VJIK 519.876.5
Lagovska O. A.
Doctor of Economics, Professor,
Zhytomyr State Technological University, Zhytomyr, Ukraine;
e-mail: lagovskayal@meta.ua; ORCID ID:0000-0001-9517-0499
Denysiuk O. G.
Ph. D. in Economics, Associate Professor,
Zhytomyr State Technological University, Zhytomyr, Ukraine;
e-mail: delenash@gmail.com; ORCID ID:0000-0003-2108-7347
Ovcharenko Ye. 1.
Doctor of Economics, Associate Professor,
Volodymyr Dahl East Ukrainian National University, Sievierodonetsk, Ukraine;
e-mail: evwoukr@gmail.com; ORCID ID: 0000-0001-5267-5067
Andryeyeva N. M.
Doctor of Economics, Senior Researcher
Institute of Market Problems and Economic & Ecological Research,
The National Academy of Sciences of Ukraine, Ukraine;
e-mail:andreevann@ukr.net; ORCID ID: 0000-0002-9960-559X

THE ECONOMIC-MATHEMATICAL MODELLING OF PROCESSES
OF OPTIMIZATION OF SUGAR RAW MATERIALS’ LOGISTICS
AT SUGAR FACTORIES

Abstract. The mathematical model of proceeding in the supplies of agricultural on a
factory-producer under force-majeure circumstances of their deficit products is suggested. It enables
bringing in to the supply of feedstock not only own sources but also alternative ones. Small and
middle farmers became such suppliers. This helps to reduce the risk of failures in raw materials’
supply to sugar factories, as well as to integrate the interests of large associations of sugar producers
with the interests of small and medium producers. This also helps to solve the tasks of socio-
economic development of rural areas as it provides sales to small and medium agroproducers.

The mathematical formulation of the problem is complicated by the presence of probabilistic
parameters. Therefore, in the case of mathematical modeling, a stochastic network model was used.

The complexity of the task of organizing the supply of raw materials by small and middle
producers is due to the fact that the set of sugar beet suppliers is an open heterogeneous system, and
the consumer is a link of a centralized association with a hierarchical structure.

The factor of heterogeneity of the suppliers’ set is due to the fact that each of them acts
autonomously and even has no information about the actions of other suppliers.

The mathematical model allows to predict the time of implementation of the project and to
solve the task concerning delivery of raw materials of the quantity required, for a given period of
time, from a substantial number of autonomous suppliers. The developed mathematical model has
allowed to take into account the influence of probabilistic factors on the decisive factor - the timely
organization and restoration of the necessary resource for the smooth operation of sugar production.

Independent substructures, by definition, do not have access to the centralized network
schedule of the producer. In order to resolve this contradiction, the following decision is taken. For
each of the autonomous primary producers, their own network schedule is created.

The developed mathematical model can be used for other cases of emergent stocks
replenishment, urgent formation of commodity batches of agricultural products.

Keywords: mathematical model, stochastic parameter, optimum forecasting, vector
variables.
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EKOHOMIKO-MATEMATHYHE MOJIEJIOBAHHS ITPOIECIB ONTUMI3AIII
JOTICTHUKH IIYKPOBOI CHPOBUHM HA ITYKPOBUX 3ABOJAX

AHoTAaNis. 3anpornoHOBaHO MaTeMaTU4Hy MOJIEb BIZTHOBJICHHS 3arnaciB
CUTBCHKOTOCTIONAPCHKOT TPOMYKIlii Ha 3aBOAI-BUPOOHHMKY 3a (Opc-MaKOpHHUX OOCTaBUH iX
nedinury. Lle nae MOXKIMBICTH 3adydeHHS 10 TOCTayaHHs CHPOBHMHM HE TUIBKM 3 BJIACHUX, a 3
aIbTEPHATUBHUX JOKepen. TakuMmu TMocTadalbHUKaMU CTalOTh Majli Ta cepelnHi BupoOHuku. e
JIO3BOJISIE 3MEHIIWTH PHU3UKU 3pHUBIB TOCTAYaHHS CHPOBUHU HA I[yKPOBI 3aBOJM a TaKOX
IHTETpyBaTH IHTEPECH BEIMKUX acollialliii BUPOOHUKIB IYKPY 3 iHTEpecaMy MaJIoTO Ta CEPEIHLOTO
BupoOHUKa. Lle Takok JomomMarae BH-PIIMTH 33/1a4i COLIaTbHO-€KOHOMIYHOTO PO3BHTKY cena 060
3abe3neuye 30yT U MaJIUX Ta cepell-HiX BUPOOHUKIB arpoIpoayKIlii.

