The article reveals that creating mobile applications separately for Android and iOS is becoming a
complex and costly process. There is a need for a common solution that will simplify the process of
development, support, testing and deployment on various platforms. This solution should standardize the
process of creating mobile applications.

React Native, created by Facebook, represents a significant milestone in the development of cross-
platform mobile application development. Thanks to an active and powerful community, React Native has
become the most popular tool for creating cross-platform applications. However, Google decided to develop
its own solution, Flutter, after carefully analyzing the advantages and disadvantages of React Native. Flutter
is focused on optimizing for mobile devices and strives to provide developers with a complete and definitive
solution for creating cross-platform applications.

This article analyzes the key characteristics of React Native and Flutter, researching and comparing
these characteristics in order to identify the reasons for their differences. The authors of the article hope that
the results of the study will help improve cross-platform development and ensure further progress in this area.

Key words: Andorid, movies, development, artificial intelligence, Architecture, cross-platform,
research, integration, I0S, React Native, Flutter.
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FUZZY DECISION-MAKING PROBLEMS FOR CONTROLLING OPERATING MODES OF
TECHNOLOGICAL SYSTEMS AND METHODS FOR SOLVING THEM

Abstract: Statements of decision-making problems for the control of fuzzy technological objects are
formalized and obtained, and methods for solving them are proposed. The object of study is the heating
stations of the «hot» main oil pipeline. Since such objects are often characterized by multicriteria and often
operate in conditions of unclear initial information, the tasks are formalized in the form of multicriteria decision-
making problems in a fuzzy environment. Based on the modification of various optimality principles, new
mathematical formulations of the problems to be solved were obtained and interactive heuristic algorithms for
solving them were developed. The novelty of the proposed approaches to solving formalized fuzzy problems
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from well-known methods for solving fuzzy problems lies in the fact that problems are posed and solved without
first converting them to equivalent deterministic options, which does not reduce the loss of original fuzzy
information and makes it possible to obtain more adequate and effective solutions. An example is given of the
practical application of the proposed approach to solving decision-making problems by implementing one of
the developed algorithms when solving the problem of choosing an effective operating mode for the oil heating
station of the Uzen-Samara oil pipeline at the Atyrau point.

Key words: fuzzy decision-making, multicriteria optimization, information, membership function,
principles of optimality, decision maker (DM).

Introduction

In practice, decision-making problems often arise when managing the operating modes of
technological objects, which are characterized by multicriteria and fuzziness of the initial information.
The complexity, large number of parameters and multicriteria of such technological objects and the
fuzziness of the initial information complicate the formalization, mathematical formulation and
solution of such problems [1-3].

Recently, in the scientific literature and publications, problems and approaches to solving
multicriteria decision-making problems have been actively discussed [4, 5], including in conditions
of fuzzy initial information [6-8]. Methods for solving these problems in a fuzzy environment are
based on the use of methods from fuzzy set theories [1, 2, 5, 9, 10]. The problems of setting and
solving multicriteria problems of choosing optimal parameters and operating modes of technological
units are considered in works [3, 5, 7, 11].

The decision-making problems studied and solved in this work on the optimal control of the
operating modes of technological units of the main oil pipeline are related to important scientific and
practical issues of decision theory, the theory of fuzzy sets and multicriteria optimization, which is a
very relevant problem in the oil pumping industry. The purpose of this work is to study and solve
issues of formalization and formulation of decision-making problems to control the operating modes
of oil pipeline technological units in a fuzzy environment, as well as the development of algorithms
for solving them. When formulating and solving a problem, the ideas of compromise decision-making
schemes are used, modified and adapted to the conditions of fuzziness of the initial information [5,
11, 12]. Since many technological objects are often characterized by multicriteria and fuzziness of
the initial information and control criteria, the studied and solved problems are an urgent task of
theory and practice.

