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THEORETICAL STUDIES ON THE PROCESS OF CHANGE OF THE
TECHNICAL CONDITION OF FREIGHT CARS IN OPERATION

Purpose. The scientific work is intended to investigate the technical condition of freight cars during their opera-
tion. The said purpose involves solving the following tasks: 1) to describe the technical condition of a freight car
during the maintenance and repair period; 2) to determine the dependences of the probability of a freight car being
in working condition during the life cycle; 3) to specify the expression for the technical availability ratio of the car
fleet. Methodology. To achieve the purpose, the author examined the methodological approaches to the definition of
various stages of the freight car life cycle. The system of change and transition of the technical condition of the
freight car is described using differential equations. Findings. In the case of an unstable process of changing the
technical condition of a freight car, the probabilistic characteristic of the appropriate life cycle stage depends on the
amount of time. The intensity of the input and output flows are correlated with each other, taking into account the
probability of a freight car being at the appropriate stage of its life cycle. Originality. Transitions from one car life
cycle to another occur in discrete steps, that is, such transitions are characterized by a random process. The probabil-
ity of a freight car being at the appropriate life cycle is determined by its prior technical condition. The total value of
the set of all possible conditions consists of the Markov chain for random processes with random states and a con-
tinuous flow of time. The study resulted in obtaining, for the first time, of the dependence of the probability of
a freight car being in working condition during the life cycle. Practical value. On the basis of the obtained defini-
tion for the probability of the freight car being in working condition the expression for the technical availability ratio
of the car fleet was clarified.

Keywords: freight car; reliability; life cycle of the car; technical condition diagram; technical availability ratio;
car fleet

Introduction changing the technical condition of freight cars in

The main task of rail transport is to ensure un- operation [1, 7, 14].

interrupted transportation process, the mandatory

condition of which is the safe railway operation [9, Purpose

17]. Successful implementation of the tasks facing
the railway needs to improve the technical level of
rolling stock, the introduction of modern high-
efficient constructive solutions, materials and tech-
nologies [12, 16, 18, 19]. In order to maintain
a high technical level of the car fleet, it is neces-
sary to introduce the modern technologies for re-
newal and increase of wear resistance of parts, im-
provement of the maintenance system of cars in
operation [4, 8, 10, 13, 15]. With the introduction
of new information technologies that enable the
automatic identification of cars and their individual
parts, even the normal operation of the car can be
viewed as a stand for reliability testing [6, 11]. The
analysis of publications on this problem indicates
the need for theoretical studies of the process of

The main purpose of the work is to investigate
the process of changing the technical condition of
freight cars in operation. To achieve it, it is neces-
sary: 1) to describe the technical condition of the
freight car during maintenance and repair; 2) to
determine the dependences of the probability of a
freight car being in working condition during the
life cycle; 3) to specify the expression for the tech-
nical availability ratio of the car fleet.

Methodology

The freight car during its lifetime may be at dif-
ferent stages of the life cycle:

— in the initial state (test sample, which under-
goes acceptance tests and has a trial run);
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in under-control operation;

— in good working condition;

on maintenance (M, Mc-1, Mc-2);

— on roundhouse servicing (RS);

on overall repairs (OR, OR with life exten-

sion);

— on storage;

— in a good non-working condition (idle).

Transitions from one life cycle to another occur
in discrete steps, that is, such transitions are char-
acterized by a random process [2]. The probability
of a freight car being at the appropriate life cycle is
determined by its prior technical condition. The
total value of the set of all possible conditions con-

sists of the Markov chain for random processes
with random states and a continuous flow of time.
In this case, there is a sequence of dependent tech-
nical states [3]. The transition itself from one tech-
nical states S, to other S, occurs through the ac-

tions of the corresponding streams of events. Such
events are failure or restoration.

Let us denote the failure flow intensity rate as
L, and the restoration flow intensity rate of the
technical condition of the freight car as .

Characteristics of the corresponding technical
condition of the freight car at a certain stage of the
life cycle are given in Table 1.

