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Abstract. The reliability of terminal operation is analysed by statistical methods based on the collected statistical
data. Major estimates are made on a specified credibility level (probability). When the terminal is highly reliable
and the interaction between transport facilities, freight senders and recipients is efficient, the work with mini-
mum reserves and lower storage costs may be planned. The optimization problem of managing the interaction of
railway and road transport at the seaport terminals is considered and the number of transfers to the port or

approach roads is determined.
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1. Introduction

Aterminal is the end point where all available trans-
port facilities of two or more routes interact and all the
operations associated with them are performed.

Freight transportation by railway to a terminal
often involves carriage by road. Therefore, railroad
terminals also have road terminal equipment. The
roads of particular enterprises are provided with spe-
cial equipment (depending on the freight type).

One of the most important terminal parts is a
railway sorting yard. Trains may be re-formed there
by grouping the wagons according to their destina-
tion. This is done using locomotives or a gravity hump
for wagons. The trains are re-formed in a similar way
for various recipients who unload them. For smaller
loads spacious storehouses are needed.

In managing these operations a large spread of
the points for cargo flow formation and distribution,
the variety of the handled cargoes and the amount of
cargo transferred from one transport facility to an-
other play an important role. The main functions of
terminals are associated with the coordination of
operation of various transport facilities depending on
their relationships with particular branches of
economy and technological improvement of freight
carriage by various transport facilities.

By providing the above technological level, a
steady pace of transport facilities interaction, efficient
freight handling with minimum idle time of wagons,

ships, trucks and planes as well as the efficient use of
transfer points and loading, sorting, storing and other
facilities may be achieved.

Only the coordinated operation of railway stations,
transport facilities, seaports, approach roads and other
technological chains of a general transportation conveyor
system may ensure the efficient work of terminals.

An integrated technological process is perceived
as an organization system embracing the operation
of all interacting transport facilities at the terminal
providing efficient transportation. The total labour
input of the staff of various transport sectors includ-
ing freight carriage by sea, railway, road, etc. makes a
basis of the integrated technology.

To ensure efficient technological cooperation the
following problems should be solved: general schedul-
ing of operations with the groups of wagons and trains
at the stations and on approach roads, the coordination
of general technology with freight routing and making
up of ships and trains, a rhythmical pace of freight load-
ing and unloading (in time and space) and traffic sched-
ules for the total route of freight transportation (from
shipment to destination point) should be provided.

An important role in developing this form of
technological cooperation is played by the implemen-
tation of transportation without cargo transfer and
the use of containers and packaging.

Now, freight carriage without cargo transfer by
railway, ferries, trailers, containers, etc. is widely used.

The interaction of various transport facilities in
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the network of transportation is considered in a number
of papers [1-4]. Modelling of cargo loading operations
at the terminal is discussed in [5, 6], while the interaction
of transport facilities at a single terminal is analysed in [7,
8]. However, one can hardly find in the literature the
analysis of the problem of optimizing technological op-
erations at a terminal where various transport facilities
interact. In the presented paper an effort is made to deal
with this problem trying to find the ways of the above
process optimization.

2. Major stages of joining the operations of various
transport facilities into a single technological process

A joint technological process may be achieved
when the following work is performed:

* the performance of the interaction points at
the terminal is studied and major obstacles
preventing their efficient operation are iden-
tified and eliminated (sometimes, large invest-
ments are not even needed for it). At this stage
major sources of information are calendar
plans of interacting transport facilities; traf-
fic schedules of transport facilities; formation
plans of ships and trains; data about terminal
equipment and its usage; specified and actual
standards of each service provided to trans-
port facilities; data on traffic flows and ad-
vanced methods of operation and other data
associated with a particular terminal;

» the work of cargo transfer at the terminal is ef-
ficiently distributed by using economic and
mathematical methods between the interaction
points and their separate channels according to
their specialization. The operations of transport
facilities are scheduled, the masses of shunting
rolling stocks and ships are determined and
cargo transfer operations are specified.

The optimization of the specific interaction at the
terminal points is chosen based on technical and eco-
nomic calculations (minimization of overall expenses)
in accordance with the run and repetitive cargo han-
dling as well as with the truck run including bringing
the cargoes in and out the stations and seaports.