Problem statement

The decision-making problem in the general case can be formalized in the following form:
<Decision-making problem> = {V, Vs, Vp are given, W is required to be provided}, where V — given
conditions; Vs — set of possible states (modes of operation) of an object; Ve — a set of possible
operators that ensure the transition of an object from one state to another; W — desired operating
mode of the object. In this case, the solution to the decision-making problem consists in choosing a
sequence of operators to transfer an object from the state at the current moment to the desired state.
Thus, decision making is a process that consists of evaluating possible solutions (alternatives) and,
taking into account given conditions, selecting the best solution according to given criteria.

Under the conditions of multicriteria and fuzziness of initial information, the task of managing
the operating modes of technological objects can be formalized as a multicriteria decision-making
problem in a fuzzy environment. The task of decision-making is to evaluate possible solutions, which
allows to choose the best of them according to given economic and environmental criteria [12].

Let f(x)=f(x),...,f (x) is a vector of criteria that evaluates the quality of the oil pipeline

technological complex. For example, f (x), f,(x),...,f (X) — respectively, pumping volume, profit,
etc.; f,,(x), f.,(x),....f (x) —local criteria for assessing environmental safety, for example, the cost

of environmental protection measures, damage from environmental pollution with oil, oil products
and transportation waste, etc.. Each of the m criteria depends on the vector of n parameters (control
actions, regime parameters) x =(x,,...,X,), for example: temperature and pressure; rheological

properties of raw materials, reagent consumption, etc. In practice, there are always various
restrictions (economic, technological, financial, environmental), which can be described by some
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functions — constraints @, bq, q :LT. Operating parameters also have their own change intervals,

specified by the technological regulations of the unit and the requirements of environmental
protection measures: X, € Q=[x"",x™], where X" — lower, X" — upper change limits of the

parameter X,. Constraints may be fuzzy: > — more than or approximately equal, < — less than or

approximately equal, = — approximately equal

It is required to make decisions on the selection of the most effective (optimal) solution - the
optimal operating mode of the technological complex of the main oil pipeline, ensuring the extreme
value of the vector of criteria when fulfilling the specified constraints and taking into account the
preferences of the decision maker (DM). In our cases, decision makers are operators for managing
oil pumping modes through pipelines; they control and select the operating mode of an oil pipeline
technological object, for example, oil heating stations, oil pumping stations, providing optimal values
of local control criteria: pumping volume, safety and reliability of the mode, etc.

Results

Let us formulate a mathematical formulation of the formalized decision-making problem to
control the operating modes of technological objects in conditions of multicriteria and fuzziness of
the initial information.

Let there be a normalized vector of criteria of the form - z,(x) = (ug...., 4f')) and L constraints
with fuzzy instructions — ¢_(x) > b,, q =1, L. Let us assume that the constraint fulfillment membership
functions 14, (X), g=1,L for each constraint are constructed as a result of expert procedures and

dialogue with specialist experts. Let the weight vector, which reflects the mutual importance of the
criteria (y = (y,,...,7,,) ) and constraints ( 8 = (f,,...,3_)) at the time of setting the problem, be known
[13, 14].
Then the problem of choosing optimal operating modes of technological objects according
to economic and environmental criteria can be written as the following decision-making problem
in a fuzzy environment:

max 4,(x), i =1 m
X = {x:arg max 4, (x),9=1 L}.

Based on the idea of the main criterion method and the Pareto principle of optimality, the given
decision-making problem with a vector of criteria and constraints [15, 16] can be written in the
following formulation:

max /1, (X), (1)
X :{X:XEQAarg(yf)(x)z y:)AargmaxZL:ﬂqu(x)AZL:ﬂq =1A B, 20,i=2,m,q=1, L} (2)
eQ pour prcy

where A — logical sign “and”, requiring that all statements associated with it be true, 1 ir— boundary

values for local criteria £, (X),i =2, M, specified by the decision maker.

According to the main criterion method, the main (in terms of importance) criterion is
optimized, and the remaining local criteria are included in the constraints. According to the Pareto
principle of optimality, the decision maker selects the optimal solution from an effective set, in which
the improvement of one of them leads to the deterioration of the other.