Table 1
Characteristics of the technical condition of the freight car during the life cycle
Designation of tech- _— .
Stage of the relevant life cycle nical cosndition, Failure intensity value, A Rtisg(;giﬂﬁ?c:ﬂtsgﬁgﬁi[)ar:?;f
Starting (initial) state S, - -
Under-control operation Scon - Heon
Good working condition Sy - -
On maintenance Sy Ay Uy
On maintenance Mc-1 St My Mt
On maintenance Mc-2 Shic_2 Myie_2 He—2
On roundhouse servicing Sgs Ags Hps
On OR Sor Sor Hor
On OR with life extension Sort Aore HorL
On storage S - [T
Idle state Si A K,

For the given technical conditions of the life
cycle of a freight car it is possible to propose
a marked diagram with corresponding transitions
(Fig. 1).

The indication of the technical condition of the
freight car is given in the circles, and the transi-
tions themselves from one condition to another are
indicated by arrows specifying the intensity of the
failure or restoration flows. Each technical condi-
tion of the freight car is characterized by the corre-
sponding probability:

— P, — probability rate of freight car being in

its original condition (a test specimen undergoing
acceptance tests and having a trial run);

— P, — probability rate of freight car being in
working condition;

- P, — probability rate of carrying out
maintenance of the freight car;

— Py, — probability rate of carrying Mc-1 of
the freight car;
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— Py, — probability rate of carrying Mc-2 of
the freight car;
— P, — probability rate of being under the

control of operation;

— Py — probability rate of conducting RS of
the freight car;

— P,z — probability rate of carrying out OR of
the freight car;

— Pz — probability rate of carrying out ORL
of the freight car;

— P, — probability rate of the working condi-
tion of the freight car during storage;

— P — probability rate of the working condi-
tion of the freight car at idle.

The probability flow of the technical condition
of the freight car will be equal to the product:
Pk, Pp;.

P2 Pre
@ #Me-2 @
Pilf P RS
e Frge-2 Haged ] Aags @
, Hpg
.(:.-u ’
Hyy 35

Fig. 1. Freight car technical condition diagram

Findings

In the case of an unstable process of changing
the technical condition of a freight car, the proba-
bilistic characteristic of the appropriate life cycle
stage depends on the amount of time, while the
intensity of the input and output flows are correlat-

ed with each other, taking into account the proba-
bility of a freight car being at the appropriate stage
of its life cycle.

The very system of change and transition of the
technical condition of the freight car according to
the diagram (Fig. 1) can be described by means of
differential equations [3, 5]:
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TP vu,; @)
Mz Pw(t)“con_Pcon (t)kcon ; (2)
dt
Pul) o Oy =Py (Oh: @
dt
Fus) g (s Ps (Ve @
dt
C“DMC—M = Pw(t)HMc_z - PMC—Z (t)kMC—2 ’ (5)
dt
PV _p, (O P (i ©
dP,
%(t) =R (t)HOR + Foon (t)Hcon a
_Pcon (t)}"con ; (7)
dpog—:(t) = Pw(t)“ORL + Pcon (t)ucon -

P =

—P con (t)}\’con ; (8)

Pl _p (P @

dP (t

PO _pOn-ren 0
For the probability of freight car being in work-

ing condition, we use the following differential

equation:

dp, (t

A =Py (t) o + Poon () oon + Por (t) (Hor —or ) +

TPORL (t)(More —Aore )+ Prs () (rs —Ags )+
+Py () (1w —Am ) + Precs (1) (Myes = Anes ) +
ez () (Mwe—z = ez ) + P (V) (ke =) +
+R () (1w —2;) (12)

If we solve the system of equations (1-11), we
can find the probability of the freight car being in
working condition (12):

2
Poloto = Peontcon (Hconkcon —Horhcon +Aconror +Mor —Aor +

w

2
2t,, — ucontcon —Hortor (Mor —Aor ) -

+hcontor] ~Horircon ol ~or| )_

“Horltorl (“orl ~ord ) -

~Pamim (MM~ )~ Pmic 1 Me_1Me1(*Me-1~*me1) -

iyt (rp 2w )~ Hvieatw (Bve 1~ *mea) -

~Ppe_2*Me—2iMe-2 (M2 ~*Me_2) ~ Prs RsRs (HRs ~*Rs )~

“Hpe_2w(Bve_2 ~*me_2) ~HRrstw(HRs ~*Rs )~

Using the expression to find the probability of
the freight car being in the working condition (12),

