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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOTrO TpaHcmopty, 2015, Ne 3 (57)

EKCINVIYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

UDC 656.212.5(23.01)

A.S. DOROSH"

"Dep. «Stations and Junctions», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (066) 927 84 62,
e-mail dorosh_as@mail.ru, ORCID 0000-0002-5393-0004

DETERMINATION OF BRAKING OPTIMAL MODE
OF CONTROLLED CUT OF DESIGN GROUP

Purpose. The application of automation systems of breaking up process on the gravity hump is the efficiency
improvement of their operation, absolute provision of trains breaking up safety demands, as well as improvement of
hump staff working conditions. One of the main tasks of the indicated systems is the assurance of cuts reliable sepa-
ration at all elements of their rolling route to the classification track. This task is a sophisticated optimization prob-
lem and has not received a final decision. Therefore, the task of determining the cuts braking mode is quite relevant.
The purpose of this research is to find the optimal braking mode of control cut of design group. Methodology. In
order to achieve the purpose is offered to use the direct search methods in the work, namely the Box complex
method. This method does not require smoothness of the objective function, takes into account its limitations and
does not require calculation of the function derivatives, and uses only its value. Findings. Using the Box method
was developed iterative procedure for determining the control cut optimal braking mode of design group. The pro-
cedure maximizes the smallest controlled time interval in the group. To evaluate the effectiveness of designed pro-
cedure the series of simulation experiments of determining the control cut braking mode of design group was per-
formed. The results confirmed the efficiency of the developed optimization procedure. Originality. The author for-
malized the task of optimizing control cut braking mode of design group, taking into account the cuts separation of
design group at all elements (switches, retarders) during cuts rolling to the classification track. The problem of de-
termining the optimal control cut braking mode of design group was solved. The developed braking mode ensures
cuts reliable separation of the group not only at the switches but at the retarders of brake position. Practical value.
The developed procedure can be successfully used to determine the optimal braking modes of cuts in automation
systems of trains breaking up on the gravity humps.
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Introduction

The control of trains breaking up on gravity
humps is quite complex mathematical and techni-
cal problem, which is characterized by a high de-
gree of responsiveness, the insufficiency or the
absence of accurate information about the con-
trolled object, the impossibility of formalizing all
random factors and processes.

The main direction of the gravity humps effi-

ciency improvement is automation of trains break-
ing up process [19]. One of the most important and
difficult tasks of trains breaking up process control
in automatic mode is to determine the braking
modes (BM) of trains cut, which provide the best
conditions of separation on separating elements
(switches and retarders) and the fulfillment re-
quirements of target regulation of rolling speed of
cuts [16-18]. A number of scientific papers were
devoted to solve the optimization task; however, as
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a rule, design basic group is considered as a group
of three cuts with controlled medium cut. In work
[7] the objective function of optimization problem
of controlled cut breaking mode of the design
group in the following form

min{d¢,, dt);} = max, (1)

where 0t,,, 6t,; — intervals on switches, respec-
tively, in the first and second cut pairs of design
group.

To solve the problem of optimization for crite-
rion (1) in the work [5] the author proposed to use
gradient methods. However, the use of gradient
methods for solving the problem (1) requires its
transformation into smooth function, which greatly
complicates the optimization process. In the work
[2] was proposed more universal method to opti-
mize braking modes not only for the design group
of cuts, but the train as a whole. But, first of all, this
method is quite complicated and unmanageable, and
secondly, does not always provide the required ac-
curacy solution, because the objective function in
this problem is not smooth. To address these short-
comings in work [4] solving the optimization prob-
lem of train cut BM was made with using iterative
method. This method allows determining before the
trains breaking up such cuts BM at which intervals
on the switches in all cut pairs, including non-
adjacent, take the maximum value [3].

