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Abstract. Mathematical and computer modeling is one of the most powerful tools for analyzing and designing
various technological processes, including the pharmacological process, which allows you to save resources and
prevent many risks in the production of innovative medicines. The use of such models is especially necessary during
the transition from the research to the production stage of the release of medicines. This article discusses the techno-
logical process of drug production using the example of the drug "Atenolol". On the basis of certain parameters of
this drug, a mathematical model is built, where a complex indicator of the assessment of the quality of the technolog-
ical process is calculated. When calculating the complex quality indicator, the following main parameters are used:
drying temperature, drying time, drug formation coefficient, humidity, strength, decomposition, grinding, integrity.
The mathematical and computer models created as a result of the research will improve the efficiency of quality
management of the technological process of manufacturing medicines.

Keywords: mathematical model, drug preparation technology, computer model, drug quality, technological
process.

Anoamna. Mamemamuxanvlk dHcone KOMNbIOMEPAIK YA2iiey apmypii mexHoI02UsnvlK, yoepicmepdi manoay
Jicone dcobanay yulin KOAOQHBLIAMbIH ey Kyammbl Kypandapowly — 0Oipi 6onvin mabwviiadvl. CoHwly [winde
apmakanocusnvly yoepic Kezinoe WUKIZAMmMapobl YHeMoey2e JCoHe Jicana O0dPINiK npenapammapovl 6HOIpyoe
Konmezen Kayinmepoiy anobli anyea MyMKiHOIK 6epedi. Mynoai modenvdepoi Konoamy acipece 3epmmey Ke3eHineH
Oapinik 3ammapobl wibleapyosly OHOIpIiCMIK Kesenine omy 6apwicvinda Kasicem. bByn maxanada «Amenonony
npenapameiHely — MbICATBIHOA — npenapammul  OHOIPYOiH — MexXHONoUAnLlK — yoepici  Kapacmuipviiadvl.  Ocbl
npenapammuly 6eneini 0ip napamempnepi HeliziHOe MameMamuKanivlk Yiel KYpuli2aH, OHOA MeXHONOSUSIbIK
Yyoepicmiy canacvin 6az2anayovly keuienoi kopcemkiwi ecenmencen. Cananvly KeuteHOi UHOUKAMOPbIH ecenmey
Ke3iHOe Keneci Heeizel napamempiep KOJIOAHLLIObL: Kenmipy MeMnepamypacsl, Kenmipy yaxvlmvl, Npenapammoly
naiioa 6ony KoIppuyuenmi, vbLIZANOLLILIK, Oepikmik, blobipay, YHmaxmay, mymacmolk. 3epmmey Hamudicecinoe
KYpbli2an MameMamukaiblK JHCoHe KOMNbIOMepiK yazinep O0apinik 3ammapovl 0aublHOayObly MEeXHON0UANbIK
yoepiciniy canacvin 6ackapyovly muimMOLNicin apmmulpyea MyMKIHOIK 6epeo.

Tyiiin ce30ep: mamemamuxanvly yiaci, O2pini OaubIHOGY MEXHONOSUACHI, KOMAbIOMEPHK yaci, O0api
NpenapamviHbly Candcsl, MEXHON02UAbIK yoepic

AHHOmal(ll}l. Mamemamuueckoe u KomnvromepHoe MO@QJZMPOGQHMG s61semcsi OOHUM U3 CAMBIX MOWHBIX UH-
CMPYMEeHmoes aHalu3d U npoeKmupo8anus pa3iudnblX MexXHo102UYeCKUX npoyeccos, 6 nom ducie u (]mpmakmoeuqe-
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CKO20 npoyecca, Komopoe Nno3goisient CIKOHOMUMb Pecypebl U NPedomepamums MHO2UE PUCKU NPU NPOU3BOOCTEE
UHHOBAYUOHHBIX JIEKAPCMBEEHHbIX npenapamos. Hcnonvszosanue makux mooeietli 0CoOeHHO HeobX00UMO npu nepexo-
de om uUccre008amenbeKo20 K npou3e00CmMEeHHOMY 3MAny 6blNYCKA JeKapCmeeHHblx cpedcms. B oannol cmamve
PACCMAMPUBAEMCSI MEXHOIOSUYECKULL NPOYeCcc Npou3eo00Ccmea npenapama Ha npumepe iekapcmea « Amenoaony. Ha
OCHOBE ONpeOeNeHHbIX NApPamMempos OAHHO20 NPenapama CMmpoumcs: MamemMamuyeckas Mooeib, 20e 6e0emcs pac-
cuem KOMNJIEKCHO20 NOKA3amelis OYeHKU Kauecmed MexXHoN02uuecko2o npoyecca. Ilpu pacueme KOMNIEKCHO20 No-
Kazameisi Ka4ecmed UCNOAb3YIOMCs CLedyIouue OCHOGHbIE NApamMempbl: MeMnepamypa Cyuku, 6pems CYWKuU, Ko-
apuyuenm 06paz06aHUs NEKAPCMBEHHO20 CPEOCMEA, GILANCHOCTY, NPOUYHOCMb, PA3LONCEHUE, USMENbYeHuUe, 1e-
nocmuocme. Coz0anHbie 6 pe3ynbmame UCCLe008AHUL MAMEMAMUYecKue U KOMNbIOMeEPHbLe MOOeLU NO380JM NO-
8bICUMb IPPeKMmUeHOCMb YNPAGIEHUS KAYECMEOM MEXHOL02UYECKO20 NPoYecca U320MOGIeHUsl NeKapCMEEeHHbIX
cpedcms.

