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RESEARCH OF QUANTITATIVE
CHARACTERISTICS OF GRAIN RAILWAY ON GRAIN
TERMINAL

Abstract

An important component of the production and export of grain is the system of transportation of grain from its producers to
grain reloading terminals. Among the means of transportation of grain the leading place is occupied by the railway, which is
able to provide uninterrupted multi-tonnage transportation of grain from producers to the places of its accumulation
and shipment to sea vessels. However, there are some problems in the internal and external operation of grain termi-
nals, which has necessitated these studies.

The purpose of the study was to investigate the quantitative and qualitative characteristics of the flow of grain
from the railway to the grain terminal to improve its efficiency. The object of the study was the technological process of
receiving grain from the railway at the grain terminal; The subject of the research was grain crops, as well as data on
daily revenues of grain by railway transport at the grain reloading terminal of LLC «Ukrelivatorpromy for three calen-
dar years — from January 1, 2012 to December 31, 2014.

The studies were conducted on the basis of the processing of the data of the invoice logs for each year of the
research, which summed up the amount of daily transported grain (net). Further processing of the obtained was per-
formed by the combined graphoanalytical method, for which on the basis of tables for each investigated year the corre-
sponding histograms were constructed and the necessary indicators were determined.

It was found that maize had the highest volumes of grain coming from the railways in 2012-2014, followed by
wheat in 2012 and rapeseed in 2013-2014. Barley was the third, except for 2013, in which its volumes were the small-
est among the main crops that came to LLC «Ukrelevatopromy in the years studied. It is shown that the major share
was occupied by cereals (67.1... 78.1%), followed by oilseeds (15.1...26.7%), and the smallest was occupied by leg-
umes (2.77...6.8%).

The duration of the annual grain intake periods, which amounted to 315, 331 and 333 days, respectively, was
determined for 2012-2014. Annual, daily average and maximum grain yields were determined, as well as daily and
annual irregularity coefficients of grain supply. The actual coefficients of the daily irregularity of the grain input from
the railway in the period 2012-2014 were respectively Ky, = 1.62; 1.86; 1.79, and monthly irregularities respectively
K om. = 1.31; 1,40; 1.35. According to the standards such coefficients have values K., = 2.5 and K, = 2.0, which
allows to use them for design and verification calculations of grain terminal equipment in technological processes of
grain acceptance from railway transport.

Key words: cereals, grain acceptance, rail transport, dynamics of grain flow, uneven coefficients.
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Formulation of the problem

Now Ukraine takes a leading position among
world producers and largest exporters of grain, and its
grain sector is a strategic sector of the state economy. An
important component of the production and export of
grain is the system for transporting grain from its pro-
ducers in grain transshipment terminals. Among the ap-
pliances of transporting grain, a prominent place is occu-
pied by the railway, which is able to ensure uninterrupted
multi-ton transportation of grain from producers to the
places of its accumulation and shipment to sea vessels.

By 2020, Ukraine plans to increase production
up to 100 million tons, and exports - up to 50 million
tons. In this regard, the problem of increasing the effi-
ciency of the railway grain transportation system is very
relevant for Ukraine today [1]. The grain export infra-
structure includes a transport system, an accumulation
and storage system for the required grain volumes and
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port transshipment capacities for dispatching the formed
grain consignments to water transport.

Ukraine has a well-developed transport infra-
structure, and the basis of its transport system is railways.
Railway transport provides about 82% of the country's
cargo turnover. As for the delivery of agricultural goods
by land, the main place is taken by railway (61%), the
share of road transport is 32%, and river transport is 3%.
The main carrier, which ensures the delivery of more
than 60% of export grain from linear elevators to ports, is
railway. Considering that the country's grain and oil mar-
kets have become export-oriented, and most of the export
(91.2%) is carried out through ports, it is advisable to
consider the efficiency of the transport system in terms of
the delivery of bulk cargo from granaries to ports [2, 3]

According to experts from railway transporta-
tion, among the main problems of grain transportation is
the insufficient capacity of the railway infrastructure in
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ports and port sections, the shortage and deterioration of
the grain fleet, and the inefficient logistics [3]. However,

there are certain problems in the internal and ex-
ternal work of the grain terminals themselves, which ne-
cessitated the conduct of certain studies, in particular,
studies of quantitatively-qualitative regularities of the
flow of grain by railway to grain terminals.

