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Izanga 

Pastariesiems desimtmeciams budingas smarkus keleiviniq traukinią jude­
jimo greitejimas, vis placiau plintantis greituminis sausumos transportas, 
krovininiq traukinią ilgio ir mases didejimas. 

Jau seniai daugelyje Amerikos, Azijos, Mrikos sali4 yra naudojami keliq 
desimcią tukstanciq toną mases krovininiai traukiniai, isdestant lokomotyvus 
isilgai sąstato. 

Norint padidinti gelezinkeliq transportavimo ir pralaidumo gebą, suma­
zinti eksploatacines islaidas, yra is naujo apsvarstomos krovininill traukiniq 
mases normos. Pvz., Rusijoje 1524 ir 1520 mm vezeje labiausiai paplitusi 4000 
tonq norma buvo pakeista i 6000 tonq mases normą. Labiausiai kroviniais 
apkrautomis Rusijos gelezinkeli4 kryptimis reguliariai pradeti naudoti jung­
tiniai 12 tukst. tonq mases traukiniai su isilgai sąstato isdestytais lokomoty­
vals. 

6000 tonq mases krovininiai traukiniai pradeti naudoti ir kai kurią Euro­
pos saliq gelezinkeliuose. Tokius traukinius galima pradeti naudoti ir Lietu­
vos gelezinkeliuose (Lingaitis et al. 2008; Dailydka, Lingaitis 2009; Lingaitis 
et al. 2012). 

Eksploatuojant krovininius, ypac ilgo sąstato, traukinius, juose gali at­
sirasti isilginiq smuginio pobudzio jegq, siekianci4 3,00-3,50 MN. Rusijos 
Federacijos norminiame dokumente P.U 24.050.37.95, kuris yra "privalomas 
naudoti imonems ir organizacijoms, susijusioms su 1520 mm vezes gelezin­
keliq vagonq projektavimo, gamybos, kokybes kontroles, sertifikavimo ir eks­
ploatavimo sritimi'', leidziama vagonq smugi4 bandymams naudoti isilginiq 
jegq vertes, nurodytas 1520 mm vezes gelezinkeliq vagonq apskaiCiavimo ir 
gamybos normose (Maskva, 1996 m.). Siose normose, skaiciuojant pagrindi­
niq tipq krovininius vagonus, pagai "griezciausią" I rezimą numatyta naudoti 
tokias isilginiq jegą vertes MN, kurios yra lygios -3,0 ir +2,5 kvazistatiniq 
jegq atveju, taip pat -3,5 ir +2,5 MN- smugio (truktelejimo is vietos) atveju. 
Tuo metu im pulsini q isilginiq jegq (smugio, truktelejimo) poveikio laikas yra 
laikornas lygiu 0,3 s. 

5 



Didejant traukinią masems ir ypac ilgiams, smarkiai padideja isilginią 
jegą, veikianciq vagonns ir jnose esanCins krovinins, dydziai bei pagreiciai. 
Didziansiąsias vertes sios isilgines dinamines jegos pasiekia esant pereina­
miesiems arba nenusistovejnsiems jndejimo rezimams, kai dangiamate is es­
mes netiesine mechanine sistema "trankinys" per trumpą laiko tarpą pereina 
is vienos bukles i kitą. Siems rezimams priklanso sąstato pajndejimas ir stab­
dymas, traukos didinimas, jndejimas tusciąja veika, jndejimas kainnoto pro­
filio kelin, vagontt ir ją grnpią dauzymasis vienas i kitą, jnos rusinojant. Sino 
atvejn isilgines dinamines jegos kartais gali sukelti antomatines sankabos 
korpnso kotgalio llizins ir snlinkimus, nnpjauti tempiklią pleistus, sngadinti 
krovinins ir nepataisomai deformnoti vagonq remns (zr. 1.0 pav.). 

Butina atsiminti, kad pagai gelezinkelią eismo saugos reikalavimns pavo­
jingos gali tapti kvazistatinio arba smuginio pobudzio isilgines jegos, turinćios 
kvazistatines dedamąsias. Tokios rl"1sies jegos esant tam tikroms sąlygoms 
gali isstnmti (arba istrankti) vagonns is trankinio sąstato. Issamią teoriniq ir 
eksperimentiniq tyrimq reznltatai, gauti sąjunginiame gelezinkelią transpo­
rto moksliniq tyrimą institute (BHIUDKT) bei Dniepropetrovsko gelezinkelią 
transporto institnte DIIT (,l]JUIT), parode, kad isilgines suspaudimo kvazi­
statines 0,5 MN dydzio jegos is traukinio sąstato gali isstumti tuscią keturasi 
krovinini vagoną. Visiskai pakrantam ketnrasiam krovininiam vagonui pavo­
jinga yra l MN jega. Si aplinkybe priverte i 1520 mm vezes gelezinkelią techni­
nio eksploatavimo taisykles itrankti reikalavimą, pagai kuri tnsćius ir lengvas­

1.0 pav. Nepataisomai dcformuotas 
vagono remas 

6 

vorins vagonns sunkiuose ir ilgo sąstato 
trankiniuose reikia kabinti nzpakalineje 
sąstato dalyje, o pastl"1mimo atveju apri­
boti stumimo jegą, kad is uzpakalines są­
stato dalies nebutq isstumti lengvi, tusti 
vagonai. Anot profesorians C. V Versin­
skio (gele:linkelią transporto moksliniq 
tyrimq institutas), kvazistatine gali buti 
laikoma vagoną veikianti isilgine jega, 
kurios trukme dangiau nei 2 s. 

Krovininią vagonq isstumimas is są­
stato pasitaiko daznai, ypac ilgo sąstato 
traukiniuose. Tai gali sukelti, pvz.: ma­
sinisto veiksmai, automatinio trankinio 
vedimo sistemos sutrikimai, jungtinio 
traukinio pagalbinio lokomotyvo nesu­
derintas valdymas su pagrindiniu loko­
motyvn, didelis atstumq (tarpq) skirtu­
mas tarp tarpiniq vagonq automatiniq 



sankabq isilginiq asiq, vagonq vaziuokliq bukle, sunkiasvoriq traukini4 for­
mavimo techninio eksploatavimo taisykliq pazeidimai. Taip pat itakos turi 
judejimas s formos mazo spinduho kreivemis, kai padideja sonini4 virpesiq 
amplitudes. Taciau pasekmes dazniausiai nulemia priezasciq visuma. 

Żiemos metu, ypac esant zemai aplinkos temperaturai, del smarkiq isilgi­
niq smuginio pobudzio jegq ilgo sąstato traukiniuose nutruksta automatines 
sankabos. Siame procese traukinio mase itakos neturi. Taip dazniausiai ivyks­
ta pajudant is vietos, pristabdzius jo uzpakalinę dali, judant kalnuoto profilio 
keliu, kai po pakopinio stabdymo nuokalneje reikia padidinti trauką, pries 
ivaziuojant i kalną. Sąstato oro vamzdyno guminiai elementai, esant zemai 
temperaturai, praranda elastingumą, sukieteja, oras nuteka, stabdziq atlei­
dimo procesas uitrunka. Net galingi siuolaikiniqlokomotyvq kompresoriai 
sunkiai atkuria reikiamą oro slegi stabdziq vamzdyne (Vaiciunas, Lingaitis 
2007). Tokiais atvejais ribojamas staigus traukos didinimas. 