MaremaTH4Ha TTOCTAaHOBKA 3a/1adil yCKJIaJHeHa HasBHICTIO IMOBIpHICHMX mapaMeTpiB. Tomy
NpU MaTeMaTUYHOMY MO/JICITIOBAaHHI BUKOPUCTAaHA CTOXaCTHYHA MEPEXEBa MOJIEIb.

CxiagHicTh 3aj7adi opraHizailii mocTadyaHHs CUPOBUHHU BiJ] MaJlUX Ta CEpeIHIX BUPOOHHKIB
00yMOBJICHA TUM, L0 CYKYIHICTh OCTAYaJIbHHUKIB IIYKPOBOTO OYpSKY € BIIKPUTOIO FE€TEPOTEHHOIO
CHCTEMOI0, a CIIOKMBAY € JIAHKOO IICHTPATI30BaHOI acoIlialii 3 iepapXiyHoI0 CTPYKTYPOIO.

@DaKkTop TETEePOTEHHOCTI CYKYMHOCTI MOCTAaYaJbHUKIB OOYMOBJIGHHI THM, IO KOXXEH 3
NOCTAaYIBHUKIB CHPOBMHHU [li€ AaBTOHOMHO 1 HaBiTh He Mae iHopmamii mpo mii iHmmMX
MOCTa4aIbHUKIB.

MaremaTtu4Ha MOJENb J03BOJISIE MPOTHO3YBATH Yac BUKOHAHHS MPOEKTY 1 BUPILIMTH 371249y
MOCTa4YaHHS  CHUPOBWHM B MOTPiOHIA KINBKOCTI y 3aJaHWil TepMiH Bill 3HAYHOI KIJIBKOCTI
ABTOHOMHHX IIOCTadajbHUKIB. Po3po0neHa maTemMaTH4Ha MOJIENb, J03BOJWIA 3a0€3MMEeUUTH
BpaxyBaHHS BIUTUBY IMOBIPHICHUX ()aKTOPIB HA BUPIMIAIbHAN YHHHUK — CBOE€YACHY OpraHi3ailiio Ta
BIJIHOBJICH-HS HEOOXITHOTO pecypcy uist Oe3nepediitHol poOoTH IYKpOBOT0 BUPOOHHIITBA

ABTOHOMHI CyOCTpPYTypH, 3a BHU3HAYCHHSM, HE MAlOTh JOCTYIy IO LEHTPaTi30BaHOTO
MepexxeBoro rpadiky BUpPOOHHKA. 3a/Isl BUPIMIEHHS LbOTO MPOTHUPIYYS HMPUHMAEThCS HACTYITHE
pimeH-Hs1. [[J1s KO)KHOTO 3 aBTOHOMHUX MOCTAa4aIbHUKIB (POPMYETHCS BIACHUN MEpexeBHi rpadik.

Po3pobriena MaTeMaTiuHa MOJIENTb MOYKE OYTH BUKOPHCTAHA IS IHIIUX BUMA/IKIB €KCTPEHOTO
MOTIOBHEHHS  3amaciB, TEPMIHOBOrO (opMyBaHHS TOBAapHUX MapTiii CUIBCHKOTOCHOAAPCHKOT
MPOAYKITii.

KarouoBi cioBa: MaremaTHyHa MOJeNlb, CTOXaCTMYHUN MapaMerp, ONTUMajbHe
MPOrHO3YBAaHHSA, BEKTOPHI 3MiHHI.

®opwmy: 11; puc.: 0; Tabm.: 0; 6i6m1.: 30.
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9KOHOMHUKO-MATEMATHUYECKOE MOJEJIMPOBAHUE ITPOLUECCOB
OIITUMU3ALUU JTOTUCTUKHU CAXAPHOI'O CbIPbS
HA CAXAPHBIX 3ABO/JIAX