The purpose and objectives of the study

The aim of the study was to study the quantita-
tive and qualitative characteristics of the flow of grain
from the railway to the grain terminal of LLC
«Ukrelevatorprom», which will help increase its efficien-
cy.

To achieve this goal, it was necessary to solve
the following tasks:

— study the quantitative and qualitative charac-
teristics of annually receipted crops by railway;

— determine the duration of the periods, the vol-
ume of daily, average daily and maximum grain receipts
by railwayj;

— calculate the coefficients of daily and monthly
irregularity of grain supply by railway.

Object and subject of research

The object of the study was the technological
process of receiving grain from the railway at the grain
terminal. The subject of the studywas grain crops, as well
as data from daily grain receipts by railway at the grain
transshipment terminal of LLC «Ukrelevatorprom» for
three calendar years - from January 1, 2012 to December
31,2014.

Research Methods

To determine the patterns of quantitative and
qualitative grain supply to the terminal from the railway,
statistical material was collected, it based on the pro-
cessing of data from the consignment notes for each year
of research for 2012-2014. There was calculated a
summed amount of grain (net) daily transported by rail-
way. Summary results were entered in the table for each
year of the grain supply.

Processing of the obtained tabular data was car-
ried out by a combined grapho-analytical method, for
which, on the basis of the tabular values of the

daily grain supply for each studied year, the cor- = 800
responding histograms were constructed, which ;5 700
gave a visual representation of the dynamics of = 600
grain inflow. 3
The irregularity coefficients of daily _§ 500
Kaaity and monthly Ko of grain supply to the < 400
enterprise were determined according to the fol- 21300
lowing procedure. From the total annual period 2
of grain supply, three days of its maximum sup- -g 200
ply were selected (digital data are shown on the 5 100
histograms below), according to which the max- 0

imum average daily and monthly average values
of grain supply for each year and each type of
transport were calculated according to the for-

mula

3 max
Aever.daily

= A3 daily /n s t/day, (1)
A3 4ay— total amount of grain received in 3 days
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of its maximum receipt, t;
n — number of days of maximum grain intake
(n=3days).
The average daily intake of grain for a certain
yeard,yerdayWas calculated by the formula

A ‘ASum.year / 11 H t/day’

aver.day (2)
AeAsumyear— the total amount of grain coming in a year, t;
11, — grain supply period, days.
The coefficient of daily irregularity of grain in-
take is calculated by the formula

3 max
K = Aavrenre.iday / Aaver.day . (3)

The determination of the coefficient of monthly
irregularityof grain supply was calculated according to

the formula
3 max
Aaver.month/ Aaver.month (4)

K
— maximum grain supply per month of the

month

month

3 max
aver.month

ae A
three maximum months of the year, t/month.;
Aavermonti— average monthly grain supplyin each
month of the three maximum months in a year, t/month.
According to the given methodology, the coeffi-
cients of daily and monthly irregularity of grain supply

by railway were determined.

Research results

At the first stage of the study, the qualitative
composition of grain that was delivered by railway to
LLC «Ukrelevatoprom» from 01/01/12 till 12/31/14 was
analyzed. The results are presented in the form of histo-
grams, which show the distribution of the volumes of
main crops according to the years studied (Fig. 1), as
well as their ratio by the main groups of crops (Fig. 2).

From Figure 1 it is seen that the largest volumes
of grain received by railway in 2012-2014 was corn, the
second place was occupied by wheat in 2012, and in
2013-2014 it was taken by rapeseed. Barley was the
third, except in 2013, in which its volumes were the
smallest among the main crops, received by LLC
«Ukrelevatoprom» during analyzed years.