However, the typical shortcomings of methods
[2-5, 7] are optimization problem solving of cuts
BM in the determined formulation. Completed re-
searches [11] showed that the influence of random
factors and inaccurate information complicate the
definition of rational cuts BM at train breaking up.
In this regard, in [9, 10] optimization of cuts inter-
val speed control is proposed to do on the base of
the criterion of the minimal risk of undivided cuts
on switches. This approach allows solving the op-
timization problem of cuts BM at stochastic rolling
conditions, which gives an opportunity to take into
account the influence of random factors in the
process of trains breaking up on the hump.
The problem definition of cut BM in the proposed
[9, 10] criterion is solved in [8]; with the resulting
profiles ensure minimum value windows on the
sorting tracks and minimal risk of undivided cut on
the switches at a given level safety sorting process.

The given analysis of scientific papers showed
that optimization of cuts BM is done in case of

their reliable separation only on the switches; thus
cuts separating on the retarder of hump are not in-
cluded, or considered as restriction [12], which
does not maximize the quality of regulation inter-
val on all separating elements of humps. Moreover,
given in [12] method of searching these restrictions
is quite complex and requires for its implementa-
tion the use of simulation and regression analysis,
which in turn complicates the application of the
technique in automation trains breaking up systems
on the hump.

The authors in work [6] noted that the optimi-
zation of the braking cut of the design group
should be considered not only at intervals separat-
ing switches and in the first retarder of the first
(FBP) and second (SBP) brake position. This ap-
proach in solving the optimization problem of BM
will improve the quality of interval regulation at all
separating elements of hump and, therefore, the
safety of the trains breaking up process.

Purpose

The aim of this work is to solve the optimiza-
tion problem of the design group braking cut based
on the intervals between switches and retarders of
brake positions.

Methodology

The braking mode U(U,U") of design group
controlled cut is characterized by its set speed out

of the FBP and SBP respectively U and U .

The task of optimizing braking mode U of
controlled cut of the group is to find such a mode,
which ensures reliable separation of all group cuts
both at the switches, and at the retarders of FBP
and SBP. At this regard, the best for controlled cut
is the braking mode U, in which the smallest of
intervals in the group reaches its maximum:

£ =min{dt,(U), 8t,,(0), 5t/ (U)
85" (U), 8thy " (U), 835" (U)} — max,
AtUeQ )

where 8¢V, 8% — the interval between adjacent

cut on the first retarder of FBP and SBP respec-
tively; Q — the domain of permissible speeds
(DPS) of cuts coming out of FBP and SBP.

It should be noted that the number of variables
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in (2) depends not only on cut routes of the group,
but also the relative position of switches and brake
positions scheme at the gravity hump.

In [6] is found that for hump necks with 4
beams of classification tracks exists 9 characteris-
tic destination track combinations and accordingly,
separating switches to groups of 3 cuts, which dif-
fer in the number and placement of separating ele-
ments on FBP and SBP and respectively, the num-
ber of intervals of objective function (2).

Thus, according to [6], the number of intervals
in the group can vary from 2 to 6, due to the lack
of separation cut on FBP and (or) on the SBP un-
der certain combinations of routes of their move-
ment. Moreover, at the same time, conditions may
vary and adjustment intervals between cuts — inter-
val can be unregulated, can depend only on the
braking on FBP or breaking on both positions —
FBP and SBP. These features greatly complicate
solving the optimization problem of controlled cut
braking mode of the design group.

The objective function (2) is an undifferenti-
ated, plain and nonlinear function, while its deriva-
tives have discontinuities at the points where

Optimization beginning

dt, =dt;,i# j. Taking into account these charac-

teristics to solve the optimization problem (2)
should be used methods of direct search (zero-
order) as they do not require smoothness and de-
rivatives calculation of the objective function, and
use only its value. In this paper, to solve the prob-
lem (2) was used the complex Box method [15].
The minimum function search is performed with
the help of dots set moving to the direction of its
minimizing within the restriction region. As the
indicated method minimizes the objective function,
therefore, the sign of the objective function f was
changed to —f .

