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UDC 004.7:004.93
DOROHAN O.I., USHKARENKO 0.0.
NUQOS named by adm. Makarov (Ukraine)

THE PRINCIPLES OF USING THE THEORY OF PATTERN NETWORKS FOR DESCRIBING OF
THE AUTOMATED CONTROL SYSTEMS SOFTWARE STRUCTURE

An approach to the software structure description of the autonomous electric power plant automated
control system based on the representation of the software architecture in the form of a pattern network is
considered. Each generatrix is associated with a specific software object, and communication relationships
represent various types of information interactions between objects. Using the pattern theory gives the
opportunity to develop the algorithm of software formal reorganization in the context of reduction system’s
response time.

Introduction. Increasing the amount of information transferred between the system elements and the
number of operator-controlled parameters of the autonomous electric power plant requires the development of
new approaches to modelling and analysis of the functioning of such systems with a view to streamlining and
improving efficiency. The most difficult step in the implementation of automated control systems is the
development of software that meets the appropriate quality standards [1] — [3]. The top-level software task is
remote monitoring and control of autonomous electric power plant. To implement the essential functions of
electric power plant remote control through the network, the software must have means for the creation of
electric power plant layout, for monitoring and control of autonomous electric power plant in real time, analysis
of power unit operating modes and software [4]. At the same time, as noted in article [5], it is important to use a
formal approach to describe the interaction of software components and automation hardware.

The aim of the research is to define pros and cons of using the theory of discrete pattern networks for
developing and representing a software architecture for the autonomous electric power plant automated control
system, where each element in the pattern network encapsulates a finite state machine that implements the
behaviour of a particular object of the software, and relations with it constitute various types of information
interactions between objects.

Using a PC with specialized software as a top-level subsystem of the automated control system (ACS) of
the autonomous electric power plant (AEPP), and microcontrollers as the basis of automation hardware devices
allows to present the software structure of all components of the control system in the form of a pattern
network. The purposes of this are determining the composition and scheme of software objects interaction that
are part of the management system, formal description of the control system structure in the form of a set of
generatrix and calculation of the main indicators characterizing the information channel — system response time
and the communication channel load based on the values of the generatrix attributes forming and
communication relationships.

The structure of the power plant control system software in the form of a pattern network can be divided
into three components: specialized software for a personal computer containing an AEPP mnemonic circuit
(power plant monitoring and control mode; represented by the generatrices g1 — g20), software for automation
tools (generatrices g22 —g24) and interface device software (generatrix g21).

The power plant generally consists of m sections of n;i (i € [1, m] ) blocks of diesel-generator sets,
protection of diesel-generator sets (DGS), means of displaying the parameters of the diesel and the generator;
ni-1 units for monitoring and controlling the DGS synchronization process with the main switchboard; 2-n;
impulse control buttons to change the diesel state; k; induction motors and loads; ni+k; circuit breakers and
LEDs to indicate their status; 1 load sharing device between generator units (GU) running in parallel.

Each element of autonomous electric power plant corresponds to a particular software object, which
implementation encapsulates the generatrices: g1 — Text field for displaying electrical parameters; g2 — Bar-
graph indicator; g3 — Pointer indicator; g4 — Generator; g5 — Diesel (with generator unit forming the DGS set);
g6 — Dialog box "Diesel parameters™; g7 — Dialog box "Oscillograms"; g8 — Synchronization system; g9 — GS
protection; g10 — Automatic circuit breaker; g11 — LED; g12 — Loading; g13 — Induction motor; g14 — Control
button; g15 — Load distribution system.

Generatrices g1 — g3 are used to designate the display units of measured electrical parameters; every
diesel-generator set may be bound with arbitrary but finite number of such units (designated as |4, 1> and I3
respectively).

Electric power plant is remotely controlled and managed by means of displaying and processing the
received data from particular hardware resources of automation and sending to them commands (signals for
changing the state of protective relays, automatic circuit breakers and generator circuit breakers, diesel rotation
speed and generator excitation). To take into account the priority of operations and control of data exchange
process, it is necessary to create a common queries queues and expected responses.



The whole set of queries can be divided into two sets: information type queries (to receive the value of
DGS parameters and automatic and generator circuit breakers conditions) and control type queries (commands
to change the electric power station structure and / or parameters of electric energy, given up by DGS to the
network). For this reason, three generators correspond to queries and responses queues formation: gl6 —
variable length queue shaper; g17 — constant length queue shaper; g18 — final queue shaper.

Functions of the higher-level software also include information flows statistical data accumulation and
storage in the database of capacity values given up by DGS to the network and consumed by loading (g20
generator).

Considering inseparable logical connection existing between generator blocks, diesel engines, dialog
windows for displaying diesel and generator parameters, protection systems, synchronization systems, diesel
control buttons, generator circuit breakers (circuit breaker represented by a component) and LEDs of the states
of generator, as well as of load and asynchronous engines, circuit breakers with LED-indicators of their states (i
= const, j» = const (j2 € [1, k] )), and conditionally inseparable connection between the groups listed, the
software structure of computer for each section (i = const) can be written as a subset:

G' =G, +G, +G|,
where
6! =1{[o1}" [92]" [93)[04]" . [o5T", [o6T", [a7]" [o8]**,
[99]", [o20]" [g14]" [g14]"" 915} |
6, = {[o12]* [o13]" [10] [or1} |
G; = {[o16.[017]. 28 [g19]  [920] |

and [gl]'ll designation is an abbreviated notation for the number of instances in subset (I, =#(g1,G,)).
Then, structure of the entire power plant control software is a set formed by the sum of the amounts of
subsets G, and G} and intersection of subsets G, of each section:

m . \ m .
G=Y (G +Gi)+(G}.
i=1 i=1
According to discrete theory of patterns [6], each generator is characterized by certain arity. Thus, with
j1-th DGA in the i-th section, Ili’jl text fields, Ig'h scale and I;* dial indicators can be associated, and here

communication relationship p. is "one-to-many", i.e. generator g4 can be connected with arbitrary but finite
number of generators g1 — g3, and generators g1 — g3 with only one g4. Hence, arities g1 — g3 are equal to
unity:

(g1 )= w92 )= w(g3")=1,
which corresponds to the principle of realism: each indicator nit displays data obtained from only one DGS
unit, while these data (electrical parameters of generator) can be displayed in various combinations by various
means of indication. The generator block itself, in addition to links to

3 PO
N=>10
p=1
indicator units, should support informational connection with automation means, which is carried out by means
of the queue forming unit, and is represented as communication relationship o, of multiple inclusion ("many-to-

one" relationship) between generators g4 and g17: for each j1-th DGS in the i-th section, values of electrical

parameters of generator are interrogated. This implies arity g4:
3

L) — (0
(g4 )_Zélp 1,
p:

Similarly to arity of generatrices g9 —g11, g14 —g15:

o(910" ) = w(g11" )= w(g14" )=1,
o(g9"")= o(g15")=2.

Communication "one-of-many-to-one" relationship ps means possibility of the existence of connection at
each moment of time of only one of the plurality of instances of corresponding generator with the other
generator. For example, communication fso0sfs1 Stands for ni-th amount of "Diesel Parameters” blocks
(generatrix g6) at each time only one can participate in data exchange with automation facilities by means of
communication with the block of formation of queues with variable lengths (generator g16). Thus, the arities of
generators g16 and g17 are calculated as:

o(g16')=4+4-n, +k,,



o(g17')=1+3-n, +k,,
i.e. arity of communication for relationships p» is equal to power of corresponding generator in the i-th subset,
and for relationships ps is set to unity.

Generatrix g18 is unifying with respect to generators which reflect the formation of queues of constant
and variable lengths (g16 and g17), and is responsible for the formation of final queues of queries and responses
for the purpose of arrangement of data exchange over the physical communication channel. Since through it all
information about electric power parameters and state of the circuit breakers passes, the functions of block
represented by g18 generator include transmission of statistical data on information flows and electrical power
parameters to the database to corresponding blocks (represented by g19 and g20 generators).

Therefore, communication relationships between ps and ps are "purely” informational "one-to-one"
relations without direct exchange of data with automation facilities, while relationship pa, inclusion relationship
(also "one-to-one") means full inclusion of data obtained from generators into other.

Conclusion. Using the theory of pattern networks for describing the interaction of special software objects
allows to allocate inter-object communications involved in the formation of queuing system input flow through
the introduction of communication relationships, and further for objects, integrated by dedicated
communications, introduces attributes as the lengths of network data packages.

Thus, the use of pattern networks theory allows formal description of software structure of AEPP
automated control system; such form of presentation makes it possible:

— take into account all possible schemes of interaction of software objects when conducting functional
testing of the system;

— to make changes in the composition of software by introducing or removing generators and organizing
their interaction with existing generators by means of certain communication relationships;

— to take into account behaviour of all software objects that affect the system time of response to actions
of operator or changes in electromagnetic processes in control objects and affect the workload of data exchange
channel with automation tools;

— to formally perform reorganization of software structure, if it is necessary to change the time of system
response.
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PI-CONTROLLER TUNING OPTIMIZATION

Abstract. In the thesis the optimization of PI-controller tuning procedure has been conducted. It based on
the proposed integral type criterion. The variation of criterion parameters has been investigated. The study
covered three benchmark transfer functions. Obtained results showed high quality of controlling with tuned PI-
controller.

Introduction.

Proportional-integral (PI) controllers are used in many fields of industry. Tuning of Pl-controller is a very
important issue, which has great influence on quantity indicators of automated technological processes. There
are hundreds of tuning techniques [1]. Among them optimization-based approaches allows finding the best (in a
sense) values of proportional and integral coefficients of PI-controller.

Problem statement.

One of the main elements in such optimization techniques is the criterion. Another point of the problem is
optimization method. It is used for calculation of optimal values of proportional and integral coefficients of PI-
controller. Successful selection of the criterion and method provide effective tuning of a Pl-controller. Thus, its
further exploitation will be effective.

The main part of the research.

The main purpose of the thesis is to develop the technique of calculation of Pl-controller optimal
parameters, which is based on metaheuristic method.

In order to achieve the stated purpose the following objectives should be accomplished: 1) to justify the
optimization criterion for Pl-controller tuning; 2) to conduct calculation of PI-tuning for a set of benchmark
transfer functions.

One of the criteria which take into account the settling time, cost of error and control, may be presented in
the following form

lprec = ]-tr (‘/e_z)é (\/u_z)vdt’ )

where e — the current error (difference of set point and controlled parameter values); u — control (out-function of
Pl-controller); t —time; T — settling time; 7, ¢ and v — indexes of power of time, error and control.

In order to illustrate the advantages of proposed criterion the numerical experiments have been done. In
the experiments we have used three benchmark transfer functions (they are proposed by K.J. Astron and
T. Hagglund in the work [1]). The limits of the search domains for calculation of optimal values of Pl-controller
coefficients (table 1) have been stated as well.

Table 1. Conditions of the experiments

Search domain Benchmark transfer Values of indexes Number of
I functions T € v | experiment
1 2 2 1
0..10 | 0..10 (s+1)* 2 | 1 12 2
2 2 1 3
1 2 2 4
0..10 | 0..10 (s+1)? 2 | 1 12 5
2 2 1 6
1 2 2 7
0.10 | 0.10 (1-0,1s)(s+1)3 2 1 2 8
2 2 1 9

For solving optimization problems ME-PSO [2] technique was used. The obtained results have been set in
the table 2. The smallest numbers in the table 2 are in bold.

Analysis on the data, that are set in the table 2, shows that adjusting =1, ¢=2 and v=2 leads to high
performance of control (in terms of overshoot). For the second and the third transfer functions found values of
coefficients for proportional and integral terms are almost equal. Although, the values of criterion (1) are
different. Thus, in the frame of the research performance of Pl-controller for cases 7=2, e=1, v=2 and =2, =2,
v=1is similar.

Table 2. Results of optimization of Pl-controller tuning



Number of | Coefficients IPTEC Overshoot, ISE* ISC**
. T, sec

experiment . | value % value value
1 1,36 0,63 1,04 5,30 0,00 0,92 6,50
2 2,05 | 0,95 2,27 4,62 4,90 0,70 7,75
3 4,52 2,55 0,32 3,66 29,3 0,50 15,66
4 0,31 0,22 3,99 9,50 0,00 3,18 6,95
5 0,65 | 0,34 15,57 5,28 2,10 2,19 5,62
6 0,64 | 0,34 6,40 5,33 1,90 2,20 5,63
7 0,59 0,31 3,30 5,79 1,00 2,34 5,73
8 0,64 | 0,33 16,42 5,40 1,80 2,24 5,67
9 0,64 | 0,33 6,74 5,42 1,70 2,24 5,68

-
* Integral of the Square of the Error (I, = Iezdt );
0

.
** Integral of the Square of the Control (1. = J.uzdt )-
0

Conclusion.

In the thesis the optimization of Pl-controller tuning has been carried out. Obtained results show high
efficiency of developed approach which is based on novel integral type criterion and metaheuristic optimization
technique. Quality indicators for three benchmark transfer functions reveal that tuned in such way Pl-controllers
might be exploited quite effectively.

Generalization of the developed approach for other plants (which are described with transfer functions of
higher orders) is the problem for further investigations.
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SOLUTION OF THE PROJECTING PROBLEM
PARAMETERS OF PROTECTIVE EXPLOSIVE DEVICES

The technique that allows to predict (select) the optimal characteristics of the PED is considered, taking
into account the patent information on the improvement elements of the PED and change of the tactical and
technical characteristics of the lesions.

The methodology is based on the analysis of the characteristic parameters of modern of PED and patent
information of PED the formation of a requirement for the optimal characteristics of PED, which will provide
an adequate level of protection of weapons and military equipment.

Combat operations during the Joint Force Operation clearly demonstrated the need for high-security
armored vehicles. In the combat zone in Donetsk and Luhansk regions, protective explosive devices (PED), as
constituents of integrated tank protection, have proved their high efficiency and necessity. Therefore, equipping
Ukrainian armored vehicles with dynamic and active means of defense, which not only are inferior to the
current foreign counterparts in terms of basic military parameters, is extremely necessary.

One of the ways to determine the requirements for the parameters of the prospective samples of the PED is
to use forecasting methods that provide scientifically sound options for the development (dependencies of
change) of characteristics, indicators of the state of the PED in time and space (technical level of the sample
and the level of compliance by purpose (antitrust stability). Solving the problem of forecasting the parameters
of the PED and making a significant problem is the amount and quality of processing the necessary
information. Patent research can be a source of information. During the patent research on forecasting and
optimal parameters describing PED proposed method using morphological analysis.

Based on the above, it is proposed to apply the methodology for the selection of patent documents in the
short-term prognosis of the development of facilities of the PED. The purpose of the technique is to increase the
efficiency of the process of forming tactical and technical requirements for the facilities of the PED based on
the analysis of patent materials. The methodology consists of the following stage:

Stage 1: determination of the criteria for the selection of patents (patent documents belonging to the
leading companies for the development of facilities of the PED on the patent fund; patents that are realized in
industry; prototypes);

Stage 2: selection of patents for basic technological and design schemes in order to find out the general
direction of development of the facilities of the PED;

Stage 3: selection of recent patents of facilities of the PED that have been commercially available;

Stage 4: selection of patents for detailed decisions of facilities of the PED;

Stage 5: quantify patents relating to the development of facilities of the PED;

Stage 6: apply methods for the qualitative transformation of patent information by the value of patented of
facilities of the PED.

PED, which any integrated technical system, has a clear focus on the principles of operation and structure,
the analysis of which allows morphologically to describe its structure and, depending on the method of its
application, to be able to predict the development of its parameters of military purpose.

The scientific task is formulated as follows: on the basis of the analysis of the characteristic parameters of
modern PED and patent information of PED, to formulate requirements for the optimal characteristic
parameters of PED, which will provide an adequate level of armor protection.

The main stages of a methodological approach using the method of morphological analysis in predicting
the development of PED should be considered:

- formulation of the task and definition of the set of PED systems (classification of means by typical
principles of action or design features) necessary to perform the given functions (ensuring the security of
armored vehicles);

- determination of the morphological features of the PED (the essential elements that determine its basic
functions and change in which leads to the creation of a new type of PED);

- development of a morphological model (in the form of collapsed and expanded matrices), where for each
morphological trait all possible alternative variants of their realization are determined,

- determining the criterion for evaluating the effectiveness of different options for the implementation of
the selected characteristic parameters of the PED;

- analysis of modeling results in terms of identifying unnecessary constituents of morphological features
and determining the morphological features (characteristic parameters) of the PED, which are suitable for
finding new options for technical solutions of the PED;



- synthesis of possible combinations of states of the selected characteristic parameters that determine the
structure of realization of the PED, by selecting one element from each row of the morphological matrix and
their combinations;

- identifying and eliminating combinations of characteristic parameters not described in patent documents
and technical literature;

- evaluation of the effectiveness of new combinations of characteristic parameters (to make comparisons)
and the selection of those that it is expedient to develop.

In conclusion. This methodical approach allows to identify: basic functions, possible alternative options for
their implementation, evaluate the effectiveness of different options, to synthesize the possible characteristic
parameters.

Thus, in order to obtain scientifically sound parameters of combat missile defense, it is advisable to use a
method of morphological analysis, which can be used not only to direct the search for new technical solutions
to the PED, but also to predict the direction of further development of the PED for armored vehicles.
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INNOVATIONS IN THE DOUGH MIXING INDUSTRY

Summary: The goal of the research is to look at and analyze new directions in dough mixing industry.
Additionally, the article looks at the work of test machines how they adapt to the new set of requirements.
There is an effort to discuss and identify requirements for mixing processes; develop algorithm for research of
the technological operation of kneading; provide an analysis of the energy impact of test machines and units on
the raw materials and dough in the working chamber. Furthermore, requirements of kneading technologies have
been adapted and specific conditions for operational analysis, control and adjustment of technologies determine
the level of energy costs of the equipment.

Problem statement: one of the goals of the dough mixing equipment is to have a positive effect to obtain
a given level of homogeneity of the final product. Achieving the specific properties of manufactured products
depends on the level of energy costs of the processes used and the technological performance of the equipment.
Further definition of the conditions and boundaries of the energy impact of technology leads to the definition of
their functional capabilities and directions of development [1-5].

Enumeration of solved tasks: The methodology used in this research is based on the application of
modern concepts of materials resistance, plasticity, mathematical modeling of production processes,
hydromechanics and mechanics of complex thermodynamic systems. The material of research is a variety
of components of prescription raw materials, features of the processes of mixing the dough and the period
of dough preparation.

Statement of the essence of research: The research was based on the study of technological
diversity, purpose, unigueness of the physical-mechanical and structural properties of the dough. On this
basis, this type of technology is developing constantly. Analysis of research in the formation of criteria for
dough mixing equipment and units showed that the latter were designed and operated with the complex
indicators as following:

o Ki optimization of the technological process. Adapting theoretical and basic approaches to the
development of this type of food equipment.

o Kz scale of process transition and simulation (similarity theory). It is based on the application of
fundamental laws, principles, methods and criteria of analysis.

o K3 rationality of equipment construction. Research, analysis of the design and operation of test machines
and units.

o K4 continuous process of dough-making. Using a variety of technical, technological and consumer
solutions.

o Ks focus of the interaction of mixed prescription raw materials and dough. Formulating the problem of
this technological operation.

o K update the phase contact surface in working volume. Improving the efficiency of the equipment used.

The justification for optimizing the designs of this type of machines is impossible without a deep
analysis of the specifics. A feature of the energy impact is a wide variation in the interaction of
processes within original components (raw materials) of the process of cooking products. At the level of
experimental implementation of the comprehensive intensification of dough preparation (K) to perform
tasks (n) technology kneading test is the object of research. A methodical approach can be formulated as
follows:

K= Y n. 1)

Attempts to improve the process of kneading and producing bread without fundamentally changing the
essence of the process cannot be considered effective. To address this problem, a comprehensive analysis of
how to reduce the time of preparation of the test and how to improve their quality indicators is needed. The
basis for assessing energy transmission through a measurable organ and other additional energy-transmitting
devices is to reduce energy costs. In general, the control of the energy costs of test machines and units looks
like a comprehensive criterion (K):

= . Ko 2
K= (KK Kg3K 5K K (2)

23 K33 6
Reducing the time of kneading in traditional technologies lead to a deterioration in the quality of the
products produced. Therefore, the alternative is the relationship between energy expenditure and process



indicators in the control, analysis and variation. Selective use of energy in process management makes it
possible to save resources. On the other hand, the identification of technical capabilities and their
shortcomings in dough preparation makes it possible to determine the design features of the structure of
this type of food equipment. The algorithm for researching this type of technique is presented below.

The work of dough mixing machines and units

!

Techniques for researching the theory of dough
The algorithm for implementing the design of kneading technologies

Improving the efficiency of machines and units

!

Adapting the specific requirements of mixing processes

Assessing the energy impact of machines and units is fundamental in dough preparation. Forms the
direction of qualitative implementation of technologies of kneading production of bakery, confectionery and
pasta products. All affect a wide range of energy costs in the process of implementation of the technological
operation.
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Figure 1. Analysis of the formation of energy effects of test machines and aggregates on the recipe raw
materials and dough in the working chamber.

A special role in the work of dough mixing machines and units is determined by the design of the
kneading organ. The purpose of the energy effect is to transfer the energy of translational and planetary rotation
into the energy of kneading and to overcome the negative work in the working chamber. For this purpose, a
number of programs have been adopted that allow the design and adaptation of the kneading organ to the
conditions of kneading:

- mathematical simulation of the parameters of the mix of raw materials and dough;

- application of programs: MARL-8, COSMOS Works 2007, SOLID Works 2007.



a 0
Figure 2. Representation of different types of rotation of the mixing organ (SOLID WORKS 2007):
a - design, maximum voltage, strength factor;
b - deformed form.

Adapting the specific requirements of mixing processes in the conditions of rapid analysis, control and
adjustment of technologies determines the level of energy costs of the equipment. Finding criteria for the
effectiveness of dough preparation is conditioned by the possibility of changing the parameters of the
formation of the dough. At this stage there is a question of compliance with the criteria for the development of
test-making machines and the tasks of production of bakery, confectionery and pasta products.

Conclusion: The theses provide justification for the conditions of implementation of the energy
impact on the various recipe raw materials of bakery, pasta and confectionery production. This approach
makes it possible to program quality performance of manufactured products during the implementation of
dough-making technologies.
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POMAHIOK O.B., KABKA 0.0.
BinHUIBKMIA HaliOHATBHUN TEXHIYHUN yHiBepcuTeT (YKpaiHa)

OCOBJIMBOCTI 3ACTOCYBAHHS METO/Y JIEUTHEPA JISI ®OPMYBAHHS 5
[TPAKTUYHUX HABUYOK PO3B’SI3YBAHHS AJITOPUTMIYHUX 3ATAY B [TPOI' PAMHIN
IHXXEHEPIT

Y pobomi posensdaemvcsa memoo Jletimuepa, npobremamuka 1020 3acCMOCY8AHHA Ol (PopMY6aHHs.
NPAKMUYHUX HABUYOK PO368 SI3YEAHHS ANCOPUMMIYHUX 3A0ay 6 NPOSPAMHIL iHICeHepii ma cnocib eupiuieHHs
npobaemu uepes opmyniosanis Kpumepiie yCniutHoCmi 3ac60108aHOCTII 3HAHL MA HABUYOK.

B 1970-x pokax HiMenpkuil BUeHHH Ta >XypHaiict CeOacTesiH JleifiTHep 3ampomnoHyBaB MeETOH LIS
e(heKTHBHOTO 3amaM’ITOBYBaHHS i IIOBTOPEHHS iH(OpMarIii 3a gormomororo diem-kapTok. MeTtos 6a3yeThest Ha
i71el iHTepBaNBHOTO MOBTOPEeHH: [1] 1 oJsirae y ToMy, 10 KapTKH 3 iH(OpMaIli€ro AinsThes Ha Tpynn. KapTku 3
nepuIoi TPy IEMOHCTPYIOTHCS YYHEBI HailuacTimie, KapTKy 3 IPyroi TPy — TPOXH pijamie, i Tak gani. Ko
Y4eHb MPAaBWJIBHO MaMm’sTae iHpoOpMAIl0 3 KapTK¥, BOHA IMEPEMIIIYETbCsS y HACTYNHY rpymy. SKio
MTOMHJISIETHCS — KApTKa MIEPEMIIIYEThCS Y TIepIry rpyiy [2].

Merton JleiiTHepa mpaltoe A 3amaM’ STOBYBaHHS iH(opMarii, sIKy MOXHA TIOJUIATH Ha (parMeHTH, a
TaK0X OJHO3HAYHO BU3HAYHTH MPABIIBHICTh 3a11aM’ ATOBYBaHHs. CaMe TOMy IIeii METO/I Ta Pi3Hi Horo Bapiarii
HIMPOKO 3aCTOCOBYIOTBCS TP BHBYEHHI CIOBHHMKAa iHO3eMHOI MoBu [3] Tomo. OnHak, ¢opMmyBaHHS
MPAaKTHYHUX HABUYOK — 3HAYHO CKIIAIHIIIUHI MpoIieC, HiXK MeXaHiuHe 3arnaM’iToByBaHHs. [Ipo0iema mossrae y
TOMY, III0 Ha YCIIIIHICTh PO3B’SA3aHHS aJTOPUTMIYHOL 3a/1a4i B 00JacTi MpOrpaMHOi iHKEeHepil BILTUBAIOTH HE
JUIIe TeopeTHdHi 3HaHHA. OKpIM 3HAHHA alNTOPHUTMIB, CTPYKTYp NaHUX Ta OOMEXeHb y IX BHUKOPHCTAHHI,
HEOOXiZTHO MaTH JTOCBiJ PO3POOKH MPOrpaMHOTo KOAY AJIsi BKa3aHUX allTOPUTMIB, pO3YMIHHS THIIOBHX 3aaad i
METO/IB iX pO3B’A3aHHS, a TaKOX 3/JaTHICTh 3BECTH 3aJaHy 3aJady JI0 THUIIOBOIO BUTJsIMy. s mpuxianmy,
PO3IIISTHEMO HACTYIIHY 3a/1a4y.

«/lano N mict i M nopir. Koxkaa nopora 1BOoCTOpOHHS i 3’€HY€ piBHO ABa MicTa. CKUTbKH HOBUX AOPIT
noTpiOHO MOOYyBaTH, MO0 iCHYBAB IUIAX MK OY/Ih-SIKOO Maporo MIicT?» [4].

s po3B’si3aHHS 3a7adi HEOOXiJHO TOMITHUTH, IO BOHA JIETKO 3BOAMTHCS 1O THIIOBOI 3ajaayi —
MiIpaXyHKY KiJTBKOCTI KOMIOHEHT 3B’S3HOCTI. 3[aTHICTh POOUTH 1€ 3alIeXKHTh BiJ JOCBIIy pPO3B’SI3yBaHHS
TUMOBHX 3as1ad. [Ticis mporo MoXHa MiipaxyBaTh KUIBKICTh KOMIIOHEHT 3B’S3HOCTI 32 JOIIOMOTOIO TOIIYKY B
MUPUHY, TIOMIYKYy B DIMOMHY YH IHIIOTO anroputMmy obxomy Tpada [5]. Leit eran mortpebye 3HaHHS
BIJIMTOBIIHAX QJITOPUTMIB Ta BMIHHS IX IMITJIEMEHTYBATH.

OxpiM KOPEKTHOCTi poOOTH PO3pOOJIEHOTO MPOTPaMHOI0 3aco0y, 3MaTHOTO PO3B’SI3aTH IMOCTaBJICHY
3ajady, ICHye HE MEHII BKIMBUH TMOKAa3HWK, a caMe PEecypcH, SIKHX MoTpedye mporpama Jajisl po3B’s3aHHS
3amadi. SIKmo po3polieHnit 101aTOK PO3B’sI3ye 3a1ady, ajie HoTpedye Al IIbOTo Ha TOPSA0K OlIbIe Yacy 4u
OTIepaTHBHOI MaM siTi, HIX 1€ HEOOXITHO TPU ONTUMAIFHOMY BHOOpI allrOPUTMY, 33Ja4a HE MOXKE BBAXKATHUCH
PO3B’S13aHOI0 MPABMIIBHO.

CyTTeBOIO MPOOIEMOI0 € HEPIBHOZHAYHICTD (PIEmI-KapToK i anropuTMivHuX 3aaad. [Ipu TpagumiiHOMy
3acTtocyBaHHi MeTtoxy JleliTHepa KoHKpeTHa ¢uieni-kapTka 1 € iHdopmarieto, sKy HOTpiOHO 3acBoiTH. Y
NOTOYHOMY X BHIAAKY, KOHKpETHa JITOPUTMiYHA 3ajadya — I Juile NposB iHdopmalii, Ky HOTpiOHO
3acBoiTH. Pa3om 3 TuM, 3a1a4i HEOTHOPIJIHI 32 CBOEIO CKIIIHICTIO, IO TAKOXK MOTPIOHO BPaXOBYBAaTH.

Takum uuHOM, JUTS 3acTOCyBaHHsI MeToja JleliTHepa y KOHTEKCTI (JOpMyBaHHsSI HaBUYOK 3 PO3B’sI3aHHS
AITOPUTMIYHUX 3aJ1a4u y MPOTpaMHil iHKeHepii, HeoOXiJHO BHECTH JIBa KOPEKTHBH. [1epIinii KOpeKTHB — 3MiHa
MeXxaHi3My BHOOpY 3aBAaHHS. Y KIacHYHOMY (OPMYIIOBAaHHI, YYHEBI MPOMOHYIOTHCS OAHI 1 Ti K KapTKU. Y
NOTOYHOMY BHIAJKy, YYHEBI MPOIOHYBAaTUMYTHCS JIMIIE 3aadyi, SKi BiH e HE PO3B’S3aB — 3i 3POCTaHHIM
ckiagHocTi. JIpyruil KOpekTHB — 1ie (QOPMYIIOBAaHHS KOMIUIEKCHUX KpUTEPIiB YCHIIIHOCTI, MO OymyTh
3aCTOCOBYBATHCH TIPH OIIHIII PO3B’SI3KY 3aj1a4i. 3apornoOHOBaHO HACTYITHI KPUTEPil YCIIITHOCTI:

1 KopeKTHICTh PO3B’SI3Ky — 3JaTHICTH PO3POOJICHOTO AOAATKY JATH MPaBHJIBHY BiANOBiAb NpU Oyab-
SIKUX KOPEKTHUX BX1THUX JaHUX. Lle — OCHOBHUIA KpUTEPill yCHIIIHOCTI PO3B’SA3KY.

2. CnoxuBaHHS CHCTEMHHX PECypCiB — IMpOLECOPHHN dYac Ta IHII pEcypcHd CHCTeMH, Y SIKid
BUKOHYETHCS PO3POOJICHHHA IOMATOK. 3aJ€KHO Bi BXIJHUX IaHWX, BUMOTH 0 CHCTEMHHX pPECypCiB
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MOXYTh BiAPI3HATHCEH [6], TOMY HpH OLIHLI OOYHMCITIOBAaIBHOI CKIAAHOCTI alropuTMiB [7] B 3aranbHOMY
BUIAAKY OEpeTbCs HaWTipIIMi MOXKIMBUN BUIAIOK — MAKCUMAaJIbHUH TOKAa3HHMK BHKOPHUCTAHHS PECypcCy.
Leit xpuTepiit Moxke OyTH MOAIEHUI HA T AITYHKTH:

a)MakcuManbHUI TPOLECOPHUIA Yac, HEOOXITHUM [Tl PO3B’ sI3aHHS 3a1a4i.

0)MaxkcuManbHe OJHOYACHE CIIOKMBAaHHSI OTIEPATUBHOI 1TaM ’SITi.

3 Yac, HeoOXimHuil i1 BHUBUEHHA NpoOIEMH, MNPOSKTYBAHHS PIllIEHHS, TNPOEKTYBaHHS Ta
BIJUTATO/DKEHHS TPOTPAMHOTO pIlIeHHS. 3MaTHICTh MIBUIKO TOMITHTH Ta IMIDIEMEHTYBaTH IPaBHIIbHE
pIIIEHHS € 03HAKOIO BIIEBHEHOT'O BOJIOAIHHS HAaBUIKaMHU PO3B’ I3aHHS aITOPUTMIYHHX 3a/1a4.

[Nepmmii KpuTepiii — KOPEKTHICTh PO3B’A3KY — 1€ OCHOBHHUI KpHUTEpiid, Ha SIKOMY 0a3ye€TbCs METOJ
JleiiTHepa y #oro TpaguuiiHoMy (hopMynroBaHHI. BiH rapanTyeTbcs HasIBHICTIO BHUEPITHOTO HAOOPY TECTIB.

Hpyruii xputepiii — CIIOKUBAHHS CUCTEMHHX PECYPCIB — HE € TaKUM OJHO3HAYHUM, SIK KOPEKTHICTh
po3B’s3ky. Lle — BimHOCHUIT KpuTepiid. ONTHMAaNbHICTh BUKOPHUCTAaHHS PECYpPCiB CHCTEMH MOKHA BU3HAYUTH
JIUIIIE CIIMPAIOYHCh Ha TOTEPEIHIO0 CTaTUCTHKY PO3B’SA3KiB 3amadi. Y Mepexi [HTepHeT JocTymHI AecATKA
OC3KOIITOBHUX OHJIANH-CEPBICIB, 1[0 MICTATh apXiBU AJITOPUTMIUHUX 3a/1ady, a TAKOXK CUCTEMY TECTYBaHHS
nporpaMuux pimeHs — Hanpukinaa, Codeforces [8], Timus Online Judge [9], E-Olymp [10]. Bukopucranus
MONIOHMX MACOBHX CEPBICIB JIa€ IOCTYI A0 CTATHCTUKU PO3B’SA3KiB aITOPUTMITHUX 33/1a4, 10 Y CBOIO YepTy
Ja€ 3MOTy BHW3HAYaTH ONTHMABHICTh BHKOPHCTAHHS PECYPCiB CHCTEMH BiTHOCHO PO3B’S3KiB IHIINX
MIPOTPaMICTiB.

OTxe, BU3HAYCHHSI KPHUTEPIiB YCIINIHOCTI Ta BHKOPUCTAHHS BIOCKOHAIECHOTO AlTOPUTMY BUOODY
3aBJaHHs 3pOOUTH MOXJIMBHUM 3acTOCyBaHHS Merony JleiitHepa misi GopMyBaHHS HMpPaKTHYHUX HABHYOK
PO3B’SI3yBaHHS aITOPUTMIYHUX 33/1a4 B POTPaMHIN 1HXKEHeDii.
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PO3POBKA TA JOCJIJDKEHHS MOJIEJIEN ®OPMYBAHHS PEKOMEH/IALIM JUIS
MIJIBUIIEHHS EOEKTUBHOCTI OBCJIYTOBYBAHHSI KJIIEHTIB V 3AKJIAIAX XAPYYBAHHS.

Ilpogedeno awmaniz npeomemunoi obracmi 00CNY208Y8aHHA KIIEHMIE V 3aK1A0AX XAPYYBAHHA,
NPOAHANI308AHO NIOX00U 00 ABMOMAMU3Z08AHO20 (POPMYEAHHS PEKOMEHOAYI, 0OTPYHMOBAHO OOYITbHICMb
PO3POOKU IHMENEKMYANbHOI cucmemu 00CIY208Y8aHHs 8i06i0Y68aUI8 Y 3aKIANAX XAPUYEAHHSI.

B cywyacHHX ymMoOBax 3aCTOCYyBaHHsS HOBUX aJbTEPHATHBHUX IIIXOAIB 10 (OPMYBaHHS 1 MPUAHATTS
BUCOKOSIKICHHX pillleHb B PI3HUX c)epax CyCIUIBHOTO KHUTTS HEMHUCIHME 0e3 BUKOPUCTAaHHS €IeKTPOHHHX
iHdopmartifinux cucreM. [IpudanHaMu MOBCIOIHOTO BIPOBAIKEHHS 1HPOPMAITIMHAX TEXHOJIOTIH € 3pocTaroda
pONb MX TEXHOJIOTIH TPAKTUYHO B KOXKHIA Taly3i MisTTBHOCTI CYCHUIBCTBA Ta 3pOCTA0¥a Milb ITUX
TEXHOJIOT1H. 3acTOCyBaHHS Cy4YaCHMX IiJXOMIB HA OCHOBI 1H(QOPMAIIMHUX TEXHOJIOTIH HAJla€ MOMKIJIMBICThH
BUKOPUCTOBYBAaTH OOYHMCIIOBAIbHI IMOTY)KHOCTI KOMIT'IOTEpiB JUIsi BHUKOHAHHS PO3PaxyHKiB, 00poOKwH,
aHaITi3y 1 IPOTHO3YBAHHS JAHUX B PEKUMI PEaNbHOTO Yacy, IS AOMOMOTH y PUHHSTTI pimeHs. [Ipu oMy
BiJOYyBa€THCS aBTOMATH3AIlisS HE CTUIBKH PYYHOT Mpalli, CKUTbKY 1HTENEKTyalbHO1, O1NIbIIIE TOTO, B PsIIi 3a/1a4
BOHH BUSIBIITIOTBCS €(DEKTUBHIIITUMH,

BrpoBamkeHHST TeXHOJNOTI] IITYYHOTO iHTENEKTY B Taly3b OOCIYTOBYBaHHS KIIE€HTIB y 3aKiagax
Xap4yyBaHHS € aKTyallbHOI 3aj[auel0 y Hall 4yac. PexoMeHparliiiHi cHCTeMH — TpOrpaMHi 3aco0H, sKi
OyAyIOTh PEUTUHIOBUH Tepelik 00'eKTiB (PiIbMU, My3HUKa, KHUTH, HOBUHM, BEO-CATH), IKUM KOPHUCTYBad
MOJKe Ha/IaTu TiepeBary. /[ mboro BUKOPUCTOBYETHCS iH(pOpMAITis 3 TIPOQiLITI0 KOPHCTyBaJa.

B pexoMeHpaniiHUX cHCTEMaxX BUKOPHCTOBYETHCS SBHUII 1 HesiBHUI 30ip manux. [lpu sBHOMY 3060pi
JaHUX BiJI KOPHCTYBada BHMAra€ThCs 3allOBHUTH AHKETH JIJIsI BUSBICHHS BIOAOOaHb KOpUCTYBaua, MpHU
HEsIBHOMY 300pi /Ui BUSIBICHHS BIOJOOaHb KopHcTyBada i (OPMyBaHHS PEHUTHHTY BHKOHYETBHCS
ABTOMAaTHUYHE 3aIlaM’ ITOBYBaHHS HOTO JIii.

PekoMenpanifiHi MeXaHI3MHU COPTYIOTh BEJIHMKI 00’€MH JaHHUX JUIS BHUSBJICHHS IOTCHIIHHUX

BII0JJ00aHb KOPUCTYBaUiB. [CHYIOTh YOTHPH OCHOBHUX THUITH PEKOMEHIAIITHAX CUCTEM:

- OCHOBaHI Ha KOHTeHTi (content-based);

- KoJabopaTUBHI;

- ocHOBaHi Ha 3HaHHsX (knowledge-based);
- TiOpUIHI.

HaitonrrumanpHimuM BapianToM (GopMyBaHHS pEKOMEHIAIIHN IS CHCTEMHU OOCITyTOBYBaHHS KITI€HTIB B
MepexXi 3aKiajiB XapuyBaHHs € 3acTOCYBaHHS MiAXOoAy KosabopaTuBHOI ¢inbTpanii. KoxaboparneHa
¢inpTpallis BpaxoBye 0COOKMCTI BIIOA0OAHB KITIEHTA, TIOPIBHIOE iX 3 1HIIMMHU KIIIEHTAMH, 3HAXOJUTH MOII0HI
CMaKH, 1 Ha OCHOBI 11boro (opmye pexomenaauii. Ocodnusictio ICO € BpoBajKeHHS 11 Y Mepexi pi3HUX
3aKJIa/liB Xap4yyBaHHs, 110 JO3BOJUTH BPaXxOBYBaTH HAaBiTh CTATUCTHYHI JaHI, HAaPUKJAl, SKIIO CTPaBH
3aKiiajay, B SIKOMY IOTaHO TOTYIOTh, OyIyTh BH3HAYaTHCh KOPHUCTYBadyaMH, BIJIMOBITHO BOHH HE OyAyTh
pexkoMeHmyBaTHCh KiieHTy. [lopiBHAHO 3 IHIIMMH MiIXOAaMH 10 HAJAHHS pPEeKOMEHAamii MmiaxXim 3
3aCTOCYBaHHS KOJIa0OpPaTUBHOI (ibTparlii He BUMarae y4JacTi eKCIIepTiB, Ta i peari3allisi caMoro alropuTmy
HaJIaHHS PEKOMEH/IALlii MPOCTIllIa, 110 MPU3BOINTH JI0 3HIKEHHS IiHM peaizallii Ta Binposaxenns [CO.

OcHOBHa iies alrOpuUTMIB KoslabopaTwBHOI (ijbTpallii moyisirae B HaJaHHI TPOMO3MII HOBUX
€JIEMEHTIB Ul KOHKPETHOTO KOpHCTyBaya Ha OCHOBI HOMNEpPEAHIX BIOA0OaHb KOPUCTyBaya 4d BIOJOOAaHb
THIIINX CXOXXKUX Ha JIAHOTO KOPUCTYBauiB. ICHYe WU psii anroputMmiB KoiabopaTHBHOT (iibTparii, sKi
MOXHA PO3TITUTH Ha TPH KaTETOPii:

- Memory-based, meTonu, OCHOBaHiI Ha aHaJli31 ICHYIOUMX OLIIHOK KOPHUCTYBaya,
- Metoau, OCHOBaHI Ha aHaJTi3i MOJIeITi TaHUX, - MojenbHI Metoau (Model-based);
- Metoyu, ocHOBaHi Ha 00’ €IHaHHI TIOTIEPE/THIX ANTOPUTMIB, - TIOPUIHI METOTH.

Jns ¢dopMmyBaHHA peKOMeHJalii Npu OOCIYroBYBaHHI KIII€HTIB B 3aKJaJax XapuyBaHHS, OOpaHO
anroput™ RNSA. Ockinbky BiH Ma€ OYEBHHI IlepeBard HaJl iHIIMMH anroputMaMi. [1o KinbKoOCTi BXigHHX
JaHWX — y BHIAAKy HEBENMKOI KITBKOCTI BXigHMX maHmx amroputmu Item/Item, User/User, SVD++
MOBEPTAIOTh BiJI’€MHI 3HAYEHHs, MpU BUKOpUcTaHHI anroputMy RNSA HaBiTh Hpu BHKOpPHCTaHHI Mayol
KUTBKOCT] BXIIHUX JaHHMX JJIS1 HABYaHHsS BUXOJSATH 3a0BiIbHI pe3ynbTaT. 1lo yacy BUkoHaHHS podoTH — 3
ycix po3risiHyTHX anroputMiB RNSA € HalmBuammM, npu 4yoMy JaHUN aarOpUTM PO3PaXxOBYETHCS IS
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KOXKHOT'O KOpPHCTyBaua, Ha BigMmiHy Bix SVD++, skuii 1Be pe3ysbTar opa3y 10 BCIM KOPUCTyBauaM. Takox
noxuOka anroputMy RNSA e HaiiMeHIII050, TOPIBHSHO 3 IHITUMH aIrOpUTMaMH KOJ1abopaTUBHOI (iabTparlrii.
Posrnsiremo nmetanmpHo anroputM  RNSA. 3a  pmomomoroto anroputMmy Kiactepuzamii - K-cepemnix
cTBOproeThcst K kacTepiB, KOXeH 3 SKUX CKIAJIAEThCS 3 KIIEHTIB, 1[0 MAarOTh aHAJOTIYHI MEpeBaru Mik
co60r0. CriouaTKy BHOMPAETHCS OJMH TOBIIBHUI KITI€HT, @ B SIKOCTI MOYATKOBOT TOYKH IIEHTPY KiacTepa — K.
Tonmi KOXXKHOMY KITI€HTY TPHUCBOIOETHCS KIACTep TAaKUM YHHOM, MIO BiJICTAaHP MDK KII€EHTOM 1 I[EHTPOM
Kknactepa € MakcuMaibHuM. KoedinieHT kopesnsuii [lipcoHa MoyKHa BUKOPUCTOBYBATH B SIKOCTI BiICTaHi:

Ziel(ra,i - r_a)(ru,i - Fu)
Wua = 2 2
\/Ziel(ra,i - 7:a) \/Ziel(ru,i - Fu)

I€ Wy, o — Mipa CXOXkOCTI KOPHUCTyBayiB a 1 U, | — MHOXHMHA 00’€KTiB, AKi OLIHEHI K KOPUCTYBadeM a, TaK 1
KOpHUCTyBa4eM U; 7y, ;, Ty ; — OLIHKA 00 €KTIB 1 KOPUCTyBayamMu U i @ BIANOBIIHO; Ty, T, — CEPEIHS OLIHKA
KOPHCTYBadiB & i U BiMOBITHO.

[Ticns 3aBeplueHHs KiacTepu3alii BHOMpPAETbCA KJIACTEP C HAMBHIIMM 3HAYCHHSAM KoedilieHTta
koperstnii [lipcona Bif HOTo LEHTPY [0 TECTOBOTO KiieHTY. [IporHO3 mpopaxoByeThesl It BCiX KIIIEHTIB B
obpanomy kmactepi. Ha pucynky 1.1 300paxeno amroputm pobotr RNSA. IlocmimoBHIiCTh eramiB
anroputMy RNSA:

Bxin: TecT-kimi€eHT t, BXiagHUNA HaOip maHux S.

Buxin: Cycigm.

1. CrBoputu K ximactepiB 3 S MeToom kiactepusaitii K-cepenHix.

2. 3Haiitu xpamuit knacrep C i t.

3. Honatu t B kpamuii kiactep C i po3risigaT HOTro SK V.

4. lomaTtv v B CITUCOK CYCIiJiB.

5. SIKI1I0 YMCII0 CYCiIiB JOCUTh, IOBEPTAEMO CITUCOK CcycCimiB. [HakIie, BUuTsAraeMo v 3 C, 00X0JMMO BEPIIUHU
(xmieHTiB) TonryKoM B mmmpuHy. CXOXKICTh KIIi€HTa mepeBipseThes 3a kputepiem [lipcona, sikio BoHa abo
BHUIIE, HK HIDKHS MOPOTOBE 3Ha4eHHs Oh, abo HIwK4Ye, HiX BepxHiil mopir dl, To v = kiienr. [leperitn 1o
Kpoky 4. Ha kporii 5 anropuT™ 3aBeplilye CBOIO POOOTY, SKIIO YHCIO 3HAWIACHUX KJIIEHTIB MPH TOIIYKY B
HIMPHHY, OlbIIE SKOroch (PIKCOBAHOTO 3HAauYeHHA. L(s BesmumHa Moke OyTH BU3HAYCHA HIISXOM Pi3HHX
excriepuMeHTiB. KITieHT t B CITUCOK CyCiiB, IO IOBEPTAETHCS, HE BXOIUTh. DopMyIa po3paxyHKy MPOTHO3Y:

Zk(Wak (Tk,i - A(m)))

Zk|Wa,k|
He P, ; — IpOPOKYBaHHS OLIHKK; W, j — Mipa OIM3bKOCTI Mixk KopucTyBadamH a i K;

)

Po; = A(m) +

A(m), A(m) — cepeqHs OITiHKa KOPUCTYBadiB a i K BimoOBiAHO.

Brinenns iHgopMalliiHUX TEXHOJOIiH JO3BOJWTh HE JIUIIE BUPIIIMTA OCHOBHI MpoOJeMH B
00CITyroByBaHHI KJIIE€HTIB, a ¥ MPU3BE/IC 0 MiABHIICHHS e(PEKTUBHOCTI 00CIyroByBaHHs. PexomeHnnaiiiui
CUCTEMH BUAUIAIOTHECS THYUYKICTIO y TMPHUHATTI PIlIEHb MOPIBHSHO 3 iHIIMMH TEXHOJOTISIMH IITYYHOTO
iHTenekry. DopMyBaHHS pEKOMEHMAIN 100 3aMOBIICHHS, HA OCHOBI MOBEIiHKM KOpHCTyBada Ta HOTO
0COOMCTHX BIMOJO0aHb, HAJACTh MOXKIHUBICTD SKICHO OOCIYyroBYBaTH BiJBilyBada, Kpalie 3aJ0BOJIbHSTH
Horo moTpedwu, mpu3Bee A0 3MEHIIIEHHS 9acy 00CIyroByBaHHS Ta 301IbIIEHHS MOTOKY KITI€HTIB.
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Puc. 1.1 — Anroputm pobotu RNSA
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IHTEJIEKTYAJIbHA CUCTEMA KEPYBAHHA [TPOHECOM
CYHIIHHA CYTIEPOOCDPATHOI'O JOBPHBA

Hagedeno ocnoeni emanu cunmesy Helpopezyiamopa 3 GUKOPUCHAHHAM emMAaloHHOI Mooeni 0
npoyecy Kepyeanus CYyWinHaAM cynepgocgamy 6 po3snumiosanvhit cyuapyi. lanui pe2yisamop peanizo8ano 8
cepedosuwyi Simulink cucmemu MatLAB, suxopucmosyrouu 606yooganuii nakem Neural Network Toolbox.
Bukonano niobip napamempie 6Onoxy  Model Reference Controller neiipopecynsmopa ma Ha84aHHA
HEUPOHHOI Mepedici O0isi MOOeN08anHss pobomu cucmemu 3 OUHAMIYHUM 00’ €KMOM 34 KOHMYPOM
cmabinizayii memnepamypu.

IMocTranoBka mpodiaemu. Y mpoieci po3poOKH CUCTEM KepyBaHHA UIS MiATPUMAaHHA 3a1aHOTO PiBHS
3HaYeHb TEXHOJIOTIYHHX IapaMeTpiB MpoIlecy, HEOOXiTHO BpaxoByBaTH OaraTo ()akTOpiB Ta 30YPIOIOUMX
BILTHBIB, SIKi CTBOPIOIOTH HEJIHIMHICTB, IO YCKIAIHIOE PO3PAXYHOK MOJIENI 00 €KTy KepyBaHHS Ta CHHTE3
perynsitopa. B Ham wac, ans gaHux mpoOiieM, MIMPOKO 3aCTOCOBYETHCS poOAcTHE KepyBaHHS, SIKE IS
3aJ]aHOTO Jiama3oHy JOMYCTUMHUX 3MiH MapaMeTpiB Npolecy 3ade3neduye HeoOXiqHy CTiHKiCTh, Ta aJalTHBHE
KEPYBaHHs, B OCHOBI SIKOTO JIEXHUTb aJTOPUTM IEPEHANAINTYBAaHHS PEryjsiTopa 3a JOMOMOTOK OLIHKH
3HA4YeHb IMapaMeTpiB 00’ ekTa kepyBaHH:([ 1].

Y BUPOOHUIITBI MiHEpaITbHUX NOOPUB TEXHOJOTTUYHHN MpoLec CynmIiHHA cynepdocdary mae pakTopu 3
HETIHIHHAMHA BIACTHBOCTAMH. SIKIIO Taki HEBU3HAYEHOCTI MapaMeTPiB MOCTYIIOBO HE 3HIKYETHCS B PEXKAMI
KepyBaHHS MPOIECOM 32 JIOTIOMOTOO BiIMOBIAHOTO MeXaHI3My afanTailii abo OI[iHKK 3HA4YeHb HMapaMeTpiB,
11 MOX€ TIPUBECTH 10 HETOYHOCTI a00 HEeCTaOLIbHOCTI CHCTEM KepyBaHHs [2].

3acToCyBaHHS 1HTEJIEKTYaJbHOI CUCTEMH KEPYBAHHS 3 BUKOPUCTAHHSAM HEHPOPEryJsiTopa JO3BOJISE B
MEeBHIH Mipi BHUpIMMTH TPOOJIEMH TIOB’s3aHiI 13 aHAI30M BIIACTUBOCTEH OO0’€KTa KepyBaHHS —
PO3MIIIOBANILHOI  Ccymapku cynepdocdaTHoro jpo0OpuBa, Ta OTPUMAHHIM ii MaTEMAaTUYHOI MOJEINI.
HanamroBani 6araTomapoBi HEHpOHHI Meperi MaroTh JICsKi IIepeBart, sIKi 00yMOBIIIOIOTh 1X 3aCTOCYBaHHSI
MpH BUpIMIEHHI 3a/1a4 KepyBaHHS, a caMe Te, M0 3afaHi KpUTepil SKOCTI Ta JOCATHEHHS HEOOXiTHHX
BJIACTMBOCTEHM BEJICHHS IIPOIECY, OUIBIION MIpOI 3ajeXaTh BiJi 0a30BMX BJIACTHBOCTCH HEIIHIHHMX
OaraTolapoBMX HEHPOHHHMX MEPEX, a HE BiJ PO3paxOBaHUX aHAIITUYHMM METOJOM ONTUMAJIbHHX 3aKOHIB
kepyBanHs [1].

BukiaaneHHs cyTi mociimkeHHs, OTPUMAaHUX pe3yabTaTtiB. [ peamizamii mocrasieHoi 3amadi
3allpONIOHOBAaHO AITOPHTM 3 KOHTPOJIEPOM Ha OCHOBI HEHPOHHOI Mepexi, Ui [BOTO B TMOJATBIINX
nocmimpkenasx Bukopuctano 6ok Model Reference Controller i3 6i6miorekn Neural Network Toolbox
cepenoBuia Simulink cTpykTypHa cxema sSKoro 300paxkeHa Ha puc. 1.

1 Reference

We(p) ————P1

4 (} u uhat
NN Controller Terminator
P u yhat

Control Signal

—Py yhat1
NN Plant \—b —]

Terminator1
( 2 )Plant Qutput

Puc. 1. CrpykrypHa cxema 611oky Model Reference Controller B cepenopumti Simulink

Jlana CTpyKTypHa cXeMa BHMKOPHCTOBYEThCS B OKpeMil BKJIaali, SKIIO0 y MeH Oioky Model
Reference Controller o6paru myukt Look Under Mask [1].
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s mobynoBu HelipoMeperkeBOi CUCTEMH HaBEIEHHS 1 cTadimizamii oMHUM 3 HaHOUIII eEeKTHUBHUX
MeToiB € BUKopucTaHHsa perynsropa NN Predictive Controller, sikuii po3paxoBye MOCNb HEIIHIHHOIO
00'€eKTy KepyBaHHs y BUIJISIII 3alaHOI HEHPOHHOI MepeXi 3 MOAANbLIMM IepeaOayeHHSIM HACTYIHUX
napameTpiB Ta PO3PaxyHKOM KEpYBaJbHOTO BIUIUBY SKHi, B 3aJaHOMY YacCOBOMY iHTEpBalli, ONTHMi3ye
OUHAMIdHI XapakTepucTukd o6'ekta [1]. OmHak, 3a3HAa4eHWN PETYIATOP BHUMAara€ JOCHTHh BEIUKHAX
00YNCITIOBATLHIX BUTPAT 1 € CKIIATHUM JUTSI IIPAKTHIHOT peajizaiii.

CucteMn KepyBaHHS 3 €TaJOHHOIO MOZEJUII0 MOXKYTh OyTH MOALUICHI Ha ABI KaTeropii: mpsMi Ta
HempsMi cucTeMH KepyBaHHs. Ha BXim Oyab SKOi 3 IMX CHUCTEM MOJAETHCS 3aJal0UYMi CUTHAI, SKUH
MOJIAETHCSI OJTHOYACHO SIK HA PETYIATOP, TaK i €TAJIOHHY MOJETbh PO3MIUIIOBAILHOI CYIIApKH, M0 MOKa3ye
OakaHy MOJIeNTb IOBEAIHKH 00’€kTa. B 11boMy BapiaHTi HEHpOKepyBaHHS MPOXOAUTH 32 METOZAOM 3BOPOTHOL
nepenayl MOXWMOKHM dYepe3 MpsAMHUK KaHal HeWpoemynsaTopa, KA BOyIOBaHO B CXEeMy 3 €TaJOHHOIO
MOJIEIIITIO.

Bukopucranns 6noky Model Reference Controller — € Ginbln mpocTuM pillieHHsIM, aJKe 0COOIUBICTh
JaHoT CUCTEMH KepyBaHHS € Te, 10 AOLUILHO HalallTOBYBAaTH Ta HAaBYAaTH JABI HeilpoHHi mepexi [4]. B
apxiTeKTypi IIbOro OJIOKY Taki HEMpPOHHI Mepexi MpeACTaBIeHHI SIK Mepexa IUIsl KOHTpojepa Ta MOAETi
00’€KTa KepyBaHHs, 5K [TIOKa3aHO Ha pHUC. 2.

Maodel Reference Controller

Reference @i
Neural Clock1

Step1 Metwark

4

Yy

Controller |Signal
Plant
> Output 5o X(2Y)
Flant Graph1
Constant1
| data out
To Workspace1

Puc. 2. CtpykTypHa MOZENs KEPYBaHHS 3 BUKOPUCTAHHAM HEHPOMEpPEKEBOTO PEryIsTOpa

Onwucanunii OJIOK IeHepye CUTHAJI KEPyBaHHA Ha OCHOBI €TJIOHHOI MOJENi CYIIapKH Ta Ma€ TpH
OCHOBHI mo3uIlii HeoOXiaHMX HajamTyBanb: y Network Architecture BusHaueHo CTpyKTypy Heiipomepexi,
sika Mae 13 mpuxoBaHux mapie, 2 Bxoau Ta 1 Buxim; B nmo3uiii Training Data 3a1aHo BUTJIS TPEHYBAJIBHOT
Mozeni Ta chopMoBaHO BHOIpPKY jaHuX; B Training Parameters — mapameTpu Oe3nocepenHbO HaBYAHHS
Mepexi. OTpuMaHa HelipoHHA Mepea, HaBueHa KepyBaTH 00'€KTOM Tak, 00 BOHA BiJICTEKYBaJIa MOBEIIHKY
eTajioHHoI Moei. [3]

Criouatky OyJ0 BUKOHAHO MOOYJOBY MOZENI PO3NMIIIOBAIBHOI CyIIapKU AaKTHUBI3aLI€IO MiANPOrpamMu
Plant Identification. Y BimkpuTOMy BiKHI 3aJaf0ThCSI TTAPAMETPH Ta BUKOHYETHCS MOOYI0Ba HeMpoMepexki
JUIsL OTpUMaHHs Habopy JaHux Mojeni o0'ekTy kepyBaHHs. [laHa mporenypa Mae mepeayBaTH PO3paxyHKY
HEHpoMepexi peryistopa, OCKUIBKM caMme JaHa MOJellb BUKOPUCTOBYETHCS TMPU  HAJIANITYBaHHS
Helipoperyisitopa. [licnst 3aBepiieHHsl naHoro eramy oOpano mpouenypy Generate Training Data [1].
OOpana mianporpaMa BUKOHY€E I'eHEpallil0 HaBYaIbHOT MOCIIOBHOCTI 3 33JJaHUM 1HTepBajIoM ineHTHdiKalii
IUISXOM I10/1a4l BUIAJKOBUX CHTHAIIB Ha 3a/JlaHy MOJCNIb KEpOBAHOIro 00’€KTy. 3aJ0BUIbHUN pe3yjIbTar
HaBYaHHS HeWpoMepeki B 3HAYHIA Mipi 3aJIeKUTh KUIBKOCTI JaHWX B HaBYaJIbHIM BHOIpLi Ta Bix BUOOpPY
KPOKY IUCKPETHOCTI SIKMM BH3HAaya€ iHTEpBaJl MDK JABOMa MOCHIJOBHUMH MOMEHTAMH 3YUTYBAaHHS LHX
nanux. B peanizoBaniit 3aqaui gana Bubipka ckiana N = 40000 exementis mpu t = 0,1 c. Skio 30inbIIyBaTH
gac { TO 3HAYHO 30UIBIIY€ETHCS MOXWOKA HABYAHHSA 1 LI€ MPHU3BOAMTH IO 3HIKEHHS TOYHOCTI OOYHMCIICHHS.
Ane npu oOpaHHI OCHUTH BEJMKOTO iHTEepBaly t , yac TpeHyBaHHS MepeXi 3HAYHO 3POCTaE, IO € HE
ONITUMAJIBbHUM.

HacTynHuMm eTaroM BUKOHYETHCS TIPOIEC HABYAHHS HeWpoMepexi perynsropa. SIKIo TOYHICTH
CIIOCTEPEKEHHS 32 E€TAJIOHHOI MOJECIUII0 € HE3aJ0BUIBHOI0, TO OAHUM i3 crocobiB Oyae MpPOMOBXKUTH
HaBYaHHS PEryJsTopa 3a JOINOMOTOI0 IMONePeHhO OTPHUMAaHOi BHOIPKH JAHHUX JJIS I[LOTO CJiJl HATHCHYTH
kHomKy Train Controller. Slkmo anst mepeHaBYaHHsT HEOOXiTHO BUKOPHCTOBYBAaTH HOBY BHOIpKY JaHUX, TO
CITiJI 32aHOBO TPOBECTH iCHTHU(IKAIIIO Ta OTPUMATH HOBY MOJIENb 00’ €KTa KepyBaHHs [1].
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KinpkicTe 1UKIIIB HaBYaHHS HEHUpoperyssaTopa ckiaja N = 16, mchs 3aBepIieHHS SKUX 3HAYCHHS
MOMUJIKHM HaBYAHHSI CKJIaJI0 MEHIIIE 33J]aHOT0 PiBHS y TTapaMeTpax HaBYaHHSI.