Monografija yra skirta skaitytojui, kuris nori susipazinti su procesais, 
vykstanciais netiesineje daugiamaseje mechanineje sistemoje "traukinys", jam 
pajudant is vietos, stabdant, keibant traukos jegą, judant kalnuoto profilio 
keliu. 

Minetq uzduociq sprendimas grindziamas traukiniq judejimo pereinamqj4 
arba nestacionariqjq procesq teorija, kurią sukure Dniepropetrovsko gelezin­
keli4 transporto instituto (toliau- DIIT) profesorius V A. Lazarianas (Laza­
ryan 1985) ir isvyste jo mokinys, vienas is sios knygos autoriq- profesorius 
E. Blochinas bei kiti moksliniq tyrimqlaboratorijos darbuotojai (toliau- DIIT 
laboratorija) (Blokhin 1986). Natttralu, kad sprendziant uzduotis ir naudo­
jant kompiuterius prireike sukurti siuolaikinę programinę irangą, pagristą 
minetąja traukiniq judejimo pereinamqjq rezimtl teorija. Todel si monogra­
fija sudaryta taip, kad skaitytojas pradzioje susipazintq su atstojamosiomis 
traukini4 sąstatq schemomis, matematiniais modeliais, kuriais modeliuoja­
mas traukinio judejimas. 

Monografijoje taip pataprasoma informacines sistemos "Traukinio dina­
mikos analizatorius" sąsaja, kurią sukure Dniepropetrovsko valstybinio gele­
Zinkeliq transporto universiteto riedmenq clinamikos ir atsparurno mokslini4 
tyrimqlaboratorija. Jei skaitytojas pageidauja, jis gali susipazinti su sia sąsa­
ja ir savarankiskai spręsti traukinio apkrovos paskirstymo uzduotis, tobulinti 
traukinio parametrus, pasirinkti racionaliausius judejimo rezimus (Lingaitis 
et al. 2013; Vaiciunas, Lingaitis 2008). "Traukinio clinamikos analizatoriq" ga­
lima naudoti n usta tan t vagonq nuriedejimo nuo begiq traukiniuose priezastis. 

E. Blochinas yra 1.0-1. 7 pav., 2.1-2.12 pav., 3.1-3.3 pav., 3.8; 3.9; 3.14; 3.15; 
6.11 pav. autorius. L. Ursuliak yra 3.4-3.7 pav., 3.10-3.13 pav., 4.1-5.70 pav., 
6.2-6.4 pav., 6.6; 6.8-6.10 pav., 6.12-6.17 pav. autore. Kartu su E. Blochinu ji 
yra 6.1; 6.5; 6.7 pav. autore. 
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1. Isilgini'l! traukinio virpesi'l! atstojamosios 
schemos ir matematiniai modeliai 

1.1. Traukinys - daugiamate mechanine sistema 

Atliekant traukos skaićiavimus ir sprendziant uzduotis, kurios yra skirtos 
energijos sąnaud4 traukai optimizuoti, traukinys yra laikornas materialiuoju 
tasku, kuriame sukaupta lokomotyvo ir sąstato mase, arba materialiuoju tas­
ku su prie jo prijungtu lanksćiu neistempiamu siiilu. 

Sprendziant uzduotis, susijusias su isilgini4 jeg4 n usta tym u, pajudant is 
vietos pries tai itemptam is priekines puses traukiniui, priekiniam lokomoty­
vui stabdant pries tai is priekio suspaustą traukini, jo atstojamosios schemos 
gali biiti pateiktos kaip vienmate kietąj4 kiin4, sujungt4 tampriai kłaropiais 
rysiais (zr. 1.1 pav.), mechanine sistema arba kaip tamprus strypas su krovi­
niu (lokomotyvu) gale (zr. 1.2 pav.). 

Pirmuoju atveju isilginiai virpesiai aprasomi paprast4 diferencialini4 lyg­
ćil! sistema. 

Antruoju atveju isilginiai traukinio virpesiai aprasomi diferencialinemis 
lygtimis su antros eiles isvestinemis: 

()2U = a2 (l+ i_) ()2U 
at2 !l at ax 2 ' 

l. l pav. Traukinio atstojamoji schema kaip tampriais 
saitais sujungttt kiintt grandinele 

Df---------. 
1.2 pav. Strypo pavidalo traukinio atstojamoji schema 
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(l. l) 

ćia U- sąstato pjiivio posli­
nkis, t - laikas, x- koordi­
nate, nustatanti traukinio 
pjiivio padeti, a - trikdyma 
bangos sklidimo greitis, 
1-l - dydis, apibiidinantis 
mechanines energijos issi­
sklaidymą. 

(1.1) lygti tenka spręsti 
esant nustatytoms pradi­
nems ir ribinems sąlygoms. 
Pvz., jeigu pradiniu laiko 



momentu traukinio pjuvio poslinkis ir greitis kiekvienoje jo dalyje yra lygus 
nuliui, tai sios sąlygos bus: 

kai t= O, U=O, au =O 
at (1.2) 

Tiriant pereinamuosius judejimo reżimus yra patogu taikyti koordinaći4 
metodą, kai strypo (traukinio) pjuvi4 poslinkiai U(x, t) nustatomi taip: 

~ 

U(x,t) = X 0 · ą0 + :Lxi · ąi, (1.3) 
k=l 

cia X0, ••• , Xk- uzduoties fundamentaliosios funkcijos, ą0 , ••• , ąk- koordinates, 
priklausancios tik nuo laiko t. 

Koordinates galima gauti pagai antros eiles Lagranzo lygti: 

(1.4) 

cia K- sistemos kinetine energij a, R- sklaidos funkcija, P- sistemos poten­
cine energija, Qi - subendrinta jega, atitinkanti subendrintą koordinatę ąi, 
qi - greitis. 

Isilgines jegas siuo atveju galima nustatyti pagai israiską: 

a a [ ~ ] S(x,t)=k·(l+f.l)·-- X 0 ·q0 + LX8i . at ax i=l 

(1.5) 

1.2. Traukinys- netiesine daugiamase mechanine sistema 

Mechanine sistema "traukinys" yra netiesine daugiamase, kai jos judejimą 
tenka nagrineti bendraisiais atvejais (pajudejimas is vietos, stabdymas, jude­
jimas lauzyto profilio keliu). Traukinio projektine schema siuo atveju atrodo 

1.3 pav. Traukinio, kaip netiesines sistemos, 
atstojamoji schema 

taip, kaip pateikta 1.3 pav. 
1.3 pav. skiriasi nuo 1.2 pav. 

tuo, kad jame yra dar vienas 
elementas, zymintis tarpvago­
nines jungties tarpą ir paći4 
automatini4 sankab4 slopin­
tuvll jegos charakteristik4 ne-
tiesiskumą. 

Siuo atveju traukinio isilgi­
nill jeg4 virpesi4 matematinis modelis - tai netiesini4 diferencialinilllygćill 
sistema, kurios eile priklauso nuo traukinio sąstato riedmen4 skaićiaus jame. 

9 



Kiekvieno traukinio sąstato riedmens judejimas a prasomas pagai tokią lyg-
ciq sistemą: 

j 
· S; + Fbi + Woi + Wpi + F; 
"!=--------'--­

m; 

X; = \ti 
(1.6) 

cia S;- sumine isilgine jega, veikianti i-tojoje tarpvagonineje jungtyje, Fbi­

a) s t 
100~·~,_-,---,--,--,--.--.. 

