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The publication is concerned to development of one of the methods of simulation of the logistic system (LS) of enterprise. The article is aimed at developing, with
use of the approach by J. Forrester, a simulation model on the basis of which one can perform a joint model optimization of production capacity and operation
of a retail network. The article formulates a system of equations that describe a LS of an enterprise. Calculations of the time dynamics for all rates of logistic
system (production rate, transport rates), as well as the dynamics of the levels of goods in the wholesale warehouse and in the retail chain are accomplished.
The optimization task of defining the maximum economic efficiency is formulated and solved. At this, the production capacity and capacity of the retail chain
were considered as variations of the set optimization task. The numerical calculations have proved that with optimal variation parameters, significant economic
results of the enterprise’s performance are achieved.
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LlepcmeHHuKo8 FO. B. ModenbHa onmumi3ayis 8upobHu4oi momyxcHocmi
ma mepexi po3dpi6Ho20 npodaxcy
Pobomy npucssyeHo po3pobyi 00Hoz20 3 Memodie imimauiliHo2o modento-
8aHHA n02icmuyHoi cucmemu (/1C) nidnpuemcmea. Mema cmammi — 8u-
Kopucmosytoyu nioxio [xc. ®oppecmepa, po3pobumu imimayiliHy modens,
Ha midcmasi AKOI MOMXHG BUKOHYBAMU CMibHY MOOesbHy 0NMUMI3ayito 8U-
pobHuYoi momysxHocmi Ui pobomu mepexi po3opibHoi mopeaieni. ¥ cmammi
ChopmynboBaHaA cucmema pieHAHb, AKi onucyloms JIC nidnpuemcmea. Bu-
KOHQHI pO3paxyHKU 4acoeoi OUHAMIKU 8CiX memnie fo2icmuyHoi cucmemu
(memny 8upobHUYMBa, memnie nepeseseHy), a Makox OUHAMIKU pieHie
mosapy Ha onmogomy cknadi i y mepexi po3dpibHoi mopeieni. Cepopmy-
/1bOBAHO MA BUPIWEHO oNMUMI3ayiliHy 3a0a4y BU3HAYEHHA MAKCUMyMy
eKOHOMIYHOI ehekmugHoCM. lpu YboMy 8UPOBHUYA MOMYMHHICMb MA EM-
Hicmo mepexi po30pibHoi mopeieni poeasdanuca Ak eapiayilivi napame-
mpu onmumizayiliHoi 3a0ayvi. Yucrosumu po3paxyHKamu 008e0eHo, Wwo npu
0nMUMasnbHUX 8apiayiliHux napamempax 00CA2aoMeCs 3HAYHI EKOHOMIYHOT
pesynbmamu pobomu nidnpuemcmea.
Kntouosi cnosa: nozicmuyHa cucmema, 8upobHUYA MOMYMHICMb, EKOHO-
MiKo-MamemamuyHa modens.
Puc.: 12. ®opmyn: 13. bi6n.: 8.

LLlepcmeHHukoe KOpiii Bcesonodosuy — 0OKMOP eKOHOMIYHUX HayK, 00-
ueHm, npocecop Kachedpu eKoHOMIYHOI KibepHemuKu, JHinposcoKuUl Hayi-
OHanbHull yHigepcumem imeni Onecsa fonyapa (npocn. [aeapika, 72, AHinpo,
49010, Yxpaita)
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he economic success of any enterprise is deter-

mined by the balance between its production and

sales. One of the tasks of an enterprise is to opti-

mally expand its market niche and bring the production

capacity in line with the current demand for its products

[1; 2]. In theoretical studies, an important role is played

by the development of models which connect all the basic

parameters of a logistics system in a single system of equa-

tions. Such models should be the basis for co-optimization
of an enterprise’s production capacity and retail sales.