B pesynbraTi BHUIIEHABEACHWX JIOCTIDKEHL OYJI0 OTPUMAHO CHCTEMY ISl HEHpOMEpe eBOro
KepyBaHHs, sSiKa 3a0e3Meuye MepexiJHuiA PoIieC CYIIiHHS cynepdocdaTy TakuH, sk 300pakeHo Ha puc. 3.

~
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o [ — Mogaens _

0 1 1 1 ! 1 ] 1 i 1
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Puc. 3. Pe3ynbTat CHHTE3Y HEfpoMepekeBOro perynstopa B cepenosumt Simulink

BucHoBku. BukopucTaHHs HEHpOHHHX Mepex y cepepoBuili Simulink mo3Bosnniio He TiNBKH
MIPOTHO3YBAaTH CTAaH TEXHOJIOTIYHOTO 00 €KTY KEpyBaHHS — PO3NMJIIOBAJIbHA CyIIapKa, ane W po3B’sS3yBaTH
3a/la4y ONTHUMAILHOTO YIPAaBIiHHS IPOLECOM CYIIiHHS MOoABiifHOTO cymnepdocdaTy HIITXOM CTBOPEHHS
aIalTHBHOT CUCTEMH KepyBaHHsI HA OCHOBI HEHPOKOHTpOJIEpa 3i 3AaTHICTIO A0 aganTarii [3].

VY maniif poOOTI BUKOHAHWN CHHTE3 HEWPOPETYIsATOpa Ha OCHOBI eTamoHHOI mozaeni Model Reference
Controller mist 3a0e3nedeHHS 3aJaHUX TOKA3HUKIB SKOCTI (YHKIIOHYBaHHS CHCTEMH CTaOimi3arii
TEMIIepaTypy CYLIMIBHOTO areHTy Ha BHXOJI1 3 PO3IMJIIOBAILHOI CYIIApKH. Y pe3ylbTati JOCHTiKEHHS 0YiI0
00paHO CTPYKTypa HEHMPOHHOI MEpeki Ta BH3HAYEHO 11 MapaMeTpH NUIIXOM O0€3MOCePEIHBOr0 HaBUaAHHS
HEHPOHHOI Mepexi, siKa 3/1aTHa a/IeKBaTHO BiATBOPIOBATH MOBEAIHKY MOJEINI MPOLECY.

[1]

(2]

(3]

[4]
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PE3VJIbTATBI TECTUPOBAHUS ACO3 IITJI
HA MOPCKOM 3EPHOBOM TEPMUHAJIE KOMIIAHUU «<HOBOTEX-TEPMUHAJI»
BT. OJIECCE

Paccmampusaromca pe3yIbmamol mecmupoeanus 8 NPOU3B00CEEHHBIX YC0BUAX
aA8MOMAMU3UPOBAHHOU CUCMEMbl  ONMUMUZAYUU  3A2PY3KU  3EPHOM  HOMOYHO-MPAHCNOPMHbLIX  TUHUL
a1e8amopa.

ABTOMaTH3MpOBaHHAsA cHUCTeMa oNTUMu3anuu 3arpy3kd (ACO3) 3epHOM MOTOYHO-
TpaHcnopTHbIX suHuK ([ITJ) neperpy3ku 3epHa, BHeJ[peHHasi Ha 3€pPHOBOM TepMUHaJIe KOMIIAaHUU
«HoBoTex-TepMuHan» SIBJIsSIETCSI MHHOBALMOHHON pa3paboTkoil. Ee nenbp - ¢opMupoBaHue MoToka
3epHa OJJHOBPEMEHHO W3 HECKOJbKUX HCTOYHUKOB, MOBbILIeHHe mpousBoguTenbHoctu IITJI,
CHW)KEeHHMe 3HeprosaTpaT Ha INeperpysky, NpefoTBpallleHHue aBapUUHBIX CUTYallMi, CBA3aHHBIX C
3aBajlaMM 3epHa B GallIMakax HOPUM M HAJIBECOBOM OYHKepe BecoB H3-3a neperpy3sku [1TJI. ACO3
peanusyet TexHosioruu Leffol & Senumac, 3anarentoBannsie SE Group International [1-2].

JetanbHo ¢yHkiuu ACO3 TIITJI wanocTpupyloTcs OKHOM rpadudyeckoro uHTepdeiica
onepaTtopa LEeHTPaJbHOr0 JAUCHETYEPCKOro IMyHKTa, CM. puc.l, KOoTopoe mNpeJHa3HAYeHO [J
aKTUBaLUU UM 3TUX OQYHKUUM, HEOOXOAUMBIX JJis YIpaBJeHUs NPOLECCOM OTTPY3KH 3epHa B
CJIO>KMBIIENCS TPOU3BO/ICTBEHHON CUTYaLUU.

Cuctema ynpasneHWA 3NneBaTopomM: TeCTOBAaA BepCcHUAa

A Leffol & Senumac 2 £
JafaHue KOMNOHEHTOE NOTOKE M HaYan. n AT [— ABT. yNp. 3arpyakoil Hoput——————
KyneTypa aepHa Kykypyaa Hom. NponaeoguTensHoCTE 948 TiY ——AET. yNp. 3arpyakoi Hopun ———————
- M. HB ekn - M. H7 Bkn
7 Maccoe. hpakuna Hauan Hauan Hauan Tekywan - L
EpHO N3: E NOTOKE, NpOW3BOONT., |POM3BOONT  CTEMNEHE CTEMNEHb 2’;”3":"5).':; [ - parunk nognopa Hopiw
% [ 3auncTra % th OTKP. 3308, |OTKP. 2308,
T - & L N [ - W HE owne.. 4 [T -M H7 owws. M4
Cunoc 10 H-6 II' 00 0.0 00 I:l [ OnTumMuaaunAa
n AMTENLHOCTE 1034 TiY
Cunoc 11 H-6 [i] 00 0.0 0.0 —________
[l 1000
Cunoc9 H-6 o 00 o0 0.0 l:l
Cunoc 8 H-6 Y] calc 237.0 100.0 100.0 1
Cunoc 17 H7 r 3157 59.2 68.8 ]
Cunoc 16 H-7 o ]! 0.0 0.0 0o L]
Cunoc 18 H-T | 0.0 0.0 0.0 l:l
Cunoc 19 H-7 II' 0.0 0.0 0.0 l:l Pexim Stabilisation
Cunoc12 H-6 0.0 0.0 0.0 l:l OnNTUMU3aUMA BKN/BLIKN
cunoc 13 H-6 0 0.0 0o 0.0 l:l OTKNKUEHE
Cunoc 15 H-7 II' 0.0 0.0 0.0 l:l — OYHKLWMW ABTOMATHY. yTIpABNeHnA
Cunoc 14 H-7 35 r 3240 6O.7 69.3 l:l | KoopawHaLua
8532 — ABT. yNp. 3arpyakoii HOpUA
1. 3anafTe KyNbTYPY 3epHS, KOTOpoe BYAET OTrpy*aThoa.
KyneTypa EciGMPEETCA M5 PACKPLIBAIOWEr0CA CMCKa B none "KyneTypa 3epHa’. BKn | BbIKA
2, BeIGHpHTE, M3 KaKMX 0MnocoB BYAET BLINOMHATECA OTrPY3Ka M 3a0aeT, B none "Maccos. GPBKUMA B
poTore", a0 «aHa0ro BEBPaHHOrD CANOGS MACCOBYIO YBCTE 38pHa B oBULEM NOTOKE B %, CyMha Scex — Pyu. 3a0aH. NpoM3somnT. T/
banaHHkix YacTeii AomkHa BT pasHa 100%. ECTM oTrpy3ka BeNoNHASTCS M3 0AHOMD GiNoca, To
MaccoBas 4acTe SepHA B NOTOKE 33A8ETCA PaBHOH 100% ANA BLIGPEHHOro cMNoca. [INA ocTansHsIX 3ananne
lnnocos yoTaHasn saeTCA pasHol 0% .
3. B none "Hauan. NpoWSE0ANT.” ONEPATOP S3ASET HAUANEHYID PACHETHYHO NPONSSOANTENEHOCTE T
= 1000
YMEHBWWUTE Hactpoiku 3aKkpuITs 3aKpbITh BCE 33AB.

Puc. 1. Bua okna rpaduueckoro unrepdeiica orneparopa ais ero padotsl ¢ ACO3.

Pesynbrater TectupoBaHus mokazaim, uro ACO3 obecreunBaeT IOCTATOYHO BHICOKYIO TOYHOCTH
pacdera npousBoautensHOCTH [ITJI (B cpaBHEHNH ¢ TOKa3aHUSAMH OYHKEPHBIX BECOB MOTPEITHOCT pacueTa
coctaBuiia MeHee 2.5%), ObicTpeiid nepeBof IITJI ¢ HauaabHON MPOM3BOAUTENBHOCTH Ha HOMHHAJBHYIO,
crabunuzanuio npousBoautesibHocTH [1TJI Ha BBICOKHX ypOBHAX, OMU3KUX K peXHMaM 3aBajia HOPUH, IPU
(opMHpOBaHUU TIOTOKA 3€pHA OJHOBPEMEHHO M3 HECKOJBKHX HCTOYHHKOB C KpailHe HEepaBHOMEPHBIM
xapaktepoM wucteueHueM. llpu stom ACO3 3¢ddexktuBHO mpenoTBpamiaeT BO3HUKHOBEHHE aBapHIHBIX
CUTyallHd, CBS3aHHBIX C 3aBajlaMM 3€pHa B OalllMakaXx HOPUA M HAJBECOBOM OyHKepe BECOB H3-3a
neperpysku IITJI. Ilpu morpy3ke Ha CyaHO KyKypy3bl B ycraHOBuUBIIUXCS pexknmax ACO3 obecrieamBaeT
CPEIHIOI0 TPOM3BOJUTENEHOCTE OKono 1050 T/49ac, 9TO yBEIMYMBAET CPEAHION MPOHM3BOAHUTEIHLHOCTD
otrpy3ku npumepHo Ha (10-11)% mo cpaBHEHHIO C HOMHUHAIBEHOM.
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Hcrtounuku noseimenus 3@ dexrupaoctr padots! ITTJI npu npumenennn ACO3:

e cokpamenne BpeMeHu padotel [ITJI co CHIKEHHOW MPOU3BOIUTEIBHOCTHIO, OCOOEHHO B peXUMax
HEPABHOMEPHOTO UCTEUYECHMS 3€PHA U3 CHJIOCOB U B PEKUMaxX NMapajuleIbHOW OTTPY3KH 3€pHA U3 HECKOJIBKUX
UCTOYHUKOB, 33 CYET HENPEPBIBHOIO  YNPABIEHUS  IOJIOKEHUEM  IOJICWIOCHBIX  3aIBHIKEK,
crabunuzupyomem 3arpysky [1TJ];

® MakcHMU3aus (onTUMH3anus) npousBogutensHoct [ITJI 1o ee mpeaensHO AOMYCTHUMBIX 3HAUCHHUN
OTIpENeNIIeMBIX: &) MOJIOKEHUEM BBITYCKHOW 33IBHXKKH MO/ABECOBOTO OyHKepa mpoTouHbix BecoB IITJI (ee
MIOJIOKEHUE 3aJacTCsl ONEpaTopoM HCXOAS W3 YCIOBUS MPENOTBPAILCHHs 3aBaja CyJIONOTIPY30YHOU
MaIliHEI); 0) HavajaoM pa3BUTHSA 3aBajia 3epHa B OamMake Hopuu I1TJI; B) HagaimoM pa3BUTHS 3aBajia 3epHa
B HaJIBECOBOM OYHKEpE BECOB;

e cokpamieHue Bpemenn pabotsl [1TJI co cHMkKeHHON MPOM3BOAUTENBHOCTHIO peskumax nmycka [1TJI u
LIEJICHAIIPABJIEHHOTO M3MEHEHUS €€ NMPOU3BOJUTEIBHOCTH 3a CUET 3HAUYMTEIBHOIO COKPALIECHHS BPEMEHHU
MIEPEXOIHBIX IPOLIECCOB;

® rapaHTUPOBAHHOE MPENOTBpallleHue aBapuilHbIx ocTaHOBOB IITJI n3-3a uX neperpys3ku 3epHOM U UX
HETaTHBHBIX NOCIEICTBUM.

Oparment nuarpammsl (puc. 2) nu3menenus npousBoautensHocTy [ITJI u npyrux koopaunat ACO3 B
YCIIOBUSIX 3arpy3Kd 3€pHOM CyJIHA, WIIIOCTPUPYET peajbHYI0 NMPOU3BOJACTBEHHYIO CHUTYallMIO, KOTJa M3-3a
HE PaBHOMEPHOI'O MCTEYEHHs 3€pHa Ha JICHTY IOACWIOCHOTO TPAHCIOPTEpa BOHUKAIHM PE3KHE KOoueOaHus
npousBoutenbHocTh [1TJI ¢ ee yBenmueHneM 10 BepXHHUX T'paHHIl ONM3KUM K aBapUHHBIM, IPUBOASALIAM K
3apasry Hopuu M octaHoBy IITJI. B atux ycnoBusix ACO3 3¢ ¢hexkTHBHO KOMIEHCHpOBasia JCHCTBUS
BO3MYIICHUI M3MEHAS CKOPOCTbH MOJACHJIOCHBIX TPAHCIIOPTEPOB M IOJIOKEHHE 3a[BIXKEK, CTaOMIN3HPOBaB
npousBogutenbHocTh 1ITJI Ha ypoBHe 1050 T/4, uro Ha 11% OosblIe HOMHUHATIBHOW MPOU3BOAUTEIBHOCTH
IITJI no naHHOMY BUIY KYJbTYpBI.

Cropocrs Cunoc: [G55]  kymerype: [T
KOHBeﬁepa ABT. yNp. 3arPy3KON HOPHM -
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Puc. 2. Bug okna Hactpoiiku ACO3 ¢ quarpammoii msmeHenus npousoantenbaocT [1TJ]
MIPH OTTPY3Ke KyKypy3bl u3 cmiioca C3-6 Ha cynHo 14.06.2019.
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MOJEPHI3ALIISA CUCTEMU ABTOMATU3ALII JAUISIHKY JIO3YBAHHSI KOMITOHEHTIB
JUIA BUPOBHUIITBA BETOHY

o ducna HaWBaXIIMBIMINX 3aBIaHb aBTOMATH3ALlli MiAIPUEMCTB OyAiBeNbHOI 1HIYCTPil BITHOCHTHCS
3a/1a4a aBTOMaTH3aIlii OETOHHMX 3aBOJIIB, IO MOCTAYAIOTh JJIsi OyIIBHUIITBA B BEIMKHX MaciiTabax O0eToH i
BUpoOu 3 Hporo. [lpmyomy HaWOiIBII TOCTPO cTOiITH mpobieMa aBTOMAaTW3alil MPOLECIB J03yBaHHS
BUXIJIHUX KOMITOHCHTIB OETOHHHMX CYMIIIICH, TOOTO aBTOMAaTHU3allisl JO3YBAIBHUX BiIIUICHB [1].

JocaraeHHst HeOOXiHOI TOYHOCTI TO3yBaHHS BHU3HAYAETHCS B 3HAYHINA Mipi SKICTIO TOTOBOI CyMIIITi.
3pocTatoui BUMOTH A0 00CATY BHITYCKY CyMillleli BUMararoTh iCTOTHOTO MiJIBUINEHHS SKOCTI Ta HaAIHHOCTI
MPOBENEHHSI TEXHOJIOTIYHOTO TMPOLECcy, [0 MOXJIMBO IIISIXOM BIOCKOHAJCHHS ICHYIOYMX CHCTEM
YIPaBIiHHSA JJO3yBaHHSM 3a JIOTIOMOTOI0 BITPOBAKECHHS KOMITIOTEPHUX CHCTEM KEPYBaHHS TEXHOJIOTTYHHM
MPOIIECOM 3 CyYaCHHUMH BHUCOKOTOYHHMH Ta HaJiWHUME 3aco0amu aBToMartu3allii. CriocoOu perymoBaHHS
BOJIO-IICMEHTHOTO BiJHOIIECHHS a00 PYyXJIMBOCTI OCTOHHOI CyMilli Ta MpoOJjIeMy aBTOMATH3AIlIl JT03yBaHHS,
0 TO3BOJIAIOTH 3a0€3MEYUTH MOMIIMBICTH aBTOMATHYHOTO NPUTOTYBaHHs ((popMmyBaHHS) OyAb-IKOTO
perenTy B Mexax poOOYHX Jiarma3oHiB J03aTOPiB 3 HEOOX1THO TOYHICTIO PO3IIIAHYTI B po0oTI [2].

[TpuroTtyBaHHs OETOHHOI CyMillli CKIIaJa€ThCsl 3 HACTYITHUX OMepalliii: MPUifoM CKITaJoBUX MaTepiaiB
(meMeHTy, HANOBHIOBauiB), 3Ba)KyBaHHA (I03yBaHHs) 1 MepeMillyBaHHs IX 3 BOJOI0 Ta BUAA4i TOTOBOI
0OETOHHOI CyMIIlll Ha TPAHCIOPTHI 3aco0u. BeTOHHY CcyMiIll TOTYIOTH 3a 3aKiHYeHOK abo pO3wWICHOBAHOIO
texHonorier. [Ipu 3akiHYeHId TEXHOJOTii B SIKOCTI MPOAYKTY OTPUMYIOTH TOTOBY OCTOHHY CyMilll, IpH
PO34ICHOBaHIH - 1030BaHI CKJIaI0BI a00 cyXy OeToHHY cyminr [3].

OnruManbHa TEXHOJIOTIYHA CXeMa IPOoIIecy IToKa3aHa Ha puc. |

\V Boaa Bopa
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Pucynok 1 — TexHomnoriuHa cxema npouecy IUISTHKA A03yBaHHS KOMIIOHEHTIB y BUPOOHHUIITBI OETOHY:
TK-101 — 6ynkep uementy, TK-102 — 6ynkep micky, TK-103 — Oynkep mebHto, V-101 — no3arop micky, V-
102 — 6ak xiMigHUX 100aBOK, V-103 — cTpiukoBuii go3aTop medHro, M-101 — mpoMi>kHUIA 3MINTyBayd PiJIKUX
KOMITOHEeHTiB, M-102 — 3mimryBay
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OCHOBHMMHU TEXHIYHUMH 3aco0aMu JUIsl BHIIyCKy OETOHHOI CyMilll € BHWTpaTHI OyHKepU 3
PO3MOAUTEHUMHE TIPHUCTPOSIMH, J03aTOPH, OETOHO3MINTYyBavi, CACTEMH BHYTPIITHIX TPAHCTIOPTHHUX 3aco0iB i
KOMYHiKaIliil, po3gaTkoBuii OyHKep.

TexHonoriyne oONazHaHHSA CTAL[iOHAPHOTO THUIY Ui MPHUTOTYBaHHS OETOHHOI cyMilli Moke OyTH
pO3pOOIEHO IO OAHOCTYTIEHEBiH 1 MBOCTymeHeBiil cxemaM. [[is BUTOTOBIEHHS OETOHHOI CyMilmi OiTbII
3pyYHO 1 EKOHOMIYHO 3aCTOCOBYBATH OJJHOCTYIIIHYACTY CXEMY.

TexHonOTiYHMN TpoLeC T03yBaHHA KOMIIOHEHTIB MPOTIKAa€E TAKUM YMHOM: MiCOK, HIEOeHb 3 OYHKepiB
(TK-102 i TK-103) magxonsats Ao BiamoBigamx go3zaropiB (V-101 i V-103), B KiTbKOCTI BU3HAYEHOMY 3a
penenrom (1L1: 3I1: SII). ns 3amobiranHs 3aBucaHHS mMpoaykTy B OyHkKepax micky (TK-102) i mementy
(TK-101) nmependaveHi eneKTpoOMarHiTHi BiOpaTopu AJis HEMEHTY Ta ITHEBMAaTUYHUH BiOpaTop IS MIiCKY.

Llement B 3MimryBau (M-102) nogaetbcs mHexkoM. Jlo3yBaHHS MPUBOAY IIHEKOBUX >KUBUJIBHHUKIB
ympaBIsitoThesl ieperBoproBadeM dactotu ([1Y). 3 moszartopis (V-101 i V-103) mpoaykTn HaaxonsTh Ha
3mimyBad (M-102).

Ille6inp Hamxomuth B go3arop (V-103), micist 4oro Ha CTPIUYKOBUEH KOHBeep. BuBaHTaeHHSIM /
3aBaHTa)KCHHSAM KOMIIOHEHTIB BUKOHYETHCS MUISIXOM 3MiHH CTaHy 3acyBku mmix Oyaxepom micky (TK-102).
Hapg 3mimryBadem po3sramoBaHi Boja, SKa HAIXOAWTh 3 MaricTpaibHOi Mepexi 1 0ak 3amacy XiMIi9HHX
no6aBok (V-102). Pinki kommoHeHTH (BoJa i XiMi4yHi J0OOaBKH) HAAXOAATh B MPOMiXHNUIT 3minryBay (M-101)
B 3a/laHOMY 32 PElenToM 00cs3i, Mmchs MOTPAIUIoTh B 3MinryBad (M-102). ¥V 3mimysaui BigOyBaeTbes
3MINTyBaHHS MaTepialiB MPOTIATOM 33JJaHOTO OMEPaToOpoM dacy. BimkpuBaemo crodaTky MOTIK 4 3 TepIioro
TpyOonpoBoay, 3anoBHioeMo M-101 no morpe6Horo piBHs. Ilicns 3akpuBaeMo MOTIK 4, Ta BiJKPUBAEMO
MOTIK 5 Ta 6 OJJHOYACHO Ta 3aIIOBHIOEMO OCTaHHI BIZICOTKU PiKMX KOMIIOHEHTIB JJIs BOJIOTOCTI B 3MIlITyBayi
KIHIIEBOTO TPOIYKTY.

[MapameTpuuHuii aHaji3 MOJEPHI30BaHOI CHCTEMH aBTOMAaTH3alii 03yBaHHsS OETOHY IOKa3aHO Ha
puc.2.
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ITapaMeTpuuHmMiA aHai3 CHCTEMH AaBTOMATH3allii IPOIECOM IIOKa3y€e 3B’S30K MK eJIeMEHTaMHU
OCHOBHHX TIJCHCTEM aBTOMAaTH3aIlil: CHCTEMH aBapiiHOTO KOHTPOJIO, CHCTEMH IUCKPETHOTO YIIPABIIHHSI
MPOLIECOM JO3YBaHHS, CHCTEMU aBTOMATUYHOTO KEPYBaHHs BOJIOTICTIO cyMimi B 3mimryBadi. [IyHkTHUpHOIO
JIHIEI TIOKa3aHa HEOOXIMHICTh 3a0€3MCUCHHS CJIIEMEHTIB CHUCTEMH aBTOMATHU3allii EJICKTPOCHEPTi€l0.
Bwmukaetbess nBUTYH 3MimTyBada Uil TOJadi XiMIYHMX 100aBOK Ta ABUTYH 3MilIyBada KiHIIEBOi CyMIiIIIi.
TakoX BMHKA€ThCS JBHTYH IIIHEKA JJIsi LEMEHTY, JBHTYH BiOpaTOpiB aisi OyHKepy IIEMEHTYy, IBUTYH
BiOpaTopa A MiCKy Ta IBUTYH KOHBE€epa A meOeHro.

Linoro miHi€ro OKa3aHO KOHTPOJb aBapii, HAPUKJIA, SIKIO OyHKep 3 mebeHeM Oy/e 3aroBHeHuH abo
ITyCTHH, TOA1 BIAMIPAIIOE€ CUTHAMT aBapii Ta Tpebda 3ymuHUTH poOOTy cucTeMu. Ta Tak camo 3 OyHKEPOM TICKY,
LEMEHTOM, J03aTOPOM IMICKYy, IIBUAKICTIO KOHBeEpa Ui IIeOEHIo, MBUAKICTIO IIHEKA I EMEHTY Ta
THUCKOM B MariCTpai Jyist moiaqi BOIH.

Llimoro TOBCTOIO JiHIEIO TTOKa3aHa CUCTeMa J03yBaHHS 3HAUYEHHS PiBHA y OyHKepy mieOeHIo Ta IiCKY,
JO3yBaHHS BHUTPATH IMOJadi IIEOCHIO Ta BUTPATy 3a Baror LEMEHTY. TaKoK IMOJIOKEHHS PEryIOI0YHX
OpraHiB B M0J1a4i BOJM Ta XiMiYHUX J00ABOK Ta IUIAaBHE YIPABIiHHS MOAaYi IEOCHIO, MICKY Ta IEMEHTY.

Jlimiero kpamka-THpe TIOKa3aHa CHCTeMa BOJIOTOCTI TOTOBOTO MPOAYKTY Ta BUTPATH PiIKAX
KOMITOHEHTIB.

Jis mokpaleHHs MepexiTHIX MpoIeciB B CUCTEMI KepyBaHHs Oya mpoBeieHa nmodynoBa aHali THYHOT
MaTeMaTHYHOI MOJelNli PeryiolYnX OpraHiB Ta 3MillyBadiB. BHKOpHCTaHHS MaTeMaTWYHHX MOJAETECH U
MPOTPaMHUX AalTOPUTMIB CUHTE3y PETYJSTOPIB JO3BOJHMIO OTPHUMATH ONTHUMATBHI HaJIAMTyBaHHS s
MpOIIeCy, IO 3aJ0BOJIBHAIOTH KPUTEPIAIM POOACTHOCTI 1 3a0e3MeuyroTh HEeOOXimHY IIBHUAKOIII IS
perytoBaHHS BOJIOTOCTI 3Ti/IHO 3 TEXHOJIOTIYHUM PEriaMeHTOM.

B koM’ toTepHOMY iHTEpeElici omepaTopa MOAEPHI30BAaHOI CHCTEMH aBTOMATH3AIlii BHKOPHCTOBYETHCS
MiJIXi]], 3a1pONIOHOBaHUi B poOoTi [4].
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USING DASHBOARDS FOR THE BUSINESS PROCESSES STATUS ANALYSIS

This paper describes business process status analysis using the dashboards. The dashboards are
considered as those, which belong to the most preferred Business Intelligence tools nowadays, which are
used by both higher managers and ordinary employees. Existing software tools for dashboard design were
reviewed, as well as the most popular visualization charts were outlined. The place and role of analytical
dashboards as part of business process management is described.

Introduction

In today’s business environment, the tendency is towards more data — so much so that information
technology researchers and practitioners have come up with a new term to accurately describe it: Big Data.
Managing and extracting real value from all that data is a key challenge facing modern businesses. In
seeking a way to simplify data analysis and distribution, organizations often find themselves quickly dealing
with the dashboards. Dashboards simplify complex processes into manageable, digestible chunks of
information so companies can focus on the day to day operation of the business.

Problem statement

Decision makers always have a crucial role to play in any form of business. They have to prove their
judgment ability and Intelligent Quotient (1Q) with relevant facts and figures. A tool that actually transforms
data into information and information into presentable business format can help them to do so.
Implementation of the PDCA (Plan-Do-Check-Act) cycle is one of the main requirements for the
development and use of business processes in companies, and also it is one of the important conditions of the
certified quality management system implementation.

Dashboards undoubtedly belong to the most preferred Business Intelligence (BI) tools these days. Such
a popularity is not because implementing business dashboards has become cheaper and easier than ever
before. Rather it is the efficiency, usability, and decisive nature of a dashboard that counts the most. With
customized dashboards data analysis and interpretation become easier, quicker and relevant [1].

The concept of using dashboards based on user roles or hierarchy has changed now. Employees at each
level of their jobs and job positions need to measure their Key Performance Indicators (KPI) [2] and other
performance metrics related to the company’s goals. This activity involves both qualitative and quantitative
measurement of data coming from diverse resources.

The object of research is the process of business processes status analysis. The subject of research
includes recommendations on how to build dashboards for the business processes status analysis. The aim of
research is to investigate usage of dashboards for the business processes status analysis.

Review of existing software tools

There is a growing demand for data visualization tools which can allow business owners to visualize
complex data and discover relevant trends and patterns within the industry. There is a range of tools
available which display statistical data through bar charts, pie charts, infographics and more. But, assessing
different sets of visualized data separately does not provide the required competitive edge for businesses.
Hence, what they are looking for is a platform which allows combining the results of different data analytics
tools on a custom dashboard. When looking at the different data analysis and dashboard tools, there are two
solutions that really resonate with the current topic. Let us go through and take a deeper look at each of these
tools and we have identified key features, the advantages and their USPs (Unique Selling Proposition).

DashThis is an automated marketing reporting tool that enables users to create great visual and easy-to-
understand dashboards quickly and easily (see Fig. 1). The software is known for being very easy-to-use
with its drag-and-drop interface, as well as for having a great customer service [3]. DashThis supports more
than 34 integrations including Google Analytics, Google Ads, Facebook, Instagram, LinkedIn and Twitter,
and offers many time-saving features like report templates, preset widgets and cloning options. The pricing
starts at 33%/month for 3 dashboards, including all features and unlimited users and data sources.

USPs of DashThis tool [3]:

1. The tool is easy-to-use with a drag and drop interface.

2. All the features are included: preset widgets, templates, cloning options, widget merging.

3. CSV (Comma Separated Values) files import.

4. All data sources can be visualized in the same dashboard.

5. Support of unlimited users for each account.
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a b
Figure 1 — Platforms which allow generating custom analytics dashboards:
a— DashThis; b — Geckoboard

Geckoboard is a tool for collecting, visualizing and sharing important information within a company.
The Geckoboard dashboard platform allows users to track important information in real-time from one place.
With more than 80 integration options, there is always at least one option for a particular company [3]. And
if not, users can also implement their own data by linking their dashboard to a database API (Application
Programming Interface). With the Geckoboard mobile app, users can access their dashboards wherever and
whenever they like. The mobile app is only available for iPhone users. Interested parties can use Geckoboard
for $25 a month.

USPs of Geckoboard tool [3]:

1. Dashboard gives a good overview.

2. Lots of useful features, such as the ability to share read-only versions of user’s dashboard, or to show
the dashboard under user’s own domain name.

3. Raw data can easily be converted into simple and understandable visualizations.

But despite all the advantages both solutions are not free and do not take into account the importance of
KPIs data.

Research materials

Dashboard is a tool that offers a visual representation of business organization’s real time performance.
Making valuable decisions has always been one of the most important things in business and those decisions
are made based on numbers an analysis that similar tools offer. A dashboard also a tool that gives business
leaders valuable information, and it provides a quick outlook of all the most valuable numbers, which allows
business leaders to perform an accurate business analysis. It is possible to use business dashboards at any
level of business operations; however, most dashboards are used by higher managers, CEOs (Chief
Executive Officer) or business leaders, and therefore they are also called executive dashboards.

Another thing that is slowly starting to change is the fact that there are more and more people who are
not senior executives or managers that use dashboards during their everyday work. The role of dashboards in
Business Intelligence not so limited to big roles and large companies as the methods of using dashboards
based on hierarchy or user roles has changed. Today, employees working at every single level of their job
positions have the need for measuring valuable performance metrics that are related to the goals of the
company and measure KPlIs.

Each of the KPI should be visualized. The most popular visualization tools are shown in Table 1.
Values in a second column are based on survey [4] results according to respondents’ answers. These values
demonstrate how well a certain visualization tool helps users glean insights and make decisions.

Table 1 — The most popular visualization tools survey results
Visualization Bar Line Bullet  Scatter Sparkline Gauge Pie
tool chart chart graph chart chart

Value 53% 46% 25% 23% 22% 12% 10%
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Figure 2 - Platforms which allow generating custom analytics dashboards:
a — Scatter chart; b — Line chart; ¢ — Gauge; d — Bullet graph; e — Pie chart; f — Scatter chart; g — Bar chart

PDCA is a four-step iterative process applied in business management for the control of processes and
continuous quality improvement of products [5]. The method’s hame Plan-Do-Check-Act clearly defines the
logical sequence of four stages that must to be realized:

1. On the Plan stage manager defines a problem and compose the plan of measures on its elimination.

2. On the Do stage developed solutions are applied in a real work and their correctness is tested.

3. The Check stage includes verification whether the problem is really solved; the results are measured
and compared with planned objectives.

4. On the Act stage is realized a work with identified problems by determining their root causes and
implementing the countermeasures, if the results suit requirements, the new concept is standardized,
documented and implemented [5].

With help of applying the regular verifications before, during and after the manufacturing process, as
well as with introduction the liability for quality, can be detected the weaknesses in different processes on
the enterprise. PDCA serves exactly for detection the causes of defects and supports the whole process until
to elimination these defects. Dashboards usage allows users to implement comprehensive support for the
requirements of the PDCA cycle in the management of business processes.

Conclusion and future work

The reason why dashboards belong to the most popular business intelligence software solutions out
there is not because they are easier to implement or cheaper than they were before. The main reasons why so
many people use them are because of their usability, efficiency and the fact that they can help users make
actionable decisions. Future work in this research field includes:

1. Identification of mapping between KPlIs, their types, and possible visualization charts.

2. Implementation of intelligent support for the inference of recommendations which visual charts
should be used to display KPIs of certain types.

3. Development of the corresponding software tool and its usage to solve the considered problem.
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[TPOI'PAMHO-ATIAPATHUM KOMIUIEKC CUCTEMH TEIUIONIOCTAYAHHS HA
COHSYHIV EHEPTII

Anomayis: BnpoeadiicenHs anbMepHAMUSHUX OJCepen JHCUBNEHHSA 8 CUCeMU MenlONOCMAYaHHs
HABUAILHUX 3AKAAOI8 € BANCIUBOIO CKIAO0BOI0 IX eHepeonesanedcHocmi. Jlocniodceni Modxucaueocmi
BUKOPUCTHAHHA COHAYHOI eHepeii 6 cucmemi 2apau020 B000NOCMAYAHMA HA HPUKIAOL 2YPMONCUMKY
Ooecbko20 mexuiunoeo konedcy O0ecvbkoi HayloHAIbHOI akademii Xapuosux mexHo02il ma peaniz08aHo
NPOSPAMHO-ANAPAMHULL KOMNAEKCY 0N GU3HAYEHHs NaApamempis cucmemu 2apsaio20 6000NOCMAYAHHA HA
COHAYHIl eHepeii.

301IbIIEHHST BHKOPHUCTAHHS CHEPTrii 3 BIAHOBIIOBAHHX DKEPEN Ta albTCPHATHBHUX BHIIB IaJHBa
BBKAETHCS BAKIMBOIO YACTHHOIO cTpaTerii YKpaiHm momo 30epeXeHHS TPaauMiHHNX TaJIHBHO-
CHCPreTUYHUX pecypciB Ta CKOPOYCHHA MOB’SI3aHOr0 3 HHUMH HETraTUBHOTIO BIUIMBY Ha HAaBKOJIMIIHE
cepenopume. [lpwitaaruit 3axkon Ykpaiam «IIpo ambrepHAaTHBHI JKepena €Heprii» BHU3HAYAE MPABOBI,
COITiaJIbHI, CKOHOMIiYHI, €KOJIOTiYHI Ta OpTraHi3alliifHi 3acaal BUKOPHCTAHHS aIbTCPHATHBHHUX JDKEpPE
SHEeprii, a TAKOXK CTUMYJIFOBaHHS 301IbIICHHS IXHBOTO BUKOPUCTAHHS [1].

Metoro poOOTH € JOCTIIKECHHS MOMIJIMBOCTI BUKOPHCTAHHS COHSYHOI €HEprii B CHUCTEMIi rapsioro
BOJIOTIOCTAYAaHHSI Ha MPUKIAA TypTOXHTKY OJEChKOr0 TEXHIYHOTO Konemky OJechkol HalliOHATBHOT
aKajieMii XapuyoBHX TEXHOJIOTIH.

MaxkcuManbHO €()EeKTUBHO BHUKOPUCTOBYBAaTH COHSYHY €HEpril0 MOXJIMBO TpU BUKOPHCTaHHI
COHAYHMX KoJekTopiB. CamMe B TIOTJIMHAIOUOI TaHENl TeTiOKOJIeKTOpa TIiJ BINTHBOM COHSYHOTO
BHITPOMIiHIOBaHHS (1HPPaUYESPBOHOI CKIIATOBO1) BiIOYBAETHCS TICPETBOPCHHS COHAYHOI €HEPTil B TEIUIOBY, IS
MOIAJIBIIOT0 HArpiBy mo0yToBOi Boau. CydacHi refiocucTeMu A03BOJISIIOThH 3a0IIaKyBaT 10 60% eHeprii,
HEOOXITHOT JUIsi HArpiBy BOAM B PiK. Y KOHCTPYKIII TE€JIOCUCTEMH OCHOBHHM EJIEMEHTOM € COHSIYHUI
konektop. CaMe B CKJIQAOBIH, IO IOTJMHAE COHSIYHY CHEPTriio, 1 BiIOYBA€THCSA IMEPETBOPECHHS COHSIYHOI
eHeprii B TemoBy. B pe3ynbraTi maHenb po3irpiBacThes, a piAKUN TETIIOHOCIH, 10 MPOKAYy€eThCS uepes Hel,
BijOMpae oTprMaHe Terio. Terio nepeaacTbes TEIOHOCIEM B OaK-aKyMyJIsITOp 1 1aji 0 KOHTYpY HarpiBy
BOJIM, MOTIM OXOJIOJUKEHUI TEMJIOHOCIH MOBEPTAETHCS B KOJEKTOP 1 3HOBY HAIPIBAETHCS, 1 TAKUM YHHOM

OUKJI 3aMUKAETHCA, K ITOKa3aHO Ha pI/ICl

CoHa4Huit
KONeKTop

[apAva Boaa

KoHTponep
TennoobmiHHKI Bak

i

S XonoaHa soaa
Hacoc A A

Pucynok 1- AnapaTHa ck1aioBa CUCTEMH TEIUIONOCTAYaHHsI HA COHSIYHIN eHeprii

Haii0inbm eekTHBHUIA KOJEKTOP B MiBAEHHOMY PerioH1 YKpaiHM BIITKY IIPH T'apHil COHSYHIN MOToIi,
ajle MOXKe 3 YCIiXOM TpalfoBatu i B coHsiuHi 3uMoBi nqHi. Hanpukian, KKJ BakyyMHUX KOJEKTOPiB B
CepeIHbOMY CTaHOBUTH 65-70%. [lpu mbpoMy ciiji BpaxoBYBaTH, IO BaKyyMHHH KOJEKTOpP TMOTJIMHAE HE
TIJIBKH TPsMi, alle 1 po3CisgHi COHAYHI MPOMEHI, 1 3 YCHIXOM Mpallo€ HaBiTh NPU HETaTUBHUX TEMIIEPaTypax
30BHIITHBOTO TIOBITPSI.

[Ticns anamizy Haioro o0'€KkTa JOCITIIKEHHS, HMOro Jif040i CHCTEMH Tapsuoro BOJOMOCTaudaHHs, a
TAaKO’X MOJKJIMBUX BapiaHTIB HOBOi CHUCTeMH, Ha 0a3i BHKOPHUCTAHHS BiJHOBIIOBaHMX JDKEpEN EHEeprii,
pauioHambHUM 1 eeKTUBHIIIMM Oyae BUOip BakyyMHoro constuHoro kosiekropa ATMOSFERA CBK-A 30
TpyOOK, cepTru(ikoBaHOTO B YKpaiHi.


http://teacode.com/online/udc/00/004.9.html
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Jis  amapaTHO-TIPOTPaMHOTO KOMILIEKCY OyJiM TpOBENeHI PO3paxyHKH IapaMeTpiB BaKyyMHHX
COHAYHMX KOJIEKTOpPiB, a caMeé HAaBaHTAXEHHA TapsS4oro BOJOMOCTAYaHHS Ui KOXKHOTO MiCAILS,

TEIUIONPOAYKTUBHOCTI COHSTYHOTO KOJIEKTOPa, 00'eMy Oaka-aKyMmyJsiTopa Ta Horo BHOIp.

OntuMmaneHU BapiaHT TapaMeTpiB CHCTEMH Tapsdoro (ImoOyTOBOTO) BOAOIOCTa4YaHHS OyB
pO3paxoBaHWi Yy BiANOBIAHOCTI MOJENi TEIJIOBOTO OamaHCy CHUCTEMH COHSIYHOTO TEIJIONOCTadyaHHS Ha
OCHOBI pO3paxyHKOBHX TaOmuik B iporpami Excel. PospaxyHnok Bukonano no ganum 2018 poky.

CucremMa COHSYHOTO HArpiBy BOAM IS MOOYTOBHX MOTpeO MmiaHyeTbes B OMECHKOMY TEXHITHOMY
KOJIeIKi, KWK posTamoBaHuil Ha mupoTi 46,47 mH.m. Cucrema Mae 3a0e3neuutn notpebu N=38
CHOKHMBaYiB, KOXEH 3 SKHX INOJEHHO BUKOpUCTOBYe V=30 miTpiB Trapsuoi BOAM NpH TeMIlepaTypi
Tr.B.=55°C. Temmneparypa xonomHoi Bomu B cuctemi Bogonocradanns M. Oxeca Tx.B.=10°C. Konekropu
BCTAHOBJIIOKOTECS il KyToM 45° 10 ropu30HTy Ta opieHTOBaHi Ha MiBAeHb. 06’ €M BOaU Y 6aKy-aKyMyJIsTOpi
V6.2.=300 niTpiB.

Jis  po3paxyHKy  TEIUIOMPOMYKTHBHOCTI  COHAYHOTO  KOJEKTOpa  TOTPiOHO  BU3HAYWUTH
CEepPEeNHBOMICSIYHY JCHHY KUIBKICTh COHSYHOI eHeprii, MJDx/(M2/1eHB), sKa HAAXOAWTh Ha ITOBEPXHIO
KOJIGKTOpa, BU3HAYAETHCS 32 (PopMyIioro

Ex =ER
ne E — cepeaHbOMICSYHA KIUIBKICTh CYMapHOi COHSYHOI pamiamii Ha TOPU3OHTAIBHY IOBEpXHIO, R —
BIJIHOIIICHHS CEPEIHHOMICIYHHUX JICHHUX KUIBKOCTSH COHSYHOI pajiaiii, 10 HAJAXOJATh HA IOBEPXHIO ITiJ|
HAXWJIOM Ta TOPU30HTAIILHY MOBEPXHIO.
E)_ 1+cosﬁ_ﬂ _1—cosB
n

R=(1--%
( E 2 ETP T3

Oe E;;— cepeJHbOMICAYHA JEHHA KUIbKICTh COHSYHOT €HEprii, sIKa PO3CIIOeThes (IUdy3Ha), 10 HATXOIUTh Ha
TOPU30HTANBHY TOBepxHIO, MJx/(M?100y), R, — KoeilicHT mepepaxyHKy HpPSMOrO BHIPOMIHIOBAHHS 3
TOPU30HTAJBHOI HAa TOBEPXHIO IIiJ] HAXWIOM, [ — KyT HaxXmiIy KOJIEKTOpa J0 TOPH30HTY, Tpai.; p —
KoeilieHT BiqOMBaHHS JJIsl IIOBEPXHI 3eMIIi, BIITKY A0piBHIOE (),2, a B3UMKY IpH HassBHOCTI cHiry — 0,7.
CepenHbomicsiuHa BeTMYMHA KOe(illiEHTY BU3HAYAETHCS 32 (POPMYIIOI0
cos(p — B) - cosd - sin w} +1’Tﬁ-wg -sin(gp — B) " sind

" cos<p-cos§-sinw3+sin<p-sin5-%-w3

JIe @ — MIAPOTa MICIEBOCTI, Ipaj.; & — cxuieHus CoHIs, Ipajl.; w3 Ta w3 — YacoBHii KyT 3axoxy COHIS Ha
TOPU3OHTAIBHIN Ta CXUICHUX MTOBEPXHSIX, TPal.
Kyt cxunenns CoHIlsl B KOXHHUIA JICHB N JIOPIBHIOE

284 + n)

= 23,45 * si —_—
0 45 51n(360 365

HaBaHTakeHHs raps90ro BOIONOCTaYaHHs BU3HAYAEMO 32 (POPMYJIO0:
Lig=M-N-1000- (Tcep —Teon) " P Cp
ne M — aucio nuiB Micsns, N — KinbKicTb Jojel — 38, Tepp — cepenns Temrepatypa rapsdoi soau — 55°C,
Tyon — Temmeparypa xonoxuoi Boau — 10°C, p — minbHicte Bogu — 1 kr/n, C, — teruoemuicts — 4190
Jhox/xr-K.
KinpKicTh TEII0TH, M0 HAAXOAUTH 3 TEIUIONpHiMaya Ha 1 COHAYHOTO KOJIEKTOpa BU3HAYAEMO 32
(hopmyiioro:
QKOp = Fg |E - (ta) = U, - (Tr — T,)]
ne Qyop — KOpHCHa TerioBa notyxHicte CBK-A, B1/M?, E} — IIBHICTS MOTOKY CyMapHOi COHSYHOI paianii
B ILUIOIIMHI KoJeKkTopa, KBT/( M%1eHB), T — HpOMyCKHA 3JAaTHICTH MPO30pOi i30MIii, 0. — MOrIMHAKYa
3JATHICTh MaHenmi Konmektopa, U; — 3aranmpHuil koedimient teruopux Brpar, Br/(M%K), Tp — cepenns
TeMmrieparypa TemioHocis B konekropi K, T, — Temmeparypa HaBKoIHIIHbOro mositps K, Fg — KoedimieHt
e(eKTHBHOCTI MMOTJIMHAIOYO] ITaHeli, [0 BPaXOBY€E Ty 00CTAaBUHY, IIIO CEpellHs TeMIlepaTypa IMaHelli 3aBKIn
BUIIIE CEPEIHBOI TEMITEPATYPH PiJUHH.
Pospaxynok Benetsest st CK mapku CBK-A (30 Tpy0oK), 3 HACTYITHUMU XapaKTePUCTUKAMH:
— KoeQiieHT eeKTHBHOCTI moriHar4oi naneri Fp= 0,77
— 3aranbHui KoedinieHT Temwtosux srpar U, =0,8 Br/(m2K);
— (ta) = 1,08;
— cepeHs TeMIiepaTypa TeryIoHocis B kojekTopi Tr= 328 K.
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IMoTpiGHy muomy KojekTopiB A (M?) BHOMpPacMO MO SCHOMY JHIO HAWTEILTIIIOro
MICSITIS POKY (CEepIIeHB):
_ Vsa.

an6.
ne V. — no0oBa BUTpaTa rapsiaoi BOIH, JL.; Qo6 - J000BA IPOXYKTUBHICTE 1M? COHSMHOTO KOJEKTOpa, sKa

A

BM3HAYAETHCSA 32 POPMYIION0, J1/M2-100Y:
QKOp
m:-c: (Tcep — Txon)
ne, Qyop — KUIBKICTH KOPUCHOTO TEIUIA, IO BUPOOISETHCS KOJIEKTOPOM, KBT rog/mM?100y; M — nuroMa

Q,qo6. =

Bara BOIM, KI/71.; M = 1 Kr/i1.; C — TeroeMHicTh Boau, KBT 4/ M%-°C; ¢ = 0,001 kBt 4/ M%°C; Teep — cepenns
TeMmrieparypa rapsaoi Bogu — 55°C, Ty, — Temnepatypa xonoaHoi Boau — 10°C.

4752

Qo6. = Too0L (510 = 105,6 (/M2 1006y)

[ToTpiOHa 1101IIa COHSTIHOTO KOJIEKTOpa
1710

A=—=162M°
11,63
KinpkicTh BakyyMHHX KOJIEKTOPIB
A
KCK = S
a6copb.

1€ Sapcops. — TUIOMIA abcopOepa, BU3HAYEHA B TEXHIUHMX Xapakrepuctukax CK - 2,41 M2,
Tabmurs 1- PesynpTatu po3paxyHKy MapaMeTpiB CHCTEMH Tapsd0ro BOJIONOCTAYaHHS Ha COHSYHIN eHeprii
JUISE TYPTOXRUTKY Opiecbkoro TexHignoro kojiepky OHAXT

Kinvkicmo mennomu, .
ui0 HA0Xo00umyp 3 A 0606“. Hompioua Kinskicmo
" mennonpuiinaya na npoc)zylcmuemcmb 1 naowia P—
= Micauy Ini? consunozo M  COHAYNO20 COHAYHUX VY. :
n/n KoJ1lekmopa Kolekmopis konekmopie
Konekmopa, Quop
Bm-200 J]/MZ')I06y M2
1 | Ciuenp 1261 28,0 61,0 26
2 | JTrotnit 1831 40,7 42,0 18
3 | bepesenn 3005 66,8 25,6 11
4 | KBiTeHb 3995 88,8 19,3 8
5 | TpaBenb 4546 101,0 16,9 8
6 | YepeHn 4736 105,2 16,2 7
7 | JIuneun 4678 104,0 16,4 7
8 | CeprieHb 4752 105,6 16,2 7
9 | Bepecenn 4352 96,7 17,7 8
10 | XKoBTeHb 3009 66,9 25,6 11
11 | JIucronan 1475 32,8 52,2 22
12 | I'pyness 1156 25,7 66,6 28

TakuM YUHOM 3a pe3yJIbTaTaMH JIOCHIDKEHHST PO3PaxOBaHO ONTHMAINbHI BapiaHTH KUTBKOCTI
BaKyyMHHX COHSYHHX KOJIEKTOPiB Ha 00'€KTi BIPOBaIKEHHS, 110 iICTOTHO BiAPI3HIIOTHCS 32 MOPaMHU POKY.
BapianT «4um Oinblie, TUM Kpaie» B JaHOMY BHINAAKY HE MiIXOAWTH, TOMY IO BIITKY HMOTPiOHO CKUAATH
HEBUTpaueHy rapsdy BOJY B KaHadi3amilo. 3 OrJisyly Ha HEPIBHOMIPHICTH BUKOPHCTAHHS Tapsiuoi BOJIU B
TYPTOXKUTKY MO MICSIIAX AJIs1 peajtizalii anapaTHol yacTuHU pexoMeHayetses § remocucteM ATMOSFERA
npoayktusHicTio 300 mitpu/nody [2].

CIIMUCOK JIITEPATYPU
1. 3akon Ykpainu «Ilpo anprepHaTHBHI pKepena eHeprii» (Bimomocti BepxoBHoi Paan VYkpainu
(BBP), 2003, Ne 24, c1.155)
2. Artmocdepa. Texuomorun mnpuponsl. https://www.atmosfera.ua/ [Enextponnuii pecypc]. Pexum
nocrymy: https://www.atmosfera.ua/
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VK 681.5:663.26
MYPATOB B.I'.
OHAXT (YkpauHa)

ABTOMATU3MPOBAHHAS TEXHOJIOI' VA IIEPEPABOTKI BTOPUYHOI'O CbIPbA BUHOAEJINA

B cmamve paccmompenwvt pezyrbmamut pabomei Had epanmosvim npoekmom  €C Ne 83263440
«Pozgumue  YKpauHCKoO-MOIOABCKO20  MPAHCSPAHUYHO20 — NPOU3BOOCHIBEHHO-HAYYHO-00PA308AMENLHO2O
Klacmepa no nepepabomke SMOPUYHLIX HPOOYKMOo8 euHooeausy. ILlenvro pabomsl ObllO co30anue
ABMOMAMUIUPOBAHHOU TUHUYU O NEPEPAOOMKY GMOPUUHO20 CIPbIL GUHOOENUS 151 NOTYYEHUs PSOA YEHHBIX
NPOOYKmMOo8, 8 MoM Hucie, dMUI08020 CHUPMA, OUOKOHYEHMPAMO8, BUMAMUHO8, GUHOSPAOHO20 MACIA,
abpa3UHLIX MAMEPUATO8 U M.0., YMO NO360J8em CHU3UMb CeOeCTmOUMOCMb U NOBbICUMb KAYeCmeo
NPOOYKYUU BUHOOETLYECKOU OMPACTU.

Huterpanus YkpauHsl 1 MoJI0BBI B MUPOBOE SKOHOMHYECKOE MPOCTPAHCTBO COMPOBOXKAAETCS AKECTKOM
KOHKYPEHLIMEH Ha pPhIHKE BUHA, 00YCIaBIMBAIOLIEH HEOOXOIMMOCTD MTOBBIIICHHS KaUeCTBAa BUHOAEIbYECKOI
MPOJYKIIMM U CHWKEHue ee¢ cebectommoctu [1]. Ilpu mnepepaboTke BHUHOIpaga Ha BHHOMATEpPUAIBI
obpasyercst 15...20% BTOpPUYHOrO ChHIPBS, palMOHAJbHAs IEpPepadOTKa KOTOPOro [aeT BO3MOXKHOCTh
MOJTy4aTh NPOLYKThI, IPEACTABIIAIONINE 3HAUNTEIbHYIO LICHHOCTh I Psia OTpacieil HapoLHOro X035iCTBa.
K HuM oTHOCSTCS: STHIOBBIHI CIIMPT, BUHHad KHCJIOTA, SHOTAHWH, BUHOI'PA/IHOE MacJio, 6I/IOKOHHCHTpaTbI
BUTaMUHOB Tpymibl B, Butamun D, ¢hypakHble KopMa, abpa3uBHBIC MaTEPUAIbI 1 MHOKECTBO JIPYTHUX.

C wmenplo pelleHHs CYILIECTBYIOIIMX HPOOJIeM, CBA3aHHBIX C HepepabOTKOH BTOPUYHOIO CHIPHS
BUHOJCINUA B praI/IHC Ha4daJICd Mpouecc O6’B€ILI/IHCHI/I$I BHUHOJCJIbYECKUX HpeI[HpI/IﬂTI/Iﬁ Ha OCHOBE
KJIACTEpHOW MJICOJIOTHH, IPOBEIEHBl PA3HOCTOPOHHHE HCCIET0OBaHMs B paMKax TIpaHToBoro mpoekra EC Ne
83263440 «Pa3zBuTHE  YKPaMHCKO-MOJIJABCKOIO TPaHCTPAHUYHOTO MPOU3BOACTBEHHO-HAYYHO-
00pa3oBaTeIbHOrO KacTepa 1o nepepadoTke BTOPUUYHBIX PO YKTOB BUHOAETHUS.

HaI/I6OHI>Hly}O OO0 M 3HAYUMOCTL Cp€AU BTOPHYHOTO CBIPbSA BHUHOACIIHUA COCTABJIAIOT BHUHOT'PAJIHBIC
BBDKMMKH, TITyOOKast iepepaboTKa KOTOPBIX SIBIISICTCS HE PEIICHHON 3a1a4eid, HaJl KOTOPOM MbI paboTaeM.

BbpKuMKOIN Ha3BIBAIOT BCE TO, YTO OCTAETCS IMOCTE OTXKATHUS COKAa M3 CBEXKEro BHHOTpaja WM BHUHA W3
nepeOpoauBIICH Me3rd. JTO OCTaTKH JKUAKOCTH (Cycio, BHHO) W HCIONb3yeMble B AalbHEHIICH
nepepaboTKe ceMeHa, KOJKHUIla U TPeOHU.

B cBs3u c OBICTPBIM OKHCIEHUEM M TOpUYEH 3TOro ChIpbs TpeOyeTcs ero paslelieHHe U CYILKa,
o0ecrieunBaronIas AIUTEIbHOE XPAHEHHE, YacTO - A0 OJHOrO ToAa.

3apyOekHOe TEXHOJOTMYecKoe OO0OpyAOoBaHWE sl JTOM IeNM JIOCTAaTOYHO 3aTpaTHOE B
npuoOpeTeHH M OOCIY>KMBaHWU. DTO OIPDAaHMYMBAET €r0 NPUMEHEHHE U CTaBUT 3a1ady pa3padoTKH
OIOJKETHOTO OTEYECTBEHHOT0 AaBTOMATH3MPOBAHHOIO OOOPYAOBaHMS, HE YCTYHAIOLIETO MO KadeCTBY
CYIIECTBYIOLINM 3apyOeKHLIM aHaJIOTaM.

Ha mnepBom »srame mnst Opjecckoro permoHa HaMu Oblla TMPEJIOKEHA palioHalbHAas cXema
aBTOMATH3MPOBAHHOM MepepadOTKN BUHOTPAIHbBIX BBUKMMOK, IIPEACTaBICHHAast Ha puc. 1.

Menkas ¢pakum BosgywHo-cyxu Cena- Koxunua
BaaxHble BbIXMMKN Cenapatop BH- (KoMMLa U MAKOT Kowmuya n makoel parep [ Msakote S
BWHOrpana
HorpagHbIx CeMeHa
cemaH CBC-2 i -
KpynHas dpakuma | O |sosaywro-cyxme| MogrotoeutensHbii
Liex nepepaboTkun (koMMUa M MAKOTE § cemena yvacTok
BHMHOrpaga Ha Bu- g \|/
HOMaTepuanbl s
P 5 YyacTtok
a npeccoeaHuA
1
x
5 6 Opobunka = ViKmeix
N1@KHbIE TPELHM rpe6Hed BUHO- | 106 nenHbie Yyactok nomona
BWHOrpana IB-4
rpaga [ rpe6HK \l/
BVlHOrpa,ﬂ,Hoe Macno ¢ NOPOLWOK

Puc.1 Texnonornveckas cxema 1-ro 3tana nepepadloTKy BHHOTPaAHBIX BBIZKMMOK
Biaxxusie BUHOI'paAHBIC BBIDKUMKH IIOCJIE IIpECCa BHUH3aBOJa HAIIPaBJIAOT B HpHeMHBIﬁ 6YHKep
pa3pabOTaHHOTO HaMM cemaparopa BUHOrpaaHoi cemeuku CBC-2, B KOTOPOM OHHM pa3leisieTCs Ha TPH
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MOTOKA — KOXKHIBI C MAKOTBIO (KpyIHas M MeJKas (pakiuu), a Takke Ha CeMEHa BHHOTpana. BraskHbie
rpeOHA BUHOTpaaa IIPH TOMOIITH apoOmiku rpeduelt /I B-4 nameit pazpaboTku [5] MOATOTaBIMBAIOTCS IS
2-ro dTama mepepaboTKU (3[ech HE paccMmarpuBaeTcs). YacTh MONyuYeHHOH KOKHUIBI ¢ MSKOTBIO TaKkKe
OTIPAaBJSIIOT Ha JAajbHEHIIy0 mnepepaboTKy 2-ro 3Tama, OCTaJbHYI0 HMX YacTh W CEMEHa CylaT B
sKoornyecku unctort mappakpacHoit cymmike MKC-1 nameii pazpadorku [2, 3, 4]. [Ipu sTom ocTaBmasics
9acTh KOXKHIIBI YAAJSIETCS adpOCernapaTopoM-OXJaAuTeNeM CYIIWIKH, Ha BbIXOJAE KOTOPOH IIOIydYaroT
YHUCTBIE CYXHE CEMEHa BHUHOTPaJa U CYXYI0 KOXHUIy. DTH CeMeHa MOATOTABIMBAIOT U MPECCYIOT MpH
MIOMOIIM I[IHEKOBOI'O IIpecca, MOoJydas BHHOIPAZHOE MAacio W JKMBIX, KOTOPBIM 3aTeM H3MENbYal0T Ha
y4acTKe ITIOMOJIa ¥ BMECTE C Mac/IOM OTHPABIISIIOT Ha 2-i 3Tan nepepaboTKy.

CxemMa aBTOMAaTH3allMM TpeAyCMaTpUBAeT YOpaBICHHE YKa3aHHBIM Ha puc.l o0opyaoBaHHEM,
TPaHCHOPTEPaMH, 3aJBIKKAMH U T.1.

Hambonee cnoxxHpIM W3 3THX 00BEKTOB ympasieHus spisercs cymmmika MKC-1, cTtpykrypHas cxema
cucteMbl aBToMatiuueckoro perynupoBanus (CAP) kotopoit moka3zaHa Ha puc.2.

t'C Bnax. . _ _ t°C cyx.
WK - HarpeBaTenb > WK - HarpeBaTenb o WK - HarpeBaTenb 30Ha _V’
30HbI 1 30HbI 2 30HbI 3 oxnaxkaeHua
cemnAH yy cemMAH
CUMWCTOPHbLIN
NN t°C nonotHa NNt°C nonotHa npeoBpasosatens
-\--‘"\A + + y

MWKpPONPOLLECCOPHbIM KOHTPONNED  le¢—| MM cpeaHeii t 'C ceman

Puc.2 Crpykrypnas cxema CAP undpaxpacuoii cymuiaxu UKC-1

Brnaxxnele BHHOrpagHble CeMEHAa W3 NPUEMHOTO OyHKepa paBHOMEPHBIM CJIOEM IIOCTYNAIOT Ha
BUOpOTpaHCIIOPTEp, TEepeMElIaloNnll ceMeHa CKBo3b Tpu 30HBI MH(pakpacHoro (MK) HarpeBa u oany
oxXJIaKJIeHHs/adspocenapupoBanus. [lepBas M BTOpas 30HBI HarpeBa HE peryJHpyeMble, 0OecreynBaroIIye
MaKCUMaJIbHYIO Ileperady TeIula sSiApaM BHHOIPAIHBIX CEMSH 3a CHeT MH(PaKpacHOIro M3JIyueHHs HUDKHEH
gactu UK-cniektpa. Tpetbst 30Ha MK-HarpeBa ympasnsercst 3-X (a3HBIM CHMUCTOPHBIM Ipeo0pa3oBaTeieM
MO0 CHUTHaIy  MHKPOIPOIECCOPHOrO  KOHTpoiuiepa. WHpopmamuio o0  Temmeparype  IOJIOTHA
BUOpOTpaHCHOpTEpa B MEPBOM M BTOPOIl 30HaX HarpeBa, a TAKXKe O CPEeIHEH TeMmIepaTrype CeMsiH Iocie
TPETbEH 30HBI KOHTPOJUIEP MOJIydaeT OT TEPMOMETPOB conpoTusieHus rpaayuposku 100I1. CnenuansHoe
YCTPOWCTBO, YCTaHOBIICHHOE TIOCNIE TpeThell 30HBI HarpeBa OOeclevHMBaeT YCPEAHEHHE M HaJCKHYIO
WHPOPMAIIIIO O CpelHEel TeMmmeparype ceMsiH, SBISIOLIeicS TTaBHOH peryinupyeMoil koopauHartoi. [lpu
MMOMOIIY BEHTWJIATOpPA MOTOK BO3AYyXd B 30HE OXJIAXACHUS OTHEIAET OCTABIIEECS KOIMYECTBO CYXOH
KOXHIIBI, oO0ecnieunBast Ha BbixoJie cymmiku MKC-1 MOTOK YHCTBIX CyXHX CEMSH.