R:ZP 

o 
10 :z o 30 40 50 60 70 

b) 180.--.--.---.--.--.--.---. 
R4P 

o 
10 20 30 40 50 60 

1.4 pav. Automatini4 sankabq slopintuvq R2P 
(a) ir R4P (b) iśilginiq jegq S priklausomybes nuo 
automatiniq sankabq slopintuvo suspaudimo eigos 
vertes pokyćio 1'1; S- iśilgine jega; 1'1- automatiniq 
sankabq slopintuvq R2P (a) ir R4P (b) suspaudimo 
eigos vertes pokytis 
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stabdymo jega, veikianti i-tą­
ji traukinio sąstato riedmeni, 
woi- pagrindinio pasipriesi­
nimo traukinio sJenkamajam 
judejimui jega, veikianti i-tąii 
traukinio sąstato riedmeni, 
wpi - kelio profilio pasiprie­
sinimo jega, veikianti i-tąji 
traukinio sąstato riedmeni, 
F1 - traukos jega arba elekt­
rinio stabdymo sukelta jega, 
X;, Vi, V: - i-tojo traukinio 
sąstato riedmens atitinkamai 
nuvaziuotas kelias, greitis ir 
pagreitis. 

Nurodyta diferencialiniq 
lygCią sistema sprendzia­
ma taikant skaitmeninius 
integravimo metodus, kurie 
parenkami atsizvelgiant l 
diferencialiniqlygciq ir gau­
namą sprendimq ypatumus 
(Ursulyak 2005; Blokhin 
2007). Siliłomarne skaiciavi­
mo komplekse, atsizvelgiant 
i sprendziamas uzduotis, ga­
lima taikyti Adamso, BaSfo­
rto ir Multono arba Hemingo 
metodą. 

Nurodytieji metodai taiky­
tini nagrinejant stabiliuosius 
pereinamuosius procesus (Me­
t'yuz 2001; Ursulyak 2005). 



Sie metodai taikyti del skaićiavi­
mq uzduoćiq specifikos, jq spren­
dimus reikia nagrineti ilgose in­
tegravimo atkarpose. 

Isilginiq jegq dydziai Sj 

priklauso ir nuo automatiniq 
sankabq slopintuvq savybią 
Automatines sankabos slopin­
tuvo jegos charakteristika ben­
druoju atveju gali buti netiesine. 
Kaip netiesines sistemos pavyz­
dziai 1.4 pav. pateiktos isilgi­
nes jegos s priklausomybes nuo 
automatiniq sankabq slopintuvo 
suspaudimo eigos vertes poky­
ćio ~. gauto statiniais bandymais 
laboratorijoje ir naturaliomis 
sąlygomis atlikus daugybę dina­
miniq bandymq imituojant rea­
lq vagonq trankymosi vienas i 
kitąprocesą. 1.4 pav. pavaizduo­
tos automatiniq sankabq slopin­
tuvq R2P ir R4P su metalo bei 
gurnos elementais, naudojamq 
keleiviniuose ir saldytuvq va-

o 

1.5 pav. Automatiniq sankabq hidrodujiniq 
slopintuvtt GA-100 isilginiq jegq S 
priklausomybes nuo automatiniq sankabq 
slopintuvo suspaudimo eigos vertes pokyćio L'l, 
gautos vagonq trankymosi vienas i kitą procese; 
S- isilgine jega; L'l- automatiniq sankabq 
slopintuvo GA-100 suspaudimo eigos vertes 
pokytis 

gonuose, isilginiq jegq S charakteristikos, priklausanćios nuo automatiniq 
sankabq slopintuvo suspaudimo eigos vertes pokyćio ~- Kiekvienos isilginiq 
jegq S charakteristikos vidineje dalyje nurodytas greitis km/h, kuriuo trankosi 
vagonai vienas i kitą. 

Analogiskos automatiniq sankabq hidrodujini4 slopintuvq GA-100 isilginiq 
jegq S priklausomybes nuo automatiniq sankabq slopintuvo suspaudimo eigos 
vertes pokyćio ~ pateiktos 1.5 pav. 

Kaip matyti, automatiniq sankab4 slopintuvq R2P ir R4P su metalo bei 
gurnos elementais isilginiq jegos charakteristikos yra kietos veikiant statinei 
bei dinaminei apkrovai. 

Automatiniq sankabq hidrodujiniq slopintuvq GA-100 isilgines jegos cha­
rakteristika, esant smuginei apkrovai, yra minksta. Tai leidzia gerai sugerti 
mechaninę energiją ir apsaugoti vagono konstrukciją nuo pazeidimo. Taćiau 
esant maZiems vagonq tarpusavio greićiams ir veikant statinei apkrovai, 
siq slopintuvą isilgines jegos charakteristikos yra kietos. Tai galioja visiems 
automatines sankabos slopintuvams, kuriuose darbine terpe persikelia, esant 
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apkrovai, is vienos ertmes i kitą. Siam tipui priklauso ir slopintuvai su tamp­
riaisiais (elastiniais) elementais. 

Krovininiq vagonq parke atsirado labiausiai paplitusiq frikcinio tipo slopin­
tuvtt, pasizyminćiq isilgines jegos charakteristikq nestabilumu, nes del sausos 
trinties pastebimi isilginiq jeg4 nutrukimai. Taćiau skaićiavimams dazniausiai 
yra naudojama tiesine charakteristikos dalis, veikiant isilginems jegoros 
tiesiogine ir atvirkstine kryptimi, o isilginis tarpvagonines jungties standumas 
ir energij os issklaidymo dydis joje pateikiami 3 skyriuje. Vagon4 jungći4, kurio­
se sumontuoti frikcinio tipo slopintuvai, isilgines jegos charakteristika pavaiz­
duota 1.6 pav. 

Del bendrqj4 automatini4 sankab4 slopintuv4 jegos charakteristikq ne­
tiesiskumo (kuris gali buti pateiktas segmentines tiesines aproksimacijos pa­
vidalu) ir ypać del isilginiq tarpq buvimo tarpvagoninese jungtyse sistema 
"traukinys" tampa netiesine. 

kai 

Tada isilgines jegos automatinese sankabose nustatomos taip: 

l
min{S1i,Sd, jeigu (q.., <Ll) "(ą..,(t)?.ą.., (t -h), 

S..,= max{Spi•s,,}: ~eigu (:..,<il)"(ą..,(t)<ą..,·(t-h), 

s"' je~gu ą.., - Lli' 

sij+l- sij 
sij+ (ą..,-ąij), j=l,Nt.i• 

qij+l- qij 

jeigu (qiJ s; ą.., < qiJ+l) "(SiJ+l ?. Sij ), 

Sti SiJ+l. jeigu (qiJ < ą.., s; qiJ+l) "(SiJ+l < SiJ ), 

ta da 

ą.., = qij+l> q i =q i (t- h)+ (qij+l - qij) · signqi, 

sai = kai . ą..,, 

(l. 7) 

(1.8) 

(1.9) 

