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cucmem: MPUHYUNU Ma NPUKAaou

Pobomy npucesyeHo po3pobyi memodonoeii nobydosu modeni nozicmuy-
Hoi' cucmemu nidnpuemcmaa, wjo eede 8upOBHUYO-36ymosy OifinbHICMb.
Y egedeHHi 303HAYEHO BAHAUBICMb 3020/bHUX MEOpPemuyYHUX Memodie
docnioneHHA. Pospobnenull yHisepcansHuli memod nobydosu nozicmuy-
Hoi cucmemu, novuHatoyu 3 nobydosu U aHanisy Halinpocmiwoi cucmem
pe3epsyapie (nioxio Am. ®oppecmepa). Mobydosa nozicmuyHoi cucmemu
8edembCa M0eMaAnHo, AK pe3yasmam nocaid08Ho20 ymoYHeHHA modeni
pe3epsyapis. Ha nepwux emanax eukoHyemocs mModugikayia modeni 015
ypaxysaHHa Halibinew eaxcausux gyHkuili 6ydb-aKoi nozicmuyHoi cucme-
mu. Ha koxcHomy emani nobydosu BUKOHYHOMbCA PO3PAXYHKU OCHOBHUX
XapaKkmepucmuk no2icmuyHoi cucmemu, Ha midcmasi AKUX pobagmeca
8UCHOBKU Mpo cnocobu nodanbwozo ymoyHeHHs modesni. Modenb 8uko-
pUCMOBYEMbCA 0418 PO36’A3KY ONMUMI3AUIliHUX 3080aHb i3 MEMOt0 8U3HA-
YeHHA ONMUMAsbHO20 3HAYEeHHA napamempie Mo6yd08aHUX N02ICMUYHUX
cucmem. 3060aHHA onMuMi3ayii, AKi supiweHi 8 cmammi, no ceoili nocma-
Hosyi aHanoziyHi mpuryuny makcumymy /1. C. [loHmpsaziHa 8 meopii onmu-
MQsIbHO20 KepysaHHs. [ns ixHbo2o po3g’asky bys 3acmocosaHuli memod
YucenbHo20 po36’A3Ky oNMUMI3ayiliHux 3a80aHb Ybo2o Kaacy. Po3pobreHa
Memodosnoeis € yHigepcanbHoto i 3acmocosHa 0aa 6ydb-aK020 meopemuy-
H020 A0CnidM#eHHA n02icmuyHoi cucmemu.
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LLlepcmeHHuKos FO. B. Memodonoaus modeauposaHus n02ucmuyvecKux
cucmem: NPUHYUNbI U Npumepbl

Paboma noceAuwjeHa paspabomke mMemooosa02uu mocmpoeHus modenu /0-
aucmudeckoli cucmemsl npednpuamus, eedywezo npou3sodcmeeHHo-CobI-
mosyto desmenbHocMb. Bo 88edeHuU ommeyeHa 8aXHOCMb 06WUX Meope-
mu4eckux mMemoodos ucciedosaHus. PaspabomaH yHuepcasnbHbIl memod
10CMPOEeHUSA 102UCMUYECKOL CUCMEMbI, HAYUHAA C MOCMPOEHUA U aHAAU3A
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€ Yenbto onpedeneHus oMmumarbHo20 3HA4YeHUA Mapamempos MOCMPOEeHHbIX
/102UCMUYECKUX cucmem. 3a0a4u OMMUMU3AYUU, pewieHHble 8 Cmamee, Mo
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Problem statement. The study deals with the devel-
opment of a methodology for constructing a logistics system
model. It begins with examining a simple system of reservoirs,
and further, as a result of a consistent refinement of the model,
a transition to more realistic logistics systems is carried out.
The idea of reservoirs in considering logistics systems was
proposed by J. Forrester in the 50s of the last century [1].
However, Forrester himself, omitting the stage of analyzing
the simplest systems, immediately began to apply this idea to
complex types of enterprises engaged in production and mar-
keting activities.