The complex Box method provides a sequential
selection of k& random points, which form the set.
The number of such points is k£ =2n, where n —
the dimension of the problem. As braking mode of

cut is presented with speeds U and U", the di-
mension of the problem is n=2. In general, the
optimization procedure of the separate cut braking
mode using the Box method can be represented in
the form of an iterative scheme, which is shown on
Figure 1.
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Fig. 1. Optimization procedure of controlled cut braking mode using Box method
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Step 1. In the first step of the optimization pro-
cedure it is necessary to obtain the set with &
points. In turn each point of the set x; is character-

ized by the following parameters U,,U, , the value
of which is defined by the formulas

-U,

l,min) b

U, =U,

i,min

Ui =f(U)=

where i — point number of the set, i=1, 2,..., k;
r, — random numbers, uniformly distributed in the

interVal [0, 1] ; Ul(rzqm > Ul(r'?]ax

+r(U

1,max

-U

i,min )7

"
l min }/; (Ui,max

— the minimum and

maximum coming out speed of cut from FBP
(SBP), which is determined by its DPS (see Fig. 2).

It is essential to note that all points of initial set
are acceptable, as determined within DPS. In each
of the k set points is determined by the value of

objective function f;(X;) .

U", m/s

i,max

5

4 DPS

3

i,min

i,min i,max

m/s

Fig. 2. Determining of U,,U; in
DPS of controlled cut

Step 2. Selected point x, with the largest value
of the function f(x), that is

S = f (%) =maxify, £,

and it is eliminated.
The new set point x,

Jiks

is determined by the
point reflection x, through the center of gravity
X, the other k£ —1 points

X, =(l+0)x, —ax,,

where a — the empirical reflection coefficient (ac-
cording to [14] accepted « =1,3).
In turn, the gravity center of k£ —1 set points is

determined by the formula

1 k
(B n)
=

Step 3. In this step the point x, is checked to

the identity to the domain of cuts exit permissible
speed from FBP and SBP. To perform this verifi-
cation the computational geometry method [13] is
used, which is based on the position checking of
the x, in respect of each DPS sides.

If the point x, does not belong DPS, it is
moved on the half of the distance between x, and

X, , that is

(x, %)
e

After this re-check of the x, identity to DPS is
done; this step is performed until reception of ac-
ceptable point x, .

Step 4. In this step, the check of the point
x, validity is performed. The value of the function
f. = f(x,) is calculated and compared with f, . If
f, < f, (the improvement of the objective func-

3)

X, (new) =

tion), the point x, replaces point x, and go to step
5.

In case if f, > f,, that is “worse” than the larg-
est value, which was obtained earlier, the point x,
is shifted to the center x, on the half of the dis-

tance between them by the formula (3), and the
calculation process returns to step 3. The above
procedure is performed until the condi-
tion f, < f, is met.

Step 5. This step involves checking the condi-
tions of optimization completion. For this purpose
the dispersion D calculation is performed for &
values of the objective function and the distance L
between the points of the set x; and their gravity

center X, :

p=13(rx)-7) .

i=1

»I»—

L=

k
2(x %)
i=l1
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The optimization process is completed if
D<eg, i L<g, (&,,&, — permissible error solu-
tion), otherwise, proceed to step 2 and repeat the
optimization process.

Findings

To check the developed optimization procedure
effectiveness of the braking mode of design group
cut was performed series of experiments. In par-
ticular, the optimization task of braking mode of
the medium cut of design group (hard-rolling cut
(HRC))-easy-rolling cut (ERC,)-hard-rolling cut
(HRC5)) at various combinations of rolling routes
was solved; while, for comparison, the optimiza-
tion was performed using two methods.

In the first method, which was developed in
this work, search of the best braking mode was
performed on the base of criterion (2) and the sec-
ond method proposed in [12] involves intervals
maximization between cuts of the group only on
the switches. The results of the optimization using
two methods are given in Table. 1.

As the table shows, using the second method
set breaking mode provides maximum and equal
intervals on the switches, but it leads to a signifi-
cant reduction some of them (comb. 7). At the
same time, the first method allows to increase the
intervals value not only on the switches but on re-
tarders of FBP and SBP (comb. 2-4, 7), which, in
turn, reduces the fail risk of cuts non-separation
under conditions of performance error of their set
braking modes [1].