B mnpomecce ¢yurkunonunpoBanus Ha CAP cymuinkyd BO3JEHCTBYIOT BO3MYIIEHHS OTKIOHEHHUEM
TEMIIEPATYP OKPYKAIOILEN CpeIbl M BIaXKHBIX CEMSH Ha BXOJE B CYIIWIKY, MacChl H CKOPOCTH NTEPEMELICHHS
CeMsiH 10 BHOPOTpaHCHopTepy, KojeOaHUs HANpsDKEHUsl CeTH W APYrHe BHEIIHHE (aKTOpbl. DTO MOXKET
YBEIIMYMBATh BpPEMSI CYIIKH, YXYJIIIATh KA4eCTBO CTAOWIM3AIlMM TEMIIEpaTypbl U, COOTBETCTBEHHO,
KOHEYHOH BJIQXKHOCTH CEMSH Ha BBIXO/€ CYIIMIKH.

YacTHYHO KOMIIEHCHPOBATh BIIMSHUE MEPBBIX JBYX 30H HarpeBa Ha pPETYIHPYEMYIO KOOpPAHMHATY —
TeMIIepaTypy CEeMSH TI0CTIe TPEThel 30HbI MOXKHO MPH Mcois30Bannu CAP ¢ kommneHcaruei BO3MyIIIeHHUS.

[Mockonbky TemrepaTypa IMOJIOTHA BHOPOTPaHCIIOpTEpa Ha BBIXOJE W3 TEPBOW 30HBI M3MEPSETCS, TO
MOXHO TIpM 3TOM IIOCTPOUTH JIOTIOJHHUTENbHBIA KaHall CBSI3H, KOTOpPBIH OyneT KOppPEeKTHPOBATbH
YIPaBISIOIIee BO3AEHCTBHE PETYIATOPA, YIIydllasi KaueCTBO PETyIUPOBAHUS.

3TO omnpenenuiIo HEOOXOJUMOCTb HCCIICAOBAaHHMS W Pa3pabOTKH  pPAlMOHANBHBIX  aJITOPUTMOB
perynupoBaHus. lcciaenoBaHue CHCTEMBI IPOBOAMIOCH IYTEM KOMIIBIOTEPHOTO HMMHTAI[HOHHOTO
mozaenupoBanusi CAP B cpeme Simulink makera mporpamm Matlab. TlpensapurensHo Ha ombITHO-
npoMeinuieHHOM obpasue cymrmikun MKC-1 6pumm ompepeneHsl mepexofHble xapakTepucTuku 30H K-
HarpeBa M MOCTPOEHBI MOJEIH, aJIeKBaTHBIE MX PEATHHBIM TUHAMUYECKHM CBOMCTBAM.

[Ipn napamerpudeckom cunrese CAP cymmnku ObIJIO HPOBEJEHO KOMIBIOTEPHOE MOJECIMPOBAHUE
CHUCTEMBI B pa3jMYHBIX peXMMax ee padorel. CpaBHEHHE DPA3INYHBIX PACCMOTPEHHBIX cTpykTyp CAP
mokasajgo 3(P(EeKTUBHOCTh INPEJIOKCHHOW CHCTEMBI, KOTOpas Oblla pealn30BaHa C IOMOIIbIO
MUKPOKOHTPOJJIEPHOIN CUCTEMBI YIIPaBICHUS.
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Ocenbto 2018 roga B xo03siictBe dpymymnka-HoBa oxecckoit o0nacTi OBUIM MPOBEACHBI YCIIEIIHBIE
UCTIBITAaHNSI ~ ONBITHO-TIPOMBIIUIEHHBIX ~ 00pa3moB  pa3pa0OTaHHOIO  HAaMH  aBTOMAaTH3HPOBAHHOTO
000pyIOBaHMsI, COCTABISIIOIIET0 aBTOMATU3UPOBAHHYIO JMHHUIO |-ro 3Tama mepepabOTKH BHUHOTPAJHBIX
BBDKMMOK. VcnbITaHus OKa3aI BHICOKYIO 3P QEKTUBHOCTh MPUHATHIX HAMH PEILICHUH.

Jletom 2019 r. B ¢. ®pymymmka-HoBa Hawanachk OMBITHO-ITPOMBINIIICHHAS SKCIDTyaTaIlHsl MPEII0KEHHON
JUHUH, OIWH U3 pad0YMX MOMEHTOB KOTOPOM MOKa3aH Ha puc.3

Puc.3 Undpaxpacuas cymuniaka UKC-1 B padore

[IpennoxeHHass aBTOMaTU3UPOBAHHAS JIMHUS MOXKET OBITh KCIIOJIb30BaHA MPHU CO3JAHUU KIIACTEPHBIX
LIEHTPOB MEePEPa0OTKH BTOPUIHOT'O CHIPESI BHHOJICIIHS, TTOCTYIAIOIIEr0 OT OU3JIeKAIINX BUH3aBOIOB.

B Hacrosimiee BpeMs WIET akTHBHAas paboTa MO CO3MaHUI0 aBTOMATU3MPOBAHHON JIMHUM JUISI BTOPOIO
JTarna nepepadoTKH BUHOTPAJIHBIX BEDKUMOK.
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VK 681.513.8 5
BABWY M.I., BUIOIIUIIBKNU B.B.
OHITY (Oneca, Ykpaina)

PO3POBKA TA JIOCJIJKEHHS MOJIEJII ITPOI'HO3YBAHHS TOITUTY JJ11 EGEKTUBHOI
POBOTHU PO3IOJAIJIbHOI JIOTICTUKU HA IAITPUEMCTBI

s supiwenns 3a0a4i ynpasiiHHa 3anacamu 8UKOPUCMAHO 081 MOOei. 3 OemepMIHO8AHUM
OUHAMIYHUM NONUMOM MA 3 GIPO2IOHUM HecmayioHaprum nonumom. Ilpoerno3yeanns nonumy poobumscs 3a
0onomozoio memooonocii boxca-/cenxinca.

Beryn. IlocringycTpianbHuif eTam pPO3BUTKY E€KOHOMIKM YKpaiHH Ta HEOOXiTHICTh MOOYyTOBH
IHTEJIeKTyalIbHOTO CYCIIIJIbCTBA B YMOBax iHTerpauii, inpopmaruszanii ta riodamizaiii CBITOrocrnonapchbkux
npoleciB MOTpeOyI0Th iICTOTHUX 3MiH B OpraHizamii Ta yrnpaBJiHHI i€papXiYHUMH PiBHSMH T'OCIIOAPIOBAHHS
Ha OCHOBI IHHOBaIliHHO-1HBECTHIIIITHOI MOJENi CTaJOTO PO3BUTKY EKOHOMIKM KpaiHu. 3 OrJsiay Ha IIe,
MIPUHIIAIIOBO 3HAYYIIIMM CTa€ 3aCTOCYBAHHS 1HHOBAIIIHOT MOJIENI YTIPAaBIiHHSA, KA 3MOXKe “BIUXHYTH HOBI
IMIYJIbCH y PO3BUTOK EKOHOMIKM 1 3a0e3lednTH WiABUIIEHHS eQEKTHUBHOCTI KOXHOTO Cy0’ €KTa
M AIPAEMHUIIBKOI JisTbHOCTi. OCHOBOIOIOKHUM TIIXO0IOM IO PO3POOKH TaKO1 MOJIEN BHCTYIIAE JIOTICTH3AIILST
EKOHOMIKH 3araJioM 1 yTIpaBITiHHS 30KpeMa, sIka HeMOXKITBa 0e3 TpaHCOpMyBaHHSI iCHYFOUOI CHCTEMH MEHEIDKMEHTY
i onaHyBaHHS IPOrPECUBHIMU METOIAMH YIIPABIIHHSI ITiIIPUEMHHULIBKOFO JTsUIBHICTIO HA 3acajiaX JIOTiICTHKH.

JloricTuka — BIZTHOCHO HOBAa 1 MOJI0J1a 00JIaCTh EKOHOMIKH 1 JIFOICHKOI AisyIbHOCTI. JIOTiCTHKA OXOILIIOE
TaKi BUJIU MiSITFHOCTI SIK TUIAHYBAHHS, KOHTPOIIB 1 YIIPaBIiHHS TPAHCTIOPTYBAHHIM, CKIIayBaHHSI

[ToHATTS MaTepialbHOTO 3aIacy € OJJHUM 3 KJIIFOYOBUX B JIOTICTUI. Y3sTa 3 MPUPOAH CHUPOBUHA, TIEPII
HiXK y BUTJISII TOTOBOTO BHPOOY TOTPAmUTH A0 KIHLEBOIO CIIOKWBAdYa, MEPEMIMIAETHCS, 3'€HYETHCS 3
IHIIMMHA MaTepianaMu, TiATaeTbes BUPOOHHMUINH 00podmi. [IpocyBarounce mO JNaHIIOTY MaTepiaabHOTO
MMOTOKY CHPOBHHA (a 3rofoM HammiBhabpuKaT i TOTOBHIT MPOAYKT) IEPIOTUIHO 3aTPUMYETHCS, YEKAFOUH CBOET
4epru BCTyMy 0 Tiel a0o 1HII0T BUpoOHMY0i a00 JOTricTUIHOI onepaltii.

3arajapHONPUNHATE (HOPMYJIFOBAHHS CBIAUNThL: MaTepiaabHI 3aMMacu — e MPOIYKILis, 10 3HAXOAUTHCS
Ha DI3HUX CTalifX BUPOOHUIITBA, MPOIYKIlisl BHPOOHMYO-TEXHIYHOTO MPU3HAYCHHS, BUPOOM HAPOIHOTO
CIOKMBaHHS 1 IHIII TOBAapW, IO YEKalOTh BCTYMy 1O TMpolecy BUpoOHWUOro abo 0coOHCTOro
CIIO’KMBaHHS.[2]

AxTyanpHicTh. SIKOM BECh JIAHIIOT YYaCHHUKIB, 1110 3a0€3MeUyI0Th IePEeTBOPEHHS NEPBHHHOI CHPOBUHU
Ha BUPOOHM HAPOJHOTO CIIO’KUBAHHSI 1 IPOCYBaHHS IIMX BUPOOIB, MMPAIIOBAB SIK €JMHUI MEXaHIYHUI KOHBEEP,
Yac OUiKyBaHHSI MOXHA OyJ0 O IMpakTHYHO 3BECTH 0 HyJs. [IpoTe B peanbHOMY KUTTi 00ilTHCS 0€3 Takoro
O4iKyBaHHSI He MOXkHA. CTBOPEHH: 3aaciB 3aBXKAM 3B'SI3aHE 3 BUTPATaMH. 3BEIEHHS 10 MiHIMyMy IPOCTOIB
BUPOOHUIITBA Yepe3 BiJICYTHICTh 3ariacHUX 4acTWH. [[0JJOMKH yCTaTKyBaHHS Ta Pi3HOMaHITHI aBapii MOXYTh
MPUBECTH, 32 BIJICYTHOCTI 3amaciB AeTasieHd, 10 3yMUHKH BUPOOHNYOTO Tporiecy. OcoOIMBO 1€ BasKIUBO JIJIsI
MiANPUEMCTB 3 Oe3repepBHUM NPOIIECOM BHPOOHMIITBA, OCKIJIBKH B IIbOMY BUTIAJIKY 3YMTHHKA BUPOOHHIITBA
MOJKe OOIATHUCS JTyKe JIOPOTO.

CrpoliieHHsI poIiiecy ynpaBiiHHsI BUpOOHHUIITBOM. MoBa iiJie PO CTBOPEHHI 3araciB HamiB(haOpuKaTiB
Ha PI3HUX CTa/isIX BHPOOHHYOTO MPOIECY ycepeauHi mianpueMcTBa. HasiBHICTH IMX 3amaciB J03BOJISIE
MOHU3UTH BUMOI'M JO CTYINEHS Y3TOMKEHOCTI BHUPOOHMYMX INPOLECIB HAa PI3HUX AUISHKAaX, a OTKE 1
BIJIMOBI/IHI BUTPAaTH HA OpPraHi3allif0 YIpaBIiHHA OIUMHU Tporiecamu. [lepepaxoBani MpUYMHU CBiTYaTh MPO
Te, IO MiIPUEMITI, IK B TOPTIBJII TaK i B IPOMHUCIIOBOCTI, BUMYIIICHI CTBOPIOBATH 3aIlacH, OCKUJIbKH 1HAKIIE
301IBLIYIOTECS BUTPATH Ha MOCTAa4aHHs, TOOTO 3MEHLIYEThCs NpUOYTOK. B Toif e yac, 3amac He MOBUHEH
MEPEBUILYBATH JIESKOI ONTUMAIbHOT BETMYUHH.

YnpasiiHHS 3aacamMy MOJSITA€ y BUPIMICHH] JIBOX OCHOBHUX 3aBJIaHb:

— BU3HAYCHHS pO3Mipy HEOOXIHOTO 3aracy, ToOTO HOPMHU 3aracy;

— CTBOPEHHSI CUCTEMH KOHTPOJIIO 32 (DaKTHYHMUM PO3MIpPOM 3aracy i CBO€YaCHUM HOTO MONOBHEHHAM
BIJIMTOBIIHO JI0 BCTAHOBJIEHOT HOPMHU.

AKTyanbHICTh JJaHOT PoOOTH OOYMOBIIEHa THUM, IO 0e3 PO3pOOKH aJEKBATHHX CyYaCHUM YMOBaM
MOJIeJIeH YIpaBJIiHHS 3amacaMd 1 NPOTHO3YyBaHHS BipOTiJHOTO TONHMTY HEMOXJIMBA e(eKThBHa poboTa
MiANPHEMCTB.

3anporoHoBaHi pilieHHs. B paMkax JaHOi HAyKOBO-IOCIIAHHMIIBKOI POOOTH HEOOXiIHO PO3POOUTH
MOJIeJTi IPOTHO3YBAHHS TOMUTY ISl €PEKTUBHOI POOOTH PO3NOIIIBLHOT JIOTICTHKH.

s nporo HeoOXiTHO PO3MIISIHYTH iCHYIOUI MaTeMaTH4Hi MOJENI YIPaBIiHHS 3aracaMy, i BU3SHAYHTH,
SK1 3 HUX HaWJOLIbHIIIe BUKOPUCTOBYBATH JIJIsl YIIPABIiHHS 3allacaMd B yMOBAaXx IIEHTPaIi30BaHOI CHCTEMHU
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roctavdanss. I1i7] MEHTpaTi30BaHOI CHCTEMOIO TOCTAdaHHS CIIiJ] PO3YMITH CHCTEMY, B SKiMl TOBapH Bil
BHPOOHHKIB TOCTAYAIOTHCSA HA IMEHTPAIBHHM CKJIad, 1 3 IEHTPATBHOTO CKIAAy M0 IMYHKTIB po3apiOHOT
TOPriBii. BXiqHUMM JaHUMU a1 MOJEJCH YIpaBIiHHS 3alacaMHu € TPOTHO3 MONMUTY Ha ToBapu. OTKe,
HEOOXIIHO pO3TJISHYTH ICHYIOYl METOMW MPOTHO3YBAaHHSA 1 BHU3HAYUTH Taki, IO HAWIOLIIbHIIIE
BUKOPUCTOBYBATH JUIsi CEPETHHOCTPOKOBOIO TPOTHO3YBAaHHS IMOMUTY HA BEIUKY KiNBKICTh BHIIB TOBApiB.
HeoOximHOo po3pobutn anmroputMiyHe 3a0e3NedeHHs I TPOIlecy MPOTHO3YBAHHSA IOMUTY 1 MPOIECY
yOpaBlliHHS 3amacaMy BiANOBIAHO A0 OOpaHMX MaTeMaTHUYHUX Mojenei. Ha ocHOBI po3pobieHoro
ANTOPUTMIYHOTO 3a0€3MeYeHHsT HEOOXiTHO PO3POOUTH MPOTpaMHE PIlIEHHS MPOIECy YNPaBIiHHS 3aracaMiu
B YMOBaX IIEHTPATi30BaHOT CHCTEMHU TIOCTAYaHHSI.

B naniii po6oti Oyiio mpoaHasTi3oBaHo JICKUTbKa MOJIEIICH YIIPaBIiHHS 3aacaMu, ajie BPaXOBYFOUM ITOCTaBJICHI
3aJ1adi, a caMme MOETHAHHS [TPOIIeCy MPOTHO3YBaHHsI MOMUTY 1 MpoIecy yHpaBiiHHS 3anacamu, Oyio o0paHo JBi
MaTeMaTH4YHI MOJIEINi: MOJIETh YIIPABIIIHHS 3aracaMy 3 AETePMiHOBaHUM AWHAMIYHHMM ITOTIMTOM Ta MOJEIH
yIPaBJIiHHS 3aMacaMy 3 BUNIQJIKOBUM HECTAIIOHAPHUM TTOITUTOM.

Yacto momMT 3aJa€ThCSA SK IOCHITOBHICTH PO3PaXOBAaHMX 3a3AalieTib HA TIJCTaBi SKUX-HEOY[b
eMITIPUYHUX JTAHUX BEJMYUH. SIKIIO MO3HAYUTHU: Z), — 3AJHIIOK ToBapy Ha ckuasi Bia (K-1)-oro nepiomy; xj, —
nonut y K-uit mepion; S — 3amac crBoproBanuii Ha K-uit mepiom; hy (S — xj) — BUTpaTH Ha 30epiraHHs
HaJUIMIIKOBOTO 3anacy K-wii mepion; ci (Sy — Zx) — BUTpaTH Ha JOBEICHHS 3alacy /0 BEIUYUHH Sj; N —
KUIBKICTB TIEPIOJIiB.

Tomi cymMapHi BUTpaTH MOYKHA 3aMHCATH Y HACTYITHOMY BHTJISIII:

n

L) = ) [ex(Sk = 210 + hi(Si = )]
k=1
[lpn npoMy, 3aBIaHHS KEepyBaHHS 3alacaMd ITOBHHHO BHPILIYBATUCSI HE3AJEKHO U KOXKHOTO
nepiony.
[lpy BHUMAAKOBOMY HECTAI[IOHAPHOMY IMCKPETHOMY MOMUTI ()YHKIis BUTpAT 3a OJIUH MEpioj Mae
BUTJISA:

S5-1 00
LS) =h Y (S=0p +d ) (x=Sp) +¢(S - 2)
. x=0 ] x=S+1

JIe Z — 3QJTUIIOK BiJI HOIEPEHBOTO TIePioJy;

X — TIOTIMT B JIaHHUH TIEPioJ;

p(x) — AMOBIPHICTh TOTO, IO MOIHUT JOPIBHIOBATHME X;

S — 3anac, sskuil He0OXiTHO cTBOPUTH B k-if epio;

h (S — x) — BuTparu Ha 30epiraHHs HaIUIMIITKOBOTO 3aI1acy,

d (x — S§) — BTpaTH BiJl HEOCTAYl OJMHHUIII TOBAPY;

¢ (§ — z) — BUTpaTHU Ha JIOBEJICHHS 3aI1acy JI0 BEJINYHHU S.

Ha BenunumHy 3aracy S; B KOXHMII TIepio]] HaKIaJeHi OOMEKEeHHS: 15l BEIMYMHA Ma€e OyTH OLIBIIOL0,
a0o0 JTOpIBHIOBATH TIOIUTY X), B IIeH Tepioj, 1 BOHA Mae OyTH MEHIIIOIO 32 CyMapHHWH MOMUT y BCi HACTYIHI
epiozu.

Juist BUpilIeHHS 3a/1a4i TIPOTHO3YBaHHS MOMUTY OyJio 00paHO JEeKiIbKa OCHOBHHUX iCHYIOUMX MOJIENeiH
Ta METO.iB, siki Oyll0 TOEJHAHO B OAHY MOJENb (B OCHOBY 3aKJIaJIeHO OCHOBM Meronojorii Bokca-
JIxeHKiHCA).

it KOXKHOTO BHJTy TOBapiB MPH KOXKHOMY IPOTHO3YBaHHI po3po0iieHa MOJIeTb cepell epepaxoBaHmx
MoJiesiel BU3HaYa€e HaOuIbl afekBaTHy. CTymiHb HeaJeKBaTHOCTI MOJIETl BU3HAYAETHCS K CyMa KBajpaTiB
PI3HHIIL MK TPOTHO30M 1 CTATUCTHYHUMH 3HAYCHHSMHU. BU3HAaYCHHS HaWOIIBII ageKBaTHOI MO
MIpeICTaBJIeHO Ha pHC. 1.

BianosigHo 10 oOpaHUX MaTeMAaTUYHMX MOJEJCH PO3pOOJICHO alropuTMivHe 3a0e3MeYeHHs 1 Ha HOTro
OCHOBI PO3pOOJICHO TporpaMHe pimeHHS. J[isi BU3HAueHHS HAWOINBII JOLUIBHOI MOJENI YIpPaBIiHHS
3amacaMy JJIsl JaHoi TMpeaMeTHoi oOnacTi, OynuM NpOBENEeHI YHCENbHI PO3paxyHKH. 3a JI0MOMOIOI0
PO3pO0JICHOIO MPOrPaMHOro pillleHHS OyJd BHU3HAYCHI TepMiHHM Ta 0O0CSrM 3aMoBjeHb. [loTiM Oynu
po3paxoBaHi CyMapHi BUTpaTH MiANPHUEMCTBA, NP BHUKOPHCTAaHHI KOXHOI 13 Mogeneid. Ha ocHoBi
PO3paxyHKiB 3p00JIeHO BUCHOBOK, 110, IPU ONKCAaHMUX BXIJHHUX JAHUX 1 OMUCAHMUX METOJax MPOTrHO3YBaHHS,
BUKOPHUCTAHHS MOJEJI i3 BIPOTiIHUM HECTAI[lOHAPHUM IIOMUTOM € OLIBII JOIUIBHUM, HIK BHUKOPHUCTAHHS
MOJIEJIi 13 IeTepPMIHOBAaHUM JUHAMIYHUM TIOITUTOM.

Haii0inpmmii exoHoMiyHuii edekT Bin peamizamii po3riasHyTHX MoJesed 1 MmiaXoniB Moxe OyTu
JIOCSTHYTHH 32 HASBHOCTI CBOEYACHOI 1 JOCTOBIPHOT iH(POpMAIIiT PO OTOYHHN PIBEHb HASBHOTO 3aIacy Io
KOXKHI ToBapHiil mno3umii (6axaHo B Macmtabi peasbHOrO 4acy), 1o 3a0e3nedyeThCsi Cy4acHUMH
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iHpOpMaIIHHUMH TEXHOJIOTIIMH. BUTpaTH Ha CTBOPEHHS BIANOBIAHOI KOMITIOTEPHOI iH(pOpMaIiiHOT
CHCTEMH BHIIPABIOBYIOTbCS BXE TUIBKM 3a PaxyHOK BIIOPSIKYBaHHA OONIKy TOBapHHX pecypciB, a
OTITUMIi3alis yIpaBIiHCHKHUX PillIeHb [0 MOCTAYaHHAX 1 3amacax 3HaYHO 3HIKYE TePMiH 11 OKYITHOCTI.

MovaTok

MpUPIBHATH MIHIMANEHY CTYNIHE HEAAEKBATHOCTI A0 Yucna M

v

MNpWpiEHATH HOMEP HaRBINLIW aaekBaTHOT MOgEni ZHAHEHHID MIHYC OgWH

¥

MpUpIBHATIA HOoMED MOOENI WD NepeBiPAETECA HY IO

¥
BusHAYMTI NPOrHO3 33 OoNoMarow Modeni wo NepesipReTkcl Ha acHoBI
BHOPOUEHOT CTATHUCTHRM
¥

BEraHaunTi cTyNiHe HeaAekBaTHOCTI MoOeni Wo NepesipasThen

&

—

MNepeATy go
HacTyYNHO! mogeni

yMiHb HE3AeKBATHO
Mogeni Wo nepesipAETLCA &
HaAMeHLLM?

Hi

MNpUpiBHATH MIHIMaNEHY CTYNIHE HeaAeKBaTHACTI 40
CTenNeH HeaaekBaTHOCT! Maaeni Wo NepesipaeTees
v
MpHpIBHATA HOMED ONTUMANLHOT MOAENI 00 HOMEPY MOAENI
WO NepesipAeTacA

/ﬁm Hi
—

nepesipaxi?

L 3

M €& HANGINELW afekBaTHa
MOAeMNE AOCTaHE 80EKBATHOKZ

MpypiBHATH HOMER HAWGINLW
Tak ageKBaTHO! MOdeni IHAYEHHIO
MiHYC OOWH

|

Puc.1 — Cxema BU3HAUYEHHS HAMOIIBII aIeKBATHOT MOJIEeIi TPOTHO3YBAHHS
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V]IK 004.624 5
O.I1. ®EJIIOK, € M. KPXKAHOBCBHKUN
BHTVY(VYkpaina)

BUKOPHUCTAHHS TEXHOJIOI'TiI AHAJII3Y TA CUHTE3Y JAHUX
JUJIA PO3POBKU OIITUMAJIBHOI'O PO3KJIAY 3AHATH

Pozenadacmocsa 3a0ava cmeopenns onmumanbHO20 pO3KIAOY 3aHAMb 3 BUKOPUCIAHHAM CYO EKMUBHUX
nepesaz 3a OONOMO2010 NPOSPAMHO20 MOOYVIA, WO OA3ZYEMbCA HA ceHeMUYHUX areopummis. byro eubparno
eBONIOYIUHUL 2eHeMUYHUL AneOpumM HA OCHO8I Yinbo6oi yHKyil 3 Gimuec-QyHKyiclo oyinKu sSKoCmi
PO3KNA0Y, AK HAUDINbUL NPOSPECUBHULL ANCOPUMM CbO2OOEHHS.

[TocTanoBka mpobemMu

CknazaHHs poO3KIany € BaXIIMBUM 3aBJaHHSAM YHIBEpCUTETY. 3ajada CKJIAZaHHS PO3KIaay
PO3B’sI3y€eThCsl y OaraThox raiyssax. Hacammepen, nmpu miiaHyBaHHI AUCKPETHOTO BUPOOHMIITBA, OpraHi3aril
MAca)XUPCHKUX Ta TOBapHHUX IEPEBE3CHb, NMPOCKTYBAaHHI Ta IPOBEICHHI HABYAJIBHUX 3aHATH Y CEpEIHIH,
npoecifHO-TEXHIYHIH Ta BUIIiH mKoJi. B 11 0CHOBY MOKIIaieHO HEOOXiTHICTh 3a0e3meueHHs] ONTHMAaIBFHOTO
pO3M0iTy poOIT cepell BUKOHABIIIB, BPaXOBYIOUH IPOCTOPORBI Ta YaCOBI 0OMEKCHHSI.

3BiCHO X, Y KO)KHOMY HaBYAJIbHOMY € JIFOJTMHA, sIKa BiATIOBIA€ 32 OpraHizallifo HABYaJIbHOTO TPOIIECy,
aie mpaHa poOoTa € CKIAAHOIO s oAHiei ocoOu. Bemnka kinmbkicTs iHQOpMamii, Ky HeoOXimHO 3i0partw,
0araTo pi3HUX YMOB, SIKUX TpeOa JOCATTH Ta BiAMOBIAAJIBHICTH, SIKa JICKUTH HA BiMOBIAAIBHIN JIFIOAUHI €
3aHAITO TSDKKUMH (akTopaMH Ajsl OJHi€i ocoOHM, sika BHKOHYE 1€ 3aBAaHHs MapajieIb-HO 3 OCHOBHUMH
000B’si3kaMu. A BpaxOBYIOUM BEIHKY KUTBKICTh ayIOWTOPii, MpPEIMETiB, BUKIAJadiB, 1€ 3aBIaHHS CTae
CKJIaJHIIINM 3 PO3MIMPEHHSIM HaBUANbHOTO 3akiany. lle 3aBmaHHs € CKJIAAHAM 1 BiANOBIAATbHUM JUIS
JIOAMHY, aje MOKe OyTH BUKOHaHE KOMIT I0TEpOM HabaraTo mpocTillie i BHUIIIE.

Poskaz cam mo co0i 3aeKuTh BiJ 6araThox (akTopiB. [X MojKHA PO3LIINTH HA 06 €KTHBHI(KOPCTKI)
Ta cy0’exTuBHI(HemocTiiHi) mapamerpu. OO0’ eKTHBHI — Iie 0a3a JaHWX YHIBEPCUTETY, B sIKii 30epiracTbcs
iHpopMmalis nmpo ayauropii Ta npeamer. Cy0’€KTHBHI — 11e 10OaKaHHs CTYJJCHTIB Ta BUKJIa1adiB.

SIKII0 peTeNbHO OIIHWTH MPOOJEeMAaTHKY, MOKHA IOMITHTH, IIO 3aBIJaHHS CKJIaJaHHA PO3KIaIy €
CKJIIHUM JUTsI JTFOJAWHU, 00 Tpeba TpUMaTH B TOJIOBI BCi ayAWTOpIii, MPU TOMY, IO € Pi3HI BUIU ayAUTOPIH,
BCi moOakaHHs CTY/ACHTIB Ta BUKJIAAadiB, 110 O3HA4Ya€ HEOOXiAHICTH 10 iH(popMamito i ocoductiii opmi
310paTH, Ta HEOOXIIHICTh 3’ €IHATH BCI 11l JaHi B pO3KJIaJi TaK, 00 BCi OYyJIM 3a7I0BOJICHI, ajie, SK BiJIOMO, Iie
Maiike HIKOJIM He MOYKIIUBO JTOCSITTH.

3 iHmoro OOKy KOMIT'IOTEp 3 LIMM 3aBJAaHHSIM MOXKE JIETKO BropaTtuchk. 30epiratu iHdopmauio mpo
aynuTopii B 0a3i JaHMX, 3aCTOCYBAaTH TIeBHY (PyHKIIIO 10 0a3u, ska MOOYIye PO3KIaJ] Ta OI[IHUTU JaHUM
PO3KJIa]] BiTHOCHO 1o0akaHk JII0/Iel — MpocTa 3a/1a4a JUIsd MallliHU. 3aa4a CKIaJaHHs PO3KIIa/(iB BUKIIMKAE
3HAYHUH 1HTEpeC cepel] HayKOBLIB, sIKi MPALIOIOTh B yHiBepcuTeTax. OCKiNbKM BOHU OCOOMCTO 3alliKaBjIeHi B
il po3B’s3aHHI Ta iX KUIBKICTh € TOPIBHSHO 3HAYHOIO, TO pO3poOJieHa TOTY)KHAa MHOXKHHA BiJMOBITHHX
MoOJIeJIeH 1 METOIIB.

OnTrMaNpHICTh Y JaHOMY KOHTEKCTI BHU3HAda€ e(eKTUBHICTb BHPOOHMYMX HpoueciB. SKmo s
MPOMHCIIOBOTO BHPOOHMIITBA — 1€ MaKCHMalbHA KUTBKICTh BHUPOOJEHOT MPOMYKIi 32 OJWHUIIIO Yacy,
CKOHOMisSl MatepiajiB Ta EHEpreTHYHHX pecypciB, 3MEHIIECHHs CcOOIBapTOCTI MPOMYKIIi, ITiIBUIICHHS
MPOJYKTHBHOCTI [palli, TO JUIsl MPOIIECiB OpraHi3allii HaBYaHHs — Ie JASSIKHUA PO3IIOALI 3aHATh 0 Ay TUTOPIsLX
3 ypaxyBaHHSM OOMEKEHb Ha CITelliaNi3aliro 1abopaTopii Ta yac poOOTH BUKIIAIAviB.

MeTol po3poOKH € peamizailisi 1 BUBYCHHS MPOLECY ONTHUMAJILHOIO CKIAJaHHS PO3KiIamy, IO
BIJINIOBiZIa€ Cy4acHUM CTaHAapTaM Ta 3a0e3Meuye BUCOKY IIBUAKO/II0 Ta CTa0lIbHICTh POOOTH CUCTEMHU.

OO0’ €KTOM JTOCIIDKEHHS TTOCTA€E MPOLIEC CKIAAAHHS PO3KIIAAY 3aHATh.

[IpenqmeroM NOCTIDKEHHS € METOJM 1 IHCTPYMEHTH CKJIQJIaHHS ONTHMAIBHOTO PO3KIAay 3aHSTh,
TexHoJoril nporpamysanas SQL .

["onoBHOIO 331a4€10 € pO3pOOKa MPOrPaMHOTO MPOLYKTY JUIsl CTBOPEHHS! ONTUMAJIHOTO PO3KIATy
3aHSTh.

Pesynbratu mociipKeHHs

OpHi€l0 3 TakUX CXOXHX CHUCTEM € cHCTeMa po3poOieHa BiHHUIBKMM YHIBEpPCHUTETOM IS
(dhopMyBaHHSI pO3KJIaJy MaricTpiB Ta cecii onmucana B jpkepenax [1-2]. Cxema OyayeThcsi HA OCHOBI TPhOX
Ba)XXITUBUX TaOJWIb: MAariCTpaHTH, BHUKIAQNadi Ta JUCHHMIDIIHA. Takox Il cXeMa BpaxoBYE BCi BUMOTH
BosoHchKOTO TMpoliecy Ta Peryioe iX BHUKOHAHHS. AJjie € CBOI HEHONIKH, Taki SK: HEMOXKJIMBICTbH
(dbopMyBaHHS PO3KJIaLy 3 BUMOTaMH He TUIBKM BHKJIQAAdiB, ajie 1 CTYACHTIB, Ta ONTHMi3awis 1 GopMyBaHHA
OyJe BIJAPI3HATUCH. 3TIAHO 3 I[I€I0 BUMOTaMU OYJI0 CTBOPEHO A0AaTOK (GopmyBaHHS poskiany (puc.l). 3a
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JIOTIOMOTOI0 TaKoTO 1HTepdelcy KOpHCTyBad MOXKE JIOJIaBATH HOBOTO BHKJIA/ada YW CTYJICHTa YU HOBY
ayIUTOPIIO Y HOBHIA MTPEAMET IS TOTO 1100 CTBOPUTH HOBUM PO3KIIA.

B! Schedule planner — O X
MpeameTy *
Mpeamer Tpyna feryi Npakmiuni  flaGoparophi | Hopwni srknanay
Math 11 2 1

Physics |12 2 2 1 :
Physics 11 2 2 1 Hoen# npeamer

[eHepysaTh

Pucynok 1 — I'onoBHe BikHO T0JaTKY

Byno Bubpano cepenoBuiie nporpamyBanist MS VS 2015 ta mosa C# st peanizanii Horo 3aBJaaHHs.
[Tics goro Oyio HamMCcaHO TOTOBUH AOAATOK 3 rpadiaHuM iHTepdencoM, KA T03BOIISE aJAMiIHICTPATOPY 31
3pYYHICTIO KOPHCTYBAaTHCh 0a3010 JaHUX Ta aAMiHICTpyBaTH ii. ba3a manux Oyma opraHizoBaHa 3aBIsku MS
SQL Server, sxuii 30epirae B co0i BCi BaXIWBI JUIsi 00paxyHKIB jJaHi. ApxiTekTypa 0a3u naHux no0pe
BimoOpakae 3B’SI3KM MK PI3HUMH JaHUMH TIPO HAaBYAIBHWK Tporec 1 3pydHO 30epirae iHdopmarito B
po3pobnenux Tabnums. byno peamizoBaHo Bci po3pobneHi Mmetoan Ha coBi mporpamyBanHs C# 1 SQL. Iloaa
apxiTEeKTypa IMOBHICTIO 33JI0BOJIBHSE BCIM BUMOTaM aJil'OPUTMY, PEalTi30BYE BCI CTPYKTYpPH Ta TapaHTYeE
BUKOHAHHS TIOCTaBJICHMX 3a7ad. TakoK I peatizailis € ONTHMI30BaHO Ta INBHAKOK. HaniliHicTh
rapaHTY€eThCS METOJIaMH, SIKI TIEPeBIPSAIOTHCSA PO3KIIaJl Ha aJeKBaTHICTh. A 30DKHICTH ITBOBOI (hyHKINT
rapanrye caMm anroputM. I 3i6paHo iX BCiX B OJJMH J0/IaTOK

By1o po3risiHyTO pi3HI BapiaHTH BUPINIEHHS TOCTABJIEHOI 3a/1a4i 1 BHOPaHO OCTATOYHUH aJITOPUTM, 32
sKkuM Oyne hopMyBaTHCS PO3KIIA]], a caMe €BOIIOIIMHAN alrOpUTM, HAa OCHOBI IMUTKOBOI (DYHKIII, B SIKOCTI
¢ditHec QyHKHIi OIIHKM SKOCTI po3iiany. bymo po3pobieHO camy HiIbOBY (PYHKINIO, SKa BimoOpakae
noOakaHHsI sIK 1 BUKJI/[a4iB TaK 1 CTYJICHTIB, BpaXxOBY€E MpiopuTeTH Ta nmodaxanHs. Takox 0yno po3podieHo
KPOKM TEHETHYHOTO aJropuTMy, sSKi TOBHHHI BHPIIIMTH 3amady. bymo po3poOieHO Ta peani3oBaHO
MaTeMaTHYHy MOJeNb pPO3KIaay, sKa ONWU3bKO BimoOpakae CyTh (I3WYHOTO PO3MOPSAAKY podoTH
HABYAIBHOTO 3aKJIaTy.

[Mpunnun poboTu g0AaTKY

3aranpHi KpOKH, AKi Tpeba Oyne peasizyBaTh JIrOPUTMOM Taki: CTBOPEHHs IEpILIOi TeHepamil
PO3KJIa/IiB BUITAIKOBMM YHHOM, OIIIHKA IIUX PO3KIIA/IIB IIIbOBOIO (PYHKIII€I0, TEHEpaIlisi HOBOTO “MOTOMCTBA”
3 MUHYJIOI iTepanii, BiAKUIAHHS TipIIMX PO3KIAJiB, MOBTOPIOBATH KPOKW 2-4 110 THX Mip, TIOKK HE OyJne
OTpHMaHa 3aJjaHa TOYHICTh, 00 KUIBKICTh KPOKiB NEPEOUIBIIUTD JOMYCTHMY.

JJis 3pyqHOCT] TaKOXX aJITOPUTM MTOKa3aHUN Ha PUCYHKY 2!

3BICHO K, 11 OUTBII 3arajbHUN 1 He KOHKPETHHUH OITUC allTOPUTMY, ajle BiH IIOKa3ye OCHOBHY 1JI€I0, siKa
MOJISirae B TOMY, IO PO3KIanud OyAyTb T€HEpyBaTUCh BHIIAJKOBO, 3MILIyBaTHCh BHIIQJKOBO, IPOTE
HEBUIMAJKOBO BinmOuparuck. Lle o3Hauae, mo manc BigiOpaTu xopomuil po3kinaz Oyae 3pocratu. | 3aBasku
CY4acCHHUM TEXHOJIOTISIM TaKi 00paxyHKH OyayTh BiOyBaTHCh IIBUIKO, HA BIIMiHY Bijl cTapux marmius [3].
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Pucynok 2 — Biiok-cxema anroputmy (GpopMyBaHHS pO3KIaay

BucHoBKkH
TakuM uwHOM, OyJNO PO3MJISIHYTO pi3HI BapiaHTH BUPIMIEHHS TMOCTaBICHOI 3agavi i BUOpaHO
OCTAaTOYHHUH aJropuT™, 3a IKUM Oyjae (OopMyBaTHUCS PO3KIIAJ, a CaMe EBOJIIOLIMHUN alropuT™M, Ha OCHOBI
iTboBOI (pyHKII, B sSKOCTI (hiTHEC (YHKIIT OIIHKK SKOCTI pO3KiIany. bymo po3poOiieHO caMy ITBOBY
¢dbyHKII0, ska BimoOpakae moOakaHHS SK 1 BUKIAQJa4yiB TaK 1 CTYACHTIB, BPaxOBY€E MPIOPUTETH Ta
nobaxxaHHs. Takox Oyno po3poOJIeHO KPOKH F'eHETUYHOTO aTOPUTMY, SIKi TOBUHHI BUPIIINTH 3aa4y. byio
PO3pO0JICHO Ta pealli3oBaHO MaTeMaTHUHY MOJENb PO3KiIaly, sika OJU3bKO BiloOpakae CyTh (Di3HUHOTO

po3nopsAAKy poOoTH HaBuanbHOro 3akiany. LIBHAKICTE 1 3pY4HICTH aNrOpUTMy € HOro CYTTEBOIO
HepeBaroko.

CIIMCOK JIITEPATYPU

[1]  ber3 C. B. Po3poOka aBTomMaTH30BaHOi crcteMu opmyBaHHs po3kianay Maricrparypu / bess C.
B., Boiitko B. B., Bypoeno C. M., llloborenko A. M. // [ndopmariiiidi TexHosorii ta
koM 1otepHa TexHika — 2009 - Ned4 — C. 30-65.

[2]  bers3 C. B. ABromaru3auis npouecy GpopmyBaHHs po3kiany cecii. / bess C.B., Boiitko B.B.,
Byp6eno C.M., Ky6a T.O., Cyxonocos O.0.// [IpHHIHITIOB] KOHIIEIIIIT Ta CTPYKTYpYBaHHS
PI3HUX PIBHIB OCBITH 3 ONITUKO-EJIEKTPOHHUX 1H(POpPMaIiHO-eHepreTHYHHUX TexHoorii — 2009
- Ne4 — C.25-36

[3] BepwoBkin B.M. ABTOMaTH30BaHEe CTBOPEHHS PO3KJIA/IiB HABYAIBHUX 3aHATH BUILY C
ypaxyBaHHSM CKIIQJIHOCTI TUCIMILTIH 1 BTOMIICHOCTI cTyieHTiB / BepboBkin B.I., Icmarinosa
O.M., Atagiu T.A. // Jonosigi TYCYP. —2009. — Nel (19), vactuna 1. — C. 221-225.



46

VJIK 681.513 }
I'YPCBKHI 0.0., TOHYAPEHKO O.€.

OHAXT (Vkpaina)
JOCIIXKEHHA CUCTEM EHEPTOE®EKTHUBHOI'O YIIPABJIIHHA ITPOHECAMUA
OXOJIOPKEHHS ITPOJIYKTIB HA BA3I JABOPATOPHOI XOJIOAWJIbHOI YCTAHOBKU 3
TYHEJIbHOIXO KAMEPOIO

Y pobomi pozensoaemsca nabopamopra XOA00UNbHA YCMAHOBKA 3 MYHEIbHOK XOJI0OULLHONO
Kamepol, siKa 0ae MOMNCIUBICMb NPOGecmu HeOOXIOHI eKCNepUMeHmU 3 PO3POOKOI0 pI3HUX Cucmem
VNpaeninna.  AHanizyemvcs  MPUHYUNOBA — NMPUOAMHICMb  U3HAYEHOI  bacamopieHesoi  cucmemu
ABMOMAMUYHO20 YNPABLIHHA. CUCTEM

[ligBuimenHss eQEeKTUBHOCTI YMpPaBIiHHA 3 METOK 3MEHIICHHS EHEProCIOKHWBaHHA TEXHOJOTTYHHX
YCTAHOBOK 3aBKAU OyJ0 aKTyaJlbHOIO 33Jadero. XOJIOMWIbHI YCTaHOBKH Y XapyoOBil MPOMHCIOBOCTI TeX
BITHOCATBCSA JIO 00 €KTIB, y SIKNUX BaKJIMBE 3HAYECHHS Ma€ 3MEHIICHHS €HEeProCMOKMBaHHSA. TakuM 4HHOM,
po3pobka ¢iznyHOI MOAETl XOIOAMIBHOI MPOMHUCIOBOI YCTAaHOBKH Ta IOCIIPKEHHS Ha 0asi mmiei mopeni
PI3HHX CHCTeM eHeproeeKTHBHOTO YIIPaBIIiHHS € BOXKIUBOIO 3a1a4cto [1, 2].

s cuHTe3y e eKTHBHUX CUCTEM YIPaBIiHHS B JabopaTopii aBTOMAaTH3aIli1 XOJIOIMIFHIX MAIIUH Ta
ycranoBok OHAXT Oyma po3poOieHa rabopaTopHa XOJIOAWIbHA YCTAHOBKA 3 TYHENBHOIO XOIOAWIHHOIO
kameporo. Jlana xonoauibpHa ycTaHoBKa Oyna po3poOiieHa Mix ymHpapiiHHSAM BipTyaidbHOI J1abopartopil
LabView, mo 3abesmedye «3aBaHTaXEHHS» CKIAJAHUX aATOPUTMIB YIPABIIHHSA 10 KOHTPOJEpYy Ta
BiT0OpaskeHHS PI3HUX TEXHOJIOTIYHUX MapaMeTpiB Ha PO3pOOICHOMY BipTyalbHOMY CTeHIII (pUCYHOK 1).
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Pucynoxk 1. 3aransHuii BUTIISLT 1aOOpaTOPHOI XOIOAUIBHOI YCTAHOBKH 3 TYHEJIFHOIO KaMEpOIO Ta JIHUIIEBa
naHesb BipTyaJIbHOrO CTEHY JJIsl IOCTIIKEHHS CUCTEM YIIPABIIiHHSA

[IpoBeneni mocmiykeHHss Ha 0a3i 71abOpPaTOPHOI YCTAHOBKH IMiJTBEPAMIM NMPUHIUIIOBY MPHIATHICTH
BUKOPHUCTaHHS 0araTopiBHEBOi aBTOMAaTHYHOI CHCTEMH KOOPAMHYBAJILHOTO YIPaBIiHHS AJs 3a0e3rmedeHHs
MOTOJKEHHSI TIPOIECIB PEryioBaHHA. TakMM YHHOM, 3 METOH 3HIKCHHS EHEpPTOCIIOKWBAHHS 3aBISIKU
BUKOPUCTAHHIO OJIHOYACHO PI3HUX KEPYIOUHMX Ji MOXIMBO IOTOJDKYBATH PIi3HI IEpeXiJHi TpOIEecH B
XOJIOAWIBbHINA YCTaHOBII NPH PEryOBaHHI TeMIEpaTypu NPOAYKTY, IO OXoJomKyeThes [2, 3]. Ioganbmri
JOCTIDKEHHST MOXYThb OyTH TIOB’A3aHI 3 AaBTOMATH3ALI€I0 TIPOLECY HACTPOIOBAHHS PO3TISHYTOT
0araTopiBHEBOI aBTOMATHYHOI CHCTEMH Ha OCHOBI cepemosuina moaemoBanus MATLAB\Simulink.
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YK 664.1: 65.011.56 .
CKAKOBCBKIHU 10.M.
OHAXT (Vkpaina)

JOCIII/DKEHHA CUCTEMH ABTOMATU30BAHOI'O KEPYBAHHA BAKYVYM-AITAPATOM
IMEPIOANYHOTI AIT LIYKPOBOI'O BUPOBHUILITBA 3 METOIO If MOJEPHIZALII

Pozenanymo numanus 3 pospobku cucmemu asmomamusosannozo kepyeanua (CAK) eakyym-
anapamom (BA) nepioouunoi 0ii yykposoeo eupodbnuymea. Hagedenuil ananiz 8i0omux piuieHs i3 po3pooxu
ananociynux cucmem. Ilposedeni nabopamopmni 00CNIONCEHHS NPOSPaAMU KePYBAHHA 6APKOI0 YYKPOBO20
ymepenro y BA, wo 6yna ckraoena FBD nodionorw mosoto npoepamysarus koumpoaepa MIKS?2 yxpaincokoeo
supoonuymea. Cknadena cnpoujena modenv BA sk 06’cxkma xepyeanus. Imimayitine moodemosanns CAK
NPOBOOUNOCH HA CHeYiani308anHoMy CmeHOI i3 3ACMOCYSAHHAM NPOMUCIOBUX KOHMPOAEPI6 ma NpocpamHux
3acobie yxpaincokozo eupoonuymea, ¢ momy uucai SCADA-cucmemu «IHIEJD». 3a pesynomamamu
1abopamopHux 00cniodcenb 610 CMEOPEeHO NPOMUCTIOBUI 8APIAHM ABMOMAMU308AHO20 POOOHU020 Micys
(APM) onepamopa BA, i3 nyremom Oucmauyilino2o Kepy8auwHa O pedanizayii Oeakux QYHKYILL.
Ocmamounuii npomucnosuti eapianm APM 6ys enpogadaicenuii Ha 0ito4oMmy yyKpOBOMY 3A8001.

IocTtanoBka npodJjemu

B Opecekiil HalioHaNmpHIN akagemii XapyoBHX TEXHOIOTIH B MeXaxX TOCIIOrOBIpHOI TEMaTHKH
BUKOHYIOTHCSI POOOTH i3 HaJlaHHS HAYKOBO-TEXHIYHOI JOITOMOTH TPHU MOJEpHi3allii CHCTEM aBTOMAaTH3aIlii
Uil migBuIIeHHS edeKTHBHOCTI X QyHKuioHyBaHHS Ha KpacumiBcbkomy OypsSKOIYKPOBOMY 3aBOJi
(XmenpHuIbKoi o0macti). Ha TemepemmHiii yac, B 3B'SI3KYy 13 PEKOHCTPYKIIIEK TEXHOJOTIYHOI CXEMHU
MPOJYKTOBOTO BIIUIEHHS 3 JOJaBaHHSAM HOBOTO BaKyyM-amapara rnepiogudnoi fii (BA) mo ckmagy rpynm
BIJIMOBITHUX amapartiB, KOTPi YBapOOTh yTQETb MepIIoro MPOAYKTY, BHKOHYIOTHCS POOOTH 3 MOJAEpHi3arii
CHCTEMH aBTOMAaTH3allii BakyyM-amapaTa mepiogudHoi Aii, mo 0a3yeThCsi HA BHUKOPHUCTaHHI TEXHIYHUX 1
MporpaMHUX 3aco0iB ykpaiHChkoro BupoOHHWITBa. [Iporec oTpuMmaHHS yTQENO MepIIoro MPOIYKTY
(xpucTamizarii) TpaaWuIiiHO PO3AUIAIOT, HAa HACTymHi eramu (cTamii): Habip (HamoBHeHHs) BA cupormom
(BHIIE PiBHS PO3TAIlyBaHHS TPir0U0i KamepH), 3TyIIEHHs 0To 0 IIEBHOTO CTaHy, KOJIU MOTPiOHO 3aBOJUTH
y BA 1ykpoBy mynpy Ui CTBOPEHHS IIEHTPIB KpUCTaNi3allii; HApOIIyBaHHS KPUCTANIB, 3TyIIEHHS YTQeIto,
BUTPY3KY 3BapeHOl MacH B MilIaiky Ta nponaproBanss BA [1]. HaitGinbmn mommpeHnii METo 1 pOBEICHHS
BCiX eTamiB OTpUMaHHs yTQelto € poboTa 3 nepioAuYHUM BBEACHHSIM Y BA cupony (BUXiZHOTO pOo34nHY) —
TaK 3BaHi «IiIKAYKW», IO BUKIMKAHO BHCOKOK TYCTHHOK BHXIJIHUX PO3YMHIB Ta YTPYIHEHHSIM
BUKOPHUCTAHHS BUKOHABYMX MEXaHI3MiB 13 HEMEPEPBHO AIFOUYMMH PEryJIIOI0YHMMU OpraHaMu.

Amnani3 BigoMux po3pobok ananorivanx CAK no3BonmB 00paTH KOMIUIEKC TEXHIYHHMX pillleHb, II0
0azyrotbess Ha gocBimi HBO «XapuonpomaBToMaTtnka», a camMe BUKOPHCTAHHS HOBHUX KOHCTPYKILH
porariiiHoro Bicko3umerpa (po3podxu Biteumpkoro B. /1), mo, Ha Hamry TyMKy, Ma€e CyTTEBY MiepeBary Haj
IHIIMMH METOAaMHU KOHTPOJIF0 KOHCHCTEHIIIT IPOIYKTY B LUK HOrO BapKH.

Takum 4uHOM, JijIsi cTBOpeHHS MojepHizoBanoi CAK mpomecom Bapku yrdenro norpioHo Oyiio,
BUKOPUCTOBYIOUYH JIOCBiJ] OCTaHHIX po3p0o00K, BpaxoByroun A0cBix pobiTHHKIB ciayx0u KBIT i A 3aBony 3
poOOTH 1 00CITyroByBaHHS MIKPOIIPOLIECOPHUX KOHTpOJepiB Ta perymaropiB ¢ipmu « MIKPOJD» (M. IBaHo-
®pankiBcbk), a Takox SCADA-cuctemu «IHJIEJI», koTpa Takox siBjisie cO00I0 Cy4acHHI TpOrpaMHHMii 3aci0
BITYM3HSIHOTO BUPOOHUIITBA, CTBOpeHUH Ha mianpuemcTsi «[HpoTexnpom» (M. [lonraa), skuii BAKOPUCTAHO
B Oimbmocti APM omepaTtopiB Ha iHmIMX TUISTHKaX 3aBoxy, po3podoutn APM omepartopa-Bapimiuka s
HOBOro BA.

OcHoBHi 3a1a4i Ta ix pimenns, moao gocairkenass CAK npouecom Bapku yrearo y BA

OCHOBHMM 3aBIAaHHSIM JIOCTI/KEHHSI Oylo pO3pOOHMTH ajroOpuTM i MIporpamy Bapku yT¢emto, IIo
Oasyerbcsi Ha iHQopmamii Bix naTuukiB piBHS H Ta kKoHcTeHHii ytdemo M (curHan 3 poTamiifHOro
BickozumeTrpa) y BA, 3 BUKOpUCTaHHIM MOBH ITPOTPaMyBaHHs JJIsi MIKPOTIPOILIECOPHOTO KoHTpojepa MIKS52
Ta gocruiautd i poboTy B NabopaTOpHMX yMOBaX, 1 3a OTPUMaHHSAM YCIIIIHOTO pe3yibTaTy, Ha 0Oasi
3a3HaueHOro KoHTpoisepa cTtBopuTH APM omnepatopa 3 BukopuctanHsiM SCADA-cuctemu «IH/IEJD», mo
JO3BOJIUTHh y TojanbmomMy Bkimouutn neit APM y ckmag ACKTIL, ToOro miakmouuTtet A0 icHYyHYOi
3aBOJICHKOT iH(OpMaIIIHHOT Mepexi.

3a pesynpTaTaMH IMEPEONPOEKTHUX JOCHI[PKEHb Oyna 3amponoHOBaHAa M y3TOKEHa i3
3AMOBHUMKOM mnporpama Bapku y BUTIsiOi 3anexxHocti H = H(M), meronuka OTpPUMaHHS KOTpPOI
TpauiiiHo BUKoprucToByeThesl B CAK Bapkoro yrdenis. [ToOymoBa Takoi mporpaMu, ONTHMAIBHOT 3 TOUKH
30py SIKOCTI OTPUMAaHHMX KPHUCTAIIB IYKPY Ta MIiHIMAIbHOTO Yacy IUKIY YBapIOBaHHS aHATITHYHUMHU
METOAAMHU CTUKAETHCS 13 mpoOsieMoro 6ararodakTopHOCTI 30yKYyIOUHX BIUIMBIB, aBTOMATUYHUI KOHTPOJIb
3HAYHOI KIJILKOCTI KOTPHUX € JyXe yTpYJAHEHUM. ToMy TpaJHIiiHO BUKOPHCTOBYIOThCS €KCIIEPUMEHTAIBHI
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eKCIepTHI METOAU. BuA pO3IsHYTOI 3aJeKHOCTI BU3HAYalOTh 3a PE3yJIbTaTaMHU IIOIEPEHIX yBaplOBaHb
MIPOMYKTIB B aHAJNOTIYHUX BA, a OmOpHI TOYKM BH3HAYAIOTH Ta YTOYHIOIOTH 3a PE3yJIbTaTaMM JEKUIBKOX
BapoK, MI0 TNPOBOAWUTH HAWJOCBIAYCHHH OMEpPaTOp-BapIIMK, 3a YCIHIMIHICTIO OTPUMAaHMX KiHIEBHX
pesynbratiB. TakuM YMHOM, MporpaMa Bapkd Juisi HOBoro BA Oyrna po3poOiieHa y BHIVIAAL JOMOMIXHOT
bopmu 1 HanamTyBaHHs, B ckiaaai APM omneparopa-Bapiiunka (puc. 1).

Pexxum kepyBaHHS momadero BuxigHoro poszumHy Ui v BA e mBoxmoswumiitHuM: 3a BiakputTsM PO
(100%) — mopirist BUXiAHOTO PO3uMHY TOAacThes y BA, 3a 3akpurrsam PO (0%) — mpoBaauThCs 3TYIICHHS
po3unHy B BA BHacninok BunapoByBaHHS BOJIOTH 3 HbOro. [Ipu iboMy, Iapa IOAa€eThes B TPir0dy KaMepy 3a
TTOBHICTIO BIIKPHUTOIO TTAPOBOIO 3aCYBKOIO BIIPOJOBK BCHOTO ITUKITY BapKH. BHKOpHCTAaHHS IHITHX PEXUMIB
KepyBaHHsI HEI0 HEAOIJILHO, BHACHTIOK BiTHOCHO HEBEJIMKOTO TUCKY 3a3HaueHol mapw, 1o rpie, i3 BC.

Cepen opraHiB JUCTaHIIMHOTO KepyBaHHS, KOTpi po3MilmleHO Ha myabpTi BA, cmig Buminutu
Hacammiepen tymonepu T1 (HABIP) ta T2 (IIIAKAYKA), a takoxx TymOjaepu, KOTpi (OPMYIOTH CKIIasm
BUX1JTHOT'O PO3UMHY, 110 IOAAEThCA Yepe3 rpediHKy (KoyiekTop BuxinHux po3unHis) Ta PO (Ur) B BA.

Jii omeparopa mig 4ac KepyBaHHs LIMKJIOM BapKH MOJATAIOTh Y HacTymHoMy. llicist mpomapioBaHHS
amapata ¥ BUKOHAaHHS JOMOMDKHHUX OIepaliil i3 BkmodeHHS BA y po0oTy B ANCTaHIIHHOMY PEXHMI,
BapuuK BKarouae Tymoiep T1. ITicist mporo, mporpaMa aBTOMaTHYHOI Bapku 3aiiicaroe kepyBauus PO (U).
Ha erani HABIP amapaT HamoBHIOETBCS BUXIAHMM pO3UYMHOM 110 piBHS hl, micis 4oro 3aiHCHIOETHCS
3rymieHHs TpoaykTy y BA, 31 crabimizamiero piBHS hl, mmsxoM MiAKa4ky TOPIIM CBIKOTO PO3YUHY.
KoHcucTeHIiss IpoayKTy 3pocTae micis 3akputts PO (BHACTIZOK BHUIIApOBYBAHHS BOJIOTH) 1 3MEHIIIYETHCS
mig gac Biakputtsa PO. IIporunexHi 3MiHU, BOYECBHIb, 3A1HCHIOIOTHCS BIIIHOCHO PiBHSA NMpoAyKTy y BA. 3a
JOCSITHEHHSIM KOHCHUCTEHIIIT mpoaykTy M = M3as, onepaTop OTpUMYE 3BYKOBHI, CBITJIIOBHH CHUTHANH, a
TaKOX TIOBIIOMJICHHS Ha €KpaHi KOMIT'IOTepa PO HEOOXiMHICTH TEpeBipKH cTaHy TOTOBHOCTI BA mo
«3aBOAKM» MynpH (LeHTpiB KpucTanizamii). Oneparop Bumukae T1 i BBojuTh B BA mykpoy myapy. [licns
MEPEBIPKH CTaHy MPOAYKTY, B TOMY YHCIi 3 BHUKOPHUCTaHHSM OPraHOJENTHYHHX METONiB, BMHUKae T2
(ITAKAYKA). IIporpama, mo ¢yHKIiOHYe B KOHTposepi, kepye PO i 3abe3meuye peanizamiro Mporecy Tak
3BaHOI Tepmoi TIWOOKOI IMAKAYKH, IO MPH3BOAUTH OO 30imbIicHHSA piBHA y BA Ta 3MeHIICHHS
KOHCHCTEHIIii 0 TOYKH M2, Micisi 4oro peani3yeThCs PE:KUM cTadiizalii KOHCHCTEHIIi 31 3pocTaHHIM
piBHa y BA nmo 3nauenns h2. Ha upomy erari mouynHaioTh (OpMYBaTHCS KPUCTAIH IYKPY HaBKOJIO
IPiOHOIUCTIEPCHUX KPUCTAIYHHUX IIEHTPIB, TOOTO OKPEMHX YacTOK ITONEPEIHBO «3aBEICHOI» IyKPOBOI
nyapu. Jani mouynMHAEeThCs CTajis «3pOCTaHHS KPUCTAIy», BiIOOpakKeHHS KOTpOi HaBeJIeHO Ha puc. 1 Bifg
TOukd 3 KoopauHatamu (x1, yl) mo Ttoukm (x5, y5), mporpama peanmizye KepyBaHHS IPOIECOM i3
BUKOPHUCTaHHS KyCOYHO-TiHiItHOI ¢yHKmii. Ilicis mocsrHeHHs Toukm (X5, y5), MO BiNOBia€ TOTOBHOCTI
amapaty, TOOTO CTaH arapaTy BiJIIIOBiJIae TOBHOMY po0O0OYOMY piBHIO TOTOBOTO MPOAYKTY (yTdemo) y BA,
OIIepaTop OTPUMYE 3BYKOBHM Ta CBITJIOBHI CHTHAJIM, a TaKOX IOBIJIOMJICHHSI PO 3aKiHYCHHS BapKu Ha
exkpani APM. Omneparop mnepeBipse cTaH npoaykry y BA, i, 3a miaTBepaKEeHHSM T'OTOBHOCTI, 31iHCHIOE
BUBaHTQXXCHHA YT(EN0 B MIMIANKy, BUKOHYE HEOOXiIHI JOMOMDKHI Omeparlii Ta Mpomaproe amapar s
MOYaTKy HACTYITHOTO IIMKITY BapKH.

