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ECOLOGICAL AND MATHEMATICAL MODELING TOOLS USAGE
IN NATURAL SCIENCES TEACHERS TRAINING

Abstract. The article deals with the the state of applying the modelling method in training future
Natural Sciences teachers.

The peculiarities of modelling and forecasting as methods of teaching and research activity in training
future Natural Sciences teachers (Biology, Ecology, Chemistry, Natural Sciences) are explored. The
expediency of their application as means of introduction into the educational process the principle of
"learning through research’, which ensures the organization of educational process on the basis of research
activities and the involvement of students in scientific work is substantiated. Examples of using ecological
and mathematical modelling tools in the organization of education and scientific work of postgraduate
students in the field of 074 Secondary Education, Biology, Natural Sciences, 107 Ecology and Rational Use of
Natural Environment are provided. Modelling the state and forecasting the development of hydroecosystems
by means of fuzzy sets on the basis of input and output parameters, presented both quantitatively and
qualitatively, are highlighted. Forecasting the development of ecosystems is realised based on the theory of
stochastic processes and the theory of chains by Markov tools usage. The method of developing students'
competence to use ecological-mathematical modeling is offered. It involves a combination of students’
academic and research activities, their classroom and independent work. A list of the disciplines in which it
is expedient to familiarize students with the indicated method is singled out. The mentioned methodology
enables integration of biological, ecological and mathematical disciplines and information technologies in
the complex study of natural processes. It stimulated the development of master students’ ability to integrate
the perception (vision) of environmental problems, the formation of strategic research skills.

Keywords: teacher training, integration, tools, modelling, forecasting.

Formulation of the problem. Progressive modernization of higher education takes place in Ukraine.
Its purpose is to train teachers of a new generation and to provide conditions for the formation and
development of modern alternative models of professional and personal development of teachers.
Increasingly important is the problem of introducing the principle of "learning through research". The search
for technologies combining scientific (research) and educational activities is done, which forms the
innovative scientific and educational environment. The principle of educational activity of science and
prognostication is becoming dominant which means the establishment of stable ties between the content
of study and scientific research [3, 10]. An effective means of its implementation is the organization of
students' activities on the research principles of acquiring knowledge, subject competencies and their
realization through research approaches in the organization and implementation of professional activities.

The main disadvantage of educational research is the selection for the parameterization of a limited
number (sometimes one or several) of the statistical characteristics of objects. This does not allow us to
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adequately assess the nature of natural (environmental) phenomena. Their characteristic at best is close
to reality, and often does not meet it. As a result, the scientific and practical value of such research projects
(individual teaching and research tasks, master's work) is ineffective, taking into account the cost of
experimental research. Students have a false idea of the "ease" and "simplicity" of achieving their scientific
result. Therefore, the modeling method plays an important role in the study of natural systems. It involves
the creation of artificial or natural systems (models) that imitate the essential properties of the original [3,
4,7, 10]. It is a means for organizing the educational process on the basis of research and research
activities and attracting students to scientific work. Due to the particularity of the object of study, the
question of using computer modeling in training future teachers of natural sciences is substantially
actualized. There is a contradiction between the expediency of integrating students' academic and
scientific activities in the process of their professional training and the lack of educational and
methodological support for the organization of the educational process [1]. Thus our reasearch aims at
eliminating this contradiction.

The purpose of the research. To identify the possibilities and ways of using ecological and
mathematical modeling in natural sciences teachers(masters) training.

Objectives of the study:

1. To investigate the state of using modelling method in training the teachers of natural sciences.

2. Describe the tools of ecological and mathematical modeling.

3. Describe the possibility of applying the method on specific models (environmental state of the
hydro ecosystem).

4. To substantiate the methodology of formation of students' skills to use ecological and
mathematical modeling in natural sciences teachers training.

Research methods:

theoretical: analysis of the problem based on the study of works on biological, ecological,
mathematical sciences and information technologies, methods of teaching natural sciences;
systematization, comparison, modeling and generalization of scientific-theoretical and experimental data
for clarification and specification of the essence of the main definitions of the research, modeling of the
methods of formation of students’ competence in using ecological and mathematical modeling;

empirical: study of normative documents, conversations with teachers and students; pedagogical
observation, analysis of training sessions, which contain in its content the possibility of using the modeling
method, which made it possible to determine the actual state of the problem in practice; questioning,
testing of students and teachers;

experimental methods - recording and forming experiments for revealing the state of the problem in
teaching and substantiation of the effectiveness of the proposed method of forming students' competence
in using ecological and mathematical modeling

statistical methods - criterion t Student, correlation analysis.