Annoranus. [IpennoxeHa SKOHOMHUKO-MaTeMaTHYECKash MOJICIb BOCCTAHOBIICHUS 3aracoB
CEIIbCKOXO3SIMCTBEHHOW  TPOAYKIIMM  Ha  3aBOJIC-U3TOTOBUTENE  NpH  (POPC-MaKOPHBIX
o0cToATeNnbCTBAX WX JAeUIMTa. DTO JaeT BO3MOXKHOCTH TPUBJICUCHHS K TIOCTaBKaM CHIPbS HE
TOJIBKO W3 COOCTBEHHBIX HWCTOYHHKOB, HO M W3 aJbTCPHATHBHBIX. TaKMMH ITOCTAaBIIUKAMHU
CTAaHOBSATCS Majble W CPEJHUE MPOU3BOJMTEIN. DTO TO3BOJISIET YMCHBIIUTh PHCKH CpPBHIBOB
MOCTAaBOK CBIPhSl HA CaXapHbIC 3aBOJIbI, a TAKXKE MHTETPUPOBATH MHTEPECHI KPYITHBIX aCCOIUAIIMIA
MPOU3BOMTENICH caxapa ¢ HHTEpEeCaMHU MaJIOTO U CPEIHETO TIPOU3BOIUTEIIS.

MaremaTuieckas TOCTAaHOBKA 3aJ]a4d OCJIOKHEHA HAIMYUEM BEPOSITHOCTHBIX MapaMeTpPOB.
[TosToMy mnpu >KOHOMHKO-MATEMATUYECKOM MOJICIMPOBAHWN UCIOJB30BaHA CTOXAcTHYeCKas
CeTeBast MOJICb.

Pa3paboTanHass SKOHOMHKO-MaTeMaTH4ecKas MOJIEIb MOKET OBITh HWCIOJb30BaHA IS
JIPYTUX CIy4aeB SKCTPEHHOTO IMOTIOTHEHUS 3allacoB, CPOYHOTO (OPMHUPOBAHHS TOBAPHBIX IMAPTHIMA
CEIIbCKOXO03SMCTBEHHOH TPOTYKIIHH.

KiaroueBble cjioBa: mMareMaTHUecKash MOJEIb, CTOXaCTUYCCKHH TapamMeTp, ONTHMAaIbHOE
MIPOTHO3UPOBAHUS, BEKTOPHBIC ITEPEMEHHBIC.

®opmyi: 11; puc.: 0; Tabmn.: 0; 6uosn.: 30.

Introduction. The situation with the cultivation of sugar beet in Ukraine, has undergone
significant changes since 1990. Sugar producers have effectively created vertically integrated
structures that deal with all steps: from planting to the shipment of finished products. The number
of sugar factories in Ukraine during this time decreased from 192 to 46 [1]. The country lost its
position on the world sugar market; the gross values of production reduced significantly and,
consequently, the need for raw materials as well.

The dissolution of collective farms created a significant number of small and medium-sized
farms - producers of products of the agrarian sector. They were the first who were struck by the
reduction in purchases of sugar beet. This led to a decrease in the total area of sugar beet sowing
and, accordingly, in the volume of its harvesting by small agricultural enterprises. The decline in the
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production of sugar beet led to the loss of material and technical means needed for its cultivation
and harvesting [1; 2]. Available technical means are outdated and extremely worn out. The
equipment which is intended for the harvesting of sugar beets is the most worn out of all means.
The wear level is 70-80% [2]. These are factors which do not favor the production of sugar beet by
farms characterized by small sown areas. But there are other factors which favor growing raw
materials sugar products by small and medium-sized farms. In particular, a significant part of the
areas in the Kharkiv region, where sugar beet was grown, is represented by relatively small ones.
According to the literature, the average area of sugar beet sowing, belonging to one farm of the
Kharkiv region, amounted to approximately 166 hectares [3]. Such a distribution of areas of sugar
beet sowing, the circumstances of dissolution of collective farms and other factors determine the
nature of the use of agrarian resources in certain regions and require taking into account the need
for the formation of, in certain circumstances, decentralized supply of raw materials by sugar
producers [3].

Obviously, the use of small-sized sowing areas by large, vertically integrated structures, is
so scattered, and thus is extremely limited under the current business model. The use of industrial,
intensive technologies on those areas was not feasible. This has led small farms to crop rotation
(sugar beet is extremely useful as a precursor culture), sugar factories lost their areas used for raw
materials cultivation and were stopped. The organization of chains of growing and supplying raw
materials should create preconditions for the restoration of their work.

Analysis of research and problem statement. At first glance, it is impossible to combine
the interests of vertically integrated sugar producers and small and medium-sized producers. The
existing forms of management within beet sugar industry in Ukraine, sugar production structures,
do not respond to the challenges of time.