Many aspects of planning the current activities of

enterprises are investigated in [3; 4]. However, the men-
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LLlepcmeHHuKos I0. B. ModenbHas onmumu3ayus npou3eo0cmeeHHoli
MoWwjHOCMU U cemu po3HUY4HOU Npodaxcu

Paboma noceAweHa papabomke 00HO20 U3 MemMod08 UMUMAYLUOHHO20
MoOenuposarus nozucmuyeckol cucmemsl (/1C) npednpusmus. Lieas cma-
mbu — ucnonb3ya nodxod Jx. ®oppecmepa, paspabomams UMUMAYUOH-
Hyto M0Oesib, Hal OCHOBAHUU KOMOPOU MOXCHO 8bIMOAHAMb COBMECMHYIO MO-
OesbHy0 OTMUMU3AYUK NPou3sodcmseeHHol MowHocmMu u pabomel cemu
PO3HUYHOU mopeosnu. B cmamee cchopmynuposaHa cucmema ypagHeHul,
Komopsle onucbigatrom JIC npednpusamus. BeinosnHeHsl pacyemsi 8pemeHHoU
OUHAMUKU 8Cex memmnog fo2ucmuyeckoli cucmemsl (memna npou3sodcmaa,
Memnos Mepeso3ok), a makxe OUHAMUKU yposHeli mosapa Ha 0nmogom
cknade u 8 cemu po3HUYHol mopeosnu. ChopmynuposaHa u peweHa on-
MUMU3AYUOHHAA 300a4a onpedeneHus MAaKCUMYMa KOHOMUYeCKol 3gepek-
musHocmu. lpu 3mom Mpou3so0CMeeHHAA MOWHOCMb U eMKOCMb cemu
PO3HUYHOLU Mop2087U PACCMAMPUBAAUCL 8 Ka4ecmae 8apUAUUOHHbIX Na-
pavempos onMuMU3ayuoHHoU 3a0ayu. Yucaoseimu pacdemamu 0OKA3aHo,
Ymo npU ONMUMAbHbIX BaPUAYUOHHBIX Mapamempax 00CMu2aomcea 3Ha-
YumesbHole 3KOHOMUYECKoU pe3ynbmamel pabomel npednpuaAMus.
Kntoveable cnoea: nozucmuveckas cucmema, mpou3go0CMeeHHas MOUj-
HOCMb, 3KOHOMUKO-MAamemamu4eckas mooens.
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tioned works do not sufficiently cover the quantitative
relationship between the parameters of an enterprise’s
logistics system and the current characteristics of the
consumer market: potential demand for products, pur-
chasing rate of products. This shortcoming complicates
studying the modern theory of the joint planning of an
enterprise’s production capacity and retail sales. Work
[4] proposes a model which fundamentally meets the for-
mulated requirements. This model makes it possible to
take into account the detailed characteristics of the mar-
ket. In [5], the further development and generalization of
this model is carried out. To date, there are no effective
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methodologies to plan production capacity of an enter-
prise in real-time with consideration for the enterprise’s
logistics and, in particular, its retail network (RN).

The aim of the article is to develop an economic
and mathematical model of an enterprise’s production
activity, with consideration for its retail sales; application
of the developed model for the co-optimization of the
production capacity and retail sales of consumer goods,
taking into account the peculiarities of their realization.

The work studies an enterprise whose logistics cor-
responds to the scheme presented in Fig. 1.

Production

Wholesale
warehouse

where r, is the sales rate of goods (units per time period)
in the i period; # is the parameter which is determined
by the average sales level for the previous quarter (or
year); R, is the inventory level at the retail in the i" peri-
od; V is the inventory level in the hands of the consumer
(not consumed yet).

2. The inventory level at the retail is determined by
the recurrence formula:

R, =R, +Td -(so; — 1), 3)
where 50, is the rate of delivery (units per week) from the

warehouse to retailers; Td is the period of discretization
of the model, the time interval between decisions.

Retailers, R

7

y

Purchasers,

o

Fig. 1. Scheme of the enterprise’s logistics

Working in a competitive market requires the di-
rector of an enterprise to pay attention to increasing the
sales of the enterprise’s products or at least maintaining
the sales at some acceptable level. One of the main ways
to achieve this goal is to align the enterprise’s retail sales
with its production capacity.

the influence of advertising on the potential de-

mand Q. Time will be treated as a discrete variable i
(i=0,1,2,.., 7). We will study the project with the T
length (the planning horizon). Let us assume that the in-
fluence of advertising on the potential current demand
Q,,, inthe (i + 1) period is described by the formula:

0 =0r(2): (1 —exp {—i}] +0n, (1)

t

Building the model begins with the description of

where Qn represents the value of potential demand in the

absence of advertising; Or(Z)=0m - (1 —exp {_tg})
Z

is the maximum value of additional potential demand
due to advertising; ¢ and ¢z are the parameters of lagging.