Table 1

The results of optimization the braking mode of the medium cut of group HRC,;-ERC,-HRC;

Comb| o, | o, [Method | /' m/s | U, m/s 8t,. s 3t s 8" s 8t,,. s 8y, s 8t
1 ~ ~ 2,27 - - 423 - -
1 |11
2 ~ ~ 227 _ _ 423 - _
1 6,90 3,15 2,27 - - 8,10 6,37 -
212 2 3,43 4,40 2,27 - - 2,28 5,91
1 6,90 5,19 2,27 - - 9,35 6,37 8,08
P 2 421 4,99 2,27 - - 2,27 5,91 2,45
1 3,03 3,79 5,60 2,45 - 423 - -
S 2 4,60 2,50 4,23 2,45 - 4,23 - -
1 4,43 2,86 4,39 2,45 - 4,39 5,91 -
S22 2 4,44 5,16 4,38 2,45 - 4,39 591 -
1 4,72 5,36 4,12 2,45 - 5,38 5,91 4,12
© 1% 2 4,53 5,23 4,29 2,45 - 4,30 5,91 3,55
2 s 1 3,03 3,79 17,67 2,45 9,77 4,23 - -
2 6,90 4,27 4,23 2,45 1,23 4,23 - -
1 4,79 3,39 14,62 2,45 5,02 5,02 5,91 -
51707 2 6,90 3,46 8,08 2,45 1,23 8,10 6,37 -
o |s|s 1 4,96 5,36 4,65 2,45 4,65 5,91 5,91 4,65
2 4,70 5,36 5,27 2,45 5,20 5,28 5,91 4,06
Note:

«~ « —unspecified breaking mode
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Originality and practical value

The scientific novelty of this work is in the
procedures development of the controlled cut brak-
ing mode optimization of the design group, which
ensures the best conditions of cut separation both
on the switches and retarders of hump rolling down
part.

Developed procedure can be used to solve the
problem of process control of cut rolling on the
automated gravity humps.

Conclusions

1. Formalized optimization problem of con-
trolled cut braking mode of the design group taking
into account the group cuts separation on the
switches and brake position retarders. This ap-
proach allows providing reliable group cuts separa-
tion on all elements (switches, retarders) during
their rolling to the classification tracks.

2. Developed the iterative optimization process
of controlled cut braking mode of the group using
Box method. The experiments results analysis
showed that the method is quite effective and can
be successfully used to solve multi-objective prob-
lem of cuts braking mode optimization of train,
which is broken-up on gravity hump.
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OIIPEAEJIEHME OIITUMAJIBHOI'O PEZKUMA TOPMOKEHUA
VIIPABJSIEMOI'O OTHENA PACYETHOM I'PYIIIbI