According to the researchers, this is due to the fact that such a form of procurement is
outside the control for compliance with regulatory prices for the supply of agricultural products by
the relevant authorities [7]. Alongside with the overproduction of sugar beet this can lead to
negative consequences — collapse of market prices for sugar beet [3].

Demand for tolling raw materials, according to [3], does not always depend on its quality. in
particular, the factor of purchasing prices for sugar beet can serve as an indicator for this. The
highest quality index is sugar content: in the Dergachi district of Kharkiv region it is the largest for
many years [3]. But, according to the association "Kharkivtsucor”, which is confirmed by
information from the Main Department of Statistics of the Kharkiv Region, the price for this raw
material is higher in other regions [3]. Some sugar producers, using their pricing policies, are, thus,
trying to create their own raw material zones, to test new supply chains, aiming at securing
themselves against a certain part of the risks associated with the lack of their own raw materials’
base.

In the scientific paper [3], a detailed analysis of the application of tolling conditions to the
supply of raw materials to sugar factories is conducted. It is accompanied by economic calculations
and is based on practical experience. The result of the analysis was a substantiated claim that the
use of sugar raw materials under tolling not only will not lead to a crisis in the industry, but will be
also a real way out of the situation [3].

The analysis, carried out for different types of raw materials used in the production of
bioethanol, showed that in regions with climatic conditions similar to Ukrainian one, in particular in
the European Union countries, the share of sugar beet is significant and has a tendency to increase
[9; 10]. Obviously, small producers of bioethanol in Ukraine come to the conclusion about the
expediency of using sugar beet. However, the production of bioethanol and the cultivation of raw
materials are not yet rigidly determined; production links are not strictly defined. In addition, each
bioethanol producer can quickly reorient to other raw materials in the case of a shortage in sugar
beet supply.

The flexible nature of the relationship between sugar and bioethanol production stabilizes
the market for sugar beet and protects small and medium-sized farms that grow sugar beet against a
certain part of the risks of overproduction.
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On the other hand, large producers face certain risks, force majeure circumstances, which
account for an increase in the cost of production. An example of such force majeure circumstances
is the situation, which caused significant losses of the association "Ukrsugar” in the sugar beet
marketing year 2016/2017 [11]. Ukrzaliznytsya at that time was not able to provide transportation
of raw materials and finished products of sugar producers. Manufacturers were compelled to take an
emergency procedure of the transportation by vehicles [11]. Overhead transportation costs are
higher than in case of the railways, and these losses were further increased compared to the standard
ones due to emergency situation. Manufacturers will experience the impact of this force majeure for
many years, as insurance against a new type of risk will increase the cost of production [11].

To solve similar problems of large sugar manufacturers, of vertically integrated holdings,
the adding of the sugar beets supply from small and medium-sized farms to their own sources of
raw materials could be used. This type of supply can serve as an additional source of raw materials
or as an insurance factor under force majeure circumstances [12-15]. The under supply of sugar beet
from own sources at certain moments could be relied on tolling raw materials to ensure the
continuity of sugar production, but it forces the switch to a different technological level, in
particular that is related to information facilities of regional markets for agricultural products [15].

The main factor for the organization of tolling raw materials’ delivery is the digitization of
the task at its every stage.

In Ukraine, the forecast of sugar beet yields and supply volumes for certain raw material
areas is not refined. At the beginning of sugar beet harvesting, the technologists of associations of
sugar producers make a selective analysis [6]. Small and medium-sized farms are not aware of these
forecast data throughout the period of sugar beet harvesting. This does not allow such farms to use
even tactic planning activities. Therefore, the digitization of the production of sugar raw materials
must be strengthened in this direction. The efficient farming is not possible without a well-grounded
planning of its activities. It is not possible to effectively use even classical methods of economic
and mathematic planning. The classic methods of optimization tasks for beet sugar production, in
particular, for the harvesting of root crops, were developed by Yu.P. Chernova and 1.D. Stepanenko
[3]. Modeling of sowing area in different farms on the example of the raw material zone of one of
the Vinnytsya factories was suggested in the study of M.Yu. Codenska and M.I. Kinakh [3]. The
criterion of optimality for the developed model was selected minimal costs for the processes of
supply and processing of sugar raw materials. In the papers of other scientists, extended sets of
variable parameters were used for modeling purposes. In particular in [16; 17], except of the areas
of raw materials’ sowing by individual farms, changes in indicators of their quality depending on
the terms of storage, the material and technical base involved, etc., are taken into account. The
modeling of sugar beet production, both throughout its whole chain, and at each its element, was
developed in such a way as to ensure the supply of the necessary quantities of raw materials for the
uninterrupted operation of factories and getting a commodity product — sugar [16; 17]. But these
models can not be used to simulate the emergent situation of raw materials’ replenishment.