Formula (1) means that the impact of the Q, adver-
tising campaign on the potential demand is described by
the first-order lag model [7; 8]:

Let us formulate a system of equations which de-
scribe the logistics system of the enterprise depicted in
Fig. 1. We will assume that the company is fully provided
with working capital.

1. The change in the demand Q, for products on the
market is an input impact for the enterprise whose task is
to bring its output in line with the demand:

T = 1R (O, = 1)), (2)
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3. Thelevel R; should be within the limits 0 < R <R,
where R is the maximum possible inventory level at the
retail. The requirement is described by the following for-
mula for the rate of delivery from the wholesale ware-
house to retailers:

R,-R )\ R,—-R S
§0,. =min| 7 -| |+ 2—+ |, ——— L1 (4)
Rm

Td Td

where §; represents the inventory level at the wholesale
warehouse.

Publication [5] substantiates the need for averag-
ing when performing the calculations with the proposed
model:

i
50i = <so>i—ps ?
where ps is the averaging time interval.

4. The production rate y, is determined by the fol-
lowing formulas:

m— yi
Vet = [y,- + 22 )A(S,-), (5)
ty
Lif §;,<S, -2,
A(S;) = ) (6)
0.5, otherwise,

where y, is the production capacity in the i period; ym is
the planned value of production capacity; S, is the maxi-
mum inventory level at the wholesale warehouse. These
formulas allow to avoid the overflow of the wholesale
warehouse.

5. The inventory level at the wholesale warehouse S,
is calculated using the following formula:

Sip1 =8 +1d - (y; = s0;), (7)
where y, is the rate of goods flow which goes into the

wholesale warehouse from the production.
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6. To determine the net profit of the enterprise, the
following formulas are applied:

M;=(1~-kp)-[((I1-kad)-p-r,=p-c-yp; -
_k2 'Si_Z'Rm - '(Rm)z_gZ'Z]_B(yi)’

0,if i <1,
B(y;) = . ©)
gy| V= y,-_1|, otherwise,

where c is the share of the prime cost in the price for
products; p is the price for a production unit; zR, zS are
the costs for the storage of a production unit during one
period at retail and wholesale warehouse, respectively; kp
is the income tax rate; kad is the value-added tax rate; qy
is the cost of ‘including; ‘excluding’ a unit of production
capacity.

The formula for calculating the net income takes
into account the quadratic dependence on the maximum
volume of the retail sales, which is under the contract as-
signed to goods of a certain manufacturer. The depen-
dence can occur for a number of reasons. For example,
with an increase in the number of retail outlets, the
transportation distance increases, etc.

check the adequacy of the model (1) — (9). For this
purpose, we will perform calculations for the mo-
del (1) - (9) with the following values of its parameters:

R =80,qy=100,Q =1200, T = 1, n = 0.0001,
k, =0.33, k, = 0.01, So = 100, Sm = 200, (10)
Ro =50, n,=0.1, kp = 0.25, kad = 0.06, c = 0.6,
p =10, z=0.01, Se =180, gy = 50.

The enterprise decides to set the production capac-
ity at the level of ym = 4.3, with the maximum volume of
retail sales of R = 80. The results of the calculations for
the model (1) - (9) with the values of the parameters (10)
are shown in Fig. 2 — Fig. 5.

Fig. 2 demonstrates the behavior of the basic rates
of the logistics system.

Before carrying out the optimization, we need to

Fig. 2. Behavior of basic rates of the logistics system

It can be seen that in the initial period of work all
rates, except for the rate of production, experience signifi-
cant fluctuations, which negatively affects economic indi-
cators (it requires labor supply, etc.). Fig. 3 shows the be-
havior of the inventory level at the retail. The figure shows
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that the inventory level at the retail R; stabilizes (as the
calculations show) at the level of 46 units. That is much
less than the marginal (contractual) capacity (80 units).