Knrwouegvle cnosa: mamemamuyeckas mMooeib, MeXHOIO2US NPUSOMOBIEHUsL IeKAPCMEEHHO20 CPeOCmed, KOM-
NbIOMEPHAsL MOOEb, KAYeCMB0 NeKAPCMEEHHO20 CPeACmEd, MEeXHOI02UYECKULl RPOYecc.

Introduction. The main purpose of pharmaceutical production is to provide consumers with
high-quality medicines. Even though their quality is controlled by both manufacturers and state
certification bodies, it is quite possible that products that do not meet the quality requirements of
medicines will be supplied to the consumer market. Such medicines can not only help a person,
but also harm his health.

Creating medicines is an expensive and risky process. Consulting companies estimate that it
is necessary to spend large sums to develop a successful drug, and it takes decades to manufac-
ture. Despite such costs, many of these drugs still cannot pass clinical trials. The number of re-
fusals during registration of medicines is increasing. This means that in the future, due to the
high risk, it is possible to reduce the financing of this health industry.

Mathematical modeling is currently one of the most relevant areas in scientific research.
High demands are placed on modern medicine, as well as on the qualifications of doctors and
the methods used [1-3]. The choice of some mathematical models in the description and study
of mathematical objects depends on the individual knowledge of the specialist and the specifics
of the problem being solved.

The use of mathematical models in the production of innovative drugs saves resources and
prevents numerous risks [4,5]. Modeling alone cannot change clinical trials, but with an optimal
approach, it can correct their composition and correctly interpret the results [6]. As a result, the
number of failed experiments can be reduced. The use of modeling is of particular importance at
the stage of transition from the research part of drug production to the evidence-based part.

The purpose of the study is the development of mathematical and computer models for as-
sessing the quality of technological processes for the preparation of medicines.

The following scientific results were presented as a part of the study:

— simplified scheme of the drug production technological process;

— functional models of drug technology quality control processes;

— mathematical model of the quality of the medicines manufacture;

— algorithm for evaluating the quality of medicines;

— computer model of the quality indicator of the drugs manufacture "SapaDari.exe".

Practical value of the research: in this article, a mathematical model has been developed that
calculates a comprehensive indicator for assessing the quality of the technological process of
manufacturing the drug "Atenolol" in a tablet form through experimental studies, which allows
to improve the quality management of the drug production technological process.

Description of the technological process of the medicines manufacture

The complete technological process of tableting medicines consists of three stages: Prepara-
tion of materials for compaction; compaction of tablets; coating of tablets with a shell. When
conducting intra-pharmacy quality control of medicines manufactured in a pharmacy, as well as
homeopathic medicines, it is determined by a set of indicators that give a complete characteris-
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tic of medicines [3].

To assess the quality of medicines manufactured in a pharmacy, two terms are used: "satis-
factory" ("suitable product"), "unsatisfactory" ("unsuitable product").

The term "unsatisfactory” is used in case of non-compliance of the drug with one of the fol-
lowing parameters: characteristics (appearance, color, smell); transparency and color; decom-
posability; uniformity; absence of visible mechanical impurities in liquid preparations; authen-
ticity of the record; deviations from the registered volume or mass, total volume (mass), total
mass of individual doses and their quantity, the mass of individual medicines from the regis-
tered dose; indicator of acid-base balance; density; sterilization; microbiological purity, tight-
ness of plugs; registration of the drug for release. The prepared preparations are subject to with-
drawal and disposal if they are recognized as "unsatisfactory" ("invalid") as a result of intra-
pharmacy control.