—Pgphsttst (st — st )~ Pititi (i =2 )
_“SttW(“St _7“St ) - “itW(“i - }”i )

.(12)

we can clarify for the expression for the technical
availability ratio of the car fleet (13):
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R, — m D Poiboitoi ~Peonilconi (”coni}‘coni _“orikconi +
A~ - 2
Mot 1=1 2t ~Keonitconi ~Horitori (“ori ~Aori )_
+Aconi*ori T Hori ~ori + *coni®orli ~Morli*coni T Horli ~Morli )_

~Horlitorli (“orli ~orli ) -

~Pai*mitmi (*Mi = Mi )~ PMoti*Me—titMe—ti (MMe—ti ~*Me—ti )~

~Hmitwi (“Mi —AMi )‘“Mc—litwi (“Mc—li ~AMc—i )‘

“Ppre—2i*Me—2i'Mc-2i (”Mc—Zi ~AMc—2i )‘P RSi*RSi’RSi (“RSi ~ARsi )‘

“Imte_2itwi (MMo—2i ~*Mc_2i )~ MRsitwi (HRsi ~*Rrsi ) -

where m — the number of freight cars in good
technical condition; i — the corresponding freight
car; my, — total number of the car fleet units.

Originality and practical value

Having formed the Markov chain for random
processes of probability of the freight car being at
a corresponding life cycle with random conditions
and continuous flow of time, we for the first time
obtained dependence of probability of the freight
car being in the working condition during the life
cycle. On the basis of the obtained definition for

~Pgitstitsti (Msti ~ *sti )~ Piiiitii (Hii — i )
Htitwi (Rsti — st )~ Hiitwi (i i)

. (13)

the probability of the freight car being in working
condition the expression for the technical
availability ratio of the car fleet was clarified.

Conclusions

The work considered change of technical con-
dition of freight cars in operation occurs during the
whole lifetime, and the technical condition can be
in different stages of the life cycle. Transitions
from one car life cycle to another occur in discrete
steps, that is, such transitions are characterized by
a random process.
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TEOPETUYHI TOCIKEHHA HPOUHECY 3MIHU TEXHIYHOTI'O
CTAHY BAHTAKHUX BAI'OHIB IITJI YAC EKCINVIYATALII

Mera. Y HayKoBill poOOTI HEOOXITHO AOCHITUTH TEXHIYHHNA CTAaH BAHTAXXHUX BaroHIB MiJ 9ac iX eKCIUTyaTarlii.
3a3HaveHa MeTa niepedadae po3B’I3aHHS TaKMX 3aBllaHb: 1) OMMCATH TEXHIYHUN CTaH BAHTA)KHOTO BaroHa B Mepioj
TEXHIYHOTO 0OCITyrOBYBaHHS W PEMOHTY; 2) 3’CyBaTH 3aJIe)KHOCTI IMOBIpHOCTI repe0yBaHHS BaHTa)KHOTO BaroHa
B po0OYOMY CTaHI MPOTITOM LUKy iCHYBaHHS; 3) YTOUHUTH BHpa3 IJIs1 KoedillieHTa TeXHIYHOI TOTOBHOCTI BaroH-
Horo mapky. MeToamka. J{is TOCATHEHHS TOCTABJIEHOI METH aBTOPOM OYJIH PO3TIISIHYTI METOAOJOTIYHI MAX0AH 0
BHM3HAYEHHS PI3HUX CTaJliil )KUTTE€BOTO LUKIY BaHTAXXHOTO BaroHa. CHCTeMa 3MiHM W MEepexoay TeXHIYHOTO CTaHy
BaHTA)XHOI'O BaroHa OIMCaHa 3a JOIOMOIoI0 JU(epeHIiaIbHIX PiBHAHb. Pe3ynabTaTH. Y BHNAgKy HEYCTAJIEHOTO
MPOLIECY 3MIHM TEXHIYHOTO CTaHy BaHTA)XHOT'O BaroHa HMOBIpPHICHA XapaKTEepUCTHKA BiIIOBIAHOI CTAi] )KUTTEBOTO
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PYXOMMUI CKJIAJI 3AJII3HMLIB I TATA TTOI3/11B

