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MogenbHa onTumisauis
/IOTiCTUYHOIT CUCTEMM NiANPUEMCTBA,
LLLO BUMYCKAE OAWH BUA NPOAYKLii

IOpiti Bcegonodosuy LLlepcmeHHUKOE!,
Onexcandp Ipuzoposuy IKOBEHKO',
€szeH Cepziliosuy opmyavoe

t/IHinposcbKul HauioHa/bHU yHiBepcumem
imeHi Onecs loHuapa, AHinpo, YKpdiHa

MeTa poboTu —po3pobut mogenb aoricTuaHoi cuctemm (/1C)
niANPUEMCTBA, Ha MiACTaBi AKOI MOXHa BMKOHYBAaTW CMi/IbHY
MOZe/IbHY OMTUMI3aLilo BMPOOHMYOT MOTYKHOCTI, Mepexi
po34pibHOI TOpriB/Ni 1 peknaMHOl KammnaHii, 3acTocoBytouM
niaxig Ax. Poppecrepa

Pesy/ibTatM pAoc/igkeHHA. Po30yf0BaHO uYMCe/bHUI  MeTog,
po3B'A3Ky npo6/eMu ONnTMMI3aLl, 3aCHOBaHWIM Ha cucTemi
PiBHAHb, 3anucaHux y Gopmi 3 AUCKPETHUM YacoM. BUKOHaHI
0BUYMC/IEHHA 4acOBOT MOBeAiHKM BCIX TeMMiB /10MiCTUYHOT
cuctemu (Temny BUPOGHWLTBA, TEMMY MOCTaBKK), BK/HOYAOYi
noBegiHKy piBHA 3anaciB B ONTOBOMY CK/1agi 1 y po3apibHomy
npoAaxy. OnTumisauiiHa npobsema BU3HAYeHHA
MaKCMMa/IbHOI €KOHOMIYHOI epeKTUBHOCTI cpopmyboBaHa i
BUpilLeHa.

TeopeTuyHe 3HaAYeHHA AOCAIAKEHHA. LUum  goc/iigKeHHAM
CTBOPEHO MeTO/0/10riYHy 6a3y A1 PO3pPOOKM MaTeMaTUYHMX
MOge/1el Pi3HOMaHITHUX NI0FICTUYHUX CUCTEM.

MpaKTUyYHe 3HaYeHHA goc/igKeHHA. CTBOPeHa Moge/lb MoKe ByTn
3aCTOCOBaHA A7 ONTUMI3aLii abo BM3HAYEHHA OMTUMA/IbHUX
rnapameTpiB /IOFiCTUYHUX CUCTEM.

OpwriHanbHicTb/LliHHicTb/HayKkoBa HOBM3Ha AOC/iKEHHA.
Mogenb A0riCTUHHOT CMCTeMMU, AKa 3anponoHOBaHa aBToOpamM,
€ OpuriHa/bHOW. Y L€l MOAeni HemMaE aHa/oriB y HayKoBil

niteparypi.
O6MmerKeHHA pocaigxkeHHs/llepcnekTUBK noAa/bLIMX
pocnigxeHb. OCHOBHE  OOMeXeHHA - Lie  BUMyCK

niANPUEMCTBOM  OAHOrO BUAY MPOAYKLIT.
gocnigerHHAax  mae 6yt BigobpaxkeHa
AveepcudikaLii BUaAiB npoAyKuii.

B noganblumx
MOM/IMBICTb
Tun cTaTTi — TeOpeTUYHMIA.

Katouosi c/10Ba: /oricTudHa cuctema; BUPOOHMYI  MOTYXKHOCTI;
€KOHOMIKO-MaTeMaTHyHa MOZe/lb.

MopgenbHasa onTUmMuUsaumA
/IOTUCTUYECKOM CUCTEMbBI MPEeANPUATUS,
BbINYCKaloW,ero ogmH BUA NpoAyKLUn

lOpuii Bceeonodoeuy LLiepcmeHHuKoe!
AnexcaHdp Ipuzopbesuy IKOBEHKO!,
EezeHuii Cepzeesuy Bopmy/boe!

t/lHenposcKuli HAYUOHA/LHLIT YHUBEpcUmMem
umeHu Oseca lonyapa, AHenp, YKkpauHa

Llesb paboTbl — pa3paboTatb MOAe/ b 10rucTUHeckoi cuctemsl (/1C)
npeanpuATUA, MO3BO/AIOLLENA  MPOBOAUTb  COBMECTHYIO
ONMTUMMU3ALMIO MOAEIM TMPOU3BOACTBEHHBIX MOLLHOCTEMN,
PO3HMYHOW CeTU 1 PEeKNaMHOM KamnaHuM, UCNO/b3yA MOAXO/,
[x. PoppecTtepa.

