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COMPLEX SIMULATION MODEL OF TRAIN BREAKING-UP
PROCESS AT THE HUMPS

Purpose. One of the priorities of station sorting complex functioning improvement is the breaking-up process
energy consumptions reduction, namely: fuel consumption for train pushing and electric energy consumption for cut
braking. In this regard, an effective solution of the problem of energy consumption reduction at breaking-up subsys-
tem requires a comprehensive handling of train pushing and cut rolling down processes. At the same time, the analy-
sis showed that the current task of pushing process improvement and cut rolling down effectiveness increase are
solved separately. To solve this problem it is necessary to develop the complex simulation model of train breaking-
up process at humps. Methodology. Pushing process simulation was done based on adapted under the shunting con-
ditions traction calculations. In addition, the features of shunting locomotives work at the humps were taken into
account. In order to realize the current pushing mode the special algorithm of hump locomotive controlling, which
along with the safety shunting operation requirements takes into account behavioral factors associated with engineer
control actions was applied. This algorithm provides train smooth acceleration and further movement with speed,
which is close to the set speed. Hump locomotive fuel consumptions were determined based on the amount of me-
chanical work performed by locomotive traction. Findings. The simulation model of train pushing process was de-
veloped and combined with existing cut rolling down model. Cut initial velocity is determined during simulation
process. The obtained initial velocity is used for further cut rolling process modeling. In addition, the modeling re-
sulted in sufficiently accurate determination of the fuel rates consumed for train breaking-up. Originality. The
simulation model of train breaking-up process at the humps, which in contrast to the existing models allows repro-
ducing complexly all the elements of this process in detail and evaluate accurately its quality, was improved by the
author. Practical value. The developed model can help to determine a rational processing mode of sorting complex.
For this purpose, it is appropriate to include the model into the decision support system of dispatching station staff.

Keywords: train pushing

Introduction

In modern conditions one of the priorities of
station sorting complex functioning improvement
is the breaking-up process energy consumptions
reduction.

Energy costs, which take place during the train
breaking-up at humps, consist of fuel consumption
for train pushing and electric energy consumption
for cut braking. In this regard, an effective solution
of the problem of energy consumption reduction at
breaking-up subsystem requires a comprehensive
handling of train pushing and cut rolling down pro-
cesses. At the same time, the analysis [6] showed
that the current task of pushing process improve-
ment and cut rolling down effectiveness increase
are solved separately.

Thus, the existing pushing models [13, 17] only
simulate the process of shunting train movement;

and breaking-up process;

hump; hump locomotive; fuel consumption
while the movement of some cuts is modelled be-
fore their uncoupling at the hump apex (HA) with-
out their further rolling. As a result, these models
do not allow assessing the impact of the selected
breaking-up mode of a train on the conditions of
interval and target braking of its cuts. In addition,
the existing pushing models are based on traction
calculations for train operation [16], which do not
include features of shunting at the humps and do
not allow with sufficient accuracy to determine the
pushing and  breaking-up  process  fuel
consumption.

At the same time, both when optimizing the cut
braking modes with the help of the method [4, 14,
19], and when imitating their rolling down with the
help of the models [9, 21, 22] we take the constant

breaking-up velocity v,, the value of which is the

same for each cut. This approach does not corre-
spond to the real conditions of train humping and
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does not allow determining with sufficient accu-
racy the rational cut braking mode and calculating
the sorting process quality coefficients.

Purpose

The purpose of this work is to develop a com-
plex simulation model of train breaking-up process
at humps that will allow elaboration of the method
for resource saving controlling of train pushing and
breaking-up, aimed at high quality of sorting proc-
ess with minimum energy consumption for its im-
plementation

Methodology

To achieve the set purpose, the train humping
model was developed and combined with the exist-
ing cut rolling model [4], resulting in the complex
simulation model of train breaking-up process.

In the developed model the train pushed to the
hump is assumed as a set of cuts with certain pa-
rameters (number of cars, their type, length, mass
and basic specific movement resistance) and as
non-extendible flexible rod with uniform longwise
weight. This train model allows the best considera-
tion of its movement conditions when transferring
from one profile element to another and after fur-
ther cut breaking-up.

To solve the problem of pushing and breaking-
up modelling it is sufficient to consider the con-
trolled forward movement of a shunting train, so
during its simulation process it is necessary to take
into account only external forces that coincide with
the movement direction or are opposite to it. Ac-
cordingly, the following forces were taken into
account: F, — tangent locomotive power; W, —
train motion resistance force; B, — locomotive
braking force. In the shunting train motion equa-
tion the relevant specific forces are considered f,,
w,, b,; the total force f, depends on the hump
locomotive operation mode and equals f, =f,tw,
in traction mode, f, =*w, —in rundown mode and
fy =tw, —b, —inidling mode.