ćia Sep- absoliutine isilgines jegos tarpvagonineje jungtyje verte, ą;- santy­
kinis (i- l) ir i-tojo traukinio sąstato riedmens masiq centro poslinkis, ącp­
slopintuvq suspaudimo ir kebulq deformacijq suma, 80;- tarpas i-tojoje jung­
tyje, Ll; - slopintuvo suspaudimo eigos vertes dydis, kuriam esant slopintuvai 
neveikia, S; - tarpvagoninę jungti veikianti isilgine deformuojanti jega, S 1; 

ir sai - tarpvagoninę jungti veikianćiq deformuojanćiq isilginiq jegq vertes 
tiesiogine ir atvirkstine kryptimi, t - laikas, h - integravimo Zingsnis, qij ir 
sij - dedamqjq koordinates (nustatytos mazginitt taskq segmentines tiesines 
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1.6 pav. Tarpvagonines jungties, kurioje 
sumontuoti frikciniai slopintuvai, 
iśilgines jegos charakteristika: 50; -

iśilginis tarpas jungtyj e, i- pjiivio 
traukinyje numeris, S- iśilgine jega, 
S 0 - praclinio itempimo jega, ll­
didżiausioji automatines sankabos 
slopintuvo eigos verte, q- santykinis 
gretim4 vagonq judejimas; k,.., k1• ka­
atitinkamai iśilginis konstrukcijos 
standumas, veikiant iśilginems jegoms 
tiesiogine u~l) ir atvirkśtine (ku) kryptimi 

aproksimacijos metodu) apkrovimo metu, Nt:.i- slopintuvo eigos mazginiq tas­
kq skaicius. 

Kaip matyti, isilginiq jegq vertes Si priklauso nuo santykiniq gretimq 
traukinio sąstato riedmenq santykiniq isilginiq masiq centrq poslinkiq dydzio 
qi ir greicio qi , kurie nustatomi taip: 

{:i: xi -xi+l 

qi- v;- v;+l 
(1.10) 

Jeigu tarpvagonineje jungtyje sumontuoti vienodi automatines sankabos 
slopintuvai, isilginems jegoms nustatyti yra taikornas metodas, aprasytas 
saltiniuose (Blokhin 1986; Blokhin 2007). Jeigu tarpvagonineje jungtyje yra 
automatiniq sankabq skirtingq charakteristikq slopintuvai, isilgines jegos 
n ustatornos pagai sią sąlygą: 

Jsr = sr = si 
1qf +q)'= qi 

(1.11) 

cia Sf ir S;' - isilginiq jegq vertes priekiniame ir uzpakaliniame riedme­
ns automatiniq sankabq slopintuvuose, qf ir q)'- atitinkamq automatiniq 
sankabq slopintuvq deformacijos. 

Stabdymo jega F b;• veikianti traukinio sąstato riedmeni pneumatinio arba 
elektropneumatinio stabdymo metu, nustatoma taip: 

F.b = -n. · m. · k. · •c 
i l "'t'l l ,. ' (1.12) 

cia ni- stabdziq trinkeliq skaicius i-tajame traukinio sąstato riedmenyje, <pi­

stabdziq trinkeliq trinties i ratą koeficientas, kuris priklauso nuo stabdziq 
trinkeliq tipo, trinkeles prispaudimo prie rato jegos ir judejimo greicio (Blok­
hin 1986; Blokhin 2007), ki(t) - vienos stabdziq trinkeles prispaudimo jega, 
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fe- koeficientas, kuris priklauso nuo oro sąlyg4, lokomotyvo barstorno smelio 
kiekio ir kuriame atsizvelgiama i rato sukibimo su begiu sąlyg4 kitimą. 

Stabdzi4 trinkeli4 skaicius kiekvienam traukinio sąstato riedmeniui yra 
nustatomas pagal pagrindines charakteristikas- asiracią asil.l skaićil.l ir su­
spaudimo tipą (vienpusis arba dvipusis), kurie nustatomi ieskant pradini4 
duomeną. 

Modeliuojant traukiniuose vykstancius stabdymo procesus, ivertinama, 
kad priklausomai nuo traukinio sąstato riedmens tipo stabdymai gali biiti 
ivairiis: pneumatinis (krovininiai ir keleiviniai vagonai), elektropneumatinis 
(keleiviniai vagonai), elektrinis (lokomotyvai). Taip avariniam rezimui su­
keliamas stabdymas - del stabdZi4 vamzdyno nutriikimo. Ćia laikoma, kad 
traukinio sąstate stabdzią vamzdynas gali biiti istisinis arba autonominis, o 
isskirstyti lokomotyvai gali biiti valdomi sinchroniskai arba pagai kokias nors 
kitas taisykles. 

Stabdzi4 trinkeles spaudimo jega nustatoma pagal oro skirstytuvo biik­
lę, kai stabdzią cilindre gali biiti sudarytas suspausto oro slegis, atitinkantis 
stabdzi4 vamzdyno isretinimo dydi arba visiską arba dalini (laipsnisko isleidi­
mo atveju) suspausto oro isleidimą is cilindrą pakilus slegiui vamzdyne. 

Kai stabdymas pakopinis, traukinill judejimo greitis gali biiti mazinarnas 
pirma, antra arba trecia stabdymo pakopa. Priklausomai nuo pasirinkŁos pako­
pos laikoma, kad stabdzill cilindras pripildomas suspausto oro iki 40 %, 60 % ir 
88% didziausiosios slegio vertes. Didziausiosios oro slegio vertes stabdzill cilin­
dre priklauso nuo oro skirstytuvo darbo rezimo. Vertes pateiktos 1.2.1lenteleje. 

1.2.1 lentele. Didziausiasias slegia vertcs stabdźiq cilindre 
·------·----

Reźimas 

visiskai pakrauta vagana 

is dalies pakrauta vagana 

tusćia vagano 

Slegis, atm. 

3,8 

1,5 

Nagrinejant ivairius stabdymo tipus, nustatomas pneumatinio stabdymo 
tipas staigusis SS, paprastasis ar pakopinis PS. 

Priklausomai nuo stabdymo tipo yra modeliuojamas oro skirstytuvo dar­
bas ir n ustatornos stabdzi4 trinkeles prispaudimo jegos vertes kiekvienu lai­
ko momentu. Kiekvieno traukinio sąstato riedmens oro skirstytuvas suveikia 
atejus stabdymo bangai is stabdZią vamzdyno iskrovimo saltinio. Stabdzill 
trinkeles prispaudimo jegos kitimas ki(t) stabdymo ir stabdzio atleidimo pro­
cese vyksta pagai realias stabdymo charakteristikas, kurios gautos daugy­
bes bandymll metu su ivairaus ilgio keleiviniais ir krovininiais traukiniais. 
Nustatant prispaudimo jegą, ivertinamas stabdzill trinkelią prispaudimo 
pradzios laikas- tn ir stabdzią cilindrll pripildymo laikas, kuris priklauso nuo 
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1.7 pav. Trinkeles spaudimo jegoski tirnas stabdymo ir stabdziq 
atleidimo procese: h1 - stabdziq trinkeles prispaudimo jega; 
t- stabdymo proceso laikas; t" - stabdziq trinkeliq 
prispaudimo pradzios laikas; t- laikas 

stabdymo budo (staigusis SS, paprastasis ar pakopinis PS), oro skirstytuvq 
keleiviniuose vagonuose darbo rezimo (ilgas sąstatas arba trumpas sąstatas), 
taip pat duotojo traukinio sąstato riedmens buvimo vietos stabdziq vamzdyno 
iskrovimo saltinio atzvilgiu. 