Pe3y/bTaThl UcclegoBaHMA. Pa3paboTaH uMC/IEHHbI  MeTog,
pelleHMsa 3aga4n OMTUMM3aLMM, OCHOBAHHbLIA Ha cucTeme
YyPaBHEHUI B AWCKPETHOW BpeMeHHOW ¢opme. BbinosHeHb!
pacyeTbl  AMHAMWMKM BCeX MOKasaTesnel /OrmCcTU4eCKom
cUcTembl (npousBoacTBa " MOCTaBOK), BK/ItOYan
roBeseHue YPOBHA 3aMacoB B OMTOBbIX W PO3HUYHbIX
ToproBbiX  ceTAX. CHOpMy/MpoBaHa W pelleHa  onTu
MM3aLMOHHaA 3ajaya onpepae/neHus MaKC1Ma/IbHOM
SKOHOMUYECKOW IPPEKTUBHOCTH.

TeopeTuyeckoe 3HauyeHue UCCIeA0BaHUA. DTUM UCC/1eA0BaHNEM
CO3aHa MeTOAO0/0rM4eckad OCHOBa [/1A  pa3paboTku
MaTeMaTU4eCKUX MOZe/1elM Pa3/IN4HbIX I0MMCTUHECKUX CUCTEM.

MpakTuyeckoe 3HavyeHue ucciegoBaHuA. CO3gaHHasA Moge/b
npuMeHMMa A8 ONTUMM3AUMM  UAM  OMpefe/eHus
ONMTUMa/IbHbIX MAapaMeTPOB /IOMMCTUHECKMX CUCTEM.

OpuruHanbHocTb/LleHHOCTb/HayyHas HOBM3HA MCC/1ef0BaHuA.
ABTOpCKaA MOZe/lb /IOFUCTUYECKOW CUCTEMbl OPUIMHA/bHA.
Mogenb He MMeeT aHa/I0roB B Hay4HOI nTepaType.

OrpaHuyeHus nccegoBaHuii/llepcneKkTUBDI AanbHeNLMnX
ncciegoBaHuii. OCHOBHOE OrpaHuyeHue - MpOW3BOACTBO
OAHOrO TWUMa MNPOAYKUMM Ha npeAnpuATUM. [asbHeime
ncc1ea0BaHuA £,0/1KHbI oTpaxaTtb BO3MOXHOCTb
AvBepCUPUKALIMM MPOAYKLMUH.

Tun cratbu — TeOpeTMHeCKMl\/‘I.

KatoueBble ¢/10Ba: /10rMCTUYECKAA CUCTEMA; NPpoOn3BOACTBEHHbIE
MOLLHOCTU; SKOHOMUKO-MaTeMaTu4eCcKaa Moae/lb.
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1. Introduction

system of production capacity, retail sales network, and

product advertising. The presented algorithm of model
computations allows performing coordinated production capacity
optimization, retail sales network, and the enterprise advertising
depending on the logistics system’s main parameters. The main
focus is on the retail sales network as an essential link that largely
determines goods sales.

: his paper developed the interdependent model optimization

The papers (Wang, Chen, Chen, 2008; Kelly, Kerr, Drennan, 2010)
presented "the fuzzy structure ranking method of preferences to
evaluate enrichment" (PROMETHEE fuzzy method) that allowed
potential suppliers evaluation by several criteria.

Several papers offer some models of advertising campaigns. The
paper (Xiuli, Ashutosh, Suresh, 2009) deals with joint advertising for
the manufacturer and retail sales and prices in a dynamic stochastic
supply chain. The authors developed the supply chain problem
model as a stochastic differential Steckelberg game.

The paper (Du, Xu, 2012) builds a hybrid pricing strategy based on
CPM and CPC variables. Subsequently, a new multi-purpose model
for solving web advertising resources based on a hybrid pricing
strategy is put forward.