The experimental study was carried out in Ternopil Volodymyr Hnatyuk National Pedagogical
University. The experiment covered 528 students and 106 teachers of natural sciences. Its goal: to assess
the state of implementation of the principle of "learning through research" into the educational process;
definition of the quality of the use of modeling as a method of teaching and research activities and scientific
knowledge in training the future teachers of natural sciences (biology, ecology, chemistry, natural
sciences).

The formative stage of the experiment had been conducted for two years (2017-2019 years)
involving 101 students. Its goal was to test the effectiveness of the proposed method. Students of
experimental groups, studied according to our methodology, in control groups - according to the traditional
one. Before the beginning of the experimental work and after its completion, diagnostic sections were
performed in the control (C) and experimental (E) groups. Their purpose was to determine the level of
formation of students' competence in using the method of modeling and level of mastering the knowledge
on fundamental disciplines.

The level of formation of each skill (initial, average, sufficient, high) for each student was determined
on the basis of the analysis of tasks performance. Formula: R = Xaverage Was used for the determination of
the numerical value of the indicator of the average group level of the formation of skills [6, 7, 10].

The coefficient of growth in the formation of skills (k) was determined by the formula:
k = R2year / R1year, where R2year is the average group index of the formation of the research skills in
second year students,

R1year is the average group index of the formation of the research skills in first year students.

The validity of the difference in the rates between the individual groups was evaluated using the
Student’s t-test. According to the monitoring of the proposed tasks performance, the operating component
was evaluated as an integral result of the formation of a complex skill. The analysis of the links between
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the components of research skills was conducted using correlation analysis.

Presentation of the main research material.

1. THE STATE OF USING THE MODELING METHOD IN TRAINING OF FUTURE TEACHERS OF NATURAL
DISCIPLINES.

Results of the questioning of teachers of natural sciences.

All surveyed teachers (100%) answering the questionnaires mentioned that in the teaching process
they use the tasks, the solution of which requires the application of scientific knowledge methods, in
general, and modeling, in particular. 20 (18.87%) respondents actively use such tasks in lectures and
practical classes; 88 (83,02%) when organizing independent work of students; 72 (67,92%) in group work.
The overwhelming majority of teachers (92.45%) seek to develop students mental skills- the ability to
compare, analyze, generalize. Answering the question "Do you set a special goal during your classes to
develop students’ skills in modeling natural processes?" 42 teachers (39.62%) answered "No". This
indicates a lack of attention to the formation of an important component of the learning competence of
future teachers.

At the same time, 43.40% (46 teachers) focus on the formation of students' skills, which are
components of modeling. For example, for the formation of the ability to observe the vast majority of
teachers organizes independent observations, preliminary discussing his plan - 86.79% (92). A small
proportion of respondents gives tasks that require observation without prior discussion of its plan. Only a
quarter of teachers believe that they form the ability to observe the organization by monitoring the activities
of the teacher.

Often, in the study of natural systems, descriptive models are used (89 people (83.96%), which allow
the information to be expressed and reproduced in a concise way. However, in educational practice, such
models tend to carry only a descriptive function and are used only for the purpose of knowledge formation.
The didactic potential of the model in forming the operational component of skill is not used.

Constructive models that serve as a benchmark and allow you to use the acquired knowledge in new
situations are used by 88 people (83.02%). The use of heuristic models for the purpose of mastering
knowledge, generalization and systematization is practiced by only 63 people (59.43%). 9 teachers (8.49%)
mentioned that they did not use modelling at training sessions. The reason for this was the lack of time in
the class. Only one teacher considers the main reason that he does not have sufficient theoretical and
methodological training.

The ways of designing models by teachers in postgraduate students training are analyzed. The
following are described: sequence diagram of stages (chalk and board) (75%), paper-cardboard models
(84,91%), animation on a marker board (30,19%). "Comics", prepared by students (phased processes), role
models, modeling using information and communication technologies (7.55%). The reason for the low level
of computer modeling in teaching fundamental disciplines the teachers see in the lack of software skills.

We have found that in natural science teachers training, traditional forms of scientific research work
are widely used, such as preparation of scientific abstracts and participation in scientific seminars,
conferences; organization of research activities within laboratory and practical classes; participation in
extra curriculum activities, elective courses; work in scientific laboratories of departments; preparation and
publication of scientific materials, etc. However, as the experience shows, these forms of student activity
have a number of disadvantages: there is a discrepancy between the content of academic activities and
research. The organization of training is dominant, the research activity is subordinated to educational
activity, it is carried out additionally and requires separate organizational, material and time resources.
Moreover the research work is assessed as a separate type of activity that is not sufficiently taken into
account in assessing the quality of the specialist training and concerns mainly persons who have shown
interest in this type of activity and strive for a research career [1].