By changing /Uir and the constraint importance vector S =(/4,,...,.). we can obtain a
family of solutions to the problem (1)—(2): x"(x,, ) . The choice of the best solution is carried out on
the basis of dialogue and taking into account the preferences of the decision maker. To solve the
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multicriteria decision-making problem of determining the desired operating mode of oil pipeline units
in formulation (1)-(2), this paper proposes the following heuristic algorithm based on a maodification
of the principles of the main criterion and Pareto optimality for working in a fuzzy environment and
their combination.

GK-PO algorithm:
1. P, Q =1L - the number of steps for each g-th coordinate and a number of priorities for

local criteria 1, ={1,...,m} (the main criterion must have priority 1) is specified and and the value of
the constraint weight vector is entered S =(/4,,...,3.) . taking into account the importance of local
constraints.

2. The decision maker assigns boundary values (constraints) of local criteria ,u: (x),i :Z,_m :

3. hq =1/ P, :1,_|_- step sizes for changing the coordinates of the weight vector 8 are

determined.

4. A set of weight vectors g B%,..., 8", N=(p, +1)(p, +1)...(p, +1),is determined by
varying the coordinates on the segments [0,1] with a step hq

5. The term-set T(X,Y) is determined and the membership functions for fulfilling the
constraints z,(X), q =1L are constructed.

6. The main criterion (1) is maximized on the set X determined by (2), the current solution is
determined:  X(14;, ), po(X(tty, B)) sty (X(aty, B)); #ts (X(tg, B ey a1, (X(att, B)),
i=2,m.

7. The decision is presented to the decision maker. If the current results do not satisfy the
decision maker, then new values of 4! (x),i =2, m are assigned to them and (or) the values of g
are adjusted, and a return to point 3 is made. Otherwise, go to point 8.

8. The search for a solution stops, the results of the final choice of the decision maker are
displayed: values of the control vector x"(y',B); values of local criteria (X (g}, 3))sees

u (X" (4, B)) and degree of fulfilling the constraints z, (X (z, 8))...., 11, (X (1}, B)) -

By modifying various compromise decision-making schemes for the case of fuzziness, we can
obtain other statements of multicriteria decision-making problems in a fuzzy environment and
propose algorithms for their solution.

Using the ideas of the methods of the main criterion and the ideal point and modifying them
for the case of fuzziness, the multicriteria decision-making problem with the fuzziness of the initial
information can be put in the following form:

max £z, (X), 3)

X :{x: XEQ/\arg(rQE%xmax;zg(x)z yj)Aarqu(x)z min||u(x)— | ),i=2.m,q :1,_L} (4)

where H/”’(X)_”u

- used metric D, components (x) and coordinates of the ideal point x" are
D

defined as follows z(X) = (£4,(X),--., 24, (X)), " = (max g (X),..., max g, (x) . It is possible to use u"

units as the coordinates of the ideal point: #"=(1,...,1).

The essence of the main criterion method is disclosed above. The ideal point method allows
you to find the optimal solution based on minimizing the measure (distance) of the current solution
from the ideal solution (point).

To solve the multicriteria decision-making problem (3)—(4), this paper proposes a method
developed on the basis of modification of compromise schemes of the main criterion and ideal point
methods.
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Based on the application of the idea of the main criterion method to a vector of local criteria,
and the idea of an ideal point to constraints, modifying them for the case of fuzziness, we propose
the following algorithm for solving the multicriteria decision-making problem (3)—(4) with fuzziness of
the initial information:

GK-IT algorithm:
1. A number of priorities are set for local criteria |, ={1,...,m} (the main criterion must have

priority 1).
2. Based on information received from decision makers and specialist experts, the term set
of fuzzy parameters T (X,Y) is determined and for each constraint membership functions for fulfilling

constraints 1, (X), q=1,L are constructed.

3. The decision maker assigns boundary values of local criteria z'(x),i=2,m.

4. The coordinates of the ideal point are determined. As the coordinates of these points, you
can use the maximum values of the membership function z" = (max g (X),..., max g, (X)) or unit
1 =(,...1) (if the membership functions are normal).