The main goal of the pharmaceutical industry is to provide consumers with high-quality
medical products. Despite the fact that their quality is controlled by both manufacturers and
state certification bodies, it is quite possible that drugs that do not meet the quality requirements
of medicines will enter the consumer market [7]. Such drugs can not only help a person, but also
harm his health.

The production of drugs is a complex multi-stage, many hours of energy process, consisting
of the following stages: measurement of components; screening; powder mixing; softening,
mixing; granulation; drying; grinding, mixing; compression; dedusting; detailed measurement
and packaging [4].

A simplified diagram of the technological process for the production of drugs in tablet form
is shown in Figure 1.

The following designations are used in the above drawing: T — drying temperature, °C; —
drying time, min; P — sealing pressure.
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Figure 1. Simplified scheme of the technological process to produce drugs
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Creation of functional and information models of the quality control system for the manufac-
ture of medicines

Using the IDEF0 methodology, a model of the technological process to produce drugs in tab-
let form was developed. IDEFO is a functional modeling methodology. The IDEFO graphical
language is very simple and compatible. Using the well-known graphical language IDEFO, the
desired system is presented to developers and analysts as a set of interrelated functions. As usu-
al, IDEF0O modeling is the first step in studying any system [8].

The quality indicators of the finished product are formed at each stage of production, but the
most important stage in this technological chain is the drying stage. At this stage, quality indica-
tors, such as moistening, are formed, and the main quality indicators of other preparations, such
as strength, decomposition, grinding, etc., depend on this indicator.

To reduce the risk of obtaining low-quality medicines, it is necessary to create a mathemati-
cal model of each quality indicator and use the resulting model to predict quality in conditions
of uncertainty of the production process. Organizational structures have a great influence on the
definition and implementation of business processes. BPwin supports a clear definition of roles
that defines and classifies the tasks or functions that make up business processes [9]. BPwin is
used to build organizational charts based on user-defined roles. The functional model of drug
production technology is shown in Figure 2.
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Figure 2. Functional model of drug production technology

Construction of a mathematical model of the manufacturing medicines quality.

The quality of medicines is the quality of medicines in accordance with state standards [10].
The quality standard of medicines is a regulatory document approved by the Ministry of Health
of the Republic of Kazakhstan, consisting of a list of metered indicators and methods of quality
control of medicines.

A correlation method was used to construct a mathematical model of the quality of medi-
cines [11].

Unlike functional dependence, in statistical dependence, the random variables x and y are in-
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fluenced by several random factors (which may be common to both). If the average value of the
second value changes from a change in one value, then the statistical dependence is called a cor-
relation dependence [12].

Correlation relations are static, since the value of the function y is not completely determined
by the independent value of x. They arise between random variables when they are stochastical-
ly related to each other, when there are common random factors affecting the first and second
variables that are not the same for both variables. Also, the relationship between the dependent
variable y and the independent variable x is visible when each value of y corresponds to a ran-
dom value of y, but when x changes, these values naturally change their positions.

In the simplest case, correlation analysis is used to determine the relationship between two
indicators, one of which is an independent indicator x-factor, and the other is an independent in-
dicator y. This dependence is characterized by the function y = f(x) [13].

If the x and y coordinates are close to some curve in the correlation region, then a curvilinear
dependence may occur.

To apply the obtained correlation to analysis and planning, it is necessary to determine the
strength of the relationship between the two indicators. To do this, calculate the correlation co-
efficient (for linear functions) and the theoretical correlation dependence (for curvilinear func-
tions). According to the obtained value, which can be from 0 (no connection) to 1 (there is a
complete functional connection), a decision is made to apply the obtained regularity.

The work was carried out on the basis of reliable experimental data of the drug "Atenolol".
The entire sample was divided into two parts. With the help of the first part (86 points), a math-
ematical model of the quality indicator was obtained, and after the technological process, the
second part of the experimental data (16 points) was obtained, used to verify the accuracy of the
obtained model. The main quality indicators of this drug and the parameters of the technological
process of its production are given below [4]:

X1 — drying temperatures, C;

X2 — drying time, min

X3 — manufacturing coefficient;

Y — moistening, %;

Y1 — strength, H;

Y2 — decay, min;

Y3 — crushing, %;

Y4- integrity, %;

Z is a complex quality coefficient.

The final quality of the drug is determined by the complex quality indicator Z, which takes
values from 0 to 1.

7= {0; 0,09} — drug with a defect;

7= {0,09; 1} — the drug meets all quality standards.