Stabdziq trinkeles prispaudimo jegos kitima ki( t) schema parodyta l. 7 pav. 
Lokomotyvą veikianti jega traukos rezimu arba elektrinio stabdymo metu 

Ft nustatoma pagai nustatytas traukos arba stabdymo charakteristikas, ati­
tinkancias pasirinktą lokomotyvą. 

Pagrindinio pasipriesinimo slenkamajam traukinio judejimui jega i-tajam 
traukinio sąstato riedmeniui woi priklauso nuo traukinio sąstato riedmens 
tipo (krovininis, keleivinis vagonas ar lokomotyvas) ir kelio tipo (sandurinis ar 
nesandurinis). Krovininiams vagonams, nustatant pagrindinio pasipriesinimo 
slenkamajam traukinio judejimui jegą woi• ivertinamas riedmens guoliq tipas 
(riedejimo ar slydimo), apkrova i asi ir asiq skaicius. Skaiciuojant nurody­
tą jegą lokomotyvams, ivertinamas judejimo rezimas ( traukos ar stabdymo) 
(Pravila ... 1985). 

Kelio profilio pasipriesinimo jega Wpi i-tajam traukinio sąstato riedmeniui 
nustatoma pagai formułę: 

Wpi ~[-j- 2~0 -1,495·1 +9,197 H, }0,001 g·mi. (1.13) 

cia j- nuolydzio dydis promilemis (nuolydzio zenklas n ustatomas pagai trau­
kos skaiciavimo taisykles- minusas nuokalneje, pliusas ikalneje), vi- trauki­
nio sąstato riedmens greitis, R- gelezinkelio kreives spindulys, Hr- isorinio 
begio pakilimas. Pateiktoje formuleje gelezinkelio kreives spinduho ir isorinio 
begio pakilimo dydziai kinta nuo nulio iki nustatytos vertes iejime i kreivę ir 
isejime is jos. 
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2. Specialus bandymai su traukiniais. 
Sistemos integralines charakteristikos 

Specialiais galima laikyti bandymus, atliktus su traukiniais, kuriq vagonq 
mase ir automatines sankabos amortizuojanciq aparatq tipai yra vienarii­
siai, o bandymai atliekami stoties keliq ribose, siekiant nustatyti skaitines 
parametrq, reikalingq sprendziant traukiniq judejimo diferencialines lygtis, 
vertes. 

Vienas is tokiq parametrq - ribinis tarpas tarpvagoninese jungtyse. Jo 
dydis nustatomas taip: traukinys pradzioje buvo itemptas lokomotyvo trau­
kos jega, pries tai po paskutinio vagono ratais idejus ratstabdzius. Naudojant 
staciojo trikampio pavidalo graduotą liestuką, buvo ismatuoti visi gretimq 
vagonq tarpai jungtyse. Paskui sąstatas buvo suspaudziamas. Ratstabdziai 
pries tai buvo sudedami is priesingos puses. Skirtumas tarp visq tarpq, gautq 
itemptame traukinyje, surnos ir analogiskos suspausto traukinio surnos yra 
sios tarpvagonines jungties tarpo dydis. Takie matavimai atliekami su kiek­
viena traukinio vagonq jungtimi. Todel atlikus minetus matavimus galima 
gauti sio traukinio vidurinę statistinę tarpq dydziq vertę. Traukiniuose at­
liekami matavimai suteikia galimybę suformuoti gana didelę statistinę imti, 
leidziancią surasti patikimą vidurinę statistinę tokiotipo traukinio tarpvago­
nines jungties tarpo vertę. 

Krovininiq traukiniq, suformuotq is ką tik pagamintq krovininiq vagonq, 
sis tarpas sudaro 45 mm. Traukiniq, suformuotq is naudotq krovininiq va­
gonq, sis tarpas lygus 65 mm. Keleiviniq traukiniq tarpvagonines jungties 
tarpas lygus 45 mm. Sie tarpq dydziai buvo pritaikyti sprendziant traukiniq 
judejimo diferencialines lygtis. 

Kaip jau mineta, tiriant nenusistovejusius judejimo rezimus, traukini ga­
lima laikyti vienmate, netiesiniais rysiais sujungtq kietqjq kiinq sistema, kai 
netiesiskumas yra esminis, pvz., su tarpais jungtyse. Be to, netiesine gali biiti 
minksta tarpvagoninio rysio charakteristika ir kieta pasipriesinimo charakte­
ristika. Daugybiniai traukiniq judejimo pereinamqjq procesq reZimq tyrimai 
rado, kad jeigu tarpai tarpvagoniniuose rysiuose nedaro itakos pereinamojo 
proceso eigai, tai taks procesas yra banginio pobiidzio. Siuo atveju, kai vagonq 
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yra daug (daugiau nei astuoni), sąstatą galima laikyti vientisa vienmate sis­
tema (strypu).1524 ir 1520 mm vezes gelezinkeliuose riedmenys turi sumon­
tuotus tamprius frikcinius automatiniq sankabq slopintuvus, kurie veikia ne­
stabiliai, todel tarpvagoniniai rysiai daznai buna skirtingq charakteristikq. 
Tiriant traukiniq judejimo pereinamuosius rezimus buvo nustatytos bendros 
integralines visos sistemos savybes. 

Bisternos parametrq vertes, gautas nagrinejant joje vykstanćius procesus, kai 
pasireiskia visos vieno tipo slopintuVll visumos savybes, vadinsime integralinemis. 

Integralines savybes reikalingos traukiniq judejimo pereinamiesiems re­
zimams analitiskai tirti ir modeliuoti. Jas galima nustatyti pagai trikdymq 
sklidimo traukinyje pobiidi, t. y. pagai trikdymq sklidimo isilgai sąstato greiti, 
ivairaus lygio trikdymq bangq dispersiją, svyravimq slopimą ir t. t. 

Pirmiausiai kokybiskai ivertinsime sistemos charakteristikas tuo atveju, 
kai tarpai neturi itakos judejimo pereinamajam rezimui, t. y. issiaiskinsime, 
ar galima nagrineti sistemą kaip tiesinę, ar ji- netiesine. Pagal oscilogramas 
galima nustatyti, ar duotame pereinamajame procese turi itakos tarpai. 

Jeigu tarpai siame pereinamajame rezime itakos neturi (oscilogramose -ly­
gios kreives), kokybiską ivertinimą galima gauti pasinaudojus tuo, kad tiesinese 
sistemose bangos sklidimo laikas nepriklauso nuo panaudotos isilgines jegos dy­
dzio; netiesinese sistemose, kuriq charakteristika kieta, bangos sklidimo laikas 
mazeja didejant jegai, o minkstos charakteristikos sistemose- dideja. 

2.1 ir 2.2 lentelese pateikti isilginiq jegq, atsirandanćiq pjŁ1vyje tarp loko­
motyvo ir pirmo vagono, patraukiant pries tai itemptus krovininius ir keleivi­
nius vagonus is vietos, oscilogramq apdorojimo rezultatai. Dvigubos traukos 
atveju lokomotyvai buvo sujungti pagai daugelio vienetq sistemą. Elektrove­
ziq traukos jega buvo panaudota greitai, praktiskai akimirksniu, paskui dide­
jant judejimo greićiui ji letai mazejo. 