MUKy 3QJICKHUTh BiJl BEIMYUHH Yacy. |HTEHCHBHICTh BXIIHOTO W BHXIJHOTO MOTOKIB KOPETIOKTHECA MK COOOI0
3 ypaxyBaHHSIM IMOBIPHOCTI NepeOyBaHHs BaHTa)KHOTO BaroHa Ha BIJIIOBIAHIN cTajii HOro >KUTTEBOTO LIUKIY.
HaykoBa HoBu3HA. [Iepexoau 3 0THOTO XHUTTEBOTO IIUKITY BaroHa B iHIINI BiIOyBalOTHCS CTPHOKONOIOHO, TOOTO
TaKUM TIepexo/1aM BIACTUBUI BUIAIKOBHH mporiec. IMOBipHICTE mepeOyBaHHS BaHTa)KHOTO BaroHa y BiANOBITHOMY
KUTTEBOMY IIHKJII BU3HAYAETHCS HOTO MOTEPEIHIM TEXHIYHHM CTAHOM. 3arajbHa BEeJIMYMHA CYKYHMHOCTi BCiX MOX-
JUBHUX CTaHIB CKIAAAETHCA 3 JaHIIOra MapKoBa Uil BUIIAJIKOBHUX TPOIIECIB 13 BUIIAJKOBIMH CTaHAMU i Oe3mepeps-
HUM MIOTOKOM dacy. Y pe3yibTaTi JOCITiHKEHHS BIIEpIIe OTPHMaHa 3aJIeKHICTh IMOBIPHOCTI IiepeOyBaHHS BaHTaX-
HOTO BaroHa B poOOYOMY CTaHi NMPOTSAroM LUKIy icHyBaHHs. IlpakTuuyna 3nHaummicTb. Ha ocHOBI orpumanoro
BU3HAYCHHS JJIsI WMOBIPHOCTI HepeOyBaHHS BaHTQ)XHOTO BaroHa B poOOYOMY cTaHi OyJ0 YTOYHEHO BHpa3 s
KoediIllieHTa TEeXHIYHOT TOTOBHOCTI BATOHHOTO TIAPKY.

Knouosi cnosa: BaHTQXHUEN BaroH; HAJIMHICTh; JXUTTEBUI UK BaroHa; CXxeMa TEXHIYHOTO CTaHy; Koe(illieHT
TEXHIYHOI TOTOBHOCTI; BarOHHUII MapK

B. 10. HIATIOITHUK!

"Kag. «BaroHs! 1 BATOHHOE XO3SHCTBOY, J{HENPONETPOBCKHUIl HAMOHAILHBIA YHUBEPCHTET 5KENe3HOA0POKHOI0 TPAHCIIOPTa
UMeHH akanemuka B. Jlazapsina, yi. Jlazapsina, 2, launpo, Ykpausa, 49010, ten. +38 (056) 373 15 19,
ai1. moura Vladislav.sh91@gmail.com, ORCID 0000-0003-4701-6491