The practice of using this approach in scientific re-
search as well as for educational purposes encounters a certain
amount of mistrust on the part of both scientific and student
community. A frequently asked question is the following, “How
do the results obtained in calculating the proposed model cor-
relate to experimental data for real enterprises” But what is an
experiment on an economic system? First, this experiment is
usually extremely expensive. In addition, no experiment on a
real-life economic system can be repeated twice, and there-
fore it does not make sense to conduct it once. In scientific
research, experiment is very important and, ultimately, experi-
ment plays a decisive role in verifying any theory. But in the
course of the proving most of scientific provisions, researchers
try not to resort to experiment since usually a particular case
can be verified in an experiment, and the theory always strives
for the most general conclusions. For example, the well-known
rule of addition of two forces, the so-called “parallelogram law’,
which is sometimes presented as an experimental fact in the
school curriculum, was actually obtained as a result of a series
of consecutive logical reasoning, the so-called “thought experi-
ments”.

The starting point of this reasoning was knowledge of
the frictional force acting on the body on an inclined plane.
The magnitude of the frictional force itself, which can easily
be determined experimentally, was determined by T. Stevin as
a result of a “thought experiment” as well [2]. When measur-
ing the frictional force, it is important to determine not only
its absolute value but also the functional dependence on the
inclination angle of the plane. To perform the second task ex-
perimentally is quite difficult since the functional dependencies
that will give almost identical results are virtually unlimited. To
be fair, it should be noted that in science there are cases when
rather complex laws were established experimentally, e.g., the
formula of the force acting on a current carrying conductor in a
magnetic field (Ampere’s force law). The formula for this force
was developed by Ampere when performing four of his famous
experiments [3]. Although, it should be noted that he carried
out these experiments only to confirm his ingenious guesses
about the nature of electromagnetic interactions.

Analysis of recent publications on the problem stud-
ied and identification of the parts unsolved. Presently, much
attention is paid to the problems of modeling and management
of logistics systems [4 - 12]. It is noted that today many issues in
the management and design of logistics systems remain theo-
retically and practically unsolved [4]. Servicing the resources
of operational activities of industrial enterprises and strategic
measures for their development is transforming from quantita-
tive to qualitative, which causes the emergence of new models
of the management system [5]. In work [6], research methods

based on the use of mathematical tools are proposed. In par-
ticular, this approach is applied to modeling development of
the management system of an industrial enterprise [7]. Work
[8] presents a model for optimizing an enterprise’s activities
through the use of more universal resources by expanding
their functions in order to increase the total amount of finished
goods.

In [9-11], itis noted that logistics activities take place ina
very dynamic environment, and the state of the logistics system
should be constantly checked, analyzed and evaluated. Study
[12] deals with an important and at the same time complex
problem — the process of designing logistics systems, which is
one of the key components of an enterprise’s performance.

However, the considered works pay too much attention
to particular details that are characteristic only for a particular
logistics system under study, while the logic of the function-
ing of a logistics system and internal connections remain in the
shadow of specific functions and tasks that are solved by this
particular logistics system.

In the work, the focus is not on individual functions of
the logistics system but on the construction of the entire logis-
tics system as an interconnected and interdependent system of
components (links).

The aim of the research is the development of a meth-
odology for constructing a logistics system model.

1. Constructing a balanced logistics system of an enter-
prise.

1.1. Constructing and analyzing a simple model of the
logistics system.

We will begin building a simple logistics system model
by applying J. Forrester’s idea of reservoirs (or levels) and the
flows into and out of any reservoir (which are characterized
by rates). To designate the reservoir levels, we will use capital
English letters, the flow rates — lowercase letters. Levels can be
the amount of products/goods or raw materials. Rates are the
speed of increase (decrease) in the corresponding quantity of
products/goods or raw materials.

Let us consider an enterprise’s logistics system (produc-
tion-distribution system — using the terminology of J. Forrest-
er) presented in Fig. 1.

The system includes nine components — four reservoirs
and five transport links Tpj (j = 1-5). We will build a discrete
time model. The time variable i determines the whole-number
values within the interval [0; T] (I = 0, T). As usual, we will
choose T = 365 (a year).