Jegq, atsirandanćiq pajudant krovininiams traukiniams, vienu atveju su 
sumontuotais automatinese sankabose S-1-T tipo slopintuvais, turinćiais amo­
rtizuojanćius aparatus, kitu atveju su S-2-T tipo slopintuvais oscilogramq re­
zultatai pateikti 2.1lenteleje. 

Kiekvienam traukiniui buvo atliekami praktiniai bandymai parenkant 
n ustatyto dydzio traukos jegą ir kiti- parenkant didesnę jegą. Abiem atvejais 
buvo nustatomas bangq sklidimo isilgai sąstato laikas (2.1 pav.). Pirmosios 
apkrovimo (veikiant isilginems jegoms tiesiogine kryptimi) bangos sklidimo 
laiku T1 automatiniq sankabq slopintuvai buvo suspauciziami (veikiant isil­
ginems jegoms tiesiogine kryptimi), o iskrovimo (veikiant isilginems jegoms 
atvirkstine kryptimi) bangos sklidimo laiku T2 sąstate be tarpq, kaip parode 
daugybe bandymq, slopintuvai neveike. Tolesni svyravimai siuo atveju vyko 
del riedmenq konstrukcijos tamprumo. Todel toliau apkrovimo ir iskrovimo 

bangq sklidimo laika i - lyg~,ff. ,(~~ ~ p~a17.!lt---r;~-; ... , , ! 
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Summary 

N on-Stationary and Quasi-Static Railway Train 
Movement Regimes 

This book is intended to introduce the processes that take place in the non-li­
near multi-mass mechanical system of the train in the processes of starting, 
braking, changing the force of draught, moving in broken way profile. 

The solution of the above mentioned tasks is based on the theory of the 
transitional or non-stationary conditions of the train movement which was 
developed by Professar V. A. Lazaryan in Dniepropetrovsk Institute of Rail­
way Transport, and perfected by his foliower Professar E. P. Blokhin- one of 
t he coauthors of this book, and other scientific workers of this institute branch 
research laboratory. 

This book structure is as follows: first the authors introduce calculation 
schemes, mathematical models which should help to model the movement of 
a train. 

In solving the tasks related to defining the longitudinal forces at the star­
ting moment of the motion of the train, which is stretched from its head, and 
braking of the head locomotive of the previously compacted train the calcula­
tion schemes can be presented as a single-dimensional mechanical system of 
t he solid bodies connected by resilient (tough) ties (Fig. S l) or by a resilient 
(tough) rod with the freight (a locomotive) at the end of it (Fig. 82). 

In the first case the longitudinal oscillations are described by means of a 
system of ordinary differential equations. 

In the second case the longitudinal train oscillations are described by me­
ans of differential equations in the quotient derivatives of the second order: 

Fig. S l. The calculation scheme for the train 
as a chain of bodies connected by re sili en t 
(tough) ties 

Dr-----------. 
Fig. S2. The calculation schemc for the train in 
the form of a rod 
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(S l) 

where: U- the dislocation of the 
train section; t - the current time; 
x - the coordinate determining 
the location of the train section; 
a- the velocity of the disturbance 
move; 1-1.- the value which charac­
terizes the diffusion o f the m echa­
nical energy. 



In case the train movement is to be analyzed in common cases (starting, 
braking, movement on the road of the broken profile), the calculation scheme 
can be presented as a non-linear multi-mass mechanical system (Fig. 83). 

Figure 83 differs from Figure 82 as it has one more element, which con­
ditionally marks clearance in the inter-car connection and non-linear forces 
characteristics of the absorbing devices of auto coupling. 

In this case the mathematical model of the train longitudinal force oscilla­
tion represents a system of non-linear differential equation, the order of which 
depends on the quantity of the carriages in the train. 

The motion of every carriage is described by the following system of equ­
ations: 

(82) 

where: si - the total longitudinal force acting in the i-intercar connection; 
Fbi - the braking force acting on the i-carriage of the rolling stock; Woi - the 
main resistance force as for the train translational movement acting on the 
i-carriage of the rolling stock; Wpi - the resistance force of the road profile ac­
ting on the i-carriage of the train; F1 - the traction force or the force provoked 
by the electric braking; xi, Vi, ~ - correspondingly the distance, speed and 
acceleration of the i-carriage of the rolling stock. 

The given system of the differential equations is solved by applying digital 
methods of integration which are selected taking into consideration the pe­
culiarities of the differential equations and the solutions received. 

The methods mentioned above belong to the group of strongly stable ones. 
The application of these methods h as caused the specific character of t he tasks 
which are to be eonsiciered on the long integrating segments. 

As it is known, the values of the longitudinal effort Sj depend on the cha­
racteristics o f t he absorbing clevice s. The f orce characteristics o f the absorbing 
clevice in the generał case can be a non-linear ones. 

The most widely-spread devices in the clepot of the freight cars are to be of 
the absorbing friction type which are characterized by non-stability of t he for­
ce performance due to the fai-
lures caused by the dry friction. 
In generał, non-linearity of the 
force performance of the absar­
bing auto coupling devices can 
be presented as a piece-linear 
approximation. The presence of 

Fig. 83. The train calculation schemc as a non­
lincar system 
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the longitudinal clearances in the in ter-car connections makes the mechanical 
system ''Train" essentially non-linear. 

In the simulation of the braking processes the different kinds of braking 
depending on the type of the carriage are taken in to consideration: pneuma­
tic (freight and passenger cars), electropneumatic (passenger cars), electrical 
(locomotives) ones, alongside the braking caused by the emergency braking of 
the brakingmain line. It is assumed that the brakingmain line can be both a 
through one and an autonomous one; locomotives can be driven synchronously 
or by some other rules. 

The force applied to the braking shoe is determined by the condition of the 
air distributor that can make the pressure of the compressed air correspon­
ding to the value of the discharging of the braking main line of the complete/ 
partial release of the compressed air from the cylinder under the increase of 
the pressure in the main line. 

In braking regulation the decrease of the train speed can be made with the 
l st, the 2nd, or the 3rd stages of braking. 

While doing research different kinds of braking were tested (emergency 
breaking or the decrease of pressure caused by the braking the main line in 
the given train section). In correspondence with these factors, the performance 
of the air distributor is modelled, and the values of the forces applied to the 
breaking shoe at the given time are defined. The air distributor at each carria­
ge startsto work at the moment of the arrival of the braking wave from the 
source of the discharge in the braking main line. 

In defining the force applied to the shoe brakes, such factors are taken into 
consideration as admission of braking shoes, the time of filling braking shoes, 
location of the given carriage as for the source of the discharge in the main 
lin e. 

The force applied to a locomotive in the draught regime or under the elect­
rical braking is determined according to the given draught or braking charac­
teristics of the chasen locomotive. 

The force of the main resistance to the translational movement of the train 
for every car depends on t he typ e o f the car (a freight one, a passenger one or a 
locomotive) and the type of the road (a jointornon-joint one). For freight cars 
the type of t he bearing, the load on the axle and the number of axles are taken 
into consideration. In calculating the force, mentioned above for locomotives 
the regime of motion (draught) is also taken into account. 