Organizing the interaction of the main railway
transport and the terminal, the schedule of train shunt-
ing is made. The number of shunting rolling stocks is
determined as follows:

— mvidgbr‘\l'l'tﬁys)’ (1)
Qper

where m,y — average number of wagons per day

departing from the main station to the next one; gy, —

wagon mass brutto; tg — standard deviation equal to
1,65; y, —variability coefficient of wagons flow per day.

N

In the investigation it has been found that

ys =134,58m; 3% .

At this calculation stage the concerted actions
of cargo transfer and transport forwarding play a vi-
tal role. But in fact cargo transfer at the terminal is
often delayed because of the lack of the required num-
ber of trucks, wagons or ships. Therefore, optimal vol-
umes of cargo to be transferred are specially calcu-
lated for any particular case taking into account the
capacity of the terminal.

Technological schedules are made for each ele-
ment of the terminal and loading-unloading equip-
ment and documents processing schedules are derived
for transfer points. In developing simple technologi-
cal schedules the possibilities of time coupling of op-
erations allowing the reduction of operational time
and rolling stock efficiency increase were revealed.

The duration of shunting, technical and commer-
cial operations of ships, wagons and trucks is deter-
mined according to specifications. If the latter has not
been developed, the time of operations is found by
statistical methods based on the available data.

In general the time of handling a single trans-
port facility is determined from the formula:

ttiFr.vztpar +1yz +Tpak Flper * D tau, @
here tyar, ty;—time of preliminary and final operations,
h; tpac —loading (unloading) time of a single transport
facility or its group, h; tper —service interruption time
during loading (unloading), h; z tiau —total waiting
time, h.

In some cases, for example, handling a railway
route in parts in a port harbour we get:

ki —
tmrar§ _tpakxp.n + (tpd +tnu)xp.n + Nmtpap +

D tacis * )t 3)
here tpak = mp.nqs/z Pie 5 Mpn — number of
wagons in a single drivikng up; d —wagon lifting power,
t; € - lift coefficient; ) P, - total capacity of cargo
transfer equipment at the i-th interaction point used for
wagon loading and unloading, t/h; Xpn — number of
wagon driving up distributions; tpq, t,, — time of
wagons driving up and out, h; N, —number of wagons
on the route; tpap —average time of extra operations for
one wagons, h; t_;« —time of arrival at and departure
from the station on the route, h; kK —number of hoisting
mechanisms installed in a harbour.

Time of ship handling (servicing) is:
try = . Har Tloer tlpp O

krl = n par T tper Tluz z lau , 4
Kmaz 'zl Pi per
i=
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where Q - transferred cargo, t; K, — capacity re-
duction coefficient of transfer mechanisms concentrated

to service one ship. For rough calculations Kpy; -

By outlining the standard cycles of handling ships,
wagons and trucks, it is possible to transfer develop-
ing an integrated technological process. However, first
it is necessary to check if major conditions of trans-
port facilities interaction are observed.

The intervals of calculating transport facility ar-
rival and departure from the interaction points should
correspond to the interval of their technological pro-
cessing.

eI Iy, )

where t J-pak, tijé — time of technological operation of

loading (unloading) the i-th transport facility (or a
ege, . at is . .

group of facilities); 1", | — calculation interval of

the j-th type of transport facilities. The calculation

interval is determined from the expression:

I B
I _at - J J , 6
pel oL ©6)
where 1™ 1; —minimum and average intervals of the
arrival and departure of the j-th transport facility, h.
The average arrival interval is obtained by the for-
mula:

_ T Qg O

[
ZQmié 0
a
f :gvstmTkar O (7)

’ ZQmis E

here Ty, —time of joint operation of railway and sea
transport, days; Q, — lifting power of a standard ship
(rolling stock), t; €, —lift coefficient of a ship (wagon);

Qmis —transportation by mixed transport facilities
in a considered period of time, t; N,, — number of
wagons on a route; ¢, — average lifting power of a
wagon, t.

Mass of cargo Q, delivered to the i-th interac-
tion point during a certain period of load transfer
should not exceed the capacity of the hoisting equip-
ment, approach roads, storage areas, shunting facili-
ties or limiting factors P in a particular field of load
transfer operations, i.e. Q; <P .