Recently, the model approach has actively been applied in the
economics of sociology. Notably, there is an influence modeling of
some behavioral factors on the frequency of consumer purchases
of green goods (Marques, Almeida, 2013). The next direction of
optimization modeling refers to the problem solution of joint
(cooperative) advertising at the manufacturer of a supply chain -
retail sales. The papers (Xie, Neyret, 2009; Ching-Shih, Hsiao-Hua,
Hui-Chiung, Chih-Ho, 2009) devoted to the joint strategy of the
advertising campaign and the pricing; as the authors chose such
areas as production and retail sales for the research.

The papers (Wei, & Choi, 2010; Kogler, Rauch, 2018) consider the
mean-variance analysis. The average variance method allows the
authors to solve the supply chains' coordination problem
according to the wholesale pricing and profit distribution.

The paper aims to create a reference model of business processes
for the supply chain, which would include the special conditions
when moving perishable goods.

2. Objectives

model of an enterprise's production activities, including the

retail sales network, developed model application for joint
production capacity optimization, retail sales network, and the
enterprise advertising on the daily demanded goods.

:: he study aims to develop an economic and mathematical

3. The research methods and information
sources

are studied. For instance, Pedchenko (2011) proposed a
dynamic model of market pricing and production, which
allows determining the general patterns of production and
technological specifics for the economic system evolution. The
theoretical basis for creating a model is the balance relations that

: any aspects of planning the current activities of enterprises

combine the approaches of L. Walras and A. Marshall to describe
the dynamics of prices and volumes of industrial goods in the one
product market. The synthesized mathematical model is a system
of two linear differential equations for determining the price and
volume of goods in discrete time. For this dynamic system, the
equilibrium position stability conditions we obtained with the
corresponding parametric analysis.

In his paper, Voronov (1997) built and analyzed models of
consumers' behavior of the one type of goods by simulation
modeling methods, namely, agent modeling methods. Ferber's
reactive agent model is used to determine the agents’ behavior
within the simulation model. In the reactive agents’ models, a
specific feature is the states and transitions’ concept and behavior
tools such as "stimulus-response."

Gvozdetska (2011): applies the system of quantitative and
qualitative research methods in the management process
(adaptive approach). The modeling of a real economic enterprise,
including the outside environment, is performed. Probabilistic
decision-making methods in an unstable market environment are
widely used, as well as information systems, models, and methods
with a single information base and capacity to adapt to changing
conditions.

Meanwhile, the logistics systems models are actively developed
and discussed (Mushunje, 2019). Many papers (Du et al., 2012; Guha
et al, 2010; Marques et al., 2013;) offer different models of
advertising campaigns.

Various aspects of logistics systems are actively studied in the
modern scientific literature (Bortolinietal., 2015; Mihalovi¢, 2016;
Morozova et al., 2013). The authors (Velychko & Velychko, 2017)
presented a methodology for building logistics models in the
individual market systems’ management of enterprises according
to the minimization and maximization criteria.

Those papers do not sufficiently disclose the quantitative
relationship between the logistics system parameters of an
enterprise and the consumer market's current features: the
potential demand for goods and the goods consumption rate. This
modern theory deficiency complicates the study of the advertising
campaigns' impact on the enterprise’s economic efficiency.
Gorsky (1998) proposes the model that meets the formulated
requirements from a fundamental perspective. This model allows
considering the detailed features of the market. Nevertheless, the
model has a significant deficiency, leading to unstable solutions in
a wide range of parameters. Sherstennikov (2013) proposed the
method to eliminate that deficiency. The method is based on
averaging the sales rate and goods delivery over a while. Today,
there are no effective methods to plan a real-time advertising
campaign for an enterprise covering the enterprise logistics and
market demand for goods. Some approach principles were
introduced by Sherstennikov and Yakovenko (2019).

4. Results

ig. 1 reflects the enterprise logistics system. Working in a
<[4>competitive market requires the enterprise manager to

expand the enterprise’s market niche or maintain it at some
acceptable level. One of the effective means is to conduct a
periodic or permanent advertising campaign. Therefore, the model
creation begins with a model description of the potential demand
Q's advertising campaign's impact.
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Fig. i. The enterprise logistics system”

“Source: developed by the authors.