The work [3] developed the method of calculat-
ing the forces acting on the shunting train during
pushing and breaking-up. Thus, the tangent loco-
motive power f, in the model is determined by

partial (intermediate) traction characteristics that

can be realized in terms of grip, and then by the

following intermediate characteristics until reach-

ing the automatic (external) characteristics [12].
Specific movement resistance force w, is de-

termined as

o "
W, =Wy + Wy + W, + W W, W, D

where w. — locomotive basic specific motion re-
sistance; w/ — car basic specific motion resistance;
w,,, — additional specific resistance due to envi-

ronment and wind; w,. — additional specific resis-
tance due to switches and curves; W, —additional

specific resistance due to track gradient; w,, — ad-
ditional specific resistance due to starting.

The locomotive basic specific motion resis-
tance w. and additional specific resistance due to

starting w,, are determined by method [16]. The
car basic specific motion resistance w’ is calcu-

lated as a weighted average of the cut basic spe-
cific motion resistance and is adjusted after further
cut breaking-up; herewith the value w’, for each
car is included in the train model structure. Addi-
tional motion resistance values due to environment
and windw,, , points and curves w, are calcu-

lated by the method [15].

Additional specific resistance due to track gra-
dient w, is taken numerically equal to the average
gradient i, where the shunting train is located;
while for pushing simulation in the longitudinal
profile model the gradient value i on the rise is
positive (i>0) and on the descent — negative
(i<0). Average gradient i, where there is a train,
when its first axis is at the point S, is determined

by the difference in marks of the first A4(S;) and
the last 4(S; —/,) train axles:

h(S,)~h(S, ~1,)
l;

i(S;)= ; 2

where /, — shunting train length, m.
Due to the fact that in the breaking-up process
at hump the train automatic brakes do not as a rule

actuate its velocity is reduced only by shunting
locomotive braking force, the specific value of
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which b, is calculated by the following formula
[16]:

b, =1000 0,¢,,, 3)

where 6, — design braking factor; ¢, — brake pad

friction design factor.
The values 0, and ¢, are determined by the

method [7] based on the number of locomotive
axles and in case of brake actuation in the train —
on the number of car axles, where the automatic
brakes are actuated, as well. It should be noted that
the braking force b, from the brake position valve
switch moment gradually increases to its maximum
value. In addition, the shunting train braking mod-
elling should take into account the time required
for the driver’s reaction. In this regard, the design
braking factor 0, in (3) is considered as the brak-
ing duration function ¢,,, the value of which is ac-
cepted in accordance with [7].

The peculiarity of the train breaking-up process
modelling is the change of its settings at cut uncou-
pling. In this regard, during the train movement simu-
lation one must control the possible next cut uncou-
pling at every step At . After recording the cut uncou-
pling the model performs the appropriate train length
and weight reduction; herewith it changes the coordi-
nate of its first axis S, and re-calculates the basic spe-

cific resistance w” . This, in turn, causes corresponding
changes in the hump locomotive operation mode
aimed at maintaining the set breaking-up velocity v, .

Train motion in the model is described by second
order differential equation S"=f(z,S,S") in which
the independent variable is the time ¢ :

oo d’S g

== =25 107, 4
dr* 1+yf” @

where g/l+y — accelerated gravity force with

consideration of rotating mass inertia.

The motion equation (4) allows performing
joint modelling of train breaking-up and cut rolling
down processes.

It is known that equation (4) has a unique solu-
tion if his right part f(S,V) is continuous and dif-
ferentiated. However, the nature of force change
f, in this equation does not always meet the

specified condition. Thus, in moments of controller
position switching the tangent power f, can

change stepwise. The braking power b, during

train deceleration also changes unevenly. The mo-
tion resistance in curves is a step function, the dis-
continuities of which occur at curved track section
enter and exit points by shunting train. In addition,
at the time of the next cut uncoupling at HA the
train parameters are changed. Therefore, the model
assumed that within the integration step Az the
shunting train motion mode remains constant; to
this end there is chosen sufficiently small step At
(At=1 sec).Controller position is not changed

within the traction mode Atr; while at the end of
the step the train velocity is analysed and if neces-
sary the locomotive operation mode is adjusted and
the simulation is repeated.

Similarly, the braking force b, at each step At

is taken constant and if the train velocity at the end
of the step became below the mark, then, depend-
ing on motion conditions, the transition to traction
or idling mode is performed.

Besides, within the integration step A¢ both
ends of shunting train must not go beyond the be-
ginning or the end of the curve. If at some step this
condition is not met, then this step is divided into
separate parts with a certain length AS,, AS,,...,

AS, Herewith, at the modelling steps 1...(n—1)

the train is moved using the first-order differential
equation V'= f(S,V) with independent variable

S:

,_dV g fu
V:—: =,
as 1+y V

V>0 (5)

At the last step n the train motion is simulated
with the help of equation (4) by the time
At'=At—At* that remained till the end of the ini-
tial step. The same algorithm is used for train mo-
tion simulation when the next cut is broken-up
from it at HA.