Heas. BEeapenue cucrteM aBTOMaTH3alUK MIPoLecca pacOpMUPOBAHKS COCTABOB HAa COPTHPOBOYHBIX TOPKAX
HATpaBJICHO B OCHOBHOM Ha TMOBHIIEHNE 3P PEeKTUBHOCTH NX PYHKIHOHUPOBAHUA, O€3yCIOBHOE OOecIeueHne Tpe-
6oBaHMIT 0€30IIaCHOCTH POCITyCKa COCTABOB, a TAKXKE yJIYUIICHUE YCIOBUIl Tpyna mepcoHana ropku. OxHa U3 oc-
HOBHBIX 3a[a4 YKa3aHHbIX CHCTEM — O0ECIEUEHUE HAZEKHOTO pa3/iesIeHHs] OTLIEIIOB COCTaBa HA BCEX JIEMEHTAX 10
MapIIpyTy UX CKaThIBAaHWA Ha IIyTH COPTUPOBOYHOIO IMapKa, KOTOpast SIBISIETCS JOCTATOYHO CIIOKHOW ONTHUMHU3AIN-
OHHOW 3aJayell M He MOoJy4YHiIa OKOHYATEeNbHOTO perieHus. [loaTomy, 3anada onpeneseHns peKUMOB TOPMOKEHHUS
OTLETIOB COCTaBa SIBJISIETCS IOCTATOYHO aKTyalbHOH. Llenbro naHHOW paboTHI SBIISIETCS OMCK ONTUMAaJIbHOTO pe-
’KMMa TOPMOXEHHUs YIPAaBIAEMOro OTlena pacueTHor rpynnsl. Meroguka. s TOCTHKEHUS IIOCTABICHHOU B pa-
00Te 1eny npeaaraeTcsi HCIoJIb30BaTh MPSIMbIE METO/IBI TIOMCKA, 8 UMEHHO — KOMIUIEKCHBIH MeTox bokca. /laHHbIi
METOJl He TpeOyeT INIaAKOCTH 1eJIeBOi (QYHKINH, YINTHIBAET €€ OTpaHUUYCHNUs, a TaKXKe He TpeOyeT pacyeTa Npou3-
BOJHBIX (PYHKIMH, a UCHOIB3YET TONBKO ee 3HadeHue. PesyabTaTsl. C ncnons3oBanueM mMerona bokca Obuia pas-
paboTaHa WTEpalMOHHAS IPOLEAYpa OIPEACICHHS ONTUMAJIbHOTO PEKHMa TOPMOKEHHS YNPABISIEMOTO OTIENa
pacdeTHO# IpyImnbl, KOTOpas MO3BOJISET MAaKCHMHU3UPOBATh HAUMEHBIINH M3 YIPaBISEMBbIX HHTEPBAJIOB B IPYIIIE.
st ouenkn 3¢ (eKTHBHOCTH pa3pabOoTaHHON MPOLEAYPhl IPOBEIEH PAA UMHUTAILIMOHHBIX 3KCIIEPUMEHTOB IO OIIpe-
JIENICHNIO PEXXUMa TOPMOKEHHUS YIIPaBJIIEMOT0 OTLENA pacueTHON rpymnmnsl. [lomyueHHble pe3yabTaThl MOATBEPAMIN
3¢ GEeKTHBHOCTH pa3paboTaHHON Mporexypsl onTuMu3anun. Hayuynasa HoBu3Ha. ABTOpoM Obuta (popMann3oBaHa
3a/1a4a ONTUMU3ALUN PEXUMA TOPMOKEHUS YIPABIAEMOr0 OTLEIA PACUETHOU IPYIIIBI C YYETOM Pa3/ElIeHUs OTLE-
OB I'PYIIBI HA BCEX JIEMEHTax (CTpesKax, 3aMeJUIMTENsX) IPH UX CKaThIBAHMU Ha COPTHPOBOYHBIE MMyTH. PereHa
3aada MoucCKa OlTUMAaJIbHOTO PEKMUMaA TOPMOKEHHUA YIIPABIICMOT'0 OTLETIA I'PYIIIEBI, ITIPU KOTOPOM O6eCHe‘il/IBaeTCﬂ
HaJIS)KHOE pa3JielIieHHe OTLEIOB TPYIIIbl HE TOJIBKO Ha CTPEJIOYHBIX MEPEBOJAX, a U HA 3aMEIJIUTEINISIX TOPMO3HBIX
MO3UIMHA cIyCKHOHM yactu ropku. IlpakTudeckast 3HauuMocTh. PazpaboTanHas mpoleaypa MOXeT ObITh yCIEITHO
UCIIOJIb30BaHa TPH ITOMCKE ONTUMAIBHBIX PEKMMOB TOPMOKEHHUS OTLETIOB B CHCTEMaX aBTOMAaTH3alMK pachopmu-
POBaHHMS COCTABOB Ha COPTUPOBOYHBIX TOPKaX.

