
Didéjant traukiniy eismo intensyvumui, biitina gerinti gelezinkeliy linijy pralaidumag (Sameni,
Preston 2012). Tam pateikiami traukiniy pralaidumo modeliai ir algoritmai, tinkantys traukiniy
eismo grafikui sudaryti (Li et al. 2013).

Optimizuojant variantinj traukiniy eismo grafika, pateiktas véluojanciy traukiniy tvarkarascio
atid¢jimo algoritmas (Sato et al. 2013). Remiantis nepatogumo, kurj patiria keleivis ir kelionés

kainos teigiamu skirtumu apskaiciuojama tikslo funkcija.
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1.5. Transporto srauty pasiskirstymo modeliy tyrima

Traukiniy eismo grafiky uzdaviniams spresti pritaikytas kintamojo modeliavimo algoritmas.
Nagriné¢jant Monte Karlo metodo taikymo stochastiniy uzdaviniy sprendimo aspektus, apibréztas jy
taikymo modelis Sredingerio lygéiai bei rizikos vengimo uzdaviniams spresti. Sprendziant
operatyvinio stochastinio programavimo uzdavinius, sprendinys nustatomas realiuoju laiku, todél
sprendiniui rasti taikomi jprasti optimizavimo metodai (Zilinskas 2007).

Srauty pasiskirstymo uzdavinj galima spresti, kai transporto elementy biiklé nekinta ir kai
planuojama ja keisti (t. y. kada transporto elemento techninis lygis gali buti didinamas). Abiem
atvejais sanaudy priklausomybé nuo transporto elemento apkrovimo dazniausiai yra netiesiné. Sis
netiesiSkumas budingas visoms transporto ruSims. Sgnaudos, susijusios su krovininiy traukiniy
stabdymu bei jsibégé¢jimu praleidziant keleivinius traukinius, néra proporcingos kroviniy srautui.
Kai kelio apkrovimas artéja prie jo pralaidumo ribos, tai vezimo sgnaudos Siame transporto
elemente auga daug grei¢iau negu vezimo apimtys. Sios sanaudos gali bati sumazintos atitinkamai
rekonstravus transporto elementg ir tuo padidinus jo pralaiduma.

Kai transporto elemento pralaidumas yra beveik iSnaudotas, tai vezimo sgnaudos labai padidéja.
Sanaudas galima sumazinti rekonstruojant §j elementg bei padidinant jo techninj lygj. Tac¢iau Siuo
atveju sanaudy priklausomybé nuo vezimy intensyvumo tampa sudétingesne (Dievulis 1995).

R Junevicius (2011) savo disertacijoje nagrin¢jo transporto srauty matematinius modelius.
Modeliy lygtys sprendziamos charakteristiky ir baigtiniy skirtumy metodais. Taip pat pristatomas
sukurtas transporto srauty, kaip netiesinés dinaminés sistemos, sutelktyjy parametry modelis su

vélinimu (Junevicius, Bogdevicius 2007).

1.6. Traukiniy eismo valdymo ir organizavimo tyrimai

Didé¢jant traukiniy greiiui, rizika padaryti klaidy valdant traukiniy eismg taip pat didéja.
Akivaizdu, kad zmogiskasis faktorius uzima vos ne pirmg pozicijg riziky kriterijy saraSe. Dabartinés
eismo valdymo sistemos Lietuvoje neparuoStos valdyti greitesnius nei 160 km/val. greiciu
vaziuojancius traukinius. Todé¢l kartu su signalizacijos sistema turi biiti atnaujinta ir eismo valdymo
sistema. Svarbiis inZineriniai projektai reikalauja ypatingo akcento projekto daliy, susijusiy
jrenginiy vientisumui (Stapelberg 2009). PavyzdZziui, moksliniai tyrimai nuolat skatina atnaujinti
ERTMS/ETCS standarty specifikacijas, tobulinti patikimuma bei sgveika Siuolaikinése gelezinkeliy
sistemose (Flamini et al. 2012). Analizuojant transporto planavimo ir modeliavimo problemas,
transporto ekonominius ir socialinius sprendimus (Ortuzar, Willumsen 2011), pristatomi svarbiausi
transporto modeliavimo metodai, jy praktiné svarba, tinkamiausiy modeliavimo jrankiy

pasirinkimai.
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Daug démesio skiriama keleiviy ir operatoriaus saveikos metodikai, keleiviy aptarnavimo
algoritmams, paslaugy kokybei (D’Acierno et al. 2016). Kalbant apie traukiniy greitj, nereikia
pamirsti apie degaly sanaudas. Lietuvos gelezinkeliams reikéty atkreipti démesj ne tik j dyzeling
sgnaudy mazinima, bet ir j elektros taupymga. Labai svarbu plétoti gelezinkelj transporto veikla Ryty
ir Vakary koridoriuose, jgyvendinant zaliojo transporto koridoriaus koncepcija. Tai yra grindziama
zymiu infrastruktiiros parametry kokybés gerinimu, gelezinkelio tinklo elektrifikavimu, sasajos su
Klaipédos uostu stiprinimu, vieSyjy logistikos centry plétra, intermodalinés sgveikos gerinimu. Tuo
paciu tai smarkiai padidina Sio transporto koridoriaus visos logistikos grandinés konkurencinguma.
Nelygus vaziavimo profilis ir staigus stabdymas lemia kuro sgnaudy didéjimg. Ypac aktualu
teisingas traukos skaiciavimas didesniame kaip 7 % ikaln¢je. Pastaruoju laiku, pradéjus sparciai
integruoti automatiniy eismo valdymo sistemas, pastebéta, kad navigacijos sistemos, automatiskai
valdomi traukiniai, centralizuotas traukiniy eismo valdymas sumazina pagrindinius resursy
naudojimo kriterijus: stabdymo jéga, signalizacijos gedimus, degaly sanaudas. Gerina rekuperacijos
panaudojima, keleiviy komforta, didina ruozy pralaiduma (Kondo 2010).

Parenkant traukos riedmenis tam tikram geleZinkelio ruozui, labai svarbu jvertinti prekiniy
Silumveziy dyzelino sanaudas, vaziavimo greit], traukos jéga, aplinkos tarSg (SteiStinas, Bureika
2012). Atsizvelgiant j kelio profilio ypatumus ir greicio apribojimus, buvo modeliuojamas skirtingy
Silumveziy naudojimas geleZinkelio ruoze Kaunas—Sestokai, parenkami skirtingy masiy sastatai,
fiksuojamas kelionés laikas, degaly sanaudos.

Apskaiciuotos skirtingy Silumveziy degaly sgnaudos traukiant 1100 t, 2600 t ir 4200 t

sastatus ruozu Kaunas—Sestokai. Palyginimas pateiktas 1.1 paveiksle.
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Ivertintos beveik visos iSorin¢s jtakos traukiniy eismo valdymo sistemy tobulinimui
(Jastremskas 2012). Vadovaujantis racionaliais valdymo rezimais, atlikti bandomieji
eksploataciniai vaziavimai. Jie patvirtino teorines prielaidas ir ilgyjy traukiniy racionaliy valdymo
rezimy pasirinkimo metodikas. Rezultatas: 1,5-2 kartus sumazintas sgstato iSilginiy dinaminiy jégy
dydis ir sutaupyta iki 5-8 % degaly sgnaudy.

Pradéjus eksploatuoti automatiS$kai valdomus traukinius ir ERTMS 3 lygio sistemas,
optimizuojamas eismo intervalinio reguliavimo algoritmas ir pasiekiamas didesnis eksploatacinis
efektyvumas. Centralizuoto automatinio valdymo algoritmo (bapanoB et al. 2012) ir imitacinio
modeliavimo taikymas gerokai sumazina nenumatyty sustojimy skaiCiy gelezinkelio ruozo
tarpstotyje, o traukiniy prastova ir elektros energijos naudojima iki 3-9 %.

Eismo valdymo sistema sudaro ne tik traukiniy eismas, bet ir procesai, kuriy visuma
uztikrina traukiniy vaziavimg pagal nustatytg grafikg ir uztikrina eismo saugumg. Visy gelezinkelio
padaliniy eksploatacijos darbo lygis priklauso nuo traukiniy eismo grafiko sudarymo kokybés.

Traukiniy eismo organizavimas — tai eismo saugumg laiduojanciy priemoniy visuma, visy
gelezinkelio padaliniy darnus darbas, kroviniy pristatymas ir keleiviy vezimas trumpiausiais
atstumais ir terminais, nasiy techniniy priemoniy naudojimas, pazangiausiy technologijy taikymas

bei traukiniy eismo reguliavimas ir valdymas (zr. 1.2 pav.)

Gelezinkelio
GeleZinkeliy eismo valdymo centras fransporto eismo

sauga

Kroviniy vezimas || Keleivin vezimas Infrastrukturos Stat};ha, prieziira
valdymas ir plétra

Rusitko (1520 mm) Europinio [135 mm)
plotio vézés geleZimkelio plotio vézés geleZinkelio
nfrastruktiros valdymas mfrastruktiros valdymas

1.2 pav. Traukiniy eismo valdymo centro veikla
Organizuojant traukiniy eisma, sprendziami $ie pagrindiniai uzdaviniai:
e keleiviniy traukiniy eismo organizavimas;

e prekiniy traukiniy eismo organizavimas;
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Pagrindiniai traukiniy eismo organizavimo principai yra Sie:

e stoCiy darbo organizavimas (traukiniy priémimas, iSleidimas, praleidimas, sastaty
i$formavimas ir suformavimas, vagony iskrovimas ir pakrovimas, keleiviy jlaipinimas ir
iSlaipinimas ir t. t.);

e vagony srauty organizavimas j specializuotus traukinius — paskirtinus marsrutus i§ pakrovos
viety ir tam tikros paskirties traukiniy formavimas techninése stotyse (prekiniy traukiniy
formavimo plano sudarymas);

e traukiniy eismo organizavimo pagrindo sudarymas (traukiniy eismo grafiko sudarymas);

e techninis gelezinkeliy eksploatacinio darbo normavimas (techniniy eksploatacinio darbo
normy ir rodikliy nustatymas);

e traukiniy eismo ir krovimo darby operatyvus planavimas, kurio tikslas uztikrinti kroviniy
vezimo, traukiniy eismo grafiko ir techniniy normy bei rodikliy vykdyma kiekvieng para
(paros, pamainos operatyvaus darbo plano sudarymas);

e traukiniy eismo saugumo uZztikrinimas.

Traukiniy eismo organizavimo pagrindas yra eismo grafikas, apimantis visy gelezinkelio
padaliniy darbg. Jo laikymasis yra vienas i§ svarbiausiy gelezinkelio darbo kokybés rodikliy.

Vienas 1§ pagrindiniy traukiniy eismo organizavimo rodikliy yra ruozy pralaidumas.
Nagrin¢jami gelezinkelio ruozo pralaidumo nustatymo metodai — analitinis (reikiamo ir esamo
gelezinkelio ruozo pralaidumo nustatymas) ir iteratyvus (tankinant traukiniy eismo grafika, kai
naudojamos programinés technologijos). Palyginus Siuos metodus matyti, kad automatizuotas eismo
valdymas, grafiko vykdymas ir konfliktiniy situacijy sprendimas naudojant programines
technologijas, padidina gelezinkelio linijos pralaidumg ir uztikrina eismo saugos reikalavimus
(Valentinovic, Sivilevicius 2014). Dviejy etapy iteratyvaus metodo bandymai (Jong et al. 2013)
parodé ne tik jo efektyvuma, bet ir patobulinto traukiniy eismo grafiko pranasuma lyginant su
esamu. Intervalinis traukiniy reguliavimas placiai naudojamas kaip SiuolaikiSka priemone
optimizuoti traukiniy valdyma, mazinti degaly sanaudas, didinti geleZinkeliy ruoZo pralaiduma. Sio
metodo rezultatai pateikti 1.3 paveiksle. Automatizuotos sistemos leidZzia sumazinti tarpsotyje
traukinio vaziavimo laikg ir atstumg tarp traukiniy ir praleisti papildomus traukinius didinant ruozo
pralaidumg. X — aSyje blokuojamojo ruozo ilgis, m; Y — aSyje traukiniy vaziavimo laikas

tarpstotyje, s.
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Tarpstotyje vaziuojanciy traukiniy grafikas Tarpstotyje vaziuojanéiy traukiniy grafiko
tankinimas
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1.3 pav. Traukiniy eismo grafiko tankinimas (Landex et al. 2007)

Nepaisant temos reikSmingumo bei numatytos problematikos sudétingumo, Lietuvoje iki $iol
néra iSsamiy moksliniy darby, kurie formuluojant traukinio eismo optimalaus valdymo uzdavinj,
jvertinty visy vaziavimo kriterijy visumg. Norint pritraukti kuo daugiau keleiviy ir klienty, norinciy
vezti prekes gelezinkelio keliais, biitina gerinti vezimo paslaugas, t. y. didinti vezimo gelezinkeliais

patraukluma.

18



2. TRAUKINIU IR EISMO VALDYMO METODIKOS MODELIAVIMAS,
ANALITINIS IR TEORINIS TYRIMAS

2.1. Traukiniy vaziavimo greicio ir eismo intensyvumo rySio su kelio bikle

analize

Eismo intensyvumas — vienas svarbiausiy eksploataciniy rodikliy, lemianciy prezitros ir
remonto darbus, darby riisis ir jy apimtis. Nuo eismo intensyvumo priklauso ir pajamy dydis, kuriy
tam tikrg dalj galima investuoti j infrastruktiiros atnaujinimg ir modernizavima.

Traukiniy vaziavimo greitis nagrinétas kaip kelio parametry ir jy techninés buklés funkcija v =
f(s). Laikoma, kad ji gali reglamentuoti plano, iSilginio profilio elementai, kelio konstrukcijos
parametrai bei jy techniné biiklé. Taip pat laikyta, kad traukiniy vaziavimo grei¢iams didelés jtakos
turi kelio statyniy laikymo galia ir ie§my, esanéiy ant pagrindinio kelio, konstrukcija. Zinant, kad
traukiniy vaziavimo greiciui daugiausia jtakos turi guls¢iyjy kreiviy spinduliai, vertinant pakylos
aukstj ir leidziamg iScentrinés jégos skersinj pagreitj, traukiniy vaziavimo greiciai kreivése V,, gali
biiti skai¢iuojami pagal formule:

V., = kVR, 2.1)
¢ia: k — koeficientas, imamas pagal leidziamg iScentrinés jégos didejimo pagreitj; R — gulsciosios
kreivés spindulys, m.
Pagal skirtingus kreiviy spindulius buvo apskaiciuoti leidziamieji traukiniy vaziavimo greiciai
kreivése ir pateikti 1.1 lenteléje

1.1 lentelé. Leidziamieji nustatyti traukiniy vaziavimo greiciai kreivése

o ] Didziausias leidziamasis traukiniy vaziavimo greitis Vx, ki/h
Krelve; slplndulys ISorinio bégio pakyla h=120 mm ISorinio bégio pakyla h=150 mm
keleiviniams prekiniams keleiviniams prekiniams
350 81 69 86 75
400 86 74 92 80
500 97 82 103 89
600 106 90 122 106
700 122 104 130 113
1000 137 116 146 126
1200 150 128 160 139

Tarpstociuose esancios tokiy spinduliy kreivés ir reglamentuoja ruozu vaziuojancio traukinio
greitj, kai nenuslopintas skersinis pagreitis a = 0,7 m/s>.

Kelio iSilginiame profilyje grei¢iams turi jtakos zingsnio nuolydis. Nuo jo dydzio priklauso

traukinio vaZziavimo greitis arba traukinio masé¢. Jei traukinio masé¢ Q skai¢iuojamame ruoze

laikoma pastovi, tai traukiniy vaziavimo greiti galima skaiciuoti kaip traukos jégos F funkcija:
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F=(P wp+Q w)g+P+Qg-i, (2.2)
Cia: P — lokomotyvo masé, t; Q — vagony masé, t; w( — varza, tenkanti vienam lokomotyvo kN;
wg — varza, tenkanti vienam vagono kN; g — laisvojo kritimo pagreitis, 9,81 m/s?; i — kelio isilginis
nuolydis, %o.
Traukiniy vaziavimo greiciai, priklausantys nuo kelio techninés biiklés, skaic¢iuoti pagal jtempius
bégiuose, pabégiuose ir balaste. Svarbiausiy itempiai bégyje apskaiciuoti pagal formule:

f -107°
Op = 4kWp ekv—I,

(2.3)

¢ia: f — koeficientas, jvertinantis per¢jimg nuo pagrindiniy prie briauniniy (pakrascio) jtempiy; k —
koeficientas, kuriuo jvertinamas standumo tarp bégio ir pagrindo santykis (k = 0,9/1,8 m™); Poy,p_;
— ekvivalentiné apkrova j bégj jvertinant dinaminj poveikj, N; w,, — bégio atsparumo momentas
asies, einancios per apatine bégio pado plokstuma, atzvilgiu, m>.

Svarbiausiy jtempiy pabégyje apskaiciuoti pagal formule:

_ kl-107

= on Pev—11, (2.4)

Op
¢ia: 1 — atstumas tarp gretimy pabégiy asiy, m; k — koeficientas, kuriuo jvertinamas standumo tarp
bégio ir pagrindo santykis; w — padéklo plotas, m? ; P,y,_;; — ekvivalentiné apkrova j pabégj
jvertinant dinaminj poveikj, N.

Svarbiausi jtempimai balaste apskaic¢iuoti pagal formulg:
kl-107¢ p
20 ekt (2.5)
¢ia: Q — 0,5 pabégio plotas jvertinant pabégio jlinkj, m?.

Opr =

Faktiniai jtempiai, gauti skirtinguose elementuose pagal traukiniy vaziavimo greitj, sulyginti su
leidziamaisiais, leido spresti apie greicio priklausomybe nuo kelio techninés biiklés. 1.2 lenteléje
pateikiami jtempiai virSutinés kelio konstrukcijos elementuose.

1.2 lentelé. Leidziamieji ir faktiniai jtempiai virSutinés kelio konstrukcijos elementuose

Leidziamieji ir faktiniai jtempiai|LeidZiamieji ir faktiniai | Leidziamieji  ir  faktiniai
bégiuose, MPa jtempiai pabégiuose, MPa jtempiai balaste, MPa
pagrindiniai | galvutéje |pade mediniuose | gelzbetoniniuose | skaldos skaldos
400/- 240/237  |320/- 1060/1,52 3,0/2,8 0,5/0,3 0,35/-

Kai kelio konstrukcijos elementai pakankamai kokybiSki, problemy dél traukiniy vaziavimo
greic¢io neturéty biti, taciau jy nuokrypoms nuo projektinés padéties keliami griezti reikalavimai.
Keliuose, kuriuose traukiniai vazingja 120—160 km/val grei€iu, nuokrypos nuo standartinio vézés

plocio gali buti ne didesnés kaip — 2 + 6 mm, o nuokrypos nuo tiesés — 6 + 6 mm. Norint jvykdyti
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tokius grieztus reikalavimus, reikia sudétingy tyrimy ir specialios taisymo technologijos

(Cerniauskaité ez al. 2001).

2.2. Traukinj veikiancios dinaminés jégos

Siuolaikinio matematinio modeliavimo metodologijos esmé yra tiriamojo realaus objekto
pakeitimas jo ,,atvaizdu® — matematiniu modeliu, o véliau — virtualiuoju objektu (matematinio
modelio kompiuterine realizacija).

Paprasta traukinio dinaminj modelj galima apraSyti pagal antrajj Niutono désnj (Vikulina,
Sverdlin 2016):

d2s F
MEE = G usd) (57) = Fre = By 26

¢ia: M — traukinio masé¢, t; S — traukinio koordinaté, m; F,. — traukos jéga, KN; Fg; — stabdymo
jega, KN; Fp, — frikcijos jéga, KN; F g, — gravitacinés jégos projekcija, KN.

Optimizavimo problema (optimalus valdymas) U(S) uzraSoma kaip tiesiné¢ sistema (Vikulina,
Sverdlin 2016):

S, - Uy

uil)=[SiUi=|: , (2.7)

s u
Valdymo sgsajos turi biiti lygios {0,1,2,3}, ¢ia 0 — stabdymas, 1— riedéjimas, 2 — kruizinis
rezimas, 3 — trauka. Riedéjimas — rezimas, kai stabdymo ir traukos jéga = 0. Kruizinis — rezimas,
kai traukinys vaZiuoja nustatytu greiciu, esant atitinkamoms stabdymo ir traukos jégoms.
Traukinio vaziavimo modelyje galima apskai€iuoti suvartojama ir rekuperacing energija
pagal lygti (Vikulina, Sverdlin 2016):
E= [ Fy dS, (2.8)
¢ia: S — nustatyta koordinat¢, m; E — suvartojama energija, kJ.
Kadangi rekuperaciné energija priklauso nuo elektrodinaminio stabdymo, tai stabdymo
efektas gali biiti apraSytas kaip (Vikulina, Sverdlin 2016):
Ee=nJ, Feanr dS, 2.9)
¢ia: E: — rekuperaciné energija, kJ; n — i lokomotyvo variklj sugriztanti energija, % ;
Fedor — elektrodinaminio stabdymo jéga, KN.

Sudarytas algoritmas ir valdymo optimizavimas jrodo, kad automatiskai valdomi traukiniai per
trumpg laikg iSnaudoja beveik 100 % traukos efektyvumo ir sutaupo apie 14,5 % energijos
(Vikulina, Sverdlin 2016).

Traukinio traukos skai¢iavimo procese lokomotyvas, traukinio sgstatas pakei¢iamas j modelj,

kuriame skai¢iuojamas taSkas yra sastato viduryje. Jame koncentruojasi traukinio svoris ir tokiu
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atveju traukinio vaziavimg priimame kaip vieno tasko judéjimg. Visos jégos bus priimtos kaip
veikiancios judantj materialyjj taska.

Judantj lokomotyvga veikia:

e traukos jéga;

e stabdymo jéga;

e pasiprieSinimo jéga.
Traukinj veikianciy iSoriniy jégy atstojamajg galima pateikti $ia iSraiSka (Jastremskas 2012):

FY = Fr(v,u(x)) - Wo(v,u(x)) - Wy'(v) - W;(x) - We(x) -

— Wys(V) = Whg(V) = Wiy (V) = Bea (v, u(x)) - B, (v, Kz(8),u(®)), (2.10)
¢ia: Fy — traukos jéga, KN; W’y — pagrindiné pasiprieSinimo jéga, KN; Wy — sgstato vaziavimo
pagrindiné pasiprieSinimo jéga, KN; W; — kelio nuolydziy pasiprieSinimo jéga, KN; Wz — kelio
kreiviy pasiprieSinimo jéga, KN; Wy, — iSoriniy oro sglygy pasiprieSinimo jéga, KN; W,, —
povagoninio generatoriaus pasiprieSinimo jéga, KN; W, — Soninio véjo pasiprieSinimo jéga, KN;
Beq— elektrodinaminé jéga, KN; B, — pneumatinio stabdymo jéga, KN.

Autonominés traukos lokomotyvuose (Silumveziuose, dyzeliniuose traukiniuose,
automotrisése), vidaus degimo variklio cilindruose degant degalams, paprastai dyzeliniams,
chemin¢ degaly diegimo energija paverciama alkiininio veleno mechaniniu darbu. Toliau vidaus
degimo variklio energija per galios pavarg (mechaning, hidrauling, elektring) perduodama
aSiraciams, kur paverc¢iama lokomotyvo traukos jéga Fx. Lokomotyvo traukos jéga Fx privalo kisti
atvirksciai proporcingai jud¢jimo greiciui v. Tokia charakteristika vadinama hiperboline. Ji leidzia
lokomotyva visame greicio diapazone valdyti optimaliai, t. y. visiSkai iSnaudoti dyzelinio variklio
galia (Liudvinavi¢ius, Lingaitis 2012). SilumveZio traukos jégos priklausomybés nuo vaziavimo

greicio grafikas (Silumvezio traukos charakteristika) pateiktas 2.1 paveiksle (Jastremskas 2012).

