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ABSTRACT

Proper management of enterprise resources, competent management of
production and marketing can greatly contribute to the modernization of the
pharmaceutical industry of our country and the conquest of the pharmaceutical
market with drugs produced in our country. Planning of production and sale of
pharmaceutical products is important for pharmaceutical companies. Effective
development of enterprises is hindered without proper sales planning. Sales planning
Is important in business activities. As a rule, sales are the main source of financial
income. To maximize the effectiveness of sales planning, the plan should be realistic
and appropriate to the company's resources. In this work, artificial intelligence
methods were studied in the optimal forecasting of the production and sale of
pharmaceutical products.
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AHHOTAIIUS

I'pamomnoe ynpasenenue pecypcamu npeonpusmus, 2pamomHoe YHpasieHue
np0u3eodcm60ﬂ4 U mapKkemuHeom mozyni 6 SHAYUMENbHOU CMeneHu cnocoocmeosams
MOOepHU3ayuu  hapmayeemuyeckolu  NPOMbIULIEHHOCMU — HAwlell  CMpaHvl U
3d60€6AHUIO gbapmaueemuuecmzo POUIHKA npenapamamiul, np0u36€0€HHblMu 6 naweu
cmpane. llnanuposanue npouzeoocmea U  peaiuzayuu  Gapmayeemuyeckoll
NpoOOYKYuu B8adcHo Ol ¢hapmayesmuyeckux xomnauuu. be3 Hadnescawezo
NIAHUPOBAHUSL NPOOAIC MOPMO3UMCS  IPhekmusnoe pazsumue npeonpusmull.
I Inanuposarnue npooasic uepaem 8adcHy poiib 8 KomMmepueckoll desmenvHocmu. Kak
npasuno, Npooaxdcu SGIAIMCA OCHOBHbIM UCMOYHUKOM @QUHAHCOB020 00X00d.

UYmobwl makcumuzuposams 3PHeKkmueHocms NIAHUPOBAHUSL NPOOAXIC, NIIAH QOAHNCEH
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ObIMb PeanuCMUdYHbIM U COOMEEMCMEOBAMb PECYPCAM KoMnanuu. B oannoii pabome
usyuanucb — Memoovbl  UCKYCCMBEHHO20  UHMeNLleKma 8  ONMUMALbHOM
NPOCHO3UPOBAHUU NPOU3BOOCIEA U peanu3ayuy gapmayesmuiecko npooyKyuu.
Kniouegvie cnosa. nexapcmea, UCKYCCMEEHHbIU UHMENNEKM, ONMUMATbLHOE
NPOCHO3UPOBAHUE, CNPOC, NOMPEeOHOCHb, 00X00, HeuemKoe MHONCeCmEo, Yenesds

@yHKYUS.

INTRODUCTION

The health of the population has always been and remains one of the most
important components of the life of the country and society. Healthcare is one of the
leading branches of the social sphere. Its main task is to improve the situation in the
health sector and create conditions for its further modernization. In the realization of
such a goal, the personal participation of each person is important [1].

It is of great importance to create and distribute informational and intellectual
systems for the introduction and quality assessment of pharmaceutical products
produced all over the world. The development of the methodological foundations of a
comprehensive approach to the creation of systems for continuous product quality
assurance (at all stages of the life cycle) in the chemical and pharmaceutical industry
IS a new urgent scientific problem that fulfills important scientific-technical,
organizational and scientific tasks [2].

The purpose of the study is to increase the efficiency and profit of enterprise
management, taking into account the specific characteristics of the production of
medicines, as well as to develop fuzzy methods and models for optimal planning of
the production and sale of pharmaceutical products; determination of the main
features of production and sale of products in pharmaceutical enterprises, as well as
analysis of existing economic-mathematical models suitable for use in
pharmaceutical enterprises; development of a heuristic algorithm for rapid planning
of production and sale of pharmaceutical products; consists of developing a model
and algorithm for optimal planning of production and sale of pharmaceutical products.

According to analysts, the world pharmaceutical market is growing steadily and
increases by an average of 7.8% annually. The growth in developing countries was
significant. The trade volume of Brazil, China, India and Russia increased by 22.6%,
while the trade volume of the remaining 13 developing countries increased by 7.2%

[1].

In the early stages of drug discovery, machine learning can perform many tasks,
from initial observations of drug compounds to predicting drug success. Atrtificial
intelligence can play a role in drug identification and validation tasks, such as drug
repurposing and biomarker detection. Applying artificial intelligence to drug testing
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can shorten the time it takes to get a drug approved and on the market, thereby
reducing overall costs. An artificial intelligence system for the production of drugs
should take into account the following characteristics of slow processes [2,3]:

e They are multifactorial and multidimensional.

eExtensive use of modern mathematical models, digital methods and
information technologies based on artificial intelligence methods.

METHODS

From the drug development process to the purchase of the drug by the patient at
the pharmacy, the pharmaceutical industry has to work with a huge amount of data.
Laboratory diagnostics, monitoring of patients' condition, messages about the drug's
effectiveness on forums and social networks - all this is useful information for a
pharmaceutical company. However, given their quantity and fragmentation, the
manufacturer does not have time to process and absorb this knowledge, much less
apply it. Artificial intelligence helps to solve these and other problems [1,2].