Based on Figure 1 we will define the key variables de-
scribing the logistics system:

q, — flow of raw materials to the raw material warehouse
(the number of units of raw materials that enter the raw mate-
rial warehouse in i period);

X, — level of raw material inventory at the raw material
warehouse (the number of units of raw materials at the raw ma-
terial warehouse) in the i period;

x,— flow of raw materials out of the raw material ware-
house in the i period;

Y, - level of work in progress inventory (it is determined
by the enterprise’s work equipment, and in turn determines its
production capacity);

y, — flow of the products manufactured (the number of
production units manufactured in the i period;
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Raw materials q
market Tp1

Consumers, Q V

Raw material
warehouse, X

Retailers, R

Work in progress, Y

Wholesale
warehouse, S

Fig. 1. Scheme of the enterprise’s logistics system (LS)

S, — level of inventory at the wholesale warehouse (fac-
tory warehouse — using the terminology of J. Forrester) in the
i period;

so, — flow of goods from the finished goods warehouse to
retailers in the i period;

R, - level of inventory at retail in the i period;

r,— sales flow in the /" period;

V. - level of inventory in the hands of the consumer (not
consumed yet) in the i period;

Q, - number of potential consumers in the /" period.

We will define a unit of raw material as the amount of the
raw material required for manufacturing a production unit.

Now a mathematical model of reservoirs that simulates
the operation of the logistics system can be written as a system
of equations:

X=X+ q,—x, @
Xi

Xi ZEJ (2)

Yo=Y+ x-y, ®)
Y

Yin ZE’ (4)

Si1=8+y;—50, (5)
Si

S0, =E, (6)

R, =R, +s0,-1, (7)
Ri

T ZE) ®)

Vi = Vitr-kxV, ©)

In equation (9), the parameter k1 stands for the rate of
the product consumption.

To determine the net operating profit of the enterprise,
we will apply the following formula:

M, =(1—kp)*[(1—kad)* p*r,— p*c*yp, —

(10)
—k2%S,—z*Rm—Pq-q,],

where ¢ is the share of the prime cost in the price for prod-
ucts; p is the price for a production unit; k2, z 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; Pq is the price for a unit of raw
material.

Task 1. Assuming that the raw material purchase is con-
tinued g, =3.2 for all periods (i = 0.365) during the year, and

based on the following values of the parameters in the system
of equations (1) - (9):
Constants:
k1 =0.33, tX = 10,£Y = 8, S = 20, R = 18,
Initial values:
% =0,9,=0,50,=1,7,=1,X,=0,Y,=0. (11)

S,=0,Ry=0,V,=0,
1) to determine the behavior of the key economic
indicators of the logistics system;
2) to explain the behavior of the key economic
indicators.
Solution.
1) We perform mathematical calculations for system
(1) = (9) in the Mathcad15 environment. The behavior of the
key economic indicators of the logistics system is calculated us-
ing the values of the parameters given in (11). We present the
behavior of the key economic indicators of the logistics system
in Figures 2 — 5.

4 T T T
i 32
o 241 F -
Vi 1.6 —f;,' —
— - 08 Hi -
0 % 1 1 1
0 100 200 300 i

Fig. 2. Behavior of basic rates of the LS

...........................

I I
200 300 i

Fig. 3. Behavior of basic levels of the LS

2) Explanation of the behavior of the key economic indi-
cators. Figure 2 shows that the increase in the production rate y,
exceeds that in the delivery rate so, whose growth is faster than
that of the sales rate r, This correlation of rates is understand-
able. All rates close to the 140™ period reach the rate of raw
material purchase g, = 3.2 (as it must be in case of a balanced
logistics system). Figure 2 demonstrates that the raw material
warehouse X, is the first to reach its maximum, then follows
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0 100 200 300

Fig. 4. Comparison of the behavior of the inventory level X, with
the behavior of the level of work in progress inventory Y,

w
[N)
N

x
o

S R
1

O | | |
0 100 200 300 i

Fig. 5. Comparison of the behavior of the rate of raw material
purchase g, with the rate of delivery of raw material X; to the
production component of the LS

the wholesale warehouse S, and retail inventory R, reaches its
peak value by the 120t period. After reaching their maximum
values, the levels stop changing. It is the result that is desirable
for any enterprise — stable operation after the end of the initial
transitional period.

Thus, despite the extremely simplified model of the res-
ervoir system, this logistics model allows to correctly display
some of the main features of any logistics system.