Traukos jéga Fyr, kN Galia Pygr, kW
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2.1 pav. Tipinés SilumveZio traukos charakteristikos(Jastremskas 2012):
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1 — Silumvezio vienos sekcijos traukos jégos charakteristika; 2 — Silumvezio dviejy sekcijy traukos
jégos (dviguba trauka) charakteristika, 3 — Silumvezio trijy sekcijy traukos jégos (dauginé trauka)
charakteristika; 4 — silumveZio asSiraciy isvystoma galia, 5 — Silumvezio dyzelio galia

Numatoma, kad traukinj veikianti stabdymo jéga gali buti sukuriama elektriniais
(rekuperaciniais arba elektrodinaminiais) stabdziais. Rekuperaciniy stabdziy sukuriama stabdymo
jéga By priklauso nuo vaziavimo greicio v ir valdiklio padeéties u. Ji apytiksliai skai¢iuojama per
tiesines funkcijas, analogiskai kaip traukos charakteristikos. SilumveZio stabdymo jégos By ir
stabdymo galios Py priklausomybés nuo vaziavimo grei¢io v grafikas (Silumvezio stabdymo
charakteristika) pateiktas 2.2 paveiksle.

Stabdymo jégos B,, veikiancios traukinj pneumatinio stabdymo metu, skai¢iavimui naudojama
formulé (I'peGenrok 2004):
Bp = ntr - ¢tr - (v,K(t)) - K(t), (2.11)
¢ia: ny — traukinio stabdziy trinkeliy skaicius; ¢. — trinkeliy trinties ] ratg koeficientas.

Trinties koeficientas ¢, priklauso nuo traukinio vaziavimo grei¢io v ir spaudimo ] stabdziy
trinkele jégos K. Jis nustatomas i§ empirinés formulés, kurioje koeficientas priklauso nuo stabdziy
trinkeliy tipo, o greitis v matuojamas km/h. Spaudimo ] stabdziy trinkeli¢ jégos K(t) kitimo
désningumas priklauso nuo stabdziy sistemos suslégto oro skirstytuvo, o didziausio spaudimo dydis

— nuo stabdymo rasies (tolygus, staigusis).
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2.2 pav. Tipinés SilumveZzio su elektrine pavara charakteristikos esant elektrodinaminio stabdymo
rezimui(Jastremskas 2012):

1 — papildomy jrenginiy galia, 2 — vieno Silumvezio stabdymo charakteristika By = f(v),; 3 — dviejy

Silumveziy stabdymo charakteristika, 4 — trijy Silumveziy stabdymo charekteristika, 5 — SilumveZio

asiraciy stabdymo galios charakteristika By = f(v)
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SilumveZio judéjimo pagrindiné pasipriesinimo jéga W’y , priklauso nuo jo vaziavimo grei¢io
ir darbo rezimo: traukos arba laisvos jégos. Papildomos judéjimo pasiprieSinimo jégos traukos
rezimu W’y ir laisvosios eigos rezimu W’y , skai¢iuojamos pagal formules:

W’ =P w’o(v) it Wote=P* W’pte(V) . (2.12)

Pagrindiné pasiprieSinimo jéga vaziuojanc¢iam sastatui W’ priklauso nuo vaziavimo greicio ir
vagony tipo. Ji apskaic¢iuojama pagal formule:

W70=Q - w”o(V). (2.13)

Lyginamyjy pasiprieSinimo jégy W’y ir W’p. priklausomybés nuo vaZiavimo greicio pateiktos
2.3 paveiksle.

a)
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2.3 pav. Tipinés pagrindinés lyginamyjy pasiprieSinimo judéjimui jégy kreivés(Jastremskas 2012):
a) keturiy asiy vagono; b) Silumvezio traukos rezimo, c) SilumvezZio riedant laisvgja eiga
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2.3. Traukiniy atskyrimo principai
Europietiskos veézes, ypa¢ gelezinkelio ruozuose su dideliais traukiniy greiciais, pralaidumo
skai¢iavimas vykdomas atsizvelgiant j 3 pargindinius traukiniy atskyrimo principus:

e santykinis traukiniy atskyrimas;

e traukiniy atskyrimas pagal stabdymo kelia;

e traukiniy atskyrimas pagal blokuojamojo ruozo signalus.
Santykinis traukiniy atskyrimas. Atstumas tarp traukiniy skai¢iuojamas kaip vaziuojanciy traukiniy
stabdymo kelio ilgio ir saugaus atstumo suma. Santykinio traukiniy atskyrimo schema pateikta 2.4

paveiksle

atstumas tarp traucny

LQ—Q traviinys 2 — | traukinys 1 I

traukinio 1 stabdymo kelias

traukinio 2 stabdymo kelias

2.4 pav. Santykinis traukiniy atskyrimas
Traukiniy atskyrimas pagal stabdymo kelig. Atstumas tarp traukiniy skaiiuojamas kaip traukiniy
stabdymo kelio ilgio ir saugaus atstumo suma. Kitaip vadinamas kaip judantis blokas (angl. moving

block).

atstumas tarp traukiniy

[ L trakings Mr2 | L trasicings Mrl
-
O O O O O O { ? { }
trauiinic Nr 2 stabdymo
L .
s
I - 1

2.5 pav. Traukiniy atskyrimas pagal stabdymo kelig

Traukiniy atskyrimas pagal blokuojamojo ruozo signalus. Tradicinis ir Lietuvoje taikomas traukiniy
atskyrimo metodas. Skai¢iuojamas kaip stabdymo kelio ilgio, blokuojamojo ruozo ilgio ir saugaus

atstumo suma.
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2.6 pav. Traukiniy atskyrimas pagal blokuojamojo ruozo signalus

¢ia: S — saugos atstumas.

2.4. Esamos 1520 mm vézés sistemos, stabdymo keliy skai¢iavimai

Blokuojamyjy ruozy ilgio patikrinimas, esant trizenklei automatinés blokuotés sistemai, atliktas

pagal saugaus traukinio judéjimo sglygas, atsizvelgiant j prie§ tai nurodyty traukiniy kategorijy

stabdymo keliy skai¢iavimus.

SkaiCiuojant traukiniy stabdymo keliy ilgius ruoze Jonava—Gaizitinai, numatomas bendras

maziausias stabdziy paspaudimas kiekvienai traukinio svorio 100-ajai tonai, kai yra naudojamos

ketaus stabdziy trinkelés:

Pakrautiems prekiniams traukiniams su jrengtais oriniais stabdziais ir ketaus stabdZiy
trinkelémis, esant greiciui iki 90 km/val. — 33 tonos.

Keleiviniams traukiniams su jrengtais oriniais stabdziais ir ketaus stabdziy trinkelémis,
esant greiciui iki 120 km/val. — 60 tony.

Keleiviniams traukiniams su jrengtais elektriniais oriniais stabdziais ir kompozicinémis
stabdziy trinkelémis, esant greiciui iki 140 km/val. — 78 tonos.

Greitiesiems keleiviniams traukiniams su jrengtais elektriniais oriniais stabdziais ir

kompozicinémis stabdziy trinkelémis, esant greiciui iki 160 km/val. — 80 tony.

Apskaiciavus stabdymo kelia, nustatomas traukinio stabdymo proceso pradzios laikas:

Greitiesiems ir paprastiems keleiviniams traukiniams su jrengtais elektriniais oriniais
stabdziais — 2 s.
Keleiviniams traukiniams su oriniais stabdZiais — 4 s.

Krovininiams traukiniams su jrengtais oriniais stabdziais — 12 s (sgstatas daugiau nei

300 agiy).

Skaiciuojant stabdymo kelig, kai yra naudojamas automatinis stabdymas, automatiniy

stabdziy veikimo laikas stabdant su ALS yra ilgesnis 12 s. ALS kodo signalo parodymy pasikeitimo
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laikas lygus 6 s. MaSinisto reakcija j gauto ALS kodo pasikeitimo laikg yra 3 s. Priklausomai nuo
stabdymo biido, stabdziy paspaudimo procentiné iSraiska yra:
e Stabdymo autostopu reZimas — 100 %.
e VisiSkas paprastas stabdymo rezimas — 80 %.
e Paprastas stabdymo reZimas: prekiniams traukiniams — 65 %; keleiviniams traukiniams
— 80%.
Pagal Zemiau pateiktus skai¢iavimus, nustatomi traukiniy stabdymo keliai.

1. Skai¢iuojamas ruozo nuolydZio santykis visam kelio ruozui procentais:

Ly--100%
Xrn = T, (214)

¢ia: x,, — ruozo nuolydZio dalis visam kelio ruozui, %; L, — ruozo ilgis, m; L, — viso blokuojamojo
kelio ilgis, m.
2. Skai¢iuojamas vidutinis nuolydis:

. _dr1Xr1+irpXpp++ irn'Xrn
lvia = T00% , (2.15)

¢ia: iy,;4 — vidutinis kelio nuolydis visam blokuojamojo kelio ilgiui, %oo.
3. Pagal metodinius nurodymus interpoliavimo buidu, apskai¢iuojame vidutinj stabdymo kelia:

Lst — (LStM_]-z‘StN )isk + LStN , (216)

Cia: Ly — stabdymo kelias, m; Lgsy ir Loy (18 lentelés paimtos didziausia ir maziausia stabdymo
reikSmés pagal jeinant] j tas ribas nuolydj), m; ig, - nuolydzio skirtumo (tai reiskia, kad jeigu
nuolydis yra -3,68, tai reikSmés imamos Lg; — 2 nuolydzio, o Lg:y — 4. Skirtumas bus nuo

mazesnés reikSmés, t. y. 3,68 - 2 = 1,68) interpoliavimas.

2.5. Intervaly tarp traukiniy automatinés blokuotés sistemoje su apsauginiais

ruozais, nustatymas
Siekiant nustatyti automatinés blokuotés intervalus tarp traukiniy, skai¢iuojamuoju traukiniu
laikomas prekinis traukinys. SkaiCiuojamasis intervalas tarp traukiniy, kai iSdéstyti automatinés
blokuotés Sviesoforai, yra 8§ min. Pateikiama, kaip automatinés blokuotés intervalas tarp traukiniy
nustatomas stotyse ir tarpstotyje ruoze Jonava — Gaiziiinai, esant trizenklei automatinei blokuotei.
Automatinés blokuotés Sviesofory iSdéstymas bus atliktas pagal fiksuotg laika, nubréziamas

ant prekiniy traukiniy skai¢iuojamosios grei¢iy kreivés su duotomis masiy normomis, atsizvelgiant |
priimtus traukiniy intervalus ir stabdymo keliy skai¢iavimus.

Blokuojamyjy ruozy patikrinimas, bus atliktas atsizvelgus i Siuos reikalavimus:

e Kiekvieno blokuojamojo ruozo ilgis turi biiti ne mazesnis uz stabdymo kelig, skirtg

nustatytai vietai, atliekant pilng paprasta stabdyma ir vaziuojant maksimaliu greiciu, taciau
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ne didesnis kaip 160 km/val. keleiviniams ir 120 km/val. prekiniams traukiniams; be to, turi
biiti ne maZesnis nei pusé¢ stabdymo kelio ilgio, kai yra naudojamas staigusis stabdymas
nurodytais greiciais, atsizvelgus | kelia, kur] nuvaziuoja per laika, biiting dél automatinés
lokomotyvo signalizacijos ir traukinio automatinés stabdziy sistemos suveikimo.

e Kiekvieno blokuojamojo ruozo ilgis turi buiti ne mazesnis nei puse¢ stabdymo kelio, kai yra
naudojamas paprastas stabdymas, vaziuojant maksimaliu grei¢iu nustatytoje vietoje, taciau
ne didesniu kaip 160 km/val keleiviniams ir 120 km/val prekiniams traukiniams.

I paprasto stabdymo kelig, jskaitomas ir kelias, kurj nuvaziuoja traukinys per lokomotyvo
Sviesoforo parodymy pasikeitimus i$ ,,zalio* signalo j ,,geltong* signala, kuris informuoja masinistg
apie du laisvus ruozus, esancius prie§ traukinj ir biitinybe sumazinti greitj. ALS kodo nurodymo
laikas lygus 6 s, o maSinisto reakcija j juos — 3 s, t. y. i§ viso 9 s. Apsauginiai ruozai negali biiti
trumpesni uZ staigaus stabdymo kelig. Jie turi apimti kelia, kurj pravaziavo traukinys per laika,
biting, kad suveikty ALS bei automatinio stabdymo jrenginiai ir prasidéty stabdymas. Tuo metu
traukinys pravaziuoja signalizuojant] geltonu Zziburiu Sviesoforg, leidziamu sumaZintu greiciu.
Nustatant apsauginius ruozus, stabdymo keliy skaifiavimai yra atlieckami nustatytoms traukiniy
kategorijoms, kadangi kiekvienam greitajam traukiniui leidZziamas vaZziavimo greitis per geltonu
ziburiu signalizuojantj Sviesofora yra 100 km/val. ir automatinio stabdymo irenginiy stabdymo

kelias yra analogiskas kaip krovininiy taip ir keleiviniy traukiniy.

2.6. Ruozo pralaidumo skaiciavimas

Reikiamas linijos pralaidumas (ivairiy rusiy ir skirtingos masés keleiviniy ir prekiniy traukiniy,
kuriuos bitina praleisti gelezinkeliy linija, skaiCius, jskaitant biiting rezerva) apskaic¢iuojamas pagal
Sig formule:

Preik = Nprekt 28,» Ni.; (2.17)
¢ia: Ny, — nustatyti prekiniy traukiniy, kurie visg ruozg vaziuoja neperformuojami (tiesioginiai ir
ruozo) eismo mastai;

N; — kity rusiy traukiniy (keleiviniy, skubiyjy prekiniy, rinktiniy ir kt.), kuriy vaziavimo
tarpstociais laikas kitoks nei prekiniy traukiniy (tiesioginiy, ruozo);

ZE,. — tam tikros riiSies traukiniy (keleiviniy, skubiyjy prekiniy, rinktiniy ir kt.) trikdzio
koeficientas (skaiCius, rodantis, kiek karty prekiniy arba prekinio traukinio dalj eismo grafike
sumazina vienas keleivinis, skubusis prekinis, rinktinis traukinys). Sis koeficientas nustatomas
pagal esamo gelezinkeliy pralaidumo apskaic¢iavimo instrukcija.

Norint organizuoti intensyvesnj traukiniy eismg, esamas gelezinkeliy linijos pralaidumas

(pralaidumas, kuris gali buti pasiektas atsizvelgiant i ruoZo technines priemones ir jrangg bei
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traukiniy eismo tvarkymo biidg) pagal visus parametrus turi buti didesnis uz reikiamg. PrieSingu

atveju biitina numatyti priemones, kurios leisty padidinti esamg gelezinkeliy linijos pralaiduma ir

uztikrinty:

nustatytus keleiviy ir kroviniy vezimo mastus;

traukiniy eismo sauga;

patikimg gelezinkeliy linijy eksploatavima;

darby, reikalingy gelezinkeliy linijy elementy pajégumams padidinti, kuriuos atliekant
neturéty biti stoCiy, tarpstoCiy, lokomotyvy ir kity tkiy pralaidumo disproporcijos,
kompleksiSkuma;

tinkamas salygas SiuolaikiSkesniems eksploatacijos darbo metodams taikyti ir gerinti
kokybinius riedmeny naudojimo rodiklius — didinti traukiniy greitj, mazinti vagony ir
lokomotywvy prastovas ir kt.;

techniniy ekonominiy rodikliy gerinima (darbo naSumo didinimas, eksploataciniy iSlaidy
mazinimas ir kt.);

galimybe pirmiausia atlikti darbus, reikalingus labiausiai apkrauty gelezinkeliy linijy

elementy pralaidumui padidinti.

Planuojamos organizacinés ir techninés priemonés gelezinkeliy linijy pralaidumui didinti, turi

biiti jgyvendinamos iki naujo TEG jvedimo.

Norint uztikrinti sklandy TEG jvykdyma, turi biti laikomasi Siy reikalavimy:

e visy gelezinkeliy transporto techniniy priemoniy (lokomotyvy, savaeigiy sastaty,
vagony, keliy, signalizacijos ir rySiy jrenginiy, kontaktinio tinklo ir kt.) patikimumas ir
technologiniy procesy tobulumas;

e techniniy priemoniy patikimumo koeficientas parodo paros laiko dalj, kurios metu
traukiniai praleidziami galimo techniniy jrenginiy veikimo sutrikimy atvejais. | §j
koeficienta, kuris nustatomas pagal esamo gelezinkeliy pralaidumo apskaiciavimo
instrukcijas, bitina atsizvelgti apskaiciuojant gelezinkeliy linijy pralaiduma;

e sudaromo TEG pastovumui uztikrinti turi biiti numatytas tam tikras pralaidumo
rezervas. Siam tikslui batina numatyti laisvas laiko juostas, kurios véliau panaudojamos
galimiems traukiniy eismo nuokrypiams pasalinti;

e braizant TEG butina numatyti tarpstoCiy, ribojanciy vienkeliy gelezinkeliy linijy
pralaiduma, laiko rezervo juostas (intervalus). Tokio intervalo trukmé turi buti lygi
traukinio vaziavimo Siuo tarpstoCiu laikui. Tarp laiko rezervo juosty turi biiti

nubraizoma 10%—12% visos paros prekiniy traukiniy skaiciaus;

29



e dvikelése gelezinkeliy linijose laiko rezervo juostas privalu numatyti su poslinkiu
kiekviena eismo kryptimi. Laiko rezervo juosty poslinkis suteikia galimybe, praleidus
5% paros traukiniy skaiiaus, turéti tam tikrg laiko rezerva, kad prireikus galima biity
operatyviai keisti traukiniy praleidimo tvarkg ir tuo paciu Salinti susidariusius traukiniy
eismo nuokrypius;

e po aplenkimo ar prasilenkimo traukinys turi biiti tuoj pat iSleistas eismo sauga
uztikrinanéiu maziausiu stoties intervalu;

e sickiant sudaryti stabilias TEG vykdymo salygas dvikelése gelezinkeliy linijose,
praleidus 8%—10% paros traukiniy skaiciaus, biitina numatyti 6-8 minutémis didesnj
intervalg. Toks intervalas leidzia sumazinti vaziavimo tarpstociais laiko nuokrypiy nuo
normatyvy jtaka prekiniy traukiniy ruozo greiciui.

Norint, kad tinkamai bity vykdomas TEG, laiku atnaujinamas ir vél organizuojamas
sutrikdytas eismas pagal grafika bei jgyvendinamos pralaidumo didinimo priemonés, gelezinkeliy
dvikelés linijos tarpstociy pralaidumo koeficientas (esamo ir reikiamo pralaidumo santykis) turi biiti

ne didesnis kaip 0,91 — dvikelése linijose, 0,87 — misriose ir 0,85 — vienkelése linijose.

2.7. Traukinio masés skai¢iavimo metodika
Kiekviena gelezinkeliy linija vaziuojanciy traukiniy maseé, apskaiiuojama atsizvelgiant |
lokomotyvo galingumg ir skai¢iuojamajj gelezinkeliy linijos nuolydj. Taip, kaip nurodo traukos
skaiiavimo reikalavimai. ApskaiCiuota traukinio masé¢ tikrinama bandomaisiais vaziavimais,
atsizvelgiant j atvykimo ir i§vykimo keliy talpumg tarpinése stotyse, kuriose prireikus traukiniai
galéty buti sustabdyti.
Siekiant optimaliai valdyti traukinj ir minimaliai naudoti traukai skirtus degalus, taikomi tokie
apribojimai:
e traukinio greitis visame jud€jimo ruoze neturi virSyti leistiny riby;
e traukinys turi biti valdomas nevirSijant Silumvezio traukos parametry ir traukinio stabdymo
parametry,
e traukos generatoriy ir varikliy temperatiira neturi virSyti leistiniy riby;
e turi buti visiSkai jvykdyti visi reikalavimai, keliami traukinio stabdziy efektyvumui
patikrinti vaziavimo metu;
e traukinio jud¢jimo laiko, apskaiCiuoto konkreCiame vaziavimo ruoze, nukrypimas nuo i$
anksto nustatyto eismo tvarkarasciuose laiko, neturi virSyti leistinio intervalo.
Paprastai tiesioginiy traukiniy vaziavimo kryptimis nustatoma unifikuota traukinio mase¢,

kurig lokomotyvas pajégia traukti daugelyje Sios krypties tarpstoCiy. Jeigu gelezinkeliy linijos
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dalyje (viename ar keliuose tarpstociuose), apskaiciuota traukinio masé¢ yra mazesné uz unifikuota,
tai prireikus vezti unifikuotos mases traukinj, gali biiti naudojama dviguba lokomotyvo trauka arba
stumtuvai.
Unifikuota masé gali biiti nustatoma tam tikromis kryptimis vaziuojanciy prekiniy traukiniy:

o refrizeratoriniy;

e konteineriniy ir kontreileriniy;

e specializuoty, kuriais veZami kroviniai, pakrauti j universalius riedmenis;

e Ziediniais marSrutais vezanc¢iy anglj, rtida, tragsas ir metala;

e Ziediniais marSrutais vezanciy skystuosius krovinius (trasas, naftos produktus).

Traukinio sastato svoris apskaic¢iuojamas pagal formule (I'peGentok 1997):
Fir— Py (‘Di) +1j)
(wp +1i;)

Q. = (2.18)

¢ia: Fy, — lokomotyvo traukos jega, KN; P — lokomotyvo mase, t;

w,, - lokomotyvo pagrindiné lyginamoji pasiprieSinimo jéga judéjimui, kilogramais tonai;

wy, - vagony pagrindiné lyginamoji pasiprieSinimo jéga judéjimui, kilogramais tonai;

i; — skaiCiuotinas nuolydis, promilémis.

Lokomotyvo (wy, ) ir vagono (w,, ) pagrindiné lyginamoji pasiprieSinimo jéga apskai¢iuojama pagal
traukos skai¢iavimo reikalavimus.

Pagal traukiniy eismo grafiko sudarymo instrukcija traukinio sgstato masé apskaiCiuojama pagal

formule:

Fyo _ng(w(') +isk)
g(w, +iy)

Q = (2.19)

¢ia:  F; ,— skai¢iuojamoji lokomotyvo traukos jéga, Niutonais;
m, — lokomotyvo masé, tonomis;
g — laisvai krintanCiy kiiny pagreitis, metrais per sekund¢ kvadratu;
w 0 — lokomotyvo pagrindiné lyginamoji pasiprieSinimo jéga jud¢jimui, kilogramais tonai;
w, — vagono pagrindiné lyginamoji pasipriedinimo jéga judéjimui, kilogramais tonai;
i 4 — skaiCiuotinis nuolydis, promilémis.
Lokomotyvo (w'0) ir vagono (wg) pagrindiné lyginamoji pasiprieSinimo jéga apskaiciuojama pagal

traukos skai¢iavimo reikalavimus.
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2.8. Ekonominis ,,Rail Baltica* kaSty ir naudos vertinimas

»Rail Baltica Global Forum 2017 renginyje buvo pristatytos iSvados, kad europinés gelezinkelio
veézés projektas yra ekonomiskai ir finansiSkai patvirtintas ir jis prisidés prie aplinkos tarSos
mazinimo bei taupys keleiviy laika. Analiz¢ atliko konsultacijy bendrové ,,Ernst & Young Baltic*.
Specialistai atliko sistemingg kiekybinj visuotinio projekto ,,Rail Baltica® investicijy jvertinima
trijose Baltijos Salyse - sanaudy ir naudos analiz¢. Nauja sgnaudy ir naudos analizé¢ dar karta
patvirtino, jog projektas naudos visuomenei pozitriu yra reikalingas ir jgyvendinus projekty iSauga
visuomenés gerove.