2. CHARACTERISTICS OF ECOLOGICAL-MATHEMATICAL MODELING TOOL

To study the processes occurring in nature, it is expedient to apply modern methods of ecological
and mathematical tools. To study the extent and density of the influence of chemical elements, biological
compounds and other factors of the natural environment it is helpful to apply methods based on
correlation-regression analysis. This theory is widely used in economic, social, biological and
environmental and other studies. Below is an example of a tool used for the practical application of
correlation-regression analysis in studies of natural systems.

The general view of the linear regression model on which it is possible to conduct the study is given
in formula 1.

y=ao,+ox +a,x, +...+a,x, +& (1)
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oy, Oy ..., &
where- 0> 71> 0 ¥m ynknown parameters;
€ -random variable; y - dependent variable; x1,x2, ..., xm are independent variables.
Below is a practical example of the use of correlation-regression analysis in hydro-environmental studies.
y=0a,+ox, +o,x, +¢&, )

where y - level of water pollution by certain types of chemical compounds;
x1 - the level of average concentration of phosphates and physical and chemical parameters of water;
X2 - the level of organization of a non-waste production, the use of reverse water supply.

The least squares method is used to find the estimates of the model 4 parameters. The essence of this
method is that the estimates of the parameters are such that the sum of the squares of the deviations of

the observational in practice of the values y of the indicator from the theoretical y was minimal [2].
STATISTICA 10.0 and Microsoft Excel application software packages can be used to handle the statistical
database.

When using the actual data on the parameters x1, x2, x2, the linear regression model will look like:

y =38,71-0,022x, +2,284x, )

D 2
To verify the model for adequacy, the value of the estimated determination coefficient R according
to formula 4 is determined.

i(yi _),}[)2
P (n—k)

Z(y, —f )2

o (n—1)

where n - number of observations;
yi - values of y which are observed in practice;

Vs _theoretical values of y, found by the regression equation;

Y- average value of y;
k - number of parameters of the regression model.

If the value of the estimated determination coefficient of the built econometric model (3) will be, for
example, R2 = 0,96, (the model explains 96% variance of the variable y) and indicates the adequacy of the
model to the investigated processes. If the figure is below 50%, this indicates inadequacy of the
constructed model, so it is necessary to change the research indicators.

Another criterion for the quality of the model is Fisher's criterion. For a constructed econometric
model, the Fisher's F-statistic is F (2.2) = 28,506. The specified F-statistic is higher than its table value.
Consequently, the econometric model constructed is adequate according to Fisher's criterion and can be
used for further research.

With the help of the coefficient of elasticity, we will determine how much the value of y changes, if
each of the factors changes by 1%.

The elasticity factor will be determined by the following formula 5.

X,
Ez — 4@ (5)
Y Ox,
With the help of the coefficient of elasticity, we will determine how much the value of y changes, if
each of the factors changes by 1%. In order to determine the coefficient of elasticity, instead of xi and y, in

the formula (5) we take the mean Xiand V.

If the values of the coefficients of elasticity for each of the two factors are positive, conclusions can
be drawn about their positive impact on improving the quality of water resources, which corresponds to the
economic content of the phenomena under study.

Also, one of the advanced methods of studying the dynamics of biological, hydroecological and other
natural processes in modern scientific schools is a study based on the theory of fuzzy sets. This theory
allows us to investigate both quantitative and qualitative factors that influence the resultant variable.
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3. OPPORTUNITIES OF APPLICATION OF THE METHOD ON SPECIFIC MODELS (ECOLOGICAL STATE
OF HYDROECOSYSTEMS)

Below is an example of the application of the theory of fuzzy sets in hydroecological studies.

Materials and methods for studying the content of phosphates and physical and chemical parameters
of water and developing a model based on fuzzy sets:

Samples from the Zbruch River within the Medobory Nature Reserve (Gusiatynskyi District, Ternopil
Oblast, Ukraine) were used to study the content of phosphates and physico-chemical parameters of water.
Sampling of water was carried out from five different points of the river in plastic samplers of 1 dm?in the
upper third of the total depth. During sampling, the temperature of the water was measured by an mercury
thermometer with a price of 0.1 °C. The pH value was measured using the ionizer EV-74, and the oxygen
content dissolved in water was determined using an oxygen meter AJA-101M (country of origin - Ukraine).
To determine the concentration of phosphorus in water, a spectrophotometric method using ammonium
molybdate (NH4):Mo0, was used [8].