5. The type of metric H/‘(X)_“u Dis selected, which determines the distance of the current

solution x" from the ideal point — £ .
6. Problem (3)—(4) is solved and the current solution is determined: x(u!,

w604 )-
D)), e
D)), ceny

control  parameter vector value, g (x(xl,

e g (X () —
Dt (Xt
D)), i=2,m- membership function values for fulfilling the constraints.

(X)) — u

45 (X(ety | 1a(¥) = 1| )) = local criteria values and gz (x(44, [ 44(x) - 2" 2(x) — 4"

(X (X) =

7. The decision maker is presented with the received current solution. If the current results

do not satisfy the decision maker, then new values are assigned to them, and (or) a new type of

metric Hﬂ(x)_,u“ is selected and the search for an acceptable solution is repeated, i.e., a return
D

to the previous step is made, otherwise a transition is made to the next step 8.
8. The final solution is derived that satisfies the decision maker: values of control and
operating parameters X" (z;,[z(X)— u" D), that provide optimal values of local criteria

Ho (X (g1 OX) = | D)yt (X7 Qg | OQ) = | D) s g (X (g () — ) and
maximum  values of the membership functions for fulfiling the constraints
# O Qg 1K) = 2| D), OC Qe o[ 10) = 2| ), o0 (K7 Qg | 12(X) = 2] ) -

The given formulations of new multicriteria selection problems and the developed algorithms
for solving them are based on the use of modified deterministic methods of multicriteria optimization

and compromise decision-making schemes. The results obtained are a generalization and
development of these methods in the case of fuzziness of the initial information.

Practical application, comparison and discussion of results

As an example of the implementation of the proposed approach to the optimization of
technological objects, let us consider the formalization of the formulation and solution of the problem
of adopting an effective operating mode of the oil heating station (OHS) of the Uzen-Samara oil
pipeline at the Atyrau point. The main task of the OHS is to ensure trouble-free and uninterrupted
operation of heating furnaces and structures attached to them, ensuring optimal technological
operating conditions for the «hot» oil pipeline. At the same time, the following types of decision-
making problems for optimizing criteria are solved: minimizing the cost of heating and pumping oil;
minimizing fuel and operating costs; increasing the degree of reliability of mechanisms and devices;
increasing the environmental safety of the oil pipeline.
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The volume of pumped oil can be determined by the indicators of various devices (flow meters,
etc.). In our case, the volume of pumped oil is measured in units of thour. As for assessing quality
and environmental safety, the situation here is much more complicated. It is very difficult and not
always possible to evaluate the quality of work of the technological and production complex of an oil
pipeline, and the environmental safety of the object’s operation in one number. Often these indicators
are difficult to measure quantitatively and are characterized by uncertainty and fuzziness of the initial
information. In fact, quality indicators and environmental safety indicators are often characterized by
restrictions such as «no more» and «abouty, i.e. are fuzzy.

In practice, we want economic criteria (productivity, profit, pumping volume, etc.) and quality
indicators to be maximum, and environmental impact on the environment to be minimal. But, as
you know, these criteria are often contradictory and it is often not possible to improve them at the
same time. The task is to find the optimal solution in the field of compromises, depending on the
production situation and plan, and also satisfying the decision maker.

Thus, using the above problem statements, the decision-making problem in controlling the
modes of the oil transportation process through the main oil pipeline is set as follows:

Let f(x)=F(f(x))=u(x),i=13 — are normalized local criteria assessing the volume of oil

pumping (g (x)), temperature (.2 (x)) and pressure ( z$(x))at the outlet of the OHS. Let us assume
that for each fuzzy constraint describing environmental indicators ¢, (x) > b,,q =12, the membership
functions of its implementation ., (x), q=12 are constructed. Let us know or define a number of
priorities for local criteria 1, ={1,2,3} and a weight vector reflecting the mutual importance of these
constraints g =(4,,53,) -

The criterion and constraints depend on the vector of parameters x;, i =14 (X, (X1, X2, X3, Xa—
temperature, x, —pressure, x, —fuel consumption, x, —oil consumption at the furnace inlet). These

dependencies are determined on the basis of mathematical models developed in [17, 18,19].