Hanawrysanns BA - == [ Vaen 4 - ACY XPACHTOBCKINA SABOA 1973 Kpier 1-21 - BA
I3 Cncrema  Mremocxemer Asapun  Wcropws  Cepsep  Cepsic  Okra
]
‘Cupon bina  3eneHa B KDHEK‘WF BaKyyMy
E E Hanauwr. remnep. BA o iHwmx BA
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=T 105,00
2 Boma -
: Cix-’):-.l 45,
o] 26,
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i . o) 6280 14dan 15087 152821
: Bin BC piosminagn =—Temnep, B'3KiCTb: —poTau. — KOHAYKT-
i - -
L nyser B 105,
51
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Puc. 1 — Jlonmomi>xHa exkpaHHa dopma s Puc. 2 — OcnoBna expanna ¢popma APM oneparopa-
HaJAIITYBaHHS POrPaMU BapKH yT(EIro BapIIMKa Ha CTa/il «3aBojKay myapu B BA

KoxHa 3 HaBeJleHUX Ha eKpaHHii (opMi, MPU3HAYCHIN JUIs HAJTAIITYBaHHS MPOrPaMH BapKu yTderro,
(muB. puc. 1) omopHHX TOYOK, MOXe OyTH yTOYHEHa B IpOlECi HaJalmTyBaHHS BiJIIOBITHOI MpPOTpaMH,
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IIUIIXOM BBEJICHHS CKOPHTOBaHMX 3Ha4yeHb. Ha puc. 2 HaBeneHa ocHOBHA ekpaHHa ¢opma APM omepatopa-
BapIMKa Ha CTadii «3aBoaKa» myapu B BA.

Peanizanis kepyrouoi mporpamu B koHTposiepi MIKS52 Bukonana FBD moniOHOIO — MOBOIO «a,
MPU3HAYCHOK JUIsl MporpaMoBaHMX KOHTpojepiB ¢ipmu «MIKPOJI». ImiTamiiiHe MonenroBaHHS IS
MEPEBIPKHU MPAaIEe3aTHOCTI CKIAICHOI MPOTpaMH, BUKOHYBAIOCS TaKOX y CEPEJOBHUINE MPOrpaMyBaHHSI
BIAMOBITHOTO KOHTpoJepa, mpu mpboMy kaHamu OK: U; —> H; U1 —> M MokHa po3riIsaaTh K iHTerpyodi
JIQHITIOTH 13 PI3HUMHU 3HAKaMU Ta YUCEIBHUMHU KOCQII[ieHTaMH, KOTPi BiINOBIJAIOTh MpOIECaM ITiIKAYKH
MOPIIii «CBIKOT0» PO3YMHY Ta BUIIAPIOBAHHIO BOJIOTH 3 pO3UHHY Y BA.

CrpykTypa mporpamu, Kotpa Oyia po3poOiieHa IS AOCHIIKCHHS, HaBeleHa Ha PHUC. 3, Ta BKIOYAE B
cebe (parMeHT Kepyro4oi mporpamu (3Bepxy) 1 mporpamy Mojeni (3HU3Y), U0 iMiTye HaBeJleHI BUIIE KaHATU
OK. Macmta6 gacy B moneni OK ta peansnomy OK mae criBBimHOIIeHHs 1:3.

nogaua & BA

DOT(09) 10
o [

e o ‘ : g e
-H = 2

fon st M.

Puc. 4 — Jliarpama miporiecy BapKu IPOIYKTY y
BA na cramisx: 1 — nabop BA; 2 — srymenns; 3 —
«3aBOZKay IIYKpOBOi ypH; 4 — mepiua rimmdoka
migKayuka; 5 — hopMyBaHHS KpHCTaly; 6 —
MIOYATOK 3POCTAHHS KPUCTAILY

MOIENb 0K

aser@s) 1 [ Tooipomnemm: ]
el Tiepenipre roTosNicTE anapaTy Ao

SAKIHYEHHA BAPKWM B Homsur sape
T ————

Puc. 3 — IIporpama, mo ckiaaseHa MOBOKO «0, IJIs Puc. 5 — OcHoBHa ekpanna popma APM
iMiTamiiinoro moaeatoBadis nmoseninku CAK orepaTopa-BapIlyKa Ha CTAIiAX: 3aKIHUCHHS
npolecy yBapioBaHHs yrdeno y BA 3pocTaHHs KpucTany y BA Ta 3akiHYeHHS BapKu

HaiiGinbin 3py4HO0 ()OPMOIO ISl aHAJI3y OTPUMAaHUX pe3ynbTariB poooTn Moaeni CAK yBaproBaHHS
yTdeno Ta MOpIBHSHHS i3 3aJJaHOI0 MPOTPaMOI0 € IMapamMeTpudHuil rpadik (miarpama), KOTpiii MoKHA
oTpUMaTH 3a MozeitoBaHHAM y HanaromxkeHih SCADA-cucremi «IHAEJI». Binrak mns eramiB Habopy y
BA, «3aBojku» 1yKpoBoi IypH, GOpMyBaHHS Ta TIOYATKy 3POCTaHHS KPUCTAITy — OTPUMAaHA JliarpaMa Mae
BUIIIA SIK Ha puc. 4. Ha puc. 5 HaBeneHa ocHOBHa ekpaHHa (opmMa APM omnepaTopa-Bapiiyka Ha CTafisx:
3aKiHYEHHS 3pOCTaHHs KpucTany y BA Ta 3akiHUeHHs BapKH.

BucHoBkn

3a pe3ynbTaTaMH JOCIIHKEHHS OYIu ChOopMYIbOBaHI PEKOMEHIALIIT 111010 AOIIIBHOCTI BUKOPHUCTAHHS
po3polbiieHOi mporpaMu Bapkd yT¢eno B NPOMUCIOBIH peanmizanii APM onepaTtopa-Bapuivka Ha 0asi
TEeXHIYHUX 1 MPOrpaMHMX 3aco0iB BiTum3HsHOro BupoOHuNTBa. [IpomucinoBa CAK Oyna peamizoBaHa B
CKJIaJli aBTOMATH30BaHOI CHCTEMU KEpyBaHHS IPOJAYKTOBOTO BijineHHs KpachimiBchKOro IyKpOBOTO
3aBoj1y, Jic OyJu TpoBe/ieHi 11 BUpoOHHY1 BUITpoOyBaHHs B ce30H 2018/2019 pokis.

Jliteparypa

1. CoBpeMeHHBIE TEXHOJOTMH M 00OpYAOBaHWE CBEKJIOCAXapHOTO IPOM3BOACTBA. B NBYyX dacTiX.
Yacte 2/ B.O. llltanrees, B.T Kobep, JI.I'. benocronkwuii, H.W. llItanreesa u np. — Kues: Llykop Ykpainu,
2004. - 320 c.
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VK 004.94 .
BYPJAEMHA O.B.
BHTY (Ykpaina)

TEXHOJIOI'TA KOTHITUBHOI'O KOHCOHAHCY
JJI1 KEPYBAHHSA HIJIBOBOKO BEPIHIMHOIO
3A HAABHOCTI IMITYJIBCHUX IMTPOLECIB V CKIIAJJHUX CUCTEMAX

Ipunyunu ma memoou KepyeawHs IMNYIbCHUMU NPOYecamu y CKIAOHUX CUCTHeMAX OONOBHEHO
MEXHON02IEI KOZHIMUBHO20 KOHCOHAHCY, W0 YMOICUBTIOE KEPYBAHHS CUCTEMaMU, SKI MArOmMb 6ePUUHU 3
ABMOKOPENYIEo, Mma 0d€ MONCIUBICMb He 6600UMU 000AMKOBUX KepYIOHUX GepuiuH, Wo YCKIAOHIOE
MOOEIIOBAHHA.

Jns  cuHTe3y Moneni KepyBaHHA CKIaJHHMH CHCTEMaMH ICHye MaTeMaTHYHHMH —amapar,
3anporoHoBaHui akagemikoM M. 3. 3rypoBcekuM, nipodecopom B. JI. PomMaHeHKOM Ta IHIIMMH BYEHUMH,
SIKi TIPAIIOIOTH ISl PO3BUTKY JAaHOTO HAYKOBOTO HAIpsMy. 30KpeMa, iXHi HampamroBaHHS BUKIAACHI Y
crartax [1, 2]. I'pyma aBtopiB y crarti [3] Ta y HmaHuX Te3aX, IPYHTYIOUYHCh Ha BHILNECBKa3aHOMY
MaTeMaTHYHOMY amaparti, IPOIOHY€E IMOTJITHYTH Ha TEXHOJOTiI0 CTBOPEHHS KOTHITHBHUX KapT MiJ IO
IHIIMM KyTOM 30Dy .

3rigno 3 [3] s cTBopeHHs KorHiTHBHOI Kaptu (mamni - KK) ckiagHoro nporecy MOKHa 3aCTOCYBaTH
TEXHOJIOTII0 KOTHITUBHOTO KOHCOHAHCY, sIKa TOJISITaE y TOMY, IO KOXKHIH CIIOCTEpeKyBaHii, aje mpsMo
HEKEpOBaHIW, BEpINMHI CTAaBUTHCA Yy BiANOBINHICT, KEpOBaHAa BepIIMHA. [aKOoXX HE BCi BEPIIMHU €
PIBHO3HAYHUMH, OCKIJIBKH € OJIHA — LIbOBA — KEPYBAaHHS CTaHOM SIKOi 1 € MeTOl0 MojenmtoBanHsa. Onucana
TEXHOJIOTIS TOTIOBHIOE Ta PO3LIMPIOE METOAM KEPYBaHHS IMIMYJIbCHUMU MPOLECAMH Y CKIaJHUX CHCTEMaX,
BHKJIQJICHUMH KOJIEKTHBOM aBTOPIB y CTaTTsX [1, 2], m0 i Oye onucano MaTeMaTHYHO HUKYE.

3rimHo 3 [1] kepyrowi BIUIMBH, SIKi € 3OBHIINHIMH BiJIHOCHO CKJIaIHOI CHCTEMH, [IIOTh JBOMa
crnoco0aMu 3alie)kHO BiA (Ii3UUHOI MPUPOIM KEPOBAHOTO Mpolecy: abo uepe3 BEepIIMHH, SIKi HE MAaloTh
3BOPOTHUX 3B’S3KiB 3 IHIIMMHU BEpIIMHAMHU 1 HE MalTh METelb aBTOKOpeNslii, abo yepe3 AOAAaTKOBI
CHeIiabHO BBEJIEHI BepIIMHA. MiXK THM ICHYIOTh CKJIQ/IHI CUCTEMH, Y SIKAX YCi BEpPIIMHA MArOTh MpsAMi Ta
3BOPOTHI 3B’S3KH 1 YaCTHHA 3 HUX MAlOTh METJIi aBTOKOPEJISILIT, 10 CTa0lIi3yI0Th CUCTEMY.

Te, M0 BEpPIIMHHU y CKJIaJi KOTHITUBHOI KapTH MOXYTh OyTH BHUMIPIOBAaHWMHU 1 HE BHMIipIOBAaHHMH,
BPaXOBYETHCSI y YETBEPTOMY MPUHIINII, BUKIIaAcHOMY y [1] — mpuHIumi 1eKoMIo3uiiii. 3acTocyemMo Horo 10
KK, 30ynoBaHoi 3a NpPUHIUIIOM KOTHITUBHOTO KOHCOHAHCY, IPH YOMY JIEKOMIIO3HIIIO 3aCTOCYEMO JIUIS
MOJIUTy BEpIIMH Ha CIIOCTEPEXXYyBaHiI Ta KepoBaHi. Y HACTYITHUX KPOKaxX MOJENIOBaHHS HeoOXimHO Oyne
BpaxyBaTH HEBHMIpIOBaHi BIUIMBY, siki He nipenctaieHi y KK, ane ojHakoBO BIUTMBAIOTh Ha CTaH IIJILOBOI
BEPIINHH.

VY 3aranpbHOMY BHIIQJIKy TPABWIIO 3MIiHH CTaHy CHCTEMH Y BEKTOpPHOMY (popMaTi MOKHA 3amucata
dopmystoro [1]:

AV (k +1) =WAV (k) + BAZ (k), 1)

ne AV (k+1) — Bextop 3minu crany BepumH KK y KoXeH HACTYNHHil TMCKPETHHII MOMEHT dacy,

AV (k) — Bextop 3minn crany y K-uii Moment yacy, W - MaTpHIst CyMiKHOCTI, sIka MiCTUTH Baru 3B’s3KiB
Mk BepmmHamMu, B - MaTpums cymixeOCTi Ut Kepyrounx BrumBiB, AZ(K) — BekTop 3MiHM cTaHy

KEPYIOUHX CHTHAJIB.

3acrocyemo 110 (1) IpUHIMIT IEKOMIIO3HMIIIT, BpaXOBYHOUYM TEXHOJIOTF0 KOTHITUBHOIO KOHCOHAHCY. Y

MiACYMKY OTPHUMY€EMO:
AV, (k +2) =W,,AV, (K +1) +W,,AV, (k +1), )
AV, (k +1) =W,,AV, (k) +W,,AV, (K) + B,AZ (k), 3
ne AV, (K +2) - Bektop 3MiHu cTaHy P criocTepexyBanux Bepitin y k+2 moment wacy, AV, (K +1) -
BEKTOp 3MiHU CTaHy P CriocTepexyBaHux BepuruH y K+1 Moment wacy, AV, (K +1) - Bektop 3MiHu cTamy N
KepoBaHux BepumH y K+1 moment wacy, AV, (K) - BEeKTOp 3MiHM CTaHy N KEPOBaHMX BEpUIMH y K-mii
MOMEHT yacy, W;; - BaroBa MaTpuis CyMiKHOCTI po3mipHicTio P X p, W, - BaroBa mMaTpuis CyMiKHOCTI
po3miphicTioO p X N, W,; - BaroBa MaTpuIill CyMDKHOCTI po3MipHicTio N X p, W,, - BaroBa marpwuiis

cyMiKHOCTI po3mipHicTio N X N, B,AZ (K) - BeKTOp KepyBaHHS (3 N PAIKIB), AKMI 0O3HAYAE 30BHILIHI BILTUB
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Ha KepyIodi BepIINHH.

®Dopmynn (2) Ta (3) MOKa3yoTh, 0 KEPYIOUHUHA IMITYIILC CTAPTY€E Ha KEPOBAHUX BEPITUHAX B YMOBHUH
MOMEHT 4acy K, MOMIMPIOETHCS Ha iHIII KepYIO4i BEPIIMHN B yMOBHHUI MOMEHT 4yacy K+1 i Bpemri B yMOBHUiA
MOMEHT 4Yacy K+2 jmocsrae crnoctepe)KyBaHHX BEpIIMH, cepell SKUX — 1 HiiboBa. [1i] yMOBHMM MOMEHTOM
qacy MAaeThCSl Ha yBa3i Te, IO Y 3aralbHOMY BHIAJKy IMIYJIBC BiJ CTApTOBOi KEepyOUOi BEPLIMHH 0
IJTFOBO1 TIOMIMPIOETHCS 3 NEAKY KUTBKICTh TakKTiB, sIKa 3aI€KUTH Bix KinmbkocTi BepmmH y KK Ta 3B’s13KiB
MPSIMUX/3BOPOTHHUX/aBTOKOPEJIALIT, SIKi iICHYIOTb y CUCTEMI.

Buninnmo 1iiboBy BEpIIMHY 3 MHOKHWHH CIIOCTepeXXyBaHUX y popmymi (2):

AJ(K+2) UAY (k+2) =W,, (AJ (K +1) UAY (K +1)) +W,,AV, (k +1), @

ge AJ(k+2) ta AJ(k+1) —3mina crany uinboBoi Bepuman y Moment yacy k+2 ta k+1, AY (K +2)

ta AY (K+1) — 3miHa cTaHy CHIOCTEpE)KYBAHHX BEPUIMH y MOMEHT dacy k+2 Ta k+1; 3HaKk U o3Hadae y
JTaHOMY KOHTEKCTI 00’ € JTHAHHS MITH0BOT BEPIIMHH 1 CIOCTEPEKYBAHUX BEPIINH y €JUHY MHOXHUHY, siKa y (3)
6y:no noznaueHo sk AV, (K +2).

[MincraBumo (3) B (4):

AJ(k+2) UAY (k+2) =W11(Aj(k +1) UAY (k+1) +W,, (\NZlA\Z(k) +W,, AV, (K) + BZAZ_(k)),

3BijicH CTaH LiJIHOBOT BEPIIMHH OMUCYETHCS (HOPMYJIIOHO:

AT (k+2) = (AT (K +2) UAY (k + 2))\AY (k +2) = AV, (k + 2) \AY (k +2), ©

Jie 3HaK \ 03Ha4a€ y JaHOMY KOHTEKCTI BHKIIFOUCHHS 3MiHU CTaHy HiIbOBOI BEPIIMHH 3 BEKTOPY 3MiHH
craHiB enemeHTiB exuHol MHOKHHH AV, (K + 2).

BucHoBok

Y poOoTi MmoKazaHO, SIK TEXHOJOTiS KOTHITHBHOTO KOHCOHAHCY pPealli30BYEThCA [UISI KepyBaHHS
IMITyJIbCHUMH TIpOIiecaMy y CKJIQJHUX cucTeMax. BuseieHa Buie opMyia 3MiHM CTaHy HiJTbOBOi BEPIIUHH
IPYHTYETHCS. HA MaTeMaTHYHOMY arapari, 3amporOHOBAHOMY HAYKOBHUM KOJIEKTHBOM Yy ckiami M. 3.
3rypoBcekoro, B. JI. Pomanenka ta iH. y crarrsax [1, 2]. IIpm mpoMy MiAKpecieHO, MO TEXHOJOTI0
KOTHITUBHOTO KOHCOHAHCY JIOPEYHO BHKOPHCTOBYBAaTH /Ul KEPYBaHHs CHUCTEMaMH, SIKi Y CBOEMY CKIaji
MalOTh BEPIIMHU 3 aBTOKOPEISAIE€I0 1 HE MaroTh BEpIIMH 0e3 3BOPOTHUX 3B’S3KIiB, Ta SIKI HE BapTo
YCKIIaTHFOBATH BBE/ICHHSM JIOJATKOBUX KEPYIOUHMX BEPIINH, KOTPI MOKYTh IeCTa0lIi3yBaTH CHCTEMY.
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ABTOMATU3ALLS JOCJIKEHHD IIPOLECIB YTUIBALT TEIIA
[TAPOITOBITPSIHIX CYMILLIE#

B 00nosidi posenamymi numawHa noOy0osu asmomamuzoéanozo poboyoco micya (APM) ona
00CRI0JICEHHS. NPOYeCi8 YMUaizayii menia naponoGimpsiHux cymiwiel. 3 3acmoCy8anHIM NaApOKOMNPECIIHHUX
mennosux Hacocis. Ilpeocmasneni Oesxi pesyibmamu eKCHEPUMEHMIE 3 O0CAIONCEHH YUX NPOYecié sk
00'exmig ynpaeninHs.

Ilocmanoexa npobremu

baraTto TexXHONOTIYHHMX TPOIECIiB CYIPOBOMKYIOTHCSA YTBOPEHHSM BEIMKOI KITHKOCTI €HEPreTHIHHX
BIIXO/iB, sIKi B OLIBIIOCTI BHUIAAKIB IMPOCTO BUKUAAIOTHCS B HABKOJMIIHE ceperoBuine. eHepriero [1, 3].
OnHuM 3 BHJIB €HEPreTHYHHUX BiJXOJiB, IO HAHOLIBII YacTO 3YCTPIYAIOTHCS, € IApPOIMOBITPSIHI CyMmimIi
(ITIC) 3 pi3HUMU AOMITIKaMH, SIKi BUKOPUCTOBYIOTHCS TSI BEACHHS TEXHOJIOTIIHOTO MPOIiecy, abo yTBOpeHi
B Hioro xomi.

JOUiIBHICTh 3aCTOCYBaHHS CHCTEMM YTWIi3allii Temja MaponoBIiTPSIHOI CyMilli Ha KOHKPETHOMY
TEXHOJIOTIYHOMY TIpOLIECi MOTPIOHO aHami3yBaTH, BUXOASYHM 3 TaKHX MapaMeTpiB, siK: KUIBKICTh yTBOPEHOI
[IIC, ii Temmeparypa, BOIOTICTh, 3a0pYIHEHICTh JOMIIIIKAMHI

OcHoena wacmuna.

Jnsi OIIHKH MOXXJIMBOCTI €(EeKTHBHOIO BHKOPUCTaHHS eHeprii mnapomnoitpsaux cywmimeit (I1I1C),
nocmipkeHHs: mpoueciB yrwirizaumii Ttema [IIIC sk o0'exkTiB ymnpaBiiHHS, CHHTE3y 1 HaJaroiXeHHS
eHeproe(heKTUBHUX aJTOpPUTMIB KEpPYBaHHS aBTOpaM¥ CTBOPEHO aBTOMaTH30BaHe poboue Micie (APM)
JOCITiHKUKA TpouieciB yruiizanii remna [I1C.

APM Bxmioyae B cebe TEXHOJOTIYHY CHCTEMY, BUMIPIOBAJIBHI MPUCTPOI, BUKOHABYI MEXaHI3MH,
eNeKTPOHHY CHCTeMY 300py JaHUX Ta YIpaBIiHHS, IEPCOHATLHUN KOMIT IOTEp.

CxeMa TEXHOJIOTIYHOI CHCTEMH MOKa3aHa Ha pUCYHKY |. BoHa ckiamaeTbcs 3 HACTYMHHX OCHOBHHUX
By3JiB: TeHepatopa mapomoBiTpsuoi cyminn (I'TIIIC), konneHcamiiinoro ytuimizatopa temia (KYT),
teroBoro Hacocy (TH) xmacy «Boma-Boma» Ta jomoMikHOro oOnagHanHsi. Ha cxemi mokazaHo
B32€EMO3B'SI30K MK TEXHOJOTIYHMMH BY3JIaMH YCTaHOBKH, PO3TAIlyBaHHS BCIX MaTYMKIB 1 BHKOHABYMX
MeXaHI3MiB.

{
[X]

/
-
=}

Pucynok 1. Cxema texHosoriunoi cuctemu APM.
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I'TITIC emiTye MmapomoBITPsSHY CyMIlI, 3 3aJaHOI0 TEeMIIepaTyporo Ta BoJjoricTio. Jlo #oro ckmamy
BXOJSITh. TEINIOOOMIHHUK-3BOJIOKYBad KOHTakTHOro Tumy (1), eMHICTH 3 Tapsdoro Bomoro (23), 1mo
migirpiBaetbess TH Ta enexTpuuHuM HarpiBadeM, HUPKYIALIAHANA Hacoc (24) 31 3MiHHOIO MPOAYKTHUBHICTIO,
enextpuunnii meperpisad [I1C(3). do ckmany KYT BxoauTs KOHACHCAIIHHIHN TEITO0OMIiHHUK (8), €MHICTD
Bon010 (17), mo oxomomkyerbess TH, nupkyasimidHuii Hacoc 31 3MiHHOO npoaykTuBHicTIO (15). o cximamxy
TH Bxomsate: xommpecop (14), konaencatop (13), mepeoxonomkyBad xomomoareHTy (12), sunapauk (10),
CJIEKTPOHHUH po3mupoBaibiuil BeHTUnb (EPB) 3 enexrpompuBomom (11). Lupkynsmiiiai Hacocu 3i
3MIHHOIO TPOIYKTHUBHICTIO 3a0€3Medy0Th IUPKYIIALII0 TETUIOHOCIS depe3 TerurooOMinHuKH. Kommpecop
JKUBHUTHCA Bix mepeTBoproBava gactotu (I1T4).

Enexrponna cucrema 360py nanux ta ynpasminas (C3Y) cknamaeTbes 3 KepyrHodoro MiKpoKOHTpoOIepa,
JAaTYMKIB JJIs BUMIPIOBaHHS TEXHOJIOTIYHHMX TapameTpiB Ta BHKOHABUMX MpHCTpoiB. CTPYKTypHa cxema
C31Y noka3aHa Ha PUCYHKY 2.

MynbT MicLesoro

MK1

[
B

dauodLHovodypy

MNK2

[
B

8 | [eoH| [rrB
e

L ]
BukoHae4i NpucTpoi

APM BkJIIOUaE AeKiJIbKa KOHTYpIB PETYJIOBAHHS, 3aBJaHHSAMH SKAM MOKIHBO CTa0ili3yBaTu yMOBH
MPOBENEHHsI eKCIIepUMEHTyY. [0 HUX BimHOCATHCS: KOHTYp cradimizanii Bmicty Bonoru IIIIC, temneparypu
MI1C na Buxomai ['TIIIC, TemnepaTypy 0X0J0/DKYIOYOI BOIM Ha BXO/I B TEIUIOYTHIII3ATOP, TEMIIEPATYPH BOAN
Ha BXoJi Ao Bumapauka TH, TemmepaTypu Bou Ha BX0oA1 B KoHaeHcatop TH, TemnepaTypu Bomu Ha BXOAL y
BunapHuk TH, Temneparypu neperpiBy napiB xojojoareHty y Bunapauky TH, koHTypu ctabinizamii BUTpaT
BOJIM Y BCiX TpyOOIpOBO/IaX,

C3/1Y 3’ennana 3 neoma nepconansHumu koM totepamu (I1IK1 ta I1IK2) SCADA na IIK1 3abe3neuye
30ip JaHUX Ta ynpaBimiHHS. Perictpye yci BUMIpsHI CHUTHaIIM, BioOpaxkye iX y BUTIsAl rpadikiB, mpu
MOBEJCHI JOCIIKEHb J03BOJISIE KEpyBaTH yCiMa BHKOHAaBUMMH HPUCTPOSMH SK B PYYHOMY, Tak i B
aBTOMaTUYHOMY pexknMi.. Ha pucynkax 3ta4 mokazaHo ronosHe Ta rpadiude BikHo SCADA BignosinHO.

oy o=g

CHUCTEMA CEOPA [1AHHBIX W YNPHUBREHWA [ =)

‘Tennoyrwnmaarop

- [T

Kounpaccop
Uoomams [F [Gmmm]  Smecpwescin wowosre 7 e

Pucynok 3. I'onoBne Bikno SCADA Pucynok 4. I'padiune Bikao SCADA

Ha pucynky 5 mokasaHi KBa3icTaTH4HI 3aJeKHOCTI jaeskux mapamerpis TH Bix mnosnoxenus EPB B
mianaszoni Bix 350 1o 470 kpokiB (3 2400 MOXKIMBHX) ) OTPUMaHi B XO/[i aBTOMaTH30BAHOTO EKCIIEPUMEHTY,
npu 1poMy Oynu crabinmizoBani Ha piBHI 25 °C i 35 °C temmepaTypu BOOM Ha BXOHI y BHUIApHHK 1
KOHJIEHCATOp BiAIOBiIHO, yacToTa oOepraHHA Kommpecopa Ha piBHI 3000 00/XB, a BHTpaTH BOAM Uepe3
BUTIAPHUK 1 KoHIeHcaTop - 300 n/ro.
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Temneparyps, °C
IS
Norysenicrs, Br

Nanomenns EPB, kpox

Pucynok 5. KBazicrarnuni 3anexHocTi neskux napamerpis TH Bix momoxxenus EPB.

Ha pucynky 6 mpencraBieHo CiIMEHCTBO KBa3iCTaTHYHHX 3aiexxHocTel mo xaHamy «llomoxxenus EPB -
MeperpiB Xono0areHTy y Bunapauky TH» mpu mocTiiHil TeMmnepaTypi Bomu Ha Bxoai y Bunapuuk 20 °C
MIPU TPHOX PI3HUX TeMIlepaTypax Boau Ha Bxoi B konaencatop (30 °C, 35 °C, 40 °C).

M

Temneparypa neperpiny, °C

Pucynok 6. CmeiicTBO KBa3icTaTHUHUX 3aliekHOCTEH 1o kKaHaiy «llonoxxenns EPB - meperpis
XOJIONOATeHTY y BUllapHUKY TH»

Bucnoexu

Po3pobniene  APM pocnmiiHWKa 03BOJISIE OINEPATUBHO JIOCHITUTH TPOIECH YTWIi3alii Terua
MApOTOBITPSHUX CyMIilllel 3 NIMPOKKAM Jlialma30HOM IapaMeTpiB, TaKHX SK BMICT BOJIOTH, TeMIeparypa
BUTpaTa. € MOXJIMBICTh AOCIIIPKEHHS SIK CUCTEMHU B LIJIOMY, TaK 1 OKpEMHX amnapariB BXOIATh 10 11 ckiamy,
TakuX fK TEIIOBHMH Hacoc abo Temoytumizatop. APM 103BoJsie NPOBOAMTH JOCHIKEHHS B
ABTOMATUYHOMY pEXHMIi, 110 BUMAara€ BiJ JOCHIJHHKA TUIBKM HAJIANITYBaHHS KOPEKTHHUX YMOB
eKCIIEpUMEHTY i Horo 3amyck. Pe3ynbpTraTi ekcriepuMeHTy OyJIyTh aBTOMAaTUYHO 30€peeHi Ha JKOPCTKOMY
IMCKY KOMIT'TOTepa

AHai3 pe3yJbTaTiB eKCIEPUMEHTIB MOKa3ye, mo ckopimr 3a Bce CAP TpaauiiiHOT CTPYKTYpH HE 3MOXKe
3abe3neuntu crabinpHy 1 Oe3zaBapiiiHy pobory TH B mmpokoMy aiama3zoHi poOOYHMX TemIeparyp i 3
MaKCUMaJIbHOIO e(eKTHUBHICTIO. s 3a0e3medeHHs: poOOTH B TakMX pexuMax HeoOxinHo po3pobutu CAP
MABHIIEHO] JMHAMIYHOI TOYHOCTI, SIKa IIOBHHHA BIAMOBIJATH TAKUM BHUMOTraM:

1.  Byru iHBapiaHTHOIO 0 30ypeHb y BHIIISAII 3MIHH TEMIIEPATYpPH OXOJIOKYIOUOi BOJM Ha BXOJI
BUTIApHHMKA 1 KOHJEHcaTtopa 1 MpOAyKTHBHOCTI Kommpecopa. lle 3aBmanHs Moxe OyTH
pearizoBaHa 3a paxyHOK BBeaeHHsS 10 ckiany CAP xopuryBagbHHMX 3B'SI3KiB, IO BUKOHYIOThH
3CYB KEPYIOUOTO BILTUBY.

2. Maru MOXIUBICTD ajanTarii 0 3MiHH Koe(illieHTa Tiepeiadi Mo KaHally KepyHdoro BIUIHBY,
npy 3MiHI TeMIepaTypy BOAX Ha BXoAi BunapHuka [ 10].

[licnsa pimeHHs nux 3azad Ui crabimizamii piBHS NeperpiBy Ha MiHIMaJdbHO MOXIMBOMY PiBHi, IO
BiJINIOBiIae HAMOLIBII eEeKTUBHOMY PEXXUMY JIONIIBHO peanizyBaTh B ckiiani CAY (yHKIO rapaHTyBaHHS
MiHIMaJIbHO MOKJIMBOI'O HEperpiBy, TOOTO rapaHTOBAHOTO, 3 HAaIepes 3aJaHOI0 BIPOTiAHICTIO JOTPHUMAaHHSI
00MeXeHb, BCTAHOBIICHHUX periiaMmeHTaMu [8].

Lli BUCHOBKM HEOOXiZHO BpaxoBYBaTH NpH po3poOIli cucremu aBroMaTruHoro ymnpasiiaas (CAY)
TEIUIOBHM HACOCOM 1 cucteMoro yruiizanii Tema [IBC B minomy. 3Bu4aifHO, Jiisi pO3pOOKH MOBHOIIHHOT
CAY HeoOXigHO MpOBECTHM M€ JOAAaTKOBI JOCHIIKEHHS, 30KpeMa JOCTIDKEHHS PEeXKUMIB POOOTH
TEIUIOY THIIU3aTOpa
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BUSINESS PROCESS MODEL OPTIMIZATION USING THE CONJUGATE GRADIENT METHOD

This paper describes a model and a procedure of business process model optimization using the
nonlinear conjugate gradient method. The research is based on business process modeling rules for BPMN
(Business Process Model and Notation) as the de-facto standard for business process diagrams. Essential
errors of business process modeling are outlined, as well as the metric used to define these shortcomings is
denoted. Obtained results of business process model optimization are demonstrated.

Introduction

Today Business Process Management (BPM) is the most popular management concept. It is based on
methods and tools for modeling, analysis, improvement, and automation of business processes. A business
process is considered as the set of activities that takes resources as input and produces products or services
valuable for customers. Business process modeling is the fundamental technique of BPM. The purpose of
business process modeling is to understand boundaries of business processes, document business processes
for instructing employees, analyze business processes to find errors (so called “bottlenecks”, deadlocks, etc.)
and measure performance, and improve business processes to eliminate found errors [1].

Problem statement

Thus, the problem of analysis and improvement of business process models becomes relevant, since
early detection and correction of design errors saves costs of business process implementation and execution.
The object of research is the procedure of business process design using BPMN notation, which nowadays is
the standard of business process modeling. The subject of research is a model and a procedure of business
process model optimization. The aim of research is to detect and correct errors of business process modeling.

Related work

According to the business process modeling guidelines [2], degrees of business process model elements
should be as minimal as possible. Practical implementation of this requirement means using explicit split or
join connectors (gateways in terms of BPMN notation) instead of modeling multiple outgoing sequence
flows or multiple incoming sequence flows for tasks respectively (Fig. 1, c, d) [3]. At the same time, the
absence of incoming or outgoing sequence flows might be related to missing start or end events (Fig. 1, a, b)
or, even worse, to the gaps in a business process structure [3].

-0

\——J

\——J

i o= )
p b

Task B }—
'\l -
Task A Z J

Figure 1 — Essential errors of the control-flow of the business process model:
a — missing start event; b — missing end event; ¢ — missing split connector; d — missing join connector

An activity should have only one incoming and only one outgoing sequence flow. By modeling more
than one incoming or outgoing sequence flow to or from an element, the diagram may become harder to
read. This is why gateways should be used. It is important to split sequence flows only by using gateways, as
well as joins should be modeled explicitly using gateways. Failure to do so can result in errors such as multi-
merges or deadlocks [4].

Therefore, earlier we have proposed a method for business process model analysis and improvement,
which is based on the modified balance coefficient used to detect the redundant sequence flows connected to
activities or, vice versa, the missing sequence flows [1]. This metric is shown below:
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Klf = mz z |dt(fq) - 512(fq)| :
q=1te{in,out}
Where:
— fq is the g-th task of the business process model f, € F, while F is the set of models’ tasks;
— in means the incoming sequence flow, while out means the outgoing sequence flow;
- df(fq) is the number of sequence flows of t-th type, t € {in, out}, connected to the g-th task;
) (fq) is the recommended number of sequence flows of t-th type, t € {in, out}, that should be

connected to the g-th task (since BPMN diagrams are considered, Vt € {in, out}: 6}5(fq) =1).

The smaller this coefficient is, the less error-prone the analyzed business process model is [4]. The
perfect situation is when the Kf' = 0, which means that business process model does not have any of the
mistakes shown in Fig. 1.

Research materials

Hence, to define the required changes in order to eliminate possible errors within the business process
model structure, the following optimization problem was formulated. The mathematical model, described by
the quadratic loss function, demonstrates the minimization of deviations of the actual numbers of sequence
flows connected to the tasks of the business process model (d*(f;) + r}) from the desired numbers of

sequence flows connected to the tasks of the business process model &£ (f;):
|F|

()=, ), @)+ -8 ~pin.
q=1 te{in,out}

Where rqt is the integer change of the number of sequence flows of ¢-th type, t € {in, out}, connected
to the g-th task, required to obtain the desired value for the K} coefficient.

We came up with the idea to use the nonlinear conjugate gradient method in order to minimize the
proposed loss function, since with a pure quadratic function on n variables the minimum is reached within at
most n iterations [5]. Since the number of activities in the business process model might not exceed 50 [1],
the total number of iterations required to find the best values of rqt might not exceed 100 iterations because
there will be a goal function of (max{|F|} - |{in, out}|) = 50 - 2 = 100 variables to minimize.

According to the nonlinear conjugate gradient method, we need to define the initial point rq“’ and the
tolerance value &:

—Oq—ﬁ t € {in,out}; € =107°.
The steepest direction is the following:
vo(rl%) =2 (d'(f,) — 8E(f;) + %), q = 1,IF], t € {in, out}.

So it is required to perform a line search in this direction until it reaches the minimum of & in order to

find the step length A5:

Ay = arg mln D(rf0 = 2L - [2- (d*(fy) — 8E(fy) + £°)]) . a = 1,IF], t € {in, out}.

The minimum of @ is obtained when the gradient is O:

vao(25) =2 (d5(f,) - 65(f) = 45 - [2- ((f,) = 6E(fy))]) = 0.0 = LTFI ¢ € {in, out},
d*(fy) = 85 (fy) = 24 - [2- (a4 (fy) - 85(f))] a = TIFL.t € {in, out},
AL = d'(fa) = 8(fa) =1 q = 1,|F|, t € {in, out}.

2: (dt(fq) - 515(fq)) 2
Then the position should be updated:
T =150 =25 'VCI)(rth),q =1,|F|,t € {in, out},

1 .
T{ =T~ 2’ [2- (a*(fq) — 85 (fa) + 73°)] = 85(fy) — d*(fo). a = LIFL t € {in, out}.
The equation below demonstrates that the tolerance criterion ¢ is reached:

IF| IF|

o= > > (2 (@) -0t + 01 - a(8)) = Y. >, 0*=0<e

q=1te{in,out} q=1 te{in,out}
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Thus, it is required to perform |F| - |{in, out}| iterations to find values rqt that minimize the introduced
loss function &:
& =85(f;) — d*(f;),.q = LIF|,t € {in, out}.
Proposed procedure of business process model optimization based on the nonlinear conjugate gradient
method is shown in Fig. 2.

5

[ Calculate K3 J

KS=0 /K K= 0 g=1 ’

l: rpt= 8pt(f) - di(f;), t€ {in, out} ] ' g=g+1
F Y
ry <0 /\ >0

L 4 * *
Mo changes Remove | ;| sequence flows of ( Add r, sequence flows of £-th
required £-th type from g -th activity L type to g-th activity
| e 8]

< =17 g<|F]

L J
r
e

Figure 2 — Procedure of business process model optimization
Outlined procedure was applied to analyze sample business process models provided at [3]. Obtained
results that describe structure of input models and the required changes are shown in Tab. 1. Generated
recommendations were used to improve quality of the considered business process models.

Table 1 — Obtained results of business process model analysis and optimization

Model name KF Input model’s tasks Required changes
b {(fq'dm(fq)'dout(fq)) |fq € F} {(forg"78)|fy € F}
Multi-merges negative 2 il {(f1,1,2),(f,2,1)} {(f1,0,—1),(f;,—1,0)}
Multi-merges positive 2 0.5 {(fi, 1L,1), (f2,2,1)} {(f1,0,0), (f,—1,0)}
Explicit joins negative 0.5 {(f, LD, (f5, 1,1),(f5,2,1)} {(f1,0,0), (f>,0,0),(f5,—1,0)}
Conclusion

In this paper we have proposed the model and the procedure of business process model optimization
based on the nonlinear conjugate gradient method. Future research includes extension of the proposed
solution, so it will be possible to detect and correct another types of business process modeling errors.
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YJIK 004.4 .
JIIOBMBHUU B.O., POMAHIOK O.B.
BiHHUIBKUH HAIlIOHATBHUN TeXHIUHUM yHiBepcuTeT (YKpaina)

AHAJII3 METOAIB KEPYBAHHA ITOBEAIHKOIX BOPOTI'IB V CYUYACHUX CTPATEI'TYHUX
I'PAX

Y oaniti pobomi npoananizoeano memoou Kepy8aHHsa NOBEOIHKOIO0 80PO2I8 Y MAKMUYHO-CIMPAME2iYHUX
iepax. 3anpononHosano YOOCKOHANeHHs Memody 3Haxoodcenus wasaxy «flocking Aly 3a  paxynok
BUKOPUCTNANHA «KAPMU Hebe3neKu» 3 Memoro niO8UWeH s PIGHS IHMENeKMYanlbHOi NOGEJiHKU 80PO2IE.

Taktruna ponboBa rpa (auri. tactical role-playing game) — »xanp Bimeoirop, 1o MOEAHYE SIEMEHTH
POJIBOBHX 1 cTpaTeriuHux Bineoirop [1]. OCHOBHUII aKLIEHT irpOBOTO MPOLECY B TAKTUYHUX POJILOBUX irpax
pOOUTHCS HAa MPUHAHATTI TAKTUYHHUX PIIICHD i 9ac 0010. Y TaKTUYHUX POJBOBHX Irpax IrpaBelb yIpaBise
TPYNOI0 MEPCOHAXIB, SIKi BOJOAIIOTH HA0OOPOM IMEBHUX XapaKTEPUCTUK, OOCTEXYe irpOBHH CBiT, BUKOHYE
3aBJIaHHS, BCTYyMA€e B 001 3 pi3HOT0 poy NpOTUBHUKaMU [2].

CpOro/iHi )kaHp TaKTHYHO-POJILOBHX irOp Ma€ 3HAUHy MOMYJISpHICTh Ha puHKY [3] (puc. 1), 30kpema it
gepes Te, 110 J03BOJISIE TPABIIO YJOCKOHAIIOBATH KOPUCHI HABUKH, & cCaMe aHAJi3yBaTH 3arajbHy CUTYaIilo,
0 B LIIOMY pPO3BHBA€ aHATITUYHE MHCIICHHS, a TAKOXX NPUIMATH PIMIEHHS B KOPOTKI TEPMiHM Ta B
cTpecoBiit curyartii [4].

MaHpwm irop

Adventure
@ Arcade
Ecducationsl|
B Fighter Sim
m Fighting
B First-person shooter
W 4X Strategy
M Platform
B Radng
B Real-time strategy

® RPG

Trivia

PucyHnok 1 — AHaui3 nomynsipHOCTI JKaHPiB

OnHUM 13 HaWOUIBII BaXKITMBUX ACIEKTIB CTPATEriuyHOi TpH, KWW Ma€ CHIBHHN IUIMB Ha TPaBls €
LITYYHUH iHTeNeKT BoporiB. CaMe BiH, B IOEIHAHHI 3 aITOPUTMAMHU 3HAXO/PKEHHSI LIUISIXY BIJIMBA€E HA PiBEHb
3aJJ0BOJICHOCTI TpaBlil Ta CKIAAHICTH Tpu. Boporm mnoBuHHI OyTH INIBHAKUMH 1 XIKHUMH, abo
HaJIAIITOBAHUMHU 1 J00pe 3aXWIICHMMHU, 100 TrpaBellb CHOpPaBi BiAYYB CKJIQJHICTh TP Ta MaB IIAHC
MEPEBIPUTH CBOI HABUYKH 1 HABYUTUCH YOMYCh.

YMOBHO «IHTEJEKT» BOpPOra BU3HAYAETHCS JBOMA YACTHMHAMU: IO BiH POOWUTH i SK BiH IIe POOUTH.
3riIHO 3 IUM METOIM KEPYBaHHS IOBEIIHKOIO BOPOXKMMH BIICBKAMHU B CTPATErisIX MOYKHA MOJAIIUTH Ha JBa
OCHOBHHX BHIM: MEXaHIKH PyXy 1 B3a€EMOJIii OKpeMHX IOHITIB (FOHIT — OKpeMa 0OMOBa OJMHHMIIA, CKIIaJI0Ba
YacTUHA BiHCbKa) 3 THIIUMH 00’ €KTaMH Yy I'pi, Ta IITYYHUH 1HTEJIEKT, IO CTOITh 32 LIUMH JisIMH BOPOTiB.

MexaHiku pyXy BKJIIOYalOTh B ceOe ajlrOpuTMH 3HAXOKEHHS LUIXY, OpraHisamii pyxy OHITiB B
rpynax, JMHaMIi4HOT 3MIiHM PyXy NPH IOSBI HOBUX MEPELIKOJ, HPU IIbOMY BUKOPHCTOBYIOUH MiHIMajJbHO
MOJKJIUBY KUJIbKICTh O0YHCITIOBAIBHUX PECYPCiB KOMIT IOTEpA.

HITy4Hnii iHTENEKT HATOMICTb € HEHPOHHOIO MEPEKEI0, 1110 OCHOBaHA Ha HEWiTKiHM JIOTili i 00paxoBye
rnapaMeTpy KOHKPETHOI CUTyallii B KOHKPETHMH MOMEHT Yacy JUIsl MPHUHATTS ONTHMAajIbHOIO PIIICHHS.
Hetiponni Mepexi 3a3BuYail MaroTh JEKiIbKa IIapiB OOYMCIIOBAIIbLHUX OJIOKIB-HEHWpOHIB. [leski 3 Hux
NPUXOBaHi BiJl KOpUCTyBaya, 100 MPOBOIUTH MOTPiOHI OOYHMCIICHHS, a JEsKi HAaBINAKW BUBOJSTH CBOI
pe3yabTaTH MPSMO JI0 KopucTyBada [5].


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
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Taki Mepexi MOXYThb MPUAMATH KOPOTKOCTPOKOBI DIllICHHS B OOMOBHX CyTHYKax 3a JOMOMOI'OIO
BiAMOBIAHUX Gopmys. Hampukiian, KpUTHYHO BaKJIMBE PILICHHS: «HAIAaJaTH 4M BiacTymaTu?». s 1poro
BUKOPHCTOBYIOTHCS TIOHATTS BiTHOCHOI CHJIM aTaKH Ta BiTHOCHOI IBUAKOCTI (Tadum. 1).

Tabmuis 1 — Onuc KOMIUIEKCHHX aTprOyTIB BifiChK

BigHocHa E:if 0AS; X 0A Pi OAS — BracHa mBHIKICTh aTaK#
cuia EAT EAS — IlIBuakicTh aTaku BOpora
aTaku 1 X 50 =k 0AS, X 0AP,

— Cyma TOBHOBaXCHb BIHCBK, IO
aTaKyIOTh IUThOBHUH 3ariH

EAT,

j=m
=y EAS; X EAP;
0Ar,

— Bpons ninpoBoro Bilichka

=

=1 EAS; X EAP;
— CyMa TIOBHOBaXXECHb BIHCBHK

NPOTHBHHKA, 1110 aTAKyIOTb BiliChKa

OAr,

— Bpowst Bilicbka.
Ils 3MiHHAa HOpPMaNi3yeThCs WUIIXOM MHOXeHHs Ha 50.
Pesynprar 50 03Ha4yae piBHICTS.

BinaocHa kg, .
Ez— 1 0s i — BrnacHa mBUAKICTH pyXy

LIBUAKICTH k
—— ¥ 50 ES .
1=l pe - [IBuaAKicTE pyXy BOpora
e | Tizkos,
j’ _k

— Cepe/iHE 3HAYCHHS MIBUIKOCTI aTaKylO4oro BilChKa
JI0 IIJIbOBOT YaCTHHH.
iz, ES;

=157

T

— CepenHsl WBUAKICTh HACTYNY BIHCBHK IPOTHBHUKA,
1[0 Halla/Ial0Th Ha BIACHKa.

s 3miHHa HOPMAI3yeThCS MNUIIXOM MHOXEHHS Ha 50.
Pesynerat 50 03Ha4Ya€e piBHICTS.

B takomy BUma/IKy KOXKHa apMisi TPABIsl YK BOPOTA MOXKE MaTH Pi3Hi CTaHW, 10 Oy IyTh 3aiexatu Bif
pi3HOT KOMOiHaIli1 cTaHiB iX aTpuOyTiB. BapianTtu ocTaHHIX mojaHi B a0, 2.

Tabmus 2 — AtpulyTH BilickKa 1 pi3Hi X cTaHu

Bnacue 310pos’st 3n0poB's Bopora BinnocHa cuia atakn  BinHocHa mBHAKICTD
Maiixe MepTBi Maiixe MepTBi MeHnma [NoBinbHima
TpaBmoBaHi TpaBmoBaHi PiBHa PiHa
Hopmanbuuii cran Hopwmanbhuii cran binbma IBuamia

B zamexHocTi Bifi cTaHy BIMCHK CYNPOTHBHHUKIB, INTYYHHH iHTENeKT OyJe BHpINIYBaTH 4YH
MPOJIOBXKYBATH Oi¥f, Y MOTPIOHO BIJCTYNUTH 1 OHOBUTH CHJIM. 3a3BUYai, SIKIIO BIHCHKO HE Ma€ Ba)KKUX
MOpaHeHb, BOHO IMOBMHHO NPOJOBXYBAaTH aTaky i He NMOBMHHO TikaTu. llpoGiiema 3’sBns€ThCS B CTaHi
«Maiixe MEpPTBI», IKHii HEOOXITHUH K YMOBa JUIs BCIX MOKJIMBOCTEH BTeul. B Takil cuTyallii, HaBiTh SIKIIO
BIMICHKO Ma€ BakKKi TIOpaHEHH:, aJic TMOBIJIbHIIIE HI’XK BOPOT, BOHO BCE PIBHO MOBHHHO aTaKyBaTH, TOMY IIIO
MO>KJIMBOCTI BPATYBaTHUCS BTEUCIO HEMAE.

[Ipu tpomy, y moaiOHOro anroputMmy Aid € cBoi Heodiku. OIHUM i3 HHX € BIICYTHICTH Crpo0
OTpPHMAaTH JIOJIATKOBY IEpeBary Haj MPOTUBHUKOM, a00 3MEHIINTH HeOe3reKy JUIsl CBOIX BIMCHK 3aBJSKU
MaHeBpaM MO MicueBOCTi. TakuM YMHOM, aKTyaJbHOIO 33/a4el0 € YIOCKOHAJICHHS alrOpUTMIB BHUOODPY
LUISIXY PYXY 3 YpaxyBaHHSM (akTopy HeOe3MeKu.

V craHmapTHOMY MITY4HOMY iHTENmeKTi rpu «Starcraft 2» BHKOPHCTOBYETHCSA TEXHIKA 3HAXOMKEHHS
nursixy i HasBoro «flocking Aly abo «piit», 3aBasku sAKil CTBOPIOETHCH e(PeKT KOOPIUHOBAHOTO PyXYy SK 3i
3rpacio pu0d YW KJIOYeM NTaxiB. JIBUIYH BHKOPHUCTOBY€ BIOCKOHAJCHMH alIrOPUTM, LIO 3HAXOAMUTH
HallMEHIIy KiJIbKICTh TOYOK, J03BOJISIIOUM TPYII IOHITIB IPOXOJUTH Yepe3 By3bKi IPOXOAH Ta OOXOAUTH 1HII
IpyIH IOHITIB [6]. 3aNpONOHOBAHO yIOCKOHAIUTH TMOBEIIHKY BOPOXHX BIHCHK Ha 0a3i 1[bOr0 alrOPUTMY 3
ypaxyBaHHSAM JI0JIaTKOBOI MaTpUIl HeOe3MeKu.
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Juis BimoOpakeHHS HeOe3leKkHn B TIEBHUX OOCTaBHHAX, OYJIO CTBOPEHO IOJIE BHIUMOCTI/aKTHBHOCTI
1oHiTa. BeepeuHi 1I-0ro Mok BOPOJKi FOHITH MOXKYTh IOMIYaTH IOHITIB I'paBIls 1 aTakyBaTu. Takox Iie moJie
BijoOpakae 30HY, B SIKil IOHIT MOXK€ BUKOPHUCTOBYBATH CBOI cremiaibHi yMiHHA. CXxeMaTuyHe 300pakeHHs
I[OT'O TOJISI BUJIMMOCTI HaBEJICHO Ha PHC. 2.

Pucynok 2 — [Tone BUIUMOCTI IOHITY

Lle mone BpaxoBYyeTbCs SIK BaXKKO MPOXigHA Ta HeOe3lmeyHa MiCIEBICTh, MOMAI0YH JOJATKOBHMA IIap
00YHCIIeHb y aTOPHUTM IIiJl Ha3BOIO «MaTpuisd HeOe3nekw». Llei map aAuHaMidYHO 3MIHIOETBCSA 3 PyXOM Ta
MOBOPOTOM IOHITIB rpaBil. Lle Oyzae cnpusiti ToMy, 10 BOpOXKi Bificbka OyqyTh HAMaraTuch He MOTPAIUIATH
B 30HY BUAMMOCTI IOHITIB T'paBmg i (IaHKyBaTH iX 31 CTOPIH UISI OTPUMAHHS TaKTUYHOI TEepeBaru Ta
YHUKHEHHS JiHii BorHio. Ha puc.3 HaBeneHo nBa cuenapii oOuucnenHs nuisixy. llepummii nossirae B Tomy,
IO BOPOT 3HAXOAUTHCS Ha JIiHIT HOro NUISIXY MepeMilleHHs i ToMy IOHIT OyAe HamaraTuch o0iliTH ioro 6e3
0coONMMBHX BTpaT 4acy. [pyruii — ae BOpOT 1 € KiHIIEBUM ITyHKTOM pyxy. B Takomy Bumnajuky IoHIT Oyne
HamaraTuch 00IWTH HOTro 371iBa YK CIpaBa i aTaKyBaTH 300Ky .

Pucynok 3 — Pe3ynbraT poOOTH alNropuTMy 3HaAXOJKEHHS MaplpyTy 3 MaTpUIEet0 HeOe3neKn

Takum ynHOM, OYJI0 3aMPOITIOHOBAHE YAOCKOHAIEHHS aJropuTMy po3paxyHky nuixy «flocking Al»,
SIKE JIO3BOJIMJIO MiJIBUIIUTH PiBEHb 1HTENIEKTYaIbHOI MOBEIHKH BOPOTIiB Ta CKJIAJHICTh TPH JIJIs TPaBIIA.
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. . KOPABJIEB B.A., MA3YPOK T.JL.
IO’)KHOYKPANMHCKNU HALIMOHAJIBHBIN ITEJJAT'OTMYECKMKY YHUBEPCUTET UMEHU
KA. YIHMHCKOI'O, OAECCA, YKPAHA

WH®OPMAIIMOHHASA TEXHOJIOT WA MOBEJEHYECKNX MOJEJIEA
MYJIBTUATEHTHBIX POBOTOTEXHUYECKHUX CUCTEM

Lannoe uccneoosanue umeem yenvio 6vi6e0eHUe KOMNIEKCA 3A0aY U CUCMEMAMUAYUIO NOOXOOSUUX
OJIsl UX peeHUsi MemooonocUll 8 X00e 8blpaboOmKYU eOUHO20 Meopemuiecko2o oasuca 0Jisi MOOeIUPOBaAHUS
MynbmuazeHmuslx  pobomusuposannvix cucmem (MAPC). Taxum obpazom mym 6yOoym onucamvl Kax
onmumanvHvle, 05l BHeOpenust 8 6y0yWuUll NPOU3EOOCMEEHHbIN NPOYeCe, CYujecmeayiowue meopemuyeckue
HapaboOmKu 6Hympu OUCYUNIUHDBL, MAK U peKoMeHOyeMble Hanpasienus 0 uccieoosamenvckux pabom. Ilo
umozy 0anHo20 HabnodeHus: bydem 8ulpabomarno ciedyujee HanpasieHue 05 OaibHeliuel 0esmelbHOCU
no cmaunoapmuszayuu mooenei MAPC.

TepMHH «areHT» BCTpPEYAeTCs MPAKTHUECKH ITOBCEMECTHO, €CIH TOBOPUTH O HAay4YHBIX, JHOO
NPUKIAIHBIX AUCHMIUIMHAX. Taike, KaK pasidyHbl METOAbl 3TUX POAOB MAEATEIBHOCTH, TaK B HHX
pa3nnvaeTcs U 3HaYCHHWE TEPMUHA «areHT», KPOME CIEAYIOMIMX MOMEHTOB: CIOCOOHOCTh K peakiuH Ha
(hakTOpHI cpelibl, BOZMOKHOCTh BIUSHHS, H3MEHSIOIIETO CPEy, BO3MOYKHOCTH B3aMMOJICHCTBUS C TIPOYNMU
areHTaMu. JTa OCHOBA IEpPeKoYeBaja U B areHTHO-OPHUEHTUPOBAHHBIA MOAXOX B IIPOrpaMMUPOBAHMH, TIE
JOTIOJHUIIACH CIeUU(pUKaMU, IeTEPMUHUPOBAHHBIMHU 3TON TUCIMIUIMHOM.

JIroboit TOAOOHBIA Tiepexo]; 00A3aTeNbHO CONPOBOXKIACTCS PSAAOM OrpaHUYEHHH, BBHI3BAHHBIM
CBOWCTBaMHU Cpe/bl, KaKk M3BECTHBIMH, TaK U CKPBITBIMHU, KaK YCIOBHBIMH, TaK M O€3yCIOBHBIMH. JTO
MPUBOIUT K CYKEHHIO CIIEKTpa METOIUK peaji3alMy JaHHOro moaxozia. Tak, B HalleM ciydae, U3 Cpemsl,
I/Ie eIUHCTBEHHBIM OTpaHMYEHHEM SIBISETCS BpeMs, Mbl IEPEXOJAMM B peaibHBId MHp C peaJbHBIMHU
npobyieMamu.

JlaHHOE wWCClIeIOBaHME IOCTapaeTcs YUECTh CTpPEMSIIeecs K IIOJIHOTE KOJIMYECTBO «PEabHBIX»
(hakTOpOB, TSI CO3aHUS aKTyalIbHOW TEXHOJIOTUHU TIOCTPOCSHHUS MTOBeieHYecKuXx Mojeneir MAPC.

i Havana ciieayeT ONnpeJieNUuThCs CO CIIEKTPOM MPOo0JieM Ha KOTOPOM CTOMT 3a0CTPUTH BHUMaHue. B
KaXIbli YCJIOBHBIH MOMEHT (DOpPMHUpPYETCSI HEKOE MHOXKECTBO 3a/ad, PEHICHUS] KOTOPBIX eIlle He
chOpMHPOBaHbI, a PpEIICHHs, YTO HE TEPSAIT AaKTyaJbHOCTH MJIsl YK€ H3BECTHBIX 3aJad SBIISIOTCS
TPaJUIIMOHHBIMA KOHCTPYKTaMH. YJI0OCTBO IMOCIETHHUX IMOSICHSETCS JIMIIb 32 CYET NMPHUBBIUKH. TO ecTh
HEO0X0IMMO OOpPOTHCsI C HEOINPEIEIEHHOCThI0, B TIPOUYEM, KaK M C TPAJAUIUCH, XOTh MOCeHee — 3apaHee
MPOUTPBILIHBIN BAPUAHT, YTO BEJET K HEOOXOAMMOCTH KOMIIPOMHMCCA.

[ns mpumepa paccMOTpUM aKTyallbHBIM BapHaHT pEIIeHHs MpoOJieM, YTO TOApa3syMEeBaeT HEKUil
CHHTE3 MEXJy HaBbIKamH, O€3yCIOBHO KBaTU(QHUIMPOBAHHBIMH Pa0OYMM TaKHX OTpaciiei, Kak: apMus,
nomuuus, MUC, MeauuuHa, TSDKEJIOE CBIPbEBOE MPOM3BOACTBO M TH.; M MOLIHOCTSMH, KOUMH BIaceT
POOOTU3UPOBAHHOE YCTPOWUCTBO TI0 ONPEAEIICHUIO.

Ero To u crout paccmarpuBaTh B TepBYIo ouepens. st ynoOcTBa, ganee momoOHast cuctema Oyaer
YHOMHHATBCSI, KAK aBTOHOMHBIN pOOOTH3UPOBaHHBIN HHCTpyMeHTapHii (APN).