1) . e b
R; 60 [~ 7]
Rmg 40
""" 20 [, .
0 | | |

0 100 200 300
i
Fig. 3. Behavior of the inventory level at the retail R,
This means that in this case the RN is used ineffec-
tively.
Fig. 4 shows the behavior of the inventory level at

the wholesale warehouse S, Itis obvious that the ware-
house is also used ineffectively.

200 prrennmeTenenenmsmssssososoooooo
s,
1
G 100 .
O N | |
0 100 200 300

i
Fig. 4. The behavior of the inventory level at the wholesale
warehouse S,

Fig. 5 demonstrates the behavior of the operating
income of the enterprise.

100
M; 50
0o 0
______ ~50
~100 ' ' '

0 100 200 300
i

Fig. 5. Behavior of the operating income
of the enterprise M,

In this case, the enterprise’s comprehensive income
for the year will amount to

365
Y M, =436.5. (11)

Now the enterprise’s administration requires the
managers to solve the following optimization problem:

F(Rm)= 23615Mi — max, (12)

while keeping the production capacity at the same level
of ym = 4.3.
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In other words, to determine the optimal value of
the retail sales, which will provide for obtaining the maxi-
mum profit (with ym = 4.3).

limitations of the parameters set by the system of

equations of the model (1) — (9), with the values
of the parameters (10). Solving the task (12) results in:
Rmopt = 57.3, with the obtained profit

F(Rm,,,)=9558.2,

The optimization task (12) should be solved at the

which is twice as large as the value (11).

Fig. 6 illustrates the solution of the optimization
task.

1Yo ) S L R I
N |
Ri 40 .
R
0 a0 .
0 | | |
0 100 200 300

i

Fig. 8. Behavior of the inventory level at the retail R,

for an optimal solution
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Rmy,

Fig. 6. Dependence of the income for the year
on the retail sales

For an optimal solution, the time dependence of
the basic characteristics of the LS will be similar to that
in Fig. 7 - Fig. 10.

Fig. 7 demonstrates that in this case the fluctua-
tions of the basic rates in the initial period are signifi-
cantly smaller.

Fig. 7. Behavior of the basic rates of the LS
for an optimal solution

Fig. 8 illustrates that now the RN is used more ef-
fectively.

Fig. 9 allows to conclude that the warehouse is used
ineffectively.

However, if, under the terms of the contract with
the wholesale warehouse, the payment is made only
based on the actual quantity of products §; in the ware-
house (8), it does not virtually affects the profit.

Fig. 11 demonstrate the behavior of the inventory
level in the hands of the consumer for an optimal solution.
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Fig. 9. Behavior of the inventory level at the wholesale
warehouse S, for an optimal solution

0 100 200

i

300

Fig. 10. Behavior of the enterprise’s operating income M,
for an optimal solution

| | |
151 \ .
Vi 10 .
sH _
0 | | |
0 100 200 300

i

Fig. 11. Behavior of the inventory level in the hands
of the consumer

The optimization task can be solved by the enter-
prise’s management in a more general setting: to find the
maximum value of the target function (12) with the fol-
lowing variable parameters: ym is the planned value of
production capacity; Rm — the maximum volume of the
retail sales.

Now, it will be an optimization task with two vari-
able parameters:

F,(Rm, ym) = Z?SMZ. —> max.
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Solving the optimization task results in:

Rm_opt) (105.5
ym_opt | 846 )

With such optimal values of the variable param-
eters, the value of the target function (the income ob-
tained for the entire planning period T - a year) will be

F,= 121789,

which significantly surpasses the previous results. It
should be noted that this result was obtained with the
optimal values of the planned capacity and retail sales,
which results in all links of the logistics system working
with maximum efficiency (in fact, at the limit of their ca-
pabilities). The behavior of the basic rates of the logistics
system for this case is shown in Fig. 12.

(13)

Fig. 12. Behavior of the basic rates of the LS
for optimal solution (13)

CONCLUSIONS

Thus, in the article, a model of the enterprise logis-
tics system is developed. Unlike the existing models, the
proposed one allows to perform co-optimization of an en-
terprise’s production capacity and retail sales, i. e., those
links that directly determine the production and sale of
goods and determine the operation of all other links of the
logistics system using a closed system of equations. W
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