If we consider the main groups of crops that ar-
rived at the enterprise by railway in the indicated period
(Fig. 2), then it can be noted that the main share was oc-
cupied by cereals (67.1...78.1 %), including wheat, corn,

% Klem

Wheat Barley Corn Soybean Rapeseed

Maincrops
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Fig. 1 - Histogram of railway supply of some crops to
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the enterprise

barley and in 2012 slightly sorghum. In second place
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were oilseeds (15.1...26.7 %), such as rapeseed and in-
significantly in 2013 sunflower, and the lowest was oc-

for 315, 331 and 333 days over the years (an average of
326 days). According to the same histograms, it can be
seen that the supply of grain by railway over

- 90 the studied years was almost uniform. If we

= 80 78,10 compare the intensity of grain inflow in the

= 70 - E 67,10 70,90 first and second half of the year, then in the

5y — first half of the studied years it was 5601, 3581

g 60 —= and 3941 t/day, respectively, and in the second

g 50 —= half of the year in accordance with 4109, 5949

40 — and 5580 t/day, that is, their ratio was by years,

30 .= 26,70 26,33 respectively 0.7, 1.7 and 1.4. These data show

20 = 15.10 that in 2012 the first half of the year was more

10 — 6.80 6.10 stressful in terms of grain reception by railway,
—E ’ T and in the second half in 2013 and 2014.

0 — B o If we compare the results of grain

Cereals Oilseeds Legumes supply by railway with the dynamics of grain

82012 82013 02014 Main groups of crops supply by road to LLC «Ukrelevatoprom» in

Fig. 2 — Consolidated histogram of grain delivery of main crop

groups at the enterprise by railway

cupied by legumes (2.77...6.8 %), represented by soy-
bean and in 2012 slightly by peas. A significant share of
cereal crops can be explained by their high demand in the
international grain market, in which Ukraine occupies a
leading position.

If we compare the total volumes of grain re-
ceived by railway with its delivery by road to LLC
«Ukrelevatopromy» in 2012-2014, which we studied ear-
lier [4], we can see that the ratio between them was two
to one (2:1), which explained by the most practical use of
hoppers for transporting grain than conventional grain
carriers.

At the next stage of the work, the dynamics of
the course of daily grain supply for the annual periods of
grain supply by railway was studied. For this, on the ba-
sis of tabular values of daily grain supply for each of the
studied years, histograms were constructed; they are
shown in Fig. 3.

From the above histograms it is clearly seen that
LLC «Ukrelevatoprom» receives grain by railway from
the beginning of the year to June, and then from July to
the end of December, and the grain arrival period lasted

the same 2012-2014 (the results of which were
partially published by us in [4]), then in the
first half of the year, the intensity of grain in-
take by motor transport was 1466 324 and 741
tons/day, respectively, and in the second, 2569, 2690 and
2664 tons/day, respectively, that is, it grew by 1.8; 8.3
and 3.6 times depending on the year and, especially, this
difference was noticed in 2013-2014.

Thus, unlike the railway, grain delivery by au-
tomobile transportation has differed at the enterprise by
about 2-8 times in the first and second half of the calen-
dar year in the period 2012-2014. In this sense, the use of
railway transport is more justified, since it provides a
large uniform and stable operation of the grain terminal.

The dates and the largest volumes of grain re-
ceived by railway, which were noted in the studied years,
are given in table 1.

According to the data and the research method-
ology obtained from the histograms constructed, for each
of the years under consideration there were certain peri-
ods of grain arrival by automobile transportation, the
volume of average daily grain supply, the maximum
grain supply for the periods of the most intensive recep-
tion and for the day of maximum work of the grain ter-
minal, which are given in table. 2.

