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AkTyanbHicTh. [Ipy mepeBe3eHHI BaHTaXiB ITMPOKO BUKOPUCTOBYIOThCS 0araToo00poTHI 3ac00H KpiMIeHHS
y BUIVILII METAJEBHX IiAIOHIB, paM Ta iH. BOHM € 3pyYHHUMH y BHKOPHCTaHHI Ta HaJIHHUMH, HA BIIMIHY Bixg
TpaIUIIHHNX 3aC00iB KPIIJICHHSA, MOKYTh BUKOPHCTOBYBAaTHCH OaraTopa3oBo. Lli mepeBaru o0yMOBIIIOIOTH €KO-
HOMIUHY e(eKTHBHICTh 06araToo00pOTHMX 3aC00IB KpIIUICHHS, aje CTOXaCTHYHUI XapakTep KOJHMBaHb OOCSTIB
BIANpPAaBJIEHb Ta PO3TAlyBaHHS ITyHKTIB NIPU3HAYCHHS NPU3BOJUTH 10 3HAYHOTO 3POCTaHHS X poOOYOro mapky.
[Ipu THMYacOBOMY 3HM)KEHHI OTPEOU y IIMX 3ac00ax KPIIUICHHS, BOHH HAKOIMYYIOTHCS Ha CKJIAAaX BiJIPaBHU-
KiB, 1110 YCKJIa/IHIOE BUKOHAHHS TPAHCIOPTHO-TEXHOJIOTTYHHX TPOLECIB Ta MPU3BOIUTH 10 301IbIICHHS JIOTICTH-
YHUX BUTPAT Ha TPAHCHOPTYBaHHA BaHTaxiB. L[ npakTuyHa npobieMa 00yMOBIIIOE BUKOHAHHS JOCIIUKEHb JUIs
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BUPIIICHHS] HAYKOBOI 3a/1a4l BU3HAYEHHsI ONTUMAaJILHOTO pO3Mipy poO04oro napky 6araroo00poTHHX 3aco0iB Kpi-
TUICHHS 3 METOI0 €()eKTUBHOTO YIPABIiHHS IMPOIIECOM JIOCTABKH.

Meta po6oTu — po3poOka MeTOMy BH3HAUCHHS ONTHUMAJIBHOI KiTBKOCTI 0araroo0OpoTHHX 3aco0iB Kpim-
JICHHA B CHCTEMAaX JOCTAaBKH BaHTaXIB.

MeTtoa. Po3po6iieHO MeTo 1 BU3HAUSHHS ONTHMAaIBHOTO PO3Mipy 6araToo00pOTHHUX 3aC00iB KPITUICHHS, SIKHIA
IPYHTYETHCS Ha JOTiICTUYHOMY TiIXOM1, METOAAaX CTATHCTUIHOTO aHaJIi3y Ta IMITAI[ifHOTO MOZAETIOBaHHA. B siko-
CTi KpUTEpish ONTHMAIBHOCTI 3aIIPONIOHOBAHO BUKOPHUCTOBYBATH 3aTrajibHi JIOTICTUYHI BUTPATH.

PesyabraTu. OTpuMaHi Ipy MPOBEJICHHI EKCIIEPUMEHTAIBHUX JOCHIPKeHb Ha IMITaliiHIA Moeri pe3yJb-
TaTH IO0Ka3aiy OUIbIY epEeKTUBHICTH y MOPIBHSAHHI 3 ICHYIOUMMH aHAITHYHUMH MeTogaMu. OOIpyHTOBaHO €KO-
HOMIYHY JOLIJIBHICT MPAaKTHYHOTO BUKOPUCTaHHS PO3pOOJICHOr0 METOAY Ha NPHKJIAJAi NepeBe3eHb MPOIyKIii
METaITyPriiHOTO MiANPUEMCTBA 3aJII3HUYHUM TPAHCIIOPTOM.