Mathematical modeling using the principles of fuzzy logic requires the choice of a method for
constructing membership functions that will ensure the formalization of fuzzy terms. The theory of fuzzy
sets gives the opportunity to use different methods of constructing membership functions. Therefore, it is
advisable to identify a number of criteria that would help solve the issue of their construction. The specific
type of membership functions is determined on the basis of additional assumptions about the properties
of these functions (symmetry, monotony, continuity of the first derivative, etc.), taking into account the
specificity of the existing uncertainty and the real situation. In particular, fuzzy numbers with a triangular

membership function p (t) are called triangular fuzzy numbers and denote ¢ = (tmin ’tC’tl’l’]aX) where -

tm tmax, I, respectively, the minimum, maximum value, and some assessment of the central value

(mathematical expectation, mod, median, etc.) of a particular parameter and have a membership function

[9l.

t—1.
— M ons ty, <t<t,
Z‘c _tmin
u(t) =
t—t
Tolmax gna o <t<t
tc — Iax (6)

Fuzzy set of tools and MATLAB software using the Fuzzy Logic Toolbox extension were used to
develop a model for estimating the level of integrated use and protection of water resources, the control
variable models (content of phosphates and physico-chemical indicators of water) were determined on the
basis of the analysis of the current state of the object..To describe the input and output variables of the
model, Fuzzy Inference System and Membership Function Editor were used. The construction of rules for
fuzzy output was carried out by means of the Rule Editor. In the process of modeling, the analysis of the
results at different values of the input variables was carried out and an estimation of the adequacy of the
model by the Mamdani method was done [6].

The advantage of the proposed method for modeling multifactorial dependencies based on fuzzy
logic is that this tool allows you to use not only quantitative experimental data (input-output), but also
qualitative dependencies, which are formed according to the linguistic rules of "IF-THEN". The combination
of expert and experimental data makes it possible to significantly reduce the number of necessary
experimental data.

Results of mathematical modeling of estimation of level of complex use and protection of water
resources.

The content of phosphate ions in the water of the Zbruch River and the main physical and chemical
parameters of water (dissolved oxygen, hydrogen content and water temperature) by the results of selected
samples are given in Table 1.

10
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Table 1
Average concentration of phosphates and physical and chemical indicators
of the Zbruch River (Mtm; n=5)
months phosphate ions (PO4%), dissolved oxygen (02), hydrogen content (pH),

mg 1072/dm? mg/dm? mole/I
v 1,210,04 10,080,007 7,63+0,008
V 1,910,002 9,760,006 8,440,007
VI 0,7+0,03 9,440,006 7,08+0,009
VI 1,0£0,03 8,800,006 8,240,008
VI 1,810,04 8,08+0,004 6,870,008
IX 0,4+0,02 8,480,004 7,60+0,008
X 0,7+0,04 9,04+0,004 8,61+0,008

The indicators presented in the table will be used in the future as input parameters in the
development of a model for assessing the level of integrated use and protection of water resources in the
MATLAB environment. For this purpose, the main factors with which modeling can be implemented are
determined.

The input parameters of the model can range from two to eight elements, more than eight input
parameters are not recommended, since the model can then be very cumbersome, and allow inaccuracies
in intermediate and final models.

For the conducted modeling, it is advisable to make a database and knowledge base. In table 2, a
fragment is presented what the database and rules look like for a fuzzy set model.

The level of integrated use and protection of water resources in hydro ecosystems based on the
theory of fuzzy logic can be denoted as: G1 - high, G2 - medium, G3 - low. The indicated parameters G1, G2,
G3 characterize the hydro-ecological situation in the region, and the result of model experiments is the

percentage variable - y (from 0 to 100%) - the level of preventive, procedural and reclamation methods of
integrated use and protection of water resources.
A fragment of the established rule base for the developed model is presented. The more rule options

this base contains, the closer the model based on fuzzy sets is to the real situation. When changing the
environmental situation, you can add both model parameters as well as rules base and knowledge bases.

Table 2
Knowledge base of the model for assessing the level of environmental control of water resources
Value Rules
% | | m | | im0t [mim|h | hih
y2 | | [ [ | |M| ¢ | m h | h h
ys | | | L'fh{m|jp|m|{h x| |h
Va | m I F'fm{m| | Im|[m@h!|h h h
ys | | I [ O O T T I I | h | m
Yo | | I I I I I I h h h h
y | | | | m|m/|m]|m h h h h

| = low, m — medium, h - high

Implementation of the modeling of the definition of integrated use and protection of water resources
can be implemented in information products with elements of artificial intelligence such as Matlab and
Statistica.

Graphic representation of the model for assessing the level of integrated use and protection of water
resources should be graphical, as it visualizes the links between input elements and the resulting indicator.
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Figure 1. Graphical representation of the construction of a model
for modeling the level of environmental monitoring of water resources based on the theory of fuzzy sets.

This model can be improved and expanded with specific tasks for the study of the relevant
parameters and their boundaries. When encoding the parameters of the model, further development of
programming on models of estimation of the state of hydro ecosystems will be developed, which will allow
the community of cities to monitor the level of pollution and carry out comprehensive measures to eliminate
the factors that cause the deterioration of water and ecosystems in general within a specific territorial unit.