As seen from Figure 4, the increase in the stock of raw
materials occurs earlier than that in the level of work in prog-
ress inventory. In the general case, this is how it must be in
a real enterprise. Figure 5 explains why the sequence of chang-
es in these levels takes place. Raw material purchase starts from
the very beginning of the project, while supplies of raw materi-
als to production gradually increase from zero to the rate of raw
material purchase.

This lag can be explained by the fact that in case with the
raw material warehouse it takes some time to account the raw
materials that arrive and to form the batches of raw materi-
als that are sent to production. Since, as a rule, raw materials
comprise several ingredients, the fulfillment of orders of the
production component will be simpler (and faster) if the raw
material warehouse is fully loaded.

This can be seen from the comparison of Figure 4 and
Figure 5. It is at the moment when the raw material inventory
X, reaches its maximum that the rate of delivery of raw mate-
rials to production becomes equal to the rate of raw material
purchase.

Similar considerations also explain the behavior of the
production rate (Fig. 6). If the project begins, as we assume,
with zero capacity utilization Y, = 0, it takes a certain amount of
time for the production to reach its planned capacity.

Figure 4 and Figure 6 show that the level of work in prog-
ress inventory Y; and the production rate y, reach their peak
simultaneously. The level of work in progress inventory char-

acterizes the capacity utilization. It is clear that at full utiliza-
tion of all links of production the production capacity will be
maximum.

0 I I I
0 100 200 300 i

Fig. 6. Behavior of the production capacity

Figure 7 demonstrates the behavior of the inventory level
in the hands of the consumer. The behavior of the value, as can
be seen from equation (9) is completely determined by the be-
havior of the sales flow rate (Fig. 8).

Figure 9 illustrates the dependence of the net operating
profit on time.

Figure 9 shows that at the beginning of the operation the
profit is negative. This feature is characteristic for the initial pe-
riod of any project.

1

Vi

I I I
0 100 200 300 i

oNnN U5
T

Fig. 7. Behavior of the inventory level in the hands of the
consumer

0 I I I
0 100 200 300 i

Fig. 8. Behavior of the sales rate of goods

10 T T T
M; 5 ﬁ
0 —
S s .
_’Io -
_15 I ! !

0 100 200 300 i
Fig. 9. Behavior of the net operating profit of the enterprise
The solution of the problem is complete.

It is worth noting that our consideration, based on an
extremely simplified logistics system model, is only prelimi-
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nary. Further, the model will be refined stage by stage. But in
Problem 1, only general properties of logistics systems are
considered.

These properties will also take place in the following
more realistic models.

1.2. The first refinement of the reservoir model: account-
ing for the number of potential consumers.

The first drawback of the simple reservoir model is that
it does not reflect the demand for the product, i.e., it does
not include the number of potential consumers of the pro-
duct Q.

This drawback can be eliminated if the formal equation
(8) of the reservoir model is replaced by a more meaningful
from an economic point of view equation that reflects the real
economic nature of the sale of goods. The refinement is pro-
posed in [13]:

ri+1=n'Ri'(Qi_Vi)) (12)

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

Problem 2. Considering the consequences of the first
refinement of the reservoir model. Additional parameters for
making calculations by formula (12) are determined as fol-
lows:

n=1.30510"% Q, = Q= 500. (13)

Now the behavior of the values shown in Figure 2 and
Figure 3 will look like that in Figurel0O and Figure 11, which
demonstrate only the first 150 periods, since then the system
starts working in a steady-state mode.

3.52 T T

—/  2sn2f
S0; 2112
""""" 14081 |

Ji oroat] s

0 L= |
0 50 100 150 i

Fig. 10. Behavior of the basic rates of the LS

80 T T

64(7 ]
—— a8l i
S; i .
""""" 16l -

0 | ]
0 50 100 150 i

Fig. 11. Behavior of the basic levels of the LS

From the comparison presented in Figure 2 and Figure
10, we see that the behavior of R, has undergone the greatest
change. Using formula (10), we will calculate the behavior of
the net operating profit for this case (Fig. 12).

The solution of the problem is complete.