A formalized task, in the conditions of fuzziness of some part of the initial information, can be
written similarly to (3)—(4) in the form of the following multicriteria decision-making problem in a fuzzy
environment:

max 4(X), (5)

) Ji=23,q=12] 6)

X ={XIXEQ/\(fi(X)Zbi)/\arg(/,lq(X)Z rpeigu,u(x)—y”

where f (x),i=2,3 — constraint functions for temperature and pressure at the outlet of oil heating

stations, [u(x)- x|, — used metric D, 4(X)=(t4 (0,4 (¥), 4" =(maX 11, (), mAx 5 (x) o

u
u'=1.1.
The solution to this problem is the value of the vector of optimized regime parameters
X" =(x,,X,,X;,X,), which provides the extreme value of the criterion when the specified constraints

are met, taking into account the preferences of the decision maker and satisfying it.
To solve the problem (5)-(6), we use a modification of the GK-IT algorithm.
1. A number of priorities are set for local criteria 1, ={1,2,3} (the main criterion is the volume

of oil pumped through the pipeline, which has priority 1, priority 2 is assigned to the temperature at
the furnace outlet, pressure at the furnace outlet has priority 3).

2. Based on information received from decision makers and expert specialists, a term set of
fuzzy parameters is determined and for each constraint, membership functions for fulfilling the
constraints x, (X), =12 are constructed.

Based on the results of expert assessments and studies, the following membership functions
for fulfilling the constraints are constructed:
1, (x) =exp(0.20| a, —50.0|-0.5); x,(x) =exp(0.10|a, —80.0|-0.7);
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where a,a, — average numerical values of fuzzy parameters, respectively: temperature and
pressure of the furnace (oil heating station) at the outlet.
3. The type of the constraint function f (x),i=23 is determined and the value of b,,i=2,3is
set. Based on the results of the research, it is determined:
f,(X)=7+12-% -025-x, +5.7-x, -1.3-x, +1.8-x/ +8.3-x2;b, =55,
f,(x)=0.25-1.31-x, +7.35-X, —3.1- X, +2.25-X, +9.85-X> +8.7-x.;b, =85
4. The coordinates of the ideal point are determined. As the coordinates of these points, you
can use the maximum values of the membership function. In our case, the membership functions
are normal, then x" =(11).

5. The type of metric ”,u(x)—,uu

5 is selected, which determines the distance of the current

solution (u(x)) from the ideal point (u“). In our case, the type of metric is defined as follows:

() - 12*

=3y (g ()~ 1y OO0

where g, - weight coefficient of the g-th fuzzy constraint.

6. Problem (5)—(6) is solved (in our case, mathematical programming methods are used) and
the current solution is determined:

1) x(b;, Zzl(ﬂq (max u, (X) — 4, (x)))?)» 1= 2,3 — control parameter vector value;
q-1 xXeQ

2) 4y (X010 D7 (8, (T 1y (0 = 11, () °). ACODNVACVRCEVAC) D

,ug(x(bi,zz:(ﬂq (rzlag g (X) = 11,(x))?)) » 1=2,3 —local criteria values;

q=1

3) 1 0xlby, B, (18 1 (0) = g OO*)) . (X0, 3 (B (8 41, (0 = 1 (X)) 1= 23—

membership function values for fulfilling the constraints.
7. The decision maker is presented with the received current solution. If the current results
do not satisfy the decision maker, then new boundary values x'(x), u’(x) are assigned to them,

and (or) a new type of metric H,U(X)—,Uu is selected and the search for an acceptable solution is
D

repeated, i.e. a return to the previous step is carried out, otherwise a transition is made to the next
step 8.
8. The final solution is derived that satisfies the decision maker: values of control and

2
operating parameters x" (b;, »_ (8, (max 4, (X) — 4, (x)))?) that provide optimal values of local criteria
s xeQ)

5 0C (00 Y 08, (18 1, (9 = 1, 00D ), 423 06 b, 35 (B, (M, (0 = 11, (9))).

2
s (X" (b, ,Z(ﬁq(max g (X) — 11, (x)))?)) and the maximum values of the membership functions for
g1 xeQ

fulfilling the constraints 1, (X (b, ,Zzl(ﬂq (rTX]ag( g (X) — 4, %),

14,0 (01 (B, (R a1, () = 1, (GO °).

