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DISCIPLINE:

Models in Pharmacy

TYPE OF DISCIPLINE ACCORDING TO THE UNIFORM STATE REQUIRE-
MENTS:
Elective

LEVEL OF QUALIFICATION:
Master

FORMS OF TRAINING:
Lectures, seminars, self-training

YEAR OF TRAINING:
Second

DURATION OF TRAINING:
Two semesters (I11 and 1V)

ACADEMIC HOURS:
30 academic hours of lectures, 10 academic hours of seminars

TECHNICAL EQUIPMENT APPLIED IN THE TRAINING:
Multimedia presentations, discussions, model demonstrations, preparation for theoretical
tests.

FORMS OF EVALUATION:
Testing and developing of coursework.
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EVALUATION CRITERIA:

A final grade is formed from two components - a grade from the theoretical test and a grade
from the coursework, taking into account the student's participation in the learning process.

ASPECTS OF EVALUATION CRITERIA:

The participation and work of the student in the classes, correct solving of the tests and the
qualities of the courseworks.

SEMESTER EXAM:
Yes

STATE EXAM:
No.

LECTURER:
Professor of Mathematics

DEPARTMENT:
Medical Physics and Biophysics

ANNOTATION

To help us better understand our world, we often describe a particular phenomenon mathe-
matically (by means of a function or an equation, for example). Such a description is called a
model. Each model is an idealization of the real world and is never a completely accurate rep-
resentation due to the complexity of reality. However, good modelling can be a prerequisite
for valuable results and conclusions. Modelling can be used for several different reasons. How
well any goal is achieved depends both on the state of knowledge about a given system and on
how well the model is made.

The use of modelling techniques is becoming increasingly common in pharmaceutical science
and industry, covering a wide range of application areas: drug discovery, pharmacokinetics
and pharmacodynamics, effect of pH, creation of different dosage forms, and others. The dif-
ferent modelling approaches can be classified into two main categories, namely, physics-
based models and empirical models. According to the nature of the modeled object, two types
of models are distinguished: deterministic and stochastic. Each model goes through different
stages of development: calibration, validation, verification, and maintenance.

The aim of this course is the students to gain insight into using mathematics as a tool to mod-
el, understand and interpret pharmaceutical processes. Students will be introduced to existing
models with applications in pharmacy, as well as informed about the necessary knowledge to
build a conceptual model: identify a problem, collect data, propose a model, test assumptions,
refine the model and critically analyse the achieved results.
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BASIC AIMS OF THE DISCIPLINE

The main tasks of the educational process in this discipline are the following:

knowledge acquisition about mathematical models of real processes and especially
of living systems;

familiarization with the use of mathematical tools for interpreting processes in na-
ture and their use for developing and improving their applications in pharmacy;
acquisition of basic skills for applying the studied methods for developing a con-
ceptual model with applications in pharmacy;

knowledge of the main theoretical statements and mastering of these methods for

solving practical tasks related to them.

EXPECTED RESULTS

After the training completion, students must have the following knowledge and skills:
- to know basic theoretical facts related to concepts, methods and models for inter-

pretation of living systems;

- to be familiar with various mathematical models, their characteristics and applica-

tions;

- to have a basic ability for solving ordinary differential equations, applicable to the

studied models;
- to know the basic concepts of probability theory and to be able to interpret it;

- to be familiar with the basic methods of statistical data analysis and to be able to

apply them at an elementary level,

- to be able to use mathematical literature and electronic resources to expand their

knowledge and skills on the subject.

LECTURES
1. Fundamentals of mathematical modelling. (4h)
1.1. Concept of model. Objects, goals, and methods of modelling.
1.2. Models in different sciences. Examples of models.
1.3. Types of models: physical, mathematical, and computer.

1.4. Modern classification of mathematical models in biology and medicine. Re-

gression and simulation models.