Calendar plans of the arrival of loaded and empty
rolling stocks of the S-thand S +1-th transport facili-
ties at the i-th interaction point should be synchronized
with the shipment of goods, corresponding to its pace.
For example, before starting the handling of a ship the
first group of wagons should be gathered and put on the
transfer road section. Other groups of wagons should be

brought depending on the time needed to service the
first group (H 1), e ty=Hy; t, =t +t9,; ty =t +
2t . An empty transport facility of the same tonnage
as that of the cargo delivered by S+ 1 transport facility
is brought at an interaction point by the S -th transport
facility,i.e. Q° « QY.

The conditions of interaction of various transport
facilities may be formulated in the following way: the
tonnage of the empty S-th transport facility should cor-
respond to the cargo mass in the storage areas.

Organizing the interaction of the main railway
transport facilities and terminal transport, the num-
ber of special roads for trains receiving and dispatch-
ing is obtained from the formula:

ki (Nattui.at + Niéttui.i§)(l+Bp)
pr-=1s 24-3 Tpag

here N, N —anumber of transfers after the arrival

) @

and shipment, respectively; t, 5, tyz ;s — time on the

special roads after the arrival and shipment; B, -
coefficient of equipment failures; B, =0,01; Z T past
—time on the road performing operations not related to
traffic.

The number of rolling stocks arriving at the termi-
nal with the specified probability is calculated by the
formula:

(mkr + tBom)gbr

N, =« Pm/Sr
t Qper > (9)

here 0,,, —mean square deviation of wagons flow from
the real one; m,, —average number of loading routes
at the station.

Time of receiving-dispatching routes occupancy
by arriving wagons:

v — |
tuz.k - tt?o + tI.:-;\uk.iéf +t per » (10)

here t, —time of technological operation in handling
rolling stocks at the receiving/dispatching terminal:
for medium-size network, t, =05-10 h; tjuig —
average waiting time of train breaking up; t, —time
of track occupancy when rolling stocks are moved to
pulling out tracks, h:

m 1
tl - +b kr
e w

here a and b — coefficients depending on the distance of
traffic:

a=0,5+0,0016/; b=0,016 +0,000068! , (0<! < 500),

b=0,030 +0,000040I , (500<1 < 2000),
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| — distance covered by moving the trains to another
track, m:

= M|

=N

at

[, —wagon length, m.
Waiting time of rolling stock breaking up is:

o _120Fl +vE)
lauk.isf Nat (1_ o, ) 5

here p, —load of shunting locomotives in making and
breaking up trains and making up a group of wagons;
Yper, Yisp — variability coefficients of rolling stock
arrival intervals (0,4-0,8) and breaking up/making up
operations (0,2-0,4).

Load of shunting locomotives is:

(12)

n

Nat (tiﬁor "'tf%err )+ Z Xitfor.i
ya 1= 3\

M, 1440~ 5 Tooe )
here M| — number of shunting locomotives; X; —
number of wagon groups brought in the i-th shunting
region; tiy; — time of making up the i-th group of
wagons; tigor , tf;r —time of breaking and making up

transfers.
Time of rolling stock breaking up is:

Q (\1+t y)
tiﬁor :Agat+B 2 P N (14)
br

P = ; (13)

here A, B — coefficients depending on shunting
conditions; Y —variability coefficient of the number of
uncouplings in transfers: y=01-0,3; g, —number of
uncouplings in transfers.

The number of uncouplings in a single rolling
stock, when wagons are not formed beforehand, may
be obtained from the formula [5]:

c m] mJ _1

Gar = "me["im 1 mp(1+t,3y)—]]u§, (15)
o =7 e 70

here M; — number of wagons in the j-th destination

rolling stock.

C
m; =mp(1+tsv)§
I= 0

C — number of wagons in the above rolling stock
(equivalent to the number of loading points at the
station but not exceeding the number of wagons in
the train); a4 — coefficient of group enlargement:
oy =03-04; M, —average number of wagons in a
rolling stock:

T
P br
Time of making up one group of wagons to be trans-

ferred to the railway sorting yard at the shipment termi-
nal is:

QplL+tgy)

tPd =0,07n,, +(0,04+019n ,
atk ( atk) Pbr 30Natk

for

here n, — average number of uncouplings in the
transfer group being made up.