Formula (12) makes it possible to take into account the
demand for products since it contains the potential number of
their consumers. It also allows to determine the effect of adver-
tising on the enterprise’s production efficiency.

T T T
M; 101+ -
SV
-10 7
-20 L L L

0 100 200 300 i

Fig. 12. Behavior of the net operating profit

1.3. The second refinement of the reservoir model: ac-
counting for the requirement of maximum possible inventory
level at retail.

The enterprise’s chief executives decide to attract a re-
tail network with a maximum capacity of Rm (units) to sell
products.

At the same time, they put a requirement for managers:
to organize the work of the logistics system so that to ensure
maximum possible utilization of the retail network in order not
to lose potential sales revenue. Thus, requirement can be met if
the transport link Tp4 (Fig. 1) will provide the rate of delivery
in accordance with the formula:

Yo i<ty
50, = Rm—R. 14
i ;;.-(1+L), otherwise 4
Rm

Formula (14) demonstrates that the priority task in the
initial periods of operation (0 < i < ty) is to fill the retail network
with products. Formula (14) means that under the established
operating mode (i > ty) the quantity of goods that must be
transported in the (i + 1) period is determined by the quantity
of goods sold in the i period r, as well as the level of utilization
of the retail network R, in the i*" period.

Problem 3. Assuming that the daily purchase equals
q0 = 3.5 and taking Rm = 50, calculate the behavior of all the
basic characteristics of the logistics system for this maximum
capacity of the retail network and explain the differences from
the previous cases.

If we apply for the calculations instead of formal equa-
tion (6) equation (14) and chose the daily purchase equal to
g, = 3.5, we will obtain the results presented in Figure 13 and
Figure 14.

r; 5 I I I
— 4r T
50; 3 N
......... X i
i -

0 | |

0 100 200 300 i

Fig. 13. Behavior of the basic rates of the LS
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Fig. 14. Behavior of the basic levels of the LS

Separately, we calculate the behavior of the inventory
level at retail (Fig. 15).

80 T T T

0 | | |
0 100 200 300 i

Fig. 15. Behavior of the inventory level at retail R; at reaching its
maximum value Rm

The situation shown in Figure 15 is desirable for any en-
terprise. The total net operating profit calculated by formula
(10) for the whole project period T = 365 is

Y M, =37,5. (15)

The solution of the problem is complete.

Such a low value of the net operating profit received
from the project is explained by the fact that in each period of
the project duration (0; 365) the production rate y, exceeds the
rate of sales of goods r, (Fig. 13), which leads to a monotonous
increase in the inventory level in the wholesale warehouse, as
can be seen from Figure 14. Of course, this product will also be
sold sometime, but it may have to be sold with some (possibly
significant) price reduction.

1.4. The third refinement of the model. Accounting for the
limited storage capacity.

Thus, we obtain a logistics system model, which is defined
by the system of equations (1) - (5), (9), (12) and (14). The work
of the logistics system in accordance with the indicated equa-
tions will lead to the behavior of its basic levels that is shown
in Figure 14. In this case, by the time the project is completed
(i = T =365), the inventory level at the warehouse will equal
Sy = 109,5 units. However, firstly, it may not be profitable for
the enterprise to have significant storage facilities, and sec-
ondly, to have large stock of finished products in the wholesale
warehouse by the end of the project does not make sense either.
If, e.g., the maximum capacity of the wholesale warehouse is
Sm = 90, then, in order to account for this limitation, the en-
terprise management must take some measures. There are two
obvious possibilities: 1) reducing the daily purchase of raw ma-
terials g0; 2) increasing the sales rate r, We will consider each of
these possibilities. Let us assume that the decision to decrease
the daily purchase from 3.5, e.g., to 3.2 is taken. In this case, the

behavior of the levels calculated in accordance with the model
will be as shown in Figure 16. Thus, the total net operating
profit calculated by formula (10), for the whole project period
T = 365 will equal

Y M, =97s. (16)

60 T T T

Fig. 16. Behavior of the basic levels of the LS with qo = 3.2

Another possibility to avoid overfilling warehouses is to
increase the sales rate. Since, in accordance with formula (12),
the sales rate r, directly depends on the inventory level at retail
R, a growth in the sales rate can be achieved by increasing the
inventory level at retail. For this purpose, new outlets can be
created or contracts concluded with operating shopping cen-
ters for selling goods manufactured by the enterprise. We as-
sume that the increase in the maximum level of inventory at
retail occurs simultaneously in the period R:

Rm, if i<tR
Ry, =

17
gR-Rm, otherwise’ (17)

where R is the period of expanding the retail network; ¢R is the
coefficient of retail network increase.