To ensure the continuity of functions i(S)and

f, (V) the model uses the method of spline ap-

proximation of track longitudinal profile [5] and
locomotive traction characteristics. Integration of
differential motion equations (4) and (5) are per-
formed by the Runge-Kutta fourth-order method

[].

doi: 10.15802/stp2015/57003

© E. B. Demchenko, 2015

27



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBcbkoro

HAIlIOHAJIILHOTO YHIBEPCUTETY 3aJli3HUYHOTO TpaHcnopty, 2015, Ne 6 (60)

EKCIUTYATAILA TA PEMOHT 3ACOBIB TPAHCIIOPTY

When modelling, the train to undergo breaking-
up is considered as controlled system that operates
in terms of internal and external factors, as well as
control impacts [2]. Controlled movement of the
train is determined by the hump locomotive opera-
tion mode. Herewith the major controllable pa-
rameters are tangent power F, and braking force
B, of the shunting locomotive, depending on the
actuated controller position n, and the auxiliary
brake valve position.

The simulation must provide such a hump lo-
comotive control that allow the train velocity at the
pushing completion time 7, to be equal to the

specified breaking-up velocity v,, and the subse-
quent phase trajectory V(f) to meet for all
t,. St<t, corresponded to the set breaking-up

mode, where ¢, is the traction motion end point.
The initial time ¢, is assumed to be 0; the final
time #; is assumed as the last cut off-locomotive
uncoupling time.

The work [3] developed the algorithm of hump
locomotive controlling, which along with the safe-
ty shunting operation requirements takes into ac-
count behavioural factors associated with engineer
control actions. This algorithm provides train
smooth acceleration and further movement with
speed, which is close to the set breaking-up veloc-
ity v,. Herewith the actual velocity v, at every
step At may deviate from the specified velocity
v by  the  realization  error
dllv, =[v,—0;v,+0].

The shunting train simulation results in deter-
mination of fuel consumption G by shunting lo-
comotive during pushing and breaking-up proc-
esses. According to the research [8] the fuel con-
sumption G for train breaking-up at humps should
be determined based on the amount of mechanical
work performed by locomotive traction R, :

value

G:Zlijmj, (6)
p=

where k; — transition coefficient.
Mechanical traction work R,;, t-km is deter-

mined as [11]:

R, =F;AS,, (7)

where AS; — train motion in step, km.
The transition coefficient & ; 1S a co-relation,

expressed in kilograms of fuel consumed to per-
form 1 t-km of mechanical work by locomotive,
and is determined as [10]:

—0,00002v,> —0,0021v; + 0,969 — for TEM2,
k= ! , (8)

0,00002v,? -0,0030v, +0,920 — for ChMES3.

Thus, at each simulation step j the tangent
power F, and average velocity v; are determined.

Then, using these values and the expressions (7)
and (8) there are calculated, respectively, the per-
formed mechanical work R . and transition coeffi-

mj

cient k_ IE based on which the fuel consumption G

is determined by formula (6).

Findings

The developed train breaking-up model based
on the shunting-adapted traction calculations al-
lows the detailed simulation of hump locomotive
operation mode and train motion process. This
makes it possible to determine the initial velocity
of each cut at its off-train uncoupling time at HA.
The obtained initial velocity is used for further cut
rolling process modeling. In addition, the modeling
resulted in sufficiently accurate determination of
the hump locomotive fuel consumption rates G,
the value of which is necessary to determine the
rational train breaking-up mode.

The developed model allows simulating various
train breaking-up modes. For example, Fig. 1
shows the results of simulation of 3869 ton train
breaking-up and pushing by TEM2 hump locomo-
tive. Herewith the mode implied the train accelera-
tion up to the set breaking-up velocity v,

1.7 m/s, with the following breaking-up at a con-
stant speed. As shown in Fig. 1, a, the locomotive
control algorithm [3] provides smooth acceleration
of the train and its further movement with the ve-
locity v,, close to set breaking-up velocity v, (v,

€ [1.52; 1.74]). It should be noted that at the final
stage of breaking-up (Fig. 1, a, section B-C) when
the train length does not exceed 10 cars, its motion
mode changes abruptly. These changes are caused
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by train weight reduction at the end of the break-
ing-up process, resulting in inflated intensity of
acceleration even at the first controller positions.

In order to verify the model adequacy the ex-
perimental studies of sorting process at the
Nizhnedneprovsk station even system were per-
formed. Herewith for each breaking-up train the
following items were recorded: cut parameters; the

duration of pushing and breaking-up operations
and the dynamics of engineer controller switch
during their performance; cut uncoupling time at
the HA; hump locomotive fuel consumption (using
«BIS-R» system). In addition, the data were ob-
tained on the design of plan and longitudinal pro-
file of receiving yard tracks and the hump of the
station even system.

(F) 1o,
mis| A4 B C
15 .vf\
’ 18— Interchange 4 1s—— Section B-C'
12 4 -
17 17
08 44— 18 Wv \/\ -
15 15
04 4—— —
14 14
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Fig. 1. The breaking-up and pushing process simulation results:
a — train speed diagram; b — simulation report

The above data combined with the developed
model allowed simulation of 17 real train break-
ing-up processes.