Bendra apskaic¢iuota trijy valstybiy projekto investicijy suma yra apie 5,788 milijardo eury.
(Estija — 1,346 milijardo eury (valstybés dalis ~268 milijony eury); Latvija — 1,968 milijardo eury
(valstybés dalis ~393 milijony eury); Lietuva — 2,474 milijardo eury (valstybés dalis ~493 milijony
eury. Sumos pateiktos jvertinus 85 proc. ES finansavima.

Apskaiciuota projekto socialiné-ekonominé¢ nauda apytiksliai lygi 16,226 milijardy eury
(nediskontuota verte).

Planuojama, kad nutiesus ,,Rail Baltica* gelezinkelj, keleiviai traukiniu i§ Vilniaus ;] Ryga nuvyks
per dvi valandas. Bendras sutaupytas keleiviy laikas vertinamas 5,3 mln. valandy per metus.

Atliktos analizés dokumente teigiama:

e PaskaiCiuota planuojama projekto socialiné-ekonominé nauda, apytiksliai lygi 16,226
miljjardy eury (nediskontuota vert¢), kuri yra Zymiai didesné nei bendros reikalingos
nacionalinés investicijos projekto jgyvendinimui. [vertinta, kad projektas turés ir Baltijos
Saliy BVP didinimo poveikj, lygy papildomiems 2 milijardams eury. Greta paskaiciuoto
tiesioginio socialinio-ekonominio poveikio naudy, projektas generuos ir iSorés poveikio
neiSmatuojamas naudas, t. y. netiesioginio poveikio ir daugiausiai skatinamojo pobiidzio.
Daugiausiai neiSmatuojamos naudos galima tikétis tokiose srityse kaip Baltijos Saliy verslo
bendruomenés bendradarbiavimo sustiprinimo, geresnio regiono Saliy pasiekiamumo
kulttros bei kity pramogy srityse, ar kitokioms visuomeninéms paslaugoms teikti. Taigi
projektas naudos visuomenei pozitriu yra reikalingas ir jgyvendinamas, kadangi nauda
visuomenei yra zymiai didesné uz projekto kapitalo ir eksploatacijos islaidas.

e _Rail Baltica“ trijy Baltijos Saliy ekonomikoms vidutiniskai atne§ paskaiciuotos grynosios
socialinés-ekonominés naudos pinigy srautus lygius 6 eury uz kiekvieng 1§ nacionalinio
biudzeto investuotg eurg. Bus gauta ir papildoma nauda i§ BVP padidéjimo poveikio bei
neiSmatuojamos netiesioginio poveikio naudos, t. y. daugiausiai skatinamojo pobiidzio. Be
to, vertinant i§ visiSkai finansinés perspektyvos, likutiné turto verté nurodyto laikotarpio

pabaigoje (2055 m.) virSys bendrg projekto Saliy investicijy dydj.
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»Rail Baltica“ projekto statybos darby jgyvendinimo metu bus sukurta apie 13 000 darbo
viety ir daugiau nei 24 000 darbo viety bus sukurta netiesiogiai susijusiose arba paskatintose
pramonés Sakose.

Skaiciuojama, kad ,,Rail Baltica® projekto eksploatacijos etape, kaip saugesnés transporto
risies naudojimas, leis iSgelbéti apie 400 zmoniy gyvybiy, o tai vidutiniskai prilygsta 30
mln. eury per metus vertei. Projektas taip pat mazins CO2 emisijy iSmetimy kiekius, kuriy
skai¢iuojama nauda lygi 3,0 milijardams eury, bei maZins oro tarSos kiekius, kuriy
skai¢iuojama nauda lygi 3,3 milijardo eury vertés, - taip Zenkliai prisidedant prie pasaulinés
Europos Sajungos lyderystés aplinkos tvarumo srityje.

Apskaiciuota, kad 2030 m. ,,Rail Baltica* gelezinkelio linijos visose trijose Baltijos
valstybése infrastruktiiros prieziiiros islaidos, pvz., bégiy, priezitros, tilty/tuneliy, terminaly,

stoCiy ir t. t., bus 58,9 milijonai eury.

Atlikta analiz¢ patvirtina, kad gelezinkelio linijos infrastruktiiros valdytojas ateityje taps finansiskai

tvarus, pra¢jus pradiniam 5 mety nacionalinés finansinés paramos laikotarpiui (trijy Baltijos Saliy

benda finansiné parama sieks 28,6 milijony eury), po to kai ,,Rail Baltica® pasieks savo numatomag

rinkos potencialg.

Keleiviy vezimai. ,,Rail Baltica* konkurenciniai keleiviy pervezimo pranaSumai yra:

Greitis, taupomas laikas, komfortas, produktyvus keliavimo laikas, saugesni ir ekologiskai
tvaris transporto budai.

»Rail Baltica" keleiviai, tai daugiausiai Baltijos Saliy gyventojai keliaujantys tarp
pagrindiniy regiono centry ir Baltijos Saliy viduje (intensyviai taip pat bus naudojama ir
keliaujanciyjy kryptis tarp Baltijos $aliy ir Lenkijos, link VarSuvos).

Tarptautiniy traukiniy paslauga pagrindinéje ,,Rail Baltica® linijoje bus pasiekiama bent kas
dvi valandas (abiem kryptimis per dieng vaziuos astuonios poros traukiniy).

Skaic¢iuojamos ilgalaikés vidutinés pajamos i§ vieno keleivio, keliaujant Talinas — Ryga,
sieks apie 38 EUR; o kelionés trukmé = 1:55 min (palyginimui kelioné automobiliu —
kainuoja 68 EUR; o kelionés trukmé = 4:05 (pilnos islaidos skai¢iuojant, kad vienu
automobiliu vaziuoja vienas keleivis)).

Skaiciuojamos ilgalaikés vidutinés pajamos i§ vieno keleivio, keliaujant Ryga — Vilnius,
siecks apie 38 EUR; o kelionés trukmé = 02:01 min (palyginimui kelioné automobiliu -
kainuoja 65 EUR; kelionés trukmé = 03:30 (pilnos islaidos skai¢iuojant, kad vienu
automobiliu vaziuoja vienas keleivis)).

Skaiciuojama sutaupomo laiko nauda: 2,4 milijardy eury.
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Kroviniy gabenimas. Numatoma, kad ,,Rail Baltica® pagrindiniu scenarijumi, 2026 m. bus

pervezta apie 2 milijonai tony, 2030 m. — 13,7 milijony tony, o 2055 m. — mazdaug 20 milijony

tony.

,Rail Baltica* konkurenciniai kroviniy gabenimo pranasumai:

Greitis — kroviniy pervezimas tarp Baltijos Saliy ir Centrinés Europos taSky trukty maziau
nei 2 dienas, kai gabenimas sunkveZzimiais tuo pa¢iu marsSrutu trunka iki 4 dieny.
Patikimumas - naudojant 1§ anksto zinomus, reguliarius tvarkara$cius, ribojant sustojimy
skai¢iy ir turint gerg atsparumg nepalankioms oro sglygoms, tiekimo grandines
gelezinkeliais galima organizuoti reikiamu laiku, ypac kai tai efektyviai suderinama su kitais
tarpriiSinio tiekimo grandinés elementais (pvz., Suomijos jlankos kelty tvarkarasciais).

Pilni kroviniai - ,,Rail Baltica® sujungs keleta svarbiy sustojimo taSky (centry), kuriuose
galima bus pilnai sukomplektuoti krovinius.

Transportavimo i$laidos - lyginant su keliy transportu, transportavimo islaidos gelezinkeliu
vidutinio-ilgo nuotolio kelionése sumazés, o tai praplés Baltijos Saliy ir Suomijos uzsienio
prekybos geografinj mastg ir prekybos rinkas, leidZiant uz tg pacig kaing tiekti krovinius
tolimesnes vietas ar 1S jy.

Kroviniy gabenimo organizavimas: daugiausiai i§ tranzito 57% (pvz., Suomija — mazdaug
29%; CIS j/i§ Lenkija, Vokietija ir likusia Europg — mazdaug 31%); importas/eksportas
(Baltijos Salys) — 43 % (Estija — 10%, Latvija — 10% ir Lietuva — 23%)

Skai¢iuojama sutaupomo laiko nauda: apie 2,9 milijardy EUR.

Atlikta sgnaudy ir naudos analizé yra tik vienas i§ sprendimy priémimo pagalbiniy jrankiy i§

daugybes eilés studijy, tyrimy, analiziy ir ekspertiziy, kurie buvo arba dar bus atlikti ,,Rail Baltica"

projekto jgyvendinimo proceso metu. Taigi, §ig sgnaudy ir naudos analiz¢ reikia vertinti kartu ir

neatsiejamai nuo kity esminiy projekto dokumenty, tokiy kaip projekto ilgalaikis verslo planas,

komercializavimo galimybiy jvertinimas, infrastruktiiros valdymo strategijos analize, tiekéjy rinkos

tyrimai, projekto veiklos planu ir kitais susijusiais svarbiais dokumentais.
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3. TISAUKINIU EISMO VALDYMO OPTIMIZAVIMO METODALI.
GELEZINKELIO LINIJOS PRALAIDUMO SKAICIAVIMAI IR
REZULTATU PALYGINIMAS

3.1. Gelezinkelio ruozo pralaidumo savybéms jtakos turintys veiksniai
Analizuojant kiekybinj visuotinio projekto ,,Rail Baltica® investicijy jvertinimg, nustatyta, kad
projektas naudos visuomenei poziiiriu yra reikalingas. Igyvendinus projekta iSaugs visuomenés
gerove. Prognozuojama, kad 2055 m. keleiviy skaicius gali siekti nuo 4,7 iki 7,1 mln, o didzioji
dalis kelioniy vykty tarp Baltijos Saliy — 6 % visy kelioniy vykty tarp konkreciy stociy, 36 % — tarp
trijy Baltijos Saliy ir tik 19 % — uz Baltijos Saliy riby. Analiz¢ atliko konsultacijy bendrove ,,Ernst
& Young Baltic*“. Prognozuojamas keleiviy skaiCius, nutiesus ,,Rail Baltica® gelezinkelj, pateiktas

3.1 paveiksle.

Pesimistinis scenarijus @ Bazinis scenarijus @ Optimistinis scenarijus

3.1 pav. Prognozuojamas keleiviy skai¢ius (mln) jgyvendinus projekta ,,Rail Baltica*

Kadangi gelezinkelio linijos pralaidumas yra svarbiausias rodiklis, Siame darbe akcentuojama
pralaidumo skai¢iavimo metodika. Anksc¢iau naudota skaiCiavimo metodika yra pasenusi, todél
rekomenduojama palyginti dvi sistemas ir véliau atlikti gauty rezultaty ekonoming analize.

Irengus nauja eismo valdymo sistema (ERTMS ir susijusias sistemas), traukiniy greiti galima
padidinti iki 160 km/val. Tokiu biidu bus optimizuojamas ruozy pralaidumas ir traukiniai galés
vaziuoti didziausiu leidziamuoju grei¢iu. Didziausig efektg galima pasiekti naudojant ERTMS L3
arba L2 sistemg. Kuo skiriasi skirtingo lygio sistemos? Tradiciniuose gelezZinkeliuose iki S$iol
nesurastas biidas, kaip gauti informacija apie vaziuojancio traukinio vientisumg. Treciojo lygio

sistema turety atitikti §j reikalavimg. Taciau informacinés technologijos sparciai juda j priekj ir
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integruojami alternatyvus variantai, tokie kaip, pvz., virtualiojo bloko naudojimas Italijos
gelezinkelivose (RGI 2016). Virtualieji blokai sumazins atstuma tarp traukiniy ir padidins
gelezinkelio linijos pralaidumg. Projektas patvirtintas Europos Komisijos ir bus sékmingai

jgyvendintas 2016—2020 m laikotarpiu. Virtualiyjy bloky schema pateikta 3.2 paveiksle.

ETCS or SCMT train 2 ! :] n SCMT train 1
. oD .
e ; fw T [
Track circuit x occupied Track circuit x+1 free

Virtual track circuits 1, 2 and 3 not involved

ETCS or SCMT train 2 i n ﬂ ! SCMT train 1

Teack circuit xifree Virtual track circuits 1, 2 and 3 not involved Track circuit x+1 occupied
SCMT train 4 ! n ﬂ ETCS train 3 E
= =Wy o . SR :
T 2 " E ¥ ik e
Track circuit x occupied Track circuit x+1 free
Virtual track circuits 1 and 2 free but not available for SCMT train 4 Virtual track circuit 3 occupied

ETCS train 4 ETCS frain 3
! o [} E
="} - - r
¥4 0 - v " Y

= r
Track circuit x occupied Track circuit x+1 free

Virtual track circuit 1 free available for ETCS train 4  Virtual track circuit 2 occupied  Virtual track circuit 3 free available for ETCS train 3

ETCS train 6 ! :] ETCS train 5 n ETCS train 4 ETCS train 3
¥ e a
Track circuit x occupied Track circuit x+1 occupied
Virtual track circuit 1 free available for ETCS train 6 Virtual track circuit 2 and 3 occupied

3.2 pav. ERTMS L2 virtualiyjy bloky schema (RGI 2016)
Poky¢iy jvyko ir traukiniy eismo valdyme. Yra ignoruojamas raudonais Sviesoforo signalas ir
kelias padalintas j fiksuotus blokuojamuosius ruozus. Pasiektas iki 24-iy traukiniy per valanda
pralaidumas. Traukinio buvimo vietg fiksuoja lauko jrenginiai, skirti perduoti informacijg apie
traukinio buvimo vieta, o dvi virtualiosios kompiuterinés sistemos praneSa apie traukinio
vientisumg. Toks funkcionalumas vis arCiau priartina prie teorinio L3 sistemos lygio.

Automatiné traukinio valdymo saugos sistema su misria operacija pateikta 3.3 paveiksle.

36



Automatiné traukinio valdymo saugos sistema

9 1 Ny 1T Existing GSM-R
j E . -‘1‘ base station
I L J i
SCMT train
HV
-~

Dvi virtualiosios kompiuterines

sistemos pramesa apie traukinio w

vientisuma

Existing Class B (SCMT) Eurcbalises and encoder

3.3 pav. Automatiné traukinio valdymo saugos sistema (RGI 2016)

Didziausiam traukiniy eismo saugumui uZztikrinti ir efektyviai eksploatuoti gelezinkelio
infrastruktirg, didinant traukiniy pralaidumg, geriausias rezultatas pasiekiamas naudojant
kombinuotg sistemg. Daugelis gelezinkeliy vis dar naudoja bégiy grandines kaip pagrindinj
traukinio vietos nustatymo jrenginj, motyvuodami tuo, kad jis atlieka papildoma bégio vientisumo
patikrinimo funkcijg. Gelezinkelio ruozuose, skirtuose vaziuoti tik keleiviniams traukiniams,
s¢kmingai jdiegta 3 lygio sistema, nes traukinio vietos nustatymo jrenginiai jmontuoti traukinio
kabinose. Keleiviniai traukiniai neiSformuojami, todél neprarandama jranga. Prekiniuose
traukiniuose, dazniausiai kursuojanc¢iuose trumpais atstumais, $i problema islieka.

Automatinis traukiniy valdymas — viena i§ ERTMS posistemiy. Programuojamu ATV valdikliu
traukinys valdomas be Zmogaus jsikiSimo. Automatinio traukiniy valdymo jrenginiy schema

pateikta 3.4 paveiksle.

| Radio Radio
PIS T TMS | 1 I PIS I TMS |
[ osouite ] [ oBCU_ITF |

. A OBCU_ATO —l oz
merten [ wicteal

o [ oBcu_ate | | OBCU_ATP |

gt and anaiogue fgrtal and anaiogue
ataces) Pl Taco)

IO OI [ Rmdas | l(‘JF‘G” Fl.abs.a.ﬁmenm| !F;allseAnlanna| JOPGE| Radar | IO OI

l Automatinés traukinimg valdymo i8orinés sistemos

% Automatinés traukiniy valdymo vidinés sistemos

3.4 pav. Automatinio traukiniy valdymo jrenginiy schema (Siemens 2016)
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ia:
e Radio — radijo rysio sistema;
e HMI - sgsaja Zmogus-masina;
e PIS/TMS — traukinio stebéjimo sistema;
e Driver Cab — maSinisto kabinos stebéjimo sistema;
e Train Control — traukinio valdymo stebéjimo sistema;
e Radar — prietaisas, skirtas nuvaziuotam atstumui matuoti pagal koordinate;
e OGP — traukinio vientisumos kontrolé;
e Balise Antenna — traukinio jutiklis, kuris skirtas priimti informacija i§ lauko jrenginio,
skirto perduoti informacijg apie traukinio buvimo vietg (eurobalise);
e OBCU_ATP — traukinio automatinés saugos modulis;
e OBCU_ATO - traukinio automatinio valdymo modulis;
e OBCU ITF — traukinio kébulo jrangos modulis.
ERTMS 3 lygio funkciniuose reikalavimuose yra iSdéstyta, kad traukinio vietos ir traukinio
vientisumo stebésena yra atlickami RBC keiciantis informacija su traukiniu (kuris siuncia
pozicijos raportus ir traukinio vientisumo informacijg). Automatiskai valdomo traukinio
kabinoje yra jranga, kuri nustato traukinio vientisumg ir siuncia §ig informacija. Lokomotyve
esanti jranga kontroliuoja traukinio marSruty uzblokavima, keliy uzimtuma ir laisvuma. Jranga
uztikrina, kad traukinys neiSvaziuoty uz saugos riby. Pagal traukinio stabdymo model;j, 3 lygio
ERTMS apskaiciuoja atsargos (bufering) zong ir pagal nustatyta priekyje vaziuojancio traukinio
buvimo vietg, mazéjant atstumui, tolygiai stabdo. Gelezinkeliy stoties ribose galima naudoti
lauko traukinio vietos nustatymo jrangg.
Lauko ir traukinio automatinés valdymo sistemos, blokuotés ir GSM-R jrangos sgveika pateikta

3.5 paveiksle.

HMI Airlink Airlink WCU_ATP Interlockmg Signal
RCS RCS

VT i [m apP

ATO/ ITF

|'I_'7D

{ 1 ? Axle counting head

i — - e
Radar Odometer Eﬁltlesr?na Eurobalise

3.5 pav. Automatinés traukiniy valdymo sistemos jrenginiai (Siemens 2016)
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¢ia:

Lauko

eurobalise — lauko jrenginys, skirtas perduoti informacijg apie traukinio buvimo vietg
(dislokacija);

balise antenna — traukinio jutiklis, kuris skirtas priimti informacijg i§ lauko jrenginio, skirto
perduoti informacijg apie traukinio buvimo vietg (eurobalise);

odometer — prietaisas, kuris skirtas matuoti nuvaziuotam atstumui pagal raty sukimasi;
radar — prietaisas, skirtas nuvaziuotam atstumui matuoti pagal koordinatg;

OBCU_ATP — traukinio automatinés saugos modulis;

ATO/ITF — sasaja tarp traukinio automatinio valdymo ir kébulo jrangos;

HMI — s3saja Zmogus-masina;

Airlink RCS TU - traukinio automatinio valdymo jranga, kuri perduoda informacijg i$
blokuotés (interlocking) | masinisto kabing per GSM-R sistema;

Airlink RCS AP — lauko jrenginiai (pvz., stulpai), kurie skirti perduoti informacija per
GSM-R sistema;

WCU_ATP - viena i§ sudedamy daliy tarp blokuotés ir signaliniy GSM-R tasky;

TVD — bégiy grandiniy uzimtumo detektorius;

Axel counting head — traukinio asiy skaitiklis.

jrenginiai, skirti perduoti informacijg apie traukinio buvimo vieta, iSdéstomi pagal

gelezinkelio ruozo profilj, prie stabdymo punkty. Jy buvimo vieta gali buti kei¢iama. Traukiniui

pravaziavus lauko jrenginj (eurobalise), jis perduoda informacijg apie traukinio buvimo viets.

Lauko jrenginio iSdéstymas pateiktas 3.6 paveiksle.

3.6 pav. Lauko jrenginio (eurobalise), skirto perduoti informacijg apie traukinio buvimo vieta,

montavimas (Siemens 2016)
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3.2. Gelezinkelio ruozo pralaidumas, lyginant fiksuoto ir judancio bloko

traukiniy vaziavimus

Gelezinkelio ruozo linijos pralaidumo metodika lyginant fiksuoto ir judancio bloko traukiniy
vaziavimus pristatyta, 10—oje tarptautinéje mokslin¢je konferencijoje 2017 m. balandzio 27-28 d.,
Vilniuje (Valentinovi¢, Sivilevi¢ius 2017).

Pagrindiniai judancio bloko pranaSumai yra prisitaikymas prie tam tikro ir reikiamo vaziavimo,
energijos sagnaudy mazinimas, linijos pralaidumo didinimas ir lauko irenginiy kiekio maZinimas.

Pagrindiné judancio bloko sistemos schema pateikta 3.7 paveiksle.

= iZeinantis signalas Traukiniy eismo valdymo centras
traukinio dislokacija ir greitis

— AU SN ST ‘7 _

valdymo nurodymai : = : =
LK] - lokomotyvo borting —
iranga (( ) ;

greitis kmfval & /
Iinterlocking Interlocking

_________________________ T

atstumas (m)

3.7 pav. Judancio bloko sistemos schema
Siame darbe akcentuojami judanéio bloko pranasumai, skai¢iuojant geleZinkelio linijos pralaiduma.

Teoriskai traukiniy pralaidumas skai¢iuojamas pagal Sias formules:

1 v
g=2=1, 3.1)
1 *
C = Qmax = m = 5:1“1' (3-2)

¢ia: T — laiko tarpas tarp dviejy traukiniy, s; v—traukiniy greitis, m/s; v*— kritinis traukiniy greitis,
m/s; 6 — atstumas tarp dviejy traukiniy, m.

Omin =d + Le+ f, (3.3)
¢ia: L; — traukinio ilgis, m; f — apsauginis ruozas (20 m); d — minimalus leidZziamas atstumas tarp
dviejy traukiniy, m.

Vieng kartg apskaiciavus d,,;,, toliau pralaiduma galima skaiciuoti kaip funkcijg nuo greicio q =
q(v).

Palyginimui reikia apskaiciuoti pralaidumg fiksuotojo ir judancio bloko sistemai.
Kad biity galima palyginti dvi sistemas, kaip maziausig leidZziama atstumg, reikia imti visus

blokuojamuosius ruozus iki priekyje vaziuojancio traukinio. Skai¢iavimai bus aktualiis ir tikslingi,
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jei traukiniai vaziuos nustatytu greiCiu, be apribojimy. Lietuvoje tarpstotyje yra jrengta trifazé

automatiné blokuote, todél ir atstumas tarp traukiniy skaic¢iuojamas pagal $ig formulg:

d = 3lpior,
¢ia: lp;or — vidutinis blokuojamojo ruozo ilgis, m.
Sitilomas naudoti maSinisto reakcijos laikas Qmin.
Dabar gaunamas maziausias atstumas tarp traukiniy:
Omin = 3lpiock + Le + f-

Gaunamas pralaidumas:

v
q_

3lplok+Let+f

Kadangi masinisto reakcija turi buti taip pat jvertinta, galutiné pralaidumo formulé:

v
3lpiok+Le+f+Qmin*v

q

Judancio bloko pralaidumas:

v

q=

— p2 s
koytLetf+Qmin*v

¢ia: k — saugos koeficientas, y — leidziamo stabdymo kelio ilgis, m.

(3.4)

(3.5)

(3.6)

(3.7)

(3.8)

Traukiniy stabdymo kelio skai¢iavimai atlikti pagal metodika, pristatyta Europos gelezinkelio

agentiroje (European Union Agency for Railways).