The task has tree new parameters: 0, R, qR. It is obvi-
ous that these parameters should be determined in solving the
optimization problem:

F(q0,tR,qR)=Y M, — max. (18)

Optimization problem (18) should be solved accounting
for the limitations that are presented as the system of equations
(1) = (5), (9), (12) and (17) that defines the operation of the
logistics system. The solution of optimization problem (18) will
be as follows:

q0 3.4
tR |=|194.8 |, F=1037. (19)
qR 1.15

When calculating the economic result (19), the costs of
creating additional outlets were not taken into account. Op-
timal solution (19) leads to the following behavior of the ba-
sic economic indicators of the logistics system (Fig. 17 and
Fig. 18).

As seen from Figure 18, until the 194% period, the inven-
tory level at the wholesale warehouse increases since the sales
rate r, within the time interval (0; 194), i.e., before the expansion
of the retail network R, is lower in comparison with the pro-
duction rate y, (Fig. 17). But after increasing the retail network
R, (i.e. for i > 194), the correlation of the sales and production
rate reverses r, > y, as can be seen from Figure 17. This circum-
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0 100 200 300 i

Fig. 17. Behavior of the basic rates of the LS
for optimal solution (19)

ol | |

0 100 200 300 i

Fig. 18. Behavior of the basic levels of the LS
for optimal solution (19)

stance leads to a decrease in the finished products inventory at
the wholesale warehouse. Let us consider separately the behav-
ior of the inventory level at retail (Fig. 19).

80
R, T T T
— 64 - » —
Rv.; 48

32
16

0 | | |
0 100 200 300 i

Fig. 19. Behavior of the inventory level at retail for optimal
solution (19)

15 | | |
0 100 200 300 i

Fig. 20. Behavior of the daily profit for optimal solution (19)

Figure 19 demonstrates that within each of the time in-
tervals (0; 194) and (194; 365) the inventory level at retail R,
reaches the maximum level Rv, of each interval. Figure 20 dem-
onstrates the behavior of the daily profit for optimal solution
(19). As seen from the figure, in the initial periods, the profit is
negative, as it is supposed to be. Moreover, it can be seen that
increasing the level of inventory at retail R, in the 194" period
results in an increase in the daily profit. Now the enterprise’s
chief executives must analyze whether the economic effect of
creating new outlets for selling the goods will be greater than
the cost of creating them.

1.5. The fourth refinement of the model. Limiting the time
of raw material purchase
As Figure 14, Figure 15 and others demonstrate, by the
time the project is completed, either previously purchased
raw materials or finished products remain at the warehouse.
It is clear that it makes no sense for the enterprise to contin-
ue purchasing raw materials up to the end of the project. The
raw material purchase should be ceased at a certain point Tg
(Tg < T = 365).
Thus, the system of equations (1) — (5), (9), (12)
and (17) describing the logistics system model should be

supplemented by another equation:

1, ifi<Tq
L =q0% ) 20
T =1 {0, otherwise 20)

Now, the problem, along with the three parameters
q0, R, gR, has one more new parameter Tg. All the four
parameters must be determined when solving the optimization
problem:

F(qO,tR,qR,Tq)=ZMi —> max. (21)

Optimization problem (21) should be solved
accounting for limitations that are defined by a system of
equations (1) - (5), (9), (12), (17) and (20).

Optimization problems (18) and (21) in their formulation
are similar to Pontryagin’s maximum principle used in optimal
control theory [14]. To solve them, the author developed a
method for computation of optimization problems of this
class.

The solution of optimization problem (21) will be as
follows:

q0 3.3

tR 195.5

oR = T F=1363. (22)
Tq 317

The economic result in this case exceeds the economic
resultin (19) by 31.4 %. Thus, due to ceasing the purchase of raw
materials at Tg = 317, i.e., 48 days before the end of the project,
a significant economic effect is obtained. But discontinuing the
raw material purchase does not require any additional costs.
This result proves the importance of creating mathematical
models of logistics systems.