In accordance with the existing methods of sta-
tistical analysis [18], the adequacy of the devel-
oped train breaking-up model is proved by homo-
geneity of sampled data derived from experimental
studies and simulation.

The experimental research and simulation re-
sulted in two fuel consumption random variable
samples; wherein the above samples are depend-
ent. To test the hypothesis of homogeneity of these
samples Wilcoxon 7 -criterion [20] was used.

Checking by the specified criterion is per-
formed as follows. It is assumed that R(Z,) is the

rank |Z i| in the range from the smallest to the larg-
A

the value |Zi| is the difference of experimental

est values of differences|Z1

Z,|, where

b

research data x; and simulation y; (Z;=x; —y;).
We define the counter variables Q(Z,) as:

1, where Z; >0,

©)
0, where Z; <0.

Q(Zz-)={
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Statistics of 7 -criterion is as follows:

=Y RZ)0Z,). (10)
i=1

When fulfilling the null hypothesis the statistics
of n observations

T n(n+1)
T+ = 4

/n(n +1)(2n+1)
24

has asymptotic standard normal distribution with
expectation 0 and variance 1. Thus, the decision
rule at the 5% significance level is as follows: if

(an

|T7"<1,96, then the dependent samples homoge-
neity hypothesis by Wilcoxon criterion is accepted,
otherwise — is rejected.

According to the check the T -criterion statis-

tics made: 7" =67; T =-0,46. Thus, the con-
ducted statistical analysis of experimental results

and simulation demonstrates the adequacy of the
designed model train breaking-up process at hump.

Originality and practical value

The simulation model of train breaking-up pro-
cess at the humps, which in contrast to the existing
models allows reproducing complexly all the ele-
ments of this process in detail and evaluate accu-
rately its quality, was improved.

The developed simulation model can be used as
a decision support system to identify effective op-
eration modes of sorting complexes.

Conclusions

1. The fact was established that the initial ve-
locity of each cut at its off-train uncoupling time at
the hump apex is a random variable whose value is
different from the set breaking-up velocity v,. At

the same time the cut initial velocity value signifi-
cantly affects the regulating conditions of their ve-
locity during rolling down from the hump. There-
fore, the breaking-up modelling should consider
the train pushing and cut rolling operations as in-
terrelated processes that need joint simulation.

2. Detailed modelling of the shunting train
movement and the hump locomotive operation
mode is possible by performing traction calcula-

tions; while the existing method of traction calcu-
lations needs adapting to the shunting work condi-
tions.

3. Hump locomotive fuel consumptions for
train breaking-up should be determined based on
the amount of mechanical work performed by lo-
comotive traction. This approach in contrast to ex-
isting methods allows determination of impact of
breaking-up velocity, as well as of hump and train
design parameters, on the amount of fuel consump-
tion.

4. To ensure the specified humping mode the
model uses the hump locomotive control algorithm
that provides smooth train acceleration and its fur-
ther motion at the velocity close to the set one. At
the final breaking-up stage when the train length
does not exceed 10 cars, the train motion velocity
fluctuations are increasing sufficiently. These fluc-
tuations are caused by train weight reduction at the
end of the breaking-up process, resulting in in-
flated intensity of acceleration even at the first con-
troller positions

5. The statistical analysis of experimental
studies and simulation results, using Wilcoxon
T -criterion, proved adequacy of the developed
model of train breaking-up at the hump.

6. The developed train breaking-up model al-
lows a comprehensive assessment of the sorting
process quality that is needed to determine a ra-
tional processing mode of sorting complex. For
this purpose, it is appropriate to include the model
into the decision support system of dispatching
station staff.

LIST OF REFERENCE LINKS

1.  BoOporckuii, B. U. Iuddepenunansusie ypaBHe-
HUS JABWKEHUs OTLENa M METOIbl MX peuIeHus /
B. U. bo6posckuii // NHdopM.-ynpaBil. cHCTEMBI
Ha XK.-1. TpaHci. — 1996. — Ne 6. — C. 34-39.

2. BobOpoBckmii, B. WM. HWwmwuranuonHas MOJENb
pPa3BsS3KM JUHUKA B JKEJIE3HOIOPOXKHOM y3ie /
B. 1. BobOposckmii / Konmeniis miABHUIICHHS
e(heKTUBHOCTI BaHTAKHUX IEPEBE3CHb Ha 3aJTi3H.
TpaHCH. : MDKBY3. 30. HayK. mp. — XapkiB : Xap-
HA3T, 1999. — Bum. 38. — C. 35-42.

3.  boOpogrcekuii, B. I. MozaentoBaHHs mporecy Hacy-
By Ta PO3IIyCKy COCTaBiB Ha COPTYBaJbHIH ripui /
B. I. Bo6pogchkuit, €. b. Jlemuenko // Tpaucmop-
THI CHCTEMH Ta TE€XHOJOTIi IepeBe3eHsb : 30. HayK.
np. JlHinmponerp. Hal. YH-Ty 3aii3H. TPaHCIH. iM.

doi: 10.15802/stp2015/57003

30

© E. B. Demchenko, 2015



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBcbkoro

HAIlIOHAJIILHOTO YHIBEPCUTETY 3aJli3HUYHOTO TpaHcnopty, 2015, Ne 6 (60)

EKCIUTYATAILA TA PEMOHT 3ACOBIB TPAHCIIOPTY

10.