The second chapter presents special tests carried out in the mass-homoge­
neous cars, and the type of the absorbing devices of auto coupling with the aim 
of determining the numerical values o f the parameters which a re necessary to 
solve the differential equations of the train motion. 
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One of such parameters is the limit of the clearance in the in ter-car joints. 
It is shown that in the new freight cars such a clearance is 45 mm. In the train 
formed of the freight cars which have been exploited, such a clearance is 65 
mm. In the passenger cars the clearance is 45 mm. These clearance values are 
used in the solution of the differential equations of the train motion. 

In researching the non-established regimes of the motion a train can be 
considered as a one-measure system of the solid bodies connected with the 
ties that can be essentially non-linear, for example, with the clearances in the 
harness. Besides, the resilient characteristics of the joints and the characte­
ristics of the non-resilient resistance can be non-linear too. The research of the 
transitional regimes of the train motion shows that if these clearances in the 
joints do not influence the transitional process, they have obviously a wave 
character. In this case the train with more than eight cars can be considered 
as a solid one-measure system. 

The rolling stock of the track 1524 and 1520 mm is mainly equipped with 
the resilient-friction absorbing devices, which are not stable in performan­
ce, so the inter-car joint often possess different characteristics. However, in 
the experimental investigation of the transitional regimesof the train motion 
som e generał integral properties of the w hole system are found out. 

The values of the system parameters obtained at considering processes 
which take place in the sum of all shock-absorbers of the same type are called 
integral here. 

The integral values are necessary for the analytical research and modelling 
the transitional regimes of the train motion. They can be determined accor­
ding to the character of the disturbance spreading along the train, the wave 
dispersion, the damping of oscillation, etc. 

The oscillations can show if there are clearances under the given transi­
tional process. lf they appear, the oscillograms show some separa te splashes 
corresponding to the strokes at the disappearance of the clearance. 

It is shown that if there are no clearances under the given transitional 
regime (the oscillograms are smooth curves), the qualitative estimates can be 
obtained, as in the linear systems the wave-running time does not depend on 
the value of the applied force; in the non-linear systems with the rigid cha­
racteristics the wave-running time decreases with the increase of force; in the 
systems with non-rigid characteristics this time increases. 

The analysis of the transitional motion regimes shows, that the trains, 
equipped with the absorbing devices ofthe type S-1-T, S-2-T, CNII-N6, can be 
considered as linear systems. This conclusion covers the rubber-metallic ab­
sorbing devices of the type R-2P and R-4P under the condition w hen the level 
of the draught force is considerably higher than the value of the initial effort. 
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The numerical values of the parameters which determine the resilient 
properties of the tra in should be found in the field tests. The integral values of 
these parameters can be calculated according to the speed of the disturbance 
spreading along the train. 

lt is common knowledge that while forming a model of any phenomenon 
(mathematical, electromechanical, electroacoustic or any other) we have to 
resort to the idealization of the degree of reliability, the trustworthiness of 
which should be checked experimentally. The best way here is an experiment 
correctly set in the field conditions. 

Below is the approbation of the proposed mathematical models made by 
means of the comparison of the mathematical modelling results with the 
results obtained in carrying out special experiments in the real-life conditions 
of railways. 

The trustworthiness of the train model as a resilient viscous rod with the 
freight (locomotive) in the end is proved by the comparison of the oscillograms 
of the longitudinal tension forces in the stretched from the head train obtained 
by calculations and experiments (Fig. S4). 

The homogeneous train of l 770 tons was formed of four-axle gondola cars 
and two locomotives of 132 tons located in the head. The first line marks the 
asciilogram of engines of the current diesel locomotives connected according 
to the system of multiple units which is proportionate to the traction forces. 
The lines 2-7 are the oscillograms of the efforts in the harness instruments 
in the five sections of the train. The lines 4 and 5 correspond to the efforts in 
one and the same section and are taken from oscillograms that were written 
in different cars-laboratories. Here the points correspond to the calculation 
results. Below there is a time indication (0.6 sec). 

lt should be emphasized that sucha compatibility was achieved thanks to 
Professar V. A. Lazaryan who proposed to take into consideration the self-scat­
tering of energy under the longitudinal oscillations of the train. 
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Fig. 84. The oscillograms o f the forces in the auto coupling 
in starting the stretched train 
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In a number of ca­
ses with the existing 
non-stationary regime 
a significant influence 
is produced by the lon­
gitudinal clearances. In 
these cases one has to 
limit oneself with the 
qualitative comparison 
of the tests obtained 
in calculation and in 
experiments. 



Figure S5 represents 
the comparison of oscillo­
grams of the longitudinal 
forces in the four sections 
of the train at the starting 
point. The train mass is 
1520 tons, it consists of 
16 gondola cars with the 
massof 132 tons which de-
velops the draught force of 
0.2(1-e-3t) MN. 

However, in most cases 
it is necessary to compare 

Fig. 85. Oscillograms and graphs o f the forces at the 
startingpoint of the tight train with thc mass o f 1520 
tons (a- calculations; b- cxperimcnt) 

only the graphs of the distribution of the longitudinal forces along the train to 
prove the validity of the model. 

Such comparisons are given below for a number of transitional regimes of 
the train motion with the influence of clearances in the inter-car joints taken 
into account. 

Figures S6-S8 represent the comparison of the results of calculations and 
experimental data obtained with the freight train of 10 000 tons, the cars of 
which are equipped with the air-distributors of the type N 483 with the cliaroe­
ter of the discharge opening of 0.9 mm. The initial braking speed of the freight 
train in the experiment and in modelling is 30 km/h. The experimental train 
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Fig. 86. The distribution of the maximum longitudinal tension valucs in the train 
of 10 000 tons during the regulation braking 
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Fig. 87. The distribution ofthe maximum values ofthe longitudinal forces during 
the complete service braking of the train with the massof 10 000 tons 
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Fig. 88. The distribution of the maxi m urn longitudinal forces in the traino f 
10 000 tons during the emergency braking 

consists of 95 four-axle freight cars with the mass of 89 tons, equipped with 
the compositional braking shoes and two locomotives of the series VL-8 located 
in the head and quipped with the cast-iron braking shoes. 

All the carriages o f t he train are equipped with the frictional absorbing cle­
vices of S-1 TM. In this, the air-distributors of cars are switched to the medium 
regime of operation; as for the locomotives- to the empty cars regime of opera­
tion. The average measured clearance in the in ter-car joints equals to 4 7 mm. 

Figures 6-8 are given for the comparison of the calculation results and 
experiments of the data of the distribution of the maximum values of the lon­
gitudinal forces along the train in its different sections under the regulation 
complete service and emergency braking. 
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Here and further in the same graphs the solid lines correspond to the 
results of the mathematical modelling, and the marked ones - to the test 
results obtained in the real-life conditions. The maximum values of the lon­
gitudinal tension forces in the train are given in Table Sl according to the 
brakingregime o f the freight train o f l O 000 ton s. 

Table S l shows that in the cases analyzed the non-compliance of the maxi­
murn of the tension forces obtained both experimentally and mathematically 
does not exceed 14%. 

In the tests of the braking regimes, the braking stopping clistance should 
be taken into consideration in case the train moves in the section, in which 
the speed is limited. Table 82 illustrates below the values of braking clistance 
received by analyzing various braking methods of various freight and passen­
ger trains. 