BucHoBxku. Auanis pe3yJ'H>TaTiB ZIOCJ'IiIl)KeHL IMoKasaB, 10 Ipu BI/H(OpI/ICTaHHi p03p06neHoro METOAY 3MCH-
IIYIOTHCSI BUTPATH HA TIEPEBE3EHHS Ta EKCIDTyaTalito 0araToo00poTHUX 3aC00iB KPITICHHS.

Abstract

Timeliness. Returnable securing equipment in the form of metal pallets, frames, etc. is widely used when
transporting goods. It is easy to use and reliable, unlike traditional fasteners, can be reused. These advantages make
the cost-effectiveness of returnable securing equipment economical, but the stochastic nature of the fluctuations
in the volume of dispatches and the location of destinations leads to a significant increase in their operating fleet.
With the temporary reduction of the need for this securing equipment, it is accumulated at the shippers' storages,
which complicates the implementation of transport and technological processes and leads to an increase in logis-
tical costs for cargo transportation. This practical problem causes research to be conducted to solve the scientific
problem of determining the optimum size of a fleet of returnable securing equipment in order to effectively manage
the delivery process.

The purpose of the work is to develop a method for determining the optimum number of returnable securing
equipment in cargo delivery systems.

Method. The method of determining the optimal size of returnable securing equipment is developed, which
is based on logistical approach, methods of statistical analysis and simulation modeling. It is proposed to use total
logistical costs as a criterion of optimality.

Results. The results obtained from the experimental studies on the simulation model showed greater effi-
ciency compared to the existing analytical methods. The economic feasibility of practical use of the developed
method is substantiated on the example of transportation products made on a metallurgical enterprise by railway.

PesyabraTu. OTpuMaHi IpH MPOBENICHHI EKCIIEPUMEHTAIBHUX JTOCHIPKeHb Ha IMITaliiHIi Moesni pe3yJib-
TaTH IO0Ka3aiu OUIbIy epEeKTUBHICTD Yy NOPIBHSHHI 3 ICHYIOUMMH aHAITHYHUMH MeToaMu. OOIpyHTOBaHO €KO-
HOMIYHY JOLIJIBHICTh MPAaKTHYHOTO BUKOPHCTAHHS PO3POOJICHOTO METO/MYy Ha NPHKIAl IepeBe3eHb MPOIyKIii
METaIypriiHOTO MiANPUEMCTBA 3aJII3HUYHUM TPAHCIIOPTOM.

Conclusions. Analysis of the research results showed that the use of developed method reduces the costs for
transportation and operation of returnable securing equipment.

Kuro4osi ciioBa: 6aratoo00poTHI 3ac00H KPITUIEHHS, IPOIIEC JOCTaBKH BAaHTAXIB, JIOTICTUYHI BUTPATH, iMi-
TaIiitna MOJ€eb.

Keywords: returnable securing equipment, cargo delivery process, logistical costs, simulation model.
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equipment (RSE). Its solution is possible by using
known existing methods for defining the required oper-
ating fleet of wagons, cars and other transportation
means, loaders, containers. To determine this quantity,
it is required to know the number of departures and the
time of their turnover on the transportation route. How-
ever, it is inappropriate to apply known analytical
methods when the stochastic nature of transportation
and the additional conditions and restrictions are neces-
sary to take into account. By the logistical approach,
considering the possibility of using not only RSE, but
also traditional disposable fasteners, it is advisable to
use not only technical, but also economic criterion — to-
tal logistics costs.

The object of this research is the process of deliv-
ery of goods using the RSE, and the subject is the de-
pendence of logistics costs on the size of their operating
fleet.

The purpose of this work is to develop a method
for determining the optimal quantity of RSE. To
achieve it, the following tasks must be solved:

- to develop a method of determining the optimal
number of RSE and to establish a model of cargo deliv-
ery;

- to carry out experimental researches on the de-
veloped model, to obtain dependence of logistical costs
on the size of the operating fleet of RSE and to provide
recommendations on practical use of the developed
method.