B Hamem cnydae MBI TaKKe HMMEEM IITaT KBAIM(GHUIMPOBAHHBIX COTPYIHHKOB, YTO MOTYT
B3aMIMOJICMCTBOBATh CO CIJIOKHBIMH KOMITBIOTEPHBIMH CHUCTEMaMH, YTO IIO3BOJISIET IMOWTH Ha PHUCK U
MEPEHECTH 3HAYUTEIHHYI0 YacTh BBICOKOYPOBHEBOM OOpaOOTKM [JaHHBIX B HEKHH IEHTPaTbHBINA
koHTpoiupytommid 6ok (LIKB). Takoe pemenune Hanaraetr Oomnbiue TpeOOBaHUS K CHCTEMaM CBSI3H MEXKIY
areHTaMi, HO TaKXKe JaeT BO3MOXXHOCTh BHPTYaJbHOI'O MOJEIMPOBAHHSA CPEObl W XOJa BBIMOJHEHUS
3aJIlaHUi, YTO CBOJIUT K MUHUMYMY KOJIMYECTBO «IOJIEBBIX) OIINOOK.

BrICBOOOXKICHHBIH TOJIE3HBI 00bEM BHYTPH KOHCTPYKIHMH (PU3UUECKOTO areHTa cieayeT MPUMEHHUTh
Uil yCcTaHOBKU Oosiee 3(p(PeKTUBHBIX CEHCOPOB M CPEIACTB OBICTPOro (PEeakTHBHOI'O) pearupoBaHHE Ha
YIpo3bl, Kak i1 pob0Ta, Tak U 7S JIIOJEH B HEMOCPEACTBEHHON OJIM30CTH.

CrnenoBaTenbHO, B 3TOM CIydae MOJIENb 0oJjiee CKIIOHHA K HEHTPAIU3aIuY, YTO MTO3BOJIAET YACIIEBUTD
MPOM3BOJCTBO U OOJIETYUTH PEMOHT POOOTOB, UTO MOJIE3HO, YUUTHIBAs CHEUU(UKY KPU3HCOB B ONMCAHHBIX
BBIIIIE OTPACIISIX. ITOTO HANPaBICHUS U OyIeM TIPUACPKUBATHLCS Jgalee.
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Ilepexonss Kk KOHKPETHKE, CICTyeT BBIOPATh OTACIBHBEIN Citydal BHeapeHus momooHoi MAPC. Tyt
Oyser paccMaTpUBaThCS CUCTEMa, cojeiicTByromnas cotpynaukam MUC s paspelieHus: KpU3UCOB B
BBICOTHBIX 3[aHUSX, TJ€ KOIWYECTBO ATaXKEH JenaeT MOoXKapHble pyKaBa W JIECTHUIBI HEd()(EKTUBHBIMH,
YUUTBIBasT WX MAaKCHUMAIBHYIO MJIHMHY. A TakKe MpoYue TpPYAHOCTH, BO3HUKAIOMIMNE B CBSI3U C
HECTaHIAPTHBIMH apXUTEKTYPHBIMHU PEIICHUSIMH.

B Takoif curyarnmu, WHCTPYMEHTOM pEUIeHHs KOTOPOH paccMOTpUM poil poOOTOB, CYIIECTBEHHO
pacimmpstoTcss BO3MOXKHOCTH coTpyaHukoB MUC. YHuduuupoBaHHbIE pPOOOTH3UPOBAHHBIC EIMHUIIBI
CHIOCOOHBI TIEPEHOCHUTH CHAPSKEHHE, a B Cllydae HEOOXOTUMOCTH OOBEAMHATHCS B KECTKHE KOHCTPYKIIUU
(mpenoTBpamaronye o0pyIIeHne MOATOPKH, MOCTHI, JIECTHHIIBI, MAaHAYCHl M JakKe UMIPOBHU3NPOBAHHBIC
TOHHEJH, 3alUIIAONINE OT OTHS M 00JIOMKOB). Bce 3TO M03BOIISIET 3HAYMTENBHO CHU3UTh CMEPTHOCTD, KaK
CpeAu MOCTPaAaBIINX, TaK U COTPYIHUKOB CITY>KOBI CIIaCCHUSI.

Kax m3BecTHO, MynmpTHAreHTHYIO poboTm3upoBaHHyio cucteMy (MAPC) MoxHO paccMaTpuBaTh Kak
OOWH M3 BapuaHToOB peaim3auun MAC, Tak 4TO KaXKAbli poOOT-areHT MMeeT BCEe HM3BECTHBIC CBOWMCTBA
areHToB [1]. CrcTeMbl yripaBJICHHSI TAKUMH CJIOKHBIMH KOMILIEKCAMU JIOJDKHBI 00€CTIeunBaTh aJaliTHBHOCTD
POOOTOTEXHUYECKHX YCTPOHCTB K KpPYIy peIIaeMblX 3ajad, COIJIACOBaHWE BBIPAOOTKH TpaeKTOPHl
nBrkeHns U Ap. [loaTomy akTyanbHOW MpoOIeMoil sSBISETCS MOBBIINICHNE aJalTHBHBIX CBOWCTB CHCTEMBI
yIpaBlieHHUs CIIOKHBIMU poboToTexHIUeckux KomiuiekcoB (CPK). [t moaHOIEHHOTO (hyHKIIMOHUPOBAHUS
TaKWX CHUCTeM HEOOXOIMMO COBEPIICHCTBOBaHHE HH()OPMAIMOHHOTO OOECTICUEHUs] CHCTEMBI YIPaBICHUS
[2].

Urak, npeanaraeTcst pa3paboTka crieluaibHONH MHGOPMALMOHHON TEXHOJOTUH, YTO WHTETPUPYETCS B
pO6OTOTCXHH‘IeCKI/Iﬁ KOMIUICKC, U NIp€AHa3Ha4Y€Ha JJIs BBIIIOJIHCHUA 3a4a4 aBTOMATHU3alluK, HAIIPABJICHHBIX
Ha nioBbIeHue 3 dexTuBHOCTH pyHKIIMOHNpOoBaHUs CPK.

Takass wuHbOpMAIMOHHAS TEXHOJNOTWS TIO3BOJIIET AaBTOMATHM3MPOBATH IPOIECC MOCTPOCHUS
IIOBCACHYCCKUX MOI[GHGP'I My.]]bTHElI‘GHTHOﬁ CUCTCMbI, OCHOBAHHBLIC Ha HCIIOJIb30BAHUU MPHUHIIUIIOB
[EHTpaIH3aIIH MTPOIIECCOB aHAIIN3a U YIIPABIICHUS, KAK COCTABIIAIONIEH BUPTyaTbHONU cuMysiun (puc.l).

Tak, B WH(MDOPMAIMOHHOW TEXHOJOTHH, pa3padaTeiBaeMoil mpemnaraercs pacmonoxuts L[Kb Ha
YAQJIECHHOM CEpBEpE, W MPOBOAUTH CTPATErMYECKOE IUIAHUPOBAHWE BHYTPU BUPTYAIbHOU CpEnbl,
MMUTHPYIOIIEH peasbHOe IPOCTPAHCTBO (CTpaTernueckKuil ypOBEHb).
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Taxoi noaxon uenecoo6pa3eH IpU BBIINOJHCHUU 3aJlad B CpeAc C BBICOKOHM CTEIICHBIO HU3YyUCHU,
Harnpumep, IMpu HaJIWYUKU BUPTYAJIM30BAHHBIX IIJIAHOB 3J1dHUS CO BCEMHU IMOKA3ATCIAMU (HYTI/I OBaKyaluu,
XapaKTCPpUCTUKU MAaTCPUAJIOB, cJiabble M CUJILHBIE DJIEMEHTHI KOHCTPYK]_H/II/I).
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KB, 6narogapsi BBICOKMM MOIIHOCTSIM, MOXET ObICTpee NMPOU3BOJIUTH AITOPUTM PELICHUS 3aJadM.
Wnu xe, ecnm HEoOXOMUMO HECTaHJApTHOE pelIeHHE, TpeOyrolee 3IBPUCTUYECKOTO I0AX0Aa, €CTh
BO3MOXHOCTh MPOpadOTaTh C¢ MaKCHUMAaJbHOM CKOPOCTBIO HEOOXOAWMOE KOJMYECTBO CHUMYISIIUH IS
MOJYYCHUSI PEUICHUs] MPUOIMKEHHOTO K ONTHMAIBHOMY, €lle 0 HEMOCPEICTBEHHOIO SMIHPHYECKOTO
9KCIIEpUMEHTA Ha MeCTHOCTH [3].

Korma 3amaga copmupoBaHa, OHa AENUTCS Ha TMOA3afadd (TAKTHUECKUN YpPOBEHB) IS KaxIOH
TpynmupoBKd poboroB. Iloazamaun MMEOT AMHAMHYECKOH XapakTep, ¥ OHM B 3HAYUTEIBHOM CTENCHH
3aBUCST OT JIOKAJIBHOW MOJENIN IMPOCTPAHCTBA, CIOXKUBIIEHCS B PEalbHOM BPEMEHH Ha OCHOBE JaHHBIX
CEHCOpPOB K@KIOIr0 areHTa, W INpelHa3sHadeHa Uil ONepUpoBaHusl mo obcrosrenscTBaM. Ha 3Tom stame
MPOUCXOJUT pacpeeieHue 3a4a4 HaBUrallid 1 MaHUIYJSIInH 3 dexropamMu areHToB.

Jns peanuzaunu MOZOOHOTO MOXYJsi HEOOXOAMMO MHTETPHPOBAHHOE, KaK Ha YPOBHE KOMAaHIHOTO
LEHTPa, TaK ¥ OTIACJIBHOIO areHTa, MporpaMMHOE 0OECIIeUEeHUEe, OCYILECTBIISIOEe MATKUE BBIYUCICHUS, U
HabOp HECTaHAAPTHBIX ISl MOJOOHBIX CHCTEM JATYUKOB, COACPKAIIUX HHKIMHOMETPUYECKHE MPHOOPHI
BBICOKOI TOYHOCTH M CKOPOCTH cOopa JaHHbIX [4].

OctaeTcst OTKpPBITBIM BOIPOC OpPraHU3alMd PEAaKLHMOHHOIO IOBEICHUS OTACIBHOTO areHra
(peaxkTuBHBIN ypoBeHb). IIpeanonaraercs, 4To ONTUMAIbHO KOPPEKTHOE BBIIIOIHEHNE 3a/laHMUsI areHTOM BCE
BpeMsI HaXOJUTCS MOJ YTPo30H, KaKk BHEIIHEH (MeXaHHUYeCKHe MPEeMsATCTBU, HEIOCPE/ICTBEHHBIE YTPO3bl U
T.IL), TaK U BHyTpeHHel (OmnOKa B HaBHTALMH, MOBPEKICHUS CaMOW CIUHHUIBI M T.I1.). DTH (HaKTopbl
00yCJIOBIMBAIOT HEOOXOAUMOCTh OINPEIETICHHOTO YPOBHS aBTOHOMHOCTH areHTa, 4yTo TpeOyeT peaan3aunuu
Masoit koruutuBHOM cuctemsl (MKC).

3nece MKC Oyner oTBeTCTBEHHa 3a pa3pabdOTKy BCeX BO3MOXHBIX BapUaHTOB JIEHCTBUH, KOTOPBIE
JOJDKHBI OBbITH C(OPMHPOBAHHBIMH B CJIy4ae OIIACHOCTH MJIsi areHTa, Omeparopa WIM IOCTOPOHHEro
YeNoBeKa, eCIM HeT COOTBETCTBYIOUICH HHCTPYKIHMH C OoJiee BHLICOKOIO YPOBHS KOMaHIHON HEpapXHH.
Taxoke BO BHEKPU3HCHOE BpEMsl TaHHAs chcTeMa OyJeT OTBedaTh 32 PEaKTHBHOE MaHEBPHPOBAaHHE arcHTa,
9YTO HEOOXOOUMO AJIsi KOPPEKTUPOBKH €r0 IOJIOKEHHS B NPOCTPAHCTBE B COOTBETCTBUH C TPAaeKTOpHEH
IBIDKEHMS, OTBEYAIOIIEH 3aJaHmI0 ¢ 60Jiee BEICOKOTO YpoBHA [5].

HOI[BOI[S[ YCpTy moA BCEM BBINICCKA3aHHBIM, MOXHO YTBEPKOAaTb, 4YTO, YUYHTbLIBAA CeFOI[HSIHIHI/II\/'I
TeXHOoJIoTHUecKhii ypoBeHb (Tak Kak 31eMeHTOM «Iporpecca» B HayKe J0JDKHO MpeHeOperath u3-3a TOoro,
4TO CIeAyeT paccMarTpuBaTh Te (DaKkTbl, YTO €CTh, a HE Te, YTO JOJDKHBI OBITh.) Moaenn MAPC
HaTpaBJICHHbIE Ha pEHICHHE CIEeIUATU3UPOBAHHBIX IO/ TPYNIOBYIO pPOOOTOTEXHHKY 3aiad BCe elle
CTPEMATCA B LICHTpaIU3aluu.
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OYHKIIOHAJIBHA TA CTPYKTYPHA OPT'AHI3ALIA CUCTEM ABTOMATHYHOI'O
KEPYBAHHA ITPOLHECOM ®OPMYBAHHA PO3KJIALY HABUAJIBHUX 3AHATD

Ilpobnema gopmysanns po3kiady HAGYANLHUX 3AHAMb 3AKIA0Y BUWOI 0C8IMU € NpeoMemom
odocniddcennss 8 pobomax bazamvox asmopis. 3a80aHHs HOpMYSaAHHA pPO3KLAOIE € NPEeOMemom HAYKOBUX
docnidicenv 3 cepeounu XX cmonimms. Ilepwi oocnioocenns danoi npobnemu Oyau npeocmaenerni 6 60-x
pokax XX cmonimms. [Ipoeoounucs cnpobu susHauumu ma CUCmMemMamu3yeamu 3a0ayi CKI1aoanHs po3kiaoy,
a makodic nioxoou 0o ix asmomamusayii. Ha oanuil momenm npobiema 3amulacmscs 8i0KPUMOI0, 80HA
gioHoCUMbCA 00 3a2anbhoi meopii posknadie [1]. Pozdin meopii po3kiadie 00 sKk020 8i0HOCUMbCS 3a0aa
@opmyeants po3Kk1ady HA84ANbHUX 3aHAMb HA3UBAEMbCs « CKIAOAHHS 4aco8UX MAOIUYb Y.

3amady CKJIamaHHS YacOBHX TaOJHUIIh MOXKHA OXapaKTepU3yBaTH SK MPOOJIeMy PO3MIMICHHS IESTKAX
pecypciB, 3 BpaxyBaHHSM JE€TEPMIHOBaHUX OOMEXeHb, B OOMEXEHHI YacOBl iHTEpPBAIH 1 MICIS 3 METOIO
3aJJOBIIBHUTH LUIAH PsJl KPUTEPiiB ONTUMAILHOCTI, B JAHOMY BHIIQJIKY MOTPiIOHO BMKOHATH HAaBUAIbHUM
IJIaH — PO3MICTUTH B YacOBi iIHTEPBAIM HaBYANBHI 3aHATTS CTYJEHTCHKUX TPy Ta MOTOKIB 3 JOTPUMAaHHSIM
oOMexenb. CruicteMa 0OMEXEHb CKIIAIAEThCs 13 (GOpMalli30BaHUX JKOPCTKAX OOMEKEHb, SIKi TIOBUHHI OyTH
BUKOHaHHi 000B’SI3KOBO.

LlinboBoto (yHKIi€I0 3a1a4di PopMyBaHHS PO3KIIaly HABYAIBHHUX 3aHATHh € MIHIMI3allisl cyMH mTpadis
3a MOPYLICHHS M’ SIKUX 0OMEXKEHb, 1[0 HAKJIaJal0ThCs Ha PO3KIIA]] HABYAIBHUX 3aHATH [2].

Po3risiHyTO BENMKY KUNBbKICTH MOJENeH 3amadi popMyBaHHS pO3KJIaay HaBYaNbHHUX 3aHATH 3aKIamy
BHUIIOT OCBITH, cepea sskux Monenb aBTopiB; E. Bypk i C. IlerpoBuk, mo po3pobneno B HoTriHremcbromy
yHiBepcureti, Aarmis; J. Jlak ta M. Jlrobek, mo po3pobiero B bepriHCEKOMY TEXHIYHOMY YHIBEPCHUTETI,
Himewunna Ta inmmi [3]. Skmo npoaHamizyBaTH il JTFOMHH-OIIEpATOpa TPH BUPILIEHHI 3a1a4i (OopMyBaHHs
pO3KJIaJy HaBUANBHUX 3aHATh, TO 13 3araJibHOl 3a/a4i MO)KHA BWAUTUTH OKpeMi 3ajadi abo
CHCTEMOYTBOPIOIOYI (DYHKIIIT, cepelt SIKUX TaKi:

e 00poOKa MOTOYHUX 3HAYEHB — JIIOJMHA-0NICPATOp OTPUMYE iH(OpMAIIiro ISl YIIPaBIiHHS POLIECOM;

® CTEXCHHS 32 JaHUMH — CKaHyBaHHS IIOTOYHUX 3HAYEHb 3MIHHUX MPOIIECY;

e (0e3nocepeHe YIPaBIiHAS — BUKOHAHHS JIESIKOT IOCITIIOBHOCTI MPOLENyp 1 KEPYIOUHX BILIHBIB,

e OINTHMaJbHE YIpaBIiHHS — 3a0€3MeYeHHs] HAUKPAIIOTO0 KOHTPOIO SIKOCTI TOTOBOTO MPOAYKTY, B TaHOMY
BUIAJKY PO3KJIaly HABYAJIBHUX 3aHATb.

Jo ocHOBHUX poOoumx (yHKII cucTeM KepyBaHHS MpoliecoM (OpMyBaHHS PO3KJIaay HaBUAIbHUX

3aHSATh MOKHA BiTHECTH HACTYIIHI:

e (GopMyBaHHS PO3KJIay HABUAILHIX 32HSTh;

® JIOTPUMAaHHS KOPCTKHX BUMOT Ha BIICYTHICTh HAKJIAJOK B PO3KIIA/;

® JIOTPUMAaHHS BHMOT TIOB’SI3aHMX 3 «BIKHaMW» (1€ CIY)XOOBHH TEpPMiH, IO BHKOPHCTOBYETHCS
TUCTIETYepaMy HAaBYAILHOTO BiJUIUTY, KM O3HA4Ya€ BUIBHHWHA YaCOBHH iHTEpBaJl MiX 3aHATTAMU OiNbIIHN
HiXK TepepBa) B PO3KIIaIl;

JTOTPUMaHHS 0OMEKEHb Ha MiHIMaJIbHE Ta MAKCHMAJIbHE JICHHE/THKHEBE HABAHTA)KECHHS,

aHaIi3 BXIJHHUX, [IOTOYHMX T4 BUX1IHUX JaHHX;

BpaxyBaHHS BUMOT JI0 TEXHIYHOT OCHAIIEHOCTI ayJUTOPIi;

BpaxyBaHHS BIOJ00aHb Ha TOOaKaHb BUKJIA/IaviB;

BpaxyBaHH: reorpadiuHoi BiAgaqeHOCTI KOPITYCiB Ta ay JUTOPiH;

BpaxyBaHH 3aKpiIUICHOCTI ayTUTOPil 3a MiApo3AiIaMu, TUCIUILTIHAMH;

BUBE/ICHHS TOTOBOT'O PO3KJIAJy HABYAJIbHUX 3aHSATh;

BpaxyBaHHS BUMOT I0JI0 TOCJIIZIOBHOCTI BUKJIAJAaHHs AUCHUILTIH Ta KUIBKOCTI TOIWH OJHOYACHO.

[Ipu ¢dopmyBaHHI pO3KIaNy HABYAIBHUX 3aHATh BUHHKAE TNpoOJIeMa ONTUMAIbHOTO YIPaBIiHHS
pecypcamu: yYaCHHKaMH OCBITHBOTO MpOLECy, ayJUTOPHUM (OHIOM, CTYJEHTCHKUMH IpymnaMu Tompo. B
mpolieci BUPILIEHHS 3a7a4i MOTPiOHO BpaxoBYBaTH OOOB’SI3KOBI OOMEKEHHs Ta BUMOTH, IO MOXYTb OyTH
MOpYIICHI.

Sk omucano B po6oTi [4], hopMyBaHHS po3KiIaay HaBYAJIbHHUX 3aHATH IIOYWHAETHCS 3 BBOAY JAaHHUX IPO
HaBYaJIbHE HABAHTAKEHHS, ayJUTOPHUHA (POHI, CTyIEHTCHKI IpyNny Ta MOTOKHM, Ta BUKJIAaJaubKUi ckman. B
pe3ynbTaTi 0OpOOKH JJaHUX HABYAIHHOTO HABAHTAXKEHHS (DOPMYETHCS CIIMUCOK 3aHSTh.

B mporieci nepedopy BapiaHTy pO3MIIIIEHHS 3aHSTTS BIIOYBAETHCS MEPEBIpKa 32 TPhOMa YMOBAMHU:
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® HaKJIAJKH 3aHATH BiCYTHI, SIKIIO BiIOyNach HaKJIaaKa, TO 3aHATTS HE MOKEe OyTH IPOBEACHUM;
® ayIUTOpIis OCHAIICHA BCIM HEOOXITHUM OOaTHAHHSM;
® KiJBbKICTh pOOOYHX MiCIlb B ayIUTOPIii HE MEHIIE KIIBKOCTI CTY/ACHTIB, 10 HABYAIOTHCS B TPYIIL.

B Bumanky, sKmo oOOB’SI3KOBI yMOBM BHUKOHYIOTBCS — BiOYBAa€ThCS OIIHKA SIKOCTI PO3MIIIEHHS
3aHSTH 32 HACTYITHUMH KPHUTEPisIMH:
® HasSBHICTh «BIKOH» MIXK 3aHATTSMH y CTYICHTIB Ta BUKIAJadiB;
noOakaHHs BHKJIa1a4iB;

KIJIBKICTh 3aHATH B JIEHb Ta Ha THYKICHbD;
KIJIBKICTh JIEKIIH B I€Hb;
BIJICTAHb MIX ayJUTOPISIMH.

[Ticist po3MillieHHs BCIX 3aHSATh B PO3KJa/i MPOBOAMUTHCS OIIHKA SKOCTI CPOPMOBAHOTO PO3KIIAIY.
OtpumaHi pe3yabTaTH PoOOTH aNrOpUTMy MEpPeAaloThes AUCIETYEPY, SKUH BHPINIYe, YU BapTO MPOBECTU
MOBTOPHY TeHEpaIlifo po3kiany, abo MoanikyBaTh OTPUMAHHUA PO3KIA] BPYYHY 3 METOIO IOAAIBIIOTO
BUKOPHUCTaHHS.

3anmavya hopMyBaHHS PO3KJIANy HABYAIBHUX 3aHATh MOXE OyTH cpopmoBaHa B TEpPMiHAX JIIHIHHOTO
HIJIOYNCENBHOTO TporpaMyBaHHsa. ONHCYETHCS CUCTEMA i3 pOOIT, IO CKIIAAETHCS 3 OTepalliii i MaluH, 0
BUKOHYIOTh KOHKPETHI omepariii. B BuUrismi HepiBHOCTEH IIpelncTaBiIeHa cucTeMa OOMEXKeHb. TakKox
BBOJSTHCS JIOJATKOBI LIJOYKMCENbHI 3MIHHI IS OMHUCaHHS OOMEXEHb TUIY «a00-aboy, SKi HEMOXJIHBO
OIMHMCATH B paMKaxX 3BHYAIHOTO JIHIHHOTO MporpaMyBaHHA. Jlami 3ammcyeThest cama cuctema i GopMyeThes
uigpoBa GyHKIiA. LinboBi GyHKINT MOXKYTE OYTH pi3HUMH, KOHKPETHUH BUJ LIJTHOBOT (DYHKIIIT 3aJI€XKHUTD BiJl
TOTO, III0 HAaM MOTPIOHO MiHiMi3yBaTH [2].

IcHye nBa KpuTepis MOIIYKY LIILOBOI (PYHKIIi: MiHIMI3allis 3aTpaT 1 MakcuMizaiis e(eKTUBHOCTI
CKJIQICHOTO PO3KJIaay HAaBUAIBHHMX 3aHATH. [l BupimenHs 3agadi GopmyBaHHS e()EeKTHBHOTO PO3KIIALy
HaBYAJIbHUX 3aHATH 3aIIPOIIOHOBAHO HACTYIHY IITLOBY (DYHKIIFO CHCTEMH aBTOMATHYHOTO KEPyBaHHS:

1 Q(4, Ss,D,P), m = start
- TE [(ul(t)) N (Q(A, SS,D,P))], m = work

Hde r — pos3knam HaB4YambHUX 3aHATH, () — oOjacte oOmexenb, A, Pgp, S5, D, P — MHOXWHa
ayIUTOpiif, YYacCHHWKIB OCBITHBOTO TMPOILECY, CTYyACHTCHKMX TPYI, TUCIHIUIIH Ta HABYANBHUX IUIAHIB
BIAMOBIIHO, U4 (t) — ynpaBIiHHS PO3KIAOM B pealbHOMY Yaci, M — PEXUM pOOOTH CHCTEMH, SIKUH MOKeE
OyTu myckoBuM (Start) Ta po6ounm (Work). Ha BigmiHHY Bij 6arathOX ONTHUMI3aIiitHUX 3a/1a4, PO3paxyHOK
3Ha4YeHb [UTBOBOT (YHKIIII, TaK sK 1 epeBipka 0OMeXeHb € TPYAOMICTKUM 1 3aTpaTHUM TporiecoM. LlinpoBa
(dyHKIIs BpaxoBy€ MOOaKaHHS BHUKIIQJadiB Ta JOTPUMAaHHS M’ SKHX BUMOT. BpaxoByrouu MpHpOAy BUMOT
cy0’€KTIB HABYAIILHOTO MPOLECY, BUKOPHCTAHHS €JIeMEHTIB HEUiTKOI JIOTiKH € OUEBUIHUM.

st mepeBipKu TOTO, UM 1HIIIOTO PO3KIIAAY HAaBYAILHUX 3aHATHh Ha aJIeKBaTHICTh MOTPIOHO TIEpeBipUTH
BUKOHaHHS oOMmexeHb (1). [lama mimeoBa ¢yHKINS BIANOBIAE JBOM peXHUMaM pPOOOTH CHUCTEMH
ABTOMATUYHOTO KEpPYyBaHHS, Ta Ma€ JBI yMOBH, IPH BHUKOHAHHI TepIIOl 3 HUX — CHCTEMa MpAIloe B
MYCKOBOMY DPE&XHUMi, JIe (OPMYETHCS PO3KIAJ] HABYAIBHHUX 3aHATH 3 JIOTPUMAHHIM OOMeKeHb. B iHmomy
BUIIAJIKy CHCTEMa IIPAIIOE B POOOIOMY PEXHMI, 16 MOXKJIMBE YIIPABIIIHHSI TOTOBUM PO3KIIAJIOM B pealbHOMY
4aci 3 TOTPUMaHHIM O0OMEXKCHb.

[MpoananizyBaBmi TpeAcTaBlieHy HiaboBYy ¢yHKmito (1), 11 MoXHa pO3AUTATH Ha Taki
CUCTEMOYTBOPIOKOUI (DYHKITIT:

e 00poOKka Ta CTeXEHHS 3a JJaHUMH — OTPUMAaHHS iH(opMaIlii Ui ynpaBiiHHS MPOIECOM Ta CKaHYBaHHS
MOTOYHUX Ta BUXITHHUX JaHHUX JIFOIUHOIO-OIIEPaTOPOM;

e [porpaMHe YNpaBJiHHS — BUKOHAHHA AITOPUTMIB IIyCKOBOTO Ta POOOUYOr0 PEXHMY 3a JOIOMOTOO
Joriky Ta anroputMiB Ha EOM;

e ONTHMaJbHE YNPaBIiHHSI — 3a0e3MEeUYCHHS HAWKpAIIOro 3HAYCHHS KPHUTEPi0 ONTUMAIBLHOCTI s
PO3KJIaay HaBYaJIbHHUX 3aHSTh;;

e OIlepaTHBHE YNPaBIiHHS — YIPABIiHHS PO3KIaJIOM HABYAILHUX 3aHSTh B PETbHOMY 4aci Oe3rmocepeIHbO
y4acHHKaMH{ OCBITHBOTO IIPOLIECY 3 JOTPUMAHHSIM BCiX OOMEKEHb 1 BUMOT.

P03BUTOK OOUYUCITIOBAILHOI TEXHIKH TPUBIB JIO PO3IMIUPEHHS MPAKTHYHOTO 3aCTOCYBAaHHS AlITOPUTMIB,
10 paHime 0yI0 HEMOXKIIMBUM 4Yepe3 BEJIMKY TPYAOMICTKICTh pO3paxyHKiB. AJTOPUTMIYHUI MTpoIiec 3aBkKIN
MOYMHAETHCA 3 ACAKUX BX1IHUX JaHUX 1 HAIPaBJICHUHN HA OTPUMAaHHS Pe3yJIbTaTy.

KoskeH anropuT™ MoXKHa 0XapakTepH3yBaTH HACTYITHUMH MapaMeTpaMH:

e MHOXXMHA BXiIHUX JaHUX;
® MHOXMHA MOXIIMBUX PE3yJIbTATIB;
e MHOXHMHA JOIMYCTHMHUX NPOMIKHHUX PE3YyJIbTATIB 1 IPaBUII;
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® [I0YATOK i KiHELb aJITOPUTMY;
e (OesnocepeaHbOl MepepoOKH;
®  BHBEJCHHS PE3yJIbTATy.

ANTOpUTM TIOBHHEH BiAMOBIJATH TAKMM BHMOTaM:

1. bytu Bu3HAYEHWM, OJHO3HAYHHM (AETEPMIHOBAHWUM), pe3yJabTaT HOro pPOOOTH OJHO3HAYHO
BU3HAYAETHCS BUXIAHUMH JaHUMHU.

2. Byrtum pesynbraTMBHUM, TOOTO AJISl 3aJaHUX 3HAYEHb BUXITHUX NAaHUX MOBUHHO OyTH OTPHUMAaHO
pimeHHs 260 TTOBIAOMIICHHS IIPO HEMOXKIIUBICTh HOTO OTPUMATH.

3. Byrtu macoBuM, TOOTO 3 HOTO TOTIOMOTOI0 MOKHA BUPIIINTH OyIb-SKe 3aBIAaHHS 3 JEIKOTO KIIacy
3aad.

4. byTtn muckpeTHnM, TOOTO TTOBHHEH SIBJISITH COOOO ITOCIITOBHICTD OKPEMHUX KPOKIB, SIKi 3p03yMili
BHUKOHABITIO 1 MOXYTh OyTH HUM BUKOHAHI.

5. ByTu KiHUEBHM, TOOTO MOCHIiJOBHICTh KPOKiB alroputMy € KinueBowo. KoxxHe 3 nmiii i Bech
AITOPHUTM B LIJIOMY 00OB'SI3KOBO 3aBEPIIYIOTHCS.

6. ByTtu KopekTHHM, TOOTO ISl BCiX JIOMyCTUMHX 3HAYCHb BUXIAHUX JaHUX PO3TISHYTOI 3aj1adi BiH
MOBMHEH JaBaTH NpPaBWIBHUHA pe3yapTaT abo0 MOBIIOMJICHHS MPO HEMOXKIHUBICTD OTpUMATH
pilieHHs.

[Ipu po3polmi anropuTMiB ISl BUKOHABISI-KOMITIOTEpa 3HAHHS 1 BpaxXyBaHHSA BIACTHBOCTEH 1-6 €
HeoOximanMU. OCKITBKHE KOMIT'IOTEP HE Ma€ IHTENEKTY 1 HOTO MOXIIMBOCTI 3aBKI OOMEXKEHI, allTOPUTM, III0
PO3pOOIISETHCS AJIsl BUKOHABIISI-KOMIT'IOTEpa MOBUHEH 3aI0BOJIBHSATH LIUM BJIACTHBOCTSIM aJTOPUTMY.

Hns peanizamii QpyHKIIT KepyBaHHS PO3KIAIOM B pealbHOMY Yaci MOTPIOHO BIOCKOHAIHWTH iCHYIOYI
ANTOPUTMH, TaK SK MOTPIOHO ITOTPUMATH OCHOBHI JKOPCTKI OOMEKEHHS B pealbHOMY Haci, mo0 He Oyio
HAKIaJOK B PO3KJIaAi Ta HABaHTAKCHHS 3aJUIIAIOCh DPIBHOMIPDHHM, a CaMe TOJIOBHE BHUKOHYBAaBCS
HaBYAIBHUU TulaH. BUKOpHCTaHHS KOMI'IOTEpa O3BOJISIE PO3MIISIHYTH 1 MpOaHaNi3yBaTH Iy>Ke BEIIUKY
KIJIBKICTh BapiaHTiB PO3KIALY, IO HE MOKE 3pOOUTH JIFOIWHA.

OpHi€l0 13 CKIAIOBUX CHUCTEMH aBTOMAaTHYHOIO KepyBaHHS € il TeXHi4Ha cTpykTypa. | came Bix
TEXHIYHOT CTPYKTYPH Ta OCHAIICHOCTI 3aJIeKUTh HA CKUILKH 1 B SIKiK Mipi Oyzie peanizoBaHO (QyHKIIOHAJIBHY
Ta aJTOPUTMIUHY CKJIAJO0BY CHCTEMH aBTOMATHYHOI'O KepyBaHHSA. TOMy MOLUIEHO BIOCKOHAJIHMTH ICHYOYI
CHUCTEeMH KepyBaHHS TporiecoM (GOpPMYBaHHS PO3KIAy HABYANBHUX 3aHATh. KpiM Bimommx 3aco0iB
peanmizamii TEXHIYHOI CTPYKTYpH  TOTpiOHO peani3yBaTh 3B'SI30K dYepe3 Mepexy FEthernet cucremu
(dopMyBaHHS PO3KJIaAy HABYAIBHHUX 3aHATH 3 MOOUIBHMMH NPHCTPOSMH, TUIAHIIETAMU YU TEPCOHATBHUMH
KOMIT FOT€paMH YYaCHHKIB OCBITHBOTO ITPOLIECY.

B pesyabTati 3po6ieHoi poOoTH MOXKHA 3pOOMTH HACTYITHI BUCHOBKH: PO3KJIA]] HABYAJILHUX 3aHATH —
IIe € OCHOBA SIKICHOI Oprasi3ailii OCBITHLOI'O MPOLECY Oy/Ib-KOT0 HaBYAJIBHOTO 3aKiaay. byio mpoBeneHo
OIMHC ICHYIUYWX IUILOBUX, CHCTEMOYTBOPIOKOUYMX, poOoumx (yHKIIHA, Ta po3pobieHO (yHKIIOHATBHY
CTpYKTypy. OnmucaHo anropuTMidHy CHCTEMH KepyBaHHS HpouecoM (OpMyBaHHsS pO3KIady HaBYaIbHUX
3aHATH MICJIA 400 0YyJi0 0OOIPYHTOBAHO Ta MPOAHATI30BAHO JOLIILHICTh PO3POOKH MEPCICKTUBHOI CUCTEMHU
KEepyBaHHS pO3KJIa/OM HABYAIGHHX 3aHATh, a CaMe ONUC HUIbOBOI (YHKIIi, JeKOMHO3uIis ii 0
CHUCTEMOYTBOPIOIOYHX Ta PoOOYMX (PYHKIIIH, a TAKOX IOIUIBHICTH PO3POOKH alTOPUTMIYHOI Ta TEXHIYHOI
CTPYKTYpH.

Pesynbraru jaHoi poOoTH OyayTh BHKOPHCTaHI NPH PO3POOI[ MOJENI Ta airoOpuTMy HpOIECy
(bopMyBaHHS PO3KIIaly HABYAJIbHUX 3aHATb.
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AJITOPUTMU BUSABIIEHHA TEKCTY HA BIJIEO

B pobomi suxonano nopieHsauHs ancopummie GUAGIEHHS MEKCMY HA 300pajdceHHi 015 3HAX00IICEHHs
Hatbinew 8i0N0GIOH020 051 0OPOOKU 8i0e0 NOomokKy. B saxocmi mempuk 018 HOPIGHAHHA BUKOPUCIAHO
MOYHICMb pobOmMuU MOOel, a MaKodC weuoKicmy i Haguanns ma pobomu. TaKodc po3eiAHYMO 302aNbHUL
NPUHYUN POOOTIU KONHCHO20 3 YUX AN2OPUTHMIB.

Ha croromni Benuky momyJIsipHICTh HAOHMPaIOTh 3aCO0M KOMIT I0TepHOro OadueHHs. OmHIeO 13
BXIMBUX CKJIQJIOBUX M€l TUCIUILIIHU € BUSBJICHHS 00 €KTiB Ha 300paxkeHHI. Jluiie micisi mboro
00’€ekT MOXKe OyTH mpoaHaji3oBaHMi Ta kKiacudikoBanuii. Ha manuit MOMEHT icHye 6arato pillleHb,
ane taki mozenl, sk R-CNN, Fast R-CNN, Faster R-CNN, YOLO — oxni 3 HaiiOUIBII BIZOMUX.

B naniit po60Ti BupilyeTbes mpobiaema MomnryKy A0CTaTHHO MIBUAKOTO /ISl aHAJI3y BiJeo Ta y
TOW camuii yac TouHoro (He Hwkue 80%) anroputMy po3mi3HABaHHS TEKCTY Ha 300paxkeHHi. Jlis
1bOro Oyzie MpoaHaTi30BaHO 3a3HaueH1 AITOPUTMHU 3 METOIO BUSIBJIICHHS HAHOUIBII BiAMIOBITHOTO.

R-CNN [1] — meron BusBICHHS TEKCTY Ha 300pakKeHHi, sKMUI B CBOid OCHOBI MICTHTh
MeXaHi3M Jokanizaiii perioniB. CriouaTky, 3a JOMIOMOTOI CEIEKTUBHOTO AJIFOPUTMY, BUALISIOTHCS
MOYaTKOBI CEIMEHTH Ha 300paKeHHi, SKi MOTEHIIHHO MOXYTh MICTHTH TeKcT. [loTiM, 1l perioHn
PEKYpPCHUBHO TMOEAHYIOTBCS y OUIbIII Ta Ha iX OCHOBI JIOK&JIi3yIOThCS OCTAaTOYHI PEriOHU
300paKeHHS, SKi 3 BHCOKOI WMOBIPHICTIO MICTATH TeKCT. [li perioHn momarThcs HA BXiX
3rOpTKOBOT HEUPOHHOT MEpEXi, sKa BUAUILE KIHOYOBI 03HAKU Ta Mpoaykye 4096-mipHHA BEKTOD
o3Hak. lle#t pe3ynpTyrounii BEKTOp O3HAK MMOJAEThes Ha BXig Support Vector Machine, ska
BHU3HAUa€ pe3yibTyIOUuil perioH i3 TekcroMm. lle Hemoranwii aiaroputTM MOIIYKYy OO0 €KTIB Ha
300pakeHH1, IPOTEe BiH MICTUTH psa HemoikiB. [To-tiepmie, 6arato yacy 3aiiMae HaBYaHHS Camoi
MOJIeTi, OCKUIbKM HEOOXiAHO Kiacu(ikyBaTH BEJIMKY KIIBKICTh PErioHIB-KaHIWUIATIB (OJIM3BKO
2000) Ha KOxKHOMY 300paxeHH]. Takox BiH He MOXe OyTH BUKOPUCTaHHUM y SKOCTI alrOpUTMY JJIs
00poOKH BiJIeO AaHUX, OCKUIBKH 00p0oOKa 0/1HOTO 300paskeHHs 3aiiMae O01M3bKO 47 CEeKyHI.

[MoganbmM po3BuTkoM 1soro anroputMy € Fast R-CNN [2]. B manomy Bunanaky, 3aMmicTh
TOro mo0 MoJaBaTH Ha BXIJl 3rOPTKOBOT HEMPOHHOI Mepexi perioHu-KaHIUAaTH, 300paKeHHS 10
Hel TI0JJa€ThCS HAMpsIMY, B Pe3yILTaTi 4Oro OYIy€eThCs 3TOPTKOBA CTPYKTYypa o3HaK. Ha ocHOBI mi€l
CTPYKTYpH BHU3HAYAIOTHCS PEriOHM-KaHIWIATH, ki 3romom y mmapi Region of Interest (Rol)
nepeopMaToBYIOTECA Y (PIKCOBaHUI po3MIp 1 MOXKYTh OyTH Iepe/laHi /10 MOBHO3B sTHOTO I1apy. B
pe3ynbTaTi, OTPUMaHHI BEKTOP O3HAK TepeaaeThes 10 mapy Softmax, skuii BU3Ha4ae, Y MICTUTH
perion Tekct. Lleit meTonm mo3BoJIsIE HE TepenaBatu JUisl KokHOTO 300pakeHHs 2000 perioHiB-
KaHMJIaTiB, 332 PaXyHOK YOro 3HaYHO 30UIbIIY€ETHCS IBUKICTH HAaBUAHHS MoJeni Ta ii pobotu 6e3
BTpaTH TOYHOCTI.

OpHak BY3bKMM MICIIEM TaKOTO PIIIEHHS 3aJIUIIA€THCS CEIEKTHUBHUN aJTOPUTM IS TOUIYKY
perioniB-kanauaaris. Faster R-CNN Bupintye o npobiemy [3]. Tak camo sk 1 B monepeaHbOMY
aJITOPUTMI, BCE 300paKEHHS IMOJAEThCS Ha BXIiJ 3TOPTKOBOI HEHPOHHOI Mepexi, sSiKa MPOIYKYe
3TOPTKOBY CTPYKTYypy oO3Hak. OjHaK 3aMiCTh BHKOPHCTAHHS CEJICKTHBHOTO alTOPUTMY JUIS
BUSIBJICHHS DETiOHIB-KaHAWJATiB, BUKOPUCTOBYIOTH OKpEMY MEpexXy s MepeqdadeHHs IHX
perioniB. BusBrneni perionun mnepepopmaroByoThesi y Region of Interest (Rol) mrapi Ta
BUKOPHUCTOBYIOTBCS JJIi BU3HAUECHHS HASBHOCTI TEKCTY y JaHii obnacti 300paxeHHs. Cepenns
TOYHICTH POOOTH aHOi Mojeni ckinanae 6mu3bko 70%. Ha puc. 1 HaBenieHO pe3ybTaT OPIBHSHHS
HIBUJIKOCTI pOOOTH yCiX 3 MoJieneit.

VYci nomnepenHi alropuTMU MICTHJIM B CBOill OCHOBI MEXaHI3M IPONOHYBAHHS PETIOHIB.
Heiipona mepexxa He 6auuTh Bce 300pakKeHHs, a JIMIIE HOro YaCTHHU 13 BHCOKOIO BIPOTIIHICTIO
HasiBHOCTI TekcTy. YOLO € koHuentyanbHO iHIIUM anropuTMom [4]. BiH Mae eiuHy 3ropTKOBY
MEpexKy, IO TPOTHO3YE MICIIE3HAXOKEHHS 00’ekTy Ha 300paxenHi. Cmodatrky, BXigHE
300pakeHHS JIIMTBCA Ha CITKY po3mipoM SxS, OepeMo M KOMIpOK CiTKH. i KOXKHOTO
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OTPHUMAHOTO BIKHA MEpeka BUBOJIUTH 3HAYCHHS HMOBIPHOCTI KJIacy Ta 3CYBY JUIsl 0OMEKYBaJTbHOTO
I10JI4.

R-CNN Test-Time Speed
R-CNN
Fast R-CNN s

Faster R-CNN| 0.2
0 15 30 45

Pucynox 1 — [TopiBHsibHaA XapakTepucTrKa mBUaKocTi podoTu anroputMiB R-CNN, Fast R-CNN
ta Faster R-CNN

OOMexyBaibHI TOJIs, IO MalOTh HWMOBIPHICTh KJIaCy BHIIEC IOPOTOBOTO 3HAYCHHS
OOMparOThCS Ta BUKOPHUCTOBYIOTHCS JJIsi TMOIIYKy 00’ekta Ha 300paxenHi. YOLO wa mopsmok
MIBUALINN, HIXK 1HIIN aJTOPUTMH Ta 3JaTHHM 3a0e3medyBaTH MIBUAKICTE podotu 1o 45 kaapiB Ha
cekyHny (mesiki i3 Momudikamid i€l Mepexi MalTh MBHAKICTE y 155 kajgpiB Ha cekyHuy).
OOMeXEHHS JaHOTO aJITOPUTMY TOJISITA€E B TOMY, IIIO BiH ITOTaHO 3HAXOMUTh JAyXe IPIOHI IpeaMeTH
Ha 300paxkeHHsX. CepelHs TOYHICTH POOOTH MaHOi Mojem ckiagae Oim3sko 78-81%. Ha puc. 2
HABEJICHO Pe3yJbTaTH MOPIBHAHHS TOYHOCTI pOOOTH yCix 4 Moeneit

a1

o
R-CNN Fast R-CNN Faster R-CNN YOoLO

Pucynok 2 — [NopisasuibHa XapakTepucTuka TO9HOCTI poboTH anroputmiB R-CNN, Fast R-
CNN ra Faster R-CNN

3po0uMO BHCHOBOK. Buxoasuu 3 BHIlle3a3HAUEHOI0, MOXKHa cTBep/kyBaTH, mo YOLO e
HaWKpalyM aJIfOpUTMOM JIJisl 3a7a4l 0OpOoOKHM BiZIeO Ta MOIIYKY TEKCTy Ha oro kamapax. Llpomy
CHPUSAIOTh OJHOYACHO NPUKHHATHA TOYHICTH (Onu3bko 80%) Ta myke BHCOKAa MIBHAKICTH pOOOTH
Mozeni (Bin 45 kaapiB Ha ceKyHIy). B mopanbliomy, HaHuN alropuT™M IMOUIYKY TEKCTy Oyne
BUKOPUCTAHO y MOEJHAHI 13 3aco00M MJsi pO3Mi3HaBaHHS TEKCTYy Ha 300pa)K€HHI MiJ Ha3BOKO
Tesseract, 1m0 1acTh 3MOT'y peaiizyBaTH TOYHY Ta IIBHUJKY CHUCTEMY BHUSBJICHHS Ta PO3Mi3HABaHHS

TEKCTY.
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POMAHIOK O. H., YAH A. JI. B., IAH®IJIOBA 10. O.
Binaunbkuit HalioHATBHU TEXHIYHUHN YHiBepcuTeT (YKpaiHa)

BUKOPUCTAHHS BIIBUBHUX BJACTUBOTEM LIKIPHU JIIOAWHU ITPU
KOMITI'IOTEPHIM JIA'HOCTHII 3AXBOPIOBAHDb

IIpoananizosano ocHosHi eracmugocmi WKipu i0ousamu ma nO2AUHAMU CE8IMA0BI YACMKU, 3d
PAXYHOK 4020 peaizo8yemvbcsi CHeKMpPAibHe BUABLEHHS NAMO02IU 8 ONMUYHIL 0ia2HOCMUYI.

CporogHi KOMI'IOTEpHI TEXHOJIOTIi MIMPOKO BUKOPUCTOBYIOTHCS MJis JA1arHOCTYBaHHS
pi3zaux XxBopoO. Ilpm 1nbomMy BHCOKY I1H(GOPMATUBHICTH Ma€ IIKipa JIOJWHU, OCKUIBKH
XapaKTEepU3Yy€EThCS BEIUKOIO IJIONICI0, KOJIPHUMH OCOOJMBOCTSAMHU Ta IIHPOKHUM CHEKTPOM
O10JIOTIYHUX JAaHUX, K1 MICTIATh iHPOPMAIIIIO PO CTaH YChOT'O OPTaHi3MYy.

JliarHocTHKa 3/I0pOB’S JIIOMWHU 3 BUKOPUCTAHHSM ONTUYHHX METOJIB Ha0yBa€ HIMPOKOTO
3aCTOCYBaHHA B PI3HHMX Tajly3sX: OHKOJOril, Xipyprii, aepmaroisiorii, odtanbmonorii Ta iH.
Iadopmariss mpo komip OIOTKaHWH, SKUH BH3HAYAETHCS iX CTPYKTYPOIO, OIOXIMIYHMM CKIIAIOM,
BUKOPHUCTOBYEThCSI B 0araTb0X MIarHOCTUYHUX MpUJIaiax y MEIULUHI JUIs aHalizy BMICTY Pi3HHX
MMrMEHTIB TKAHUHU, TAKUX SK MEJaHIH, reMOrjao0iH, a TakoX BOJM Ta IHIIMX CKJIAJ0BHX, iX
CTPYKTYpH Ta marosioridnux 3Mid [1]. Oco0nmuBo BakIMBUM Yy cepi MIarHOCTHKH OHKOJIOTIYHUX
3aXBOPIOBaHb € BHSBIICHHS NEPBUHHHUX, HAWMEHIINX KOJIPHUX 3MiH IIKIPH YH CIM30BOT OOOJOHKH.
B nepmaronorii iHdopMmaris mpo KOMIp MIKIPH YaCTO BUKOPUCTOBYETHCS IS  KUIbKICHOT
XapaKTepUCTUKH IIrMEHTHUX TMOPYLIeHb 1 [IPU3HAYCHHA ©(EeKTUBHOTO Kypcy JIKyBaHHS.
CyKkynHICTh METOMIB JIarHOCTUKH CTaHy 3J0pOB’S JIIOJWHK 33 KOJBOPOM ii HIKIPH LUISIXOM
BUKOPUCTaHHS ONTHYHHUX METOJIB BIJKPHBAE€ NIMPOKHHA CHEKTP MOMIJIHMBOCTEH y paHHbOMY
BUSBIICHHI HEOE3MEUHUX HEIYT 3aBISKH TOMY, IO B CTPYKTYpl MIKipu 30epiratoTbcs yci ONTUYHI
3akoHK. OIHAK HA CHOTOMHIMIHINA A€Hb ONTAYHI METOAU MIarHOCTUKH 3aJIMIIAIOTHECI HEIOCTATHHLO
BHUBYEHHMH, TOTPEOYIOTh JOCIIKEHD [2].

[Ixipa moauHM Mae HEOJHOPIAHY CTPYKTypy. Lle GararomapoBe cepemoBuiie, 0 MICTUTH
BEJIMKY KUIBKICTh PI3HOMAHITHMX BKJIIOYEHb, TAaKUX 5K, HAIPUKJIAJA, KPOBOHOCHI CyIWHH, >KHPOBI
3ano3u. BojHoudac mpu OLiHI BiIOUTTS CBITJIA B1Jl LIKIPH BPaxOBYIOThCS Takl (PaKTOPH, K CTYIIHb
MirMEeHTallii, 3MOPIIKYBATICTh IIKIpH, HASBHICTh BOJIOTH Ta XHpPY (TOOTO, CTaTh, paca, BiK LIKIPH).
[TornuHanHs cBiT/Ia O10TKaHWHAMU 3yMOBJIEHE HASIBHICTIO B HUX BOJU, KA € OJIHIEIO 3 OCHOBHUX iX
CKJIAJIOBUX, a TAKO’K MEIaHIHOM, OCHOBHUM ITIF'MEHTOM LIKipH. 31 30UIbIIEHHSM KUIBKOCTI MEJIaHIHy Ta
31 3MEHIIIEHHSIM JIOB/KHMHU XBWJII 3pOCTa€ 1 MOrNIMHAHHSA cBiTia. [lpu 1npoMy KoedilieHT BifOMBaHHSA
CBITJIA BiJ IIKipH KoJmBacThes Bix 10 1o 55% [3].

[Tix wac 0G4UMCIIEHb BaXIIMBOIO € BEMYMHA ONTHUYHOI TYCTHHH IIKIpH, sIKa BU3HAYAETHCS 32
dbopmyIo10:

OD =y, -h,

1€ [, — Koe(illieHT MOTJIMHAHH MEeJIaHiHy, h, — TOBLIMHA [Iapy eMiepMicy.

Cepen MeToNiB ONTHUYHOI JAIarHOCTMKM TKAaHWUH JIIOJUHM HAMOLIBII TMPOCTUMH  Ta
epeKTUBHUMU € MeToau AuQy3iiiHOi BiIOMBHOI cHeKTpodOTOMETpii, 3aCHOBaHI Ha BHMIpax
CIEKTpa CBiTJa, BIIOUTOrO BiJl TKAHWHU MPU HASBHOCTI 0a3u MiXK OCBITJIFOBAHOIO 1 MPUIMAILHOIO
IioiaKaMu Ha 1i MOBepxHI. BHsBIEHI ONTHYHI CUTHAIM HECYTh BaXJIMBY 1H(OpMAIIIO PO
6io¢iznyni mapamerpu (B®PII) TkaHuMHU, IO BIUIMBAIOTH Ha CBITJIOBE MOJ€ B CEPEAOBUIN, —
KOE(DIIIIEHT PO3CIIOBAHHS, TiaMeTp KamuisgpiB, KOHLIEHTPAII0 OCHOBHUX XpoMo(dopiB TkaHUHU [4].
ITpoxomkeHHs CBIT/Ia uepe3 IIKipY JIFOIMHU CXeMaTHYHO BiIOOPaKEHO Ha PUCYHKY 1.

BB Ha po3citoBaiibHY 3/1aTHICTh HIKIPH 3yMOBJIEHHUH 3 TaKMMU O10JIOTTYHUMHU (aKTOpamH, sIK
CTapiHHsA Ta rifparauis. Porosuii map y cuity Manoi ONTHYHOI TOBIIMHM I'Pa€ BKpail HE3HAYHY POjb Y
mudy3HOMY BiiI3epKaeHH] CBITa, TOMY BIH YMOBHO BKIIFOUEHHI JI0 CKIIa/ly €MiIepMIcCy.
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binbmr rmuboki mapu mkipyu (KUPOBHM IIap 1 M'sI30Ba TKAaHWHA) MPAKTHYHO HE OEpyTh y4acTh y
mpoleci BiIOWTTA CBiTJIa uYepe3 MOro CHJIBHOTO OCHalJIeHHS pO3TAIlOBAaHUMH BHIIE IIApaMu.
AHaTOMI4HI 00J1aCTi IEPMH HE MAIOTh Hi YITKUX (DI3MYHUX KOPOHIB, HI IPUHIIUTIOBUX MOP(OIOTTYHIX
BIZIMIHHOCTEH, TOMY BCi BOHH 3aMiHEHi OJTHUM OJTHOPITHUM IIapOM.

JuctpuOyTtrBHa QyHKIIIS BiIOMBHOI 31aTHOCTI ToBepxHi posnoauty (BRDF) BukopuctoByeThes
TS OTTMCY B3a€EMOJIIT CBITJIA 3 TIOBEPXHSIMH Ta MOKA3y€e PO3MOIJ BIIOMTOTO CBITIIA, OCKUIBKH HAIPSIMOK
T1a/1aF0Y0T0 OCBITJICHHSI 3MIHIOETHCS 3aIeKHO Bia opieHTarii moBepxHi. BRDF omucye, sik moBepxHs
BiJIOMBa€ CBITJIO TPH OCBITJICHHI 3 PI3HUX HampsMKIB. Y cBoeMy Haimpocrimomy Burisiai BRDF
OIMCYETHCS 32 JIOMIOMOTOI0 5 3MIHHUX: MaiHHS Ta HANPSMOK BiIONTOTO CBITJIA, BU3HAYCHHH Y KyTaxX
HaXWIy Ta a3UMYTY Ta TEPMiH JOBKUHU XBHJII.

[xepeno cBiTna

MornuHaHHA
MepenomnioBaHHA
Ta pos3ciloBaHHA

HackpisHe npoxomkeHHa

Pucynoxk 1. — [IpoxokeHHs CBiTIa yepe3 MIKipy

Konu npominb cBiT/Ia HOTpanuUTh HAa MOBEPXHIO MIKipH, BiH Oy1e a0 A3epKallbHO BiAOUBATHCS
MOBEPXHEIO emiiepMicy, ad0o 3aJIOMIIIOBATUCS Ta TiepeiaBaTucs y mkipy. [ToBepxHese n3epkanbHe
BIIOMTTSI CTAHOBUTH MPUONM3HO 5% MaAarovuoro CBITia, SKe PErynroeThes piBHAHHAMU DpeHens
[5].

KinbKicTh 13epKabHOTO BIIOUTTSI 3MIHIOETBCS 3aJIE)KHO BiJI KUTBKOCTI IIKIPHOTO caa i He 3aJIe)KUTh
Bi1 foBxuHU XxBuil. Koeditientu Binoutra @penens (F) i nokasHuka 3agomiieHHs N = 1.43 noka3aHo
Ha PUCYHKY 2.

[IpaBUJIbHICTh BUMIPIOBAHB 1 BEJIMYMHM BIAOMTOrO Ta MOTVIMHYTOI'O CBITJIAa 3ajeXaThb BlJ
KyTa MaJiHHS NPOMEHIO, SIKMH OCBITIIIOE NUIAHKY WIKipu. Ha pucyHky 3 mokasaHo mpuKiIan
yCTaTKyBaHHs AJi peasi3alii NpaBUiILHOTO OCBITJIEHHS WIKIPU MPHU i1 ONTUYHOMY aHai31.

KoegiuieHTn BigbutTa ®peHens
(F)pnan =143

Il 05

0 JR——

0 30 60 20
KyT nagiHHs (rpagycu)

Pucynok 2. — KoedimieaTa BigOUTTI

VY cepeanboMy, npuOIU3HO 5-7% cCBiTia, 10 Najgae (Mo BCbOMY CHEKTPY) Ha 3pOrOBUIMI 1Iap,
BIIOMBAETHCSI HA3a/l Y HABKOJMIIHE CEPEIOBHUINE. [HIE CBITIO, MO 3aJUMIAETHCS, MOTPAILISLE JI0
TKaHUH, JIe BOHO ocja0iieHe BCMOKTYBAHHSM 1 pO3CIIOBaHHSIM.
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OxpiM  pedICKTOPHO 3aJOMITIOIOYOTO PO3CIIOBAHHS, II0 BHWHUKAE BHACTIIOK BIIOWTTS Ta
3aJIOMJICHHS CBITJIa Ha KJITMHHUX CTIHKaX, y BHYTPIIIHIX HIapax MiJ MOBEPXHEI0 WIKIPH JIIOAWHU
BiOyBa€eThCs Ie JBa THMNM po3ciroBaHHS — PeneiBcbke Ta Mi (aepozonbhe). [lepire moB’szane i3
BUPIBHIOBAHHAM €JIEMEHTIB Y MOJIEKyJaX MHIKIpHUX KIITHH. Aepo30JIbHE PO3CIIOBAaHHS BUKIIMKHE
YaCTUHKAMH, TIPUOJIM3HO TAKOTO 3K pO3MIpy, SIK TOBKWHA XBWJII CBITJA (OpraHeNy KIIITHH, BKITFOYCHHS
MDKKJIITHHHOI PEYOBMHH TOIIO). PO3CisHI ()OTOHHM MOLIMPIOIOTHCS y JOBUIBHHX HampsiMkax. Lli
($hoTOHU CIpUAIOTh AU(PY3HOMY PO3MOJILITY CBITJIA Y TKAHWHI, SKHH BUXOJUTH 3a MEXi1 KOJIMOBAaHOTO
[aJIAF090r0 MPOMEHI0. BHyTpilHe BiZOUTTS BiOyBa€eThCs, KOJIU MPU 3BOPOTHOMY PO3OHTTI (HOTOHU
JOCATAIOTh KOPJIOHY TKAaHWHA-TIOBITPS i1 KyTOM, OUTBIIIAM BiJl KpHTHYHOTO KyTa BIJOUTTSI.

xepeno CeHcop ans
OCBITNEHHS BUMIipOBaH#
LUKipH BiabuToro ceiTna

Pucynox 3. — Ilpucmpoi oceimaenns ma
BUMIPIOBAHHA
8I0OUMMISL WKIPU

[Ipouiecn po3CifOBaHHS THUM IIUPINI, UMM KOPOTIT JTOBXHWHH XBWIb. Y JepMi HWIIHAPUYHI
KOJIAr€HOBI PEYOBHHU JIIaMETPOM MPHUOIU3HO 2,8 MKM BiATIOBIAAOTH 32 a€PO30JIbHE PO3CIFOBAHHS, TOII
SIK MEHIII1 32 MaclITaboM KoJIareHoB1 BUPOOHUKH Ta 1HIL1 MIKPOCTPYKTYpH BIJIIOBIAAIOTH 3a PeneiBchke
po3citoBaHHs. CBITIIO 6araTopazoBO PO3CIIOETHCS BCEPEIUHI IEPMH, TEPII Hi’K BOHO a00 MOIINPIOETHCS
Ha iHImWN map, abo mornauHaeThes. Lle o3Havae, 1Mo MpPOCTOPOBE PO3MOIICHHS CBITIIA, PO3CITHOTO
BCEPEMHI IepMH, MIBUAKO cTae qudy3HuM. DaKTUIHO, 3a[JHE PO3CISHE CBITIIO Bi AEPMH € TU(Y3HUM.

BonHowac aepo3onpHe po3CifOBaHHS CTBOPIOE 3MIHM Ha 000X KIHISIX BHAMMOI JUISHKH
CIIEKTpa CBiTIIa, pO3CitOBaHHs Penes, 0oOepHEHO MpPOMOpIliiHE JOBXKUHI XBWII CBiTHa (X A — 4),
CTBOpPIOE OLIBII 3MIHM Yy HM)KHbOMY KIHIIl CHEKTpY cBiTiia. CBITJIO BiIOMBAETHCS BiJ 3pOroBuIOT
MOBEPXHI, @ BHYTPILIHI IIapu JAepMH Oiibllle MOTIMHAIOTH CBITJIO. 3a CIEKTPOM MOTIMHYTHX 1
BIJIOMTHX YAaCTOK 1 IIPOBOJUTHCS A1arHOCTUKA HA HASBHICTb PI3HUX J1€(EKTIB 1 MATOJOTIH.