Time expenditures in making up trains are:
1
60’
here M, —number of wagons to be transferred in mak-
ing up the train for the i-th shunting area:

m o= QplL+tpy)

i P. N kr’
br Natk My

tfor.i = (a+ bmri i

where m¥ —number of sorting tracks at the shipment
terminal; r; —number of transfers needed to make up
the train for the i-th destination on m{ tracks:

0 10

ro=2md + 209, (Ci' -m¥ )—l[l,

g G g

where g4 —number of uncouplings used to from a group
of wagons:

dai = mpas.ic(lciI _1)’
i

C! - number of destinations for a group of wagons
sent to i-th region (equal to the number of loading
points in the i-th shunting region, but not exceeding
the number of wagons in a group Mpasi ); Mpasi —

number of wagon groups for the i-th destination.

— pad
m . = i
- b
pasi X
where mk‘ﬁ?d —average number of wagons for the i-th

shunting area; X; — number of wagon groups driven
up to the i-th shunting area.

If a shipment terminal sends wagons to a sorting
yard without the preliminary formation, then:

_.o0 1K
tyis =tot ztlau.per.j
K j=l ’

here t2, — time of rolling stock handling at a dis-
patching station; tjy, per j — average waiting time for
rolling stock dispatching from the shipment yard:

_ Pissi | @a%v,j +V§ra.J )
fau-per | ZHpral.j(l_piéei.j)

, (16)
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here Vavj, Vpa,j — coefficients of rolling stock
dispatching and passing intervals limited by the j-th
exit track element; Pisi.j —load of the j-th exit track:
N et
Pigi.j =Poj +%=
Poj —thej-th track load not taking into account train
handling operations; N e j —number of rolling stocks
sent to the j-th track (per centof N e ); to] — allowable
technological time interval of trains departure from the
j-thexit, h; Hpra.j —intensity of passing trains through
the j-th exit.
The number of tracks needed for keeping wag-
ons till they are made up and depart may be calcu-
lated from the formula:

m
d
ZZ Xi (ttgcah )+ tIau.pad.—nu
1=

Tpad (1_ tBy pad )

here ttgcaﬁ — technological time, needed for the

locomotive driving in, coupling of a group of wagons,

; )

mst.kr c=

applying the brakes, etc.; Tpad — time of locomotive
operation in driving the wagons in and out: for 24
hours of operation — Tpyy =24- szast 5 Ypad —
variability coefficient of the interval of driving in
groups of wagons; Ypad =02-04; tigy pag—nu —
average waiting time for wagons grouping/driving out
from the side-tracks to a shipment yard:

_12p7 (vést + v%ad)

tlauk.pad.—nu - Z X (1_ o )

Yisq — variability coefficient of the interval of wagons
making up and driving out from the yard by a side-
track to and from the station.

The number of tracks at shipment terminals not
provided with gravity humps is obtained by minimiz-
ing the costs of road maintenance and construction,
delaying of wagons and shunting operations. In gen-
eral overall costs are calculated from the formula:

Ec = [(Tiéfor +Tfor XQ.—h + ev.—hmkre)]365N per + Epmrr 5 (18)

here Tigor — time of rolling stock breaking up; Tror —
time of wagons making up into groups E, —total costs
of construction and maintenance of sorting tracks;
m< - number of sorting tracks; € _, — cost of
locomotive operation per hour; e,_,, — cost of wagon
use per hour.

The larger the number of sorting tracks, the
higher the time of train breaking up and construction
and maintenance costs and the lower the time making
up of rolling stocks.

>

Therefore, the optimal number of tracks may be
found by differentiating the expression (18) according
to the number of tracks. The tests performed show that
the optimal number of sorting tracks while minimizing
the total costs may be obtained from the formula:

me =1+ 365N per (e1.—h + ev.—hmkrc)><
' 730N per (el ~h + ev.—hmkr c)><

(2A(c —1)+(c2 —l)mkch)
(E + Dmkrc)"’ 2Ep

; (19)

here A4, B, E, D — parameters specified by the instructions
for standard shunting operations, h.

In general, in sorting the wagons on a side-track
with a slope less than 1,5 %, A=0,3; B=0,0023;
E =0,03, D =0,0005. If shunting is performed at iso-
lated points, then A=0,025; B=0,0017.

Total costs of construction and maintenance of a
sorting track are as follows:

Ex = En(kklr +nie§Kie§)+ El, +Egn,

s>
here E, —specified coefficient of capital investment
efficiency; k, —cost of 1 km track construction, taking
into account cost of earth moving; |, —sorting track
length, km; n; —number of switcheson a track; K;
— cost of switch installation and starting up; E; —
relative costs of maintaining 1 km track, Eyg -
maintenance costs of a switch.