Different approaches are used to form the mathematical models of sugar beet production.
One of them is a factor approach. One experimentally identifies a group of factors that affect the
result. The degree of their influence on the result and the type of functional dependence on the
identified factors of influence is studied. The mathematical model is checked for historical data and
uses it to generate forecasts for current and next periods [18].

There are a lot of questions about such methods, their accuracy and feasibility. In particular,
the form of dependence, the magnitude of influence, the set of factors of influence on the result are
taken as independent of one agricultural season to another. Checking the form of dependence, the
magnitude of each factor impact, the matching of a set of factors for each season is a very costly
task that requires effort and time. These methods are not suitable for the situations of abrupt,
mobilization nature.

There is an approach related to identification of trends in the dynamic time series of the
investigated factor for past agricultural seasons and extrapolation of the revealed trend for future
periods. In addition to the trend characteristics, the influence of seasonal factors (for this we need to
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have information about the factors that tend to repeat over a short period — even a certain day of the
week), cyclical factors and even stochastic factors are taken into account. This is a weighty
argument for applying this approach in the mathematical model of supplying the required volumes
of sugar raw materials.

The advantage of this approach is the absence of the need to study the influence of each
factor separately and the set of factors as a whole. The disadvantage of trends’ use in a dynamic
time series is a significant discrepancy of the results from the real situation. Inaccuracy of the
forecast within this approach is primarily attributed to the changes in the conditions from season to
season [19, 20].

Let's consider the application of the given approach to the situations of an emergency in
more detail.

Some scholars used ARIMA modeling (abbreviation for autoregressive integrated moving
average) and its modification — SARIMA simulation to model sugar production. Sometimes
ARIMA and SARIMA simulations are defined as Box-Jenkins (BJ) methodology [20]. The purpose
of this modeling is out-of-sample prediction. This coincides with the task of forming a forecast or
scenario of a crisis situation in the supply of sugar raw materials set out in this article.

Let’s analyze the feasibility of ARIMA, SARIMA, BJ simulation use for the formation of a
mathematical model for our problem.

To form the forecast based on the Box-Jenkins methodology a fairly wide range of models is
used. These are one-dimensional or multidimensional factor models, models that use the principle
of inertia, auto-regression process (AR), etc.

The application of these methods is successful when the time series has a linear
deterministic character, even in the case of ruptures or, for example, certain seasonal trend changes.
Thus, in order to apply ARIMA, SARIMA, BJ simulation to the solution of emergent, mobilization
tasks that clearly do not have a trend, a lot of work is needed to adapt them. In this case, the
technical issues must be resolved. For example, those related to the choice of the criterion of
stationarity AR (p), the difficulties caused by the presence of a large number of parameters, and the
cost of obtaining information about these parameters. Therefore, the use of ARIMA, SARIMA, BJ
simulation to solve the problem is not appropriate.

Let’s consider the existing approaches to forecasting the effectiveness of the logistic
component of the task of organizing the sugar raw materials’ supply.

In recent years, many scholars have been working to improve various aspects of logistics
mechanisms [21-26, 29-30]. While forming mathematical models, most researchers focused on
issues of transport logistics, warehouse and production logistics. But there are almost no studies
devoted to the mathematical modeling of autonomous microeconomic systems.

To assess the efficiency of the logistics scheme, in particular, one uses the so-called
aggregate indicator. This indicator is a function of the profit on the sale of finished products and the
total costs associated with the organization and operation of the logistics scheme. Total cost of
logistics is also used to assess performance. This indicator is an additive function of the flow of
resources, the costs associated with the storage of these resources, loss of profit due to the
inefficient organization of supply and the use of material stocks. The next indicator is storage costs.
This indicator depends on the average size of production stocks and unit, per hryvnia of stock,
storage costs.

Obviously, the use of all these indicators for a mathematical model for the solution of the
emergent supply of sugar beets is possible only as an estimate.