Behavior of the basic rates of the LS for optimal solution

(22)
I 6.0 T T T
o 48[ .
--------- 32

Ji 24
1.2
0

0 100 200 300 i

Fig. 21. Behavior of the basic rates of the LS
for optimal solution (22)
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Fig. 22. Behavior of the basic levels of the LS
for optimal solution (22)

Figure 23 demonstrates the behavior of the daily profit
for optimal solution (22). The sharp increase in profits after the
317% period is due to the cessation of raw material purchase.

20 T T T
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Fig. 23. Behavior of the daily profit for optimal solution (22)

Discussion. Above, one of the possible ways to refine
reservoir model (1) - (9) was developed for the logistics sys-
tem that is schematically shown in Figure 1. However, Figure 1
demonstrates only the simplest logistics system. Real logistics
system can have a much more complex structure. Moreover, the
logistics system has a wide range of priorities that may greatly
differ, depending on the goals of the enterprise’s management.

This means that there are many possible ways to con-
struct an initial reservoir model as well as many ways to refine
the initial model. Actually, in practice, there is no need to liter-
ally build the initial model and go through all phases of refin-
ing it. Usually, the model is built immediately and is aimed to
fully reflect the aspects of the enterprise’s operation that are of
interest for the researcher. However, the methodology for the
phased analysis and refinement of the model developed above
will be useful for constructing and refining any logistics system
model.

Since one of the parameters in equation (12) is the num-
ber of potential consumers of products, the model makes it
possible to take into account the effect of advertising on the
enterprise’s production efficiency.

Conclusions. The article presents a methodology that
allows constructing a logistics system model as a result of con-
sistent consideration of the most important functions of the
logistics system. The methodology is universal and applicable
for any theoretical study of logistics systems.

LITERATURE

1. Qoppectep K. OCHOBbI KUOEPHETVKN MpeanpuATus
(MHpycTpranbHas auHamuika) / nog ped. [. M. Temwwmanu. M. : Mpo-
rpecc, 1971.340 c.

2. Max 3. MexaHuKa. ICTOpUKO-KpUTUYECKIIA 04YepK eé pa3-
BUTKA. VkeBcK : VixeBckas pecnybnmkaHckas tunorpadus, 2000.
456 c.

3. Amnep A.-M. dnekTpoanHamuKa / nog peg. f. I. Jopdma-
Ha. M. : AH CCCP, 1954.492 c.

4. Frame D. J. Reconstructing Project Management. Project
Management Journal. 2014.Vol. 45 (1).

DOI: 10.1002/pm;j.21387

5. Gopfert I, Wellbrock W. Innovation management in lo-
gistics: an empirical study. International Journal of Logistics Systems
and Management. 2016.Vol. 25 (2). P. 227-244.

DOI: 10.1504/ijlsm.2016.078914

6. Han H. A review and a model for logistics clusters. Inter-
national Journal of Logistics Systems and Management. 2019. Vol. 33
(1).P.73-96.

DOI: 10.1504/ijlsm.2019.10021193

7. Hemamala K., Banerji S., Sahay M. A systems approach
to mapping logistics systems performance of small and medium
manufacturing enterprises. International Journal of Logistics Sys-
tems and Management. 2017.Vol. 27 (2). P. 164-186.

DOI: 10.1504/ijlsm.2017.083812

8.Larson E.W, Gray C.F.Project management: the managerial
process. McGraw&Hill, 2011. 608 p.

9. Morris P. W. G. Developing Project Management. Recon-
structing Project Management. 2013. P. 75-98. URL:

DOI:0.1002/9781118536698.ch5

10. Multaharju S., Hallikas J. Logistics service capabilities of
logistics service provider. International Journal of Logistics Systems
and Management. 2015.Vol. 20 (1). P. 103-121.