Stabdymo kreivé priklauso nuo riedmeny techninés charakteristikas. ETCS automatiné traukinio

valdymo jranga turi pranesti masinistui apie apribojimus. Apribojimai pateikti 3.8 paveiksle.

Avarinio

stabdyno kreive

r
Greitis I i
Leigziamo greitio Skaifiuojamas pagreitis
" : § indi ij S oo

----- './ et pries avarinj stabdymg
P ..--.
' .
] "
'
'
1
' .
[ | : wW X Greidio matavimo

5 S " ", T Yoyt netikslumai
P i Sy S
R T ¥ = R2==l EBl ! ™,
) i ' R [ Apskaitiuotas greitis

' H [
-
"
25

Traukinio priekic dislokacija

3.8 pav. Informaciniy tasky iSdéstymas (ERA 2016)

e taSkas I — infomuoja masSinistg apie tai, kad jis turi pakankamai laiko jjungti ekploatacinj

greitj;

e taskas P — informuoja maSinistg apie tai, kad jis virSija greitj ir dar turi laiko jjungti

eksploatacinj greitj;
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e taSkas W — garsiniu signalu informuoja masinistg apie tai, kad pasiekta riba ir jis turi staigiai
stabdyti traukinj;
e taSkas SBI — informuoja masinistg, kad ekstrinis stabdis bus jjungtas automatiskai.

Apskaiciavus atstumus tarp taSku, gauname stabdymo kreive (zr. 3.9 pav.)

400
""--..,_._ °“a\
350 mmiin e R N0 —1
T {%__“M \ v‘_‘\
Tl ,J\ ™
300 T S
250 o,
RS
i 200
£
£ 5
.
=
: 100
(L
50
0
16000 14000 12000 10000 8000 6000 4000 2000 0
Atstumas m

—  avarinis stabdymas

. Staiguisis stabdymas

------ 1sp&jimas apie avarinio stabdymo pradzia
—— ~  darbinio stabdymo pirmasis etapas
darbinio stabdymo antrasis etapas
darbinio stabdymo rezunas

garsinis jspéjimas|

traukinio stabdymo wvieta

leidZziamo greiéio riba
indikacija apie stabdyma

3.9 pav. Informaciniy tasky iSdéstymo grafikas (ERA 2016)
Automatiné traukinio valdymo jranga nuolat informuoja masinistg apie leisting greitj, o valdymo
prietaisy rodmenys informuoja apie ekstremalius atvejus.
Valdymo sistemoje yra traukinio grei¢io apribojimo funkcionalumas. Sistema automatiSkai reaguoja
] esama eismo situacijg ir nedelsiant didina, sumazina greit] arba visiskai sustabdo traukinj.
Kai yra virSijamas leidziamas greitis, sistema jjungia ekstrinj stabdyma ir jsijungia atitinkami

valdymo prietaisy rodmenys, kurie pavaizduoti 3.10 paveiksle.
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Ispéjimas dél greicio vir§ijimo

- - Avarinis stabdymas
- Prarastas traukinio

vientisumas
Traukinio stabdymo
m Jégos sumazgéjimas

3.10 pav. Traukinio automatinés valdymo jrangos prietaisy rodmenys (Siemens 2016)

3.3. Traukinio masés skaifiavimas

Analizuojant  dabarting traukinio eismo grafiko sudarymo metodika buvo atkreiptas démesys
traukinio mases skai¢iavimg. Atliekamas ruozo Gaizitinai-Jonava skai¢iavimas.
Lokomotyvo 2M62M skai¢iuojamoji traukos jéga yra 61 000 N, apskaiciuotas greitis v = 20
km/val., lokomotyvo mas¢ m,= 240 t.
Apskaiciuojamas lokomotyvo pasipriesinimas w, :
w, =1,9+0,01v + 0,0003v* = 1,9 + 0,01 - 20 + 0,0003 - 20* = 2,22 N/kN (3.9)
Apskaiciuojamas vagony pasiprieSinimas w,, :

3040.09v+0,002v?2

wp, =0,7+ ™ , (3.10)
¢ia: q, — apkrova | asj:
2
o =07+ 30+0.09v+0,002v , (3.11)

da
¢ia: q, — apkrova j asj, q, = 200kN /asSiai.

30+0,09-20+0,002-207

wp, =0,7+
200

= 0,86 N/kN.
Apskaic¢iuojamas skaiCiuojamasis nuolydis. Ruozo Gaizitinai-Jonava smulkus iSilginis profilis
pateiktas 3.11 paveiksle.

s = Leg + Lgges (3.12)
Cia: i; - iStisinis i8ilginis kelio profilis, promilémis;

i;' - istisinis i8ilginis kelio profilis su papildomu pasiprie$inimu (kreivémis), promilémis.
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. =623 a=G 44", R=1497, a=712, R=1742, 1353, R=809,
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2| =101 8 S5 =
11=100 2
= g
S 36 S7

3.11 pav. Smulkus iSilginis profilis Gaizitinai-Jonava ruoze
Istisinis i8ilginis kelio profilis:

ity = oo, (3.13)

Cia: Hp, - skaiCiuojamojo profilio pradzios taskas; Hy,j, - skai¢iuojamojo profilio pabaigos taskas;
S — skai¢iuojamojo profilio ilgis, m.
Istisinis i8ilginis kelio profilis:

.y (69,38—62,94)
Lok =
800

- 1000 = 8,05 %o
IStisinis iSilginis kelio profilis su papildomu pasiprieSinimu (kreivémis):
1 700 < Skr
ik = 720 7 (3.14)
¢ia: [, — traukinio ilgis, m; Sy, — skai¢iuojamos kreivés ilgis, m; R; — kreivés spindulys, m.
., 700,318 422
lSk = ( +
850\1497 1742

Apskai¢iuojama didziausia jkalné i; :

i; = 8,05+ 0,37 = 8,42%

) = 0,37%o0

Pagal formule (2.19) apskaiciuojama sastato masé Q..:
_ 61000— 240-9,81:(2,22+ 8,42)

Qc 9,81-(0,86+ 8,42) =6426 t
Traukinio vaziavimo lygtj galima uzrasyti taip:
d
—=&(fi —wi), (3.15)

.. d . . . d e e e
¢ia: d—: — traukinio pagreitis, m/s%; fi - visy veikian¢iy jégy suma, KN; wy — pasipriesinimy suma,
KN; & — traukinio pagreitis, priklausantis nuo visy veikiandiy jégy, m/s.

IS apskaiciuotos sgstato masés matyti, kad praktikoje traukinio masé ruoze Jonava — Gaizitinai,

turi biiti mazesnis (pagal eksperimentinius vaZziavimus). Vadinasi reikia naudoti amortizacijos
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koeficients, kuris kiekvienam Silumveziui yra skirtingas. Taip pat biitina atsizvelgti j lokomotyvo

techning bukle.

3.4. Analitinis geleZinkelio linijos pralaidumas, lyginant fiksuoto ir judancio

bloko metodikas

Sio tyrimo tikslas yra analitiskai istirti fiksuoto ir judandio bloko gelezinkelio linijos pralaidumo
galimybes. Remiantis gautais rezultatus jrodyti, kad eksploatuojant judancio bloko sistema,
traukiniy eismo intensyvumas didesnis. Pateikti iSvadas: kokie yra pralaidumo skirtumai ir
rezultatai, procentais. Remiantis atliktais skai¢iavimais, pateikti pasiiilymus ir rekomendacijas kaip
padidinti gelezinkelio ruozo pralaidumg.

Riedmenys buvo sumodeliuoti remiantis Europos gelezinkeliy duomenimis. Riedmeny techninés
charakteristikos pateikti 3.1 lentel¢je.

3.1 lentelé. Riedmeny techninés charakteristikos

Charakteristikos Keleiviniai | Krovininiai

traukiniai traukiniai

Apkrova 120 t 2000 t
Sukibimo apkrova 73t 87t
Ilgis 214 m 600 m
Koeficientas riedancio svorio apskai¢iavimui | 1,085 1,07

(atsizvelgiant | apkrova)

Maksimalus greitis 160 km/val | 120 km/h
Maksimali trauka 200 kN 350 kN
Maksimali akseleracija 1,1 m/s? 1,0 m/s?
Maksimalus sulétinimas 1,0 m/s? 0.4 m/s?
Pasipriesinimas A + B*v + C*v?

A [kN] 3 29

B [kN/km/h] 0.01 0,25

C [kN/(km/h)’] 0.0003 0,0043
Traukos galia 2.0 MW 6.4 MW
Stabdymo galia 2.0 MW 6,4 MW
Maksimali rekuperaciné jtampa 29,0 kV 29,0 kV

Siekiant kokybiskai ir tiksliai atlikti skaiCiavimus, imami dviejy tipy traukiniai: keleiviniai ir

krovininiai. Pagrindinés techninés charakteristikos pateiktos 3.2 ir 3.3 lentel¢je.
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3.2 lentelé. Keleivinis traukinys

Maksimalus greitis, v (km/val) 160
Masé, m (t) 412
Dinaminé masé, mgq (t) 437
Sulétinimas, d (m/s?) 0,8
Traukinio ilgis, Lt(m) 214
3.3 lentelé. Krovininis traukinys

Maksimalus greitis, v (km/val) 95
Masé, m (t) 1000
Dinaminé masé, mgq (t) 1060
Sulétinimas, d (m/s?) 0,4
Traukinio ilgis, Lt(m) 600

Skaiciavimai atlikti 50 km ruozui ir imamas 1500 m blokuojamojo ruozo ilgis.

Skai¢iavimams naudojama Tipiné Silumvezio traukos charakteristikos schema, pateikta 2.1 sk.

Isibégejimas

Nuo greicio 0 iki didziausio greicio kiekviename kilometre per valanda.

Pagreicio skaiCiavimas pagal formulg:

¢ia: F — traukos jéga, kN; D — pasiprieSinimo jéga, kN; mg — dinaminé mase, t.

PagreiCio laiko intervalo At skai¢iavimas.

Laikas, per kurj bus pasiektas norimas greitis:

t =Y At

Pasiekto greicio atstumas:

Vo=V
§==—At

Vaziavimas nustatytu greiciu

Atstumas, kurj traukinys nuvaziuoja nustatytu greiciu:

S = SO + V(tz - tl)

Sulétinimas ir stabdymas

Stabdymo kelio ilgis, skai¢iuojamas naudojant stabdymo jéga.

(3.16)

(3.17)

(3.18)

(3.19)

Pagal supaprastintg traukos charakteristikg skaiiuojame traukos, pasiprieSinimo, stabdymo bei

begio ir rato sankybio jégos (Zr. 3.12, 3.13, 3.14 pav.)

Skaiciavimai grafiniu biidu pateikti toliau. Skai¢iavimo rezultatai pateikti A priede.



Lokomotyvo traukos jégos priklausomybé nuo grei€io
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3.12 pav. Lokomotyvo traukos jégos priklausomybé nuo greicio

Pasipriesinimo jégos priklausomybé nuo greicio
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3.13 pav. PasiprieSinimo jégos priklausomyb¢ nuo greicio
Sankybio jégos dydis turi ribg ir jei jéga, iSvystoma varikliy, virSys sankybo jéga, tai ratai ims

buksuoti. Begio ir rato sankybio jégos priklausomybé nuo greicio pateikta 3.14 paveiksle

500

a0} [/ ‘ 1

300 | :
P00 | 1

100 f -

-100 L L . L L L .
0 20 40 60 80 100 120 140 160
GREITIS(km/h)

3.14 pav. Bégio ir rato sankybio jégos priklausomybé nuo greicio

Rato sankybio (adgezijos) su bégiais koefficientas skai¢iuojamas pagal formule:

0,1875
100-0,0092+0,3122-v

¥ =0,1740 — —0,0004 - v, (3.20)
¢ia: v — traukinio greitis, m/s.
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Rato sankybio (adgezijos) su bégiais koefficiento priklausomybé nuo greicio pateikta 3.15 paveiksle

o1l |
0.08 ||
0.06 |
0.04

0.02

ADHESION KOEFICIENTAS(v)

-0.02

-0.04 : L : :
60 80 100 120
GREITIS(km/h)

20 40

140 160

3.15 pav. Rato sankybio (adgezijos) su bégiais koefficiento priklausomybé nuo greicio

Traukos jéga pasireiSkia ne tik ratams riedant

per bégius, bet ir tuo paciu metu praslystant.

Nustatyta, kad palyginus su traukos rezimu stabdymo rezime sukibimo koeficientas maziau

priklauso nuo santykinio slydimo grei¢io (zr. 3.16 pav.). Tod¢l stabdant traukinj galima leisti

didesng slydimo jéga.

Wi

- 1

4] 10 20 30 40

50

100 Fey V., %

3.16 pav. Sukibimo koeficiento priklausomybé nuo santykinio slydimo grei¢io: 1 — stabdymo

rezimas; 2 — jsibégeéjimo (traukos) rezimas (I'pe6entox 2004).

Santykinis slydimo koeficientas skaic¢iuojamas pagal formulg:

v—w'R

1=

)
v

¢ia: v — traukinio greitis, m/s; w — kampinis greitis,
Kampinis greitis skai¢iuojamas pagal formule:
w = 2m),
¢ia: 9 — daznis, s
Daznis skai¢iuojamas pagal formule:

v
19=7,

48
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rad/s; R — rato spindulys, m.

(3.22)

(3.23)



¢ia: | — rato apskritimo ilgis (D), m.
Stabdymo metu, jei trinkelés prispaudziamos prie stabdziy reikia jvertinti rato ir stabdziy disko
spindulius. ASirac¢iy praslydimas iSvengiamas, apribojant stabdymo jéga pagal raty sankybi su

bégiais (zr. 3.17 pav.)

B, KN S PR .
‘ Beégio ir rato sankybio jégos riba

> K — prispaudimo jégos
kurios stabdziy trinkeliés
vyra prispaudziamos prie

B=f(EKN vieno a$iraéio

Bmax, KN

Rato riedéjimas Rato slydimas YK, KN
stabdymo metu

3.17 pav. Stabdymo jégos kitimas didinant trinkeliy prispaudimo jégas
Taip pat skai¢iuojami traukinio pagreicio priklausomybés nuo traukinio greicio (zr 3.18 ir 3.19

pav.).

0.454
0.453 [T S, |
0.452 o |
0.451 | |
0.45 ) |

0.449 | \ -]

0.448 | s i

PAGREITIS(mis?)
!/

0.447 | N b

0.446
o] 4 S S

3
GREITIS(m/s)

3.18 pav. Traukinio pagreiCio grafikas, greitis iki 20 km/val

0.45
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e
w
T

/
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I

PAGREITIS(m/s?)
Q
N
[4)]
/

0.05
5 10 15 20 25 30 35 40 45

GREITIS(m/s)

3.19 pav. Traukinio pagreiCio grafikas, greitis nuo 20 km/val
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Traukos ir stabdymo rezime pravaziuoti atstumai pateikti toliau (zr. 3.20 ir 3.21 pav.)

Pravaziuotas atstumas traukos rezime
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3.20 pav. Pravaziuotas atstumas traukos rezime

PravaZiuotas atstumas stabdymo rezime
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3.21 pav. PravaZziuotas atstumas stabdymo rezime



Traukinio pasipriesinimo jéga stabdymo metu

PASIPRIESINIMO JEGA KN

0 20 40 60 80 100 120 140 160
GREITIS km/val

3.22 pav. Traukinio pasiprieSinimo jéga stabdymo metu
Keleivinio traukinio jsibégéjimo rezimo laikas — 2,643 min.
Keleivinio traukinio jsibégéjimo rezimo pravaziuotas atstumas — 2 km. 175 m.
Keleivinio traukinio stabdymo rezimo laikas — 1,15 min.
Keleivinio traukinio stabdymo rezimo pravaziuotas atstumas — 1 km. 200 m.

3.4 lentelé. Skaic¢iavimo rezultatai — keleivinis traukinys

Laikas (min.) Atstumas (km)
Traukinio jsibégéjimo 2.64 2.175

Traukinio vaziavimo 17.48 46.625

nustatytu greiciu
Traukinio stabdymo 1.15 1.200

Krovininio traukinio jsibégéjimo rezimo laikas — 1,55 min.

Krovininio traukinio jsibégéjimo reZimo pravaziuotas atstumas — 3 km 094 m.
Krovininio traukinio stabdymo rezimo laikas — 0,85 min.
Krovininio traukinio stabdymo rezimo pravaziuotas atstumas — 585 m.

3.5 lentelé. Skaic¢iavimo rezultatai — krovininis traukinys

Laikas (min.) Atstumas (km)

Traukinio vaziavimo

nustatytu greiciu

Atlikus skaic¢iavimus gautus rezultatus uzraSome j 3.6 ir 3.7 lenteles.
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3.6 lentelé. Analitinis rezultatas pagal fiksuoto bloko skai¢iavimus

Traukinio tipas

Maksimalus greitis, v

Pralaidumas (tr/val)

(km/val)
Keleivinis traukinys 160 20
Krovininis traukinys 95 11

3.7 lentelé. Analitinis rezultatas pagal judancio bloko skai¢iavimus

Traukinio tipas Maksimalus greitis, v Pralaidumas (tr/val)
(km/val)
Keleivinis traukinys 160 62
Krovininis traukinys 95 34

Analitiniy rezultaty palyginimai pateikti 3.23 paveiksle

70 -~

60 -

50 A
40 - B Fiksuoty bloky sistema

30 - B Judanciy bloky sistema

20 A

Traukiniy pralaidumas tr/val

Keleivinis traukinys Krovininis traukinys

3.23 pav. Gelezinkelio linijos pralaidumo analitinio skai¢iavimo rezultatai

3.4. Eksperimentiniai geleZinkelio ruozo pralaidumo tyrimai

Tyrimo tikslas yra istirti skirtingo plocio gelezinkelio ruozy pralaidumo metody skirtuma. Po to
naudojant gautus rezultatus jrodyti, kad europietiSsko plo¢io metodai efektyvus ir naudojant pateikta
metodika galima pasiekti geresniy rezultaty didinant gelezinkelio ruozo pralaidumg. Taip pat
remiantis atliktais tyrimais pateikti pasitilymy, susijusiy su naujos metodikos diegimu.
Lyginamosios analizés atlikimas galimas tik tuomet, kai yra iSsamiai suprastas kiekvienas atskiras
metodas. Bitent dél Sios prezasties tyrimai atlikti realiai veikiancioje gamyboje laboratorijoje.
Pirmasis eksperimentas buvo atliktas Vilniaus Eismo valdymo centre, antrasis — Vokietijos Stuttgart
21 gelezinkelio linijoje DB su Netz AG bandymo jranga. Vilniaus Eismo valdymo centro
laboratorijoje buvo atliktas eksperimentas ir iki maksimalios ribos padidintas gelezinkelio ruozo

Jiesia-Mauruciai pralaidumas pagal europinj UIC 406 ir CUI grafiko sutankinimo metoda.
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UIC 406 metodo aprasymas

UIC 406 metodas skirtas traukinio eismo grafikui sutankinti. Traukinio vaziavimo linijos
stumiamos iki minimalaus laiko tarpo tarp traukiniy. Saugos laikas sumazinamas iki leidziamo
minimumo. Metodas placiai taikimas Europos gelezinkeliuose. Gelezinkelio linijos pralaidumo

skaiciavimas pagal UIC 406 metoda pateiktas 3.24 paveiksle
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Nepanaudotas | €) | Laisvas pralaidumas .
II'| pralaidumas f) b Per para dar daugiau nepanaudoto
pralaidumo

3.24 pav. Gelezinkelio linijos pralaidumo skaic¢iavimas pagal UIC 406 metoda (Stock 2008)
Traukinio eismo grafiko sutankinimo pavyzdys pateiktas 3.25 paveiksle. UIC 406 metodas
igyvendintas Portugalijos geleZinkeliuose Sete Rios—Alvito ruoze.
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3.25 pav. Traukiniy eismo grafiko sutankinimas Portugalijos gelezinkeliuose Sete Rios—Alvito
ruoze (Stock 2008)
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I galiojant] tvarkarastj buvo jterpti du nauji traukiniai. Naudojant planavimo modulio sistema,
saugos laikas sumazintas iki leidziamos ribos. Sistema informuoja planuotoja apie rizika eismo
saugumui, tod¢l Sis metodas galioja praktikoje ir vykdomas uztikrinant traukiniy eismo sauga. 3.26
paveiksle pateikti sistemos moduliai. Pirmasis etapas — planavimo aplinkoje inzZinierius planuotojas
sudaro nauja traukiniy eismo grafika, po to traukiniy eismo grafikas perkeliamas j traukiniy eismo
tvarkdariy valdymo sistema, tre¢iame etape traukiniy eismo grafikas naudojamas valdant eisma
realiame laike ir jau po kiekvieng Zingsnj galima atkirti ir perzidréti. Atkiirimo aplinka reikalinga

analizuojant jvykius ir avariniy situacijy atsiradima.

Sistemos
paleidimas

Planavimo
aplinka

Integracija su
iSorinémis
sistemomis

Simuliacijos
aplinka
REEITHETET

Atklrimo
aplinka

3.26 pav. Sistemos DaVinci moduliai
Eksperimentas atliktas gelezinkelio ruoze Jiesia—Kazly Ruda. Laiko tarpas nuo 15 iki 17 valandos.

Galiojantis tvarkarastis pateiktas 3.27 paveiksle

(12 8 AB o | _
- o JIESIA ' e et 4
Garlava i &/
19 8 AB : " o i
Pabaliikial ({9.“3 : . / 1/
15 14| AB [0 ] B
g ol - >< 5574 | v s
- :|kazLY RUDA R S G N G I
15 6 17

3.27 pav. Galiojantis tvarkarastis
Kadangi eksperimento tikslas — j galiojantj tvarkarastj jterpti du naujus traukinius, pirmajame
etape numatomas naujy traukiniy iSvykimo laikas. Traukinys vaziuos iSkart po tarptautinio traukinio
Nr. 79, jo vaziavimo laikas pro Jiesios stotj 15 val. 25 min. Kitas traukinys Nr. 2319 pravaziuos pro
Jiesios stot] 15 val. 29 min. Planavimo modulio sistema skai¢iuoja tarpstocio Jiesia—Mauruciai
vaziavimo laikg 9 min. 140 km/val. grei¢iu. Bet sistemoje aptiktas jspéjimas, kuris reikalauja

traukinio vaziavimo intervalo redagavimo. Isp&jimo atsiradimas pateiktas 3.28 paveksle
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3.28 pav. Traukinio

T

N

N

vaziavimo intervalo redagavimo reikalavimas

Pagal sistemos skai¢iavimus maziausias laiko tarpas tarp traukiniy tarpstotyje Jiesia—Mauruciai 4

min. 41 sek. Vadinasi, §j laikg galima sumazinti nuo 7 min. iki 5 min. Koregavimo procediros

pateikta 3.29 ir 3.30 paveiksluose.
Tvarkarastis Kelioné: Kelioné 1

Identifikaca ApskaiGuoti lakai Priimti lakai
Tipas | Traukinionumeris | Mazgokodas | Mazgas | Distandja (hm) | MaZiausiaslakas | Baznislakas | UIC | Lakotpas | Marsrutokeleivinis sustojmas | Techninis sustojimas
Q TEST1 @ 12311 Jiesia 100:00
] 109 04:41 06:21 07:0007:00
12320 [Mauruciai
{ 176 07:33 09:43 10:00/10:00
[ 12340 KazlyRida

3.29 pav. Eksperimentinio traukinio ,,Test 1 vaziavimo laikas pagal tvarkarastj

Tvarkarastis Kelioné: Kelioné 1

Identifiacia Apskaicuotakai Primti laikai
Tipas | Traukinionumeris | Mazgokodas | Mazgas | Distancija (hm) | Maziausiaslakas | Bazinislakas | UIC | Lakotipas | MarSrutojkeleivinis sustojimas | Techninis sustojmas
#® |TESTL A 1231 Jiesia 0:00
3 109, 04:41 06:21 07:00, ]
12320 |Mauruiai i
§ 176 07:33 09:43 10:00(10:00
@ 12340 KazlyRiida |

3.30 pav. Eksperimentinio traukinio ,,Test 1 vaziavimo laikas tarpstotyje sumazintas iki 5 min.