We assume that in each period t the costs of the for enterprise
adwvertising are constant and equal to Zr. With such costs, some
value of potential demand Qpr is achieved. We assume that the
miodel of the first-order delay (Sherstennikov, 2013) describes the
advertising campaign impact on the current potential demand (it

du, QpLEr '|—r,'l-:r'|_ I:1::I

4]

The potential demand maximum wvalue (Qprdepends on the
advertising campaign cost. The potential demand maximum value
{p as the costs’ function Zr reaches enrichment - this value at any
cost can not exceed some maximum value

Omax(Zr) = Qmax + (1 — exp{—e + Zr}), (2}

wherein « is a constant that depends on the market and the
product in gquestion.

The paper summarizes the approach of J. Fomester (Forrester,
1958; Forrester, 1971) that allows evaluating the market demand for
goods.

The equation (1) means that the contribution to potential demand
caused by the advertising campaign (J; is described by the first-
order delay model { Sherstennikov, 2013).

Let us formulate a system of eguations that describe the
enterprise’s logistics system shown in Fig. 1. We believe that the
enterprise is wholly provided with running costs. The system of
equations determines the defining performance of the logistics
system in the finite-difference form. That means that we consider
the time to be discrete. Yakowenko (2017) considers general
principles of economic dynamics applied below to a separate
enterprise.

1. Demand change (}; on the goods at the market is the enterprise's
input impact, which aims to align its output with demand. Sales
rate

Tisa =TH|"(Q|'_H':| {3}
wherein r; is the goods sales rate (units/period) in the i-th
period; nis the parameter, which is determined by the average
number of sales for the previous quarter (or year); f; is goods
level in the retail sales network (RS M) in the i-th period; Vis
quantity of goods in consumers” hands (not yet consumed).

2. The level of the goods (goods quantity) in the retail sales

nietwork Rl' determined by a recurrent equation:

H‘-,,=H,+H-[£ﬂ,-—r,}, ':4}
wherein $o, is the supply rate (unitsjperiod) from the
wholesale warehouse to RS M; Td is the model sampling
period, the time interval between the adoption of solutions
(choose Td{day)).

O

3. Level K, must be within 0 = R; = R,,,, wherein &, is the goods’
maximum possible level to RSN, This requirement is met by the
following equation for the supply rate from the wholesale
warehouse to R5M:

s0,,, = 50, (52

wherein 5 is the goods stock level in the wholesale
warehouse.
The paper substantiates the need to perform averaging when
computing the proposed model:

30 = {S':':I::-_u.i: (&)

wherein ps is averaging time interval.
4.The production pace ¥, is determined by the following

equations:
Yina = [J'e"‘%}'i‘. (7)
Lif 5 < g5+ 5.,
8= [% otherwise, (8)

wherain y, is production capacityin [ -the period; ym is the of

producticn capacity planned value; Sm is the maximum level

of goods in the wholesale warehouse. The equation avoids the
overflow of the wholesale warehouse.

5. The goods stock level in the wholesale warehouse 5, computed as:

Son =35 H5 [ — 50, [£)]

wherein y; is the flow rate, which is part of the wholesale

production.
6. Adopted the following equation to determine the net profit

M=(1—kp)«[(1 —kad)sMr —rc+—ks+5 —zem—zl+
(Am)* — gz - £],{w)

wherein ¢ is the cost-share in the production cost; p is the unit
price; k is payment for storage of the good unit for one period
in a wholesale warehouse; kp is the income tax rate; kad is the
value-added tax rate.

The equation for net income includes a gquadratic dependence on
the RSN maximum capacity, which under the contract is assigned
to the manufacturer's goods. This dependence can occur for
several reasons. For example, as the RSN outlets increase, the
delivery distance increases, ete.
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5. Discussion

omputed by madel (1) - (10) we will perform at such values
of parameters:

Rm0, gy = 100,Q = 1200, n = 0.0001, k1 = 0.33,
k = 0,01,50 = 100,5m = 200, Ro = 50, n1 = 011, So, 80 (1)
kp = 0,25, kad = 0,06, ¢ = 0,6,p = 100z = 0,01, Sm.

The enterprise’s management needs to solve the following two
tasks. First (1) is to determine the optimal parameters of the
logistics system. The second (I} is to bring the enterprise
production capacity in limne with curment market demand.

Before proceeding to the formal solution of problems (1) and (11},
make sure that the model (1) - (10) leads to meaningful results. At
the transition from continuous time to discrete, we perform
designations replacement Mt — M| (and for other quantities).
Equation {2) at Qmiexi a2 leads to the maximum value dependence
of potential demand Jpr from costs Zra of advertising campaign
depicted in Fig. 2.