DOI: 10.1504/ijlsm.2015.065975

11.Rusinova O.Model of management system for promotion
of industrial enterprise development. URL: http://skhid.kubg.edu.
ua/article/view/108104

DOI: 10.21847/1728-9343.2017.3(149).108104

12. Shyshkin V., Nikolayevska A. Design of logistics systems
as a composition of effective functioning of enterprise. Manage-
ment and entrepreneurship: trends of development. 2019. Vol. 3 (09).
P.107-116.

DOI: 10.26661/2522-1566/2019-3/09-08

13. Topckuin A. A., KonnakoBa W. I, JlokwwH b. A. QuHamu-
yeckas MOAenb npouecca NPOU3BOACTBA, XpaHeHNA 1 cobiTa To-
Bapa NOBCEAHEBHOrO cnpoca. M3secmus PAH. Teopus u cucmemel
ynpasneHus. 1998.N2 1. C. 144-148.

14. Tanees 3. M., TuxomupoB B. M. OnTumusauus: Teopusa,
npumepbl, 3agaun. M. : Sgutopuan YPCC, 2000. 320 c.

REFERENCES

Amper, A.-M. Elektrodinamika [Electrodynamics]. Moscow:
AN SSSR, 1954.

Forrester, Dzh. Osnovy kibernetiki predpriyatiya (Industrialna-
ya dinamika) [Fundamentals of Cybernetics Enterprises (Industrial
Dynamics)]. Moscow: Progress, 1971.

Frame, D. J. “Reconstructing Project Management”. Project
Management Journal. 2014.

DOI: 10.1002/pm;j.21387

Galeyev, E. M., and Tikhomirov, V. M. Optimizatsiya: teoriya,
primery, zadachi [Optimization: Theory, Examples, Problems]. Mos-
cow: Editorial URSS, 2000.

Gopfert, I, and Wellbrock, W. “Innovation management in
logistics: an empirical study”. International Journal of Logistics Sys-
tems and Management. 2016.

DOI: 10.1504/ijlsm.2016.078914

MNpo6rnemn ekoHomikm Ne 4 (42), 2019

313



MartemaTuyHi meToaM Ta Mogei B @KOHOMiLLi

Gorskiy, A. A., Kolpakova, I. G., and Lokshin, B. Ya. “Dinami-
cheskaya model protsessa proizvodstva, khraneniya i sbyta tovara
povsednevnogo sprosa”“ [A Dynamic Model of the Process of Pro-
duction, Storage and Marketing of Everyday Goods]. Izvestiya RAN.
Teoriya i sistemy upravleniya, no. 1 (1998): 144-148.

Han, H."A review and a model for logistics clusters". Interna-
tional Journal of Logistics Systems and Management. 2019.

DOI: 10.1504/ijlsm.2019.10021193

Hemamala, K., Banerji, S., and Sahay, M.“A systems approach
to mapping logistics systems performance of small and medium
manufacturing enterprises”. International Journal of Logistics Sys-
tems and Management. 2017.

DOI: 10.1504/ijlsm.2017.083812

Larson, E. W, and Gray, C. F. Project management: the mana-
gerial process. McGraw-Hill, 2011.

Makh, E. Mekhanika. Istoriko-kriticheskiy ocherk ee razvitiya
[Mechanics. Historical and Critical Essay on its Development].
Izhevsk: Izhevskaya respublikanskaya tipografiya, 2000.

Morris, P. W. G. “Developing Project Management”. Recon-
structing Project Management. 2013.

DOI: 10.1002/9781118536698.ch5

Multaharju, S., and Hallikas, J. “Logistics service capabilities
of logistics service provider”. International Journal of Logistics Sys-
tems and Management. 2015.

DOI: 10.1504/ijlsm.2015.065975

Rusinova, O. "Model of management system for promotion
of industrial enterprise development”. http://skhid.kubg.edu.ua/
article/view/108104.

DOI: 10.21847/1728-9343.2017.3(149).108104

Shyshkin, V., and Nikolayevska, A. “Design of logistics sys-
tems as a composition of effective functioning of enterprise”. Man-
agement and entrepreneurship: trends of development, vol. 3 (09)
(2019): 107-116.

DOI: 10.26661/2522-1566/2019-3/09-08

CratTa Haginwna go pepakuii 04.11.2019 p.

314

MNpo6rnemn ekoHomikm Ne 4 (42), 2019