Table 1 — Determination of the maximum grain supply by railway

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

2012 year 2013 year 2014 year
Date Volumes, t/day Date Volumes, t/day Date Volumes, t/day
21 April 8942 21 February 9192 12 April 8997
24 October 9052 5 October 9151 23 March 8673
19 November 9110 29 October 9463 25 September 8771
Ag gay= 9035 Ay gay= 9269 Ag gay= 8814
Table 2 — The results of the study of the grain supply by railway to the grain terminal
Name of indicators 2012 year 2013 year 2014 year
Grain supply period /7, days 315 331 333
Volumes of annual grain supply 4smyear, T 1750218 1641515 1642530
Average daily grain delivery4ayerage.day, t/day 5556 4959 4933
Maximum daily grain delivery4, gy, t/day 9035 9269 8814
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Fig. 3 — Histograms of daily grain delivery by railway to the terminal in 2012-2014
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Table 3 — Actual and normative meaning of the coefficients of irregularity of grain supply
by railway to the grain terminal

Name of coefficient According to experimental data According to regula-
2012 year 2013 year 2014 year tory data [5]
Coefficient of daily irregularity, Kaaiiy 1.62 1.86 1.79 2.5
Coecfficient of month irregularity, Kionm 1.31 1.40 1.35 2.0

When analyzing the work, designing or recon-
structing an enterprise, it is necessary to have indicators
on the basis of which it is possible to calculate the neces-
sary productivity of technological and transport equip-
ment, as well as receiving devices, which will ensure
uninterrupted reception and processing of grain at the
terminal. The most important of these indicators when
receiving grain from railway transport is the period of the
most intensive grain reception at the enterprise, the
amount of grain and the rate of its reception in the indi-
cated period, as well as the daily and monthly irregularity
coefficients of grain supply.

The calculatedmeanings (according given meth-
odology) of the coefficients of daily and monthly irregu-
larity of grain supply by railway to the grain terminal
compare to the standard (literary) data are given in table.
3.

Our studies show that the values of the daily and
monthly non-uniformity coefficients determined by us
differ by years, but do not exceed the normative ones,
according to which the necessary equipment for grain

terminals is usually calculated. The use of actual coeffi-
cients makes it possible to calculate the minimum neces-
sary equipment to ensure the uninterrupted operation of
the enterprise.

Conclusion

The results of studies of the grain supply by
railway to the grain terminal made it possible to deter-
mine the duration of the annual periods of grain recep-
tion, the annual, average daily and maximum volumes of
grain reception, as well as the coefficients of daily and
monthly irregularity of grain supply. The actual coeffi-
cients of diurnal irregularity of grain receipts from the
railway in the period 2012-2014 were determined, re-
spectively, amounted to Kguqy = 1.62; 1.86; 1.79, and
monthly irregularities, respectively, Kyonn = 1.31; 1.40;
1.35. According to the standards, such coefficients have
the values Kgiiy= 2.5 and Kpons = 2.0, which allows them
to be used for design and verification calculations of the
equipment of grain terminals in technological processes
of grain reception from railway transport.
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JOCJIIKEHHSI 3AKOHOMIPHOCTEN MTPUMTMAHHS 3EPHA
13 3AJII3BHUII HA 3BEPHOBOMY TEPMIHAJII

Anomauisn

Baoicnusoro cxknadosoro upobruymea ma excnopmy 3epHa € cucmema mpaHcnopmy8anHs 3epHa 6io 1o2o 8u-
POOHUKIE D0 3epHOB8UX nepesanmadicysanrvrux mepminanis. Ceped 3acobie mpancnopmysamnHs 3epHa 4iibHe micye noci-
oac 3aniznuyHull, KUl 6 3M03i 3abe3neyumu besnepediiine 6A2amMomMoOHHAdNICHE NePese3eH sl 3epHA 8i0 BUPOOHUKIE 00
Micyb 11020 HAKONUYEHHS. MA BIOBAHMAIICEHHA Y MOPCHbKI CyOHa. OOHAK € neeui npoodiemu y 6HYmMpIuHitl ma 3068HIUHIL
PpO6OmMI 3ePHOBUX MEPMIHAIIE, WO | BUKIUKANO HeOOXIOHICIb NPOGeOeHH sl OAHUX O0CTIONCEHD.
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Memoto pobomu 6yn0 00CiONCeHHA KITbKICHO-SKICHUX XAPAKMEPUCTUK HAOXO0ONCEHHS 3ePHA 13 3ani3HUYI HA
3epHOBULL mepMiHan 0I5l nioguwents eexmusrnocmi o2o pooomu. Q6 ckmom 00CaidAcetHss 68 MEeXHONOSTYHUL NPO-
yec NpUulManHs 3epHa i3 3a1i3HUYL HA 3ePHOBOMY MEPMIHANI; NPeoMemom 00CiONCceHb OYIU 3ePHOGT KYIbmypu, d ma-
KO2iC 0aHi 3 00006UX HAOX0OICEHb 3€PHA 3ANIZHULHUM MPAHCHOPIOM HA 3€PHOBOMY NEPEBAHMANCYBALbHOMY MEPMIHA-
i TOB «Yxpenesamopnpomy 3a mpu kanrenoapui poxu — 3 1 ciunsn 2012 p. no 31 epyous 2014 p.