1. Problem statement

The purpose of the study is to find the minimum

of the objective function as

Z=1(¥pYp ou¥n)—>min, ()
where yl =aiXi +b(CI —Xi), if
0<x <g;,

a;,b,c; =const >0,

i=(Ln).

Function (1) can be written as:
n
i=1

The coefficient @; includes the average of the

costs associated with the use of RSE. In a real system,
by the stochastic nature of cargo movement, size of the
RSE consignment sent from the place of unloading may
be reduced promptly in order to accelerate its return. In
addition, fluctuations in the volume of shipments deter-
mine the nonlinear nature of the duration of accumula-

tion of the RSE consignment and, accordingly, the du-
ration of turnover and the required operating fleet. In

other words, instead of the expression &;X; , it is neces-

sary to use a nonlinear function in the form of ¢ (Xi )

which significantly complicates the search for the min-
imum of function (2).

In such cases, it is advisable to use approaches
based on the use of stochastic discrete-event simulation
models.

2. Literature review

The main principles for assessing the efficiency of
moving goods from the place of production to final con-
sumption points are the logistical costs of delivering
products. The organization of the process of cargo de-
livery, while minimizing logistics costs is an urgent is-
sue [1-5].

One of the most important issues of transport and
logistics servicing of the delivery process is the choice
of scheme and method of transportation [6, 7]. Logisti-
cal costs for the delivery of goods consist of many com-
ponents: the cost of cargo operations during the techno-
logical process of delivery, in-plant movement and
shunting operations [8], transportation by main roads,
storage at the enterprise and at transfer points, etc. [9].

The use of simulation modeling of delivery pro-
cesses is one of the actively developing areas of re-
search [10, 11, 12].

RSE allow placing and fixing cargo items by
means of a gripping mechanism without the use of ad-
ditional technical means, devices and labor costs [13].
But their application leads to additional costs associ-
ated with returning for the next loading.

Most well-known approaches to determining the
logistical cost of delivering cargo do not involve the
cost of return to the enterprise of the RSE manufacturer,
which include not only the cost of transportation [15]
but also the cost of temporary storage at the destination
for consolidation of cargo.

There are various methods for determining the re-
quired quantity of technical means for providing trans-
portation of a definite volume of enterprises production
[15, 16, 17, 18, 19-22]. However, analytical methods
for calculating the need for RSE do not include stochas-
tic changes in the intensity of shipment in certain areas
and the possibility of shipment using disposable fasten-
ers.

3. Materials and methods

In order to study transportaion processes, a simu-
lation model was developed in Anylogic software envi-
ronment, the operational scheme of which is presented
in Fig. 1.
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Figure 1. Diagram of a simulation model of cargo delivery processes using the RSE

The transport consignments are the order in the
presented model. Generation of orders can be carried
out according to the corresponding initial statistical
data by theoretical distribution of stochastic variable.
Created orders get into queue that simulates the con-
signment entering the store. If the resources are availa-
ble, they are captured by the request and move to a ser-
vice device that, by delay, simulates the process of de-
livering the cargo to the destination. If the resources are
absence during to, time, it is considered that the ship-
ment was made using traditional means of fastening;
such orders are timed out from the device and de-
stroyed, and their quantity is fixed.

Requests moving along with the resources, after a
delay at the time of delivery of the cargo to the station

Hampsv mepegesens 1 A

Sl

Hamnpsam nepesesens 2
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t,, get into the queue, where they wait for collection to
an amount that corresponds to the wagon loading ca-
pacity for metal pallets. The movement of applications
is blocked till this time.

After unblocking, the lot of requests is delayed for
t, time required for returning the vehicle with RSE for
the next loading. Resources are released (RSE is placed
into the store waiting for loading), orders are destroyed,
information on their quantity is recorded.