Taip pat atlickamas kito eksperimentinio traukinio ,,Test 2 jterpimas. Rezultatas ir traukiniy eismo

grafiko tankinimas pateiktas 3.31 paveiksle

| (B e Ne i
LSl i . T e i B . S
i i i i i i i h
. N PN {e
i i i i H Y i |
N N i ; N\
LN e = :
i \ i i H H H
MAURUCIAI —#\ \\ p— AN e g
B 15:30 I 15:45\5 i 16:00 {1 16115
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3.31 pav. Eksperimentiniy traukiniy jterpimas, traukiniy eismo grafiko tankinimas

Rezultatus suraSome i 3.9 lentelg. 3.8 lenteleje pateiktas galiojantis tvarkarastis.
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3.8 lentelé. Galiojantis tvarkarastis

Stotis Tr. Nr. | Tr. Nr. | Tr.Nr | Tr. Nr. | Tr. Nr.

79 2319 | 695 | 2321 685
Jiesia 15.17 | 1529 |15.48| 16.09 | 16.23
Mauruciai| 15.26 | 1548 |16.01| 16.28 | 16.35

3.9 lentelé. Tvarkarastis pagal sutankintg traukiniy eismo grafika

Stotis Tr. Nr. | Papildomas | Tr. Nr. | Tr.Nr. | Papildomas Tr. Nr. Tr. Nr.
traukinys traukinys
79 Test 1 2319 | 695 Test 2 2321 685
Jiesia 15.17 15.24 15.29 | 1548 16.04 16.09 16.23
Mauruciai| 15.26 15.32 15.48 | 16.01 16.12 16.28 16.35

Vokietijos Stuttgart 21  gelezinkelio linijjoje DB Netz AG bandymo jrangoje buvo atlikti
laborotoriniai eksperementai ir rezultatai pateikti 3.32 paveiksle. Gelezinkelio ruozo pralaidumas
padidintas 5.3 % ir 9.3 %. Palyginus su dabartyne sistema Lietuvoje, gelezinkelio ruozo
pralaidumas Vokietijos Stuttgart 21 gelezinkelio linijoje beveik dvigubai didesnis. Tarp tarpstotyje
vaziuojanciu traukiniy laiko tarpas:

e Lietuvoje — 220 s;

e Vokietijoje — 136 s.

Minimalus laikas tarp traukiniy

160
140
140 - 136 129 128

120

100 -
80 -

60 -
40 -
20 -
0 -

Sekunden

K5
NordSiid SidNord = ETCS
Siaurés—piety kryptis Pietyu—Siaures kryptis
3.32 pav. Laborotoriniy eksperimenty rezultatai (NETZE 2016)
Minimalus atstumas tarp Sviesoforu 400 m ir tarp virtualaus ETCS signalu — 30 m. Sistema tik
projektuojama ir jdiegimo darbai prasidés 2018 m.
Laborotoriniy eksperimenty rezultatus uzrasome j 3.10 lentel¢
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3.10 lentelé. Laboratoriniy eksperimenty rezultatai

Sistema Siaurés—piety kryptis Piety—Siaurés kryptis
Minimalus TeoretiSkas | Pralaidumo | Minimalus | TeoretiSkas | Pralaidu
laiko tarpas | pralaidumas, | skirtumas, | laiko tarpas | pralaidumas mo
tarp tr/val. % tarp , tr/val. skirtumas
vaziuojanciy vaziuojanciy ,
traukiniy, s traukiniy, s %
KS 136 26.5 140 25.7
ETCS 129 279 +5,3 128 28.1 +9,3

ETCS turi kontroliuoti visy traukiniy eismg pagal interlokingy sistemose nustatytus marSrutus bei

uztikrinti sklandy ir saugy visy sistemy savitarpio veikima. Taip pat jrengta ETCS sistema turés biiti

sertifikuota.

Ataskaitoje apie traukinio buvimo vietg i§ bortinés jrangos } RBC turi biiti siunc¢iama:

atstumas tarp LRBG ir numanomos traukinio priekio pozicijos;

patikimumo intervalas $io atstumo atzvilgiu, kaip maksimalus saugus priekio atstumas

(priklausomai nuo traukinio krypties, $i padétis turi buti prie§ numanoma pozicija);

patikimumo intervalas §io atstumo atzvilgiu, kaip minimalus saugus priekio atstumas

(priklausomai nuo traukinio krypties, $i padétis turi biiti uz numanomos pozicijos);

LRBG identifikavimo informacija;

traukinio vaziavimo kryptis LRBG atzvilgiu;

traukinio ilgis;

traukinio greitis;

einamasis ETCS reZimas ir taikymo lygmuo;

RBC identifikavimo informacija ir RBC GSM numeris.

,Patikimumo intervalas* turi biiti nustatomas pagal Siuos parametrus:

Atsizvelgiant | kelio jrangg — balisés vietos tikslumas

Atsizvelgiant j riedmeny jrangg — ridos skaic¢iavimo jrenginio (odometro) tikslumas.

Traukinio buvimo vietg, nustatan¢ios BG jrengimo taisyklés turés jrodyti, kad numatoma traukinio

buvimo vieta, jskaitant patikimumo intervalg, bus tokia, kad:

Traukinio buvimo vietos nustatymo tikslumas garantuos saugy traukiniy eisma;

Traukinio padéties tikslumas atitiks susietg informacija;

Traukinio buvimo vietos tikslumas atitiks traukinio vaziavimo apribojimus.
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Visg kelio jrangos perduodamg su traukinio buvimo vieta susijusig informacijg naudos lokomotyvo
jranga, atsizvelgdama ] traukinio buvimo vietos patikimumo intervalg. Traukinio buvimo vietos
tikslumas turés biiti pritaikytas atsizvelgiant j kelio charakteristikas. Traukinio buvimo vietos
tikslumas yra kritiSkai svarbus sustojimo viety priartéjimo ruozuose. BG i8déstimas kelyje turi biiti
ribotas taip, kad traukinio buvimo vietos patikimumo intervalas buty didesnis, taciau tuo pat metu
atitikty traukinio vaziavimo apribojimus.
Interlokingo sistema j RBC turi pateikti saugius duomenis apie $ios objektus:

¢ traukinio masSinisto ir manevry marsruto biisena;

e kelio uzimtumo biisena;

e marsruto konfiguracijos valdomi greicio apribojimai;

e tvarkdariy valdomi greicio apribojimai;

e greiio apribojimai, atsirandantys dé¢l pagalbiniy aptikimo sistemy biisenos;

e marSruto konfigtiracijos valdomi avariniai stabdymai,

e tvarkdariy valdomi avariniai stabdymai;

e avariniai stabdymai, atsirandantis dél pagalbiniy sistemy biisenos;

e techninés priezitros tikslais realizuojama apsauga;

e jtampos tiekimas ] prie§ traukinj esancius elektrifikuotus ruozus;

e Dbet kokie duomenys, reikalingi RBC funkcijy realizavimui.

Gelezinkelio linijos pralaidumo eksperimentinio skaiiavimo rezultatai pateikti 3.33 paveiksle

28.5 A
28 A
27.5 A
27 A mKS

26.5 A BETCS
26 A

25.5 A

Traukiniy pralaidumas tr/val

24.5 T .
Siaures—piety kryptis Piety—Siaurés kryptis

3.33 pav. Gelezinkelio linijos pralaidumo eksperimentinio skai¢iavimo rezultatai

¢ia: KS — dabartiné signalizacijos sistema.
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3.5. Teoriniy ir eksperimentiniy rezultaty analizé

Ivertinus visy vaziavimo kriterijy visumg sudarau lentele 3.11

privalumus ir trukumus.

3.11 lentelé. Seny ir naujy metody trikumai ir privalumai

ir uzrasau seny ir naujy metodu

Sistema

Trukumai

Privalumai

Sena traukiniy eismo valdymo

Negali biiti pritaikyta prie naujos

Naujojo Eismo valdymo centro

sistema signalizacijos, planuojamos | funkcijos gali  bati  lengvai
Europines vézés geleZinkelio | integruotos |} nauja  valdymo
ruoze. Skiriasi traukiniy eismo | sistemg. Visa informacija apie
valdymo principai. gelezinkelio eismg yra vienoje
bistingje.
ERTMS 2 lygis Fiksuotu blokuojamuoju ruozy | Pritaikyta ir keleiviniams ir

sistema.  GelezZinkelio  ruozo
pralaidumas mazesnis. Didesnés

sgnaudy iSlaidos.

krovininiams traukiniams vaziuoti.
Traukinio vientisumo tikrinimo
jrenginiai veikia pagal traukiniy

eismo saugumo reikalavimus.

ERTMS 3 lygis

Judanciy sistema.

bloky

Pritaikyta ~ tik  keleiviniams

traukiniams vaziuoti. Iki $iol néra
dél

sprendimo krovininio

traukinio vientisumo kontroles.

Mazos diegimo ir eksploatacijos

iSlaidos. Zenkliai padidina

gelezinkelio ruozo pralaiduma.

ERTMS 2 lygis su virtualiais
blokais

Didesnés sgnaudos. Naudinga tik
atskiruose gelezinkelio ruoZuose,

kur reikia padidinti pralaiduma.

Kaip ir ERTMS 3 lygio sistema
zenkliai didina gelezinkelio ruozo

pralaiduma.

Pateiktame grafike (zr. 3.34 pav.) galima iSanalizuoti gelezinkelio ruozo pralaidumg priklausomybe

nuo blokuojamuojy ruozy ilgio. Sumazinus ilgj iki 400 m ERTMS 2 lygio sistemoje galima pasiekti

3 lygio sistemos pralaiduma, bet jrenginiy kiekis atitinkamai padidés ir padidins sgnaudy islaidas.

2 lygis

3 lygis

0 500 1000 1500

2000 2500

‘ Blokuojamuoju ruozy ilgis. m |

GeleZzinkelio linijos pralaidumas, tr/val.

3.34 pav. Gelezinkelio linijos pralaidumo priklausomybé nuo blokuojamuojy ruozy ilgio
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ISVADOS, REKOMENDACIJOS

1.

ApskaiCiuoto traukinio masé ruoze Jonava—Gaiziiinai yra — 6426 t . Pagal
eksperimentinius vaziavimus — 6000 t.

Analitiniy budu apskaiciuotas gelezinkelio ruozo pralaidumas pagal judancio bloko
metodikg tris kartus didesnis uz pralaiduma, nustatyta pagal fiksuotojo blokuojamojo ruozo
metodika.

IS Vilniaus eismo valdymo centro eksperimentiniy tyrimy buvo nustatyta, kad gelezinkelio
ruozo pralaidumg galima padidinti naudojant UIC 406 metoda. Tyrimy duomenys parode,
kad ruoze Mauruciai—Jiesia nuo 15 val. 17 min. iki 16 val. 23 min. vietoje 5 tvarkaraStyje
numatyty traukiniy gali vaziuoti 7 traukiniai.

IS Vokietijos Stuttgart 21 gelezinkelio linijos eksperimentiniy tyrimy buvo nustatyta, kad
gelezinkelio ruozo pralaiduma galima padidinti naudojant judancio bloko metoda. Tyrimy
duomenys parod¢, kad minimalus laiko tarpas tarp traukiniy gali biiti sumazintas iki 129 s
Siaurés—piety kryptimi ir iki 128 s piety—Siaurés kryptimi. Gelezinkelio ruozo pralaidumas
padidintas 5.3 % ir 9.3 %.

Siekiant uztikrinti eismo sauguma ir gelezinkelio infrastruktiiros optimaly ir efektyvy
naudojimg, didesniame kaip 7 % ikaln¢je galima lokomotyvo traukos skaiiavimo
metodikoje naudoti amortizacijos koeficienta, priklausantj nuo lokomotyvo technines
bukles. Jis gali buti apie 0,8 — 0,9. Parenkant traukos riedmenis tam tikram gelezinkelio
ruozui, labai svarbu jvertinti prekiniy Silumveziy degaly sagnaudas, vaziavimo greit], traukos
jéga, aplinkos tarsa.

Siekiant uztikrinti geleZinkelio infrastruktiros pralaidavimo didéjimag sudarant traukiniy
eismo grafikg turi buti atsizvelgiama ne tik ] jau pasiektg traukiniy eismo organizavimo lygj
ir efektyvesn] vieSosios gelezinkeliy infrastruktiiros iSnaudojimg, bet ir j traukiniy eismo
grafiko realuma, o apskai€iuojami jo elementai (intervalai, vaziavimo trukmé ir kt.) pagristi
ir vykdomi uztikrinant traukiniy eismo sauga. Todél rekomenduotina jvesti saugos
koeficientus atskirai kiekvienam gelezinkelio ruozui, kad iSvengti traukiniy susikaupimo,

ypac tarpstotyje kur kertasi skirtingo plo¢io vézés.
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A Priedas

Traukos skaiciavimai jsibégejimo rezime

1 lentelé
\' Vi Avl Traukos Pasipr. Sukibimo jega KN m Xt my a At t As t
km/ m/s m/s jéga, F, KN Jéga, W, KN t t F-W m/s? s s m m
val KN
0 0 0 200 2.0320 -99.9942 412 | 0.06 437 197.9680 0.4530 0 0 0 0
1 0.2778 0.2778 200 2.0715 71.9086 412 | 0.06 437 197.9285 0.4529 0.6138 0.6138 0.0852 0.0852
2 0.5556 0.2778 200 2.1224 173.7687 412 | 0.06 437 197.8776 0.4528 0.6139 1.2277 0.0853 0.1705
3 0.8333 0.2778 200 2.1846 240.9204 412 | 0.06 437 197.8154 0.4527 0.6141 1.8418 0.1706 0.3411
4 11111 0.2778 200 2.2581 288.3528 412 | 0.06 437 197.7419 0.4525 0.6144 2.4562 0.2560 0.5971
5 1.3889 0.2778 200 2.3429 323.5099 412 | 0.06 437 197.6571 0.4523 0.6146 3.0708 0.3415 0.9386
6 1.6667 0.2778 200 2.4390 350.5080 412 | 0.06 437 197.5610 0.4521 0.6149 3.6857 0.4270 1.3656
7 1.9444 0.2778 200 2.5465 371.8077 412 | 0.06 437 197.4535 0.4518 0.6153 4.3010 0.5127 1.8783
8 22222 0.2778 200 2.6653 388.9707 412 | 0.06 437 197.3347 0.4516 0.6156 4.9166 0.5985 2.4768
9 2.5000 0.2778 200 2.7954 403.0359 412 | 0.06 437 197.2046 0.4513 0.6160 5.5326 0.6845 3.1613
10 2.7778 0.2778 200 2.9368 414.7210 412 | 0.06 437 197.0632 0.4509 0.6165 6.1491 0.7706 3.9319
11 3.0556 0.2778 200 3.0895 424.5380 412 | 0.06 437 196.9105 0.4506 0.6170 6.7661 0.8569 4.7888
12 3.3333 0.2778 200 3.2536 432.8618 412 | 0.06 437 196.7464 0.4502 0.6175 7.3836 0.9434 5.7322
13 3.6111 0.2778 200 3.4290 439.9733 412 | 0.06 437 196.5710 0.4498 0.6180 8.0016 1.0300 6.7622
14 3.8889 0.2778 200 3.6157 446.0872 412 | 0.06 437 196.3843 0.4494 0.6186 8.6202 1.1169 7.8791
15 4.1667 0.2778 200 3.8137 451.3702 412 | 0.06 437 196.1863 0.4489 0.6192 9.2394 1.2041 9.0832
16 4.4444 0.2778 200 4.0230 455.9539 412 | 0.06 437 195.9770 0.4485 0.6199 9.8593 1.2915 10.3747
17 4.7222 0.2778 200 4.2437 459.9435 412 | 0.06 437 195.7563 0.4480 0.6206 10.4799 1.3791 11.7538
18 5.0000 0.2778 200 4.4757 463.4240 412 | 0.06 437 195.5243 0.4474 0.6213 11.1012 1.4670 13.2208
19 5.2778 0.2778 200 4.7190 466.4650 412 | 0.06 437 195.2810 0.4469 0.6221 11.7233 1.5553 14.7761
20 5.5556 0.2778 200 4.9736 469.1240 412 | 0.06 437 195.0264 0.4463 0.6229 12.3462 1.6438 16.4199
21 5.8333 0.2778 199.3250 5.2395 471.4488 412 | 0.06 437 194.0864 0.4441 0.6259 12.9721 1.7387 18.1586
22 6.1111 0.2778 198.6500 5.5168 473.4797 412 | 0.06 437 193.7770 0.4434 0.6269 13.5990 1.8286 19.9872
23 6.3889 0.2778 197.9750 5.8054 475.2505 412 | 0.06 437 193.4563 0.4427 0.6280 14.2270 1.9188 21.9060
24 6.6667 0.2778 197.3000 6.1053 476.7904 412 | 0.06 437 193.1243 0.4419 0.6291 14.8561 2.0095 23.9155
25 6.9444 0.2778 196.6250 6.4165 478.1240 412 | 0.06 437 192.7810 0.4411 0.6302 15.4863 2.1006 26.0161
26 7.2222 0.2778 195.9500 6.7390 479.2727 412 | 0.06 437 192.4264 0.4403 0.6313 16.1176 2.1921 28.2082
27 7.5000 0.2778 195.2750 7.0729 480.2551 412 | 0.06 437 192.0604 0.4395 0.6325 16.7501 2.2842 30.4924
28 7.7778 0.2778 194.6000 7.4181 481.0873 412 | 0.06 437 191.6831 0.4386 0.6338 17.3839 2.3767 32.8691
29 8.0556 0.2778 193.9250 7.7746 481.7834 412 | 0.06 437 191.2945 0.4377 0.6351 18.0190 2.4697 35.3388
30 8.3333 0.2778 193.2500 8.1424 482.3557 412 | 0.06 437 190.8946 0.4368 0.6364 18.6554 2.5633 37.9021
31 8.6111 0.2778 192.5750 8.5215 482.8153 412 | 0.06 437 190.4834 0.4359 0.6378 19.2932 2.6574 40.5595
32 8.8889 0.2778 191.9000 8.9120 483.1717 412 | 0.06 437 190.0608 0.4349 0.6392 19.9324 2.7521 43.3116
33 9.1667 0.2778 191.2250 9.3138 483.4337 412 | 0.06 437 189.6269 0.4339 0.6407 20.5731 2.8474 46.1590
34 9.4444 0.2778 190.5500 9.7269 483.6088 412 | 0.06 437 189.1817 0.4329 0.6422 21.2153 2.9433 49.1023
35 9.7222 0.2778 189.8750 10.1513 483.7040 412 | 0.06 437 188.7252 0.4319 0.6437 21.8590 3.0398 52.1421
36 10.0000 0.2778 189.2000 10.5870 483.7254 412 | 0.06 437 188.2574 0.4308 0.6453 22.5043 3.1370 55.2791
37 10.2778 0.2778 188.5250 11.0341 483.6785 412 | 0.06 437 187.7782 0.4297 0.6470 23.1513 3.2348 58.5139
38 10.5556 0.2778 187.8500 11.4925 483.5683 412 | 0.06 437 187.2877 0.4286 0.6487 23.8000 3.3334 61.8473
39 10.8333 0.2778 187.1750 11.9622 483.3994 412 | 0.06 437 186.7859 0.4274 0.6504 24.4504 3.4327 65.2800
40 11.1111 0.2778 186.5000 12.4432 483.1759 412 | 0.06 437 186.2728 0.4263 0.6522 25.1026 3.5327 68.8127
41 11.3889 0.2778 185.8250 12.9355 482.9015 412 | 0.06 437 185.7484 0.4251 0.6540 25.7566 3.6335 72.4462
42 11.6667 0.2778 185.1500 13.4392 482.5796 412 | 0.06 437 185.2126 0.4238 0.6559 26.4125 3.7351 76.1813
43 11.9444 0.2778 184.4750 13.9542 482.2133 412 | 0.06 437 184.6655 0.4226 0.6579 27.0704 3.8376 80.0189
44 12.2222 0.2778 183.8000 14.4805 481.8054 412 | 0.06 437 184.1071 0.4213 0.6599 27.7303 3.9409 83.9598
45 12.5000 0.2778 183.1250 15.0181 481.3585 412 | 0.06 437 183.5374 0.4200 0.6619 28.3922 4.0450 88.0048
46 12.7778 0.2778 182.4500 15.5670 480.8751 412 | 0.06 437 182.9564 0.4187 0.6640 29.0562 4.1501 92.1549
47 13.0556 0.2778 181.7750 16.1273 480.3573 412 | 0.06 437 182.3640 0.4173 0.6662 29.7224 4.2561 96.4110
48 13.3333 0.2778 181.1000 16.6989 479.8071 412 | 0.06 437 181.7603 0.4159 0.6684 30.3908 4.3631 100.7741
49 13.6111 0.2778 180.4250 17.2818 479.2265 412 | 0.06 437 181.1453 0.4145 0.6707 31.0615 4.4710 105.2451
50 13.8889 0.2778 179.7500 17.8760 478.6170 412 | 0.06 437 180.5190 0.4131 0.6730 31.7345 4.5800 109.8251
51 14.1667 0.2778 179.0750 18.4815 477.9805 412 | 0.06 437 179.8814 0.4116 0.6754 32.4099 4.6900 114.5151
52 14.4444 0.2778 178.4000 19.0984 4773182 412 | 0.06 437 179.2324 0.4101 0.6778 33.0877 4.8012 119.3163
53 14.7222 0.2778 177.7250 19.7266 476.6317 412 | 0.06 437 178.5721 0.4086 0.6803 33.7680 49134 124.2297
54 15.0000 0.2778 177.0500 20.3661 475.9221 412 | 0.06 437 177.9005 0.4071 0.6829 34.4509 5.0268 129.2565
55 15.2778 0.2778 176.3750 21.0169 475.1907 412 | 0.06 437 177.2176 0.4055 0.6855 35.1364 5.1414 134.3979
56 15.5556 0.2778 175.7000 21.6790 474.4386 412 | 0.06 437 176.5234 0.4039 0.6882 35.8246 5.2572 139.6551
57 15.8333 0.2778 175.0250 22.3525 473.6668 412 | 0.06 437 175.8178 0.4023 0.6910 36.5156 5.3743 145.0294
58 16.1111 0.2778 174.3500 23.0373 472.8763 412 | 0.06 437 175.1009 0.4007 0.6938 37.2094 5.4926 150.5220
59 16.3889 0.2778 173.6750 23.7334 472.0680 412 | 0.06 437 174.3727 0.3990 0.6967 37.9061 5.6123 156.1343
60 16.6667 0.2778 173.0000 24.4408 471.2427 412 | 0.06 437 173.6332 0.3973 0.6997 38.6058 5.7334 161.8677
61 16.9444 0.2778 172.3250 25.1595 470.4013 412 | 0.06 437 172.8824 0.3956 0.7027 39.3085 5.8559 167.7236
62 17.2222 0.2778 171.6500 25.8896 469.5444 412 | 0.06 437 172.1202 0.3939 0.7058 40.0143 5.9799 173.7035
63 17.5000 0.2778 170.9750 26.6310 468.6729 412 | 0.06 437 171.3467 0.3921 0.7090 40.7233 6.1053 179.8088
64 17.7778 0.2778 170.3000 27.3837 467.7873 412 | 0.06 437 170.5619 0.3903 0.7123 41.4356 6.2323 186.0411
65 18.0556 0.2778 169.6250 28.1477 466.8882 412 | 0.06 437 169.7658 0.3885 0.7156 42.1512 6.3610 192.4021
66 18.3333 0.2778 168.9500 28.9230 465.9763 412 | 0.06 437 168.9584 0.3866 0.7190 42.8702 6.4912 198.8933
67 18.6111 0.2778 168.2750 29.7097 465.0521 412 | 0.06 437 168.1396 0.3848 0.7225 43.5927 6.6232 205.5165
68 18.8889 0.2778 167.6000 30.5077 464.1161 412 | 0.06 437 167.3095 0.3829 0.7261 44.3188 6.7569 212.2734
69 19.1667 0.2778 166.9250 31.3170 463.1689 412 | 0.06 437 166.4681 0.3809 0.7298 45.0486 6.8924 219.1658
70 19.4444 0.2778 166.2500 32.1376 462.2108 412 | 0.06 437 165.6154 0.3790 0.7335 45.7821 7.0298 226.1956
71 19.7222 0.2778 165.5750 32.9695 461.2423 412 | 0.06 437 164.7514 0.3770 0.7374 46.5195 7.1691 233.3647
72 20.0000 0.2778 164.9000 33.8128 460.2639 412 | 0.06 437 163.8760 0.3750 0.7413 47.2608 7.3103 240.6750
73 20.2778 0.2778 164.2250 34.6674 459.2759 412 | 0.06 437 162.9893 0.3730 0.7454 48.0062 7.4536 248.1286
74 20.5556 0.2778 163.5500 35.5333 458.2787 412 | 0.06 437 162.0913 0.3709 0.7495 48.7557 7.5990 255.7276
75 20.8333 0.2778 162.8750 36.4105 457.2726 412 | 0.06 437 161.1820 0.3688 0.7537 49.5094 7.7466 263.4742
76 21.1111 0.2778 162.2000 37.2990 456.2580 412 | 0.06 437 160.2614 0.3667 0.7580 50.2674 7.8963 271.3705
77 21.3889 0.2778 161.5250 38.1989 455.2353 412 | 0.06 437 159.3294 0.3646 0.7625 51.0299 8.0484 279.4189
78 21.6667 0.2778 160.8500 39.1101 454.2046 412 | 0.06 437 158.3861 0.3624 0.7670 51.7969 8.2029 287.6218
79 21.9444 0.2778 160.1750 40.0326 453.1664 412 | 0.06 437 157.4315 0.3603 0.7717 52.5686 8.3598 295.9816
80 222222 0.2778 159.5000 40.9664 452.1208 412 | 0.06 437 156.4656 0.3580 0.7764 53.3450 8.5193 304.5009
81 22.5000 0.2778 158.8250 419115 451.0682 412 | 0.06 437 155.4884 0.3558 0.7813 54.1263 8.6813 313.1822