OnmHMM 3 MIOXOJIB HEIHBAa3MBHOI ONTHYHOI MIarHOCTUKU TaKUX XBOpOO, SIK pak UIKIpH, €
CIIEKTpOCKOMIsi KoMOIHamiiHoro poscitoBanHs. KomOinauiiine poscitoBanHs (KP) Biacrexye 3miHy
JIOBKMHM XBWJII [13/Ial0UOr0 CBITJA IiCJsl OOMIHY €HEpri€l0 KBaHTa CBITJIAa 3 PO3CIOIYUMHU
Monekynamu. [Ipunuun KP s gocniakeHHs paky 3aCHOBaHMH Ha TOMY, IO PO3BUTOK IYXJIMHU
CYNPOBO/PKYETHCSI XIMIYHUMU 1 CTPYKTYPHUMH 3MiHAMU TKaHMH LIKIpH Ha MOJEKyJIspHOMY piBHi. Lli
3MIHH BifjoOpakaroTbes B criekTpax KP, siki € yHIKaIbHUMHU 7151 KOKHOTO MOJIEKYJISIPHOTO 3'€THAHHS.
IMopiBusHHSA criekTpiB KP HOpManbHOT MIKipH, a TAKOXK PI3HUX TUIIB ITyXJIMH MMOKA3aJI0 MOXIIMBOCTI 1X
mdepenmianbHoi AiarHoctuku. Kpim KP poscisiHe cBiTiio y OmmxHiN 1H(payepBoHii 00sacTi micis
B3a€EMOJII{ 3 TKAHMHAMM LIKIpH MICTUThH aBTOo(iyopecueHTHHI (AD) curHai, XapakTep SKOTO TaKOoX
3aIeKUTh BiJ OIOXIMIYHOTO CKJaay JOCHKYBaHOI OlOTKaHWHHU. ABTO(IYOpeClEHIls €
MIePEBUIIPOMIHIOBAHHS CBITIa €HI0reHHUMH (hiryopodopamu (HyKIIeiHOBI KUCIOTH, TOpGipuHH, OLIKH,
mirtin) [6].

OcHoBHUMMU TTpo0IeMaMH, TIOB’s13aHi 3 HA/IIHHICTIO BUSIBJICHHS KOJIbOPY ILIKIPH €:

— 3JIKHICTb I10JI0 KOJIOPY OCBITJICHOCTI,;

— BIH PI3HUTBCS MIXK OKPEMHUMH 0CO0aMHU;

— OGararo nmpenMeTiB o0yTy MarOTh KOJIp MIKIpH, TOOTO BiH HE € YHIKJILHUM [7].
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Jist Toro, o0 BIACTEKYBATH AUISTHKH MIKIPY 32 JOTIOMOTOFO 3MiHH YMOB OCBITJICHHS Ta BIJIPI3HSATH
iX BiJ IHIIMX KOJBOPIB IIKIpH, MPOMOHYEThCS YHIMOAANBLHUI MeTon ['aycca MOIemoBaHHS PO3MOALTY
konpopy mikipu. Ilapamerpu I'aycca mokHa BHOIPKOBO MOJETIOBATH JUISA JIOBUIBHOTO OCBITJICHHS,
BUKOPHCTOBYIOUH TiJIXiJI, 3aCHOBaHUN Ha (i3uiii. JJOCTIDKYIOThCS XapaKTepUCTHKU BITHOCHOI ILIKIpH Yy
omokaboMy 1H(ppauepBoHoMy (NIR) crektpi. [Iporonyerbcss komOiHamis craHgaptHux cMmyr RGB 3
TppOMa By3bKMMH cMyramu NIR 11 HagiifHOro BUSIBJICHHS WIKIpM TPU 3MiHI OCBITJICHOCTI Ta
BIZIMEXYBaHHS i1 BiJl IHIIIMX 00'€KTIB, 10 HArayrOTh KOJIp IIKipH [§].

3a ocranni 30 pokiB OyJ0 MpeAcTaBIeHO O6AraTo MiAXO0/IB 10 MOJCTIOBAHHS ONTHUKHU IIKIPU Ta
il BiIHOIIEHHS, OCOOJIMBO MOTHMBOBaHI OlOMEIMYHUMHU mNporpamMamu. HaiOumbn mnomupeHi
O6loMenu4HI MiAXOAM 10 imiTamii MOMIMpEeHHs CBiTia y WIKipi, 3acHOBaHI Ha Mojemsx bepa-
JlambGepra, Kybenka-Mynka, MonTe-Kap:io ta pamiamiitHo-TpaHCIIOPTHIM [7].

Buxonsuu 3 HaBeIeHOr0, MOJKHA 3pOOMTH BUCHOBOK, III0 PO3PAXyHOK CIIEKTpa BIIOUTTS MIKIPHOT
TKaHWHU TIOTPIOHO 3IIMCHIOBATH B paMKax MOJEII, SKa OMHCYE IIKIpy Y BHIVIAII JBOIIAPOBOTO
cepefoBHIIa (emaepMic 1 Jepma) 3 OJHAKOBUMH IapaMETpaMH CBITJIIOPO3CIFOBAHHS 1 pI3HUMHU
KoedilieHTaMi TorIMHaHHS mapiB. [Ipu KoM’ rOTEpHIN MIarHOCTHIN IMIMPOKO BUKOPHUCTOBYETHCS
BiJOMBHI OCOOJIMBOCTI IIKIPH, aHAJI3Y, YOMY i TPUCBSIYEHA TeMa CTaTTi.
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REVIEW OF THE APPLICATION OF MODERN OF 3D-PRINTERS

Abstract

3D-printers are becoming more common in recent years. The use of lower-cost technologies, common
materials to create patterns, developing appropriate software has led to the appearance on the market a large
variety of 3D-printers. The article provides an overview of the most common printers for plastic, and made
recommendations on their use for different purposes.

Introduction

At present, the concept of “3D” has become a firmly established part of everyday life. First of all, it is
associated with game consoles, the film industry, photography or animation. But now it’s hardly possible to
find a person who at least once in his life has not heard of such a novelty as.

Three-dimensional printing (3D printing) turns a computer model of an object into a real-life object.
This is due to the application of many of the thinnest layers programmed in a computer program. There are a
large number of 3D printing technologies, however, FDM (Fused Depsition Modeling) is the most
widespread application, a three-dimensional printing technology in which the construction of an object is due
to the melting of the plastic filament, which is fed through the extruder to the work surface. Modern 3D
printers are capable of printing from a variety of materials, but the use of ABS and PLA plastic has become
most common.

With the production of 3D printers in human life comes the opportunity to use them in education,
science, as well as for doing business. Technological progress opens up more and more new opportunities for
opening your own, albeit small, business. Such a small business can be the production of plastic products at
home using a 3D printer. It can be small elements of old equipment, car accessories, pens for household
appliances, business card holders, coasters for tablets, cases for smartphones and much more. Such little
things can not be found in stores and the Internet, so manufacturers will always have orders.

Progress in this area has long been constrained by the relative high cost of products obtained by 3D
printing. And only in recent years, after the expiration of a number of patents on FDM technology, it became
possible to produce inexpensive 3D printers for mass use. Many companies produce such printers for
printing with plastic, but their characteristics and cost vary widely, so making recommendations for their use
for various purposes is an urgent task.

Research methods. At present, the concept of “3D” has become a firmly established part of everyday
life. First of all, it is associated with game consoles, the film industry, photography or animation. But now
it’s hardly possible to find a person who at least once in his life has not heard of such a novelty as.

Three-dimensional printing (3D printing) turns a computer model of an object into a real-life object.
This is due to the application of many of the thinnest layers programmed in a computer program. There are a
large number of 3D printing technologies, however, FDM (Fused Depsition Modeling) is the most
widespread application, a three-dimensional printing technology in which the construction of an object is due
to the melting of the plastic filament, which is fed through the extruder to the work surface. Modern 3D
printers are capable of printing from a variety of materials, but the use of ABS and PLA plastic has become
most common.

With the production of 3D printers in human life comes the opportunity to use them in education,
science, as well as for doing business. Technological progress opens up more and more new opportunities for
opening your own, albeit small, business. Such a small business can be the production of plastic products at
home using a 3D printer. It can be small elements of old equipment, car accessories, pens for household
appliances, business card holders, coasters for tablets, cases for smartphones and much more. Such little
things can not be found in stores and the Internet, so manufacturers will always have orders.

Progress in this area has long been constrained by the relative high cost of products obtained by 3D
printing. And only in recent years, after the expiration of a number of patents on FDM technology, it became
possible to produce inexpensive 3D printers for mass use. Many companies produce such printers for
printing with plastic, but their characteristics and cost vary widely, so making recommendations for their use
for various purposes is an urgent task.

3D printing is the reproduction of a real object according to a 3D model created on a computer. Then
the digital three-dimensional model is saved in the format of the STL file, after which the 3D printer, on
which the file for printing is output, forms a real three-dimensional product.
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The printing process is a series of continuously repeating cycles associated with the creation of three-
dimensional models, applying a layer of supplies on the printer desktop, moving the desktop down to the
level of the finished layer and removing waste from the surface of the table.

The advantages of 3D printing over the usual, manual methods of model building are its high speed,
simplicity and relatively low cost, associated mainly with the cost of consumables. 3D printers can work
with various types of colored plastic filament, which can be combined in the process, ceramic powder,
photopolymer resins, metal, etc. Currently, the range of possibilities and applications of 3D printing is
constantly expanding and changing. Everything turned out to be subject to these technologies - from medical
products, for example, human organs - to high-tech objects, for example, a car on the Formula 1 track.
However, in the mass consciousness, 3D printers are strongly associated with plastic printing, as This
technology is accessible, visual, and can be used for various purposes.

Many companies are currently engaged in the production and promotion of 3D printers of various
models and types oriented to printing with plastic. An urgent task is a comparative analysis of their
characteristics and development of recommendations for use in various industries. Further in the article, the
main printer models that exist in today's market are considered.

MakerBot is one of the main manufacturers of 3D printers [1]. The main model of the company was
constantly subjected to changes, both in appearance and in functional features. Figure 1 shows the printer,
the widely used MakerBot Replicator 2, which is a device for fairly advanced users and allows you to get
products of very high quality and wide functionality. The case of this printer is made with cutouts in the
facing panels, which make access to the work platform easy from all sides, provide ventilation of the work
area and quick cooling of the products when working with plastic. The frame of the printer is metal, which
makes it quite durable. Replicator 2 uses only one extruder, but the size of the working area is significantly
increased and amounts to 285 x 153 x 155 mm, but since the printer works almost with PLA plastic, the
working area is not equipped with a heated platform.

Fig. 1. 3-D Printer MakerBot Replicator 2

Printing is carried out using one extruder and a nozzle with a diameter of 0.4 mm. With a minimum
thickness of the applied layer of 100 um and an accuracy of positioning of 11 um along the X and Y axes
and 2.5 um along the Z axis, very high-quality models are obtained that make it possible to put Replicator 2
in the class of semi-professional printers. There are also printer options called Replicator 2X (experimental),
in which the company has added a heated platform, another extruder and removable panels to close the
openings in the trim panels if necessary.

Depending on what materials the printer works with (and Replicator 2 successfully prints with polymer
simulators of wood and sandstone from a German manufacturer), the necessary changes are made to its
operation mode, such as the nozzle temperature and fan on / off operation.

A proprietary program that works with Replicator 2 is called MakerWare. The program is compatible
with Windows 7 and 8, Mac OSX and Linux and is able to work with STL, OBJ and THING files.

One of the significant drawbacks of this printer is its relatively high cost (up to 10 thousand dollars).

3D Systems company offers Cubify Cube 3d printers (Fig. 2), which so far can print in only one color,
which is not included in the advantages of the printer, but these printers are very easy to use.
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Fig. 2. 3-D Cubify Cube Printer

For printing, all the same popular PLA and ABS plastic are used, which are environmentally friendly
materials. The color palette of these plastics is quite rich, has up to 26 shades, so each user will find exactly
what he needs. The Cube cooking chamber can handle objects up to 140 x 140 x 140 mm.

When creating models, the printer connects to the computer using Wi-Fi. The software platform that
comes with the printer supports many operating systems, such as Windows XP Professional, Windows 7,
Mac OSX. Also provided and battery life. In this case, flash drives are used to which boot files are
transferred. The advantages of the Cubify Cube printer include the fact that it is a budget printer, which at the
price managed to skip ahead even Chinese models. The basic model will cost the buyer 1-2 thousand dollars.

Ultimaker 3D printer Ultimaker 2 (Fig. 3) is a successfully improved Ultimaker Original [2]. It is
equipped with a heated platform, a closed housing and an enlarged working chamber measuring 230 x 225 x
205 mm.

The device is equipped with an LCD display and a slot for an SD memory card, which allows you to
work offline. Printing is carried out by deposition. The device is characterized by low noise, not more than
49dB - an excellent indicator for domestic or office use.

Ia

Ultimaker’

Fig. 3. 3D Printer Ultimaker 2

The features of this printer include gear feed and a powerful feeder design, which improves print
guality and reliability, and also allows the user to change the thread and easily select the optimal thread
installation tension. A well-thought-out design allows quick and easy replacement of the nozzles of the print
head, the user can select the preferred nozzle to achieve the desired result. Thus, you can print either in great
detail or extremely fast. Optimized airflow. The fan will direct the airflow exactly where it should be in order
to improve print results.

Recommended materials: PLA and ABS plastic. For battery life, there is an SD card.

Ultimaker 2 is an easy-to-use, high-speed, accurate and reliable 3D desktop printer. Thanks to the
beautiful design and very quiet operation (noise within only 49 dB), it is perfect for both work at home and
for the office. The print quality of this printer is considered one of the best on the market. Cost - up to 5-7
thousand dollars.

The Malyan Desktop HD 3D printer is a modified design of the Malyan Desktop model (Fig. 4). This
model is marketed by the Chinese company Malyan and is an adapted analogue of the famous 3D printer
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MakerBot Replicator 2 (they are even very similar in appearance) [3]. The cost of the base model is in the
range of 1,5-2 thousand dollars.

To increase the reliability and speed of printing, a high-quality dual-zone airflow is installed on the
extruder, the housing is reinforced with metal inserts.

At the same time, it remained inexpensive, since wood is used to make the case. The ability to "change
the speed and temperature of printing” on the fly "during printing allows you to improve the quality of the
work performed. All fans are fixed on 4 bolts and have a more rigid body. As a result, the printer is much
quieter; the aluminum platform has been replaced with a larger interchangeable glass one.

Fig. 4. 3D Printer Malyan Desktop

The dimensions of the print area are 225 x 145 x 150 mm. Interaction interface - SD card or USB
cable. The following materials are used for printing: ABS, PLA-plastic, PVA, HIPS, Nylon, etc. The printer
can work simultaneously with two extruders, which allows you to make objects in two colors. Supported
operating systems - Windows, Linux, Mac. For printing without connecting to a computer, SD cards, X3G
format are used.

Results and discussion. Most 3D printers creating plastic models are quite versatile and
interchangeable. When choosing an apparatus for working with specific models, you can give the following
recommendations.

If high accuracy is required and ABS plastic of the original manufacturer is available, you can safely
choose the traditional MakerBot Replicator 2, guaranteed to give a good result when used correctly.
However, in the case of plastic from a Chinese or Ukrainian manufacturer, such a choice is not justified,
because high precision will not be achieved. When printing household models, where high accuracy is not
important, but a budget approach is important, Malyan Desktop, which can work with not very high-quality
plastic, will be an indispensable assistant. In the middle price range it is better to choose Ultimaker 2,
because it allows you to get a plastic model of sufficient quality, numerous computer programs have been
developed for it, and it has been on the market for a long time, it has established itself well.
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AJIATITUBHA CUCTEMA BU3HAUYEHHS KOOPIUHAT JUCTAHIIHO-PO3IOAIIEHUX
OB’€KTIB 3 MOXJIMBICTIO CAMOOPI' AHIBAILIIT

Aemopamu nponoHyemMbcs a0anmueHa cucmemd 8UsHA4eHHs KOOPOUHAm OUCAHYIUHO-PO3NO0INIEHUX
00°€KMi8 3 MOJNCIUBICMIO CAMOOP2AHI3AYil, AKA MOXMCe BUKOPUCMOBYBAMUCL ) CeUCMOpo38ioyi 0.4
KOHMPOJIO 8 PeanbHOMy NOKpUmMms ceticmoepagamu mepumopii. B nyonikayii onucano ancopummiyny ma
CMPYKMYPHY peanizayiio CUCmeMu.

IocTanoBka mpoodJemun. ['codizuka — o1Ha 3 caMUX HAYKOEMHUX i BUCOKOTEXHOJIOTTYHUX 00JIacTel B
nocmipkeHHl poposum. CelcMOpo3BifKa 3aiiMae MpoOBiAHE Miclie cepell Teo(i3UYHUX METOJIB IMOLIYKY
pomoBuin HaTH Ta razy i 0a3yeThca Ha BUBUCHHI MOMIMPEHHS B 3€MHIi KOpPi MPY>KHIX XBHITb, BUKITUKAHUX
BUOYXOBIMH YU HEBHOYXOBUMH iMmmyibcamu abo BiOpomkepenamu. llponnkaroum B reosorivune
CEPEIIOBHIIE, XBWJI BiJIOMBAIOTHCS, IMEPEIIOMITIOIOTHCS, MOTJIMHAIOTHCS, PO3CIFOIOTHCSA 1 JIMII HEBEIHKa
YacTHHA TIOBEPTAETHCS O TMOBEPXHI 3eMiri. XBWJII Ha MOBEPXHI PEECTPYIOTHCS ceiicMorpadamu, BCi AaHi
30HMparOThCA 1 3aMHCYIOTHCS CTAHINEID CEHCMOpO3BiAKH. Yac pO3MOBCIOKEHHS XBHJIb 1 XapakTep ix
KOJINBaHb JJO3BOJISIE CYAUTH MIPO CKJIaJ IOPOJAH, TIMOUHY 3aJsiTaHHs 1 JOPMY IeOJOTIYHUX MEK.

AHaJi3 KOHTPOJLHO-BUMIPIOBAIBHUX MPWIAIIB JJIs BEACHHS CEHCMOPO3BIIKH MOKA3YeE, M0 KiIbKICTh
TaK¥uX MPUIaAiB 3HAYHA, IPUHITUIN il Pi3Hi, MPOTE X TOCTYMHICTH 1 MOMJIMBICTH ITHPOKOTO BUKOPUCTAHHS
obomeskeHi. Lle moB’s13aHO 3 0COONMBICTIO TOOYAOBH MPUIIAiB, 3 IPoOIeMaMHu iX eKcIuTyaTaiii Ha 00’ ekTax
KOHTPOJIO (CKJIagHI METOJWKH BHKOHAHHS BHUMIipIOBaHb, KamiOpyBaHHsS, TMOBIPKH) TakK 1 3 iX 3HAYHOIO
BapTICTIO.

Peectpatiis BUMiproBaHP Ha TpPHIAAax CTapUIOro TMOKOJIHHA 3IiHCHIOBAaNacsl Bi3yalbHO, a 3aIluC
MPOBOJMBCSA BPYUHY - B CIICIiAJIbHUX JKypHajax crnocrepexenb. CydacHi reoizuyHi Mpuiagd BUKOHYIOTb
nU(GPOBY PEECTPALII0 BUMIPIOBAHOTO IMapamMeTpa B aBTOMATHYHOMY PEKHMI Y BHIVISI IOCHIIOBHOCTI
ugpoBux kofiB. CydacHi mpuiragu Bce B OUTBIIIN Mipi KOMITIEKTYIOThCS CYyITyTHUKOBHMH HaBITAIliHHUMHA
cucremamu ['JIOHACC (Pocis) i GPS (CILIA), 1o peaitizytoTh MOKIMBOCTI BACOKOTOYHOTO 1 ONEPAaTUBHOTO
BU3HAYEHHsSI KOOPJAWHAT TOYKH cCHocTepekeHb. ['eodiznuHi mpuinaaym cTaroTh Bce OB KOMITAKTHHMH,
YHIBEPCATBHUMH 1 IHTETPYIOTHCSA KOMITFOTEPHUME MOTyJIsIMH [ 1].

Hezanexno Bij yMOB, KOMOiHAIIIT KEpeT 1 mMpuiiMadiB, a TaKOXK reo(i3MIHUX METO/IiB, BUKOPUCTAHHS
HaBITalllfHUX CHCTEM 3HAYHO IMIJBHINYE JOCTOBIPHICTH 1H(OpMAIi i 3HWKYE PU3UK OYpiHHS TOPOMKHIX
MOLIYKOBUX cBeputoBHH [2]. Ockinbku, He Bei mpuianu maroth BOynosani GPS/I'JIOHACC mpuiimaui,
MPOIOHYETHCS PO3MIHUPEHH 1X (YHKIIIOHATIbHUX MOKIIMBOCTEH 3aBISKN BIPOBAHKEHHIO CaMOOPIaHi30BaHOT
aJalTUBHOT CUCTEMH BU3HAUCHHS KOOP/IMHAT JUCTAHIIIHHO-PO3MOAIJICHUX 00’ €KTIB.

Buxkian ocHoBHOT0 MaTepiaJjy. 3anporoHOBaHA CHCTEMa MOYKE BUKOPUCTOBYBATUCH [Tl BU3HAYCHHS
KOOPJAMHAT PO3MILICHHS ceiicMorpadiB, KOHTPOIIO B PEATbHOMY 4Yaci MOKPUTTS TEPUTOPIl Ta BU3HAYCHHS
KOOpJWHAT Jie TIOTPIOHO BCTAHOBHTH HACTyNMHUU ceHcop. OCHOBHA ifies MOJsiTae B OMEPATUBHIN mepenadi
naHux (iIeHTu(ikaTop MOy, iHpopMallis 3 cepiiHIM ab0 iTHBEHTapHUM HOMEpPOM celicMorpady, TOUHUR
yac Ta reorpadiuHi KoopAMHATH) Ha cepBep 3a gomnomMororo GSM-mepexx CTUIBHHKOBOIO 3B’SI3KY.
BpaxoByloun BUMOIM, IIOJO UIJIBHOCTI IOKPUTTS TEPUTOPii MOXKHA PO3MICTHTH celcMorpagu 3
BUKOPUCTAHHSIM OJIHOTO 13 3alpOMOHOBAaHHMX aBTOPAMU PEXHMIB peaizallii MeTOoxy KOOPIUHATHOTO
MOKPUTTS KapTorpagiuHuX perioHiB Ha OCHOBI MUIKONOAIOHOI 1BOHampaBieHoi po3roptku [3]. [Iporpamua
peaiizailisi cepBEepHOI YaCTHMHM Ta METOAM OIPAIIOBAHHS JaHWUX OmucaHi B [4] Ta iHIWX MmyOiKaIisax
aBTODIB.

st peamizantii imei morpiOHO oOnamHaTH ceficMorpady HaBiraliiHUMHM CUCTEMaMHU 1 yepe3 NMEBHUH
KaHall 3B’S3Ky MepefaBaTH JaHi mpo ix mosumito Ha cepsep. CeiicMorpadu MOXKHa YMOBHO BBa)KaTH
CTaTHYHUMHM 00’ €KTaMH, OCKIJIBKH IIiJI Yac MOJIbOBUX NOCIIDKEHb IX HE YacTo mepeMillyroTh. Lle o3Hauae,
0 TOCTIMHO BIJC/IIKOBYBAaTH IMO3MIIiI0 HE OOOB’SI3KOBO 1 /I BCTAHOBJICHHS MOYKHA BHKOPHCTOBYBAaTH
cMapT@oH um mnaHmeT 3 BOynoBanuM GPS. PozpoOiene nporpamHe 3a0e3neueHHS MIATPUMYE TaKUH
BapiaHT BUKOPUCTAHHS, [IPOTE HE JO3BOJISIE 3a0€3MEUUTH Ty XK CaMmy TOUHICTh BU3HAYEHHS KOOPAMHAT, X0ua
1e JIIEBHMHA CIOCIO /ISl 3HAYHOTO 3MEHIICHHS BUTPAT 00J1a[HAHHSI.

Ile o3Hadae, M0 TpU BCTAHOBJICHHI celicMorpady 3 BHUKOPUCTAHHSM CIIEI[iaIbHOTO MPOrPaMHOTO
3a0e3leyeHHsT Ha eKpaHi TenedoHy, IUIAaHIIETy 4YM HOYTOyKa Oyle BimoOpa)KeHO MOTOYHY MO3HULII0 1
HampsIMOK KyJIW IOTPIOHO pyXaTHCh JJIsi BCTAHOBJIEHHS ceHcopy. [licias JOCATHEHHs MOTPIOHOI MO3MIIii
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MPUCTPIHl BCTAHOBJIIOETHCS 1 HA CEPBEP MepenacThes iHpopmariis mpo 1e. Jam nporpaMHUM 3a0e3MeYeHHIM
Oy/ie 3armpomoHOBaHO PO3MICTUTH HACTYITHHUH ceicMorpad.

Slkmo micis BCTaHOBJICHHS, MPWIAJ IMOTPIOHO TEPEMICTHTH, TO JOCTAaTHHO JO HBOTO MiTINTH i
mporpaMHe 3a0e3leueHHS aBTOMATHYHO BHU3HAYUTH JIC 3HAXOJIUTHCS KOpHCTyBad. Ha ekpaHi 3’sSBUThCS
KHOITKA TIEPEMICTHUTH 1 MicHs i1 HATHCHEHHS 3HAYOK YCIIIIIHO BCTAHOBJICHOTO CEHCOPY Mpomaje i 3’ IBUTHCS Y
HOBI IMO3UIIIT TTiCIIT BCTAHOBJICHHS.

AnapatHy peatizaiifo MOXKHA MPEJACTABUTH 3arajibHOI CTPYKTYPHOIO CXEMOIO, SIKY 3alpONOHOBAHO
BHKOPHCTOBYBATH B SIKOCTI OCHOBH ISl IOJANTBIINX BAOCKOHAJIEHB Ta onTUMi3aiii cuctemu (puc 1).

AHanoro-
— Lmdpposuin Brok kepyBaHHs Brok Hopmanisadyjil
nepeTBopioBaY
KomyTartop » Brok mikponpouecopis
Lindbpo-
Briok nam’aTi aHarnorosun
nepeTBoproBay
1 v
Mpuctpin
BinoGpaxeHHs
NepPBUHHOT
iHcbopmaii
MpucTpiri
aganTuBHOT
BUGIpKM
Brok
HaBirauinHmnx
npunvavis

PucyHok 1 — 3aranbpHa CTpyKTypHA cXeMa aJalTHBHOT CHCTEMH BU3HAYCHHS KOOPAWHAT JUCTAHIIHHO-
PO3MOIiIEHUX 00’ €KTIB

Iling amanTUBHICTIO JaHOI CUCTEMH MAa€ThCS Ha YBa3i, MOXIIMBICTH BHOIPKH JaHWUX 3 HaBITaIiifHAX
MpUiiMaviB B 3aJIS)KHOCTI BiJ SKOCTI cWrHaiy. B ymoBax cimaOkoro curHaigy 3 HaBiramidHuUX NpHiiMadiB
POOUTHCS 3amuC MPO BIJICYTHICTH CHUTHAITY Ta TPH MOXIIMBOCTI IEpeAacThcs Ha cepBep. biok kepyBaHHS
JT03BOJISiE BMUKATH TPUCTPil, aKTUBYBATH BIANPABKY JaHUX Ha CEpBEp, 3a/1aBaTh iHPOPMAILIO 3 CEPIHHUM
abo iHBeHTapHMM HOMepoM cericMorpady i T.4. HanamtyBanHs 30epiratoTbcs B maM’siTi IPUCTPOIO, TOTIOKU
KOPHCTYBa4 He BHUPIIIUTh CKUHYTH HalalITyBaHHs. Ha aucruiei mpucTporo BijoOpakaeThCsi BCTAHOBJICHUI
inenTudikarop ceiicMorpady, MOTOYHHH Yac, IO CHHXPOHI3YETHCS IO CYMYTHHKAM, a TaKOX MOTOYHI
KoopauHaTH. biiok HopMmaitizaiii J03BOJIsi€ YaCTKOBO BiACIFOBATH “NMPOCTPiiN’ HABITAIIHHUX MPUCTPOIB.

Jiisi TOKpHTTS TEBHOI TepuTopii Ta 3AIMCHEHHS TOYHINIMX BUMIpIB MOTPIOHO OiNble SK OAWH
ceiicmorpad. O6nagnyBatu kKoxeH ceiicMorpad GSM/GPRS moaemom Ta omiadyBaT TapudHi IUTaHA IS
kokHoi SIM kaptu gmocute Joporo. ToMmy NpOMOHYETHCS BHKOPHCTOBYBAaTH JIOKAJIbHY LH(PPOBY
paznioMepexy MiX panioMonyisiMu i 0a30Bol0 craHmiero. Mepexka Moxxe OyTH 1moOyJoBaHa 3a TEXHOJIOTIEI0
6LOWPAN (Low power Wireless Personal Area Networks), 3acTocyBaHHS SIKOi HE BUMAarae JIIeH3yBaHHs, a
MaJia TIOTYXXHIiCTh repefasada (1o 15 MBT) 103Bossie BUTBHO BUKOpPHCTOBYBaTH 4acToTH 433, 868 abo 915
MI'n. Biacranp Mixk OKpeMUMH paiioMOAYJISIMH 17151 BIIEBHEHOTO NiepeaBanHs [P-makeTiB B ymMoBax micTa -
1o 250 M, nepefaBaHHs Ha OLIBIIY BiJICTAHb 1 10 0A30BOIO CTAHIT — 33 PaXyHOK aJITOPUTMY JIaHITFOXKKa [S].

3aBsIKK BIJICYTHOCTI KaOeliB, yac Ha PO3MILICHHS OONaIHAHHS 3HAYHO CKOPOYYETHCS, O OCOOIUBO
Ba)XXJIUBO KOJIM MOBA iJie PO MaciuTaOHi MPOEKTH, a apXiTeKTypa 3 MOXJIMBICTIO caMoopraHizauii poOuTh
CHCTEMY He TipIIoI0 BiJ KaOeIbHO-3B’A3aHUX CUCTEM Ta IPH LIOMY BOHA 1M030aBJIeHa MIOMMJIOK TOTIOJIOTIT 1
3YUTYBAHHS JIaHUX.

Pucynok 2 peranpHille AEMOHCTPYE HOMEHKIATypy Ta B3aEMOJI0 HEOOXiTHHX CTPYKTYPHHX
€JIEMEHTIB Y BUTJIs1i OJIOKIB.
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Pucynok 2 — CTpykTypHa cxemMa MiKpOTIPOIIECOPHOTO MPUCTPOIO

OCHOBHHM KOMITOHEHTOM ()yHKITIOHATHHOI CXEMH € MIKPOKOHTPOJIED, 1[0 B3aEMOJIIE 3 HaBIraritHIMH
MpUiiMadaMH, a TAKOXK OTPUMYE iH(OPMAITiIo 3 4acOBOi MikpocxeMH. Takox (hyHKITIOHaThHA CXeMa MICTHTh:

- onok xusneHus (bXX);

- osiok kepyBanHs (BK) npuctporo, 1o kepye pexumamMu poooTH;

- raktoBui reHepatop (TI) moTpiOHUIT I CHHXPOHI3AIii BUKOHAHHS KOMaH MiKPOKOHTPOJIEPOM;

- 3oBHimHA EEPROM - 3a6e3neuye TpuBaie 30epiranHs oTpuManoi indopmarii;

- UART — By301 npucTpoto, MpU3HAYCHUH JIs1 3B°SI3KY 3 IHIIMMU HUQPOBUMHU TPUCTPOSIMH;

- JUTA pealtizallii MOXKJIMBOCTI 3’ €THAHHS 3 TIEPCOHAIEHAM KOMII F0TepOM, ciiif Bukopuctatu USB.

- piaxokpuctanigamnii qucrteit (LCD) — npuctpiif ans BigmoOpaxxeHHs iH(popMarii.

BucnHoBKkH. 3anponoHOBaHa cUCTEMa PO3MIMPIOE (DYHKI[IOHATBHI MOXKITMBOCTI MPUCTPOIB AJIsl BEACHHS
CEHCMOPO3BINKM Ta 3HIDKYE PHU3WK OYpIHHSA IIOPOXKHIX TONIYKOBUX CBEep/UIOBHH. OCHOBI IepeBaru
3allPONIOHOBAHOI0 anapaTHO-NPOrPAaMHOTO pIICHHA IONATal0Th B TaKUX NPUHOMIIAX HOOYIOBM Ta
0COOJIMBOCTSIX BUKOPUCTAHHS:

- BIJICYTHI Ka0embHi 3’ €JIHaHHS, [0 CIPOIIYE PO3TOPTAHHS Ta BUKOPUCTAHHS CUCTEMH,

- CaMOOpTaHi30BaHa apXiTeKTypa CUCTEMH 1030aBJieHa TOMUIIOK TOIOJIOTI] 1 3UNTYBaHHA AaHUX;

- MIBUJIKE MTOKPUTTS TEPUTOPIT 32 paXyHOK BUKOPUCTAHHS aBTOPCHKOTO MPOTrPaMHOT0 3a0e3MeYeHHS Ta
METO1Y;

- aJJanTHBHA BUOIpKa JaHWX BiJ HABIrallifHUX MPUIMAadiB B 3aJIE)KHOCTI BiJl IKOCTi CUTHAIY.
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V]IK 004.822:004.89
KOTOB 1. A.
JBH3 «kKHY» (Ykpaina)

DA3UDIKALIIA [TOJTAHHS OHTOJIOI'TT CEMAHTUYHOI MEPEXI SIK KOMITOHEHTA
IHKOPITIOPALIIl 3HAHb B YMOBAX HEBU3HAUEHOCTI

Hasedeni  ocnosni  popmanvro-nineeicmuuni  Konyenyii  ¢asugixkayii  nooanuss  OHMONO2I
CEMAHMUYHUX MepediC 8 YMOBAX HEGUIHAYEHOCMI CeMaHmMuyHux xonyenmis. Ompumani @opmanvHo-
JIHEGICMUYHI MOOeNi HewimKOCmi KOHYenmié GIOnogioarms CmMpYKmypam @Gopm penpe3eHmayii 3HaHb.
Peanizoeani npunyunu epaxyeanus gazugixayii npu euxomanHi onepayii Ha KoHyenmax 6aszu 3nans (b3).
Pospobneni modeni ommonoeiii pisHie 6a3u 3HAHb 3 YPAXYBAHHAM HEYIMKOCMI NOOAHHA CEMAHMUKU
KOHYenmis.

IToctanoBka npobaemu. [logannas 3HaHE B OLTBIIOCTI BUITAIKIB PEAi3ye€ThCsl B JIHTBICTHYHO BUTHBHHUX
¢dopMax i KOHYE TMOB'A3aHO 3 HEOOXIMHICTIO BpaxyBaHHSA CYO0'€KTHBI3MY Jpkepen mmx 3Hawb [1], [2].
Pesynprar cy0'ekTHBi3MY pKepen (200 yMOB OTpHMaHHS) 3HaHb HPOSBISIETHCSA Y BUTJIAAL iX IMOBIpHICHOTO
XapakTepy, HeHaIifHOCTi, HEJOCTOBIPHOCTI, HEUITKOCTi. TOMY IJIsl cCTeM TO/IaHHS i BUKOPUCTAHHS 3HAHb €
aKTyaJbHOIO MpPOOJEMOI0 BKIIOYEHHS iX HEYITKOCTI B CTPYKTYPHO-JIOTiuHI Moneni ©a3 3HaHb
THTEJICKTYalIbHIX CUCTEM.

3aBmaHHsS poOOTH. Y 3B'SI3KY 3 aKTYyalbHICTIO TpobimemMu B poOoTi Oynn TOocTaBieHI HACTYIHI
3aBJAHHS:

-pO3pOOHUTH OCHOBHI KOHIIENIT i (hopMaTbHO-TIIHTBICTHYHI Moienl (a3ugikalii mogaHHs iHKOpIopaii
oHTOIOTiY b3 B yMOBax HEeBH3HAUYE€HOCTI CEMAHTHYHHX KOHIICTITIB;

-pO3pOOUTH PUHITUIH BpaxyBaHHs (a3udikallii mpu BUKOHAHHI omlepalliii Ha kKoHrenTtax b3;

-po3poOHuTH MOZETi oHTOJIOTIH piBHIB b3 3 ypaxyBaHHsIM HEUITKOCTI MOJAHHS CEMaHTHKH KOHIICTITIB;

-o0TpyHTYBaTH HEOOXiAHICTH 3acTocyBaHHs (opManbHOI MOJENi KOHTEKCTY B  OHTOJOTISX
penpe3enTartii 3HaHb Y BUTTISAAI CEMaHTHYHUX MEPEXK.

Pesynpratn mocmimxkenHs. EBoonist OHTONOTIH ClIMpaeThes HA MOJEIb HUKHBOTO PIBHSI aTOMapHHUX
BHCJIOBIIIOBaHb, 110 YTBOPIOIOTh KOHIIECTITYAILHUH Te3aypyc. Y 3B'SI3KY 3 I[MM, BpaXyBaHHS HEBU3HAUEHOCTI
CEMaHTHYHUX KOHIICTITIB € 0a30BMM 3aBJaHHSAM IIpU (JOPMYBaHHI MOJIeeld HEUiTKOCTI BCiX PiBHIB iepapXii
OHTOJIOTH.

BinmoBinmHO 10 OTpUMAaHUX MaTEMaTHYHUX MOJENIeH Te3aypyc aTOMapHHX KOHIICNTIB SBJIS€ cOOOI0
0e31i4 130JIb0OBAHUX TEKCTOBHX BHCIIOBIIOBAHb, 110 OMHCYIOThH JAeiKy mnpodeciiiny obnacts. [IpononyeThes
pO3TNSAAATA JaHI KOHIENTH SIK JIHTBICTUYHI 3MiHHI, 3HAYEHHSAMH SIKUX € TEPMH HEYiTKHX 3Ha4YeHb 3
XapaKTepUCTUKaMU X HemocToBipHOCTI [3] — [5].

Ha ocHoBi Mojieni ¢asudikamii Tezaypyca aTOMapHHX KOHIENTIB NpeAcTaBUMO (HOpMy OHTOJOTT
PiBHS €BOJIIOLIT 3HAHB.

VYHiBepcyM (yHKLII iHTeprnperamnii HEWITKUX KOHLENTIB MOXe OyTW MNpeicTaBiIeHuil sk OiHapHe
BiJTHOIICHHS KOHIICIITIB, IO IHTEPIPETYIOTH 1 IHTEPIPETOBAHUX KOHIICTITIB.

FAR (8T | o (8To) 1T =L mbx (7 | s (573 )) [ K =1 m}},
FA:SGRSS .
Jlns koHkpeTHOT K-0#f pyHKIIT iHTeprpeTaIlii piBHS aTOMAPHUX KOHIICTITIB
fl 10PN > G5 1)),
RS CHPACHIIE T HCIPACHE

f .GC A&C
f 1 Srr s,
3 ypaxyBaHHSIM HEBH3HAYE€HOCTI aTOMapHUX KOHLENTIB (hopMaibHa MOZAETIb iHKOPIOpaLil OHTOJOTT
PIBHS aTOMapPHHUX KOHIIETIB €BOJIIOIIT 3HAHh MATUME TaKHI BUTJIS

Os, =< }Ni{{(s%,- | £t (S| T =L MU |ty (8750) [k =1 m}}, &5, F A1 STRS, >

Buxonsuu 3 npuidHATHX MOJeNieil HeUiTKOCTI Te3aypyca aTOMapHHUX KOHLENTIB MOXKHA y3arajlbHUTH
00JIiK HEBU3HAYCHOCTI Ha BC1 BEPCTBH i€papxil Mpe/ICTaBIeHHS 3HAHb.
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3TiHO 3aIPOIIOHOBAHOI MOMAEI YTBOPEHHS CEMaHTHUIHOI MEPEXKi, ii By3aamMu € (hakTH, IMOB'sI3aHI Mk
co000 CHUIbHUMHU KOHIlenTaMu. [Ipu 1iboMy, 3B’A3KM MK (haKTaMH HE PO3IJISAaI0ThCs SK Iyru rpada, a
MOKa3yIOTh 1ICHTUYHICTh KOHIIETITIB MOB'sI3aHUX (DaKTiB

A(fy, fea) (Fe N fen =5 v (f, n fea=58) > (f faeNy).
Orxe, npu ¢aszudikarii KOHTEKCTHHX KJIACTEPIB CEMAHTHYHOI MeEpeki HEOOXIMHO pO3TiIsgaTH
BpaxyBaHHS HEBH3HAYEHOCTI (aKTiB i cxeMy iX 3'€THaHHS B MeXaX KIacTepy, SK MoKa3aHo Ha puc. 1.

Ng' ={{Ny" 1{NZ },..{Ng }...{Ng }}

Puc. 1. Ilpuknan cxemu KaacTepa HEYITKOI CEMaHTHYHOT Mepexi

Juist HewiTKUX (aKTiB
At fe (BN =8) v (F N =8) - (f, fae N,
KOHTCKCTHHI Tpad) HEUiTKOT CEMaHTUYHOT MEPEXKi BUSHAYUTHCS TAKUM YHHOM
NG =G ={V(G}), AG} NI =N .

Oneparlii Ha ceMaHTUYHIN MepeXi BU3HAYAIOTHCsI HA0OPOM eJIEMEHTapHUX il Ha CUTHaNbHOMY Tpadi
iei Mepexi. PesynbraToM omeparliii € miaAMHOXKHA KJIacTepa MEpexXi 3 KOHKpeTHu3alliero BuOipku. Tomy
nedaszudikamis pe3ynpTaTy 3alIeKUTh Bl HOro CTPYKTypH. B SKOCTI MPUBATHOTO MPHUKIIATy MOXHA BKa3aTH
TpH BapiaHTH BHOIPKH, K IMOKA3aHO Ha puC. 2.

NE =G ={V(GH).AGI LN = N

BapuaHT 2

BapuaHTt 1 BapuaHT 3

Puc. 2. lesiki pe3ynbraT BUOIPKU HA CEMaHTUYHIA MepexKi

Bapiaat 1 — pe3ynbratoM BuOipKku € Habip i301b0BaHUX (DakTiB. Y LBOMY BHIIAJKY MPOBOJIUTHCS
nedaszudikanis KoxxkHoro ¢Qakry oxpemo. Mertoau aedasudikanii BH3HAYAIOTHCSA CHEUU(IKOI0 IiNeH
JOCIIKEHHS.

Bapiant 2 — pesynbraToM BHOIPKHM € MUIAX MiX mapamu (akTtiB. B ganomy BHIIaAKy BUPINIYETHCS
3aBJaHHS NPOXO/DKEHHS LUIIXY Ha cuUrHaipHoMy rpadi. KoxeH ¢akt B mHusixy BpaxoBYETbCS Horo
arperaTHUM KoHIenToM. [liciisi 1bOro TPOBOAMTHCS arperyBaHHs (akTiB B UUIXy 1 Jedasudikaiis
pe3yJnbTary.

Bapiantr 3 — pesynpraroM BHOIpKM € MiAMHOXMHa CEMaHTUYHOI Mepexi. Y LbOMYy BHIAIKy
MPOBOJUTHCS 3ropTKa rpada s mapanesbHUX 1 HOCHiAOBHUX AUISTHOK A0 BHIY, IO 3aJ0BOJIBHSIE BUMOTH



84

3apaaHHs. [10TIM MiICyMKOBa CTPYKTYpa PO3IIIAAa€ThCs K €AMHUN (akT a00 Habip (akKTiB, MO BIIHOMICHHIO
110 SIKMX TPOBOIUTHCS Aedasudikarisi.

Ha ocHoBi po3pobneHoi moaeni ¢asudikamii ceMaHTUIHUX MEpPEeX NpencTaBUMO (GopMy OHTOJOTIT
BiJITIOBIZTHOTO PiBHS €BOJIIONI] 3HAHB.

YuiBepcyM ¢yHKIII iHTEpmpeTamii HEYITKUX KIACcTepiB CEMAaHTHUYHHX MEpeX Moxe OyTH
MIpeICTaBICHUH SIK OiHapHEe BiIHOIIEHHS KJIACTEPIB, SKi IHTEPIIPETYIOTh 1 IHTEPIPETOBAHUX KIIACTEPIiB

FY R C{(NG} L (NG T =N | (Ng)) [k =1m}},  FY:NGRNS
st koHkpeTHOI K-0if GyHKIIIT iHTeprpeTaliii piBHSI KJIacTepiB CEMaHTHIHUX MEPEX
fi ;0PN 1)) = (N3 1),
foor™ NG L (NSO) | J =L (NF | a1 (NF)), i NGP N
3 ypaxyBaHHSM HeBH3HaueHOCTi KkiactepiB NS dopmansHa Mojenb iHKOpIoOpamii oHTONOTI] piBHS
CEMaHTHYHUX MEPEX CBOJIOIIT 3HAHb MATUME TAKUW BUTJIS;

Oyg, =< jLNJl{{('\]fj‘ | (NG T =L BN | e (NGO k=L m} Ry B NG RN >,

OHTONIOTiSt YMOBHO TOJUISE CEMaHTHYHI KIIaCTepW MO IX poJi B iHTepIperariii, Xo4a B paMKax
KOHKPETHOTO 3aBJaHHA KJIACTEPH MOXKYTh HAIIEXKATH SIK T AMHOKHHI NlCi , TaK i Nfi .

BucHoBku. B pe3ynbrari BUKOHaHHS JAOCIIKEHHST OyJIM JOCSTHYTI Pe3yNbTaTH i 3p00JieH] HACTYIHI
BUCHOBKH. Po3po0iieHo ocHOBHI KoHmenmii 1 (opMaabHO-TIHTBICTHYHI Mozeni (as3udikarii momgaHHs
€BOIONI 1HKOpIIOpaIlii OHTOJOTIi B yMOBaX HEBH3HAYEHOCTI CEeMaHTHYHNX KOHIENTIB. Po3pobieHo
NpUHIMNK 00Ky (hazudikalii mpu BUKOHAHHI onepaliil Ha koHuenrtax b3. Po3pobneni Moaeni oHTONOTIH
piBHiB B3 3 ypaxyBaHHAM HEYIiTKOCTI TMOJAHHS CEMaHTUKH KOHIENTiB. OOrpyHTOBaHa HEOOXiJHICTH
3acTocyBaHHS ()OPMAITBHOI MOZIETIi KOHTEKCTY B YCiX (hopMax pernpe3eHTallil 3HaHb.
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YK 681.51+378.1
KMPUYEHKO B.I., BOJIKOB B.E.
OHAXT(Ykpaina), OHY (Ykpaina)

[MTPOBJIEMU OIITUMAJIBHOI'O KEPYBAHHA JJOKYMEHTOOBII'OM VYV BH3

Hocniooceno  npobaemu, nog'szani 3 OOKYMEHMOO0OI2OM Yy  GUWUX HABYATLHUX  3AKIAOAX.
Asmomamuzayiro 6xa3ano K 00UH 3 HAUOLILW ephexmusnux cnocobis poss’sazanus yux npoodrem. He icnye
ABMOMAMU3Z0BAHUX CUCMEM KePYBAHHS, CHPAMOSAHUX HA ONMUMATIbHE YNPAGIIHHSA OOKYMEHMOO0DIZOM.
Jlokymenmoobic  poseisiHymo AK CYMO  MEXHOMOSIYHUUl  npoyec i3  3ACMOCY8AHHAM — CHEYianbHUX
iHopmayitinux mexnonoeiu. Hanesxcnuii ananiz 00KymMeHmoobicy Hakazie npo ei0paxy8aHHs CMyOeHmié
HageoeHo K npuxaao. /logedeno, wo nogHa asmomamusayis Hemodcausda. Jlosedeno maxooic, wo Kepy8aHHs.
O0OKYMEeHmMoobicom Mmae Oymu He Juuie MeXHOA0IUHUM (34 cueHanamu), aie U opeaizayitinum (3a
oupexmusamu).

Posrmsam  mpobnemu  KepyBaHHS — IPOLIECOM  JOKYMEHTOOOIry moTpefye po3Tisiny TEeBHHX
TEPMIHOJIOTIYHUX MHUTaHb. [lepi 3a Bce pO3TISTHEMO CaMO MOHSATTS TOKYMEHTOOOITy.

[ling moxymeHTOOOIroM y BHIOMY HaBambHOMY 3aknazni (BH3) Gymemo po3ymiTe pyX JOKYMEHTIB Bix
CTaHy iX CTBOPEHHs a00 OTPHMAaHHS BiJIMTOBIHOIO CTPYKTYPOIO 10 3aBEPIICHHS BUKOHAHHS BIJMOBITHUX Iiit
Ta BiANpPaBIeHHS JOKYMEHTIB B apXiB. I[1if pyxoM okpeMoro JOKyMeHTY Oy/1eMO PO3YMITH IILISIX JOKYMEHTY
3 OAHOTO MiIPO3AiTy 10 iHmoro (abo Bif OAHOrO CHiBPOOITHHKA IO 1HIIOrO), BPaXOBYIOUHM YCi MPOMIXHI
eTaIm.

JokymeHnTooOir Ha mignpueMcTBi abo y BH3 3milicHIOETECS y BUTISIII TMOTOKIB AOKYMEHTIB, IIO
OUPKYJIIOIOTh MIDK PI3HOMAHITHAMH ITyHKTaMH CTBOPCHHS (KEpPiBHHKM YCTAHOBM Ta TiAPO3MIiNiB,
CHEeIaliCTH, CITy>)KOOBIII TEBHOI KaTeropii abo TEBHOTO piBHA), NMyHKTAMH TEXHIYHOI OOpOOKM caMux
JOKYMEHTIB (0OYUCITIOBAIBHUN TEHTP, EKCIIETUIIis, «IPyKapchKe» OO Ta iH.) 1 MyHKTaMH «IIPUHOMY» Ta
KiHLIEBUMH ITYHKTaMH, SIKUMHU € CTPYKTYPH, L0 peatiz3yIoTh Jii, chOpMYyJIbOBaHi B TOKYMEHTaX.

Indopmaris, BiATBOpeHa B JOKYMEHTaX, € <«JI3€pKajoM» MisIBHOCTI Oprasizamii i siBise co0oro
HenopymrHuil 6azuc Oymb-sKoi opranizamii a0o miampuemcTa. OCHOBHY YacTWHY iH(OpMAIii mpariiBHUKA
OTPUMYIOTH caMe 3 JOKyMEHTaIil pi3HuX BUIB. Y Oyap-skomy BH3 Ha GopmyBanHs i 00pOOKY JOKYMEHTIB
(chopMyBaTH JIOKYMEHT, NIEPEBIPUTH 3MICT JJOKYMEHTY Ta 310paTh BCi HEOOXIiIHI MiIUCH) iJie OLIbIIe HixX
70% pobodoro yacy npauiBHUKIB aJMiHiCTpaii.

PamionansHa oprasizariisi JOKyMEHTOOOITY CIIPHUSE OMEPATUBHOMY IMPOXO/KEHHIO JIOKYMEHTIB depe3
amapaTt yNpaBJiHHS, NPOHOPIIIHOMY 3aBAaHTAXCHHIO PI3HMX IMIJAPO3ALIIB Ta MOCAJAOBUX OCIO, i, TaKUM
YUHOM, TO3UTHBHO BIUIMBAE Ha MPOTEC KEPYBAHHS B IIJIOMY.

B koXHOMY TOKyMEHTOOOITY € JeKilbKa BUJIB TIOTOKY JOKYMEHTIB.

Big mnpuiHSATOrO B YCTaHOBI [OPSAKY pPO3MOAUTY OOOB'SI3KIB 1 JeJeryBaHHS TOBHOBa)KEHb
CHIBpOOITHHKAM 3alle)KUTh pPyX JIOKYMEHTa IpH Y3rO/KeHHI 1 miamucanHi. ToOTO AOKyMEeHTOOOIr
BU3HAYAETHCS CUCTEMOFO YIPaBIIIHHS B OpraHi3arii.

[Mpu onTumanpHIi oprasizaiii JOKyMEHTOOOITY pyX MOKYMEHTIB IOBUHEH BiJIIIOBIZIATH HACTYITHUM
yMOBaM, sIKi MOKHa 0yJi0 O Ha3BaTH «yMOBaMH HOpMaITi3allii» JJOKYMEHTOOOITY:

1) OyTH IpSMOTOYHUM, TOOTO BUKIIFOUATH HETIPSAMi MapIIPYyTH;

2) BIANOBIZaTH TPHUHIMITY OJHOPA30BOrO TNepeOyBaHHS JOKYMEHTa B OJHOMY CTPYKTYPHOMY
MiPO3/IiTi Y B OJTHOTO BUKOHYBAYa;

3) BiINOBiZATH NMPHHLUITY Mapaieii3My, 3TiAHO 3 SIKMM Pi3HI omnepanii 3 0OpoOKH TOKYMEHTIB CIin
BUKOHYBaTH MapajeibHO, MO0 CKOPOTUTH 4Yac mepeOyBaHHA JOKYMEHTIB y cdepi AiIOBOACTBa Ta
MIBUIIATH ONEPATHBHICTH BUKOHAHHSL.

TexXHONOTIYHMI JIAHITFOKOK PYXY IOKYMEHTIB BKJIFOUA€E B ceOe HACTYIIHI €JIEMEHTH (eTarm):

— IIPUIOM 1 IEpPBUHHY 00POOKY JOKYMEHTIB;

— ToTIepeIHIN PO3TIISA] 1 PO3MOILT JOKYMEHTIB;

— peatizallito BAKOHAHHS JIOKYMEHTIB;

— KOHTPOJIb 32 BUKOHAHHSIM;

— iHdopmaniiiHo-10BiAKOBY (iH(pOPMAaLIHHO-TIOIIYKOBY) POOOTY;

— CTBOPEHHS HOBUX JIOKYMEHTIB — 1X CKJIQJIaHHSI, TIEPEBIPKY, Y3ro/KEeHHs1, OPOPMIICHHS;

— BI/IIPaBIICHHS! JIOKYMEHTIB B apXiB.

KoxeH 3 BuIlleBKa3aHUX €TaliB MOkKe OyTH BUKOHAHWM SIK B TPaJIWIilHIN, Tak 1 B aBTOMaTU30BaHil
TexHoJori1. JJoOKyMEeHTOOOIr 3 BUKOPUCTAHHSIM aBTOMAaTH30BaHOI 1H(GOPMAI[IITHOT CUCTEMU € 000B’SI3KOBOIO
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CKJIQIOBOK0 YACTHHOI CIIEKTPOHHOIO0 JOKYMEHTOO0OIry, TOOTO JHOKYMEHTOOOIrY, OpraHi3oBaHOIo Ta
3MIHCHIOBAHOTO 3a JOMOMOTOK CydYaCHHMX EIEKTPOHHHX (KOMIT FOTEpHHUX) 3ac00iB, TOOTO 3 MIHIMI3ali€l0
KUTBKOCTI TAamepoBUX [OKYMEHTiB, abo B3araixi Oe3 HUX (CHUCTEMY €JIEKTPOHHOTO JOKYMEHTOOOIry
HA3UBAIOTh MPOCTO EIEKTPOHHUM JIOKYMEHTOO0IroMm).

o ocHOBHHX mpoOileM, KOTpi iICHYIOTh B IOKyMeHTooOiry y BH3, cmin BigHEeCTH HACTymHY HH3KY
mpooeM:

1) Hag3BUYaHO BUCOKHIA CTYMiHb IIEHTpai3alii oOpoOku Ta 30epiraHHs JOKYMEHTIB, 1[0 PETYIIIOIOTh
TiSUTBHICTH MIAPO3AUTIB ad0 CHiBPOOITHHUKIB (HEOOXiAHA pO3yMHa JAELEHTpaii3allis, Mo 3HIKYE PiBEHb
OropokparTm3artii);

2) HHM3bKa MPO30PICTh TisNTBHOCTI OKPEMHX IMiAPO3/LIIB i BAKOHAHHS HUMHU CBOIX 000B’SI3KIB;

3) BifcyTHICTB iCTOPIi 3MiH B POIECi BUKOHAHHS 1 pyXy JOKYMEHTa 3 OJTHOTO MiIpO3IiTy J0 1HIIOTO;

4) HM3BKMIi PiBEHB KOHTPOIIIO IKOCTi pOOOTH CIiBpOOITHHKIB;

5) BUTpaTH BeNUKOI KUIBKOCTI Yacy ISl MiAMUCAHHS JOKYMCHTY.

MoskHa i 1aji nmepepaxoByBaTH HEAOIIKU PyYHOTO JOKYMEHTOOOITY.

Hampuxiran minnmucanHs Hakasy Ha BiJlpaxyBaHHA CTyIeHTIB HampukiHIi 1990-x pokiB Bxke Oymna
HaJI3BHUYAWHO CKJIAAHOM. AJie 3apa3 Ilel Ipollec CTaB HabaraTto CKIAmHIOIAM: HEOOXiTHO BHTPATUTH
BEJIMYC3HY KIIBKICTh Yacy JJIsi OCTATOYHOI'O CTBOPEHHSI KiHIICBOI'O JOKYMEHTY (HaKazy).

[Iporpamu aBTOMaTH3amii JTOKYMEHTOOOITY MHO3BOJSIOTH CHPOCTHTH pOOOTY 3 JOKYMEHTaMHU i
3aBnaHHsAMU crHiBpoOiTHnkaM BH3, a kepiBHUNTBY OTpUMAaTH IMOBHUHA KOHTPOJH HAJ POOOTOI PI3HHUX
BIIIUNIB 1 ix mepcoHany. 3acTtocyBaHHS mporpaM (CHUCTeM) JOKYMEHTOOOITY J03BOJISE TaKOXK
aBTOMATH3YBaTH OUBIIICT (MPUHAKMHI 3HaYHY KUTBKICTh) pyTHHHHX onepamili ciBpoOiTHuKiB BH3.

3apa3 nmpakTuyHo y Oyap-skomy BH3 3a3Budaii € 6e3miu omnepartiii, BAKOHAHHS SIKUX 3a0Mpae CyTTEBY
gacTuHy poOouoro uacy. 11100 migBUIIUTH pe3yNbTAaTUBHICTh Ta SKICTH POOOTH CHIBpOOITHHKIB Tpeba
BIIPOBQ/KYBaTH CHCTEMY €JICKTPOHHOTO JOKYMEHTOOOIry. 3acToCyBaHHS KOMITIOTEPHHX IIpOrpam
oprasizamii JOKYMEHTOOOITY [O3BOJISIE HE TILNBKK 3HAYHO ITi/IBULINTH SIKICTH POOOTH MepcoHamy, a i
3HM3WTH BUTPATH Yacy Ha MOMIYK i 00poOKy iHdopmariii.

[IpoBoasiun aHalli3 JOKYMEHTOOOITY, 110 BUBYAETHCS B sIKOCTI 00'ekta ynpasiinas (YO), HEoOXiqHO
PO3TIAIATH PYX OKPEMOro JOKYMEHTY. JIOKYMEHTOIOTIK — 1€ CYKYIHICTh JOKYMEHTIB OJHOTO BHIY, IIO
MaloTh €IMHUHN MapmIpyT. Y KOXHIiH opranizaiiii, B Tomy uncii y BH3, e:

— MOTOKHU BXIJTHUX JOKYMEHTIB (JOKYMCHTIB, CIIPSMOBaHUX 3 1HIIUX OpraHizamiii);

— MOTOKY BHYTPIIIHBOI JJOKyMEHTaIlii (JIOKYMEHTIB, 110 IUPKYIIIOIOTH BCEPEMHI OpTaHi3aii);

— IMOTOKH BHXITHUX JJOKYMEHTIB (JOKYMEHTIB, CIPSIMOBAHHX B 1HII OpraHi3ariii).

Sx mpukian posriiTHEMO JIOKYMEHTONOTIK Hakas3iB Ha BizpaxyBaHHs cryneHtiB y BH3 (omun 3
THUTIOBUX MOTOKIB BHYTPIIIHBOI JJoKyMeHTallii y BH3).

st cTyneHTiB, sKi HABUAIOTHCS 3a OOKETHOIO ()OPMOIO HaBYaHHA ab0 «HAa KOHTPakTi» (TOOTO 3a
KomTH (Pi3MYHUX 200 IOPUINYHHUX 0Ci0) B HaKa3ax MPUCYTHI Pi3Hi GOPMYITIOBaHHS NPUYHH BiJpaxyBaHHs. B
OCHOBHOMY II¢ — IOJIaHHs JickaHa a00 HEBUKOHAHHS HABYAJIBHOTO IUIaHY.