Table S l. The maximum values of the longituclinal forces for clifferent regime s o f 
braking of the freight train with the massof 10 000 tons 

Braking method 

Stage·0.7 atm 

The complete service braking 

The emergency braking 

S,kN 

calculatecl test 

-1130 -1230 

-1360 -1570 

-1725 -1780 
----------------------------------------- ---

Non-compliance 

8% 

14% 

3% 

Table S2. The values o f braking clistance with various braking methocls with 
the freight trains of 10 000 tonsof mass moving at the speecl of 30 km/h 

Braking method Braking stopping clistance (L), m Non-compliance 

calculatecl test 
--------------------------- -·---·---------------------

Stage O. 7 atm 

The complete service braking 

The emergency braking 

292 

180 

154 

260 

170 

150 

13% 

3% 

In the examples analyzed, the calculation results are compared with the 
test results of the special tests carried out under reallife conditions. 

In the case of the train moving on the unequal profile it is impossible to 
establish a certain clearance distribution. 

Figures 89 and S 10 illustrate the diagrams o f t he distribution o f the great­
est tension force values along the train formation, which have been received 
by a test (they are marked by circles) and calculated at the momenturn when 
a freight train of 6000 tons was moving in the section of a road with a sudden 
slope. 
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Fig. S lO. Service braking when the train moves on the track of alternatingprofile 

In the first case, the traction of 6000 tons mass train is made of two ele­
ctric locomotives VL22M, connected according to a system of multiple units. 
The first curve (see Fig. 89) corresponds to the case, in which the train was 
stretched in the initial position and moved at the speed of 60 km/h, and the 
electric locomotives developed the traction force of 100 kN. The second curve 



corresponds to the stopping movement at the speed of 50 km/h. The data of the 
tests are marked by circles and crosses for the first and second curve respec­
tively. In those cases, the non-compliance of the calculations and tests makes 
5-6 per cent, even though the number in the system integrated by differential 
equations is reduced fourfold. 

In the second case, the traction of 8000 tons train is implemented by three 
electric locomotives VL22M. The cars are equipped with air distributors No. 
270-005, which are set for the medium regime, and the composite brake sho­
es. The regulated braking is completed with the initial speed of 65 km/h, one 
brake shoe was tightened at 7,5 kN. The difference of the caleulabon (line) 
and test (crosses) results do not exceed 20 per cent. In the cases analyzed, the 
clearance in the connections of the cars is 40 mm on average. 

The examples eonfirm that the mathematic model applied allows to receive 
satisfactory results, therefore it was used to solve various applied tasks, inc­
luding the reasons showing why the trains run off the track. 

The mathematic model ofthe spacial ftuctuations ofthe cars or their groups 
which have run off the track was applied when analyzing the cases of train 
cars that ran off the track in Ukraine and Russia. Below are the examples of 
this kind of research. 

This is a case of the carsof a train formation that ran off the traeks in one 
ofthe sections ofthe railway in East Siberia. The train was made ofVL80 type 
electric locomotive and 83 four-axle freight cars. Under railway conditions of 
Kazakhstan, the train was formed so that there were 70 empty cars at the 
front of the train, and at the end there were 13 totally loaded cars. According 
to the investigation of the case materiał, the train was moving clown the slope 
of 17 per cent. Running at the speed of 62 km/h, the engine-driver applied 
regulated braking by a step, he released the brake at the speed of 50 km/h. At 
the end of the slope there was a curve of S form, with the rays of 350 m. The 
above-mentioned stepwise brakingwas initiated 1000 m before the beginning 
of the curve. At the moment of driving in to the curve of S form, the train was 
moving because of inertia, the speed of i t increased significantly, therefore the 
engine-driver was forced to apply electric braking by the locomotive, which 
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Fig. Sll. Train movcment regimes 
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Fig. S 12. The distribution of the 
greatest values of the longitudinal 
forces along the train at the time of 
pneumatic stepwise braking (line 2) 
and braking by electric locomotive 
brake (line l) 

ended up in the field (Fig. 811). Running into the field, the front group of the 
cars ran off the tracks. 

Having completed calculations, the values of the greatest longitudinal for­
ces were received at the time of distribution of the pneumatic stepwise braking 
and electric braking by the locomotive along the train diagram (Fig. S 12). 

The oscillograms of the longitudinal forces before the sixth, seventh, eighth, 
ninth, tenth and eleventh cars are given in Figs 813 and 814. They illustrate the 
numeric longitudinal force values and their duration t (in seconds) in braking by 
a pneumatic and electric brakes of the electric locomotive respectively. 

Figs 813 and 814 illustrate that electric braking by the locomotive became 
dangerous since it was at the front part of the train between the longitudi­
nal dynamie forces of the quasistatic components, the size of which exceeded 
500 kN, and that impacted the group offront carsfor 1,5-2 s. It was precisely 
elear that they had pushed out the group of empty four-axle "ars from the 
train formation. 
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Fig. S 13. The oscillograms of the forces in the inter-car conncctions at the 
t i me o f reguła te d braking 
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Fig. 814. The oscillograms o f the forces in the inter-car conncctions o f t he front 
part o f t he tra in a t t he t i me o f electric braking o f t he elcetri c locomoti vc 
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The quasistatic forces of such dangerous level appeared eonsiciering the 
empty 4-axle gondola-car was the result of the combined action of the locomo­
tive brake and the influence of the break in the longitudinal profile of the track 
caused the overlapping of the heavy end part of the train and i ts lig h t part. 

The s ide rolling enhanced under the influence of the S-curve contributed to 
the running off of the cars. 

In the process of modelling, the coefficient of the reserve steadiness was 
calculated, the value of which m ust always be more than l. In the given case 
the value for the gth car decreased to O. 

Thus, the cause of the analyzed running off is non-observance of Point 
15.32 of the Rules of Technical Exploitation. In the formation of the given 
train i t was necessary to locate a group of loaded cars not at the head, but at 
the end part of the train which consisted of 70 empty cars. The workers con­
nected with the motion of trains should abide to the requirements of the Rules 
of Technical Exploitation. In instructing locomotive drivers the regime charts 
of driving different trains at the definite track sections should be used. 
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Monografija ,Nestacionarieji ir kvazistatiniai geleZ.inkelio traukini11 

judejimo reZ.imai" skirta skaitytojui, besidominCiam traukinyje, 

kaip netiesineje daugiamaseje mechanineje sistemoje, vykstanciais 

procesais. Sie vyksta traukiniui pajudant iS vietos, stabdant, keiCiant 

traukos jegq, judant kalnuoto profilio keliu. Knygoje aprasomos uz­

duotys sprendziamos taikant traukini11 judejimo pereinam~ll arba 

nestacionari~ll proces11 teorijq. Tam sukurta speciali programine 

iranga, pagrista monografijos autori11 sukurta traukinill judejimo 

pereinam~ll reZ.im11 teorija. Knyga sudaryta taip, kad skaitytojas 

pradzioje susipazint11 su traukinill sqstat11 schemomis ir matemati­

niais modeliais traukinio judejimui modeliuoti. Taip pat aprasoma 

informacines sistemas ,Traukinio dinamikos analizatorius" elemen­

tll tarpusavio sqsaja. 

Autoriai monografijq rekomenduoja geleZ.inkeli11 traukos klausimus 

nuodugniau nagrinejantiems doktorantams ir pazengusiems magist­

rantams. 
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