A Priedas

Traukos skaiciavimai jsibégejimo rezime

1 lentelé
82 22.7778 0.2778 158.1500 42.8680 450.0087 412 0.06 437 154.4998 0.3535 0.7863 54.9126 8.8461 322.0283
83 23.0556 0.2778 157.4750 43.8358 448.9427 412 0.06 437 153.4999 0.3513 0.7914 55.7040 9.0136 331.0419
84 23.3333 0.2778 156.8000 44.8149 447.8703 412 0.06 437 152.4887 0.3489 0.7967 56.5007 9.1840 340.2259
85 23.6111 0.2778 156.1250 45.8053 446.7918 412 0.06 437 151.4662 0.3466 0.8021 57.3028 9.3574 349.5833
86 23.8889 0.2778 155.4500 46.8070 445.7074 412 0.06 437 150.4324 0.3442 0.8076 58.1104 9.5339 359.1172
87 24.1667 0.2778 154.7750 47.8201 444.6173 412 0.06 437 149.3872 0.3418 0.8132 58.9236 9.7136 368.8308
88 24.4444 0.2778 154.1000 48.8445 443.5216 412 0.06 437 148.3307 0.3394 0.8190 59.7426 9.8965 378.7273
89 24.7222 0.2778 153.4250 49.8802 442.4205 412 0.06 437 147.2629 0.3370 0.8250 60.5676 10.0828 388.8101
90 25.0000 0.2778 152.7500 50.9272 441.3143 412 0.06 437 146.1838 0.3345 0.8310 61.3986 10.2727 399.0828
91 25.2778 0.2778 152.0750 51.9855 440.2030 412 0.06 437 145.0934 0.3320 0.8373 62.2359 10.4662 409.5490
92 25.5556 0.2778 151.4000 53.0552 439.0869 412 0.06 437 143.9916 0.3295 0.8437 63.0796 10.6634 420.2124
93 25.8333 0.2778 150.7250 54.1362 437.9661 412 0.06 437 142.8785 0.3270 0.8503 63.9299 10.8646 431.0770
94 26.1111 0.2778 150.0500 55.2285 436.8407 412 0.06 437 141.7541 0.3244 0.8570 64.7869 11.0698 442.1468
95 26.3889 0.2778 149.3750 56.3321 435.7109 412 0.06 437 140.6184 0.3218 0.8639 65.6508 11.2792 453.4260
96 26.6667 0.2778 148.7000 57.4470 434.5768 412 0.06 437 139.4714 0.3192 0.8710 66.5218 11.4930 464.9190
97 26.9444 0.2778 148.0250 58.5733 433.4385 412 0.06 437 138.3130 0.3165 0.8783 67.4001 11.7112 476.6302
98 27.2222 0.2778 147.3500 59.7109 432.2962 412 0.06 437 137.1433 0.3138 0.8858 68.2859 11.9341 488.5643
99 27.5000 0.2778 146.6750 60.8598 431.1500 412 0.06 437 135.9623 0.3111 0.8935 69.1794 12.1619 500.7262
100 27.7778 0.2778 146.0000 62.0200 430.0000 412 0.06 437 134.7700 0.3084 0.9014 70.0808 12.3947 513.1209
101 28.0556 0.2778 145.3250 63.1915 428.8463 412 0.06 437 133.5664 0.3056 0.9096 70.9904 12.6327 525.7536
102 28.3333 0.2778 144.6500 64.3744 427.6890 412 0.06 437 132.3514 0.3029 09179 71.9083 12.8762 538.6298
103 28.6111 0.2778 143.9750 65.5686 426.5282 412 0.06 437 131.1251 0.3001 0.9265 72.8348 13.1253 551.7551
104 28.8889 0.2778 143.3000 66.7741 425.3640 412 0.06 437 129.8875 0.2972 0.9353 73.7701 13.3802 565.1353
105 29.1667 0.2778 142.6250 67.9909 424.1965 412 0.06 437 128.6386 0.2944 0.9444 74.7145 13.6413 578.7766
106 29.4444 0.2778 141.9500 69.2190 423.0259 412 0.06 437 127.3784 0.2915 0.9537 75.6682 13.9087 592.6853
107 29.7222 0.2778 141.2750 70.4585 421.8521 412 0.06 437 126.1068 0.2886 0.9634 76.6316 14.1828 606.8681
108 30.0000 0.2778 140.6000 71.7093 420.6752 412 0.06 437 124.8239 0.2856 0.9733 77.6049 14.4637 621.3318
109 30.2778 0.2778 139.9250 72.9714 419.4955 412 0.06 437 123.5297 0.2827 0.9835 78.5884 14.7518 636.0836
110 30.5556 0.2778 139.2500 74.2448 418.3128 412 0.06 437 122.2242 0.2797 0.9940 79.5824 15.0474 651.1310
111 30.8333 0.2778 138.5750 75.5295 417.1274 412 0.06 437 120.9074 0.2767 1.0048 80.5872 15.3509 666.4819
112 31.1111 0.2778 137.9000 76.8256 415.9392 412 0.06 437 119.5792 0.2736 1.0159 81.6031 15.6625 682.1444
113 31.3889 0.2778 137.2250 78.1330 414.7484 412 0.06 437 118.2397 0.2706 1.0275 82.6306 15.9826 698.1270
114 31.6667 0.2778 136.5500 79.4517 413.5550 412 0.06 437 116.8889 0.2675 1.0393 83.6699 16.3117 714.4387
115 31.9444 0.2778 135.8750 80.7817 412.3590 412 0.06 437 115.5268 0.2644 1.0516 84.7215 16.6500 731.0887
116 32.2222 0.2778 135.2000 82.1230 411.1607 412 0.06 437 114.1534 0.2612 1.0642 85.7857 16.9982 748.0869
117 32.5000 0.2778 134.5250 83.4757 409.9599 412 0.06 437 112.7686 0.2581 1.0773 86.8630 17.3565 765.4434
118 32.7778 0.2778 133.8500 84.8397 408.7568 412 0.06 437 111.3725 0.2549 1.0908 87.9538 17.7256 783.1690
119 33.0556 0.2778 133.1750 86.2150 407.5514 412 0.06 437 109.9651 0.2516 1.1048 89.0586 18.1059 801.2749
120 33.3333 0.2778 132.5000 87.6016 406.3438 412 0.06 437 108.5464 0.2484 1.1192 90.1778 18.4980 819.7729
121 33.6111 0.2778 131.8250 88.9995 405.1340 412 0.06 437 107.1164 0.2451 1.1341 91.3119 18.9025 838.6754
122 33.8889 0.2778 131.1500 90.4088 403.9221 412 0.06 437 105.6750 0.2418 1.1496 92.4615 19.3200 857.9954
123 34.1667 0.2778 130.4750 91.8294 402.7081 412 0.06 437 104.2223 0.2385 1.1656 93.6271 19.7512 877.7466
124 34.4444 0.2778 129.8000 93.2613 401.4921 412 0.06 437 102.7583 0.2351 1.1822 94.8093 20.1968 897.9434
125 34.7222 0.2778 129.1250 94.7045 400.2742 412 0.06 437 101.2830 0.2318 1.1995 96.0088 20.6575 918.6009
126 35.0000 0.2778 128.4500 96.1590 399.0543 412 0.06 437 99.7964 0.2284 1.2173 97.2261 21.1343 939.7352
127 35.2778 0.2778 127.7750 97.6249 397.8325 412 0.06 437 98.2984 0.2249 1.2359 98.4620 21.6281 961.3633
128 35.5556 0.2778 127.1000 99.1021 396.6089 412 0.06 437 96.7891 0.2215 1.2552 99.7172 22.1396 983.5029
129 35.8333 0.2778 126.4250 100.5906 395.3836 412 0.06 437 95.2685 0.2180 1.2752 100.9924 22.6701 1006.1730
130 36.1111 0.2778 125.7500 102.0904 394.1564 412 0.06 437 93.7366 0.2145 1.2960 102.2884 23.2206 1029.3936
131 36.3889 0.2778 125.0750 103.6015 392.9275 412 0.06 437 92.1934 0.2110 1.3177 103.6061 23.7923 1053.1859
132 36.6667 0.2778 124.4000 105.1240 391.6970 412 0.06 437 90.6388 0.2074 1.3403 104.9464 24.3866 1077.5725
133 36.9444 0.2778 123.7250 106.6578 390.4648 412 0.06 437 89.0729 0.2038 1.3639 106.3103 25.0047 1102.5772
134 37.2222 0.2778 123.0500 108.2029 389.2311 412 0.06 437 87.4957 0.2002 1.3885 107.6988 25.6483 1128.2255
135 37.5000 0.2778 122.3750 109.7593 387.9957 412 0.06 437 85.9072 0.1966 1.4142 109.1130 26.3190 1154.5445
136 37.7778 0.2778 121.7000 111.3270 386.7588 412 0.06 437 84.3074 0.1929 1.4410 110.5540 27.0185 1181.5630
137 38.0556 0.2778 121.0250 112.9061 385.5204 412 0.06 437 82.6962 0.1892 1.4691 112.0231 27.7490 1209.3120
138 38.3333 0.2778 120.3500 114.4965 384.2806 412 0.06 437 81.0737 0.1855 1.4985 113.5216 28.5124 1237.8244
139 38.6111 0.2778 119.6750 116.0982 383.0393 412 0.06 437 79.4399 0.1818 1.5293 115.0509 29.3112 1267.1356
140 38.8889 0.2778 119.0000 117.7112 381.7966 412 0.06 437 77.7948 0.1780 1.5616 116.6125 30.1479 1297.2835
141 39.1667 0.2778 118.3250 119.3355 380.5525 412 0.06 437 76.1384 0.1742 1.5956 118.2081 31.0254 1328.3089
142 39.4444 0.2778 117.6500 120.9712 379.3071 412 0.06 437 74.4706 0.1704 1.6313 119.8394 31.9468 1360.2557
143 39.7222 0.2778 116.9750 122.6182 378.0603 412 0.06 437 72.7915 0.1666 1.6690 121.5084 32.9155 1393.1712
144 40.0000 0.2778 116.3000 124.2765 376.8123 412 0.06 437 71.1011 0.1627 1.7086 123.2170 33.9354 1427.1066
145 40.2778 0.2778 115.6250 125.9461 375.5629 412 0.06 437 69.3994 0.1588 1.7505 124.9675 35.0107 1462.1173
146 40.5556 0.2778 114.9500 127.6270 374.3124 412 0.06 437 67.6864 0.1549 1.7948 126.7623 36.1460 1498.2633
147 40.8333 0.2778 114.2750 129.3193 373.0606 412 0.06 437 65.9620 0.1509 1.8418 128.6041 37.3467 1535.6100
148 41.1111 0.2778 113.6000 131.0229 371.8076 412 0.06 437 64.2263 0.1470 1.8915 130.4956 38.6187 1574.2287
149 41.3889 0.2778 112.9250 132.7378 370.5534 412 0.06 437 62.4793 0.1430 1.9444 132.4400 39.9686 1614.1973
150 41.6667 0.2778 112.2500 134.4640 369.2981 412 0.06 437 60.7210 0.1389 2.0007 134.4407 41.4039 1655.6012
151 41.9444 0.2778 111.5750 136.2015 368.0417 412 0.06 437 58.9514 0.1349 2.0608 136.5015 42.9330 1698.5342
152 42.2222 0.2778 110.9000 137.9504 366.7841 412 0.06 437 57.1704 0.1308 2.1250 138.6265 44.5655 1743.0997
153 42.5000 0.2778 110.2250 139.7106 365.5255 412 0.06 437 55.3781 0.1267 2.1938 140.8203 46.3126 1789.4123
154 42.7778 0.2778 109.5500 141.4821 364.2658 412 0.06 437 53.5745 0.1226 2.2676 143.0879 48.1866 1837.5989
155 43.0556 0.2778 108.8750 143.2649 363.0051 412 0.06 437 51.7596 0.1184 2.3471 145.4350 50.2023 1887.8012
156 43.3333 0.2778 108.2000 145.0590 361.7434 412 0.06 437 49.9334 0.1143 2.4330 147.8680 52.3763 1940.1775
157 43.6111 0.2778 107.5250 146.8645 360.4806 412 0.06 437 48.0958 0.1101 2.5259 150.3939 54.7282 1994.9057
158 43.8889 0.2778 106.8500 148.6813 359.2169 412 0.06 437 46.2469 0.1058 2.6269 153.0208 57.2810 2052.1867
159 44.1667 0.2778 106.1750 150.5094 357.9522 412 0.06 437 44.3867 0.1016 2.7370 155.7578 60.0617 2112.2484
160 44.4444 0.2778 105.5000 152.3488 356.6865 412 0.06 437 42.5152 0.0973 2.8575 158.6153 63.1025 2175.3509
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Abstract

This article is aimed at analyzing different methods of calculation of railway capacity of lines and applying them in “Lithuanian
Railways”, improving efficiency of railroad traffic management by using new and modern technologies, integrated into the new Traffic
Management Centre (TMC) and its related systems, allowing the compression of railroad traffic schedule and facilitating conflict
resolution during planning time by using new technologies. To assure new traffic prevision for “Lithuanian Railways”, a new calculation
method must be used, as today it is being used an old analytical method for capacity calculation on railway line, and this old calculation
method does not allow the optimization of the use of the railway network. It is necessary to analyze new programming methods for
calculating the train graph and its compression to adopt it in order to optimize the use of the network. This paper will present three
methods used for calculating capacity consumption on railway lines and the results of applying one of them, the UIC 406 method, in a
practice case. The practice case consist of adding two new trains in an already calculated schedule for the increment of the use of a line,
using the new techniques for automatically detect the conflicts that appear after adding these new trains and solving the conflict. This
paper will also present the statistical of how passenger’s train demand increases passengers flow.

Keywords: railways line; capacity consumption; train graph; compression of train graph; multiagent solution; iterative application.
1. Introduction

The significance of transport is very high for any branch of economy and is increasingly growing as worldwide
globalization takes place when countries situated in different continents are linked with the relationships of trade and free
movement of people. Competing with other means of transport, railway transport has to improve the quality of carriage of
people and freight. To reach this aim, railway network is being developed, the quality of rolling stock is improved and
carriage process is perfected.

Several research studies of passenger transportation by railways were made by Dailydka and Lingaitis [1], Sun and Xu
[2]. Different studies by Maskelitinaité and Sivilevi¢ius [3], [4] determined that it is very important to have methodology for
determining and evaluating of carriage of passengers by different trains that must be based on objective data. As part of
studies the General recommendation is the use of multiple criteria model for international train quality evaluation, taking
into account that the quality index in the train traffic also depends on the track quality that has a large impact on train
parameters that must be taken into account for the increasing of the line [S].In order to increase the train traffic it is
necessary to improve railway line capacity [6]. Li [7] recommended the train routing model and algorithm combined for
planning new traffic train graph. Lai [8] described two common capacity evaluation methods: parametric capacity analysis
and simulation.

Hu and Lin analyzed the train arrival impact on the frequency of accidents on roads and rail crossings at inclines [9].
Though a number of deaths at level crossings amount to only 2% of the total number of road deaths, it makes 20-30% of the
total deaths in Railway [10].

According to recent studies, JSC “Lietuvos gelezinkeliai” (further LG) objectives are focused on ensuring the needs of
railway transportation up to 2040 and assuring:
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Local habitants needs.

Transport connections with the EU and other countries.

Transit transport crossing the territory of Lithuania.

Railway network capacity increase.

In 2013 LG transported about 4.87 million passengers (more than 1% than in the year 2012). The local passenger
transportation volume is 3.8 million, international passenger transportation 520 thousand and transit 543 thousand.
According to these data more and more passengers are using the rail transport.

Passenger fransportation on local routes during year 2013
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Fig. 1. Passenger transportation on local routes during the year 2013

According to passenger transportation forecast, till 2040, even the pessimistic forecast data demonstrate that the
passengers’ transportation is expected to be increased by international transportation and local routes (see the forecast data
on Table 1 and Table 2). This forecast is supplemented with the fact that the implementation of “Rail Baltica” project and
the establishment of new transit passenger terminal in Kaunas (and later in Vilnius), are based on the expectation of an
increment in the flow of international passengers, travelling from neighboring and remote Asian countries to Western
European countries through the Lithuanian territory [11] (see Table 1. The forecast of international passengers’
transportation by Lithuanian Railways till the year 2040 and Table 2. Forecast of local passengers’ transportation by
Lithuanian Railways on local routes till the year 2040). Therefore it is one of reason to improve Traffic Management.

Table 1. The forecast of international passengers’ transportation by Lithuanian Railways till the year 2040

Forecast 2010 2020 2030 2040
Basic 789,6 12452 1704.4 1836,6
Optimistic 8575 1672,6 22893 2 466,9
Pessimistic 764,1 801,2 985.6 11777
“Black” 7352 5929 288.4 442

Table 2. Forecast of local passengers’ transportation by Lithuanian Railways on local routes till the year 2040

Forecast 2010 2020 2030 2040
Basic 32783 47137 55234 6129.6
Optimistic 35604 54743 7350,1 89580
Pessimistic 31726 32298 3859.1 46116
“Black” 30934 921,7 274,6 81,8

The expected effect in a long-term perspective can be achieved by means of international transportation modernization
and acceleration of traffic speed. The improvement of economic relations between Lithuania, neighboring and remote
countries also will help in the achievement of this perspective.

For this purpose it is necessary to remodel equipped railway infrastructure, traffic safety organization and control, and
make them appropriate for modern trains, flexible schedules, high traffic speed, attractive ticket prices and convenient
journey conditions, all of them in coordination with other transport mode and other actuation in the system.

According Luethi building new infrastructures is the most obvious possibility to increase capacity. However, this is
expensive and, particularly in bottleneck and station areas, often no longer possible. Therefore, production-based strategies
for increasing capacity must be developed (i.e. based on how trains are operated). These strategies essentially allow more
trains to be operated on the same infrastructure [12].

According Schobel the design of the railway infrastructure is strongly related with the demand of expected traffic which
is defined by a timetable. Therefore, the timetable predicts the infrastructure layout. The timetable is calculated taking into
account the topology of the railway network and different time slots that assures the train movement and the safety [13].

In order to increase the number of trains operated, the headway (time) between trains must be decreased. The headway
between trains is determined by two components: safety and schedule reliability. The safety component ensures that trains
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get separated one from the other with enough distance to prevent collisions. The schedule reliability component is designed
to provide reserve (or buffer) time necessary to ensure that trains remain on schedule (i.e. it reduces the impact of delays on
system-wide operations).

The process of developing new timetable and communicating them to all affected parties is complex and time
consuming. This is why schedule planners add reserve time to timetables. Thereby, three types of reserves were
distinguished:

e Reserves for the driving accuracy.
e Reserves for the running times.
e Operational Reserves (reserves between trains) to handle larger delays.

Therefore, reserve time allows both, to reduce the need for rescheduling and to simplify the process of rescheduling.
However, reserve time wastes capacity. If it was possible to reduce the amount of reserve, the time network capacity could
be increased without constructing new infrastructure. Thus, research about optimizing the amount and distribution of
reserves in railroad networks is a key factor of success [12].

The line capacity is also affected by the maintenance type: preventive and corrective. While the first maintenance is
scheduled and introduced in the train graph, the capacity of the network is reduced by these trains even more if we take into
account that old installation (as actual Lithuanian railway network) requires more preventive maintenance. The second one
is unscheduled and can generate conflicts with already scheduled trains that must be solved immediately to assure the rest of
the schedule. For these two reasons it is necessary to implement a system that allows the network use optimization and that
provides planners with a flexible and powerful conflict resolution module.

Efficient traffic management support systems need to compile actual monitoring data on train positions, headways and
detect automatically conflicts between trains in advance, in order to support dispatchers by regularly the actual timetable,
Incorporating standard conflicts between only two trains might be solved automatically, whereas route conflicts in heavily
occupied networks and complex stations require accurate real-time simulation and optimization of dispatching options
according to their expected performance. The effectiveness of different measures may be evaluated and ranked on the basis
of the total amount of consecutive delays, links and stations affected and the time to fade out. More detailed, accurate and
continuous traffic information with regard to actual deviation from the train schedule, location of trains ahead and
occupation and release of block and route sections can help train drivers to anticipate and solve conflicts better [14].

With allowances made for the fact that LG is planning to establish a new TMC in April 2014, new objectives are set,
such as railroad traffic organization, railroad traffic schedule optimization, maximum exploitation of railroad infrastructure,
freighter‘s traffic organization strictly in accordance with the schedule, non-standard situations resolution from the single
traffic management center and traffic safety ensurance.

Solutions to these and other issues may be achieved only by means of technological integration of traffic management
systems, which are substantiated by modern informational technologies. The new integrated management system, based on
the development and the trends of smart technologies which have become dominant not only in Lithuania, but in the whole
world is being created. Therefore supervision and control over the new signalization systems are very important issues in
the field of railroad transport.

Main trends proving the need of traffic management system improvement are:

All new infrastructure projects.