The application of the theory of fuzzy sets in the research and study of natural sciences is a new and
promising area of application of the technique based on the theory of fuzzy modeling. Using modern
information systems like Matlab and Statistica can enable teachers to visualize the calculations and
modeling, moreover modern information systems with artificial intelligence elements memorize all
intermediate calculation models that allow students to learn from mistakes and improve their skills.

The promising direction of fuzzy modeling of economic systems is the use of the integrated software
environment MATLAB. Fuzzy modeling in the MATLAB environment is carried out using the Fuzzy Logic
Toolbox extension, which implements many functions of fuzzy output and fuzzy logic. The most convenient
is the graphical interactive simulation mode MATLAB, in which the user can create and edit the functionality
of the individual terms of the fuzzy output system.

In addition, MATLAB contains tools for constructing and viewing a fuzzy rule system that is designed
to convert the input variable values of the management process into output variables based on the use of
fuzzy rules. Fuzzy Logic Toolbox, interactive fuzzy output system development is the most effective in
constructing complex systems with a large number of variables and rules for fuzzy output. In this case, the
task of variables and the functions of their term terms in graphical mode, as well as the visualization of
rules, can significantly reduce the complexity of developing a fuzzy model, reduce the number of possible
errors, and reduce the time of modeling.

To predict natural and socio-economic studies, teachers can apply a forecasting methodology based
on the theory of Markov chains. This technique is interesting in that it allows you to explore environments
that have a stochastic nature of dynamic changes.

In the works of Ukrainian and foreign scientists, almost no attention was paid to the method of
forecasting economic, social processes, ecological studies with the application of methods based on the
theory of Markov chains with discrete states.

It should be noted that mostly economic, social and natural processes develop as random processes
under the influence of random factors. In order to predict the future state of these processes, it is necessary
to construct their probable model.

12
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The random process occurring in the system S is called the Markov process, if for any time t0 the
probability of any state of the system in the future (for t> t0) depends only on its state in the present time
(at t = t0) and does not depend on when and how the system came to this state. In other words, in the
random process of Markov, the future state of the system depends on the present time and does not
depend on the "background" of the process. The most interesting for economic forecasting is the Markov
random process (Markov chains) with discrete states. We will assume that for each state of the system
known probability of transition to another state in one step. Denote by pij the probability of transition of
system S from state to state j over a period of time from t0 to t. Supposing system S has n possible states
S1, S2, .Sn. Let us write the transition probabilities pij in the form of the transition matrix Ilpij:

P11 P12 Pij
||pij|| = [|P21 P22 Pzj (7)
Pn1  DPn2 pnj
The sum of all elements of each line of the matrix is 1, that is
jeapij=1 (8)

since for a time interval t the Markov chain is from condition i will necessarily go into one of the
admissible states j.

The square matrix llpijll is called stochastic, since all its elements are not negative, and the sum of
all elements of each line of the matrix is equal to one. To completely specify the Markov chain, in addition
to the matrix of transition probabilities, we must have the vector of the initial state of the pi system. The
vector-string pi is called a probabilistic vector. It is obvious that all elements of the vector are inseparable,
and the sum of elements is equal to one, i.e.

Yj-1pij(to) =1 ©)

The initial state of the system can be set using a probabilistic line vector, one of whose elements is
equal to 1, and all other elements are equal to 0.

It is proved that the vector of probabilities of the Markov chain at time t equals the product of the
probability vector at the initial moment t0 on the transition matrix [7] , i.e.

p(t)=p(to)* lIp;l (10)

We give a practical application of the method of forecasting in the study of the content of metals in
the silt (see Table 3), based on reservoirs of Ternopil. As a result os study, extremely high metal content of
all investigated groups was found. For the biogenic group of metals, low mobility (exchange fund with
water) is found to be 1-5%, and the vast majority of them, most likely, are recorded in colloids, humic
complexes of silt and other organic substances.

Table 3.
The content of metals in the bottom sediments
o . Sampling sites

5. £

*g % S ; 1 2 3 4 5 6 7 8

O oE S

g

=P S

Biogenic

Sodium nl. 18760,1 | 20465,3 | 24830,1 | 22680,5 | 33180,2 | 29040,5 | 28300,2 | 20860,3
215,6 230,5 3153 306,9 389,1 430,9 339,6 271,8
(1,2%) (1,1%) (1,2%) (1,3%) (1,1%) (1,5%) (1,2%) (1,3%)

Cobalt 5,0 19,4 322 334 30,5 304 19,9 294 21.0

8,7 15,3 15,0 12,1 12,9 9,5 13,2 9,0

(45%) (48%) (45%) (40%) (43%) (47%) (45%) (43%)
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According to the data presented in Table 3 on the content of metals in the bottom sediments, we
make a forecast of the situation for the next two seasonal periods according to Markov chain theory. This
theory allows one to make predictions of a factor, including the possibility of random effects on the
environment, and investigates the greatest probability of presence of a factor in the most favorable state.