[Mpouec cTBOpeHHsI HaKa3zy Ha BiJpaxyBaHHs CTYJIEHTIB B Teopii Iyxke mpoctuii. Ha mpaktumi xk 1e
JOCHTH CKJIQJIHA MPOLIeTypa, IO BKIOYAE OTPUMAHHSI HOMEPY MalOyTHBOTO Hakasy B KaHLEIpii, 30ip Ta
00poOKy JaHWX eK3aMCHAI[IMHMX Ta 3aliKOBUX BiomocTel, (hopMmyBaHHs, 0(QOpPMIICHHS 1 PO3APYKYBaHHS
Haka3zy, 30ip Bi3 0araTb0X BUKOHABIIIB i KEPIBHUKIB (Y3rOJDKEHHS Haka3ly), epeiadya Haka3y B KaHIENSPilo,
sKa 1 BUKOHY€ HOT0 PO3CHIIKY. AJie Maibke BCi Il €Tany — MpH HaJISKHIH opraHizamii mpouecy — MOXYThb
OyTu aBTOMaTH30BaHi. OTXKe BBEJCHHS CUCTEMH €JIEKTPOHHOTO JOKYMEHTOO0ITY € HarajbHOIO MOTPe00Io.

BucHoOBOK: 3MiHM NPOLIECY JTOKYMEHTOOOITY MICIs HOro 4YacTKOBOI aBTOMATHU3allil BEyTh 10 3HAYHUX
nepesar, ajie norpe0yloTh CTBOPEHHS €IMHOI CHCTEMH 30€piraHHs JOKYMEHTIB B €JIEKTPOHHOMY BHJI Ta
HasBHOCTI CMCTeMaTH30BaHoi iH(opMalii, 1o Beae 10 MiABUIIEHHS PiBHS ONEPaTUBHOCTI B X0 poOOTH 3
JOKYMEHTaMH, IiBUIIEHHS BiJMOBIIAIBHOCTI 32 PyX JOKYMEHTY, a TaKOX JIO CKOPOYEHHS 4acy Ha 30ip
HEOOXIIHUX MHIAMUCIB.
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VK 378.141+004
JIOBOJJA IO.T.
OHAXT (Vkpaina)

KOMIT'IOTEPHI TEXHOJIOI'TT TA HAVKQBO—METOI[H‘IHHPT CVYIIPOBIA [TPOLIECY
IMIAIOTOBKM MANBYTHIX IHXKEHEPIB

CydacHi TeMITi HayKOBO-TEXHIYHOTO MPOTPecy HACTUTLKHA BHCOKI, 0 3a 4-5-piuHuil epiox HaBdYaHHS
MaiOyTHROTO 1H)KEHEpa 3a3Hal0Th 3HAYHHWX 3MiH TEXHIYHE yCTaTKyBaHHS, MPOTpaMHi i amapaTHi 3aco0w,
PO3BHUBAIOTHCS HOBI TEXHOJIOT1UHI HAMPSIMU, PO3LIMPIOETHCS CIIEKTP BUCOKUX TEXHOJIOTH.

KOHKYpEeHTOCIPOMOXKHICTh HaWOUIbII MPOLBITAIOYAX BHPOOHHMUTB 1 TOPTiBENPHUX KOMIAHIH
3a0e3nedyeThes (HyHIaMEHTATFHUME PO3POOKaMH, IO MPOBOIATHh Y HAYKOBO-IOCIITHUX JTab0paTopisx mpH
MPOBIAHUX YHIBEPCUTETAX, aKaJEMisiX, IHCTUTYTax, HAYKOBO-TEXHIYHUX IIEHTPaX, IPUBAaTHUX (hipMax pi3HUX
HaMpPSMKIB JisUTHOCTI TOIIO.

Ha ngymxy O.B. CmiBakoBCHKOTO "HIBHIKICTH 3MIHHM OCBITHIX TEXHOJIOTIA TIOBHHHA OYTH JOCHTH
YKOPCTKO TIOB’s13aHa 31 MBHIKICTIO 3MiHM KOMIT toTepHHUX TexHosorid" [4]. Tomy, Mu BBaskaemo, 10 mporiec
MiATOTOBKM MaiOyTHIX iH)KeHepiB Mae OyTHW OpraHi3oBaHWH TaKMM 4YMHOM, 100 pe3yibpraToM Oyna ix
CBO€YACHA aJanTallis JO iHHOBAIliil BUPOOHHUIITBA, X TOTOBHICTh O BHUKOPHCTAaHHS HOBITHIX TEXHOJOTIH 3
ypaxyBaHHAM OCOOOBOTO Ta TpodeciifHoro 3pocTaHHs. Bu3zHauHy poilb B I[bOMY TIPOIIECi BiJliTPalOTh came
Cy4acHi KOMIT FOTepHI TEXHOJIOTI 3 pi3HOMaHITHICTIO X MOKIIMBOCTEH [1].

Axanemik [.JI. bex Bim3Hauae, 1m0 KOpiHHA BIJIMIHHICTH CY4YacHOI OCBITHBOI CHTYyallii, sKa 3a/a€
CTpaTeTifo MpodeciifHOT MATOTOBKH MalOyTHROTO (haxiBIS IMONATAE B TOMY, III0 TETEPIIIHIA Yyac BUMAarae
1HIIOTO BU3HAYEHHA HOPM MIOAO Ti€l uM iHIOI cdepu po3BUTKY MoauHu [2] (paHille Taki HOpMH OyiH
CTaTUYHUMH, BUPOOJICHUMHU Y TPUBAIOMY MPAKTHYHOMY JIOCBifIi).

3a TakuX yMOB y TIPOIECI MiJITOTOBKH MaWOYTHROTO IHXKEHepa 3HAYHO 3pPOCTAE POIb 1 3HAYSHHS
HaYKOBO-METOANWYHOIO CYIIPOBOIY IPOTATOM BChOTO NEPioay HaBUAHHI.

Tepmin "cympoBia" 3rifHO 3 TIIyMa4yHUM CJIOBHHKOM Ma€ JICKiIbKa 3Ha4eHb: "I Mis 32 3HAYCHHSM:
CYNPOBOKYBATH, CYIPOBOAMTU Pa3oM i3 KHUM-, YMM-HeOy/b", a00 "Te, M0 CyNpOBOJIUTh SIKY-HEOYAb IO,
sBuUILe".

Imei cympoBogy JIOAMHU TPYHTYIOTBCS Ha TYMaHICTUYHIA Teopii, IO pO3IIIsSAae YHIKaJbHICTh,
HETIOBTOPHICTh KOXHOT JIIOJJMHMA SK YMOBY PO3KPHUITS HOro 0cCO0OBOTO MOTEHIiaTy Ta TBOPYHX
MOXJIMBOCTEM [5].

Buxopucrtannasa iHQOpMamiiHUX TEXHOJOTIH B TMpolieci HaBYaHHS cHpuse (K HE IUBHO) PO3BUTKY
TBOPYHX MOXKJIMBOCTEH JIIOAMHHU, 00 3aCTOCYBaHHS OYyJb-AKO1 iHPOpMAIiifHOT TeXHOOTIl — Ha BiIMIHY BiJl
TEXHOJIOTi] BUPOOHMYOi, KOJIM BUMAra€rbCsi MakCHUMAaJbHO TOYHE JOTPHUMAaHHS HOPM TEXHOJOT1YHOTO
periaMeHty, — noTpedye BiJl JIIOJUHYU TIEBHOI TBOPUOCTI.

Ha mymKy GaraThboX BUEHHX, BUKOPUCTAHHS PE3yJIbTaTiB HAYKOBUX JOCHTIPKEHb BUIIUX HABYAIbHUX
3aKJIa/liB y HABYAIEHOMY IPOIIECI Ma€ MICTUTH:

— HOpPMAaTHUBHE 3aKpiIuieHHs: 000B’S3KOBOTO OHOBJICHHS 3MiCTy HaBUAJIBHUX MPOTpaM 3 ypaxyBaHHSIM
HOBITHIX HAYKOBHX 1 TEXHOJIOT1YHUX JOCSITHEHD HIJISIXOM 03HAHOMIICHHS CTYJICHTIB 3 Pe3yJIbTaTaMU BIIACHHX
HayKOBMX JOCJIIJDKCHb BHMKJIaJlaya, HAYKOBHX KOJICKTHMBIB BHILIUX HABUAIBHHMX 3aKJajiB, B1JIOOpa)KeHHs
3100YTKIB y HABYAILHO-METOIUYHIN JTiTepaTypi, 3/[iIHCHEHHS BiIIIOBITHOTO ay/INTY;

— PO3MIMPEHHS MAPTHEPCHKUX 3B’ A3KiB BUILMX HABUAIBHUX 3aKJa/iB 3 pOOOTOJABLUAMH i3 3aTy4EeHHIM
OCTaHHIX N0 (OPMYBaHHS 3MICTy OCBITH, TEMATUKH HAYKOBO-AOCHIJHUX 1 MPOEKTHO-KOHCTPYKTOPCHKHX
POOIT CTYACHTIB.

HaykoBo-meToan4yHN# CynpoBiJ BU3SHAYAETHCS:

— Y3rOJDKEHHSIM 30BHIIIHIX YHHHHUKIB (OCBITHI CTaHIAPTH, BUMOTH JIO MPOQeECiiHOI MiroTOBKH
MaiiOyTHROTO 1HXKEHepa) 1 BHYTPINIHIX YHHHHUKIB (TIOTpEOU, 1HTEPECH, MOMKIIUBOCTI CYO'€KTIB OCBITHHOTO
npoliecy), HasgBHICTh SKHX 3yMOBIIIOE peallizalilo npodeciiiHo-OCBITHBOI Mporpam, IO HEMOXKIMBO 0e3
BUKOPUCTAHHS KOMII FOTEPHUX TEXHOJIOTIH;

— Y3roJDKEHHSIM HOPM Ta BUOOPOM 1HJIMBITyalbHOT TPAEKTOPIii HAaBYaHHS, sika 3a0e3redye TOCATHEHHS
PiBHS TOTOBHOCTI /0 BHMKOPHUCTaHHS KOMII'TOTEPHO-IHTEIPOBAaHUX TEXHOJIOTiM, 3aco0iB ympaBiiHHA 1
opraHizaifHux (GopM HaBuaHHS MalOYTHIX iH)KEHepiB, 1 mepeadadae IMMPOKE BUKOPHCTAHHA CyYaCHHX
KOMIT IOTEpPHUX TEXHOJIOTiH, 30KpeMa — Internet- rexnomnoriii;

— PO3pOOKOI0 HABYAILHO-METOJJMYHOTO 3a0e3MeueHHs, M0 Ma€ CIUpATHCS Ha IHTErpaiilo HayKd Ta
OCBITH, @ TAKO)K Ha BUKOPUCTAHHS Cy4yacHUX iHPOPMAaLiiHUX TEXHOJOT1H.
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B pesyabTari poOOTH BHKIAga4iB Pi3HMX CICI[albHOCTEH HajJ HAYKOBO-IOCIIAHUMHU IMPOCKTaMHU Yy
CIIBIIpaIll i3 CTyJIEHTAaMH, MariCTpaHTaM{d Ta acllipaHTaMH, MaTepialii, OIyOJIiKOBaHI 3a pe3yiabTaTaMHu
BUKOHAHHS TaKUX MPOCKTIiB, OyAyTh OUTBII 3aTpeOyBaHUMH Ta aKTyaJbHUMHU.

AJe moTpiOHO BpaxoByBaTH, IO:

Mo-TIepIie, TIOMITHHM € DiBeHb 3HIDKEHHS IIKUTBHUX 3HAHb CTYJCEHTIB, a PiBEHb IiX BOJIOMIHHA
Cy4JacHUMH iH(OPMAI[iHHIMH TEXHOJIOTISIMA B IIIIIOMY 3aJHIIAETHCS] HEBUCOKUM;

No-7Ipyre, HEOOXiHO aKTHBI3yBaTH YIPABIIHHS Mi3HABAIBHOIO [iSUIBHICTIO CTYACHTIB  JAJS
(hopMyBaHHS y MaiiOyTHIX 1H)KE€HEpiB MOTPIOHNX 3HAHD, YMIHb 1 HABUYOK;

MO-TPETE, TPOTATOM OaraThbOX pOKIB HAaBYAJIbHI IUTAHM Ta MPOTpaMH 3a3HABAIM pPI3HUX 3MiH:
3MEHIITYBaJIaCh KUIBKICTh ayJIUTOPHUX TOIWH, BiJBEJCHUX HAa BUBYCHHS 3araJiIbHOOCBITHIX, B TOMY YHCJIi
"KOMIT IOTEepHUX" JUCIHUILTIH, BIIMIHSIUCS ICTIUTH Ta 3aJIIKH, SKi 1HKOJIM O€3yMHO i O€31IJIbHO 3aMiHIOBAIIU
pi3HOMaHITHIMH (OopMaMH TECTYBaHHSA (B TOMY YHCII W KOMIT IOTEPHOTO), AWCUUIUTIHA TEPEHOCIITH 3
OJHOTO POKY HaBYaHHS Ha iHIIWH TOLIO.

Jns Toro, mo0 HayKOBO-METOAWUYHHUH CYNpOBiJ Ta iHHOBalii OylM aJeKBaTHHUMH iXHBOI CYTHOCTI,
HEOOXiMHO  AOTpPUMYyBAaTHCS  OWAAKTUYHAX  TPUHIMIIB:  CKEPOBAHOCTI, HAyKOBOCTI  HaBYaHHA,
CUCTEMAaTUYHOCTI Ta TIOCIiIOBHOCTI, 1[0 CTAHOBIISITH OCHOBY OpTaHi3alii HABYAIFHOTO MPOIECY 3aTallOM.

Crmparoynch Ha BUIIE3a3HAu€HE, MOXKHA CTBEPIXKYBaTH, IO HAYKOBO-METOAWYHHUI CyNMpOBiJ
MiATOTOBKY MaOYTHIX iHKEHEPIB 10 BUKOPUCTAHHS HOBITHIX TEXHOJIOTiH 3abe3meuye:

— CTBOpEHHS HOBOI HayKOBOI iH(OpMaIii;

— 30aradeHHsl 3MiCTy OCBITH HOBUMH HAYKOBUMH iJICSIMU Ta BIAKPUTTIMU;

— ¢opMyBaHHS y PO3POOHHKIB KOPUCTYBaUyiB HOBHX HAayKOBUX 3HAaHb, JOCIIIHOI KyIbTYpH, a OTXKe, 1
KyJIbTypH TIpodeCiitHOl AisUTHHOCTI;

— PO3BUTOK IpodeciiHOT MaiCTEepHOCTI BUKIIaqaua By3y;

— aKTHBI3allll0 Ti3HABAIBHOI isJIBHOCTI MaMOyTHIX IHXKEHEPIB 3aBASKH 00 €IHAHHIO JOCIIiTHOO
TiSUTPHOCT] BHKJIAJAdiB 1 CTYCHTIB;

— 3a0e3IeYeHHsIM 1HAMBITyaltizallii By3iBChKOI OCBITH, 1110 BPaXOBYIO HEMOBTOPHY JIFOACHKY CYTHICTb,
TaJaHT, 001apOBaHICTh, MOXKIIMBOCTI Ta 3A10HOCTI IHIAMBINA;

— 3a0€3MeYCHHSAM LITICHOCTI BY3IBCHKOI OCBITH 3aBJISKH €IWHOMY MPOIECY OTPHUMAaHHS, 3aCBOEHHS,
00poOKHM Ta BUKOpHCTaHHS MpodeciitHo HeoOx1aH0T HayKkoBoi iH(opMaIlii;

— MIJBUIICHHSAM SKOCTI HaBYaIbHOI 1H(OpMAIil HOBUMH IACSIMH, KOHIEHIISMH, IEIaroriyHuM
JOCBIZIOM.

Po3B’s13aHHS BCiX IUX MPOOJIEM € HEMOXKIIMBIM Oe3 BIPOBA/KEHHS B HAYKOBO-METOIMYHUIT CYTIPOBIJ
MPOILeCy MiArOTOBKM MaWOYTHIX iH)KEHEpiB — B yCi MOro eJeMeHTH 1 Ha BCIX eTamax — CydJacHHUX
KOMIT FOTEPHHUX TEXHOJIOTIH 1 TOCSTHEH 11e1aroriyHoi iHhOpMaTHKH.
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THE CRYPTOGRAPHIC PROOF-OF-REPLICATION PROTOCOL
FOR DISTRIBUTED FILE STORAGE

This paper decides a problem of proving existence given number of unigue replicas of the data file which are
stored by the nodes of the distributed storage. Usually, proof-of-replication is a proving protocol in which a
prover defends a publicly verifiable claim that it is dedicating unique resources to storing several retrievable
replicas of a data file. We are considering this problem in the distributed system context of autonomous
replicators.

Consider a distributed system of autonomous nodes that must be guaranteed to store their replica of a file [1].
The nodes of such a system will be called replicators. Each node should be able to verify that any other node
stores its replica of the file. The node that is currently performing such verification will be called a verifier.
A method for generating unique copies, proof of possession of the copy, and proof of the data file possession
protocol will be proposed next. Each Replicator plays a Verifier role. We suppose that Storage contract was
created before.

All N Replicators receive a file for storage via BitSwap protocol (via Client and Replicators that have already
downloaded this file). The file hash is in the corresponding transaction and each replicator can make sure it
gets the same copy.

Each Replicator splits the file into N-1 part.

Replicators are sorted by reputation and get their numbers in the contract.

Replicators encode the file parts by their secret key and prepare metadata for verifying (CPOR [2] or another
approach).

Each Replicator requests the file parts

Acceptor
Lol Jae Y from the other Replicators and sends
// M\ - the file parts with encrypted relevant
L X_ metadata to the other Replicators.
Replicator Replicator Replicator | Replicator Replicator Replicator Ry requests from Replicator
it i R i i Ri the file part number k - i mod N. R;
enerypt enerypt T e enerypt sends the j-th part to the Replicator
c[0J[0] | t[O1[0] | | <lO[1] [ t[O](1) | | clO1(2] | dOI[2) | | <[O)(3] | O3] | | elOl4] | t[O[4] Rqi+j) mod n esponding to the request
c(1J(0) | d1)(0) | | el [ e | elni2) [dni2) | etz | quis || elil | e this node had sent. Thus, each
cl21001 | 421001 | [ <2001 [ 200 | | er21021 [wi20021 | | el21031 | q2031 | [ el2141 | 21141 Replicator has all parts of the file but
<3107 | 31001 | | <3101 [ ui3100 | [ el3102) 1431121 <3131 | 31031 | | cl3104] | 1[3114] each encrypted by own secure key.
= = i L - = < Such an approach does not allow to
\t'[o]xl['l (111117 [t12],c12] (l4114] generate information for storage by
4 % IO itself. Here_: file streaming is not paid.
Verifiers Each Replicator can open and check
gy A S Wl
Replicator || Replicator | | Replicator Rephmmr Replicator checked with the metadata, it encrypts
RO R1 R2 R4 the metadata with its secure key too.
<341 cL3110] cl3i <3I2) cl3I13) Then it sends metadata to all
chlEL c2I] ol S Gl Replicators. They get encrypted
A1) A 1I3] AT || <1 ) metadata with both secure keys and
=L it o] ol <o) can check this part of the file.

If there is a mismatch between the file part and its metadata, it starts a retransmitting protocol: a Replicator
creates a multi-signed transaction to ban the bad Replicator and asks one of the other Replicators (who can
sign the multisig transactions) to request needed part of the file from the suspicious node. If it also fails, such
Replicator signs the ban multisig transaction and asks another to request that part. If the required number of
Verifiers fail to get the part of the file, the bad Replicator is banished by multisig of Replicators. If one of the
Replicator succeeds, it sends the data to the initiator of the process.



90

The Replicators store all the parts sent to them. Every Replicator can verify
all Replicators. If there are ki Replicators in the first block (k1 < N), they are
sorted by reputation, get numbers from 0 to ki - 1 and exchange only required
parts in their circle waiting for other Replicators. When another block of k.
Replicators appear (paying the storage deposit to the contract account) they
are also sorted by reputation, get their numbers from ki to k; + k2 - 1 and
- exchange the required parts with all other Replicators. The Replicators that
have got numbers bigger than N - 1 are considered as extra nodes.
\ Replacing the outgoing nodes. Let Replicator R; leaves the group after some
B A time. There are N-1 Replicators then and N-1 copies of the file, and we need
Malicious Nodes another Replicator at this place. When another Replicator joins the contract it
asks all N-1 Replicators left for a part of the file and collect the whole file to
store. The Replicators send the same parts as they did to the old one.
Now let two Replicators Ri and R; (i < j) leave the group. A new Replicator
N=10 takes place i and asks each N-2 Replicators left for the part of the file. It
collects everything but part that Replicator R; should send. It encrypts with its
own key the part which Replicator R; should send to Replicator R;. Instead of
part from Replicator R; it temporary stores nothing waiting for Replicator R;.
When Replicator R; joins the contract, it collects N-1 parts of the file, encrypt
the part it should send to Replicator R; with its own key and sends it to the
Replicator Ri.
The same protocol works when there are k Replicators leave. A new
Replicator Ri* asks N-k Replicators left for a part of the file. It collects
2+ s &= o ayerything but parts it should get from Replicators R?, ..., R¥. Instead of these
MEHCIOUS NodeS parts it temporary stores nothing waiting for the new nodes. When Replicator
Ri? joins the contract, it collects N-k+1 parts of the file, encrypt the
appropriate part with his own key and sends this part to the Replicator Ri* and so on.

Extra nodes. Now let there are more than N nodes would like to store the file. In any case, there are
first initial N Replicators that split and encrypt the file (If there are less than N Replicators at first, they wait
till there are at least N for full Cross-verification). The extra Replicators get the parts from initial Replicators.
The extra Replicators are also sorted by reputation and get their number in the contract to avoid the situation
when extra Replicators store the same selection of parts. The simplest way is that Ry gets part i from R; and
R+« gets part i from R+k mod n. SO malicious node has to store at least N
copies of the file to get the same selection which makes it not beneficial.
© - A Malicious nodes. Let a group of M malicious nodes exchanged their keys.

° ’ They want to store one unencrypted copy for all instead of M different copies.
But they must store the file parts received from honest nodes too. The next

25
I

Copies
20
L

1.5

1.0

Copies
1 1 1 1

10 15 20 25 30 35

N=20

g e > figures show how many different copies such malicious groups must store to
2 e o pass verification successfully.
o . For example, let N =5 and M = 3. Every malicious node must store 2 parts

. received from 2 honest nodes. It equals to 2x3 = 6 parts of the file or 3/2 of
: o W 2 the file. And they store one unencrypted copy. So, they equal to 2.5 copies.
AMaliciots Nodks But if they lose the unencrypted copy, they lose 3 deposits.

Moreover, such behavior is not economically beneficial! There is a legal way
to make M deposits and to store one copy. In this way, a node can get the same reward with fewer
verifications legally.

Sizing of pieces. It's always more convenient to split the file in the early beginning and distribute its pieces
across the system rather than the whole big piece of cake. The same principle works here. The original file is
split into blocks size 256 kilobytes (= 262144 bytes). That will provide better performance during encryption
and part exchange. Then with each piece of the file, the nodes perform the
procedure described above. In this case, it's much more comfortable to split
the block for encryption into the number of parts which is a divisor of
262144, the only possible way to split it into whole parts. Also, we need to
split the block into parts that are bigger than 32 bytes to get the correct hash.
4 z So N is desirable to be 2, 3,5, 9, 17, 33, 65, ..., 2+ 1, ..., 8193.
1§ There are then two possible ways to realize it:

; E e  Letuser choose N out of these numbers

N =100
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e User freely sets the number N of desired replicas, but the number of cross-verification parts is

the closest desirable number for splitting bigger than the user's set N.

FileSize

The Block size isn't more than 256kb. The total number of blocks equals K = [mj . The number of

blocks which will be exactly transmitted by one node equals M = [%J . The rest of the blocks (0, 1, ..., N-

2) are transmitted by one per node for which there will be enough blocks. For example, we have 18 blocks
and 5 nodes. The first node sends 5 blocks to the second, 5 blocks to the third, 4 blocks to the fourth, 4
blocks to the fifth. Other nodes also do it this way.
The advantage of the proposed approach is the high reliability of storage evidence and the possibility of
cross-verification of replicators [3, 4]. The disadvantages of the method depend on the selected asymmetric
encryption system - either a low replica preparation speed either an increase of the replica size vise the
original data.
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METHOD OF SEARCH ENGINE OPTIMIZATION BASED ON SEMANTIC NETS

The idea of a new approach of search engine optimization is that the search engine is intelligent
machine. We build semantic net as learning model for it. This model represents semantic kernel of web site.

Problem statement. Today search engine (SE) optimization problem is one of the main part of the
web-application development. The problem is to be on the first position in answer’s list. The solution is
hidden in SE structure and the searching algorithm like Page Rank. Actually the text from our Web page is
being processed and ranged by SE. We can not influence on SE internals. But using artificial intelligence
theory we can predict or propose SE behavior.

Proposed approach. If we compare the structure of SE and, for example, expert system (ES), there are
absolutely the same elements: database (SE) vs knowledge base (ES), explanation (ES) vs saved copies (SE),
logical inference (ES) vs requesting (SE) and knowledge acquisition (ES) vs crawler together with indexer
(SE). Thus, it is possible to consider search engine as intelligent computer system, which possesses at least
one property of human behavior according to theory of conventional artificial intelligence [1]. Based on this
idea it is necessary to have three components for successful solution: a knowledge representation model,
learning samples, and method of learning [2].

We propose to realize the model of knowledge representation as a semantic net [1]. Therefore, we
believe that inside a search engine the semantic net is formed to describe predefined combination of question
and answer. This combination leads us to the list of web sites, where our site is placed on the first position.

Thus, as learning samples we can apply the semantic net (keyword list or semantic kernel) of our web
site(s), but as a learning method — a situation control approach [2].

The task of search engine optimization can be formulated as follows: to teach a search engine for
minimal amount of learning cycles, when the keyword list of predefined web site (semantic kernel) is being
synchronized with SE semantic net. In other words, the semantic net of a search engine should be changed in
a such way that it included the web site keyword list within the minimal amount of iterations. The solution of
formulated task might be compared with a problem of a locked door with a numeric code. We search a
number combination to open a lock [2].

Task solution. Based on problem formulation the main focus of solution is forming semantic kernel of
web site text. The algorithm is presented in [2]. The algorithm allows us to build a semantic net, but it does
not show how select the right semantic kernel. We propose to consider as semantic kernel a part of semantic
net built on web page text. But this part is being formed via special filtering. As a filter we propose to use
ontology with special structure (fig. 1).

Model ) -
Lexeg | — Unique properties
Lexeme
Phrases Phrases
/\ Phrase
Nlniin nhracee Market construction
\/erh nhracec

Product Agent

Simple Complex

Figure 1. The example of ontology.
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[IPUHSATHUE PELIEHMI T10 BOITPOCAM B3PhIBOBE3OITACHOCTH U YIIPABJIEHUE
B3PLIBOOITACHBIMHU OFBEKTAMU KAK CJIIOXKHBIMU CUCTEMAMU

Paccmompenbl np06ﬂ€Mbl npuHAMuUA pemenuﬁ no eonpocam 63pb1606e30nacnocmu 6 )YClo8UAX
Heonpe()eﬂenﬂocmu. Hmenno maxas mooenw npurAMuUs pemeﬂuﬁ 6 COYemaHuu ¢ KIACCUHEeCKOU MOOenblo
Jedxcunt 6 OCHOoe6€e ynpaejleHusl noOmeHYUadlbHO 63Pbl600ONACHbIMU 06’b€7<'ma]l/ll/l, Komopble C n03uuuﬁ
CUCMEMHO20 AHAIU3A ABTIAIONMCS CIOHCHBIMU cCUucmemamul.

Bce 6e3 uckimroueHUs pealibHbIC MOTCHIIUATEHO B3PHIBOONACHBIC OOBEKTHI MOTYT OBITH OTHECEHBI K
KaTerOpHH CIIOKHBIX crucTeM. llpn ympaBieHNN CII0XKHO# cucTeMoil iumo, mpuanMaromiee perenne (JITIP),
KaK TpaBWiIo, He 00JIaaeT TMOJHBIM 3HAHHWEM O COCTOSIHHSAX YIIPaBISIEMOM CHCTEMBI U Cpeabl (COOCTBEHHO
TOBOPSI, HAIMYNE WM OTCYTCTBHE TaKOT'O 3HAHUS MOKHO CUUTATh KPUTEPHUEM CIOKHOCTH CUCTEMBI).

[IpunsiTHEe pelieHnud SBISETCS BaXKHEHIIEeH cocTaBistomel mpouecca yrpasneHus. CylecTBYOT TpU
MOZEJIH MPUHATHUS PELLIECHUS — KIACCHUYECKAsl, B YCIOBHIX PUCKA U B YCIOBUSAX HEONPEACICHHOCTH.

Knaccuueckas Mojenb MpUMeHUMa JIMIIb B TEX CIydasix, KOTAa JuLo, npuHuMaroniee pemenue (JIITP),
BO-TIEPBBIX, 00JIaJaCT MOJHBIM 3HAHUEM O COCTOSHUSX YIIPABJISEMON CHCTEMBI U CPEbl, 2 BO-BTOPBIX, 3TO
3HaHWE JIOMyCKaeT aJekBaTHOE W d(()EeKTHBHOE MaTeMaTHYeCKOe OMUcaHue. TakuM oOpazoM, 3Ta MOIEThb
MPaKTUYECKA HEMPHMEHHMAa cama Mo ce0e K YIPaBICHHUIO CIOKHBIMU CUCTEMaMH, B TOM 4YHCIE — K
YIPAaBICHHUIO MOTCHIIMAIBHO B3PHIBOOIIACHBIMU 00BEKTAMH.

[lpunaaTtne pemeHuii B yclOBUSX pucka (Ha Oa3e TeOpuU BEPOATHOCTEH W MaTeMaTHYECKOW
CTaTHCTUKH) IOJNTOE BpeMsl ObLITIO MUHCTBEHHOHN allbTepHATHBOW KITACCHYECKOW MOJETH MPUHATHS PEIICHUI
(XOTs caM¥ 3TH TEPMUHBI BOIIUIM B YIIOTPEOJIEHUE OTHOCUTEIBHO HelaBHO). OIHAKO, MPUHATHE PEIICHHUN B
YCJIOBUSIX pUCKA MPH YIPABICHUU CIIOKHBIMUA CHCTEMAMH B PSI/IE CIIy4aeB HE MPEIICTABISCTCS BO3MOYKHBIM,
TaK KaK OHO OrPaHHYEHO NPUMEHHUMOCTBIO BEPOSITHOCTHBIX MOJENEH. JTO B MOJHOU MEpe OTHOCHUTCI U K
VIPAaBICHUIO TOTEHIIMAIILHO B3PBIBOOMACHBIMH 00BbekTaMH. CaM TEPMUH «BEPOSITHOCTH B3phIBa»
MIPEACTABIISIETCS] HE BIIOJTHE KOPPEKTHBIM.

Korpa 3nanue JIIIP 0 cocTOSHUSIX yOpaBiisieMOWM CIIOXHOM CHUCTEMBI HE JTOIMYCKAeT aJeKBaTHOE U
3¢ (eKkTBHOE MaTeMaTH4eCKOe OIMCAHWE C TO3WIUH TEOPHH BEPOSTHOCTEH (OTCYTCTBYET HaJeKHAS
CTaTUCTHKA) JHOO camMa TEOpHS BEPOSITHOCTEH HENMPUMEHHMa, MPUHATAE PEIICHUH BBIHY)KICHHO
OCYIIECTBIISIETCA B YCIOBHAX HEOIPEIEICHHOCTH, Ha 0a3e TEOPUH HEUETKUX MHOXKECTB M HEUETKOW JIOTHUKH.
HMenHO Takas CUTyaIysi UMeeT MECTO TPY IIPUHITHN PENISHHA 10 BOIIPOCaM B3PhIBOOE30TIACHOCTH.

[TpobOaeMaTHIHOCTh MPUHSTHS PEIICHUS B YCIOBHUSIX HEOIMPEACIECHHOCTH, OJHAKO, BIOJHE OYEBHIIHA.
KOppekTHOCTh TPHUHATOrO pPEeIIeHUsT BO MHOIOM 3aBUCHUT OT CYOBEKTHUBHBIX 3KCIEPTHBIX OIICHOK.
EnuHcTBEeHHBI CmOCOO ~ OTKa3a OT JKCHEPTOB C WX CyOBEKTUBHOCTHIO, CBSI3aH C «HEYETKON»
anmpoKCUMaIMed UCXOJHOW MPOOJIEMbl HEKOTOPOU 0ojiee MPOCTOW MpoOIeMOH, MOAJAIOIICHCs, OAHAKO,
pEILIeHHI0 METO/IaMi Kllaccudeckoi MaTeMaThku. Ha 0a3e moidy4eHHOro TakKuM 00pa3oM «KIIACCHYECKOTOY
pEUIeHUsT CTPOSTCS COOTBETCTBYHOIINME (YHKIMH TPUHAUIEKHOCTH W (YHKIIUM 3HAYEHUH HEYETKUX
JIOTUYECKUX TEPEMEHHBIX, MO3BOJISIONINE NMPUHUMAThL OTHOCHTEIHHO OOBEKTHBHBIE PEIICHHUS B YCIOBHUIX
HEOTPEIETICHHOCTH.

st ynpaBieHus B3pbIBOOE30MACHOCTHIO MPOMBIIIICHHBIX U TPAHCIIOPTHBIX OOBEKTOB, MPUMEHEHUE
TEOpUHU TIPUHITHSA PENICHHH Ha OCHOBE HEYETKOH JOTMKH BechMa 3((EKTHBHO WMEHHO B COUYCTAHHH C
KJIAaCCUYECKOW MOJIENIbIO MPUHATUS PEIIEHUNU. Pe3ynbTaTbl BHIUYMCIECHUS 3HAYEHUH HEUYETKUX JIOTMYECKHUX
BBID@YKCHH, COCTABJICHHBIX KaK KOMIIO3UIIMSA Pa3IMYHBIX KOHBIOHKTUBHBIX M JIM3BIOHKTHUBHBIX (opM,
MO3BOJISIIOT OLIEHUTh BO3MOKHOCTh BO3SHUKHOBEHHUS B3pPhIBA U BPEMsI €r0 Pa3BUTHS, & TAKKE TUI B3PHIBHOTO
mporecca.

Takum 00pa3oM, KOPPEKTHOCTh MPUMEHCHHMS MOJCIM MNPUHATHS PEIICHUH B  YCIOBHUAX
HEONPEIEICHHOCTH 3HAYUTENbHO MOBBIIIAETCS, €CIU ATa MOJEIb COYETACTCA C KIACCHYECKOM MOJENbIO.
[Ipumenenue nocneaHel TpeOyeT ynpomeH!s MaTeMaTHIECKON MOJICTTH CJIOXKHON CHCTEMBI.
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VK 004.85
ITABJIOBHWY P.1.
BHTVY(VYkpaina)

TIOPIBHAJIBHUI AHAJII3 METO/IIB HABUAHHS HEMPOHHIX MEPEX

Posensnymo 2 memoou Haguanms HeUpOHHUX Mepedic, MAaKi AK 2padicHmMHUNl CnycKk ma Mmemoo
Hvromona. Onucano cyms ix pobomu i npoananizoeano aKuil Memoo nioxXooumv 018 HAGYAHHS HEeUPOHHOL
Mepedici 0151 Kolopu3ayii YopHo-0inux 300padiceHs.

3 PO3BUTKOM 1 MOIIMPEHHSM HEHPOHHUX Mepex 3’sBuiach npobieMa BHOOpPY METOIYy HaBYaHHS.
MeTo10 IIOTO JOCTIUKEHHS € aHaJi3 METOMAIB HaBYAaHHS, JUIS MOJAIBIIOT0 BUKOPUCTAHHS OJHOTO 3 HHX B
JOCTIDKEHHSX 3 KOJIOpU3allii YOPHO-OUTUX 300pakeHb.

[Ipobnema HaBuaHHS B HEHMPOHHHUX Mepekax (OpPMYNIOETbcA B Mexkax MiHimizamii gyHkmii Brpar, f.
Ls pyHKIis, B 3araJbHOMY, CKIIAAE€THCS 3 IOMUIIKH 1 peryispu3amnii yMoB. [loMuika omiHIOE, Ik HEHPOHHA
Mepeka BiamoBinae Habopy maHWX. 3 iHIIOrO OOKy, peryJspu3aimis BHKOPHUCTOBYETHCS JUIA 3amOOIraHHsS
NepeHaBuaHHs, IIIXOM KOHTPOJIIO e(eKTUBHOI CKIaJHOCTI HEeHpOHHOI Mepexi. DYHKIIiS BTpaT 3aJIe)KUTh
BiJl aJallTUBHUX NapaMeTpiB (3MIIIEHHS 1 BarWm CHHANCY) B HEHPOHHIN Mepexi. M MOXXeMO JeTrKo
3rpyIyBaTH iX pa3oM B OJUH N-BUMipHUIA BeKTOp Bar w [1].

SN

*

w

w2 ALY
Pucynox 1 — BigoOpaxenns ¢yHKIIT BTpaT
Sk MU MOKeMO 0auuTH Ha MOTIEPEeTHEOMY 300pakeHHI, MiHiIMyM (QYHKIIIi BTpaT 3HaAXOJUTHCS B TOUI
w*. B Oynb skiii Touii A, MH MOXKeMO 00paxyBaTu mepiny i Apyry noxiany ¢yskuii Brpat. [leprii moxinHi
TPYIYIOTBCS B TPAIIIEHT, €IEMEHTH SIKOI'O MOXYTh OyTH 3aIicaHi K.

VW) =5,

OyHKIIIS BTpAT, B 3aralibHOMY, € HelliHIIHOI0 QyHKIIi€l0 mapamMeTpiB. My po3risgaeMo MOIIyK depes3
MPOCTip MapaMeTpiB, IO CKIAAAETHCS 3 TIOCHIOBHOCTI KpOKiB. Ha KOXXHOMY KpOIli, BTpaTH 3MEHIITYIOTHCS
LUISIXOM KOPUTYBaHHS TapaMeTpiB HEHPOHHOI Mepexi.

TakuM 9MHOM, JI71s1 HABYAHHS HEMPOHHOI MEPEXXi MU MMOYMHAEMO 3 JIESIKOTO BEKTOpa MapaMeTpiB
(vacto BU3Ha4YeHWH BHUMAAKOBO). [loTiM, MU TeHEpy€eMO psifl TapaMeTpiB, Tak 110 QYHKIIisS BTpaT
3MEHILY€ETHCSI IIPU KOXKHiH iTepanii aaroputMy. 3MiHHa BTPAaTH MiX JJBOMa KPOKaMU Ha3UBA€ThCSI
3MEHILIEHHS BTPaT. AJITOPUTM HaBYaHHS NPUIUHSAETHCS, KOJIM BUKOHY€ETHCS 3a7jaHa YMOBa a00 KpUTepii
3YIHUHKH.

byno obpano mBa Meromu HaB4aHHS, MO0 TPOTECTyBaTW IX HAa TECTOBIM HEHPOHHIA Mepexi i
BU3HAYUTH iX IUTFOCH 1 MiHyCH: TPaJieHTHUH cIycK Ta MeTtol HproToHa.

I'pamieHTHU cIycK, TAKOXK 3HAHHUHU SIK KPYTHH CITyCK, € HAUTIPOCTIIINM alrOPUTMOM HaBUAHHS.

IMo3nauumo f (W(i)) =f (i)) i Vf (w(i)) = g(i). MerTo1 MOYUHAETHCA 3 TOUYKHA W(O), 1 10oKM He Oyne
(i+1)

i=1,..,n

3a70BOJICHO KpHTepiii 3ymuukn, pyxaetsest Bix w®, to w B Hanpsivky Hauanas d D = —g® . Tomy
METO/]I TPA/Ii€EHTHOTO CITYCKY IOBTOPIOETHCS HACTYITHUM YHHOM:

[TapameTp 1) — 1€ MWBUAKICTh HaBuaHHs. [le 3Ha4YeHHs MOKe OyTH BCTAHOBJICHE SIK CTajla BEJIMYHHA,
a00 3HalijieHe NUIAXOM OJHOBHUMIPHOI ONTHMI3allii B3IOBXK HANpSMKYy HaBYaHHS Ha KOXKHOMY KpOIIi.

OnTuManbHe 3HAYEHHS JJIs IIBHIKOCTI HaBYaHHS OTPUMAaHE MNUIIXOM MiHiMi3amii JiHIT Ha KOXXKHOMY
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HacTymHOMY eTami € kpamuM. IIpote, moci € 6araro mporpaMHHX iHCTPYMEHTIB, IO BHKOPHCTOBYIOTH
TIIBKH (DiKCOBaHI 3HAUEHHS TS IIBUAKOCTI HaBYaHHA [2].

PucyHok 2 mokasye giarpaMmy AisUTbHOCTI MPOLIECY HABYAHHS 3a JIOTIOMOTO0 TPaJIiEHTHOTO CITyCKy. Sk
MU MOXXEMO MO0Oa4YMTH, BEKTOpP IMapaMeTPiB IMOKPALIYEThCS 3a JBa KPOKU: MEPIIUNA - OOYHCITIOETHCS
HaTPSAMOK HAaBYAHHSI TPaIIEHTHOTO CIYCKY; NPYTHH - 3HAXOAUTHLCS MiIXOAIINN MapaMeTp HaBYaHHSI.

¢
E S — j]_i

rnoupau.;euna napameTpis HEMPOHHOT Mepexki

O6YMCNeHHA HAaNPAMKY HaBYaHHA TapgiEHTHOTO CMYCKY'
O6uYMCNEHHA WBUAKOCTI HABYAHHA

]

Kputepiit 3ynuHku: False
Kputepiii 3ynunku: True

Pucynok 2 - Jliarpama AisiibHOCTI POLIECY HABUAHHSA 32 JIOTIOMOTOIO TPAJIiEHTHOTO CITYyCKY
AnTopuTM HaBYaHHS TPAJi€HTHUI CITyCK Ma€ CEpPHO3HUI HENONIK — BiH BUMarae 0arato itepamiid ams
(GyHKIIH, SKi MarOTh MOBTi MIMPOKiI CTpyKTypd. JliiCHO, TPami€eHTHHH CITyCK — 1€ HAmpsSMOK B SIKOMY
(yHKIIST BTpaT HAWOUIBII MIBUAKO 3MEHIIYEThCS, ajie Ii¢ He 00OB’I3KOBO NPU3BOJUTH IO HAHIIBUIIIOTO
HaOmxeHHs. PucyHok 3 imongye 10 TIPO0JIEMY.

T T T

’ -10 -5 V] 5 10
Pucynok 3 — IIpuknag poboTy TpaJlieHTHOTO CITyCKY

Meton HproTOHa € anropuT™MOM JIpyroro MopsiiKy, TOMY 1[0 BiH BUKOPUCTOBYE MaTpuilio ['ecce. Mera
IIbOr0 METOIY — II€ 3HANTM Kpamiuii HanpsIMOK HaBYaHHS, BUKOPUCTOBYIOUH APYTY MOXiqHY (YHKIIT BTpat
[3].

[Moznaumnmo f (W(i)) =f®) i Vf (w(i)) = g9 i Hf (W(i)) = H®. Posrasmemo KBagpaTHuHe
nabmmkenns f i w(?), Bukoprcroyroun posmmpenns psigy Teiinopa.

fF=fO+gOw-w®)+05w-w2HO

HO_ e maTpuils I'ecce Bia f oliHeHa B TOUII w (), Beranosusiu g piBauM 0 11 MiHIMAJIBHOTO
3HaveHHs f (W), MU OTPUMAEMO HACTYITHE PIBHSIHHS

g=99+ H(O)(W — W(O)) =0

Tomy, nounHaroun 3 BekTopa napamerpis w'®, Meron HbI0TOHA TIOBTOPIOETHCS HACTYIHHM YHHOM

wtHD = y® _ gO-150) i=01,..

Bextop H (i)_lg(i) € BioMuH siK Kpok HeloToHa. 3ayBakuMo, MO ISl 3MiHHA IapaMeTpiB MOXe
pyxatucsi 10 MakCUMyMy, a He 70 MiHiMymy. lle BinOyBaeThes, skio MaTpuilsl ['ecce He € TO3UTHBHO
BU3HA4YEHOI. TakuM 4MHOM, OLiHKa (PyHKLI1 He rapaHTyeTbcs OYTH 3HM)KEHOIO Ha KOXHIN itepamii. Jlis
3aroOiraHHs 1MoIiOHUX BUTIAJIKIB, PIBHSHHS MeToy Hbl0TOHA 3a3BHUail 3MiHIOETHCS SIK:

wHD = @& — gO-150, i=01,..

IToka3Huk HaB4YaHHS, 1), MOXe OyTH ab0 (DiIKCOBAaHUM 3HAYEHHSM, a00 3HAWICHWM IMUISIXOM JIiHIHHOT
minimisanii. Bexrop d® = H®~1g® gasuparors manpsamxom Hasuanns Heiotona [4].

Ha Pucynky 4 300pakeHa jgiarpamMa CTaHy HaBYajbHOro Impoiecy 3 merogom HetoroHa. Tyt
MOJIMIIEHHS MapaMeTpiB 3IiIHCHIOETHCS IIISIXOM OTPUMAaHHS CIOYaTKy HamnpsiMy HaBuaHHS HeioToHa, a
[OTIM BiAIIOBIAHOI IIBUAKOCTI HAaBYaHHS.
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e
[: S —— }_

rnoxpau;emm napameTpis HEHpPOHHOT Mepei W

O6uncneHHA HanpAMKY HaBYaHHA HblOTOHa ;
O6UMCIeHHA WBUAKOCTI HABYAHHA

]

Kputepii 3ynuHku: False
Kputepii 3ynuuku: True

Pucynok 4 - JliarpaMa aisuTbHOCTI TIPOIECY HABYAHHS 3a JIOIIOMOTOr0 MeToay HproToHa
PucyHnok 5 imocTpye epeKTHUBHICTH I[bOro Meroay. Sk Oaummo, MeToy HbloTOHAa BHMarae MeHIIE
KPOKIiB, HI)K TPaJiEHTHUH CITyCK, MO0 3HANTH MiHIMabHE 3HAYeHHS (YHKIII1 BTpaTH.
2

: (@

T T T

-10 5 0 5 10
Pucynok 5 — [Ipuknan po6otu merona HeroToHa
Opnax Meton HetoToHa Mae TpymHOIII 3 THM, 0 TOYHE OIliHIOBaHHS ['ecce i1 Horo iHBepcCis € TOCUTh

3aTpaTHa B OOUMCITIOBAIBHUX TEPMiHAX.

Mu po3rsUTHY/IM J1Ba METOIY HaBYaHHS HEHPOHHMX Mepex. MeTox Tpali€eHTHOTO CIYCKY € JOCHTH
MOBUIBHNAM, Yepe3 BENHKY KUTBKICTh iTepallii, aje BiH € ONTUMAIbHUM BapiaHTOM KOJIA Y Bac OOMeEXEHHi
O0YHCITIOBAIBHI TIOTYXHOCTi, TaK K BiH He NOTpedye Benukoi KimbkocTi mam’siti. Meron HelotoHa €
IIBUJIIIUM, IIPOTE BiH BUMarae OijibIiie mam’ i s 004uciieHb. B mijgcymky, Oyio BUpillieHO, 1110 IS 3a1a4i
Kosopu3anii OyJe BUKOPHCTaHWH METOJ TPaZi€HTHOIO CITyCKy, 3BaKAalOUM Ha Te, II0 HEMAae BEIHKHX
00YHCITIOBATIBEHUX MOTYKHOCTEH, 1 Hallla HeHpoHa Mepeska OyJie MaTH JJOCUTh 0arato rnapameTpis.
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AGENT COMMUNICATION METHOD IN COOPERATIVE ENVIRONMENT BASED ON THE
ARTIFICIAL NEURAL NETWORKS

The problem of communication between cooperating agents in multiagent environments is considered
in this paper. An algorithm is proposed that is based in reinforcement learning and recurrent neural
networks. Main idea behind the algorithm is to use an additional recurrent network that translates
information from internal state of one agent to internal state of another agent. Experimental evaluation is
performed on model environment. Experimental results have shown that proposed method is potentially
useful but requires additional investigation.

This paper deals with the problem of communication between cooperating agents in multi-agent
environments with distributed decision making. In the last few years, the methods of creating intelligent
agents that combine reinforcement learning and gradient methods have been significantly developed [1, 2],
which have been successfully applied to fairly complex environments [3, 4]. A common feature of these
achievements is that they use a centralized decision-making system that directly controls agents. However,
there are a wide range of applications where centralized management is impractical or technically
impossible. Such areas as traffic coordination, communications, trade, defense. Existing solutions to these
problems now use explicitly programmed interaction protocols, sometimes in combination with some
machine learning methods, to make decisions according to these protocols. This paper explores an alternative
approach to building agent cooperation — the search for an effective agent communication protocol and
efficient information encoding through reinforcement learning.

The proposed approach is based on application of the A3C algorithm [2], the Long Short-Term
Memory recurrent neural network (LSTM) [5], which manages the agent, and an additional recurrent
network which performs information exchange between agents. This additional network is also based on
LSTM. Each agent in the system observes a limited part of the environment, has its own copy of the network
and the internal state of the network. The exchange of information occurs when the agents are in direct
contact. In this case, the network responsible for the exchange of information updates the internal state of the
agent, using the internal state of another agent, and vice versa. Let's call this network as a “language” that
agents create during training. Figure 1 shows the interaction of agents.

( Environment

/ SN
1/ NN \1)
Ve 5) ™\
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Interaction Interaction
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Figure 1. Diagram of interaction of agents based on recurrent neural networks

The procedure of the agent's functioning is as follows: 1) reading directly observed information about
the environment (obtaining sensor data); 2) one iteration of the recurrent neural network algorithm, which is
responsible for processing the sensor data (interaction network); 3, 4) a communication network is activated
for each visible agent (zero or more), which is also a recurrent network that reads the agent's state and
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processes the other agent's state as an input signal; 5) performing the action that was calculated by the
interaction network in step 2. In this algorithm, the information obtained during communication influences
the decision-making only at the next iteration. It is assumed that this does not significantly affect the long-
term effectiveness of the agent, and therefore this feature of the algorithm is not fixed to keep the simplicity
of the algorithm. The A3C algorithm is used to train agents.

The environment chosen as a model task for testing the approach is maze. Maze is represented as 5x5
cell field, with randomly generated walls between cells that limit movement and visibility. One of the cells is
the "exit", in the other three random cells are agents. Agents observe the distance to the nearest wall in
horizontal and vertical directions, the number of turns left and right in each of the four directions, and the
direction and distance to the exit cell, if it is visible, and agents don’t know their own coordinates. The
agent's goal is to explore the maze and find the exit cell. The interaction with the environment ends when the
agent is in the exit cell. Guaranteed. that there are paths between any two cells of the maze.

The aim of the experiment is to test whether a team of agents with a communications network will
completely leave the maze faster than a team without such a network. Basic experimental results are
presented below (tabl.1).

Table 1. Results of the experiment

Number of training iterations and average time of time of passage of the maze by all agents
Agents team 50k iterations 150k iterations 250k iterations
1 agent 55,4 52,4 51,4
3 agents w/o
communication 553 53,5 50,9
2 agents with
communication 49,3 47,9 48,0
3 agents with
communication 51,2 50,2 49,7

The table shows that three agents without communications do not have a noticeable advantage over one
agent — this is expected, since in the absence of communications there is no difference between the presence
and absence of other agents, so the difference in the results of such commands can be explained as an
accident. Obviously, a team of two agents who have communication is significantly more efficient than
agents without communications, but when viewing the visualizations of the maze process, no specific
patterns of agent interaction were found, that is, a team of two communication agents behaved very similarly
to single agents. The results of a team of three agents are unclear — it was expected that three agents would
be able to explore the maze even faster than two. There is a hypothesis that learning more complex
communication between agents requires larger neural network, or more training time. This problem also
needs further study and possible refinement of the algorithm.

This experiment shows that the proposed algorithm as a whole is capable of increasing the efficiency of
the team of agents but needs further research to improve it. This algorithm can be used to find and explore
optimal strategies in environments with further formalization and implementation in the form of an explicitly
programmed algorithm. The advantage of the algorithm is that it does not require sophisticated and
structured computing systems, and can potentially be implemented with very small objects, such as
macromolecules.
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DEVELOPMENT A GENERAL CRITERION FOR PID-CONTROLLER TUNING

Abstract. In order to improve the performance of PID-controller, it should be properly tuned. In the
research, a new criterion has been proposed for adjusting the proportional, integral and derivative
coefficients of PID-controller terms. The criterion relates to the error of control, cost of control and duration
of the process. It may be used as a cost function in state-of-the-art techniques of PID-controllers tuning
which are based on the optimization approaches. Connection between proposed criterion and known single
criteria have been revealed.

Introduction.

Proportional-integral-derivative (PID) controllers are widely spread in many fields of industry. They
are used in electrical, heat, mechanical and other processes. Note, that in order to effectively exploit a PID-
controller it should be properly tuned. That problem has been attracting scientists for decades. It is still
important nowadays.

In the frame of the research, we will consider PID-controller, which is connected with its simplicity,
efficiency and extremely wide spreading.

Problem statement.

In order to reflect the PID-controller performance a lot of criteria have been developed. In the current
research, we will focus on the time-domain criteria, more specific — on the integral type criteria. Tuning a
PID-controller in relation to values of these criteria allows improve dynamical features of the PID-controller.
Thus, the selection of criterion for PID-controller tuning — is a very important problem, which influences the
tuned controller efficiency.

The main part of the research.

The main purpose of the thesis is to develop a novel criterion for purposes of PID-controllers tuning.
Note, that proposed in the research indicator (criterion) may be used for P-, PD- or Pl-controllers.

In order to achieve the stated purpose, the following objectives should be accomplished: 1) to carry out
an analysis of the integral criteria that are exploited in the controllers tuning procedures; 2) proposed
criterion which takes into account the values of error, control and settling time.

In many scientific researches, in order to tune coefficients of a PID-controller following values have
been used:

1) ITAE (Integral of Time multiplied by Absolute Error):

T
iae = _[t|e|dt, 1)
0

where e — the current error (difference of set point and controlled parameter values); t — time; T — settling
time;
2) IAE (Integral of Absolute Magnitude of the Error):
.
| e = I lefdt; (2)
0

3) ISE (Integral of the Square of the Error):
l e = ]'ezdt. ©)
4)  ITSE (Integral of Time multiplied by the Square of t(;1e Error):
s = _T[tezdt. (4)
Similar criteria may be designed for control estimati(())n. In order to do this in the formulas (1)-(4) the

character ,,6” should be substituted to the ,,u” (control or out-function of a PID-controller). In these cases, we
will obtain the following criteria: ITAC (Integral of Time multiplied by Absolute Control); IAC (Integral of



100

Absolute Magnitude of the Control); ISC (Integral of the Square of the Control); ITSC (Integral of Time
multiplied by the Square of the Control).

As we have seen, there is no single value which takes into account the main features of the controller
performance. Such criterion may be presented as the IPTEC (Integral of Powered of Time multiplied by the
Error multiplied by the Control) value:

.
lprec z_‘.tr(\/e_z);(\/ Uzydt, (5)
0
where 7, ¢ and v — indexes of power of time, error and control.
Note, that the proposed value (5) is a quite general criterion for PID-controller tuning. Indeed, one can
state relations between IPTEC and known criteria. They are presented in Table 1.

Table 1. Relations between IPTEC and known criteria

Values of indexes 7, e and v in IPTEC Criterion
T & \4
1 1 0 ITAE
0 1 0 IAE
0 2 0 ISE
1 2 0 ITSE
1 0 1 ITAC
0 0 1 IAC
0 0 2 ISC
1 0 2 ITSC
0 0 0 T

The further directions for investigation are connected with the study of influence the values of indexes
7, & and v to a performance of the tuned PID-controlier.

Conclusion.

Developed criterion IPTEC naturally takes into account the cost of the error, control, and duration of
the controlling process. Thus, it is a general form of many known criteria. IPTEC may be used as a cost
function in state-of-the-art techniques of PID-controllers tuning which are based on the optimization
approaches.
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NEURAL NETWORK METHOD OF FORECASTING THE AIR POLLUTION TREND BY CARBON
MONOXIDE

The study describes algorithms for predicting the parameters of atmospheric air pollution monitoring
based on the neural structures of the model of successive geometric transformations. A comparison of one-
step prediction errors is shown.

Forecasting is used to analyze and evaluate the state of atmospheric air pollution by harmful
impurities. Most forecasting problems are reduced to the prediction of time series counts by the procedure of
immersing the series into a multidimensional space, that is, to solve the problem of interpolation of the
function of many variables [1]. Neural networks are used to predict or restore temporal function responses
based on a set of examples given by the prehistory of a specific time series. To perform the forecasting of the
trend of air pollution by carbon monoxide, the neural-like structures of the sequential geometric
transformations model (SGTM) were chosen. These neural-like structures are characterized by high accuracy
and speed indexes and do not involve complex adjustments of the structure parameters [2].

In the research, it has used a dataset of 137 samples of the atmospheric air pollution parameter -
carbon monoxide.

CO emissions

Figure 1. Carbon monoxide emissions over two months

The graph of carbon monoxide indicators measured twice a day for two months from a stationary
observation post in Kyiv, Bessarabskaya Square, is shown in Figure 1. Data were taken from the official
web-site of the Boris Sreznevsky Central Geophysical Observatory [3].

Searching the algorithms to perform more accurate forecasting of contamination parameters involves
preliminary data preparation. Initially, the samples of the monitored carbon monoxide emission set have
divided into sliding time windows. After the allocation of one principal component (PC), the linear SGTM
neural-like structure has trained on a distributed sample with duplicated outputs (the last column of the
matrix). Further, the data obtained during training have again distributed into sliding time windows and the
training A and testing B data samples have formed. The outputs of the generated training sample are
duplicated as inputs, creating a matrix C, and allocating of PC = n - 1 has performed, where n is the number
of inputs of the matrix. After further training of the linear SGTM neural-like structure on the matrix C,
distorted outputs are obtained, which replace the initial outputs of the training matrix A. The following steps
for predicting atmospheric air pollution parameters are different for different algorithms.

During the implementation of Algorithm 1, the training of a linear SGTM neural-like structure occurs
with the same number of PCs as the matrix of inputs. Learning error is 2.52%, and forecasting error is 3.3%.
Algorithm 2, similar to the first algorithm, involves the training of an already combined SGTM neural-like
structure with a radially basis function, with the same number of PCs as in the input matrices. Learning error
is 2.58%, and forecasting error is 3.08%.

To improve the accuracy of forecasting the trend of air pollution by carbon monoxide, Method 3
investigates the experimental selection of PCs to find the most accurate result. Thus, the training of the
combined SGTM neural-like structure with radially basis function, on the training matrix, occurs again with
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PC =n - 1. The training error is 2,51 %, and the forecasting error for this algorithm is the smallest among all
methods, 2.92%.

The result of predicting the trend of atmospheric air pollution by carbon monoxide based on the neural
structures of the sequential geometric transformations model with the separation of the main components is
the determination of learning and application errors. The identified errors are shown in Figure 2.

Forecasting errors

23522455 2,508353 23583338 |

| i
train mtest

. |

Figure 2. Errors of carbon monoxide prediction algorithms

CONCLUSIONS

Three variants of the method of forecasting the monitoring parameters of atmospheric air pollution
based on the neural-like structures of the successive geometric transformations model are described. It is
proved that the use of the combined SGTM neural-like structures with the separation of principal
components presents more accurate errors of one-step prediction than the use of linear or combined neural-
like structures of the successive geometric transformations model without separation of principal
components.
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OCOBEHHOCTH HHOOPMALIMOHHOM MOJIEJIN IIOTEHIIMAJILHO
JETOHALIMOHHOOITACHOI'O OFBEKTA

Ilpouseonvubili  NOMEHYUATILHO — 0eMOHAYUOHHOONACHBILL  00bekm — 0cobas  pasHOB8UOHOCHb
NOMEHYUANbHO 83DbIBOONACHO20 00beKma — PACCMAMPUBAEMC Memo0amu CUCIMEMHO20 AHAIU3A KaK
cnodicHas  uepapxudeckas cucmema. Ilpouzgedenvl cmpykmypupogauue Ccucmemsvi, UOSHMUDUKAYUsL
KOHYENmMyanbHbIX CYWHOCMeEU, UMU 00beKmog, KOmopuvle COCMAGIAIOm NoOCUcCmeMsbl 01 00beKmHO-
OPUEHMUPOBAHHO20 — AHANU3A, A MAKHCe NOCMpoeHad Ouazpamma UHDOPMAYUOHHOU CMPYKMYpbl
noocucmemsvi. Ilpu 5mom yKa3amuvl KaK CXONCUE DIeMEHMbl, MAK U pasiudus 6 UH@OOPMAYUOHHOM
MOOenuUposanuy  NOMEHYUAIbHO  B63PblGOONACHbIX (De3 yuema ux OemOHAYUOHHOU OnacHocmu) u
NOMEHYUANbHO OeMOHAYUOHHOONACHBIX 00BEKMO8.