The length of a sorting track is calculated by the
formula:

— mkrc(l+3ypad)v

r

| =200,

X;
where Ypag — coefficient of the number of wagons in
a group: Ypad =03-04.

The larger the number of sorting tracks, the
higher the time of train breaking up and construction
and maintenance costs and the lower the time of mak-
ing up rolling stocks. The number of tracks for break-
ing and making up rolling stocks at the stations with
gravity humps is calculated according to the minimum
total costs:

Eb = 365[N patigor (q -n ¥ ev.—hmpel' )+

kr

Z XiLtor (el.—h +€,_nMpag )]+ Ed m}

The time of rolling stock breaking up when a grav-
ity hump is used is equal to:

~ min. (20)

Ko _ 1
tiérfor - (tuivaz +ti§st +tpritr +tpal +tsust )@a

where tyvas s tise s Upritr 5 tpar s Lo — time of rolling
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stock driving in, making up, starting and stopping,
respectively. Time of breaking up the train is determined
depending on the type of the gravity hump. For a station
with a mechanized gravity hump it is as follows:

O o003,
tpa =
49 +0,52

15—2 oo g O

Ug
N | 21
] 1
mkr -1 0

:

If a gravity hump is not automated, then:

_ 0,03
H2,9050 4 + 0,535

E{“f%?
T "k

Time of rolling stock making up at side-tracks is as
follows:

15_2 kr ¢ a

per

H
0
O
0 22)

B ::krc + mkrc H

O X O

ror :i[a.'.b i v : X

600 2m -1 O

O O

O O

m
E Zi;ag(ck— )(Ck_mkrc)g
|:karc"' : 2 0
Cx 0 (23)

0 0
O 0

here ag — enlargement coefficient of the number of
uncouplings; C, —number of destinations of a made
up rolling stock.

Costs of construction and maintenance of one
track of a sorting yard in a general shipment terminal
are as follows:

C P,
EE:En%’klrk+ZCi$+ klzl B+ A+ Pl +2Pes

me 5

where E, —standard coefficient of capital investment
efficiency; C, , C; — cost of 1 km track construction

and cost of a switch; B, P —yearly maintenance cost
of 1 km track and a switch; I rk —track length in a sorting
yard, km.

Cost of gravity hump construction is:

Cia =, + f,m,

here f,, f, —coefficients based on the statistical data
about the mechanization degree of a gravity hump and
the cost of construction.

Yearly costs of gravity hump maintenance are:

P =01 +0,m,
here ¢,, ¢, —coefficients based on the statistical data
on the gravity hump maintenance cost.

By substituting the values tigor, tior and Ef("
into the formula (19) an optimal m* value is ob-
tained. For a station with a mechanizsed gravity hump
it is expressed in this way:

N per B(Q.—h + ev.—hmpa.d mead + mper )
meh =1 + 60 .

H My, Cy
365D BZOOCr)CZX +2Ci *+ ) E+

X

Nper v(q -h +mperev thper _1‘)
2000[4 29(C, ~1)+ (Mo ~1052)
2y % (61n * ey 1My )%_ Mes (Cc =1 . 24)
30 0 (mpad ‘1)Ck2 .

The number of sorting tracks for a station pro-
vided with a non-mechanized gravity hump is ob-
tained in a similar way. The total number of tracks in
a sorting yard is found from the formula:

b _
Mg =M + My for + msp.k >

here m, — number of tracks required for optimal
making and breaking up groups of wagons; My for —
number of tracks required for rolling stock making
up according to plan (compound or special route
trains, etc.); Mgk — number of special tracks.
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3. Determining of an optimal number of wagons for
shunting rolling stocks

An optimal number of wagons in a transfer group
is determined taking into account:

— costs of wagons idle time including the period
of gathering the required number of wagons for making
up an adequate group per 24 hours:

24m
Nv.—h =

kev.—h,
per
here m — number of wagons going to the seaport;
X per —number of transfers; k — coefficient evaluating
the type of wagon gathering;
— costs of wagon idle time until departure per

24 hours:

Ny- nUe = H)2(4m Ty Eﬁev.—h 5
per

here T,, — time of shipment;
— costs of the shunting locomotive operation
per 24 hours;

Ni-h = Xper (ttech + 2 )Q.—h,

here t, — time of technical operations; tj,q — time
of train running; €,_,, § _,, — operational cost of a
wagon and a locomotive hour, respectively.