Realization is carried out in software Matlab. Predicting the content of cobalt in bottom sediments
for the next 4 seasons, for possible monitoring of the situation.

We represent the predicted calculations of the content of cobalt in the bottom sediment for two
seasons for the near future, modeled according to the theory of Markov chains and implemented in the
software Matlab.

n 2016, the cobalt content in the bottom sediments of the reservoir with the highest probability of 0.1302
will be 33.4 units [5, 9]

In Figure 2 we will present the implementation in the software of prediction Matlab of processes

based on stochastic elements based on the method of forecasting the theory of Markov chains.

Figure 2 Implementation in the software of prediction of processes on the basis
of stochastic elements on the basis of the method of forecasting the theory of Markov chains

By analyzing the results of the simulation presented in Figure 2, we can state thatln 2016, the cobalt
content in the bottom sediments of the reservoir with the highest probability of 0.1302 will be 33.4
units [5, 9].

The use of modern teachers and students in the educational and scientific research of modern
methods of forecasting, and the application of the future informational resources, significantly improves
the quality of the work carried out.

Computer information technologies in science and education (training) (3 cr.) Theme "Basic

concepts of mathematical statistics”, "Fundamentals of modeling and fuzzy logic theory in forecasting

processes", "Theory of stochastic processes (Markov chains instrument." Mathematical methods and
computer modeling in biology (4 cr.) Theme "Correlation and regression analysis", "The statistical
processing biological experiment", "factor analysis". Population Biology, ecosystemology and biosferology
(5 cr.) Theme "Structure and dynamics of populations." "Structure and levels of ecosystems", "Structure of
biosphere’, "Circulation of substances". Social ecology and problems of environmental use (5 cr.) On the

topic "Legal aspects of the interaction of society and nature", "Pedological aspects of the interaction of

society and nature", "Technological aspects of the interaction of society and nature "Environmental
monitoring (5 cr.) Of the topic "Surface water monitoring", "Monitoring of atmospheric air", "Monitoring of
soils".Ecotoxicology, bioindication and expertise (5 cr.) The theme "Transformation of toxicants in the

natural environment’, "Mechanisms of toxicaction", "Integral approaches to the assessment of

14
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environmental toxicity". Scientific practice (4 cr.) - Modeling of biological processes. Master's work -
Mathematical and statistical processing of experimental data.

Conclusions. Research and forecasting based on the Markov chain method, correlation-regression
analysis, fuzzy set theory will increase the competences and skills of future natural science teachers,
moreover the use of modern information systems such as Matlab allows you to visualize research and
calculations and process large amounts of information in a short time.

The use of the methodology of modeling natural systems contributes not only to strengthening the
students of basic knowledge about ecological systems, but also motivates their study and application in
predicting their dynamics, argues the need and ability to participate in environmental management with a
view to ensuring the sustainable development of ecosystems and territories and nature conservation

The proposed method of formation of students' competence in ecological-mathematical modeling
allows it to be used in the organization of educational and scientific work of the post graduate students in
the field of training. 014 Secondary education Biology, Natural Sciences, 101 Ecology and Rational Use of
the Natural Environment. The use of this tool ensures the integration of biological, ecological, mathematical
disciplines and information technologies in the complex study of natural processes. On the basis of the
analysis of the contents of educational material and research activities, the topics, problems and types of
works were identified, in the study and implementation of which it is expedient to effectively apply methods
of computer modeling of environmental processes based on models of Markov chains.
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BUKOPUCTAHHA IHCTPYMEHTAPIIO EKOJ1IOITO-MATEMATUYHOIO MOAEJTIOBAHHSA
B MPOLLECI NIArOTOBKW BYUTENIB NPUPOAHUYMNX OUCLIUMNIH
CrtenaHiok Anna, N'ymeHiok anuHa, Fapmarivi Hatanis, Ipy6iHko Bacunb
TepHoninbCbKuUi HalioHaabHUIA regaroriyHui yHiBepcuteT iMeHi Bonogumupa "HaTroka, YkpaiHa