Kniouegvie cnosa: copTUpOBOYHAs TOPKA; PEXUM TOPMOXKEHHS; OTLEIT; KOMIUIEKCHBINH MeToz bokca
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EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

BU3HAYEHHSA OITUMAJIBHOT'O PEXXUMY I'AJIBMYBAHHA
KEPOBAHOI'O BIJUEIIA PO3PAXYHKOBOI I'PYII

Mera. BrnpoBamkeHHS CHCTEM aBTOMATH3allii Mpouecy po3(dOopMyBaHHS COCTaBiB Ha COPTYBAJIBHUX TipKax
CIpsMOBaHE B OCHOBHOMY Ha MiIABHINEHHA e(eKTUBHOCTI iX (yHKIiIOHYyBaHHS, Oe3yMOBHE 3a0€3IE€YCHHS BUMOT
0e3MeKH PO3IyCKy COCTaBiB, a TAKOXX IMOKPAIICHHS YMOB Ipalli mepcoHany Tipku. OfHa i3 OCHOBHHX 3aad BKa3a-
HUX CHUCTEM — 3a0e3IeueHHs HaIIifHOTO PO3IIJICHHS BiUEIiB COCTaBa Ha BCIX €IEMEHTaX MAPIIPYTY iX CKOUYBaHHSI
Ha KOJIii COPTYBAJIBHOTO HapKy, SIKa € JIOCUTh CKJIaJHOI0 ONTHMI3alliifHOI0 3a/lauelo 1 He OTpUMajia OCTaTOYHOTO
BupinieHHs. ToMy 3a/1aua BU3HAYCHHS PEXHMMIB rajibMyBaHHs BIAYEIiB cOCTaBa JI0OCTaTHBO aKTyaibHa. MeTolo Ja-
HOi poOOTH € MOIIYK ONTUMAILHOTO PEXUMY I'aJbMyBaHHs KEPOBAHOTO BiJuena po3paxyHKoBOi rpynu. MeToauka.
Jlnist TOCATHEHHSI MOCTaBJIEHOI y poOOTI METH NMPOINOHYETHCSI BUKOPUCTOBYBATH NPSIMi METO/U ITIOIIYKY, a came —
KoMIUTeKCcHIH Meton bokca. JlaHuit MeTox He BUMarae ri1agKocTi HiTboBOi (yHKIIi, BpaxoBye ii 0OMeXeHHs, a Ta-
KOX He MoTpedye po3paxyHKy MOXiAHUX (YHKIIT, a BAKOPUCTOBYE Juile ii 3HaueHHs. Pe3yabTaTH. 3 BUKOpUCTaH-
HAM Merona bokca Oymo po3poliieHo iTepalliifHy mporeaypy BH3HAYEHHS ONTHMAJIbHOTO PEXUMY TajJbMyBaHHSI
KEpPOBAaHOTO BiAdyerna po3paxyHKOBOi TPYIH, SKa I03BOJISE MAaKCHMIi3yBaTH HAaWMEHIIHMH i3 KEPOBAaHWX IHTEpPBAIiB
y rpymi. st oniHKK e(eKTUBHOCTI pO3pOOJICHOT MPOLeypH POBEACHO PsiJl IMITAIIIHHIX €KCIIEPUMEHTIB i3 BU3HA-
YEHHsI PeXKUMY TaJlbMyBaHHsI KEPOBAHOTO Biguena po3paxyHkoBoi rpynu. OTpumaHni pe3ysbTaTd HiITBepAnIn ede-
KTUBHICTh po3po0iieHol npouenypu ontumizanii. Haykosa HoBu3Ha. ABTOpoM Oyia opmarizoBaHa 3a/1a4a ONTH-
Mizalii pexuMy rajbMyBaHHS KEPOBAHOTO BiJuerna pPO3paxyHKOBOI IPYNH 3 ypaxXyBaHHSIM PO3AUICHHS BiI4eHiB
TPYNU Ha BCIX €JIeMeHTax (CTpilKax, YHOBUIbHIOBaYax) IPH IX CKOYYBaHHI Ha KOJii COpPTyBalbHOTO mapky. Bupi-
IICHO 3aJa4y IMOLIYKY ONTUMAJIHOTO PEXXUMY I'aJbMyBaHHS KEpPOBaHOTO Bigderna IpyIH, PH SKOMY 3a0e31edyeTh-
cs HaNiffHe PO3MIJICHHS BiqUYEIiB TPYNH HE JIUIIC Ha CTPLUIOYHUX IEPEeBOJaX, a i Ha YHOBUIBHIOBaYaX TalbMOBUX
mo3uMii cryckHoi yacTuHU ripku. [IpakTuyna 3HauuMicTh. Po3pobnena nporenypa Moxke OyTH YCIIITHO BUKOPH-
CTaHa IPY BU3HAYCHHI ONTUMAIBHUX PEXHMIB TaJbMyBaHHSA BiJUeliB y CHCTEMax aBTOMAaTH3allil po3dopMyBaHHS
COCTaBiB Ha COPTYBAIBHUX TipKax.