Improvement of the informational system.

e Priority to the new international routes of various kinds: technological, container-type, cargo type-based and single-
operator trains.

e Change of car planning system due to the increased fleet of private cars.

e Work performance improvement.

e Drafting up of a new railway schedule for the trains going by the “Rail Baltica” railways of the European gauge.

The train graph must be created according to the effective capacity for the particular line. In different situations it is
possible to use different methods for calculating the railway capacity. The current calculation method used in LG is an old
method that must be improved or renewed. The new system uses the UIC 406 methods which the standard UIC leaflet
“Capacity” recommends as a procedure to evaluate the infrastructure occupation. It is fast and effective way to evaluate the
capacity utilization of railway line. Wahlborg analyzed the capacity calculation according to the UIC capacity leaflet that is
broadly used in European Railway companies [15]. Lai described the comprehensive decision support framework, based on
three stand-alone tools, for strategic railway capacity planning in North America: “Alternatives Generator”, “Investment
Selection Model” and “Impact Analysis Module” [16]. In all cases, analytical methods, optimization and simulation are the
three general methodologies for the capacity management. According to Zhang, the analytical methods may be a good start
for optimization methods and represent a preliminary solution [17]. The optimization and simulation method need to be
adapted to each application environment to obtain a desired train schedule and validation.

2. Line capacity calculation, modules and their analysis
Different capacity definitions are used in the railway market:

e “The ability of the Cartier to supply as required the necessary services within acceptable service levels and costs to meet
the present and projected demand” — Kahan. 1979 [18].
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e “Capacity is the highest volume (trains per day) that can be moved over a subdivision under a specified schedule and

operating plan while not exceeding a defined threshold” — Kruger. 1999 [19].

e “Capacity is measured as the count of valid train paths over a fixed time horizon within an optimal master schedule.” —

Harod. 2009 [20].

e “The maximum number of trains that may be operated using a defined part of the infrastructure at the same time as a

theoretical limiting value is not reached in practice.” — Hancen et al. 2008 [21].

e “A unique, true definition of capacity is impossible.” — 2004 [22].

Traditionally in Lithuania the capacity of the railway line is described as follows: “The maximum amount of freightliner
trains of certain mass and length (train-pairs) which can pass this railroad line within a time unit (a day, an hour) with
allowances made for railroad line technical equipment and railroad traffic organization method.”

Railroad line capacity depends on many factors (see Fig. 2. Capacity dependences):

Signalization

Infrastructure Topology > Capacity - Conflicts

Rolling Stock

Fig. 2. Capacity dependences

Factors that can affect the capacity of the line, according to Fig. 2 Capacity dependences are:

Rolling stock has influence on the speed, acceleration and deceleration time.

Infrastructure topology influences on Railway capacity. Levelling-off of rise and fall, construction of the second way for
the single way section between the stations, railway extension allow to increase the capacity of stations and sections
between them.

e Signalization equipment. Semi- automatic signalization system allows only one train to be in a lineside and when there is
a long distance between station, the one lineblock can cross only be only 2—3- trains in 1 hour. For example, the capacity
of the line with a semi-automatic system may be 2-2.5 times smaller than lines with automatic.

e Conflicts may compress traffic trains graph to the point where the average speed drops and correspondingly it reduces
line capacity.

2.1. Actual Method

At present, an analytical method is used in Lithuania for calculation of railroad line capacity as described in the
methodological literature [23].
The formula for calculating the line capacity in single line with an automatic lineblok (1AB) is:

0,4T
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The formula for calculating the line capacity in double line with an automatic lineblok (2AB) is:
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where: N — capacity of the line; T — Minutes in a Day (1440); I — minimum interval between the moving trains (minutes).
The calculation of the capacity is based on the calculation of the factor / that is the shortest period of time necessary for
trains to move in sequence within the sections between the stations and to create conditions for trains to move at the set
speeds.
The formula for calculating the factor / is:
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whereas: L, — inner length of blocking district, (meters); L, — average length of a train, (meters); V;q — average speed within
the railroad district, (km/h); 0,06 — passing rate.

For the calculation purposes, the length of a train shall be selected in accordance with the standard lengths in meters:
850, 950, 1050, 1150 or 1250. Railroad district capacity shall not exceed the capacity of separate districts elements.

During the process of the automatic lineblock system design, stoplights were provided for those which were to be
mounted in accordance with the selected interval /. In case of change of operation conditions (moving speeds, locomotive
engine type, train mass, etc.), interval I must also be changed. Therefore, due to the modern types of locomotive engine
equipment, especially when using electric trains with high moving speeds, interval / between the trains may be decreased to
6—8 min and to 4-5 minutes within the uptown railway regions near the major centres.

2.2. Metro-Train Method

The second analyzed method for increasing the capacity of the line is to use the simple peak and valley time type. This
method is based on reducing freight and slowing trains and prioritizing passenger and fast trains during peak time of the
day. For example, as the number of passenger trains within the railway district Kazly Riida — Kaunas and later Kaunas —
Vilnius is planned, we can recommend using the method of “Metro-train schedule” during the peak-hours. It was proven
that line capacity depends on the train type (design speed). It is possible to overview and compares two different options.
E.g. from 6 am. to 7.30 am. and from 4.00 pm. to 5:30 pm. to allow the passenger trains only. Two schedules will show the
difference between the number of trains within the set period.

Next figure (see Fig. 3. Combined schedule versus Metro-Train schedule) reports the comparison in the train graph
between the normal scheduled train and the metro-train compression method.

Distance Distance

Combined Metro-Train

m— Cargo

= Passenger

600 730 Time 600 730 Time

Fig. 3. Combined schedule versus Metro-Train schedule

The advantage of this method is easy to implement and calculate as all trains go at the same speed in double track
linesides with automatic lineblock and it is possible to depart trains one after another at the interval of almost two blocks.

The disadvantages is that in Lithuania there is an intensive passenger traffic is in the same section and time as the
intensive cargo traffic, therefore some wagons may not be moved and delays of locomotives crews and cargo delivery may
occur. So it is not recommendable to use of this compression (optimization) method in this case.

2.3. UIC 406 Method

The UIC 406 standard defines a method to measure the available capacity that a railway infrastructure has. This UIC 406

method is widely used (implemented) in the European railways. The capacity is measured by the number of trains that can

run along the infrastructure per unit of time. As the UIC 406 standard explains the capacity is influenced by several factors:

e The signaling of the infrastructure.

e The average speed of the trains.

e The stability needed by the administrator in order to avoid huge disruptions in case of minor delays.

e The heterogeneity of the traffic. That means the balance between the number of faster trains and the number slower
trains.
The compression process follows under some simple rules:

e All train paths are pushed together up to the minimum headway according to their timetable order, without buffer times.

e The running times, overtaking, crossing, stopping times are not changeable.

e Any occupation time must be incorporated. Also indirect occupation times (times occupied and not available for further
train paths).
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Fig. 4. Determination of capacity consumption — UIC 406 R [24]

The capacity consumption is the sum of the infrastructure occupation and the buffer time (plus other supplements) as it is
shown in the drawing on Fig. 4. Determination of capacity consumption — UIC 406 R [24]. It may be determined on the
basis of compressed timetable, using the following formulas [25]:

k
K =—-100 4
U @
and
k=A+B+C+D (5)

where: K — capacity consumption (%); U — chosen time window (minutes) (parts I+II in Fig. 4 Determination of capacity
consumption — UIC 406 R); k — total consumption time (minutes); A — infrastructure occupation (minutes); B — buffer time
(minutes); C — supplement for single-track lines (minutes); D — supplement for maintenance (min).

The compression process is applying for:

Help of the optimal planning of trains during the long time maintenance infrastructure work.

Improving the utilization of the railway infrastructure.

Unscheduled trains planning.

Optimized turnover of the rolling stock and the crew.
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Fig. 5. Double track compression [26]

The result of the compression can be analyzed in Fig. 5. Double track compression [26]. In the picture it can be
distinguish between the train graph before the compression and after the compression method have been applied.
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3. Method Implementation
3.1. Method Implementation

For the implemented UIC 406 method it is necessary to split the development into several modules. Some of the modules
have been drawn in Fig. 6. Modules implementation.
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Fig. 6. Modules implementation

In the above mentioned Figure the system is divided into different modules for the Off-line Planning environment:

e Topology module. — This module maintains the topology of the railway network updated according to the installation
(curves, slopes, distances, etc).

¢ Rolling Stock Management Module. It is — a subsystem, making it possible to introduce the properties of locomotives,
wagons, electric trains and self-propelled vehicles into the system, and to perform their connection (create train
compositions).

e Conlflict detection and resolution module. It is — one of the most important real-time modules. It helps in automating
solutions due to the increase of passenger trains intensity and speed, non-standard situations will become more
complicated and demand faster and more efficient conflict settlement. Human factor must be minimized.

¢ Rolling Stock rostering module. — This module analyzes the availability of the different rolling stock in a similar way
to Topology module.

e Tripulation rostering module. — This module is similar to Rolling Stock but related with tripulation.

3.2. Modules Development.

New development techniques are based on distributed software that allows modules to work as separate agents. The
multiagent technique is based on the use of different agents that works separately for obtaining the final result.

Agents may interact in this way making a multiagent system. Thereby they may perform complicated, multifold tasks
and perform specialized functions more efficiently. The multiagent systems face strict requirements, as their abilities of
perception, initiative, communication, etc. must be as similar to the human ones as possible. It is especially important for the
information business as customers are looking only for that information which appears important to them. It must be
updated, precise and useful, adapted for different purposes. The multiagent systems must be useful, consumer-oriented and,
of course, reliable, possessing the property of learning capacity and the ability to adapt to constantly changing consumer
objectives and environment.

One of the multiagent system purposes in railways is that it helps managing devices, adopts decisions independently,
without human interference.

During the conflicts, when it is necessary to repeatedly check the changes in the railway traffic, an interactive method is
used. E.g., if the railway traffic replanning is needed, — the system uses the response-to-situation function within the system,
and the situation improves at every remove.

During the first step the system coarsely calculates the railway traffic schedule, planning only the way, including the
locking districts to be passed by the trains (at this step a conflict in the actual schedule is possible, where two different trains
may pass the same locking district). During the second step the system identifies the conflicts and solves them in accordance
with the railway traffic priorities. During the third step optimal railway traffic schedule with all delays in complicated
situations is drafted up in accordance with the railway traffic priorities. The second and the third steps are repeated till the
system recalculates and drafts up the railway traffic schedule, which would satisfy all traffic and safety requirements. It is
always possible to change railway traffic priorities, forcing the system to calculate the railway traffic. In accordance with
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the schedule, automated systems may allow minimizing the distance between the trains and let pass additional trains thus
and consequently increasing the district capacity.

3.3. Analysis of potential impact of non-standard situations on the valid schedule.

Any discrepancy from the valid schedule may be called — “Non-Standard Situation”.

The system is aimed at overviewing and correcting railroad traffic schedule timely and rationally. It is especially
important to adapt the function of electronic schedule correction in the intense-traffic lines which are run and will be run by
express passenger trains. On all occasions when it is necessary to change (compress) the railroad schedule, first of all, there
is an employee is in charge of drafting up the schedule who must analyze it according to visual data, if theoretically it is
possible to include an additional train into the basic schedule. After the analysis follows next task to add a new train for the
same route with all new information related to the new train as speed, mass, and other main information related with the
route (station, times to stop, etc.). Then the planning module uses all the provided information for a precise and correct
calculation of the train‘s route. The analysis is conducted and provided with two different railway schedules. The first one is
valid, the other one is provided with the compressed railway schedule allowing to insert two more passenger trains moving
at an increased speed.

For this analysis a train traffic schedule in the section Jiesia — Kazly Riida is used, in the time range starting at 15:30h
(see

Fig. 7. Actual train graph). The analysis consists of trying to insert two fast trains circulating to another country from the
west European countries.
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Fig. 7. Actual train graph

The first fast train, TEST1, passes Jiesia at 15:25 h. The next scheduled train, 2319, passes Jiesia at 15:29 h. The system
calculates that it will take 7 minutes for the fast train to go from Jiesia to Mauru¢iai, running at 140km/h. However, the train
graph displays that there would be a conflict with the following train 2319. The conflict is displayed in an orange rectangle
indicating the conflict type (see Fig. 8. Conflict detection and Fig. 9. Time schedule with detected conflict).

Fig. 8. Conflict detection

Tvarkarastis Kelioné: Kelioné 1
Identifikacija Apskaiciuoti laikai Priimti laikai
Tipas Traukinio numeris I Mazgo kodas Mazgas Distandja (hm) Maziausias laikas Bazinis laikas uIC Laiko tipas Marsruto fkeleivinis sustojimas Techninis sustojimas
L TEST1 () 12311 Jiesia 100:00
‘ 109 04:41 06:21 07:0007:00
12320 Maurudiai
X [ 176/ 07:33] 09:43 10:00/10:00
® 12340 Kazly Ruda

Fig. 9. Time schedule with detected conflict

The minimum time between Jiesia and Mauruciai consist of 04:41 minutes, without recovery margins, supplementary
margins, infrastructure speed limits or technical limitations of the rolling stock. Therefore it is valid if in this lineside we
reduce the time to 5 minutes (see Fig. 10. Time reduction). The blue colour on the table informs the planner that the time for
this lineside is shorter than the basic time. The system allows solving the conflict automatically or manually.
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Fig. 10. Time reduction

After reducing this lineside time we eliminate the conflict for the first fast train TEST1. In a similar way the second fast
train TEST2 is inserted in the traffic schedule. The next picture (Fig. 11. Final result) shows the traffic train graph with the
two additional fast trains inserted, as the result of applying compression methods.
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Fig. 11. Final result

The results after the analysis and compression made for both trains are entered in Table 3. Current timetable and Table 4
Timetable after compression.

Table 3. Current timetable

Station Tr. Nr Tr. Nr Tr. Nr Tr. Nr Tr. Nr
79 2319 695 2321 685

Jiesia 15.17 15.29 15.48 16.09 16.23
Mauruciai 15.26 15.48 16.01 16.28 16.35

Table 4 Timetable after compression

Station Tr. Nr Additional Tr. Nr Tr. Nr Additional Tr. Nr Tr. Nr

79 Testl 2319 695 Test2 2321 685

Jiesia 15.17 15.25 15.29 15.48 16.03 16.09 16.23
Mauruciai 15.26 15.31 15.48 16.01 16.11 16.28 16.35

4. Conclusions

Rapidly growing passenger carriage volumes demand new passenger carriage routes and schedules. A valid railway traffic
schedule may change several times a year. The new TMC will have the function allowing compressing the valid railway
traffic schedule.

Improvement and modernization of the transport sector of Lithuanian Railways, part of them is the establishment of a
new TMC, will assist in a better integration to the EU transport system. As soon as the “Rail Baltica” project is finished, the
train traffic speed can be increased up to 160 km/h. Technical properties of the new generation of passenger trains will
ensure keeping high speed but this new situation will have a direct impact of the line capacity. Intense railway districts
could be passed by a bigger number of passenger trains. The new technology used for train planning will ensure traffic
efficiency and flexibility, infrastructure capacity will be improved and the inner speeds can be increased. The new TMC will
not only strengthen the position of LG in the transport systems of the nearest countries, but will also keep up its competitive
ability in the Baltic States.

In this regard, the objective of the current study is to provide an analysis between the old (Eastern) line capacity
calculation method and the European UIC 406, and CUI Timetable Compression Methods. As concerns highly increased
passenger trains volumes within the territory of Lithuania (especially within the railway district Vilnius-Kaunas), the
“Metro-train” method is acceptable when used in respect of peak hours.

The analysis for the purposes of increasing of Kazly-Riida-Kaunas line capacity was also conducted. Two new trains
which will run on routes Vilnius-Kaunas-Warsaw and Vilnius-Kaunas-Berlin once the “Rail Baltica” is implemented were
added to the actual schedule. The example shows that the new system is able to calculate the train schedule nearer to the
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minimum mark (decrease the buffer time). The new System also informs the planner about the risks of the traffic safety and
does not let decrease the acceptable speed below a certain limit.

The article provides the description of a new multiagent system, which will put together the main functions of the TMC
improvement. Every module works individually as a separate agent, but the final result comes down to a single real-time
module, which will implement the main organization of railway traffic management.

The new System based on multiagent development procedures will: shorten the response period, increase flexibility and
operational efficiency when adopting decisions in case of unplanned events. It will also increase the efficiency of
infrastructure use, decrease human intervention when replanning railway traffic and ensure traffic safety.

Therefore time for adding new trains in an traffic train graph already calculated, is reduced as the new method together
with the use of technologies help planner to: calculate new schedule, determine possible conflicts, offer to planner different
solutions for each conflict and recalculate new schedule.
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Abstract. This article focuses on analyzing the systems and methods used for the interval regulation of train movement
on “Rail Baltica” line in “Lithuanian Railways”. The method discussed in the article can be viewed as a combination of
several management automation solutions and it is based on the implementation of the European Railway Traffic Man-
agement System (ERTMS). As it is known, the ERTMS provides an interoperable European railway network. The pri-
mary objective is to improve the quality of train traffic and to make railway transport safer and more comfortable. In
order to ensure new traffic prevision for Lithuanian Railways, new interval regulation methods and traction calculations
must be used. This developed method is more useful than the previous methods as it allows to shape an efficiently
automated and optimized scheduling process as well as to improve line capacity and efficiency. This paper proposes the
development of a moving block train control system. The calculations were made using the intervals between trains.
The interval and block-section borders are not fixed by traffic signs or traffic-lights. Instead, they move after the train
in the front, creating a flexible interval regulation system. The results showed that the implementation of the method
had a positive impact on the operators’ performance and allowed to reduce energy consumption and to increase the
speeds of train movement. The paper also presents a statistical figure portraying railway accidents and railway operation
accident reports before and after the implementation of the ERTMS. The results of the analysis showed that the imple-
mentation of the European Train Traffic control systems and the interval regulation of train movement method will
provide high throughput and carrying capacity, traffic safety and also increase the productivity of operation procedures.

Keywords: railway line, capacity, management automation solution, scheduling process, method of interval regulation.

Conference topic: Roads and Railways.

Introduction

Along with the increasing speed of trains, the risk to make mistakes in the management of train traffic also increases.
It is obvious that the human factor takes almost the first position in the list of risks. The current traffic management
systems in Lithuania are not prepared for the management of trains faster than 160 km/h. Therefore, there has to be
traffic management system updated along with the signalling system. Relevant engineering projects require a special
accent for the integrity of the parts of the project (Stapelberg 2009). For instance, scientific studies constantly force to
update the specifications of the European Railway Traffic Management System standards and improve the reliability
in the contemporary systems of trains (Flamini ez al. 2012). At the time of the analysis of transportation planning and
modelling problems, transportation economic and social solutions (Ortuzar, Willumsen 2011), there are the most im-
portant transportation modelling methods, their practical importance and the selection of the most suitable modelling
tools presented.

The use of the latest European carrier road is very relevant to the passengers. They are in need of fast commu-
nication which may be ensured only after the installation of the effective train traffic management system. If the
ERTMS system were installed as fast as possible, the time of travelling of trains from Kaunas to Poland in the distance
of 123 km would be shortened till 1 hour. ERTMS would also ensure the full functioning of the public logistics centre
of Kaunas and already constructed “Rail Baltica” railway. This will allow to ensure the smooth, timely schedule of
trains with no additional checks or settings by national compatible networks. ERTMS (ETCS+GSM-R) systems ensure

© 2017 The Authors. Published by VGTU Press. This is an open-access article distributed under the terms of the Creative
Commons Attribution (CC BY-NC 4.0) License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.
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a maximum effect for the smaller amount of investment costs in comparison with traditional signalling systems. The
general reply from European and other countries about installed the European Railway Traffic Management System is
that so after the certain working time they reach a sufficient level of reliability, at least such as traditional signalling
system. This may be achieved by intensive testing and improvement using programmes including both the manufac-
turers and managers of infrastructures. At the time of the study of the scientific works it is to be noticed that after the
installation of ERTMS system in other railways of Europe, the indicators of reliability and safety would further in-
crease. Organizations should provide the necessary training to their employees after Global System for Mobile Com-
munication — Railways (GSMR-R) implementation in oder to maintain their operational capabilities. At the time of the
analysis of 74 events which took place in 14 European countries from 1998 till 2011 (Smith ef al. 2013), there have
been conclusions drawn that the obtained result indicates the positive effect of the GSM-R system. There has been
only on event of the failure of GSM-R system from 11 events due to the fault of automatics, signalling and connections.
The transition to a more automated traffic management system requires, among other things, changes to infrastructure,
rolling stock, and operational procedures. The new systems will strengthen the safety in the railway crossings. It is
essential to implement the projects of installation of the safety systems, based on the latest technologies. Despite the
fact that the number of deaths in the rail road’s amount only about 2 percent of the general number of deaths on the
roads, but it amounts to 20-30 percent of all deaths on the rail roads (Gailiené et al. 2013). At the time of the increase
of the intensity of the train traffic, it is vital to improve the permeability of the rail road lines (Smeni, Preston 2012).
Therefore, there have been train permeability models and algorithms provided, which are suitable for the conclusion
of the schedule of the train traffic (Li et al. 2013). Along with the introduction of automatic trains and ERMTS level 3
systems, the traffic interval adjustment algorithm optimizes and shows a higher level of exploitation efficiency. Cen-
tralised automatic control algorithms (Baranov ef a/l. 2012) and imitation modelling establishes that their exploitation
allow the decrease the number of unexpected stops in the inter station of the railway to the minimum, the outage of
trains and the consumption of electricity to 3-9 percent. One of the main indicators of train traffic organisation is the
permeability of the lines. Analysed methods of determination of the permeability is analytical (the determination of
the necessary and current railway line) and iterative (by compaction of train traffic schedule when there are the methods
of programming technology). Their comparison determines the fact that the automatized control of the traffic, the
execution of the schedule and solution of conflict situations using the programming technologies, increase the perme-
ability of the railway lines and ensure the requirements of the traffic safety (Valentinovic, Sivilevi¢ius 2014).
Train scheduling is one of the most important and complex elements in the planning process for railway operation.

The Two-stage hybrid method was presented (Jong ef al. 2013). Experimental results demonstrated that this hybrid
method not only improved the efficiency of the solution substantially but also provided better timetables compared
with the current practice. In the process of train operation, the interaction between train wheels and railway track
underneath leads to changes in track geometry. Changes in track geometry result in track irregularity. For managing
the mean value of track irregularity is used track quality index (TQI) to quantify track irregularity of a unit track
section. TQI is used for planning and scheduling railway track maintenance (Hu ez al. 2013). The Time rescheduling
algorithm based on Mixed Integer Programming was presented (Sato et al. 2013). The objective function is calculated
on the positive difference between the inconveniences which each passenger suffers on his/her route in a rescheduled
timetable and that in a planned timetable. Application of automatic fare collection data were investigated, with a focus
on analysis of travel time reliability and estimation of passenger route choice behaviour (Sun Xu 2012).

The “Rail Baltica” project aims to lay a new 1435 mm wide European standard railway line across the Baltic
States, replacing the old 1520 mm Russian railway line and providing South-North oriented integration into Europe’s
railway infrastructure. One of the most important aspects of European 1520 mm rail systems is the high level of existing
interoperability with third countries. The installations of new signaling system extend technical collaboration between
railway specialists of Baltic States. All requirements are important and one of them is the regulation of train traffic.