11.

12.

13.

akan. B. JlazapsiHa. — J{ninponerpoBcbk, 2012. —
Bun. 4. - C. 13-19.

Bob6poBckwii, B. . Ontumusanusi pexxuMOB TOP-
MOJKEHHUS OTLIETNIOB pacyeTHOM TI'PyMIBI cocTaBa /
B. U. bobpogsckuii, A. C. lopom // Hayka Ta mpo-
rpec TpaHcn. BicH. /lHimpomerp. Ham. YH-TY
3ami3H. Tpaer. — 2013. — Ne 1 (43). — C. 103-112.
doi: 10.15802/stp2013/9582.

Bbo6posckuii, B. W. TIpeacraBnenue mpoaoIbHOTO
npoduiis copTHpOBOUHBIX Topok B ACY pacdop-
MupoBaHueM coctaBoB / B. U. Bobposckwuii // 1H-
(hopM.-ymparil. CUCTEMBI Ha XK.-JI. TpaHcm. — 1996.
—Ne 1/2. - C. 19-25.

Bobporckuii, B. 1. CoBepiieHCTBOBaHHE MMUTA-
LIMOHHOM MOJIeNIN Ipolecca Ha/IBUTa U POCITyCKa
COCTaBOB Ha COPTHPOBOYHBIX ropkax / B. M. bo6-
posckuii, E. b. Jlemuenko // TpancnoprHi cucre-
MH Ta TEXHOJOTII MepeBe3eHb : 30. HayK. Tp.
JuinporeTp. HaIl. YH-TY 3alli3H. TPAHCI. iM. aKas.
B. JIazapsHa. — AninponeTpoBebk, 2012. — Bum. 3.
-C.59.

I'peGentok, I1. T. TaroBeie pacueTs : CIIPABOYHUK
/II. T. I'pebentok, A. H. loaranos, A. 1. Ckeop-
1oBa. — Mocksa : Tpancnopt, 1987. — 272 c.
Hemuenko, E. b. Ouenka pacxoga TomiuBa ma-
HEBPOBBIMHU TEIJIOBO3aMH IIPU pachOpMHUPOBAHUH
COCTaBOB Ha copTHpoBoYHbIX ropkax / E. b. Jlem-
4yeHKo // TpaHCIIOPTHI CHCTEMH Ta TEXHOJIOTI] I1e-
peBe3eHs : 30. Hayk. mp. JHimpomeTp. HaIl. yH-TY
3ali3H. TpaHcH. iM. akaxa. B. JlazapsHa. — J{Hinpo-
meTpoBChK, 2013. — Bum. 6. — C. 39-46.
Kozauenko, JI. M. MogentoBaHHd poOOTH
COPTYBaJIbHOI TipKM B yMOBaxX HEBH3HAYCHOCTI
mapaMeTpiB BiAYEIiB Ta XapaKTEPUCTHK HABKO-
mumubeoro cepenosuiia / JI. M. Kozauenko,
M. 1. bepesosuii, O. 1. Tapaneup // Bich.
JlHinporeTp. Hall. yH-TY 3aJIi3H. TPaHCII. M. aKaj,.
B. Jlazapsina. — J{ninpomnerpoBcbk, 2007. — Bum.
16. - C. 73=76.

Kopxenesnu, M. Il. Ouenka pacxoia TOIUIMBa
WM 3JIEKTPOIHEPTHUHU Yepe3 MEXaHHIECKYyI0 pado-
Ty nokomotmBa / W. II. KopxeneBuu // BicH.
JHinporeTp. Hal. YH—TY 3aJli3H. TPAHCIL. iM. aKkaj,.
B. Jlazapsina. — J{minponerposcek, 2009. — Bum.
29. - C. 88-90.

Meroauueckue yKazaHHs [0 CPaBHEHUIO BapHaH-
TOB NPOCKTHBIX pemeHMi& KCJIE3HOAOPOKHBIX JIU-
HUW, y3710B U crtaHuuid. — Mocksa : BIITUT-
PAHCCTPO, 1988. - 468 c.

Haszapos, JI. C. IloBsienue 3¢dexTuBHOCTH Ma-
HeBpoBoii pabotst / JI. C. Hazapos, C. JI. Hazapos
// K.-n. tparcm. — 2001. — Ne 8. — C. 56-57.

Orap, O. M. HaykoBuii minxim oo BHU3HAYEHHS
pamioHaTbHUX ~ KOHCTPYKTHBHO-TEXHOJIOTIYHUX
napamerpiB coptyBajbHuX ripok / O. M. Orap //

14.

15.

16.

17.

18.

19.

20.

21.

22.

30. nayk. np. JouI3T. — Jlonenpk, 2009. — Bur.
18.— C. 9-16.