The results obtained in the work are shown in the table (see table 1).
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Comparison and analysis of the results of the data presented in Table 1 gives grounds to draw
the following conclusions:

1) The proposed algorithm is more efficient than the deterministic method and more accurately
matches the experimental data.

2) When solving optimization problems based on the proposed algorithms, the adequacy of
solving the production problem increases, since additional fuzzy information (experience,
knowledge) is taken into account more fully describing the real situation without idealization.

3) The applied algorithm for solving a multicriteria decision-making problem (GK-IT) allows us
to determine the membership function of the fulfillment of one or another fuzzy constraint, i.e. the
degree of correctness of the resulting decisions.

The reliability of the obtained results and conclusions is confirmed by: the correctness of the
research methods used, based on the scientific provisions of the theory of decision making and
optimization, theories of fuzzy sets, methods of expert assessments; sufficient convergence of
calculation-model (theoretical) and experimental (pilot-industrial) results of the study.

Table 1 — Comparison of the results of solving a multicriteria decision-making problem for
choosing an effective OHS mode according to the proposed algorithm (GK-IT), according to a
deterministic method and experimental data

Deterministic | Proposed | Experimental

No Criterion and Constraint Values method Algorithm data
(lit. data) (GK-IT) | (atyrau OPS)

1. | Oil pumping volume (productivity), tons/hour, () 1) 707 ~710 709

2. Furnace outlet temperature, °C (y2) 48 50 50

3. Furnace outlet pressure, kgf/cm 2 (ys) 8.5 8 8.1

4. | Constraint 1 fulfillment membership function- ; (x"(5)) - 1.0 -

5. | Constraint 2 fulfilment membership function- z, (x"(3)) - 0.98 -

6.

Optimal values of operating parameters x* = (x1%,...,X4"):
x1" — furnace inlet temperature, °C;

35 33 34

7. x2" — furnace inlet pressure, kgf/cm 2; 10,5 9.8 10

8. x3" — fuel consumption, kg/hour; 27 25 26

9. X4 — vqurpe of raw materials (oil) at the furnace inlet, 710 710 710
tons/hour;

Notes: (-) means that the corresponding indicators are not determined by this method. The time required to find a solution
in the compared methods is the same.

Conclusion

In this work, based on a combination and modification of various optimality principles, new
formulations of multicriteria decision-making problems for selecting operating modes of technological
units of a main oil pipeline are proposed, and interactive algorithms for solving the problems are
developed. The developed algorithms are based on the use of the idea of various compromise
decision-making schemes (various combinations of the main criterion method, Pareto principles of
optimality and the ideal point), modified to work in a fuzzy environment. The results of the
implementation of the application of the proposed approach in practice for the selection of optimal
operating modes of the oil heating station of the Uzen-Samara oil pipeline at the Atyrau point are
presented based on a modification of the idea of the methods of the main criterion (for criteria) and
the ideal point (for constraints).

The scientific novelty of the results of the work lies in the fact that the tasks are set and solved
in a fuzzy environment without prior conversion to deterministic tasks. This provides, due to the full
use of the collected fuzzy information, obtaining a more adequate solution to a complex production
problem with fuzzy initial information.

The practical significance of the work is determined by the effective solution of complex
production problems in conditions of multicriteria and fuzziness, which cannot be solved or are
difficult to solve by traditional deterministic or stochastic mathematical methods. The advantage of
the proposed approach to solving the problem is also that, depending on the production situation
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and the availability of initial information of various types, the decision maker is given the opportunity
to select a more suitable algorithm for solving the problem from the proposed set of algorithms.
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TEXHONOMUANBIK XXYAENEPAIH XX¥MbIC PEXXUMOEPIH XXOHE ONAPAbI LWELLY SOICTEPIH
BACKAPYFA APHAJFAH AHbIK EMEC LWWELWLIMAOEP KABbINIAAY MOCENENEPI