Fig. 2. The maximum value dependence of potential demand Qp

from costs Zr{hrmyperiod) for an advertising campaign’
“Source: developed by the authors.

Let the maximum enterprise productivity (see equation (7)) ym =
4,6. Let us ask for some values of advertising costs - Zr = 0,9, Then
Q09 = 5008, according to eguation (1), we obtain the
dependence shown in Fig. 3.

600 -

400F .
Qi
200 .

[I L L 1 1
0 20 40 60 80 100

Fig.3. The current value of potential demand”
“Source: developed by the authors.

Mext, for the planning horizon, T = im = 365 using other model
equations for the values of parameters (11}, we obtain the results
shown in Fig. 4 and Fig. 5.

Fig. 4. Current quantities of goods
in the wholesale warehouse 5, in the retail network R; and
goods in the consumer's hands ¥,/
“Source: developed by the authors.

b 4 jr‘? 1
i 1;-5' :
oy ;
— u —
_1 1 1 1
0 100 200 300

Fig. 5. Current values of the production rate ¥;, sales r;, and the
delivery rate from the wholesale warehouse to retail sales so,”
*Source: developed by the authors.

BigcTaEaHuA TEmMMy npogasky W TEMNy NepesesfHe Big Temmy
BHpOBHHLTES B NkHI Nepusax 20 nepiogis (guis) nos'Azaqe 3 THM,
W AK BMAHE 3 prc. 4 ¥ Ui nepiogy TOESp B OCHOBHOMY H3AX0AHTE
HE OMTOBMA CHAZA @ HE B pO3apibHuH Npogas. XOYa B HAcTYNHI
NepioaH, K BHAME 3 PHC. § TEMIH NPOAAsY A NEPEESI8HE TROXH
NepeERpUNITE TEMMM BMPOBHMUTER. 3 pHc. 4 Bdgee, wo UR
nepesara AO0CAMEETECA 33 PaxyHOK  3MEHWEHHA 3anacie Ha
onrostmy ckazal. Mpe UsOMYy AO0TpHMMYETECA DasaHc TOBapy:
IpOONEHKA TOE3P — PEaA30BaHHA TOBSD = 3MIHE KINEKOCTI TOEIpY
Ha BCix piesAx. AR HAWOND BUNagHY PO3PaxXyHHH A3HTE:

The sales lag rate and the delivery rate from the production rate
during the first 20 periods {days) is due to the fact that, (see Fig. 4),
during these periods the goods are mainly delivered to the
wholesale warehouse and not to retail sales. Although in
subsequent pericds, (see Fig. 5), rates of sale and delivery slightly
exceed the production rates. Fig. 4 demonstrates that reducing
stocks in the wholesale warehouse leads to this advantage. At the
same time the goods balance is observed: the produced goods -
the realized goods = change of goods quantity at all levels. For our
case, computations are as following

Zig '0Op —7) = 36,463, (iR),, — (5§ —R), = 36463,

i.e., the goods balance is performed.

Thus, we made sure of the model adequacy and can proceed to
solve the set problems.
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The optimal parameters determination of the logistics system. As the
optimality criterion, we chose the total profit that the enterprise
receives for the year:

F{Rm,ym,Z) = Ti5% M, — max. {12}

The optimization problem is as follows. Find the objective function
(12) maximum for the following variation parameters: ym is the

planned value of production capacity; £m is the RSN, £ advertising
costs in one period (each period has the same costs).

The constraints for the optimization problem {12} are the system of
equations (1) - (9).

Previous experience shows that the financial result (F) significantly
depends on the R5N's initizl filling, i.e., the Ry value. For technical
reasons, f; can hawve the following three values /, = 10, 40, 60.

Therefore, the optimization problem (12} must be solved
separately for three values R

The optimization problem solution at By = 10 is as follows.

Hrnupl: 3"1',3
Yope | = (6,46)- (13}
zu.l.l[ 55

The total profit is as follows
FRmy Voue, Zape ) = 103117, {14}

Fig. 6 illustrates the found optimal solution.

110" : :

F1(Rm_opt.y_opt.Zny) 810>
o 6x10°

b0 — :
Fi(Rm_opt.yne.Z opl) 10T i
0

| 1

5 19 15
¥k

Fig. 6. Graphical demonstration of the optimal solution (12}, (13)

for Ry = 10°

‘Source: developed by the authors.