The value of this indicator determines whether a series of drugs is on sale or is assessed as
defective. To find a connection between the parameters used, the value of the double correlation
coefficient was found, tested using the student’s criterion [14,15]. As a result, the following (1)
dependencies were identified:

( Y = F(XerZ);
| Y, = F(Y);
Y, = F(Y);
{ Yz = F(Y); .
| Y4 = F(X3,Y);
\z = F(Y,Y,Ys,Y,)
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The regression analysis method was used to find the types of functions for these dependen-
cies and tested these models for adequacy using the Fisher criterion. The accuracy of the predic-
tion was calculated using the average approximation error, i.e., according to the following for-
mula (2):

* _l n |:Vt_y;| 0
€ = k=1, * 100% 2

where: yt — the actual value of the attribute; y;k — predicted value of the attribute; n — length of
the time series.

As a result of the work carried out, the following models of drug quality indicators were ob-
tained (3):

Y =9,79 — 0,11X, — 0.0212X,;
( Y, = 51.07 + 6.27Y;

Y, = 2 + 1.5Y;
{ Y, = 99.96 — 0.59Y; )
I Y, = 0.51X; + 0.13Y;
\ Z=—024+0.15Y + 0547,

Thus, a mathematical model of the drug quality indicator has been obtained.

Construction of an algorithm for assessing the quality of manufacturing drugs.

An algorithm has been developed to assess the quality of manufacturing medicines. This al-
gorithm consists of the following steps. When evaluating, the raw materials are considered first.
The received raw materials are being tested. After the inspection, there is a process divided into
two directions, called indicators of the quality of raw materials and raw materials. The raw ma-
terial participates in the technological process of a particular production and is further divided
into two directions: the drug and the parameters of the technological process in the flow. And
raw material quality indicators are included in mathematical forecasting models. It is possible to
obtain predictive values from mathematical models and check the adequacy of models with
these values [4].

The adequacy of the model is checked to determine the suitability of the model. Figure 3
shows an algorithm for evaluating the quality of manufacturing medicines.

That is, it is divided into two directions, one is “yes”, and the other is “no”. If the direction
"Yes" is selected, the predicted Z will be obtained. Then the adequacy of the model is checked.
Two conditions for the adequacy of the model are obtained - “yes” and “no”. If the model is ad-
equate, i.e., "yes" is selected, z<0.9. Here, if z<0.9 is satisfied, then the process returns to the
choice of parameters.

Next comes the transition to the technological process of production, so the cycle repeats.
And if the value of z < 0.9 does not satisfy, i.e., if “no” is selected, then the decision is moved
to the decision block, where further diagnostics of the equipment, re-checking the quality of
raw materials, adjusting the technological chain, etc. are carried out. And if the model is inad-
equate, i.e., “no” is selected, then it proceeds to the stage of correction of mathematical mod-
els. Here mathematical models are studied on model parameters. Thus, the adequacy of the
model is checked again, and the cycle continues. After receiving the drug, there is a stage of
quality control of the drug [16]. Depending on these quality indicators, the adequacy of the
models is checked. This is part of the prediction section. If the model is adequate, or vice ver-
sa, the above steps take place.
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Figure 3. Algorithm for assessing the quality of manufacturing drugs

Creation of a computer model of the quality indicator for the manufacture of medicines

The “Main window” of the program consists of the menu “Database”, “Calculation”, “Que-
ries”, “Reports”, “Help”, “Exit”. Consider the database menu in the main window. In the "Data-
base" menu, you can access the database tables: "Drugs", "Composition of drugs", "TP parame-
ters", "Pharmacists", "Composition units", "TP units".

In the "Queries" menu, you can open the following windows: "According to the composition
of the MP", "Parameters of the MP manufacture technological process", "Average value of the
complex quality indicator", "Pharmacists who created the MP" (Figure 4).
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Figure 4. Window for calculating complex quality indicators
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Conclusion. The production of medicines is a complex, multi-level, multi-hour process and
consists of the following stages: weighing the components; sieving; mixing of powders; soften-
ing, mixing; granulation; drying; grinding, mixing; compression; dedusting, detailed weighing
and packaging.

As part of the study, the technological process to produce the drug "Atenolol" in tablet form
was studied, the main parameters of its technology were determined, and on their basis a math-
ematical model was built that calculates a comprehensive indicator of quality assessment. The
relational database of indicators for assessing the quality of technological processes for the
manufacture of medicines was designed in the SQL Server management system, and the com-
puter model was created in the Visual Studio 2019 environment in C#. Mathematical and com-
puter models built as a result of the study make it possible to increase the efficiency of quality
control of the technological process of manufacturing medicines.
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