AlKbIH emec mexHornoausinblk 06bekminepdi backapy ywiH wewim Kabbiiday MiHOemmepiH Koro
poacimOendi xoHe asibiHOblI XoHe onapObl wewy oadicmepi ycbiHbIIObl. 3epmmey obbekmici” bicmbiK "
mazucmpasibObiKk MyHal KyObipbiH Xblibimy nyHKmmepi 6osbin mabbinadsl. MyHOal HbicaHOap kebiHece Kerl
KpumepudnikneH curammanamblHObIKMaH XaHe KebiHece alKbiH emec bacmarikbl akrnapam xardalibiHOa
XKYMbIC icmelimiHOikmeH, maricbipManap alkbIH emec opmada Ker Kpumepulsik wewim Kabbinday ecenmepi
pemiHde pecimdenedi. OHMaUNbIIbLIKMbIH 8pMypPsi MNPUHUUNMEPIH e32epmy Heezi3iHO0e wewinemiH
ecennmepdiH XaHa mMamemamukanblK MyXblpbiMOapb! anbiHObl XoHe onapObl wewydiH uHmepakmuemi
aspucmukarnbik anzopummoepi xacandel. AUkbIH emec ecenmepdi wewydiH beneini adicmepiHeH
gopmarnslbl alkbiH emec ecenmepdi wewydiH yCbiHbliFaH MacindepiHiH xaHasbifbl MbiHada: MiHOemmep
onapdbl akgusasieHMmi demepMUHUpPIeHeeH HycKanapra altHandbipmal KolUbiialbl xeHe wewinedi, byn
bacmarikbl alikblH eMec aKnapammabiH XOoFaslybiH asalimnalobl xeHe bapabap xsaHe muimOi wewimoep anyra
MyMKiHOIK 6epedi. Ambipay ryHKkmiHOeai e3eH-Camapa MyHal Kyb6bIpbiH Xblibimy CMaHUUsSCbIHbIH muimdi
XKYMbIC pexumMiH maHday macersneciH welwy Ke3iHoe a3siprieHeeH anzopummoepdiH 6ipiH icke acbipy apKbiribi
weuwim Kabbinday miHOemmepiH wewyae yCbiHbliFaH macindi npakmukarbik KondaHy Mbicarbl Ke/ImipinzaeH.

Tytin ce30ep: alikbiH emec wewim Kabbiiday, ken enwemoi oHmaunaHObIpy, aknapam, MywersniK
yHKUUSChI, OHMaUrnbinbiK NpuHyunmepi, wewim Kabbindaywbi.
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3AOAYM MPUHATUA HEYETKUX PELLEHUWA ONA YNPABNEHUSA PEXXUMAMU PAGOTbI
TEXHOJNTOMrMYECKUX CUCTEM U METOAbl UX PELLEHUA

®dopmanu3osaHbl U rosy4YeHbl IocmaHo8Ku 3aday NpuHAMuUs peweHul 0151 yrpasrieHust He4emKkumu
mexHosoeu4eckumMu obbekmamu u npednoxeHbl mMemodbl ux peweHus. O6bekmom uccriedosaHus
6/1910mMcs MyHKMbl oboepesa «2opsHec0» MazucmpasbHo2o Heghmernpoegoda. TockobKy makue 06beKkmb!
Yacmo xapakmepu3yrmcsi MHO20KpUMEepUaibHOCMbIO U 4acmo (hyHKUUOHUPYOM 8 yC/I08USIX He4Yemkou
ucxo0HoU UHgopmayuu, 3adaqu ghopmanusyomcesi 8 sude MHO20KpuUmepuasibHbIX 3aday MPUHAMUS peuweHul
8 He4yemkol cpede. Ha ocHoge mModucbukayuu passiuyHbIX MPUHUUNO8 onmumMasibHoCmu bbiiu rnoslyqYeHsbl
HO8ble Mamemamuyeckue hopMyrupoBKU pewaemMbix 3aday u pas3pabomaHbl UHMEPaKMmMuUeHbIe
agpucmudeckue anzopummbl UX peweHus. HosusHa npednazaembix 100x0008 K  PeleHUr
opmanu3o8aHHbIX HeHemkKux 3aday om U38eCmHbIX MemMod08 peweHUs1 HeHemkKux 3aday 3ak/yaemcs 8
mowm, 4ymo 3adayu cmaesmcs u pewaromcsi 6e3 npedsapumesibHO20 rpeobpaszosaHusi Ux 8 3KeUBaSIEHMHbIe
0emepMUHUPOBaHHbIE 8apuaHmMbl, 4YMO He yMeHbWaem [omepu UCXOOHOU HevYemkol UHgopmauuu u
roseonsiem rosny4ams 6onee adekeamHbie U aghghekmueHble pewleHus. [TpusedeH npumep rnpakmu4ecKko2o
npumeHeHusi npednoxeHHo2o nodxoda K peweHuUro 3aday npuHamMuUs peweHul nymem peanusayuu 00Ho20
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U3 paspabomaHHbIX afizopummos rpu peweHuuU 3ada4qu ebibopa aghghekmusHo20 pexxuma pabombsi cmaHyuu
rnnodoepesa Hegpbmu Heghmernposoda Y3eHb-Camapa 8 nyHKme Amebipay.