1.5. Principles of simulation modelling. Basic stages in building simulation models.

1.6. Specificity in real processes modelling and living systems modelling.
1.6.1. Complex systems.
1.6.2. Reproduction systems.
1.6.3. Open systems.
2. Models of living systems described by a first-order differential equation. (6h)
2.1. Models reduced to a differential equation.
2.2. Concept of solution of an autonomous differential equation.
2.3. State of equilibrium.
2.4. Stability of equilibrium results.
2.5.  Analytical method for studying the stability of the state of equilibrium.
2.6. Linearization in the neighbourhood of the state of equilibrium.
2.7. Examples: growth of colonies of microorganisms, substance in solution.
2.8. Population models.
2.8.1. Exponential growth equations.
2.8.2. Bounded growth equations.
2.8.3. Critical community size model.
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2.8.4. Population models with growth arrest.
3. Models of living systems described by a system of two autonomous differential equa-
tions. (5h)
3.1. Phase plane and phase portrait.
3.2.  Method of isoclines. Main isoclines.
3.3. Steady-state stability.
3.4. Types of singular points: node, saddle, focus, center.
3.5. Lyapunov method for linearization of the system in the neighbourhood of the
steady state.
3.6. Method of Lyapunov functions.
3.7. Examples of studying steady-state stability in models of living systems. Lotka
equations. Volterra equations.
4. Analysis of modelling results. (5h)
4.1. Generative models for discrete data.
4.1.1. Poisson model.
4.1.2. Binomial model.
4.1.3. Multinomial model.
4.2. Statistical modelling.
4.3. Mixed model.
4.4. Data clustering.
5. Hypothesis testing, design, and analysis of experiments. (5h)
5.1. Hypothesis testing — a scientific process.
5.2. Categorization of existing types of experiments.
5.3. Creating an effective workflow design.
6. Models in pharmacy. (5h)
6.1. Modelling techniques in pharmaceutical science and industry.
6.2. Models in drug discovery.
6.3. Models in pharmacokinetics and pharmacodynamics.
6.4. Models for the effect of pH.
6.5. Models for creating different pharmaceutical forms.

PRACTICES

1. Differential equations of first order admitting an analytical solution. (2h)
1.1. Equations with separable variables.
1.2. Linear differential equation.
1.3. Logistic equation.
2. Linear systems of ordinary differential equations. (3h)
2.1. Calculating eigenvalues of a square matrix.
2.2. Solving linear systems for different variants of the eigenvalues.
2.3. Systems of linear chemical reactions.
3. Probability correlation analysis. (3h)
3.1. Definition and basic characteristics of a random variable.
3.2. Calculation of covariance and correlation coefficient of two random variables.
4. Preparation for course work "Creating a conceptual model with application in pharma-
cy". (2h)
4.1. Setting a specific topic for the coursework.
4.2. Providing guidance for coursework development.
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9.

10.

11.
12.

13.

14.
15.
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CONSPECTUS

Concept of model. Objects, goals, and methods of modelling. Models in different sci-
ences. Examples of models.

Types of models: physical, mathematical, and computer. Modern classification of
mathematical models in biology and medicine. Regression and simulation models.
Principles of simulation modelling. Basic stages in building simulation models.
Specificity in the modelling of real processes and living systems. Complex, reproduc-
tion, and open systems.

Models of living systems described by a first-order differential equation. Concept of
solution of an autonomous differential equation.

State of equilibrium of a differential equation of the first order. Stability and analytical
method for studying stability. Linearization.

Population models. Equations for exponential and bounded growth. Critical communi-
ty size model. Population models with growth arrest.

Models of living systems described by a system of two autonomous differential equa-
tions. Phase plane and phase portrait. Method of isoclines.

Steady-state stability of a system of two autonomous differential equations. Types of
special points.

Lyapunov method for linearization of an ODE system and method of Lyapunov func-
tions.

Investigation of the steady-state stability in models of living systems.

Examples of studying steady-state stability in models of living systems. Lotka equa-
tions. Volterra equations.

Analysis of modelling results. Generative models for discrete data: Poisson, binomial,
multinomial.

Statistical modelling. Mixed model. Data clustering.

Hypothesis testing. A scientific process. Categorization of experiments.
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16. Design and analysis of experiments. Creating an effective workflow design.

17. Models in pharmacy. Modelling techniques in pharmaceutical science and industry.
18. Models in drug discovery and in the creation of different pharmaceutical forms.

19. Models in pharmacokinetics and pharmacodynamics and for the effect of pH.
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