AHoTauif. [JocnigxeHo cTaH BUKOPUCTaHHS METOAY MOAEJIFOBAHHS B NPOLECi MigroToBKy ManbyTHIX
yuynuTeniB MpUPOAHMYUX AUCUMMIIH.  BUCBITAEHO O0CO6/IMBOCTI 3acTOCyBaHHSI MOJE/IHOBaHHS Ta
MPOrHo3yBaHHSA IK METO4iB HaBYasbHO-[O0CIAHNLbKOI [iiIbHOCTI Ta HayKOBOIro ni3HaHHSA rnpu nigroToBLi
MawiByTHIX y4nTeniB NPUPOJHNYUX AUCUNNAIH (6i010ris, €KOOTIs, XiMis, NPpUpoAHMYI Hayku). O6rpyHTOBaHO
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AOUiNbHICTb IX 3aCTOCYBaHHS SIK 3aC06iB BNPOBaAXXEHHSI B OCBITHIV NpoLec NpuHUNNYy «HaBYaHHS 4yepes
AOCAigHNLTBO», L0 3abe3reyye opraHisalito OCBITHbOro NMPoLecy Ha 3acagax roLyKoBO-A0CiAHNLbKOT
JiSNIbHOCTI Ta 3anyyYyeHHs CTY[EHTIB [0 HaykoBoOi po6oTu. HaBegeHo npuknagn BUKOPUCTaHHS
IHCTpyMeHTapito eKOHOMIKO-MaTeMaTUYHOro MOJAenoBaHHA B opraHizayii HaykoBoi po6oTu maricTpis
Hanpsimy nigrotoskn 014 CepegHs ocsita bionorisi, lNpupogHndi Haykw, 101 Ekosoriss Ta payioHasibHe
BUKOPUCTaHHA TMPUPOAJHOro cepegoBullya Mpu MOJEIOBaHHI: CTaHy | MPOrHo3yBaHHi pPO3BUTKY
rifipOeKOCUCTEM i3 3aCTOCOBYBAHHSAM IHCTPYMEHTAPIit0 HEYITKUX MHOXWUH Ha OCHOBI BXIAHUX Ta BUXIgHUX
napameTpiB, NpeCTaBeHUX K B KiIbKICHOMY, TaK i B AKICHOro BUMIpax; BINBY YNHHUKIB (rigpogiandHux,
rigpoxiMiyHMX Ta TOKCUKOJIOMYHUX [MOKAa3HUKIB) Ha CTilKICTb €KOCUCTEM Ha OCHOBI KopensyifiHo-
perpeciiiHoro adanisy. [IporHo3yBaHHSi PO3BUTKY €KOCUCTEM 3[iACHIOBA/IOCb Ha OCHOBI Teopil
CTOXaCTMYHMX rpoLjeciB iHCTpyMeHTapiem naHytoris MapkoBa. 3anpornoHoBaHO METOAUKY OPMYBaHHS y
CTYAEHTIB yMiHb BUKOPUCTOBYBATH E€KOJIOrO-MaTeMaTuyHe MOAEHOBaHHS. BoHa nepefbadyae noegHaHHS
HaBYaJsibHOI, HaBYasIbHO-4OCNIAHOI Ta JOCHIZHULbKOI AiSIbHOCTI CTYAEHTIB, IX ayANTOPHOI Ta CaMOCTIiNHOI
po6oTN. BuokpemneHo nepenik gucumnniny, Ha AKX ZOLINbHO 3HANMOMUTU CTYAEHTIB i3 3a3Ha4YeHUM
MeTo40M. BukopuctaHHs 3asHayeHol METOAMKM [O3BOSMSIO 3abe3reqynTu iHTerpawuito 6ios0riyHux,
€KOJIOFYHMX Ta MaTeMaTUYHUX ANCUMMIH Ta iHHOPMaLiHUX TEXHOJIOrIK Y KOMIM/IEKCHOMY BUPILUEHHI
npo6nemu.Lle cTumMynoBaso po3BUTOK Yy MariCTpiB YMIHHSI UiniCHOro cripuiHATTS (6a4yeHHs)) npobiem
JOBKinns, popMyBaHHSI CTpaTeriyHnX JOCAIAHNLbKUX YMIHb.

KnioyoBi cnoBa: nigrorosxka BYNTENIB, iHTErpawis, iHCTPYMEHTapin, MOAestoBaHHS, MPOrHo3yBaHHS.

MCNoJib3B0OBAHUEM MHCTPYMEHTAPUA 3KOJ10N0O-MATEMATUYECKOIO MOAE/IMPOBAHUA
B MPOLLECCE NMOArOTOBKW YYUTEJIEN ECTECTBEHHbIX AUCLIUMJIVH
CrenaHiok Anna, l'ymeHiok anuHa, FapmaTuii Hatanbs, [pyéuHko Bacunui
TepHOMOIbCKUI HaLMOHaIbHbIN Neaarorndyeckuii yHuBepcutTeT uMeHn Bnagumupa HaTioka, YkpanHa