Jlocriooicenns npoeoounu Ha niocmasi 00poOKU OAHUX HCYPHALIE HAKAAOHUX 051 KONCHO20 POKY OOCIONCEHD,
V AKUX Oy1a niocymMo8ana KiNbKicmb w0000060 nepege3eH020 3anizHuyero 3epHa (Hemmo). Ilodansuly 06pooky ompu-
MAHUX NPOBOOUNU KOMOTHOBAHUM 2PAPOAHATIMUYHUM MEMOOOM, OISl 4020 HA OCHOGI MAOIUYHUX OIS KOHCHO20 OOCTi-
02iceH020 poKy 6y0ysanu 8ION0GIOHI 2ICIMOPaMU MA BUSHAYALU HeOOXIOHI NOKAZHUKLL.

Byno ecmanosneno, wo naubinewi obcaeu 3epna, wjo naoxoounu sanisnuyero y 2012-2014 pp. mana kykypy-
03a, opyee micye y 2012 p. 3atimana nwenuys, a y 2013-2014 pp. — pinak. Aumine 6ye mpemim, okpim 2013 p., y sskomy
11020 00cseu OYIU HAMEHWUMU ceped OCHOGHUX Kyabmyp, ujo Haoxoounu Ha TOB «Ykpenesamonpomy y docniodnceHi
poxu. Ilokasano, wo ochosHy yacmky 3aumanu 31axosi kysemypu (67,1...78,1 %), na opyeomy micyi 6yau onivimi Kyio-
mypu (15,1...26,7 %), a navimenuty 3aimanu 60608i kyromypu (2,77...6,8 %).

byna susnauena mpusanicme wopiunux nepiodie Haoxoodicens 3epna, axa ckaaa ons 2012-2014 pp. eiono-
6iono 315, 331 ma 333 0i6. Bynu eusnaueni maxoc piuni, cepedHb000008i Ma MAKCUMATLHI 00CAeU  HAOXOOHCEHHS
3epHa, a maxoxc Koe@iyicumu 0000801 ma piuHoOi HepiHOMIpHOCMI HAOX00dceHHs 3epHa. Daxmuyni Koeghiyicumu
0000801 HepIBHOMIDHOCMI HAOXOOJNCEHHsT 3epHO8UX 3 3aniznuyi y nepiod 2012-2014 poxie ckianu 6i0nosiono
Ky =1,62; 1,86, 1,79, a micaunoi nepienomipnocmi eionogiono K. = 1,31; 1,40; 1,35. 3a nopmamueamu maxi Koe-
Giyienmu maromo 3nauenns Ky, = 2,5 ma K,,. = 2,0, wo 0o360/s1€ guxopucmogysamu ix 05t NPOEKMHUX Ma nepesi-
POUHUX PO3DAXYHKIE 0ONAOHANHA 3ePHOBUX MEPMIHANIE Y MEXHONOLIUHUX NPOYECax NPUILMAHHS 3epHA 3 3ATIZHUYHOZ0
MPAHCROPMY.

Knrwouoei cnosa: 3eprosi Kyabmypu, RPUUMAHHS 3ePHA, 3ATI3HUYHUT MPAHCNOPM, OUHAMIKA HAOXOOICEHHS 3e-
PpHa, KoepiyieHmu HepisHOMIPHOCMI.
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