Fig. & shows the changes in total profit on one of the parametars
at fixed values of the other two in the case when the RSN initial
filling is 10 {units of goods).

The solution to the optimization problem at R, = 40 is as follows.

Rmu,-.-r i
Nape = (?,.1)-
zu.'.nr 49
with
F{RM e, Vopr Zape ) = 14258,3, {15]

Similarly, the optimization problem solution at K, =60 is as
follows.

Ry, 105
Yape | = ( a7 ) (18]
Zope 64
with
F{Hmupl:-}"up:rzupl:} = 16“'19.-‘1'- I:l;':l

For dlarity, we present the results in tabular form:

Table 1
Dependence of the enterprise's total profit for the year (F1) on
the RSN initial completion (K,

d F(RM,p0 Voper Zoge )
10 10311.7
40 142583
[alu] 164194

“Source: developed by the authors.

The results comparison from Table 1 illustrates a significant
dependence of the financial result on the RSN initial filling. To
understand this, we perform detailed dynamics computations of
the leading indicators in the L5. Fig. 7 depicts the dynamics of the
LS"s main flows.

Fig. 7 shows that when R, = 6/ are the absolute values of all flows
are far larger. 50 the total number of goods sold per year is:
Fr=22863 (for B, = 10) and ¥ r = 31199 (for &, = 60). This
difference in the number of goods sold per year (see Fig. 8). Wacan
observe the comparison of optimal solutions (13) and (17) & =
B4.3, for B, =10, R = 105 for R, = 60.

Moreover, Fig. 8 illustrates that RSN Ri's current product values
Rf are near the R's comesponding maximum valuas.

However, as follows from equation (1), the current values of the
sales rate 1; are determined by the K, value (as one of the factors).

Another contribution to the total profit is due to the quantity of
the goods in the wholesale warehouse 5; (Fig. 9).

Equation (10) demonstrates that the model adopted the following
contractual payment form with the wholesale warehouwse: the
enterprise pays only for the guantity of the wholesale warehouse's
actual goods. Therefore, a larger number of goods inthe wholesale
warehouse (for K, = 10) requires higher storage costs. Let us
compare the current profit of the enterprise at different values R
(Fig. 10). The initial work period attracts our attention. At /£, = 10
at the beginning of work, there is a considerable period
(of 0 < i = &0), where the current profit value takes significant
negative values (up to -100). Formula (10) shows that the
enterprise's current profit value is mainly determined by the sales
ratio r; and the production pace ;. The initial rate comparison for
the specified period is shown in Fig. 1. Fig. 11, including equation
{10}, explains the current enterprise profit behavior, demonstrated
in Fig, 10.

It is bringing the enterprise production capecity under current
market demand. We consider the problem of bringing the

enterprise production capacity, which operates according to the
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model (1) - (18] with the current market demand in the following B)in any (even the most intensive) advertising campaign, the sales
two formulations: rate cannot be increased so that it equals the production rate.

i In this case, one has to perform the optimal limitation of the
A) the production rate exceeds the sales rate, but due to the production pace.

adwertising campaign, the demand for goods may be
increased, and the sales pace becomes egual to the production
pace;

10 T T T

Fig. 7. Dynamics of main flows: left for B, = 10, right for R, = 60°
“Source: developed by the authors.

1 I 1

0 100 200 300

Fig. 8. Dynamics of available stocks of goods in RSN: left for R, = 10, right for R, = 60"
“Source: developed by the authors.
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Fig. 9. Dynamics of available goods stocks in the wholesale warehouse 5;: left for Ry, = 10, right for B, = 60°
“Source: developed by the authors.
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Fig. 10. Dynamics of current enterprise profit: left for R, = 10, right for Ry = 60°
*Source: developed by the authors.
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Fig. 1. Dynamics of sales r; and the production pace ¥;: left for Ry = 10, right for B, = 60°
“Source: developed by the authors..
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If the advertising campaign lasts less tham the duration of the
project, the equation is as follows:

0, =zr (s, L),

. _ [ZR = Tost
wherein ZR = {ﬂ otherwise"

advertising campaign. The equation computations led to the result
showm in Fig. iz

Tost is the stopping moment of the

0 100

-

Fig. 12. Current demand dynamics, if the advertising campaign
ends at Tost’

*Source: developed by the authors.

In this case, the results are shown in Fig. 13 and Fig. 14 replace the
results shown in Fig. 8 and Fig. 9.