The desire of pharmaceutical companies to collect, systematize and analyze
large data has forced them to turn to artificial intelligence technologies. The neural
network created by scientists can easily cope with collecting the necessary
information both in the creation of the drug and in obtaining feedback from patients
[3].

Another task where artificial intelligence can be useful is to reduce drug
development time [4-9].

The optimal planning model for the sale and production of pharmaceutical
products was developed.

fL =D 4%, —> max
f,=> > X, —>min (1)
fy=> > v;%; > min
subject to
0 < u(x),r(x),v(x) <1,
inj =S, (2)
J
where S, denotes the sentence of source i,
inj =D, ©3)
]
where D, denotes the demand of destination |,
X; 20
Here:
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w; - 1 - the selling price of product

X.i - the amount of i-type manufactured products in the j-stage
r, - production costs of i-type product

v; - costs of certification of the same type of products

Solving this problem can be done using the fuzzy programming method, which
allows to find the optimal solution of multi-level problems.

Solution algorithm.

Step 1: Solve a multiobjective optimization problem.

Step 2: Based on the results of step 1, determine the appropriate values for each
goal in each resulting solution. Then find the lower and upper bounds of f", and

¥ (k=123,....,K).
Step 3: The membership function 4, corresponding to the kth goal of the
minimization problem is defined as

1 if f <fl
f,—f. - L u
i (X) = 41— —5 if fl<f <f,
fk - fk
0 if  f > f
The membership function can be defined for the maximization problem as
0 if f <fl,
f —f. L u
p (X) ={1-—k if fl<f <fl
fk - fk
1 if f >f
The linear programming problem can be further simplified as follows.
A — max

f+A(f) —fo)< Y
for the minimization problem and
fo+A(f—fh)<f
for a maximization problem with given constraints and

A12>0.
Step 3 gives the values of the three objective functions f,, f, and f,.
Step 4:
f=f—f,—f
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RESULTS.
Consider the fuzzy optimization problem
odds_coefficient=1[1,0,0,0,0,0,0,0,0,0, 0,0],
[0,1,0,0,0,0,0,0,0,0,0,0],
[0,0,1,0,0,0,0,0,0,0,0,0],
[0,0,0,1,0,0,0,0,0,0,0,0],
[0,0,0,0,1,0,0,0,0,0,0,0],
[0,0,0,0,0,1,0,0,0,0,0,0],
[0,0,0,0,0,0,1,0,0,0,0,0],
[0,0,0,0,0,0,0,1,0,0,0,0],
[0,0,0,0,0,0,0,0,1,0,0,0],
[0,0,0,0,0,0,0,0,0,1,0,0],
[0,0,0,0,0,0,0,0,0,0,1,0],
[0,0,0,0,0,0,0,0,0,0,0, 1],
[1,0,0,0,1,0,0,0,1,0,0,0],
[0,1,0,0,0,1,0,0,0,1,0,0],
[0,0,1,0,0,0,1,0,0,1,00],
[0,0,0,1,0,0,0,1,0,0,0,1]]
M =
0.6 0.7 0.3 0.8
0.5 0.4 0.5 0.3
0.4 0.3 0.6 0.7
r; =
0.1 0.2 0.3 0.1
0.2 0.1 0.3 0.3
0.3 0.2 0.3 0.3
v =
0.2 0.1 0.1 0.1
0.3 0.1 0.1 0.2
0.2 0.2 0.1 0.2

The goal of this task can be determined by the degree of acceptability ,(x), the
degree of uncertainty r, (x) and the degree of deviation v,(x) of the cost function:
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3 4
1, > > Cx; <220
i=1 j=1
3 4
(300—ZZcijxij) .
1, (X) = == : 220< 3> C;x; <300
140 i=1 j=1 o
3 4
0, > C;x; >300
i=1 j=1
3 4
0, > Cyx; <240
i=1 j=1
3 4 5
(ZZC”Xij —240) -
r(x)={ 1= , 240< "> C,x; <330
140 =55 "
3 4
1 D> Cyx; >330
i=1 j=1
3 4
0, > Cyx; <200
i=1 j=1
3 4 5
(ZZC”Xij -210) -
r(x)={ 1= , 210< Y3 C,x; <330
140 =3
3 4
1 D> Cyx; >330
i=1 j=1
The solution is obtained as
A=0.91,
f, =513.27,
f,=137.32,
f,=111.57

44, =0.71,1, =0.0032, 1, = 0.139

The main advantage of fuzzy goal programming is that it can be transformed
into a traditional linear programming model. Another advantage is that setting goals
IS symmetric with setting constraints. Finally, the concept of allowable degraded
aspiration level is compatible with real decision making.

SUMMARY

In the article, the task of developing optimal planning methods and models for
the production and sale of pharmaceutical products, as well as creating software tools
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supporting these models and methods, was set and solved. A fuzzy mathematical
model of the optimal planning of the production and sale of pharmaceutical products
has been developed, which takes into account the unique characteristics of the
industry and maximizes the company's profit; A heuristic algorithm for planning the
production and sale of pharmaceutical products has been developed, which is
characterized by high speed and planning efficiency.
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