Knrouoei crosa: copTyBabHa TipKa; peXHUM ralbMyBaHHS; Bi4er; KoMILIeKCHUI Meton bokca

REFERENCES

1. Bobrovskyi V.I., Dorosh A.S. Doslidzhennia vplyvu parametriv keruvannia upovilniuvachamy na tochnist
halmuvannia vidchepiv [The impact study of control parameters by retarders on the accuracy of cut braking].
Zbirnyk naukovykh prats Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu imeni
akademika V. Lazariana «Transportni systemy ta tekhnolohii perevezeny [Proc. of Dnipropetrovsk National
University of Railway Transport Named after Academician V. Lazaryan «Transport Systems and Transport
Technologies»], 2013, issue 6, pp. 10-14.

2. Bobrovskiy V.I. Mnogoshagovyy dvukhetapnyy metod optimizatsii rezhimov rospuska sostavov na gorkakh
[Multistage two-stage method of modes optimization of rolling stock dissolution on the humps]. Informat-
sionno-upravlyayushchiye sistemy na zheleznodorozhnom transporte — Information Management Systems on
Railway Transport, 2004, no. 2, pp. 8-14.

3. Bobrovskiy V.I., Kudryashov A.V. Optimizatsiya rezhimov rasformirovaniya sostavov na sortirovochnykh
gorkakh [Optimization of modes of dissolution of the compositions on humps]. Visnyk Dnipropetrovskoho
natsionalnoho universytetu zaliznychnoho transportu imeni akademika V. Lazariana [Bulletin of Dnipropet-
rovsk National University of Railway Transport named after Academician V. Lazaryan], 2010, issue 32, pp.
224-229.

4.  Bobrovskiy V.I., Rogov N.V. Optimizatsiya rezhimov regulirovaniya skorosti ottsepov pri rospuske sostavov
na gorkakh [Regulating methods optimization of the cuts speed at dissolution of the rolling stock on sorting
humps]. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu imeni akademika
V. Lazariana [Bulletin of Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan], 2004, issue 4, pp. 174-182.

5. Bobrovskiy V.I. Optimizatsiya rezhimov tormozheniya ottsepov na sortirovochnykh gorkakh [Optimization of
the cuts braking modes on sorting humps]. Transport: Zbirnyk naukovykh prats Dnipropetrovskoho natsional-
noho universytetu zaliznychnoho transportu imeni akademika V. Lazariana [Transport: Proc. of Dnipropet-
rovsk National University of Railway Transport Named after Academician V. Lazaryan], 2000, pp. 43-47.

6.  Bobrovskiy V.I., Dorosh A.S. Optimizatsiya rezhimov tormozheniya ottsepov raschetnoy gruppy sostava [The
optimization of retarding regimes within the particular group of cuts]. Nauka ta prohres transportu. Visnyk

doi: 10.15802/stp2015/46044 © A. S. Dorosh, 2015

43



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOTrO TpaHcmopty, 2015, Ne 3 (57)

EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu — Science and Transport Progress.
Bulletin of Dnipropetrovsk National University of Railway Transport, 2013, no. 1 (43), pp. 103-112. doi:
10.15802/stp2013/9582.

Bobrovskiy V.I. Poisk optimalnykh rezhimov tormozheniya na proyektiruyemykh sortirovochnykh gorkakh
[The search for optimal braking modes on projected sorting humps]. Informatsionno-upravlyayushchiye sis-
temy na zheleznodorozhnom transporte — Information and Control Systems on Railway Transport, 1999, no. 5,
pp. 50-54.