An optimal interaction mode of grouping the
wagons, when the total cost value is minimum:

E=Cyn z Ny-h +8&.-nN; -, - min, (25)

E= H—k+

Ty Eﬁev.—h +
HX per X per

X per € - (tiecn * 2tjua ). (26)

To find the minimum value of the function
E=fXper ), let us differentiate

dE 24k 24
ZQ.—h(ttech +2tjud)_gi+ gh%.—h.
p

X per HX o Xpe O
oo, d2E
Because the second derivative ;> 0, when
dX per
X = 24(k +1)me, _, ”
er
P € —-n\tech +2jig (27)

the value of function (26) will be minimum.

For example, 100 wagons of a non-routed flow
arrive at the seaport. The distance of the port from
the station is 6 km, the speed on the approach roads —
30 km/h; time of technical operations — 1,2 h, a wagon
hour costs 0,1 conventional units and the cost of loco-

motive hours — 7 conventional units.
The optimal number of transfer operations is ob-
tained from the formula (27), according to which

24(0,4+1)100x 0,1

7B,2+2 H

When solving problems of finding an optimal trans-
fer number in the case of queues, it is specified that time
expenditures of the locomotive should not exceed the
value T,;. These problems are usually solved by the
Lagrange multipliers approach. An objective function in
the problem of determining the number of transfers to
the port or approach roads will be:

X =5 transfers.

per —

' H
24 24
E=) e-nMyo- - k+ =Ty
: Oy p p "

p= DX per Xper O
[
Ze,__hxge, (ttgch +2tjpud)_> min . (28)
p:

A constraint is as follows:
[
p [+p P )=
Z X per (ttech + 2tjud )_TI s
=

here | — number of points at the railway terminal to
which wagon groups are driven in.

Let us generate a Lagrange function for the ex-
pression (28):

o(X 1 X2, XLy )=

_hlzm 5274(k+1)__|_ H-F

PO p krD
Xper [l
e, hZX tech JUd)
[
p
X per (t (tech+2tjud) To (29)
p= O

An equality system after differentiating the ex-
pression (29) will be of the form:

09X X s X011
olx'per

=8, h(tech +2tjpud)_

U U
O 242 (k+1)B-npev -h +ta (tech +2tﬁjd)

X e 0
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from this

o [
per — tpad +atpad .
q—h 0 o]

(30)

By multiplying the left and right sides of the equa-
tion (30) by t”@ and by summing up according to P,
we will get

' ' Jz4(k+1)mpev.-htsad

X bt P :Zl
per o d
pZ p= Q.—htc?a a,

or

L e
- pZ:l € -nh t0y ’

and after the appropriate rearrangements we will
obtain the expression for X 5 :

El

Mp
T' pad
to

-_—
ad
Z,/mptop
p:

Example. The number of transfers to the port and
two approach roads where one locomotive runs should
be determined. The locomotive operation time is 22,6
h, cost of wagon hour is 0,1 convent. units, cost of
locomotive hour — 7 convent. units.

The parameters of calculations are given in Table .

p_
Xper_

(1)

Calculation parameters of loading/unloading points

Loading/unloading point m tiech,h  Tjyg, h
PKNol 100 1,2 0,2
PK No 2 120 2,0 0,3
Port 200 1,0 0,2

The formula (31) is used to determine the opti-
mal number of transfers. According to it we get:

22,6 100
16

X PK1 = =
J100x1,6 +/120x 2,6 +./200x1,4

per

X hk2 =3; X phoses =6

When the locomotive time reserve is reduced to
19,6 h, an optimal transfer number is equal to:

XPEl =3; X Fk2 =3; X fuoses =5,

Therefore, when reducing the locomotive time re-
serve, it is necessary to reduce the transfers to PK1 and
the port, maintaining the same level of servicing at PK2.

4. Conclusions

1. The tests made allowed us to identify the major
factors having an impact on the integrated technologi-
cal process management at the terminal.

2. By minimizing the costs of road construction
and maintenance, as well as the delay time of wagons
and costs of shunting operations, an optimal number of
tracks at the shipment terminals provided or not pro-
vided with gravity humps has been determined.

3. By minimizing costs of wagon idle time per 24
hours due to wagons gathering, dispatching and the lo-
comotive shunting, an optimal number of wagons has
been calculated for the shunting rolling stocks.
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