OnTuMHu3alys PEKHUMOB TOPMOXKCHHS OTLICIIOB
Ha COPTHUPOBOYHBIX TOpKax MoHorpadus /
B. U. bo6pogsckwuii, /1. H. Kozauenko, H. I1. Box-
ko [u mp.]. — JHempomeTpoBcK : MaKOBEIKHiA,
2010. - 260 c.

[paBmiia 1 HOPMBI IPOSKTHPOBAHHS COPTUPOBOY-
HBIX YCTPOWCTB Ha eJe3HbIX noporax Coroza
CCP : BCH 207-89. — Mocksa : Tpaucmopr, 1992.
—104 c.

[IpaBuiia TATOBBIX pacyeToB Ul MOE3AHOW pado-
Tl. — Mocksa : Tpancnopt, 1985. — 287 c.
CokpailieHne pacxoja AW3ENbHOrO TOIUIMBA Ha
ManeBpax / B. M. OBunnnukos, C. A. Iloxunaes,
H. TI'. HIsen, B. B. CkpexenneBckuii //
TpaHCOPTHI CHCTEMH Ta TEXHOJIOTi EPEBE3CHB :
30. Hayk. mp. JlHimpomerp. Hal. YH-TY 3ali3H.
TpaHcn. im. akan. B. Jlazapsma. — [IHimpo-
meTpoBchK, 2011. — Bum. 1. — C. 62-70.

Corder, G. W. Nonparametric Statistics for
Non-Statisticians: A Step-by-Step Approach /
G. W Corder, D. I Foreman. — New York : John
Wiley & Sons Inc.,, 2009. — 264 p. doi:
10.1002/9781118165881.

Dorosh, A. S. Determination of braking optimal
mode of controlled cut of design group / A. S. Do-
rosh // Hayka Ta mnporpec TpaHch. BicH.
JuinporneTp. Hall. yH—TYy 3aj]i3H. TpaHcn. — 2015. —
Ne 3 (5§7). — P. 36-44. doi: 10.15802/stp2015-
/46044,

Kerby, D. S. The simple difference formula: An
approach to teaching nonparametric correlation /
D. S. Kerby // Innovative Teaching. — 2014. —
Ne3.-P. 1-9.

Shengjun, F. Research on Application of Braking
Retarder Speed Control System / F. Shengjun //
Retarders & Speed Control Technology. — 2012. —
Iss. 4. - P. 11-16.

Tian-ming, M. The Research of Hump Retarder
Assistant Speed Control System / M. Tian-ming,
Z. Lianxiang // Retarders & Speed Control Tech-
nology. —2011. —Iss. 1. - P. 1-7.

doi: 10.15802/stp2015/57003

© E. B. Demchenko, 2015

31



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBcbkoro
HAIlIOHAJIILHOTO YHIBEPCUTETY 3aJli3HUYHOTO TpaHcnopty, 2015, Ne 6 (60)

EKCIUTYATAILA TA PEMOHT 3ACOBIB TPAHCIIOPTY

€. b. IEMUYEHKO"

"Kag. «Cranuii Ta By3mm», JIHIIPONETPOBCHKHIT HALIOHANBHMH YHIBEPCHTET 3aIi3HUYHOIO TPAHCIIOPTY
iM. akagemika B. Jlazapsna, Byin. JlazapsHa, 2, [IHinponeTpoBchk, Ykpaina, 49010, Ten. +38 (097) 799 16 75,
ex. momTa eugene_demchenko@mail.ru, ORCID 0000-0003-1411-6744