Kozachenko D.M. Efektyvni rezhymy halmuvannia vidchepiv na sortuvalnykh hirkakh [Effective braking
modes of cuts on sorting humps]. Zbirnyk naukovykh prats Dnipropetrovskoho natsionalnoho universytetu zal-
iznychnoho transportu imeni akademika V. Lazariana «Transportni systemy ta tekhnolohii perevezen» [Proc.
of Dnipropetrovsk National University of Railway Transport Named after Academician V. Lazaryan «Trans-
port Systems and Transport Technologies], 2011, issue 2, pp. 55-59.

Kozachenko D.N. Issledovaniye usloviy intervalnogo regulirovaniya skorosti skatyvaniya ottsepov na avtoma-
tizirovannykh gorkakh [Studies of the conditions of the interval speed control rolling unhook on automated
slides]. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu imeni akademika V.
Lazariana [Bulletin of Dnipropetrovsk National University of Railway Transport named after Academician V.
Lazaryan], 2010, issue 34, pp. 46-50.

Kozachenko D.N. Kriteriy optimizatsii rezhimov tormozheniya ottsepov raschetnoy gruppy v usloviyakh
deystviya sluchaynykh faktorov [The optimization criterion of cuts braking modes of accounting group in the
action conditions of random factors]. Zbirnyk naukovykh prats Donetskoho instytutu zaliznychnoho transportu
ukrainskoi derzhavnoi akademii zaliznychnoho transportu [Proc. of Donetsk Railway Transport Institute of
Ukrainian State Academy of Railway Transport], Donetsk, 2010, issue 23, pp. 14-21.

Kozachenko D.M., Berezovyi M.I., Taranets O.I. Modeliuvannia roboty sortuvalnoi hirky v umovakh
nevyznachenosti parametriv vidchepiv ta kharakterystyk navkolyshnoho seredovyshcha [Work modeling of a
hump in the uncertainty conditions of the cut parameters and environment characteristics]. Visnyk Dnipropet-
rovskoho natsionalnoho universytetu zaliznychnoho transportu imeni akademika V. Lazariana [Bulletin of
Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan], 2007, issue
16, pp. 73-76.

Bobrovskiy V.I., Kozachenko D.N., Bozhko N.P. Optimizatsiya rezhimov tormozheniya ottsepov na sortiro-
vochnykh gorkakh [Optimisation of cut braking modes on sorting humps]. Dnipropetrovsk, Makovetskiy Publ.,
2010. 260 p.

Preparata F., Sheymos M. Vychislitelnaya geometriya: Vvedeniye [Computational geometry: Introduction].
Moscow, Mir Publ., 1989. 478 p.

Rekleytis G., Reyvindran A., Regsdel K. Optimizatsiya v tekhnike [Optimization in techniques]. Moscow, Mir
Publ., 1986. Book 1. 349 p.

Box M.J. A new method of constrained optimization and a comparison with other methods. The Computer
Journal, 1965, vol. 8, issue 1, pp. 42-52. doi: 10.1093/comjnl/8.1.42.

Ning H., Xinghan L. Discussion on Hump Rolling Vehicle Speed Control Problem. Retarders & Speed Con-
trol Technology, 2011, issue 3, pp. 9-16.

Shengjun F. Research on Application of Braking Retarder Speed Control System. Retarders & Speed Control
Technology, 2012, issue 4, pp. 11-16.

Tian-ming M., Lian-xiang Z. The Research of Hump Retarder Assistant Speed Control System. Retarders &
Speed Control Technology, 2011, issue 1, pp. 1-7.

Zatecky S., Gran J., Zilka J. The newest trends in marshalling yards automation. Transport problems, 2008,
tom 3, vol. 4, part 1, pp. 87-95.

Prof. D. M. Kozachenko, D. Sc. (Tech.) (Ukraine); Prof. T. V. Butko, D. Sc. (Tech.)(Ukraine) recom-

mended this article to be published

Received: March 30, 2015
Accepted: June 13, 2015

doi: 10.15802/stp2015/46044 © A. S. Dorosh, 2015

44