The purpose of the article is to develop an alternative scheme for supplying small
consignments of agricultural raw materials from a significant number of small and medium-sized
producers to restore the resources of the sugar producer under the conditions of their shortage. A
mathematical model must be developed that can not only determine the minimum required supply,
but also predict the time of this operation.

Research results. Let’s consider the problem of supplying raw materials under conditions
of emergency.
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To solve the task of mobilizing the supply of tolling raw materials it is necessary to have its
mathematical model, which will become the core of the information provision of the task solution.

The main purpose of the mathematical model is an optimal prediction of the minimum
amount of additional sugar beet supply in a clearly defined time interval to ensure the stable
operation of one or a group of sugar factories.

Let’s indicate the volume of the resource of the i-th supplier of tolling raw materials as Bi,
then the required minimum amount of raw materials for a sugar plant can be calculated by the
formula

n
1

where n - the number of suppliers of tolling raw materials that provide the required minimum
amount of reserves.

For the information management system, a signal to start the logistics operation of the
supply of tolling raw materials will be the lack of supply of resource A for the stable operation of
sugar production.

The condition for finding the value of the reserve resource A is the formula

A> Amin (2)
where A,,;, IS the minimum production reserve. That is, it is a reserve that provides a certain
amount of stable production time.

The minimum production reserve is determined by the formula

k
Apmin = Z Aj (3)
1

where A; is the volume of the resource which serves the j-th day of production, k is the time of
continuous operation of the sugar manufacturer, which is measured by twenty-four-hours.

Obviously, time k is also the minimum time to organize the supply of the required amount
of raw materials to ensure the work of sugar production. When the source is tolling raw material,
then the mathematical model must be adapted exactly to the organization of supply from this
source.

The required amount of tolling raw materials can be determined by the formula

n

Dy = Z D_n) (4)
1

where D,,,,, — vector of the minimum supply, D,, — supply vector of the supplier n.

The need for the transition from scalar quantities to vector in a mathematical model is due to
the fact that the minimum supply will be determined not only by the amount of sugar beet, but also
by its quality, delivery price, the cost of delivery of raw materials, and the delivery time z-days.
That is, the minimum supply m and the amount of supply from each supplier D_n) can not be
measured by one number, but merely by a matrix of numbers. This matrix is not necessarily linear.

The time of delivery of raw materials should be less than the time of the continuous
operation of the sugar manufacturer based on its reserves

z< k (5)

Determining the time of delivery of raw material z has some difficulties, which are related to
the realities of organization of supply.

The difficulty of the task of organizing the supply of tolling raw materials, firstly, is
associated with the fact that the set of suppliers of sugar beet is an open heterogeneous system, and
the consumer- sugar producer, is a certain chain of centralized associations of producers
characterized by hierarchical structure.

328



The factor of heterogeneity of the set of suppliers is attributed to the fact that each of the
suppliers of raw materials acts autonomously and, in certain circumstances, does not even have
information about the actions of other suppliers.

But, in our opinion, the supplier of raw materials can be considered as a derivative
substructure with respect to the producer of sugar.

As the analysis of sources [27, 28] shows, a mathematical model used to solve similar
problems is a network model.

In this case, there is a contradiction. Independent substructures, by definition, do not have
access to a centralized network graphic of the producer. In order to resolve this contradiction, the
following decision is taken. For each of the autonomous suppliers, their own network graphic is
created. The above solution meets all the requirements and real circumstances of such a model for
the organization of delivery of tolling raw materials.

The peculiarity of the suggested mathematical model, which is completely superimposed on

the real circumstances, is that the parameters of the vector m for each of n suppliers are different
and may change randomly. This affects the timing of deliveries of raw materials in a crucial way,
since failure to execute the supply schedule over a period of time affects the outcome of one of the
suppliers, whether the task of forming the required reserve is fulfilled or not. Mathematically this is
represented as the effect on the vector of minimal supply.

Thus, the problem takes a stochastic character. Let’s determine whether the decisive pa-
rameter in the organization of force majeure supply of raw materials — delivery time z is also a
random variable.

The stochastic nature of the "delivery time z" parameter is the second factor, which
extremely complicates the task of optimal prediction.

Let's analyze in these circumstances the mathematical formulation of the problem. When the
delivery time z is a random variable, its change is subject to the statistical distribution. In this case,
a stochastic network model can be used to construct a mathematical model.