The European Train Control System (ETCS), a train control standard, based on in cab equipment able to su-
pervise train movements and to stop it according to the permitted speed at each line section, along with calculation and
supervision of the maximum train speed at all times. Information is received from the ETCS equipment beside the
track (Balises or radio) depending on the level of operation. The objective of Automatic Train Protection System (ATP)
is to constantly monitor the train speed, and compare it to the maximum values that are sent by trackside signalling.
This communication that is needed between onboard and trackside, will be provided by means of Balises or by Global
System for Mobile Communication — Railways radio connection. GSM-R is the second ERTMS system, the European
radio communications standard for railway operations. Based on GSM radio technology, GSM-R uses exclusive fre-
quency bands to communicate the train with traffic control centres, devices beside the track. The analysis identified
the factors that have the most significant influence on human performance in the conventional and upgraded railway
systems. The analysis result showed that the implementation of GSM-R has had no negative influence on operator
performance. In particular, no personal or personal dynamic railway performance-shaping factors were identified as
contributing factors to railway accidents and incidents after the implementation of GSM-R (Smith ef al. 2013).

Therefore, the European Railway Traffic Management System is the European standard for such an ATP that
achieves interoperability throughout Europe. Indeed, it allows a train equipped with an ERTMS onboard device made
by any supplier to run on track sections equipped with the European Railway Traffic Management System devices
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made by other suppliers. This also implies the ability for any onboard equipment installed on any train to behave in
exactly the same way under the same circumstances. The European Railway Traffic Management System does not
cover all traffic management functions.

European Union agency for railways has the following the ERTMS definitions. The European Rail Traffic
Management System project has been set up to create a unique signalling and communication standard throughout
Europe.

The Control — Command and Signalling Subsystem is defined as all the equipment necessary to ensure safety
and to command and control movements of trains authorized to travel on the network. The Control Command and
Signalling Subsystem is divided in to two parts: Onboard Assembly and Track side Assembly. The TSI Control Com-
mand and Signalling specifies only those requirements which are necessary to assure the interoperability of the train
European rail system and the compliance with the essential requirements. The Control Command and Signalling sub-
system includes:

e  Train protection.

e Radio communication.

e  Train detection.

Within each of the above items two classes are defined:

e Class A: The unified Control-Command and Signalling functions, interfaces and performances, speci-
fied in this TSI

e Class B: Control-Command and Signalling functions, interfaces and performances existing before the
entry in force of this TSI, under the responsibility of the corresponding Member State. The Class A train
protection system is ERTMS/ETCS whilst the Class A radio system is GSM-R.

For Class A train detection, this TSI only specifies the requirements for the interface with other subsystems.
For Class B train protection, Specific Transmission Modules (STMs) installed on board allow a train equipped with
ERTMS/ETCS to operate on lines fitted with Class B train protection systems.

On-board ERTMS/ETCS functionality. The Basic Parameter for ERTMS/ETCS on board functionality de-
scribes all of the functions to run a train in a safe way. The primary function is to provide automatic train protection
and cab signalling:

e Setting the train characteristics (e.g., maximum train speed, braking performance).
Selecting the supervision mode on the basis of information from track-side.
Performing odometer functions.
Locating the train in a co-ordinate system based on Eurobalise locations.
Calculating the dynamic speed profile for its mission on the basis of train characteristics and of infor-
mation from track-side.
e Supervising the dynamic speed profile during the mission.
e Providing the intervention function.

Moving block systems are able to increase line capacity and improve traffic fluidity, and thus, energy effi-
ciency. In comparison with traditional fixed block systems, moving block systems are able to offer higher availability,
reliability and safety in railway operations due to the distinctly different system configuration and component used in
the approach (Wang et al. 2014).

There are reviewed Cab Signaling with Moving Block and Cab Signalling with Fixed Block sections. The main
reason for having fixed block sections on lines with cab signaling is the need for the checking of the completeness of
the trackside train. The main difference from a fixed block system with line side signals is the independence from the
approach distance of the line side signal system, is the distance between the signal at the entrance of the block section
and the signal in rear that provides the approach indication. The approach time is no longer the running time between
these two signals but the running time within the real braking distance based on the supervision curves of the cab signal
system. On the lines with Cab Signalling with Moving Block the length of the block sections is reduced to zero. It
means that the running time between the block signals will be eliminated. But all other components of the blocking
time can also be found in moving block. On most lines, the sum of these other components is much greater even then
the part of the blocking time that can be eliminated by moving block. That is why, in comparison with fixed block
operation with short block section, moving block will just lead to a moderate improvement of capacity.

The difference from a line with fixed block sections is that only the ‘steps’ of the blocking time stairway will be
eliminated. The blocking time diagram will be transformed into a continuous time channel (see Fig. 1).
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Fig. 1. Blocking time of moving block, in comparison with fixed block.

One lines with mixed traffic of trains running at different speeds, the possible improvement is almost negligible.
Moving block, as explained above, is also called train separation in absolute braking distance. Relative braking
distance means that the distance between two following trains equals the difference of the braking distances of the
trains plus an additional safety distance. Therefore, the braking distance of both trains must be calculated with braking
curves as a function of speed. Train separation in relative braking distance leads to a maximum of the line capacity
(Theeg, Vlasenko 2009). Recently, along with the beginning of the integration of automatized traffic management
systems, it has been noticed that the navigation systems, which automatically control the trains and centralised train
traffic management allow the minimisation of the basic criterion of the exploitation of the resources: the breaking
power, failures of signalling and fuel costs. It also improves the useage of recuperation, comfort of passengers, and
increases the permeability of the lines and the comfort of passengers (Kondo 2010).

Innumerable studies have contributed to the energy efficiency in train control. The developed algorithm (Vikul-
ina, Sverdlin 2016) of automated train control produces an intelligent control sequence which provides an energy
efficient trip. The track profile inclines are taken into account, consumed and recuperated energy is computed. The
design of the autopilot with a feature of energy optimality is under discussion and consideration for now. Rough theo-
retical estimations have shown savings of consumed energy up to 14.5 % as opposed to manual driving. One of the
main part of the ERTMS is the Global System for Mobile Communications-Railway. GSM-R is a telecommunications
system specific to railways, endorsed by the International Union of Railways and specified through functional and
system requirements (UIC 2016).

Traction calculation, methods and analysis

The new signaling systems are set new objectives, such as railroad traffic organization, railroad traffic schedule opti-
mization, and maximum exploitation of railroad infrastructure. In existing system we could review implementing trac-
tion calculations and arrangement of three-aspect automatic block signals in section Siauliai-Klaipéda, the following
train categories are used as main:

e Loaded cargo trains, with a speed up to 80 km/h, weight norm 6000 t.

e  Suburban and passenger trains with the speed up to 120 km/h, weight 1000 t.
Examination of block section length, when there is three-aspect automatic block system, was implemented according
to the conditions of safe train run, regarding the calculations of braking distances of above mentioned train categories.
When calculating braking distances of proposed train categories, the minimum brake press is planned for each 100
tone of train weight in section Siauliai-Klaipéda, calculating for cast-iron slippers, set according to norm of train move-
ment schedule of the year 2000-2001. Calculation auto block intervals between trains are 8 min. and cargo trains are
considered as a calculation object.
The setting of interval between trains is executed regarding the limits of train in the same direction:

e Inline side — by three block sections and protective section.

e Leaving the station, also in stop areas (stations and platforms) — by two block sections and protective section.
The separation scheme of trains in order to set intervals between trains when there is three-aspect auto block system
with protective sections. Interval between trains according to the time is 0, 3 min. when setting intervals between trains
leaving the station, also in stop areas. It is compulsory in:

e Station — because of aspect change acceptance in exit signal and movement start of a train.

e Line side stop areas — because of line side signals acceptance and because of train running unevenness.
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In addition, when setting intervals between trains for intercity trains in stop areas, interval includes intercity train stops
at the platform.

Traction calculation is executed according to traction calculation rules for train operation of two train run modes
on the even track profile:

e Rational (optimal) — because of setting of movement time in line side and auto block intervals between trains.

e Forces (maximal) — because of braking distances in block sections examination with maximal calculated

speed.

The length of each block section shouldn’t be shorter than braking distance during the complete ordinary brake and
running in maximal speed. Also, block section shouldn’t be shorter than braking distance during the sudden brake with
indicated speed.

After the implementation new signalization in the “Rail Baltica” line, previous braking systems calculation
should be changed. The railroad vehicles must be equipped with a group of components: onboard computers, special
hardware and software. ETCS onboard computer must predict the decrease of the train speed in the future, from a
mathematical model of the train bracing dynamics and of the track characteristics ahead. This prediction of the speed
decrease versus distance is called a braking curve. From this prediction, the ETCS on-board computer calculates in
real time braking distances, which will also be used to assist the driver and to allow him to drive comfortably, by
maintaining the speed of the train within the appropriate limits. The European Union Agency for Railways proposes
documents which are mainly intended to give a high level description of the ETCS braking curves to people outside
the ETCS community. The “Lithuanian Railways” systems integrates to the European railways system and a number
of strategies and technologies have been implemented or and being developed to reduce the risk. ETCS braking systems
have never described in an existing system in Lithuania. So, preliminary methodology is developed to estimate fre-
quently asked questions: how is to fully harmonize the ETCS braking curves and why it has been so difficult and
controversial. The main reason is the clear split of responsibility between the Railway Undertaking and the Infrastruc-
ture Manager, which has been enforced by EU directives. The braking curve related to the speed decrease due to the
emergency brake is called Emergency Brake Deceleration (EBD) curve.

From the EBD and the measured train speed, the ETCS computer calculates in real time, several times per
second, the distance necessary to stop the train from the time the ETCS on-board would command the intervention of
the emergency brake. To do so, it is necessary to make worst case assumption:

¢ On the train dynamics during the lapse of time before the full emergency brake effort is developed (emergency
brake build up time), by taking into account the measured acceleration.
e On the actual speed of the train, by taking into account the inaccuracies of the speed measurement.
This distance determines a location called the EBI (Emergency Brake Intervention) supervision limit, i.e. the point
beyond which ETCS will bypass the human in charge (see Figure 2) (ERA 2016).
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Fig. 2. Overview of the EBD bracking curve and its related supervision limits

Difference between systems

It is possible to use optimization model and maximal speed of train depends from the dislocations of the train in the
front. What is the difference between Russian 1520 mm and European 1435 mm gauge systems? Why is it important



L.Valentinovi¢, H. Sivilevicius The 10 ™ Conference Environmental Engineering.

comparer before ERTMS implementation? ERTMS level 2 or level 3?7 All this questions will be very important. In the
railway traffic system, there are two kinds of signaling systems for safe operations of trains, that is, the fixed-block
signalling system and the moving-block signalling systems. As a traditional control method, the fixed-block signalling
system, in which the rail line will be divided into different physical segment by signal lights, has been employed more
than one hundred years on almost all railways. Trains travel on the rail line according to the following operation strat-
egies. That is, if a train arrives at a signal light and its previous train has not left the second previous segment, then this
train must stop before the signal light to avoid the possible occurrence of conflicts; otherwise, the train is allowed to
enter the next segment. In the moving-block signalling system the safe headway is guaranteed by checking the distance
between adjacent trains in real time and then controlling the following train on the basis of its actual headway. Systems
of automatic block system of the Russian 1520 mm are based on rail tracks. The line sections are divided on rail tracks
of different lengths. To each of sections sends a signal to the Automatic Locomotive Signalisation (ALS) allowable
speed of the train. This system is effective to use on Metro line.

ERTMS level 3 is capable of delivering further infrastructure cost reductions of around 25% on top of the 40%
already identified by the ERTMS Programme Team as available for Level 2 without line side signals. The additional
cost savings offered by level 3 would be offset to some extent by an increase in the cost of radio communications
equipment. The level 3 capacity can be approached by optimizing the level 2 block layouts in line with infrastructure
capability. The level 3 environment additional capacity requires no additional trackside hardware. There are lots of
benefits, but in another works we can see the opposite side. For example: safety, development risk. The industry asso-
ciates these risks primarily with block-less (“moving block™) operation and the driver perspective.

However, discussions with some experienced operational personnel and drivers suggest that these concerns may
be overstated. In any case, they do not impact safety because in normal operation train movement will be protected
by the system. From the driver perspective, a moving block system differs from fixed block working in that train may
be given a supervised movement authority to any point on the route. This may cause performance problems because
the driver may be unfamiliar with stopping the train at that location and starting it again, as compared with a fixed
block system where stops occur always at the same points on the line. Some opinions are that ERTMS does not yet
exist; it is nothing more than a misleading marketing pitch.

Analytical estimation of the distance between trains

In ERTMS level 3, traffic is controlled by so called moving block that is associated with the distance between subse-
quent trains. The difficulties can be grouped in loss of time at the boundaries. The possibilities of frequent update of
movement authority through radio transmission enables trains to run closer together and the line capacity been in-
creased by significantly (moving blocks). There are lots of methods to calculate railways line capacity (Landex et al.
2007). One is the next formulas:
v
Q=:=73> (1)
1 v*

C=qmax=_= > (2)

Tmin Smin

where: T— train headway (temporal train spacing between two following trains); V- train speed; v* - critical
train speed (the highest speed allowed with the given braking distance); § - distance spacing (between two
following trains); Sy, =d + L, + f, where L, -trainlength; f— safety margin; d— the minimum distance
between two trains that allows the one behind to run not being slowed by the one ahead.

The static moving block keeps a safety distance between trains with an absolute braking distance. The dnamic
moving block takes into account the fact that the train ahead has a minimum emergency braking distance and uses this
as separation distance to allow the train following to stop in safety. For interval regulation, we can consider fixed and
moving blocks. In existing system with signals each block distance between trains is considered by the equation:

Lper=0, 5lyy + lp1s + lp1a + 0,50, 3
where: Ly ., — the distance between trains; l.,.- train length; 1, - block length between signals in block line.

In moving block, the running distance between two trains is reduced to the space needed to the train in rear to
completely stop from the actual speed. This space represented by the coefficient n:

= k2 )
n=k5 .

where: v— train speed; y - deceleration rate (assumed constant); k - safety coefficient (normally equal to
1.1)
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So the throughput can be expressed by:

v

q= &

v2 :
kF+Lt+f

Numerical simulation

Numerical simulation is one of the main development trains traffic process and tools (Vale et al. 2012). Opportunities
are arising with the implementation of simulation:

e Quality improvements
Cost savings
Increase in productivity
Higher quality of drafts
Better design control
Less iteration

Along with the introduction of the automatically controlled trains and ERTMS level 3 systems, the traffic interval
adjustment algorithm optimizes and indicates a higher level of exploitation.

As the ERTMS level 3 system has not been yet introduced, we can made simulation of optimizing the speed
profile with parallel computing techniques in order to demonstrate the advantage of computation time and possibility
of applying to the distance between trains:

[k—1] =T [k — 1]+ TVy; [k —1], (6)

where:  Ty; [k — 1] — the rescheduling time; Tx*J‘-g [k — 1] — the scheduling time; TVy; [k — 1] —

time variable.

So, this interval regulation of train movement provides high throughput and carrying capacity. Flexible train
regulation system can enhance the global natural resources saving. Significant advances have been made to improve
the efficiency of the train motion: minimization of resistant forces, construction improvements, recuperation capabili-
ties (Kondo 2010). For optimal control problem is it possible to use basic Dynamic Programming. One can obtain
discretized linearized state equation (2) and (3) using first-order Taylor expansion and trapezoidal rule for approxima-
tion of integral.

A AAt a1
o= (1-57) (15w + (1-5)  Bhae @
A
Ji = Jee + EQIM T (F @ u)vi + f @, 1) Vi), ®)
0 1 0 X
where: A= (a B)JB = (1> Y= (v) fo = o1, Vi—1) = 171, V1) — @y + By
a = fo(Up_1, V1) = 11, V1) B = =1 (Xp—1, Vi)
After the transform terminal boundary conditions to penalty function:

O(x(1), v(T)) = 41 (x(T) — L)* + 2, (v(T))>. )

Thus, optimal problem is approximately converted into the following N-stage decision process without terminal
boundary conditions:

min{J + 0(Yy)}, (10)
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A penalty value ((Z)(xN, vN)) is given for each lattice point on the N-th phase, the phase k is set to N-1, and the

forward search is done from an origin along the trajectory already created by the backward-search procedure described
above (see Fig. 2).
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Fig. 2. Spatial and time discreditation. Finding the optimal control input at each lattice point.

Here, it is possible to combine track conditions, such as discontinuity of multistage notches, velocity limitation,
and gradient resistance, which are difficult to be combined as solution method into simulations easily. Even if the
actual trajectory becomes away from the optimal one due to some disturbances by signaling and so on, it is able to
recover the trajectory to the optimal one. If the closest lattice point from the point which can detect its position and
velocity can be given as primary value and notch value which optimizes cost function can be read out. Here, notch
value gives command for powering and brake in the case of train operation (Matsuura Miyatake 2014).

The one of main role in line capacity plays stochatic disturbance (Yang et al. 2010). To show the different dinamic
characteristics of the movements of train, two kinds of traffic flow were used (see Fig. 3).
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Fig. 3. The train traffic flow

Figure 3 (a) shows that without the stochastic disturbance, the minimal safe headway between adjacent trains can
generally be quaranteed since the dwelling time at stations 2 and 3 is large enough. In Figure 3 (b), for analysing the
dynamic characteristics of train traffic flow conviently, there was only the stochastic disturbance acting on the head
train considered. It is easy to see that all trains will dwell at stations 2 and 3 for 100 seconds for unloading and loading
passengers. Before each station, each train will bracke for entering the station and then dwell at it for 100 seconds. In
order to keep a safe distance from the previous train, the following train has to brake and stop before the station until
the previous train leaves the station. In real time, if the delay time of a train on railway line is too large, it can be
considered to be rescheduled. However, when the stochastic disturbance occurs, the acceleration of the train will
change. When the acceleration is positive, the train is performing the traction operation. If the acceleration is negative,
the train is performing the braking operation. If the acceleration equals zero, then the train is stopping or moving with
a uniform speed. From this it follows that the main task of the simulation to determine the minimal safe headway
between the adjacent trains.

Conclusion

This paper gives recommendation value of the design the ERTMS level 3 in Lithuanian Railways. First of all, the
implemented system should be safe. Also, during the performance, the new system should be observed in case of
maintenance in the future.

This paper proposes positive impact for the development of moving block train control system. Although, the
fixed-block signalling system can guarantee safe operations of trains, the traffic capacity of the rail line cannot be
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utilized sufficiently. With the development of communication techniques, more and more railways will be equipped
with the moving-blocking systems to utilize the railway traffic sources more efficiently. Different from fixed block
systems, moving block train control systems permit to reduce the distance between trains up break distance with safety
coefficient.

Before implementation of new signalling system, it is needed to use numerical simulation for showing how will
be changed discrete-time dynamic model when stochastic disturbance occurs. The results will show that the stochastic
disturbance can not only decrease the traffic capacity of the rail line but also make more delays in the train traffic flow.
The application of this methodology will contribute to bridging the gap between traditional, highly abstracted formal
methods. Theoretically, this method can be a suitable candidate for moving block train control system development.
The proposed method can be extended to develop existing Lithuanian Railways system used in railway signalling, such
as improving line capacity in moving block train control system. Moreover, a moving block system could be an inter-
esting study, for example, using new methods of Numerical simulation, optimization methods.

The dynamic characteristics of train traffic flow with particular dates can be investigated in the future researches
during the ERTMS system implementation in “Lithuanian Railways”.

References

Gailiené, 1.; Skerys, K.; Ciparyté, G. 2013. Investigation of traffic safety situation at the level crossings in Lithuania. The Baltic
Journal of Road and Bridge Engineering. 8 (2): 117-123.

ERA. 2016. European rail Traffic Management System [online]. European Union Agency for Railways [November 2016]. Available
from Internet:
http://www.era.europa.eu/Core-Activitiecs/ ERTMS/Pages/home.aspx

Flammini, F.; Marrone, S.; Mazzocca, N.; Vittorini, V. 2005. Modeling system reability aspects of ERTMS/ETCS by Fault Trees

and Bayesian Netvorks. Proceeding of the 9th IEEE International Symposium on High Assurance Systems Engineering. 163-
172.

Jong J.; Chang S.; Lai Y., 2013, Impact of European Railway Traffic Management System on Human Performance in Railway
Operations. Transportation Research Board of the National Academies. Washington: 44-54.

Hu, P.; Sun,Q.; Llu, R.; Wang, F. 2011. A short range prediction model for track quality index. Proceeding of the Institution of
Mechanical Engineers, Part F: Journal of Rail and Rapid Transit. 225(3): 277-285.

Kondo M.; 2010. Recent energy saving technologies on railway traction systems. /EEJ Transaction on Electrical and Electronic
Engineering 5, 298-303.

Landex, A.; Kaas, A.H.; Jacobsen, E.M.; Schneider-Tilli, J.; 2007. The UIC 406 capacity method used on single track sections.
Proceeding of the 2th International Seminar on Railway Operations Modelling and Analysis.

Li, F.; Gao, Z.; Wang, D.Z.W. 2013. Train routing model and algoritm combined with train scheduling. Journal of Transportation
Engineering, 139(1): 50-60.

Matsuura, G.; Miyatake, M. 2014. Optimal train speed profiles by dynamic programming with parallel computing and the fine-
tuning of mesh. Computers in Raiways XIV. 135: 767-7717.

Ortuzar J.; Willumsen L. 2011. Modelling Transport. Fourth Edition. A John Wiley and Sons, Lid., Publication. United Kindom: 1-
20.

Sameni, M.K.; Preston, J. 2012. Value for railway capacity assessing efficiency of operators in Great Britan. Transportation
Research Record. No 2289: 134-144.

Sato K.; Tamura K.; Tomii N. 2013 A MIP-based timetable rescheduling formulation and algorithm minimizing further
inconvenience to passengers. Journal of Transport Planning & Management. London.

Smith P.; Kyriakidis M.; Majumdar A.; Ochieng W. 2013 Impact of European Railway Traffic Management System on Human
Performance in Railway Operations. Transportation Research Record: Journal of the Transportation Research Board, No.
2374, Transportation Research Board of the National Academies. Washington: 83-92.

Stapelberg, R. F. 2009. Handbook of Reability, Aviability, Maintainability and Safety in Engineering Design. Springer-Verlag
London Limited. 4-38.

Sun, Y.; Xu, R. 2012. Rail transit travel time reliability and estimation of passenger rout choise behavior. Analysis using automatic
fare collection data. Transportation Research Record. No 2275: 58-67.

Theeg, G.; Vlasenko, S. 2009. Railway Signalling and Interlocking. Hamburg.
UIC. 2016 . GSM-R [online]. International Union of Railways [November 2016]. Available from Internet:
http://www.uic.org/1922-UIC-a-long-life-organisation

Vale, C.; Ribeiro, I. M.; Calcada, R. 2012. Integer programming to optimize tamping in railway tracks as preventive maintenance,
Jurnal of Transportation Engineering 138(1): 123-131.

Valentinovi¢ L.; Sivilevi¢ius H. 2014. Railway line capacity methods analysis and their application in “Lithuanian Railways”
justification. In selected papers of the 9" International Conference “Environmental Engineering”, ISSN 2029-7092: 1-20.

Vikulina, Yu.L; Sverdlin V. 2016. Development of an algorithm for energy efficient automated train driving. Proceeding of the 8th
European Congress ,, Embedded Real Time Software and Systems.



L.Valentinovi¢, H. Sivilevicius The 10 ™ Conference Environmental Engineering.

Wang, H.; Tang, T.; Roberts, C.; Gao, C.; Chen, L.; Schmid, F. 2014. A novel framework for supporting the design of moving block
train control system schemes, Journal of Rail and Rapid Transit 228(7): 784-793.

Yang, L.; Li, F.; Gao, Z.; Li, K. 2010. Discrete-time movement model of a group of trains on a rail line with stochastic disturbance.
Chinese Physical Sosiety and IOP Publishing.

Bapanos JI.A. BopoOses I1. Jlornnosa JI.H. 2012. AnropuTMs! IeHTPaM30BaHHOTO YIIPABIECHUS B CHCTEME aBTOMAaTH3UPOBAHHOTO
yHopaBJieHHs JBIKEeHUEM 11oe310B. MockBa. Mup Tpancnopta. 84-87.

10