Knroyesblie cnoea: Hedemkoe [MpuHAMuUE peweHul, MHO20KpumepuanbHas onmumu3ayus,
UHbopmayus, yHKUUS npuHadnexHocmu, MPUHUUNbl ONmumManbsHOCMU, fUY0, MpUHUMaruwee peuweHue
(Jr1P).
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BEB-BETTEPAEr 3UAHALI XKAPHAMAIbIK BAFAPIIAMAJIAPIbl AHBIKTAYOA
MALUMHAIbIK OKbITY AIFCOPUTMAEPIH NAUOANAHY

AHOamna: Makanada uHmMepHem KonOaHyuwbinapbiHbIH KYNusinbifbifbl MeH KayincisdieiHe
atimaprbikmad Kayin meHoipemiH eeb-6emmep apKbifibl 3usiHObI XapHamariblk bardapriamanapObl mapamy
macerseci kapacmeipbinnadbl. Beb-6emmepae eHezizineeH 3usiHObI xapHamarsbiK 6ardaprnamanapObl aHbIKMay
XoHe belimapanmaHObipy YWiH MaluHabIK OKbimy anzopummoepiH kondaHy. [epekmepdi eHley,
beneinepdi any xeHe Xxikmey odicmepiHe Ha3zap aydapa OmbIpbIN, MawuHarnblK OKbImy 3USHObI
bardapnamapriapObl aHbiKmay npouyecmepiH Kanal xakcapma anambiHbiH eaxel-meaxelsni mandalobi.
BusiHObI XeHe 3aHObl xapHamarbiK Ma3mMyHObl axblpamydasbl muiMOifieiH aHblIKmay YWiH MallUuHambIK
OKbImyObIH epmypri anzopummdepi, COHbIH iwWiHOe roaucmukansik pespeccusi, WewiM arawmapsl,
ke3delicoK opmaH, aHfan balec xoHe aHcambnbOik adicmep 3epmmernedi.

3usiHObI xoHe Kayinci3 xapHama mModynsdepi myparnsi depekmepdi KamMmumbIH OKbIMy XeHe mecm
yneinepiH Kypy adicmemeci cunammarnsaH. 3usiHObl MiHE3-KYIbIKMbIH XacbIpbiH yr2inepiH aHbiKmay yuwiH
MawuHarnblK OKbimyObliH 8pmypJii macindepi, COHbIH iWiHOe MyFamiMMeH, MYFasiMCi3 OKblmy XoHe mepeH
OKbimy adicmepi mandaHadbl. 3epmmey Homuxxesnepi MawuHasbIK OKbImy an2opummoepiH KordaHy 3UsiHObI
JxapHamarbik 6ardapriamanapibl xorapbl OondikneH aHblKmayra MyMKIHOIK 6epemiHiH kepcemedi, 6y
muimOipek kubepkayincizdik KypandapbiH o3ipsieyee Heeid 6ona anadbl. CoHOal-aK, KosdaHbicmarbi
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