Fig. 13. Current quantities of goods in the wholesale warehouse
§,, In the retail sales network R; and goods in the consumer's
hands ¥, at Tost*

*Source: developed by the authors..

T e
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" 1;{ -
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L1 100 200 300

i

Fig. 14. Current values of production rate sy, sales r;, and the
delivery pace from wholesale to retail s0,”
‘Source: developed by the authors.

Task A) is reduced to the advertising campaign optimization at a
given production pace. As a tardet function of the optimization
problem, we take the profit received for the selected period T
(horizan planning):

FZr=TF_ M —ix. (18)

The system of constraints for the optimization problem (18} is 2
system of model equations (1) - (10). Numerical methods must
solve the optimization problem (18) under constraints (1) - (10
Civen (i0), we see that expression (i8) for the objective function
can be divided into two parts:

Fr(Zry=F — (1 — kp)TZr, (19}

wherein 7 in relation (2) has a similar (2) dependence on Zr, i.e., G
is the convex upwards function. We conclude that in order for the
function, Fy(Zr) has a maximum at Zr; the condition

[M}I = ({1 —kp)df must be met. I the condition
d2r S zpan

(@] <= ({1 —kpldG is met, then function F.(Zr) has
22 S ppan

maximum at fr. For T = 365 the values of the parameters

specified in (11) allow checking by numerical computations that the

inequality is performed (%}z = (1 — kpldG, 5*10%:343,1).
¥ Famil

Thus, the function F,.(£r) has a maximum of non-zero value Ir.

Mumerical computations show that the function FL(£r) has a
single maximum at (Zr)max = 1,245 while the objective function
reaches its maximum value [F, (£r)],,,. = 1105.

Fig. 15 and Fig. 16 demonstrates the dynamics of economic features
for an optimal solution.

Fig. 15. The same as Fig. 13, but for an optimal solution”
“Source: developed by the authors.

300

Fig- 16. The same as Fig. 14, but for an optimal solution®
“Source: developed by the authors.
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Let us move on to task B). Let now the enterprise maximum
productivity ym = 5,0 (at constant other parameters). If all
opportunities to increase demand are exhausted, then there is only
a decrease in production. To do this, we apply the non-
overcrowding criterion of available wholesale warehouses. In this
case, it is necessary to adjust production capacity to market
demand for goods. Then instead of equation (7), one needs the
following equation, which has the finite-difference form:

1, if & = Se

¥iai =|[}".'+N:%:]'{5£_T‘

wherein S¢ permissible (close to the maximum) production level in
the whaolesale warehouse.

(20)

atherwise'

Mow the model computations (1) - (10) (including the eguation
replacement (7) by (20)) leads to the results shown in Fig. 17 and
Fig. 18.

Fig. 17. The same as Fig. 13, but for enterprise maximum

productivity ym = 5,0°
“Source: developed by the authors.
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Fig. 18. The same as Fig. 14, but for enterprise maximum

productivity ymm = 5,0°
“Source: developed by the authors.

Computations show that starting from the 8o period; the
production rate fluctuates slightly in value ¥ = 4,1 (4,07 < y <
4,13). In this case, the profit is 78,5 (see Table 2).

Table 2
The profit value depending on the maximum enterprise
productivity”
y‘.

= Z M starting from t;e o' period
5,0 278 482 4,08

4,0 655,9 3,892
3,95 665,089 3,846
3,93 665,105 3.93

3.9 @61,059 39
3,85 649,592 3754

3,8 635,532 3,708

“Source: developed by the authors.

The average production rate is set at 4,08 (starting from the 8o
period). That means that 0,92 (5 — 4,08 = 0,92) of enterprise
capacity units are superflucus and can be involved in producing
other production types. Table 2 reflects the optimal production
capacity within 3,93 < ¥, < 3,95. When choosing the production
capacity within those lmits, the total profit for the peried (T =
365 will be around 666 (hrn per unit).

6. Conclusions

he developed enterprise logistics system modal allows
rforming  mutually agreed production  capacity
optimization, retail sales network, and advertising campaign
of an enterprise, i.e., those links that directly determine the
production and sale of goods, and by a closed system of equations
determine the performance of all other parts of the logistics
system. The proposed model allows an enterprise to plan its
optimal advertising campaign. The model also zllows computing
the enterprise optimal production capacity when the market for
this product is close to saturation, and the advertising campaign no
longer completely solves the implementation problem.
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