The model, the scheme of which is presented in
Fig. 1, does not involve the possibility of sending RSE
in less than the normative in the operational manage-
ment of the delivery process in real conditions. To re-
alize this possibility, the scheme of the model is
changed (Fig. 2).

pecypey
Figure 2. Diagram of a simulation model for the fulfilment of cargo delivery processes with adjustment of the
sizes of RSE consignments which return under regular loading
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In this model, orders that were unable to capture
resources due to their lack are not destroyed, but move
with others in the overall processing. As a result,
consingments without RSE resources are considered in
the amount of the collected consignment. In fact, this
means that the more wagons without RSE arrive to their
destination, the smaller amount of RSE consignments
returned under regular loading accelerating the process.
The model involves, due to this, the operational man-
agement of the transportation process in real operating
conditions.

It is proposed to optimize the quantity of RSE ac-
cording to the criterion of minimum logistical costs for
cargo delivery. These costs are determined by analyti-
cal calculations of cost indicators, based on the tech-
nical parameters of the transport system functioning,
obtained by means of a simulation model. The pro-
posed method unlike the existing ones involves the pos-
sibility of goods shipment without RSE and their re-
turning with reduced consignment.

4. Experiments

The study of the process of cargoes delivery with
RSE was performed on the example of the cold reduc-
tion department Nel of the Zaporizhstal metallurgical
plant. The following were used as basic data:

- monitoring of products consignments with RSE
in railway wagons;

r

- monitoring of the RSE consignments awaiting
the next loading;

- duration of delivery of wagons with products to
the destination station;

- duration of the RSE delivery;

- fares for transportation, loading and unloading,
transportation and storage operations, maintenance and
repair of the RSE, depreciation deductions for the RSE
and the cost of disposable fasteners.

As a result, we should get:

- the dependence of the quantity of disposable fas-
teners required for the shipment of products on the RSE
operating fleet;

- dependence of logistical costs on the size of the
operating fleet of RSE.

When imitating the processes of products ship-
ment, the range of the RSE operating fleet varies from
70% to 100% of providing them with all shipments
[a1].

The quality of the obtained results is estimated by
the economic criterion — the minimum of logistical
costs in comparison with the results obtained by tradi-
tional methods of calculation.

The scheme of the experiment on the simulation
model is presented in Fig. 3.

_______________ . . T
| BuxiiHi gasi |
| I
| |
: IHTEHCHBHICTB Kinekicthb TpuBanicts :
| BIIIPABOK BO3K TEXHOJIOTIYHUX |
I MPOYKIT oriepaniii |
I I
- _I

MOJIEJIb

'

l

CepeHBLoroJMHNA KiMBKICTE
bO3K y 3anaci

KinbkicTs BinpaBieHb
6e3 BO3K

(i3 3BUYAHHUM KPITJISHHSIM)

KinbkicTs BijinpasjieHnb
Ha BO3K

Figure 3. Scheme of the experiment

The raw data on the intensity of the dispatching
products is determined by a certain random values dis-
tribution law, obtained as a result of statistical analysis
of the actual data. The directions with stable freight
traffic were identified to study the intensity of the dis-
patching cargos with the RSE. The random value sta-
tistical analysis of the intensity of dispatching metal

products with the RSE was performed for each direc-
tion of transportation. The data extract was divided into
intervals and the percentages of observations that get to
each of them were calculated. Fig. 4 presents a distri-
bution histogram of the intensity random value of the
dispatching products to one of the destination stations
(bar chart — empirical data, the line shows the theoreti-
cal distribution).
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Variable: XEPCOH-IIOPT-ITEPEBAJIKA-EKCIIOPT. Distribution
Chi-Square test = 4,88536, df = 2 (adjusted), p = 0,08693
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Figure 4. Analysis of the intensity of dispatching metal products

Empirical data are mostly subject to the exponen-
tial theoretical random values distribution law accord-
ing to graphoanalytical analysis and according to the
chi-squared test and Kolmogorov-Smirnov test. The
analysis in other directions also proved the possibility
of modeling the wagon traffic volume by exponential
distribution.

The parameters of the selected laws change ac-
cording to the planned (predicted) change in intensity.

The parameter of RSE quantity (operating fleet) varies
step by step in the range from 70% to 100% of their
assignment indicator of product dispatchings. The ini-
tial value may be taken to be the actual RSE or the value
calculated by the traditional analytical method.