AHHOTauumAa. Mccre[oBaHo COCTOSIHME MWCO/Ib30BaHUS MeToja MOJEennpoBaHus B rpolecce
MoAroTOBKM GYAYLIMX Y4YUTENIeNd eCTECTBEHHbIX AUCUMMINH. OCBELYeHbl OCOGEHHOCTU MMPUMEHEHUS
MoJenmpoBaHns U MPOrHO3MPOBaHUSI KakK MEeTOAOB Yy4YebHO-Uccef0BaTeslbCKON [esaTeslbHOCTU U
Hayy4HOro ro3HaHus Npy MoAroToBKe OyAYyLYMX YINTENeNH eCTECTBEHHbIX ANCUNIIINH (6M0S10MMs, 3KOIOMUS,
XUMMUSI, ecTeCTBEHHbIe Hayku). 060CHOBaHa Ljes1eCo06pa3HOCTb UX MPUMEHEHNS KaK CPEACTB BHEAPEHNS B
ob6pasoBaTesibHbIf NPOLECC NPUHUMNIA «0bYyYEHME 4Yepe3 MCCAeOoBaTE/NbCKyO», 4TO obecrieynBaeT
opraHusauuio o6pa3oBaTeslbHOro NpoLecca Ha OCHOBE MOUCKOBO-UCC/IE[0BAaTE/IbCKOM [EeSATENIbHOCTU U
npuBaeYeHns1 CTYAEHTOB K HayyHou pab6oTe. [lpuBefeHbl npuMepbl MUCMoJb30BaHNUS UHCTPYMEHTapus
9KOHOMMKO-MaTeEMaTUYECKOrO  MOAEMPOBAHUS B  OpraHM3auuMy  Hay4yHoy  paboTbl Marmctpos
HanpaBneHus nogrotoBku 014 CpegHee obpaszoBaHue buonorust EctecTBeHHble Hayku, 107 Skonorus n
paynoHasbHOe UCM0JIb30BaHNE NMPUPOAHON cpeabl MPU MOAEINPOBAHUN. COCTOSSHUSI U MPOrHO3MPOBaHUN
pasBUTUSA TMAPOIKOCUCTEM C MPUMEHEHNEM MHCTPYMEHTaPUS HEYETKUX MHOXKECTB Ha OCHOBE BXOAHbIX U
BbIXOAHbIX apaMeTpoB, NMPEeACTaBAEHHbIX KaK B KOJIMYECTBEHHOM, TaK U B Ka4eCTBEHHOW N3MEPEHUSAX;
BAMSAHNS (paKTOpoB (rMApo, MMAPOXUMUYECKMUX U TOKCUKOJIOMMYECKMX roKa3aTesieli) Ha yCTOMYMBOCTb
9KOCUCTEM Ha OCHOBE KOPPESALNOHHO-PErPECCUOHHOro aHanmsa. [IporHosupoBaHue pasBUTUSA
9KOCUCTEM OCYLLECTBJIAIJIOCH Ha OCHOBE TEOPUM CTOXaCTMYECKUX MPOLIECCOB UHCTPYMEHTapueM Lenes
MapkoBa. [lpegnoxeHa MeTogMKa (OPMUPOBaHUS Y CTYAEHTOB YMEHWI WCMOJIb30BaTb 3KOJIOIMo-
MmaTtemaTuyeckoe  mogesnupoBaHue. OHa  npegycMaTpuBaeT — coyeTaHue  y4yebHOM,  y4yebHO-
uccnenoBaTesibCKOM M UCCIe0BaTe/IbCKOW  [AEATENIbHOCTU  CTYAEHTOB, WX  ayAUTOPHOU u
CaMOCTOATE/IbHOM paboThl. BbigeneHbl nepevyeHb ANCUNIMINHDI, HA KOTOPbIX Lje1eco06pa3HO 3HaKOMUTb
CTYAEeHTOB C YyKa3aHHbIM MeTOAOM. Mcrosb3oBaHWe YyKa3aHHOM METOAMKM [M03BOJINIO 06ecneqyuTb
MHTErpaunto 6MOIOrM4YecKmnx, 3KOJTOMMYECKUX U MaTeMaTU4yeCcKux AUCUMUMIMH U MHPOPMALMOHHBIX
TEXHOIOMNI B KOMITJIEKCHOM peLleHuy npobnemu.lle cTuMynmpoBaso pasBuTHE Yy MarncTpoB yMeHue
L|esIoOCTHOro BOCnpUATUA (BuAeHne) npobieMam OKpyxarolyei cpeabl, opMUPOBaHUS CTPaTErMYecKmx
nccneqoBaTesIbCKUX YMEHU.

KnioueBble crnoBa: 104roToBKa yuuTesied, MHTerpauusi, WHCTPYMEHTapui, MOAEIMPOBaHMe,
MpOorHo3upoBaHue.
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