TEOPETHYECKHUE UCCJIEAOBAHUA IPOUECCA UBMEHEHUSA
TEXHUYECKOI'O COCTOAHUA I'PY30BbBIX BAI'OHOB IIPHU
IKCINVIYATALIUN

Lean. B HayuHOi1 paboTe HEOOXOAMMO HCCIIEIOBATh TEXHMYECKOE COCTOSHUE I'PY30BBIX BarOHOB MPHU MX JKC-
IUTyaTalluy. YKa3aHHas LeNb MpeanojaraeT peeHne cleayomux 3aaad: 1) onucaTb TEXHUYECKOe COCTOSIHUE Tpy-
30BOTO BaroHa B MEPHOJA TEXHUYECKOTO OOCITY)XMBaHMS M PEMOHTA; 2) BBIACHUTH 3aBHCHUMOCTH BEPOSTHOCTH
HaXOXJICHNSI TPY30BOTO BaroHa B pab04YeM COCTOSHHHU B T€YEHHE LIMKIJIA CYIIECTBOBAHMSA; 3) YTOUHUThH BBIPAKCHHE
Ut K03 PHUIIMECHTa TEXHUIECKOH TOTOBHOCTH BaroHHOTo napka. Meroauka. st JOCTHKEHHS OCTaBICHHOM Lienn
aBTOPOM OBUIH pacCMOTPEHBI METOAOJIOTHYECKUE TTOIXO0 (Bl K ONPEETICHUIO Pa3INUHbIX CTaUH )KN3HEHHOTO IIUKIIa
rpy30Boro Barona. CucrteMa U3MEHEHUS U NEPEXo/ia TEXHUYECKOTO COCTOSHUS TPY30BOro BaroHa OMHMCaHa C MOMO-
mpto tuddepeHraibHeX ypaBHeHuid. PesyabraTsl. B ciiydae HeycTaHOBHBIIErocs mpolecca N3MEHEHUs TEXHHU-
YECKOI'0 COCTOSIHUSL I'PYy30BOI0 BarOHa BEPOSITHOCTHAS XAPAaKTEPUCTHKA COOTBETCTBYIOIIECH CTaJUU JKU3HEHHOTO
LUKJIA 3aBUCUT OT BEIMYUHBI BpeMeHU. VIHTEHCUBHOCTb BXOJHOI'O U BBIXOJHOI'O IIOTOKOB KOPPEIUPYIOTCS MEKAY
c000#i ¢ y4eTOM BEpOSITHOCTH MPEeOBIBaHUS I'PY30BOT0 BaroHa Ha COOTBETCTBYIOIIEH CTaJNHU €ro XH3HEHHOTO IIHK-
na. Hayynast HoBu3Ha. Ilepexo/ipl ¢ OHOTO KM3HEHHOI'O IMKJIa BaroHa B APYTOH MPOHCXOSAT CKauKOOOpa3HO, TO
€CTb TaKUM IIEPEXO/aM IPUCYLIUM ciaydyaiHblil pouecc. BeposTHOCTh HAXO0KAEHUS IPY30BOrO BaroHa B COOTBET-
CTBYIOIIIEM JKH3HEHHOM LIMKJIE OMPEAEIsIeTCs ero MpeablIylM TEXHHYEeCKUM cocTossHueM. OOmas BeIHYuHa Co-
BOKYTTHOCTH BCEX BO3MOJKHBIX COCTOSIHUII COCTOMT M3 Lenu MapkoBa /il clydalHbIX MPOLECCOB CO CAy4alHBIMU
COCTOSIHUSIMU M HENPEPHIBHBIM TIOTOKOM BpeMEHH. B pesynbraTe McclieoBaHUs BIIEPBBIE MOTy4Y€HA 3aBUCHMOCTb
BEPOSITHOCTH TIPEOBIBAHMS TPY30BOIO BaroHa B paboO4YeM COCTOSHMM B TEUYCHHE LHUKJIA CYNIIECTBOBaHMS.
IpakTnyeckas 3HaunMocTh. Ha 0CHOBE MONMy4eHHOrO ONpeeeHusl BEpOATHOCTH HAX0XKIE€HHs IPy30BOr0 BaroHa
B paboueM COCTOSTHHH OBLIO YTOUYHEHO BBIpaXKEHHE s KO3((UIMEHTa TEXHNYECKOI TOTOBHOCTH BarOHHOTO MapKa.

Kniouesvie cnosa: Tpy30BOM BaroH; HaJEKHOCTH; KU3HEHHBIN IIMKJI BaroHa; CXeMa TEXHHYECKOTO COCTOSHHUSA;
KO3 PHUIUEHT TEXHUUECKOW TOTOBHOCTH; BATOHHBIH MapK
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