The algorithm of the experiment is presented in
Fig. 5.

BBe/enHs napamMerpiB iHTeHCHBHOCTI
BiJIIPABKH T4 TPUBAIOCTI
TEXHOJIOTTIHHX OTIepartii

l

3amaHHA KUJIBKOCTI METAJIEBAX
IiUIOHIB ¥ po0oTi

'

ImiTarist poGOTH TPAHCIIOPTHOI CHCTEMH
38 JOIIOMOTOI0 MOJei

3mina napamerpis

'

30ip pe3ybTariB eKCIepUMEHTY

'

AHalti3 pe3ylIbTaTiB eKCHCPUMCHTY

Figure 5. Algorithm of the experiment
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The progress of the experiments is monitored by b) 180 units of RSE
means of histograms shown in Fig. 6
a) 160 units of RSE

Bizncorok criocrepexens, %
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Figure 6. Analysis of the RSE availability in storerage when the size of their total fleet changes

The range and the step of resizing the RSE operat- 300 units, and the discharging process is provided100%
ing fleet can be determined by visual analysis of the  with their use.
histogram data. Thus, when conducting the experiment 5. Results
on the example of the Zaporizhstal metallurgical plant, The results of the experiment are presented in
the RSE quantity in storage is critically small (55% of  form of graphs of changes in consignment quantity with
monitorings are in the range from 0 to 3 units) at a fleet  disposable fasteners and with RSE depending on the
of 160 RSE units and the RSE is always in storage (not  opeating fleet of the latter (Fig. 7).
less than 3 units) when the size of the operating fleet is
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Figure 7. Alternating the number of diaposable and RSE dispatches depending on the operating fleet

6. Discussion
To evaluate the significance of the obtained re-
sults, they are compared with the data of analytical cal-
culation of the RSE required number by traditional
methods. The current approach is calculated using the

formula:
n - . - .
N3ar — Zu. ©)

The value of the optimal size of the RSE operating
fleet in the amount of 220 units was obtained using the
method (Fig. 8) presented in the article, with the total
logistical costs of 13097385 UAH / year. 260 units of
RSE are required according to the analytical calcula-
tion, the total logistical costs will be 13 327 813 UAH
/ year. Economical efficiency 230 428 UAH higher (lo-
gistical costs reduced by 1.7%) when using the pro-
posed method.

13 700 000
13 600 000 |

13 500 000 |
13 400 000 |
13 300 000 |
13 200 000 |
13 100 000 |

13 000 000 |

PiuHi BUTpaTH Ha J0CTABKY, TPH.

12 900 000 |
12 800 000

160 180 200

220 240 260 280

Hasgsna xinexicts BO3K, ox.
Figure 8. Dependence of the annual cost of products delivery on the RSE operational fleet

The results obtained using the proposed method
involve not only the technical parameters of the deliv-
ery system, but also the logistical criterion. Therefore,
in practical application, a significant economic effect

can be obtained at enterprises using RSE. Further stud-
ies may be aimed at optimizing the size of the RSE re-
turned under regular loading.
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Conclusions

The urgent scientific problem of determination the
RSE optimum quantity during the arranging the process
of cargo delivery was solved in the course of the per-
formed research. A simulation model of cargo delivery
using RSE was developed, which includes fluctuations
in the intensity of dispatches, the possibility of using
traditional disposable fasteners and the possibility of
returning of the RSE in less than the maximum
quantuty.

The scientific novelty is the development of a new
method for determining the optimal quantity of RSE,
which is based on a logistical approach, methods of sta-
tistical analysis and simulation modeling. The possibil-
ity of using both reusable and disposable fasteners is
considered by contrast with existing methods. As a cri-
terion for optimality, it is suggested to use total logisti-
cal costs, not just technical performance indicators.

The experimental researches made it possible to
obtain the dependence of logistical costs on the size of
the RSE operating fleet. When imitating the processes
of dispatching cargo, the range of the RSE operating
fleet was from 70% to 100% of providing all dispatches
with them.