KOMILTEKCHA IMITALIITHA MOJEJIB TPOLIECY
PO3®OPMYBAHHS COCTABIB HA COPTYBAJILHUX I'IPKAX

Meta. OHUM 13 NPIOPUTETHUX HANPSMKIB MiJIBUILEHHS €()eKTUBHOCTI (PyHKLIOHYBaHHS COPTYBAJIBHHX KOM-
TUIEKCIB CTaHLI € CKOPOUYEHHS! EHEePreTHYHHUX BUTpAT Ha po3(OpMyBaHHs COCTaBiB, a came: BUTPAT MajuBa Ha 1X
HacyB Ta €JIEKTPOSHEPrii Ha TalbMyBaHHs BiqueniB. Y 3B’s3KYy 3 IIMM e(eKTHBHE BHUPIIIEHHS TPOOIEMH 3HIKEHHS
€HEeproBUTpaT y miacucTeMi po3(opMyBaHHS BUMarae KOMIUIEKCHOTO PO3IIISIAY MPOLECIB HACYBY Ta PO3IYCKY COC-
taBiB. [IpoTe, sik MoKa3aB aHaii3, y TENEpilIHIN Yac 3a7a4i yJOCKOHAJIEHHS IPOLecy HAacyBY Ta MiABHIIEHHS edek-
THUBHOCTI TIPOIIECY PO3ITYCKY BUPIITYIOTHCS OKpeMo. i1 BupimIeHHs BKa3aHOi mpoOieMu B poOOTi HEOOXiTHO po3-
pOOUTH KOMIUIEKCHY IMITalliifHy MOAETHh po3dopMyBaHHs cocTaBiB. MeTtoanka. MoentoBaHHs MPoIleCy HACYBY Ta
PO3IYCKY COCTaBiB BUKOHYBAJIOCh HA OCHOBI aJIalITOBAaHUX JI0 YMOB MaHEBPOBOI POOOTH TATOBHX PO3PaxyHKiB; PU
IpOMY OyJH BpaxoBaHi 0cOOIMBOCTI poOOTH MaHEBPOBHUX TEIUIOBO3IB Ha COPTYBaNbHIH Tipmi. Jns peanizarmii 3a1a-
HOTO PEeKUMY HAacyBy OYJIO 3aCTOCOBAHO CICIIaIbHUN alNrOPUTM YNPABIIHHS TIPKOBUM TEIJIOBO30M, SIKUH, OKPIM
BHUMOT i3 0e3[eYHOr0 BUKOHAHHS MaHEBPOBOi POOOTH Ta eKCILTyaTalii JIOKOMOTHBIB, BpaxoBye i OixeBiopaibHi
(haxTOpH, 1O MOB’sA3aHI 3 KEPYOUUMH JisiMU MaiiuHicTa. JlaHuid aropuT™ 3abesriedye IJIaBHUE PO3TiH Ta MOAa-
JBIIMHA PyX COCTaBy 3 OJM3BKOIO J0 BCTAHOBJICHOT IIBHUJKICTIO. BUTpaTH majimBa ripkoBUM TEIUIOBO30M BU3HAYa-
JIUCh HA OCHOBI BEJIMYMHHM BHKOHAHOI MEXaHIUYHOI pOOOTH CHJIM TATH JOKOMOTHBA. Pe3ynabTaTn. Po3pobieHo mo-
JIeJTb HACYBY COCTaBiB, sIKY 0yJ10 00’€THAHO 3 iICHYIOUOK MOJICIUTIO CKOYYBAaHHS BiYeIIiB. Y MpOIeci MOJCITIOBAHHS
BU3HAYAETHCS MTOYATKOBA IIBHJIKICTH BiUEIIB Y MOMEHT iX BifpuBY Bix coctaBy. OTpuMaHa OYaTKOBA MIBUAKICTH
BiZ[UEIiB BUKOPUCTOBYETHCS /IS IIOJAIBIIOTO MOJICIIIOBAHHS MPOLIECY iX CKOUyBaHHS. Y pe3ysbTaTi MOJEIIOBaHHS
3 OCTAaTHBOIO TOYHICTIO BH3HAYAIOTHCS BHUTPATH MalMBa TiPKOBHM JIOKOMOTHBOM Ha pOo3(pOopMyBaHHS COCTaBiB.
HaykoBa HOBH3HA. ABTOPOM yIOCKOHAJICHA iMiTaIliiiHa MOJENb Mpolecy po3(opMyBaHHS COCTaBiB Ha COPTYBalIb-
HUX TipKaX, 10, Ha BiJIMiHYy BiJ] iCHYIOUHUX, TO3BOJIS€ KOMIDICKCHO BiIITBOPIOBATH BCi €JIEMEHTH IIFOTO MPOIIECy Ta
JIETAIBHO W JTOCTOBIPHO OIIIHIOBATH HOro sKicTh. IIpakTH4YHA 3HAYMMICTB. 3a JTOMIOMOTOI0 PO3pOOJIEHOT MOAEei
MOJKJIMBO BU3HAUATH PAaIliOHATBEHUNA PEKUM (QYHKIIOHYBaHHSA COPTYBAIHHOTO KOMIUIEKCY. 3 II€I0 METOIO0 BKa3aHy
MOZEJb AOLUIBHO BKJIIOYUTH O CKJIANy CUCTEMH IMIATPUMKH HPUHHATTS PilIeHb JUCIETYEPCHKOrO MEPCOHATY CTa-
HIT.

Kniouosi crosa: HacyB Ta PO3IIyCK COCTaBiB; COPTYBaIbHA TipKa; TiPKOBUH TEIUIOBO3; BUTPATH ITaJIHBA
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KOMIIVIEKCHASA UMUTALIUMOHHAA MO/JEJIb TIPOLUECCA
PAC®OPMUPOBAHUA COCTABOB HA COPTUPOBOYHBIX I'OPKAX