For the construction of the algorithm it is possible to use, for example, the Scheme of the
Program Evaluation and Review Technique (PERT) [27], but with certain changes and detailing the
algorithm for forecasting the time of execution of the project - in our case, the supply of raw
materials in the required quantity at the given time.

For the formation of a stochastic network model, one must know the distribution law and the
type of distribution of the z value of each supplier. In real circumstances, the supply of raw
materials from small farms is simplified by the fact that the z parameter for each sugar beet
producer in a heterogeneous system of autonomous supply of raw materials is subordinated to one
distribution law. This also leads to the fact that the type of distribution is the same for each of n
suppliers.

The distribution parameters are also influenced by the actions of the structure that has
permission to make managerial decisions. For the mathematical model we are considering, one of
these parameters will be predicted when the event occurs. Previously, it was indicated that the
predicted time can be determined by the formula (3).

The function of the distribution of time estimates in these circumstances has certain
characteristics.

These are: unimodality, absence of breaks in the function of distribution of time estimates on
the interval of its definition, the integral values of the start and end of the change interval of the
delivery time z.

All of these features are inherent in beta distribution.

The use of beta distribution in the proposed mathematical model is also due to the real
circumstances of the supply of sugar beet. Supply of raw materials from a large number of small
autonomous farms depends on a large number of factors. The indicated factors often have a
stochastic character, and each of them individually may have a small effect on the timely
replenishment of raw materials. But, in this case, the presence of an open heterogeneous system of
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suppliers of sugar raw materials, there is a certain, limited number of probabilistic factors whose
influence is significant.

The influence of these factors determines the asymmetric nature of the probability
distribution.

That is why the choice of beta distribution, as the main under consideration, is
predetermined by these circumstances [27, 28].

It is known that beta distribution with free parameters of density o, B has a characteristic
pattern of probability distribution [28].

The free density parameters have the appropriate interval limits:

a, >0, x€[0,1] (6)
Under these conditions, the distribution function of probability is based on the formula:
fe () = {T(a = Bx* (1 = x)P~* /T()T(B)} (7)

where I'(«), are gamma functions that are known to be calculated as follows:

oo

I'(a) = J x* 1exp{—x}dx
% 8)
r(p) = f xP~1exp{—x} dx

0
Next, we must use the general method for generating random variables o,  with the
distribution x ~ C (0, B) for any values greater than zero of the free parameters of density o and f.
It is known that when two independent random variables (in this case, a and B) can be
described by a gamma-function:

Y1 ~ F(aa 1)
9
Y, ~T(B, 1) ®)
then the ratio (10) has beta distribution.
Y
AR (10)

This again proves the validity of the use of beta distribution in this mathematical model.

The beta distribution density is considered in the planned interval of time from its value for
a pessimistic event variant to its value for an optimistic variant and is calculated by the formula

a a—1
C¥z—1t) exp{—C(z —t)} 11)
I'(a)
where C and a are constants, t is the delay in the supply of raw materials.

Since C and a are constants, time delay remains the only one parameter under control.

The time delay is the main factor that determine the time of raw materials’ delivery for the
organization to restore minimum reserves of resources and to ensure the stable operation of sugar
production.

Conclusions. The use of tolling materials as a reserve solves several problems for the sugar
manufacturer.

Firstly, this makes it possible to reduce the amount of raw material reserves of factories. The
reduction in the areas of heap of producer, respectively, leads to a decrease in sugar loss and other
parameters of the quality of raw materials, at the same time reducing the size of heap allows you
saving money needed for their creation.

Secondly, this reduces the risk of force majeure disruptions in the supply of raw materials to
sugar factories.

Third, it allows the integration of the interests of large associations of sugar producers with
small and medium producers.

Fourth, it solves the tasks of socio-economic development of the village.

¢(2) =
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To optimize deliveries, a mathematical model for organizing the supply of raw materials
from a large number of small autonomous producers has been developed. Such a form of supply of
agricultural products depends on a large number of factors. These factors often have a stochastic
nature. The developed mathematical model, has allowed taking into account the influence of such
factors on the decisive parameter- the timely organization and restoration of the necessary resources
for the smooth operation of sugar production.

The suggested mathematical model is able not only to determine the minimum required
supply, the predicted time of the operation, but also allows you allocating the use of the available
amount of resource A in the best way.

The developed algorithm for organizing the supply of agricultural products from a
significant number of small and medium-sized producers can be used for other tasks of managing
agrarian projects.
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