The practical importance of the results is to reduce
the cost of cargo delivery. The estimated saving is UAH
230 428, the total logistical costs are reduced by 1.7%
when using the transportation example of products of
the cold reduction department Ne 1 in the Zaporizhstal
metallurgical plant. The proposed method can be used
at enterprises that use RSE when arranging cargo deliv-
ery.

Further studies may be aimed at optimizing the
size of the RSE returned under regular loading.
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METOI0JIOT Ul PACYETA NOJJMBHOM HOPMbI CEJIbCKOXO3SAMCTBEHHBIX KYJIbTYP
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METHODOLOGY FOR CALCULATING THE IRRIGATION RATE OF AGRICULTURAL CROPS
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B cratbe PacCMOTPEHBI BOMIPOCHI ONITUMU3AINN PEXKUMA OPOIICHUA CEJIBbCKOXO03IHCTBEHHBIX KyJIbTYyp, CIIO-
CO6BI, TCXHUKHN U TCXHOJIOTUU OPOLICHHSA HAa OCHOBE YUCTa OHEPTETUUCCKUX PECYPCOB, T.K Ha IPOTXKEHUN MHOTUX
JICT HEPALTMOHAJIbHOEC UCII0JIb30BaHUEC TTOJIMBHBIX HOPM, Ccroco0CTBOBAIIO Jcrpajganuy opouracMbIX MaCCHUBOB. Ilo-
ATOMY B LIEJISIX CMATYECHHUS SKOJIOTHUECKON CUTYyaIlMy OpOIIaeMOT0 MacCHBa, aBTOPaMH pa3paboTaHbl METOI0JIO-
T peXUMa OpPOIICHUA MOJIMBHOM HOPMBI Ha OCHOBE DHEPTECTHUCCKUX PECYPCOB KOHKpCTHOﬁ MECTHOCTH, YTO
OIarompuATCTBYET YCTAaHOBJICHHUIO AncOatanca B pu3ochepHoil 30He.

Abstract

The article deals with the issues of optimizing the irrigation regime of agricultural crops, methods, techniques
and technologies of irrigation based on the accounting of energy resources, since for many years the irrational use
of irrigation norms contributed to the degradation of irrigated massifs. Therefore, in order to mitigate the ecological
situation of the irrigated massif, the authors have developed methods of irrigation regime of the irrigation norm
based on the energy resources of a particular area, which contributes to the establishment of an imbalance in the
rhizosphere zone.

Kuarwuesbie ciioBa: [lonuBHast HOpMa, peKUM OPOILIEHHUs, YHEPTETUYECKHUE PECYPChl, IKOJIOrHYecKasi CUTya-
s, IeUIUT BIAXKHOCTH BO3IyXa.

Keywords: Irrigation rate, irrigation regime, energy resources, environmental situation, lack of air humidity.

BBEHeHI/Ie. B YCI0BUAX NEPpEeBOAAa YKOHOMHUKHU Ha
PCIbChL I/IHTCHCI/I(l)I/IKaHI/II/I, TIOBBIIICHHUEC 3(1)(1)€KTI/IBHO-
CTH CEIbCKOXO03SIHMCTBEHHOTO IpoOUu3BOACTBA 3aBUCHUT
OT TOI'0, HACKOJIbKO MOCJICAOBATCIIBHO PACIIPOCTpaHsI-
OTCA W O0CBAUMBANOTCA WHHOBAIIMOHHBLIC TCXHOJIOT'HH,

JOCTH)KEHHS HAyKH W TEXHHKH. TexXHOJorus ocy-
LIECTBISIETCS CO3/aHMEM ONTUMAIBHBIX YCIOBUH A
NIPOBEJCHUSI IIOJIHOTO KOMIUIEKCa BBIPAOOTaHHBIX
HayKOW IPHUEMOB MOJIMBOB 1 00paboTku noussl. [Ipu-