Heab. OmHUM M3 NPUOPHUTETHBIX HANpaBiIeHWH TNOBbIMIEHUS 3(deKkTHBHOCTH (YHKIHMOHUPOBAHUS COp-
THPOBOYHBIX KOMIUIEKCOB CTAHIUH SIBIISICTCS COKPAIICHUE YHEPTETHUECKUX 3aTPaT Ha pac()OPMHUPOBAHUE COCTABOB,
a4 WMEHHO: pacxojia TOIUIMBA HAa WX HAJIBUT W 3JICKTPOSHEPTHMHM Ha TOPMOXCHHE OTIENOB. B CBsA3uM ¢ 3THM
3G (GEKTUBHOE pEIICHUEe TMPOOJIEMBI CHIDKCHHS JSHEpPro3aTpaT B IOACHCTEME pacHOpMHUpOBAHUS TpeOyeT
KOMIUIEKCHOTO PAacCMOTPEHHs MPOIIECCOB HaaBMra M pociycka cocraBoB. OJHaKko, Kak [OKa3ajl aHalu3,
B HACTOSIIIIEC BpeMs 3a[audl COBEPIICHCTBOBaHMS IMpoIecca HaABMra W MOBbIICHHS 3()(EKTHUBHOCTH Mpolecca
pociiycka pemaroTcsl pasnenbHo. [l pemieHHs ykasaHHOW mpoOiemsl B pabore HeoOXoamMo pa3paboTaTh
KOMIUIEKCHYI0 HMMHUTAI[OHHYIO MOJIeJb pachopMUpOBaHus cocTaBoB. MeToamka. MojenupoBaHue mporecca
HaJIBUra M POCITyCKa COCTaBOB BBINOJIHSIIOCH HA OCHOBE aJalTHPOBAHHBIX K YCIOBUSIM MaHEBPOBOW pPabOThI
TSATOBBIX PacyeToB; MPH ATOM OBLIM YYTEHbI OCOOCHHOCTH pabOThl MaHEBPOBBIX TEIJIOBO30B Ha COPTUPOBOYHOMN
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ropke. [lng peanusanuu 3aJaHHOTO pEeXHMMa HAABUTAa OBUI NPUMEHEH CHELHUAIbHBIA aJTOPUTM YIIPaBICHUS
TOPOYHBIM TEIJIOBO30M, KOTOPBIA Hapsay C TpeOOBaHHMSIMH OE30MaCHOCTH BBIMOJHEHHMS MaHEBPOBOH pPabOTHI
W OKCIUTyaTallMd JIOKOMOTHBOB YYHMTHIBAeT M OMXEBHOpPAIbHBIE (DAKTOPBI, CBS3aHHBIE C YIPABISIOLIMMHI
JIEUCTBUAMH MalIMHUCTA. J[aHHBIA anropuTM oOecrieunBacT IJIaBHBIA Pa3roH M JAJIbHEHIIee IBMXKCHHE COCTaBa
¢ ONM3KOH K yCTaHOBIJICHHOW CKOpOCTBIO. PacXospl TOIUIMBAa TOpPOYHBIM TEIUIOBO30M OIPENEISUTICH HA OCHOBE
BEJIMYMHBI BBHIIOJIHEHHOH MEXaHWYeCKOH paboThl CHIIBI TArM  JokoMoTuBa. PesyasTaThl. Pazpaborana
MMHTAlMOHHAs MOJENb HAJBHIa COCTABOB, KOTOpas Obula OOBEIMHEHA C CYIIECTBYIONIEH MOJENBIO CKATHIBAHUS
oTIEenoB. B mpomecce MoaenMpoBaHUs ONpENeIsieTCs] HayalbHasi CKOPOCTh OTIIENIOB B MOMEHT MX OTpPbIBAa OT CO-
crasa. [lomy4eHHas HadagbHAsI CKOPOCTh OTLIETIOB MCIONB3YETCs Ul JAJIbHEHIIEro MOJECIUPOBAHMS IpoLiecca X
CKaTbIBaHUs. B pesynpraTe MOAENUMPOBAHUS C JIOCTATOYHOH TOYHOCTBIO OIPENCISIOTCS PAacXoAbl TOILUIMBA
TOPOYHBIM JIOKOMOTHBOM Ha pacopMHpoBaHHE cocTaBoB. HayuHas HOBH3HA. ABTOPOM YyCOBEPILEHCTBOBaHA
MMHTALMOHHAs MOJIEINb Ipoliecca pacOpMUPOBAHHSI COCTAaBOB Ha COPTUPOBOYHBIX TOPKaX, KOTOpas B OTIMYHE OT
CYIIECTBYIOIIUX, IO3BOJIAET KOMIUIEKCHO BOCIIPOM3BOJMTBH BCE JJIEMEHTHl 3TOrO Ipouecca U IMOIPOOHO
U JOCTOBEPHO OLIEHMBAaTh €ro kadecTtBo. IIpakTuyeckas 3HaummocTh. C HOMOIIBIO pa3paboTaHHOH Mopenu
BO3MOXKHO OIPENEISTh PALMOHAIBHBIN pexXnM (DyHKIMOHHPOBAHHUS COPTHPOBOYHOrO Komiuiekca. C 3TOH LeNbio
YKa3aHHYIO MOJIEJIb LIeJIECO00pa3HO BKIIOYUTH B COCTAB CHCTEMBI MOJJICP)KKH NPUHSTHUS PEIICHUH TUCTIETYEPCKOTO
HnepcoHana CTaHLUU.
Kniouesvie cnosa: HaBUT U POCITyCK COCTaBOB; COPTUPOBOYHAS TOPKA; TOPOUHBINA TEIJIOBO3; PACXO] TOILIHBA
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