B psne mnpenmectBytommx paboT  paccMOTpeHBl HMH(OpMAIMOHHBIE MOJENN  aOCTPaKTHOTO
MOTEHIIMANBHO B3pbiBoonacHOTo 0o0BekTa ([IBOO), a Takke CHIOCOB M CHUIIOCHBIX KOPITYCOB 3€PHOBBIX
npeanpuatnii — kak mnpumepoB  IIBOO [1-4]. Hacrosmee wucciieqoBaHue IOCBSIICHO MpobaeMe
nHpopMamoHHoro mozaeiupoBanus tex [IBOO, xoTopsle IOMycKaT HE TOJIBKO AediaarpallioHHbIE, HO U
neToHalmoHHble B3pbIBEL. [logobubie [IBOO Ha3zoBeM MOTEHIMATIBHO JETOHAIMOHHOOMACHBIME 00BEKTaMH
(ITIOO). He Bcsaxas roproyas cpefa SBISCTCS METOHAITMOHHOCTIOCOOHOW [5], a IMOTOMY HE BCAKHMA
MOTEHIIMATBHO B3PHIBOOIIACHBINH O0BEKT SIBIISIETCS] OJHOBPEMEHHO JICTOHAIIMOHHOOMAacHBIM. KpoMe Toro ecth
KOHJICHCHPOBAaHHBIE B3pBIBUATHIE BEIECTBA, KOTOPHIE NETOHUPYIOT (MHUIMMPOBAHME NETOHALUU B ITHX
CIIy4asx OCYIIECTBIISIETCS, KaK MPaBHIIO, yAapHOW BOJHOW), HO HE IOABEPKEHHBI aediIarparmoHHOMY
B3pBIBY: IPAUMEPOM SIBIISIETCS JTUTON TPOTHII.

IIporiecc ropeHus sBIsETCSs B3PBIBHBIM IPOIECCOM, €CIH YCKOPSAIOUIEecs IUIaMs MOPOXAAeT Iepen
co0Oi yIapHyI0 BOJHY — TakKoe SBJICHHE MOYKET OBITh Ha3BaHO aeduiarpallMOHHBIM B3pBIBOM [5-7].
[TosBIeHME U pacpocTpaHEHUE yIapHOH BOJHBI — OCHOBHOM KPUTEPUH, ITO3BOJIAIONTHH KIIacCH(DHIIMPOBATE
nporecc ropeHus (Ieduarpanny) KaKk B3pBIBHOW. SIBIeHHE NETOHAIMU COCTOMT B TOM, YTO MOPOKIACHHAS
TypOyJIM30BaHHBIM TUIAMEHEM YyjapHas BOJHA 00JiafaeT JOCTaTOYHOH MHTEHCHUBHOCTBIO, YTOOBI TOKEUb
TOPIOYYIO CMeCh (MIJIH B3pPBIBYATOE BEIIECTBO); IIPU STOM BOCIIAMEHEHHUE MPOUCXOUT HEMTOCPEICTBEHHO 3a
BEIYIUM yIapHBIM (HpOHTOM (eciid TpeHeOpedb BeCchMa MallOW MPOTSHXKEHHOCTHIO 30HBI MHIIYKITUN W/WIIH
30HBI JK30TEPMUYECKHX XUMHUYECKHX IPEBpalIeHU) U 0oOpa3yercs eIWHBIH yIapHO-IeTOHAIIMOHHBIN
KomrIuiekc [8].

[Ipobiema mepexonia ropeHus (mediarpanuu) B JETOHAIMIO TPEICTABISETCS BaXXHOW B MEPBYIO
ouepesb C TOUKH 3peHNUs] MUHUMHU3ALKN pa3pyIIUTeNbHBIX TTOCIEACTBUM aeiicTBUs B3pbiBa. B camom nerne,
“IMpH MPOYMX PaBHBIX YCIOBUAX ™ AETOHAIMS — BBHUJY CYIIECTBEHHO OoJiee BBICOKMX 3HAYEHWU JaBIEHUS U
TEMIIEPATYPHI 32 BEIyITUM YAAPHEIM (DPOHTOM — MPEACTABISIET COOO0M 3HAYUTENHFHO 00Jiee pa3pyIIHTEIbHBII
nporiecc, ueM neduiarpaliioHHbINA B3pbIB. KpoMme Toro, ¢ TOYKH 3peHHs OpraHnu3allid B3PhIBOOE30IACHOCTH
W B3PBIBO3AIIUTH OOBEKTOB, TI0 CPaBHEHHIO C JjediIarpalliOHHBIM B3PHIBOM IIPOLECC JETOHALUH
(pactipocTpaHeHusl TOPEHHS CO CBEPX3BYKOBOH CKOPOCTBIO)  JIOKAJIM30BAaTh TOpPa3I0 CIOXHEe, a
BO3MOXKHOCTEH IS JIOKATH3AIIH TOPa3a0 MEHbIIIE.

Wudopmarmonnas monens [1I0O cnpoektupoBaHa HamMH C YYE€TOM OCOOCHHOCTEH TepMo- U
ra30IMHAMHYECKHAX IPOIECCOB, MPOTEKAIONIMX B JCTOHAIIMOHHBIX BOJHax. Tak kak mo6oit I1JJ0O
npuHaaiexut K yuciay I1IBOO, to uapopmanmonnas moaens aberpaktHoro [1100O ¢opmansHo noctpoeHa
TaK ke, Kak u uHpopmaionHas mozes [IBOO [1-3].

IIpounzBonpHEIH abcTpakTHEIN [1OO ¢ mo3umnmii CHCTEMHOTO aHAIM3a PacCMaTPUBAETCS KaK CIIOXKHAs
cucTeMa, apXUTEKTypa KOTOPOW CKIIaJBIBACTCS M3 Psila KOMIIOHEHTOB (IIOJCHCTEM) M U3 MEPapXHUYECKHX
OTHONICHWH Mexny HuMH. Ha mepBoM drtame pa3paOboTKd HHGOPMAIMOHHOW MOJETH 3TOH CI0XKHOU
CHCTEMBI TIPOHM3BEJICHO €€ CTPYKTYPHUPOBaHHE: UCXOJSl M3 TEOMETPUYECKUX cooOpakeHuid [1] BbIIEICHBI
JJIEMEHTapHbIE  IMOTEHIMAIBbHO JAeToHanuoHHoomacHele  00BexTol  (DIIJI0O0), mnpomsBenena wux
KjaccuuKalMsg W TMpOoaHaJM3UpPOBaHA MOJHOTA 3ToM kiaccuukanuu. TakuMm 00pa3oM, NPOU3BEICHO
HMepapXUUECKOe CTPYKTYPHUPOBAHHUE CIOXKHON AETOHAIIMOHHOOIIACHOW CUCTEMEI.

B cmygae monenuposanms [1/100 npownsBonsHO# mpupossl, B kadecTBe II1100 (Mogenu peabHOTO
00BEKTa) pacCMaTpPUBAETCS OJIMH U3 CIIEAYIOMINX 00BEKTOB:
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1) OTKpBITOE TPOCTPAHCTBO (KOTOPOE MOXKET MOJETHUPOBATH OOJAKO TOPIOYEH Ta30BOM CMECH WU
a’PO30JIH);

2) IUIOCKMHA KaHan — OECKOHEYHbIH (HE3aMKHYTBI WM TONYyOTKPBHITHIA) JH00 KOHEYHOM
MPOTSHKEHHOCTU (OTKPBITBIN, MOTYOTKPHITHIA T 3aMKHYTHIH, T.€. 3aKPHITHIA C 000UX KOHIIOB);

3) kpyrias nniInHIpHYecKas Tpyba — OeckoHeuHas (He3aMKHYTas! FITH TOJTYOTKPBITas) JINOO KOHEYHOM
MPOTSHKEHHOCTH (OTKPBITAs, IOTYOTKPHITAS WIIA 3aMKHYTast).

Nudopmarmonnas moaens I1JIOO u unbopmanmonnsie Moxenu otaenbHbix OII10OO onucansl B
TepMUHAX 00BEKTHO-OPHCHTHPOBAHHOTO aHamm3a [9].

Crexyronym 1mociie CTPYKTYPUPOBaHUS 3TAloOM B pa3paboTke mHpopmarmonHord moaemn [1JJOO kak
CIIO)KHOW CHCTEMBI SABJSETCS HASHTU(UKAIMS KOHLENTYAIbHBIX CYIIHOCTEH, WIH OOBEKTOB, KOTOpBIC
COCTaBIISIIOT OTAEJbHBIE MoJACUcTeMBbl s aHanu3a [9]. B caydae [1JIOO B mepByro ouepens HEOOXOAUMO
naearudunmposats DIIJI0O0 (c ux aTpudyTaMu U CBA3SIMH).

Onwucannple Boiie  OIIJIOO (Tounee, MX wHAcaTM3UPOBAaHHBIE MOJEIH) PacCMaTPUBAIOTCSA Kak
OOBEKTHI B CMBICIIC OOBEKTHO-OPUEHTHUPOBAHHOTO aHAJIM3a, UCXO U3 CICAYIOIIEro onpeaencHus [9]: B
00BEKTHO-OPUEHTHPOBAHHOM aHaJM3€ OOBEKT eCTh Takas aOCTpaKIHsg MHOXKECTBA TIPEAMETOB PEaTbHOTO
MHpa, 9TO BCE MPEAMETHI B 3TOM MHOXXECTBE — IK3EMIUIIPHI — UMEIOT OJHH W TE€ K€ XapaKTePUCTHUKU H
MOJYMHEHBI OTHOMY U TOMY K€ Ha0OpY TMPaBHII MOBEICHHS.

Ornucanne kaxaoro D100 npousseneHo UCXOAS U3 TOTO, YTO ITOT OOBEKT yXkKe KIacCH(PHUIIMPOBaH
kak DIIBOO. Ilpu stom, B ortnmune ot omucanms DIIBOO, arpubyr Hanmuue miaameHH 3aMeHSeTCA
arpubyrom Haawmvue ynapHoii BoJHBI, aTpuOyT OTHOCHUTEIbHAs B3PHLIBOOMACHOCTH 3aMCHSETCS
atpubyroMm OTHOCHTEJIbHAsl J€TOHALMOHHASI ONMACHOCTb, a arpuOyT B3pmiBoomacHocTs — aTpuUOyTOM
JeTroHanuonnasi onacHocTb. lIpu 3tom uckmouatorcss atpudyTel IosxkapoonacHocTs (00BEKT anmpuopu
MPEeIoiaraeTcsi M0KapoolacHBIM B CMBICIIE BO3MOYKHOCTH BO3ropanusi), [iuHa mpengeToHANMOHHOTO
ydyacTka (O0BEKT alpuOpH MpeaIonaraeTcsl B3ppIBOONACHEIM) U BpeMsi pa3BHTHSI BO3MOKHOTO B3pbIBa
(mepexox nedarpalliOHHOTO B3pPHIBA B IETOHAIIUIO — €CJIM OH BO3MOYKEH — OCYIIECTBISETCS MPAKTHIECKU
MT'HOBEHHO; BPEMSI TAKOT'O TIepeXo/ia COCTABIISIET HE O0ee AeCAThIX A0 CEKyHIBI).

ATtpubyr OTHOCHTEJBHAs [E€TOHAIMOHHAS ONMACHOCTBH [PEJCTABISECT OLCHKY BO3MOXXHOCTU
nepexoJia TOPeHHs WK Je(IarpalliOHHOTO B3phIBA B JICTOHAIMIO. 3HAYCHHEM 3TOTO aTpuOyTa SIBIIICTCS

3HAUYECHHE HEYEeTKOM JIorM4eckoil mnepemeHHoM RD, mpeacTaBisroOmIeEro KOJIMYECTBEHHYIO OLEHKY
BO3MO>KHOCTH BO3HHUKHOBEHHS JE€TOHALMY NPU HATUYNN YIAPHOU BOJIHBI. 3HAaYEHHUS HEYETKOHN JIOTHYECKON

ey

nepeMeHHo RD BBIYHCISIOTCS Ha OCHOBE “deTkoii” Teopuu [10] m Haxomsrcs B auamazone ot 0 mo 1 (kak
3HAYCHHUS JTF000 TIOTUUECKON IEPEMEHHOM).

ATpubyt JleTOHAIIMOHHAS ONACHOCTH TPEJACTABIsIET COOOM WHTETPHPOBAHHYIO  OIEHKY
B3PBIBOONIACHOCTH OOBEKTa B JIAHHBIA MOMEHT BpPEMEHH KaK CIEJICTBHS €ro B3PBIBOOIIACHOCTH U
BO3MOXKHOCTH Tepexojia Je(iarpaliOHHOr0 B3pbIBa (XapaKTePU3YIOIIETrOCs HAJTMUUEM yJIAapHON BOJIHBI) B
JETOHAIMIO. 3Ha4YeHUs aTprOyTa JleToHANIMOHHASI OMACHOCTH BBIYHCIISIOTCS METOJaMU HEYETKOHN JIOTUKH
Ha OCHOBE 3HaueHMii arpuOyToB B3pbiBoomacHocTh 1 OTHOCHTENbHASI J€TOHAIMOHHAS OMACHOCTH H
TIPEICTABIISIOTCS HEUeTKO#H mepeMenHoi D .

Hns xkaxmoro kinacca SO0 (npencrasnennoro B koHKpeTHOM [1JI00) onpenenensr OTHOCUTENEHO
netonaronHoonacuerit I11JI00 (O/_BI1JI00) u deronammonHoonacusiii 1IBOO (_3I1100).

ITox OA_SOII100 noapasymesaercss TOT 3k3eMIunsip DII/I00, 11 KoTOporo 3Ha4eHHE JOTMYECKON

nepemeHHO RD w3 arpubyra OTHOCHTeIbHAs JA€TOHAIMOHHAS OMACHOCTH HMEET MaKCHUMAIbHOE
3HAYCHHE.

Ilog I OIIJOO mogpasymeBaetrcsi TOT 3k3eMiuisip DIIJJOO, mist KoTOporo 3HayeHUE JIOTMYECKOU
nepeMenHolt D u3 arpuGyTa JIeTOHAIMOHHAS OMIACHOCTH HMEET MAKCUMAJILHOE 3HAUCHHE.

Mexay OJ1 OITJI0O0 u SI1JOO ycraHoBiIeHa yCIIOBHAS CBsI3b oawH-K-oxHOMY (1:1) [9], Takoro ke
THIA CBsI3b ycTanoBieHa mexay 1 OI1JI00 u DI1J100.

Crnenyet otmetuts , uto O SO0 u SO0 kak 00bEKTH HIMEIOT BCETO 0 OJTHOMY 3K3EMILISIPY.

B mpunnune O OIIJIOO m I OIIJAOO MoxkHO paccMaTpuBaTh B HEKOTOPOM CMBICHE Kak
accolMaTUBHBIE 00BEKTHI, CO3manHble it GopManu3zaiuu cBs3eit Mmexay CIIBOO u BIIBOO — cesseid, B
KOTOPBIX CylecTByeT KOHKypeHuusi [9]. KoHKypeHIMs COCTOMT B TOM, YTO JETOHAIIMOHHAs ONAaCHOCTh
cnoxsoro IIJIOO ompenensercs kak AETOHALMOHHAS OMNACHOCTb MAaKCUMAJIBHO JETOHAIIOHHOOIACHOTO
SO0, a oTHOCUTENBHAS I€TOHALIMOHHAS omacHOCTh cioxHoro [IJ100 onpenensercss kak OTHOCUTENbHAsS
JETOHAIIMOHHAS OMAacHOCTh Hambojiee OTHOCHTENbHO neroHannonHoomnacHoro OJIIJOO. Ilpu stom
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Tpedyercs (ukcupoBath, kKako mMeHHO w3 JIIIJJOO sBisSeTCS MaKCHMAaIbHO E€TOHAIMOHHOOIIACHBIM
(1_D2I1JI00), a kakoit — HanboJlee OTHOCUTEIRHO AeToHannoHHoonacHeM (O] SI1100).

Ha cnenyromem stane pazpaboTku MHOOPMAIMOHHOW MOAETH CHUCTEMBI CO3JaHO (B camoM oOmieM
Buze) rpadudeckoe nzobpaxenue cinoxkxoro I1JI00 (CITJJOO), cocraBnennoro u3 paznudabix I11JJ0O0.

Tak kak Bce OOBEKTHI C WX aTpUOyTaMH M BCE CBSI3U MEXIy OOBEKTaMHU OIUCAHBI, TO MOXKHO
chopMHUpPOBATH — ECTECTBEHHO, B CAMOM 00IIIeM BuAE WHPOPMAITOHHYI0 Moaeib mponssoiasHOro CITOO0.

Hns mHpOpMalMOHHON MoJenu 000N MOACUCTEMBI OCHOBHBIM pPaOOYMM MPOAYKTOM SIBISICTCS
muarpamma  wH(pOpMannoHHON CTpykTypsl [9]. HumarpamMma wWH()OPMAIMOHHOW CTPYKTYPHI €CTh
rpaguieckoe MpeacTaBiIcHHE WHPOPMAIMOHHON MOIETH (mHOTHA nmHarpamMMmy WHGOPMAITMOHHON
CTPYKTyppl caMy 1o ce0e Ha3plBalOT WHPOPMAUMOHHOH Mojenbio). [locTpoenHas auarpamma
uHpopmanuonHor crpykTypbl CIIAOO mo dopme Mano ornuuaercss OT AWarpaMMbl WHPOPMALUOHHON
cTpykTypsl cnoxHoro [IBOO (CIIBOO) kpome yka3aHHBIX BbIIe pa3nuduii B atpuOyrtax. [lpm stom
MPOM3BEICHO OIMCAHUE BCeX 00BEKTOB, aTPUOYTOB U CBA3EH MOJCIH.

B cnyuae ad6ctpaktHoro CITJIOO HEBO3MOXKHO (hopMalIM30BaTh AUHAMHYECKOE MMOBEJACHUE OOBEKTOB B
TepMUHAX MOJEeH coCcTOSHMM [9], Tak Kak HEBO3MOXKHO C(OPMHPOBATH MOJHBIA CITHCOK COOBITHI. Takas
(dopManm3anMs ¥, COOTBETCTBEHHO, CO3JaHWE JaUarpaMMbl TI€pexoloB B cocTosHHA [9]TpedyroT
paccmotpenust koukpetHoro CITAOO, xoTopsiM MOXeT OBITh Kak CKJIaJ OOCHpUIACOB, TaK U 3€PHOBOMN
3JIeBATOP.

Takum obOpazom, co3mano (B camoM obmieM Buae) rpaduueckoe m3odpaxerne CIIJI00, cocTosmero u3
pazmnunbix JI100, a Taxke noctpoeHa auarpamma nHpopMmannonHou ctpykrypsl CITJIOO, sBastomasics
rpadUUecKUM MpeAcTaBIeHIeM HHPOPMAIIMOHHON MOJIETTH STOTO OOBEKTA.
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I'OTb M.B., IKOBMHA B.C., KOPOTEEBA T.O.
HY «JIbBiBChKa momiTexHiKa» (YKpaiHa)

CUCTEMA TIOLIYKY OIITUMAJIBHOI'O EKCKYPCIMHOI'O MAPIIPYTY

Cucmema nowyKy ONMUMAIbHO20 eKCKYPCIIHO20 Mapupymy peanizoeana Ha OCHO8I Memooa
PO38’A3KYy 3a0aui Komigosdicepa, a came, AI2OPUMMY HAUOIUNCUO20 cycida, AKUL HA 6uxodi 6uode
BHOPAOKOBAHY NOCNIO0BHICNb 0OPAHUX MYPUCHUYHUX 00 €KMIB 011 NOOANbUI020 NPOKIAAOAHHL Mapupymy
Minimanenol  Odoeoxcunu  3acobamu  GoogleMap. @opmyeans  nocaidosHocmi  nepedbayae
bacamoxpumepianbHicmv 3a0ayi. 8PAXYy8aAHHs NPOMINCKY GLIbHO2O uacy, epagikie pobomu 06’ckmie ma
munom 06 ’exmis. Bubip mypucmuunux o6 ’ekmie epyHmyemsca Ha 6n0000AnHAX Kopucmysaua, iHghopmayii
npo 06 ’€km ma HA6HUX 8i02YKAX i OYIHKAX.

Typuctuunuii 6i3Hec YKpaiHM 3HaXOAWUTBCS Yy CTaHI aKTUBHOIO pPO3BUTKY. B ocranH1
JECATUIIITTS Hallla KpaiHa cTajia BiIOMOIO Ha MKHAPOIHOMY PiBHI, IIIO JJO3BOJIHMIIO apXiTEKTYPHHUM,
ICTOPUYHMM Ta MPUPOAHUM IaM’ATKaM KYJbTYPH HAIOi JAEp)KaBU OTPUMATU [OMYJSPHICTH 5K B
KpaiHi Tak i 3a kKopaoHoMm. Kpainy mopoky BigBiaytoTh Oinbine 20 MibHOHIB TypUCTIB, B TEPIILY
yepry i3 KpaiH cxigHoi €Bpomu, a Takox 3axigHoi €sponu, CIIA 1 Kuraro. B Ykpaini min
OXOpPOHOIO JIepKaBH HepeOyBaroTh moHaa 140 THCSY HEPYXOMHX HaM'sTOK icTopii Ta KyabTypu[1].
bararo mrozieil HafaTh HepeBary caMoTYy>KKH CKJIalaTH MailOyTHIM MapLIpyT OTJIsiAy TYpPUCTHUHUX
00’ekTiB. Iy poro moTpiOHA MOCTyMHA iHGOPMALiS PO KPaiHW, MICTa Ta TYpPUCTHYHI 00’ €KTH,
rpadiku iX poOOTH, BIATYKY IHIIMX TypHCTiB. [Ipm oOMexeHi BIIbHOTO Yacy TYPHCTH XOYYTh
BIIBIATH Ta OINIAHYTH SK HAWOULIbIIEe IIKaBUX MICIh Ta apXiTeKTypHUX HaMm sSTOK. Tomy B
HE3HalOMOMY MICTI M HEOOXIJHO CKIACTH MapIIPyT MiHIMaabHOI MOBKHUHU MIX OOpaHUMHU
o0’exktamu. Came B [bOMY IIHMTaHHI JOMOMOXE 3aCTOCYBaHHs 3amadi KomiBosbkepa [2] 3
BpaxyBaHHSM OaraTOKpUTEepiaibHOCTI Mpyu BHOOpPl ONTUMAIBHOIO NLISAXY, a came, JOBKHUHA
MapuIpyTy, YaCOBHI MPOMIXKOK €KCKYypCii, Tpadiku poOOTH TYPHUCTUYHUX 00’ €KTiB, KOMIIOHYBAaHHS
00’€KTIB 3a TUIIOM.

Cepen cucTeM-aHAJIOTIB MOKHA BIIMITHTH Taki, sik cepBicu Google Maps, YandexMaps,
MoOinsHHI gomatok Foursquare City Guide. Ta Bci BOHM MaiOTh CYTTEBHH HEIOJIK: T03BOJSIOTH
OyIyBaTH MapHIpyT TIJIbKM MDK JBOMa BKa3aHUMHU 00’€KTaMHU 1 HE JO3BOJSIOTH 3a/1aTH CIIMCOK
00’€KTiB, 110 (OPMYETHCS 3 BpaxyBaHHSAM MiHIMI3alii JOBXKHMHU MapuipyTy. BpaxoByroun nei
HEJOJIK CUCTEeM-aHaJoriB OyJ0 BHUPINIEHO PO3pOOMTH BIACHUN MPOrpaMHUN HPOAYKT MOOYAOBU
eKCKYpCIHMX MapuipyTiB JUIsl OOpaHMX TYpUCTUYHMX OO’€KTIB Ha OCHOBI METOMIB PO3B’S3KY
3a/1a4ul KOMiBOsDKepa.

OTxe, 3 BpaxyBaHHAM OCOOJMBOCTEH NpeAMETHOI 00JacTi 3ahady KOMIBOSDKEpPAa MOXKHA
chopMyJTIOBAaTH HACTYITHUM YMHOM: Ha IUIOIMIMHI po3TamoBaHi N TypUCTUYHUX 00’ €KTIB, JJIS IKUX
Ha OCHOBI iX reorpaiyHuX KOOPJHMHAT BHPAXOBYIOTHCS BIACTaHI MK KOXHOIO Maporo 00’ €KTIB.
[ToTpi6HO 3HANTH MapuIPyT MIHIMAJIBHOI JOBXXHWHHU 3 BIIBIIyBaHHSM KOKHOTO 00’€KTa pIBHO OAMH
pa3 1 3 NMOBEPHEHHsSM B MOYaTKOBY TOYKy. L{inboBoro QyHKLi€IO, sIKy Tpeba MiHIMI3yBaTH, €
JOBKMHA MapuipyTy. OOMEXKEHHSMU pO3IJIAJAlOThCA YacOBHM MPOMIKOK €KCKypcii, Tpadiku
poOOTH TYPUCTUYHHUX 00’ €KTIB, TUIIH 00’ €KTIB.

BuninsioTe HacTymHi Tpynu MeETOJIB PO3B’SI3KYy 3ajadi KOMIBOsDKepa: IMOBHUM mepelip,
BUNAKOBHH Tiepedip, kaniOHi anroputmu [3], METOA MiHIMAIBHOTO OCTOBHOTO JEepeBa, METOJ
iMiTamii BiJmaxy, METO T1JI0OK 1 MEX, alfTOPUTMHA ONTUMI3AIlT PO3B SI3KY HA OCHOBI MOCIIIOBHOTO
CKaHyBaHHS JIUISHOK iCHYI04YOro MapuipyTy [4] Ta Gararo iHmmX.

Buxonsuu 3 ycepenHeHnx (i3MUHHUX MOXKIIMBOCTEH E€KCKypcaHTa IependadaeThcs, 10 3a
JIeHb JII0/IMHA MOXKE BIJ[BIIaTH Ta OTJISIHYTH 3 KOPUCTIO AJis ceOe He OinbIie 5-7 06’ extiB. Tomy npu
BUOOp1 METOY PO3B’A3KY 3a/1adl KOMIBOSKEpPa OCHOBHUM KpHUTepieM Oylia MpocToTa peaizalii Ta
MakCUMajibHe HaOMKEHHs pe3ylbTaTy [0 ONTHUMajdbHOro. JIOCHiJUKeHHsT pI3HUX METOJlIB
PO3B’SA3KYy 3a7adi KOMIBOSDKEpa IMOKa3ayo, M0, 3 ypaxyBaHHSIM HEBETUKOro 3HadeHHS N, sk
KUTBKOCTI TYPUCTHYHHUX 00’ €KTIB Ha MapIIPyTi, Ta MPOKIJIAAAHHS MapIIPYTy MO ICHYIOUHUX BYJIHUIISX
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MicTa, JUIsl peajizalii MOCTaBICHOI 3a/1a4i JOCTaTHRO O0paTH OJUH 3 JKaIIOHUX aJTOPUTMIB, IO €
OpPOCTUM B peanizanii Ta He mnoTpeOye 3HAUYHUX KOMII IOTEPHUX pECypciB, a came, METOJ
HaiomK9Ioro cyciga [5]. AJAropuT™ nNpocTHii y peanizaliii, BUAKO BUKOHYEThCs. OOUYUCITIOBaIbHA
cknaaHicTs anroputmy O(N?).

[TokpoKOBHMii OMKC aATOPUTMY HAMOIMKYOTO CyCiJia BUTIIAIAE TaK:

Bxinai nani: MHOXKMHA To4oK V posmipHicTio N. Buxinai mani: mapmpyt T, mo ckiagaerbes 3
MTOCJTIIOBHOCTI Bi/IBiAyBaHHSI TOUOK MHOXHUHU V.
1. JloBinbHO OOpaTH MOTOYHY TOUKY.
2. 3HalTH HAKOPOTIIE peOpo, IO CIOIYYaEe MOTOYHY TOYKY 3 J0CI e HE BiJIBIIaHOI0 TOYKOIO

V.

3pobutu TouKy V MOTOYHOIO.

[To3nauuTu Touky V, SIK BiABiaHy.

Komu Bci TOUKM BiBiIaHi, MPUITUHATH MOIITYK MapIIpyTy.

Inakmie nepeiitu 10 Apyroro Kpoky [5].
ANTOPUTM HaWOIMXKYOro cycima OyB BHKOPUCTAaHHMH TIPH PO3pOOIIl CHUCTEMH IOUIYKY
ONTUMAJIBHOIO EKCPYPCIMHOrO MapuIpyTy 3 BpaxyBaHHSIM OCOOJMBOCTEH NpeaMeTHOi o0JsacTi.
Takoxx Oyna peanizoBaHa MOXKJIMBICTh HAJlaBaTH KOPUCTYBauyy pPEKOMEHMAIl JjIsi BiJIBilyBaHHS
00’€KTiB 3a BITOI0OAHHAMH TYpPHUCTA, SIKI BIACTIAKOBYIOTHCS 32 C(OPMOBAHUM MONEPEAHIM CITCKOM
00’exTiB. I[Ipu npoMy Oyl0 BHUKOPHUCTaHO KOHTEHTHY OIIbTpallil0o Ta ajrOpUTM KiacTepusarlii
00’ekTiB 3 mpu3HaYeHHsAM. Lleil amroputM 3acHoBaHWi Ha ifeHTHbIKAIii MOMIOHOCTI MiX
eJIeMEHTaMH, OOYMCIIOIOUN iX BIJCTaHb BiJ IHIIUX €JIEMEHTIB y MnpocTopi o3Hak [6]. KimbkicTh
HE3AIICKHUX PUC BU3HAYAE BUMIpP XapaKTEPHOTO MpocTopy. SKino enemeHTH "Onu3bKi" OOUH 10
OJIHOTO, BOHU MOXYTh OyTH 00'eqHaHi B oauH kiactep. Jns moainy enementiB Ha K kmacrepi
3aCTOCOBYEThCS anroput™M K-cepennix. EmemeHTH cnovatky po3moauISIOTBCS Ha Il KIacTepu B
JIOBUIbHOMY mMOpsiaKy. IloTiM, /Uis KOKHOTO KiacTepa po3paxOBYEThCA LIEHTP MacH K (YHKIIS
fioro wieHiB. Jlami mepeBipsA€THCS BiJICTaHL KOKHOTO WICHA KacTepa BiJ MEHTPY Kiacrepa. SKiio
115 TIepeBipKa BU3HAYAE, 110 €NEMEHT € OJIMKYUM JI0 1HIHOTO KIJacTepa, TO Horo Oyne mepeMilieHo
no 1uporo kiactepa. Ilicist mepeBipkM BCiX BiACTaHEW HJisi BCIX WICHIB, KJIACTEPHI IIEHTPU
nepeoOuncaol0Thcs. Komu nocsrHyto ctalinbHMil CTaH (WieHH He OynM mHepeMillleHi MmiJl 4Jac
HacTymHOI iTeparlii), HaOlp BBaXXAE€ThCS KIACTEPU3OBAHUM HAJIKHUM YHHOM, 1 alTOPUTM
3yMUHSAETHCS [6].

OyHKIIOHATIBHI XapaKTEPUCTUKKH po3po0sieHol cuctemu BigoOpaxkeHi B UML-giarpami
npeneaeHTiB Ha puc.l. OcHOBHMMHU BuJaMM KopucTyBauiB €: 1. Anminictpatop B/, sxuii mae
MMOBHUM KOHTPOJIb HAJ[ 023010 TaHMUX, JOCTYII 10 PeAaryBaHHs, BUAAICHHS 1 JoAaBaHHs 1H(pOpMaIii
BCiX Tabuuup B 0a3i, B TOMYy YMCHi TabuuLi afaMiHicTpaTopiB. 2. Ekcriept — Mae octyn 10 Tabnui
00’€KTiB, pO3KIaaiB pPoOOTH 00’€KTIB, 300pakeHb, TUIIB 00’€kTiB. Moke M0JaBaTH 1 BUAAIATH
TYpUCTHYHI 00’ €ekTH. 3. Mozaeparop — Mae AOCTYI A0 TaOJIMIIl KJIIEHTIB Ta KJIIEHTCHKUX BIATYKIB. 4.
KopucryBau — mae MOkJ1BICTh 00MpaTH 00’ €KTH, GOpMYBATH MapIIPYTH Ta 3IUILIATH BIATYKH.

Il
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TIporpama cKialaHH i TYPUCTHYHMX MapIIpyTiB

Tloctyn 0 B <<include>:
O e N \<<include>>
N ~ <

<<include>> N
'Dd“de "~ Jloctyn 10 O
~ <<include>> Gt Bi .
N TabmHIi BiATyKiB

N
JHoctyn 10 AN
TaOmumi 06'eKTiB
- N M
N ~ Tabnuui KITieHTig ozeparo
<<extend>> <<extend>> Aep p
A ~
~
~
'TBOPEHHS HOBUX Jocryn 1o
o0'extiB posKanis

Bubip narn
TIOITYKY
MapupyTy

TlocTyn 10 Tabmui
KIEHTCHKHX
3aMOBICHD

Cyniep-ro3ep

O

Ekcnept

Kiienr

eperyisl BeixX
JIOCTYMHUX

ob'extin
JlonaBaHHs y
BJIACHOTO Bi/INYKY, 7 /
<<include>> !

Bubip 06'cxtiB
I

JUSL MAPLUIPYTY
<<extend>> ;7 <<extend>>

[
<< >>
Tepernsn II EXIIE nd
Biarykis
. . OTpuMaHHs 3BITY
®inprpais 3a P o
PO CKIIAICH it
THTIOM
MapHpyT

Puc. 1. Jliarpama npeneneHTiB
Jnst  peamizanii mporpamHOro TNpoayKTy BukopuctaHi Texnoisoris ADO.NET Entity
Framework, Microsoft SQL Server 2017 st poGoTu 3 6a3010 JaHUX Ta MOBa mporpamyBaHHst C#.
3a OCHOBY Bi3yaJbHOTO 300paKeHHS MO0y T0BAaHOTO MapHIpyTy oOpaHo nmporpaMuuii cepsic Google
Maps. dopMyBaHHS CHHCKY TYPUCTHUHUX 00'€KTiB MailOyTHBOT €KCKypcii Ta pe3ynbTaT o0y 10BH
MapuIpyTy MpencTaBlieHi Ha puc.2, puc.3.

- o x

S
Ykpaiva v ' NbBiB JM() TpasHa 2019 p. .

3 Bracwa excxypcin

BominixanceKuit cobop

Aomikixarncekuii cobop Br100- 180 e
5 Cpe 109~ 180 = %
B3POKOBMR MOKSCTHD 3 KYNIOTOM, BEEI0 | BMWYXaHWM iKTep'epow. 3ap3s ue rpexo- (7 00" 133 9] Uepene cobop
TOAMULKS LePKE3. M 100- 180 7] Mysest
C6:100- 180 [ kabe =
He: 100 - 180 T
V] Nswarmee 2

- JlbmiBcbKWii TeaTp onepy Ta 6anety M 90210
36)z00ame0 W3 NoNTEy MWAYAOTO CTONTIR 33 poexTou apirextops Snpaa & 50 200
ifopronescaxoro Beawknii Teatp y flseosi nopismosany 3 Mapskow Ta BIAEHCHKOW . gp 315
poio. CToRuM Nepea Besmunvm $acagom Uiel GaHTACTWUHOI CTIOPYAM BIAWYB3EW Miy: 90 - 210
g2 R decenorniaiouy NOTYTy MUCTEUTES, FOTO BIUMICTS Y KOWTPACTI 31 WBMAKOMAMKHICTIO C6: 90 - 210
0ACeKOTO wMTTA. Lle cnopyaa. y AKifi MOXMa 3adT pisHi apxitextypei crwni Ha 90-210

Elpnmmﬁ cobop e . legbilie) o éa
BXOAOM Y. MPOSARE M3 (10" 320

XHOFO He3aBYTHI Bpaxienna. BONa Gyfa NOBYAOBINA BIAOMMM ADXITEXTOPOM METPOM ur 100 220

kM 8 1571 poui. 3axonneni NOTARAM TYPWCTIS TaKOX NPMBEPT3E BIAOME My 100 - 220

8'AHa KanauuA 18 croaiTrs, pissboro, Tyr €6:100- 220 — O6patn roannu poborn
igTap i3 300paxeHAM Xpucta Ha Fonrodl Lied icTopuummil nawaTHuk Wanexams Ha 100-220

cnagus KOHECKO.

Mam’'aTuunk Tapacosi Lllesuenky Ml Linoacsoeo
Nlaw AT poiLiew? Ha pocnexTi CooB0aM wa OCTpiau, ae 40 1950 pory crows 2 Lirosotoss
ot MONYMENT xopomo Ay Il Cobes a npotarom >
PIORY POIMKLYBANACA KAYMOA. Ha Biaminy BiA Na'ATHKD COBECUKOMY. NaN'ATHAK . Tinekn 3 $o10
ieuxy IuileW A0 CXAMOrO KPalo yTBOpewol nnowi. BiM BMAURETSCA Ha Thi C6: Linosoboso 3acTocyeaty GinsTPH |
I CreopuTy MapwpyT

MBLIOWATLHOMD  SIAPOAXEHHA CEOGO BACOTON JEWO KOMKYDYE 1 ASBINAUEID 3KmHyTH GiATDM

Puc. 2. Criucok TypuUCTHYHUX 00'€KTIB




109

©

%o

o

° eee®
es®

e

o

°

| °

Puc. 3. IloOynoBanuit Malep}”’-TM

BucHoBkn: B janiii crarti po3rmisiHyTa 3amada MOOYIOBH ONTHMAIBHOTO EKCKYpPCIHHOTO
MapmpyTy SK BapiaHT KIACUYHOI 3aladi KOMiBOsDKepa. AHI3 MeTOJiB pO3B’SA3KYy 3aaadi
KOMIBOSDKEpa Ta 0OMEXKEHHS PO3IIISIHYTOI MPEeIMETHOT 00JIaCTi MOKa3aB JOCTATHICTh 3aCTOCYBAaHHS
METOJTy HaHOIMKYOTO Cycina Juisl BUPIMICHHS naHoi mpobiiemu. Po3poOiieHa mporpamMHa cucreMa
BpaxoBye OaraTOKpUTepiaibHICTh MOCTABJICHOT 3a/1adi, a caMe: YacOBUH Iepio eKCKypcii, rpadiku
poboTu 00’ekTiB, TUI 00’€KTiB. Peamizarlisi maHOi cHMCTeMH Ta BIPOBADKCHHS 11 Y TYPUCTHUHUIM
013HEeC 103BOJIHUTH 30UTBIIMTH MOTIK TYPHUCTIB Y MicTa YKpaiHu, a BIATIOBITHO MO3UTUBHO BIUIMHE Ha
IMIJDK KpaiHu.
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VIK 004.056.52
®EJIOPOHYVYK B.B.
OHITY (Ykpaina)

CUCTEMA VYIIPABJIIHHA JOCTVYIIOM B BEB-3ACTOCYBAHHAX

B pobomi obipynmosano axmyanvHicme ma po3poOreHO apXimeKmypy cucmemu YApAaeiiHHs
docmynom 6 eeb-3acmocyganuax. 3agosku yiti cucmemi po3pobHuKu npoepamnozo 3abesneyenns, DevOps
iHJtceHepu abo iHdiceHepu 3 Oe3neKu 3MOXCYmMb YApasiamu 00CMynom 00 iHmepdgheticie 6eH-3acmocysans
YeHmpaniz08ano ma 3 GUKOPUCMAHHAM 3PYYHO20 iHmepghelicy .

Cyuacue mnporpamue 3abesmeuenns (I13) crae Bce CKIAAHIMINM, IO, 30KpeMa, MPHU3BOAUTH 0
YCKJIaHEHHS pillleHb, TOB’sA3aHUX 13 3a0e3meucHHsM Oe3neku. YpasnuBocti B [13 mimpuBaroTh Oe3meky
BRXIUBUX 1HQpACTPYKTyp, TakuxX SK MEOUIMHA, OOOpOHHA MPOMHCIOBICTH 1 ¢inancu. Open Web
Application Security Project (OWASP) perynsipHo BHITyCKa€ MJOKYMEHTH B SKHAX OIHCYIOTHCS
HaWKPUTHYHINI pHU3UKHN Oe3neku B BeO-3acTocyBaHHAX B pamkax npoekty OWASP Top Ten Project [1]. 3a
iX JOCTiIKEHHSAMH cepel] HalOibIll KpUTHYHUX THITIB BPa3IHBOCTEH € BpasiuBicTh «Hemomiku KOHTPOIIO
nocrymy» [2].

Kontpone noctymy no cywsacHux BeO-API 3milicHIOEThCS Ha PiBHI MPOTPaMHOTO KOy, IO iCTOTHO
YCKJIaTHIOE HOT0 peai3allifo, OCKIIbKU:

1) B CKJIaIHUX 3aCTOCYBaHHSX € 0araTo poJied i yMOB IOCTYIY 10 00'€KTIB;

2) BiIMOBIAHICTB YCIX poONieH, YMOB OCTYIY Ta OO0'€KTIB OCTYITy 9acTO «PO3MHTa» IO BCil KOMOBii
6as3i;

3) npu xoMrpomerTalii iHppacTpyKTypH, B SIKii MICTHThCSI KOJ] 32CTOCYBaHHs, Oy/le CKOMIPOMETOBaHa
1 MOJIeNTb KOHTPOJTIO TOCTYITY JI0 3aCTOCYBAHHS,

4) mpu 3MiHI MOJIENTi KOHTPOJIO JOCTYITYy 3MIHFOETBCS KOJ| 3aCTOCYBaHHS, BINMOBIAHO HOTO MOTPIOHO
30MpaTH 3aHOBO Ta TIEPEBCTAHOBIIIOBATH.

VYci nepeniueni Buie GakTOpu MOXKYTh IPUBECTH J0 ITOMHIIKK KOHQITYpaIii KOHTPOJIIO TOCTYITY.

B miit poboTi BupimryeTscs mpobiieMa CKIaTHOCTI KOHQIrypamii KOHTpomro mocTymy. s mboro
CIPOCKTYEMO CHCTEMY JUisl 3a0e3MeueHHs [CHTPaNTi30BaHOTO YIPABIiHHS AOCTYIOM B Be0O-3aCTOCYBAaHHAX
Yepe3 MpU3HaYeHNH ISl KOpUCTyBada iHTepdeiic, sika J103BOIHUTS:

1) ynmpaBisTH MpaBaMu JOCTYIY LEHTPAI30BAHO 3 OJHOTO MICIIs;

2) YHUKHYTH HEOJHO3HAYHOCTI iHTepmperamii KoHQIrypamii KOHTPOJIO JIOCTYIy 3aBISKH
KOPHUCTYBAI[bKOMY iHTEpdEHCy;

3) mBHIIIE 3MIHATH MOJIE/H KOHTPOIIIO AOCTYILY;

4) yHUKHYTH KOMIPOMETAI] MO/l KOHTPOJIIO IOCTYIIY;

5) yHHUKHYTH HEOOXI/IHOCTI IepeyCTaHOBICHHS CHCTEMH ITiCJIsl 3MiHU MO/IEIi KOHTPOJIIO JJOCTYIIY;

6) YHHUKHYTH 4acy MpPOCTOI0 CHCTEMH IIiJ| 4ac MEpeyCTAHOBJICHHS ITiCIsi 3MIiHM MO KOHTPOIIO
JOCTYIIy.

3aranpHa apxiTeKTypa CHCTEMH MoKa3aHa Ha puc. 1.

rules CRUD operations retrieve access rules

’GTD{

Ul board backend Command Channel

retrievs periodically

manages rules data
access rules

Ul board Customer's app side

Access Control
Client

f

Puc. 1 — Apxitektypa cucteMu

Customer's app

is used as middlware
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OnwumeMo Mpu3Ha4YeHHS KOMIIOHEHTIB CHCTEMH.

Ul board — Opay3epHuii KOpUCTYBAllbKUH KITIE€HT, KM Hamae iHTepdenc IS yrnpaBIiHHI
JOCTYIIOM, @ caMe JUIsl CTBOPEHHsI, 30epiranHs, MOAU(IKyBaHHS MPaB JTOCTYILY.

Ul board backend — cepsic, sikuii Bigmoinae 3a Bukonanasst CRUD onepartiii, siki HaaXoaaTh
3 Ul board. Mae tpurapoBy apxiTektypy, A€ Nepuiuii piBeHb — PiBEHb JOCTYITy JI0 JAHHX, IPYTHil
pIBEHb — CEPBICHUM, BIANOBiZa€ 3a OOpPOOKY MaHMX, TPETiH PIBEHb — pPIBEHb KOHTPOJEPIB,
BianoBigae 3a 06pooky HTTP 3amuTis 3 Ul board.

Command Channel — cepgic, skuii Hagae moxyaro Access Control Client mani, momo npas
noctymny. Mae cxoxy 3 Ul board backend tpuiiapoBy apxitektypy, aje € BiAIOBIIHUM 32 00POOKY
sarmTiB 3 Access Control Client.

Access Control Client — Moxynb, sSIKUif BAKOPHCTOBYETHCS KOPHCTYBAIIbKHM 3aCTOCYBAaHHSIM,
3a JIJIs1 TOTO 1100 KOHTPOIIOBATH IOCTYTI 110 ioro API.

OCKiNBbKHM CHUCTEMa JI03BOJISE YIPABISATH JOCTYIIOM 10 Be0-3aCTOCYBaHb BTpaTa ILTICHOCTI
JaHUX MOXK€ TPUBECTH MO TOSBU KPUTUYHUX Bpa3IMBOCTCH. Y SKOCTI 0a3u nmaHux Oyje
BUKopucToByBaTHCh BJl pensuiitnoro tumy, Tomy mo yci PCKB/l HamaroTs nonaTkoBuid piBeHb
yIpaBIiHHS IUTICHICTIO JaHHX.

Omnuiemo JnetajibHinne apxitekrypy moxayns Access Control Client, apxitektypa sikoro

MpeJIcTaBlieHa Ha puc. 2.
% Command Channel
Backend

A

r=ads rules

Access control client

Command Channg

updates rules

Y

i finds rules
RHIES?UEFSE(S'EDUUH ‘4) Rule Description Set

Y

HH

finds rules

checks access by
rule and principal
Aﬁﬁ;’fﬂ”{g“' — Accass Verifiar

Y

AH

redirects request
in order ro protect AP

Customer's application

passes to access
control midiware

Custom
Conditions
Application

Middleware
P r
Principal
Provider passes to access
control midiware

makes a request

Customer
application
client

Puc. 2 — Apxirektypa moaysst Access Control Client
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Po3srisiHeMo npr3HauCHHS KOMITOHEHT.

Custom Conditions — peasizoBani KopuCTyBauaMH crieniaibHi yMoBH goctymy 10 API. Ileit momysis —
HEOOOB’ I3KOBHH.

Principal Provider — peanizoBanuii KOpUCTyBaueM MOYJIb, SKHH BUTATa€ 3 3amurTa JaHi 00
Cy0’€KTy JIOCTyIy, a came WOro poJii Ta MOJAaTKOBI JaHi, sIKi MOXYTh 3HafoOWTHCs y moxaymi Custom
Conditions must peaizariii crieriaibHUX YMOB.

Access Control Middleware — 1eit Moxyb BOYIOBYETHCS y 3aCTOCYBAaHHSI KOPHCTYBaya, SIK IPOMDKHE
nporpamue 3abesnedenns. Bin e kackagom mus Access Control Client, skuii koopauHye il iHIIHX
MoayimiB. Bin BukopuctoBye Rule Description Storage mist momyky mpasumn 3a nesaum URL, HTTP
METOJIOM Ta POJUTI0 Cy0’ekTy mocTymy. Ta mepemae mpaBuiio Ta cy0 ekt moctymy mo Access Verifier samms
MEePEBIPKH JOCTYIIY.

Access Verifier — Mmonysb, SKuil 3aBASKH MEpeaHOMy HOMY MPaBUILy Ta Cy0’€KTy JOCTYIY BHUpILIy€e
gyn Mae cy0’ ekt noctyn ao nesHoro URL 3a meBaum HT TP metomom.

Rule Description Storage — momynb sikuit 30epirae morounmii Rule Description Set Ta wHamae
MOXJIMBICTH IIyKaTH mpaBuia goctymy y Rule Description Set.

Rule Description Set — cykymHicTh ycCiX MpaBHJI JIOCTYIYy IO 3aCTOCYBAHHS, HaJa€ MOMJIUBICTh
HIyKaTH TPaBHIa JOCTYIIY.

Command Channel — momays, sikuii peryispHo Butsrye 3 cepsepHoro Command Channel morousi
MpaBuIIa AOCTYyIy Ta 3amnucye ix y Rule Description Storage.

TakuM guHOM, B pOOOTI OomHcaHa apXiTEeKTypa CUCTEMH, siKa 3a0e3edye [eHTpaTi30BaHe YIpaBIliHHS
JOCTYIIOM B Be0-3aCTOCYBaHHSX 4epe3 MPH3HAUCHUIA U1l KOpHUCTyBada iHTepdeiic. Taka cuctema J103BOJIsIE
3armo0irTi MOMHUIIOK KOH(DIrypallii KOHTPOIO TOCTYIY Y Be0-3aCTOCYBaHHI.

CIIMCOK BUKOPUCTAHUX JIXKEPEJI

[1] Open Web Application Security Project, “OWASP Top Ten Project”. [Online]. Available:
https://www.owasp.org/index.php/Category:OWASP_Top_Ten_Project. [Accessed: Oct. 06, 2019]
[2] Open Web Application Security Project, “Top - 10 OWASP - 2017”. [Online]. Available:
https://www.owasp.org/images/9/96/OWASP_Top_10-2017-ru.pdf. [Accessed: Oct. 06, 2019]
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YK 004.4
POMAHIOK O.B., JTAIIKO M.C.
BiHHUIIbKHIT HAITIOHATBHHUN TEXHIYHMNA yHIBepcuTeT (YKpaiHa)

OCOBJIMBOCTI PO3POBKH TA BITPOBAJPKEHHSA AHAJIITUYHOI'O MOAYJIA JJIA
IMPOBEAEHHA ®OPYMHUX POJIBOBUX IT'OP

YV pobomi poszenanymo npobremu cy4acHux OpyMHUX PONbOGUX i20p, 30Kpema Asuuye 00MOOUHRY,
ma waAxu ix eupiwenns. Pozenanymo ocobausocmi po3pobKku ma 6npo8aotcenHs aHanimuiHo2o Mooyis OJis
BUpIUIeHHs AKMYalbHUX npod.aem nio 4ac npoeedenHs: hopyMHUX POIbOBUX i20p.

Ponbosa rpa (Big anri.: «Role-playing Gamey, nani — RPG) — Bua po3BakasibHOT i, Y4aCHUKH SKOi
pa3oM CTBOPIOIOTH a00 CITIIYIOTh BXKE CTBOPEHOMY CIOKETY B paMKaX OOpaHWX HUMH POJIEH, KEPYIOUHCh
XapakTepoM CBO€i poyli Ta BHYTPILIHBOIO JIOTiKOoIO cepenosumia [1]. Ha mepmmii mormsn 3BuvaiiHa
pO3BaXKallbHa POJIbOBA I'Pa CHOTOJHI BUBYAETHCS OCBITHIMH yCTAHOBAMH SIK IHCTPYMEHT, 1[0 MOXKE CIIPHUATH
MOKPAIEHHIO HaBYAIIBHOTO Tpotiecy. CreitHkyenep [2] crBepmxyBas, mo RPG — 1ie BUB4eHHS OyAb-IKOTO
CepeIOBHINA MPUPOJHIM YHHOM, BHPIMICHHS CHUTBHUX MPOOJIEM, IO BILTUBAE HAa PO3BHTOK IUQPPOBOi Ta
00YHCITIOBATIBHOT TPaMOTHOCTI SIK 31 CTOPOHH YUHSI, TaK i 3 00Ky BUHTEIS.

[lepmoro komepmirino moctymHor0 RPG BBaxaerbcss Dungeons & Dragons (D&D), ska Oyma
omy6nikoBaHa B 1974 pomi kommaniero TSR Gygax [3]. Jiogsm crmomo6aBcss MPUHIAI iHTEPaKTHBHOT
B3a€EMO/Ii1, TOMY, 3 MOSIBOIO iHTEPHET-MEpeXi, OyJIH CTBOpEHi crenianbHi Gopymu, Ky i Oyiu nepeHeceHi
BCi irpoBi Jii, 3aMiHIOIOYH TOJIOC, MAIIP Ta OJIBII MiJ Yac B3a€MO/Iii HAKMBO Ha KJIaBiaTypy Ta XyAOXKHIH
Tekct. PopyMHa (TeKcToBa) posboBa rpa (mami — TRPG) — e oxun 3 nanpsiMkiB RPG, sikuit pearnizyerbes
BUKJIIOYHO Y TEKCTOBOMY BHIJISII, TOOTO KOXKEH TpaBellb BiJl iMEHI CBOTO TIEpCOHaXKa MHIIE YaCTUHY iCTOPil
(mocT) B MeXkax 3a/IaHOr0 CIOXKETY, a PeIliTa TPaBIliB pearyroTh Ha HOTO CBOIMH IMOCTaMHM J0 THUX IIp, TOKU
CIOXET He Jili[ie 0 JOTIYHOTO 3aBepileHHs. Baxko ckazaTw, Konu came BuHWKIa mepma |RPG, ame
ocTaHHIM YacoM (hOpyMHI POJBOBI IrpH BUKIMKAIH CTPIMKE 3POCTAaHHS IHTEpeCy IO IrpoBUX CIHUTHHOT 3
PI3HUX TOYOK 30pY, BKJIIOUAIOUH AM3alH, PO3POOKY MPOTrPaMHOrO 3a0e3MeUYEHHSs, COILi0JIOTiI0, TICUXOJIOTiI0
Ta IHTEPaKTUBHY PO3NOBiAb [4].

Sk i Oynme-skoi Tpa, popmar TRPG mae cBoi mpobiemu Ta HEHONIKH, SIKi KBaBO OOTOBOPIOIOTHCS
JOCIITHUKaMH KOMIT IOTEPHUX POJBOBUX irop Ha pecypci «Mixnaapoanuii xypHan RPG» [5], skuii OyB
CTBOPEHMIA Y BIJTOBIJIb HA 3pOCTa0Yy MOTPEOY B MicIli I 30€peKEHHS Ta aHaIi3y JOCIIKEHb POIBOBUX
irop, mpobieM Ta po3po0OK, IO OXOIUTIOIOTH HAYKOBI YCTAHOBH, JI€ CIILJIBHOTH MOXYTh OOMiIHIOBATHCS
3HaHHsMU. Came TaM BHPIIIYIOTHCSl aKTyasbHI Ha ChOTOJHI MHUTAHHA y Tajy3i poJIbOBUX Irop, 30Kpema i
MUTAHHS PUCBYCHI KYJIBTYPi Ta B3a€MO/Ii1 MK Y9aCHUKAMH.

OpHUMHM 3 TaKUX OUTaHb € Ipo0IeMa roAMOAEepPCTBa Ta HeCTaya CeMaHTHYHOI Ta aHAITHYHOT 0a3u IS
rioro moritopunry. ['oamozepcTBo, a0 roamMoauHr (Bif aHTI. «god mode» — pexxum Oora) — ApaTiBIUBHMA
CTHJIb TOBENiHKM rpaBiiB B TRPG, skuii moisrac B TOMYy, IO TpaBellb HAJIIs€ CBOrO IEepcoHaXa
HQ/I3BUYAHUMH 1 HEBIACTUBUMH HOTO XapaKTepy MOXKIMBOCTSIMU Ta CHIIOK, SIKi 3a0e3MeuyroTh HoMmy
MEPEeMory y OyIb-IKOMY KOH(ITIKTI, 3aMiCTh TOTO, 00 IIYKATH PEaiCTUYHI UISIXH MOI0JIaHHS TpoOIeMHOT
cutyarii. Hampukiaj, nepcoHax, SKUH € MaJlcHbKUM XJIOMYHMKOM, CTBEP/KYE, IO BiH 3JaMaB IO
KO)KHOMY 3 YOTHPHOX KPEME3HHX HalaHUKIB. Y HACTUILHUX POJIHOBUX irpax, MOAiOHI 3asBU IPaBIIiB 0Jpazy
BIAXHIISFOTHCS 200 I'PaBellb-TOAMOEP 3aIUILIAE TPY.

Beepenuni crinbHOTH 3ycTpidaeTbes mie oauH TepMmiH — Mepi (Mapti) Cbio — apXeTHIl epCcoHaxa,
SIKOTO T'paBellb HAAUINB rinepTpohOBaHUMH, HEPEATICTUYHUMU JOCTOTHCTBAMU, 3MI0OHOCTSIMH Ta BE3IHHSIM,
IO CTAIOTh NEPEAYMOBOIO MAaHOyTHHOI IEPEMOTH TaKOT'O Tepost y Ipi.

IToBinbHA peakilis Ta HAITMCAHHS TOCTIB 13 3HAYHOIO 3aTPUMKOIO B 4YaCi € 1€ OJHIE0 MpoOIeMOto, SKa
3HWKYE SIKICTh TPU Ta IMJBUILYE PHU3UK HEJOBEJCHHS 11 J0 JIOTIYHOTO 3aBEpIICHHS Yepe3 BTpary
3aIliKaBJIeHOCTI 3 OOKY 1HIINX YYaCHUKIB.

3a3HadyeHi NpoOJIeMH TOCHIIOIOTh BIAYYTTS HEBIOBOJECHOCTI TPOI0 Y IHIIMX TpaBLiB, TOMY
aJIMiHICTpallis poNbOBUX (GOPYMIB 3a3BUYall CIHiJKye 3a X TOSBOI, TaK sIK iX ICHYBaHHS BBaXKAEThCS
YITHHTOM (MaxJIOBaHHAM) y Tpi. OfHAK Mae Micle JIFOACEKUX (PAKTOp, OCKIIBKK HE 3aBXKIU MOJIepaTopu
(i3M4HO 37aTHI yCIiAKYBaTH 3a yciMa, 0co0NrMBO KO Ha GopyMi Oinbliie THcsyi rpaBuiB. Tomy mpobiema
aBTOMATH30BaHOTO BUsBIIEHHA roamozepiB ta Mepi (Mapri) Coio i3 popMyBaHHSIM pEHTHHTY aKTHBHOCTI
TPaBI € JIOCHTH aKTYaIbHOIO.
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ABTOMaTH3aIlisl 3a0€3MeUyEThCS THTETPAIIEI0 y TPY aHATITUIHOTO MOIYJIS, KW TO3BOJIUTH 3POOUTH
PO IpaBlisd BUCHOBOK 0€3 BTpyYaHHs JIOACBKOro (GakTopy y 0codi amminicTpaTopa. st 1b0ro moTpioHo
chopMyBatu 0a3y 3HaHb 3 OOpPAHHX IMAPAMETPIB aKTUBHOCTI TPaBILs, TOOTO 310paTH CTATUCTUKY.

3a3Buuaif, cydacHi BeO-CaliTH MarOTh IHCTPYMEHTH A MoOyInoBUM TrpadikiB BiIBIAYBaHOCTI
KOPHCTYBadiB, MTOJILTy Ha KOHTHHTEHTH (32 BIKOM a00 CTaTTio), (opMyBaHHS PEUTHHTY 33 CYMapHHM 4acOM,
MpPOBEJIEHNM Ha pecypci Ta iHmie. Lle BBakaeThCs OCHOBHOIO aHAJITHYHOI CKIIAJOBOI BeO-pecypciB Ta
3a0e3MeuyeThCs CeLiani30BaHUMHU CepBiCaMu.

OparM 3 HaUTIOMYJISIPHIIIMX cepBiciB y 1iH ramy3i € Google Analytics (puc. 1). CepBic Hagae neskuit
nepenik QyHKOid 1mo 300py maHuX 3 BeO-pecypcy Uil MiABHIIEHHS e(peKTUBHOCTI B poOOTI 3 HHUM, IIO
OUTBIIMM YMHOM CTOCYETBCSI KOPIIOPATUBHOI KIIiEHTYpH. TakuMu QYHKIISIME €: OTpuMaHHs iH(popMaii mpo
LTBOBY ayAWTOPiIO, OLiHKa e(EeKTHBHOCTI KaHaTiB Tpadiky Ta PEKIaMHUX IHCTPYMEHTIB, BUSBICHHS
CTOPIHKM 3 BHCOKMM IOKAa3HHUKOM BiJIMOB, aHaJli3 4acy 3aBaHTAXCHHS CAWTy 1 HOTO OKPEMHX CTOPIHOK,
BIJICTe)KCHHS JIMHAMIKHM TMPHUILIUBY HOBUX BiNBiqyBauiB mo IP-aapecam, meperyisj akTUBHOCTI Ha CalTi B
PEXUMI peabHOro yacy.
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Puc. 1 — Burmsin Be6-anamituku Big Google Analytics

[epenik moxnuBocTet Google Analytic € KOpUCHUM ISl PO3BUTKY BeO-pecypcy B LIJIOMY, ajie He
HaOmmxkae 1o BupimenHs mpobiem TRPG, amke cepBic MOCTaTHRO TOBEPXHEBO OPIEHTOBAHHA
IHMBIIyaJIbHO Ha rpaBlisd. ToOTO, BIH MOXKE BIAMOBICTH Ha MUTAHHS 3 SIKOT KOPUCTYBay KpaiHH, ajie Hi40oro
HE 3HATUME PO iM s IEPCOHAXKY, IKMM KOPUCTYBay I'Pae, i CKIIBKH KOHKPETHO irop BiH 3 HUM TPOUIIOB.

Y Mepexi € 6e3niu pecypciB (He TUIbKH GOpyMH, a i MOJEHHUKH, COLiaJIbHI MEpeXi, aaanToBaHi Mg
NPOBEACHHS irop), OJHAK BOHU HE MAarOTh IHCTPYMEHTIB ISl BIIPOBAKCHHS aHAJTITUYHOI CKJIAJOBOI JUIS
SIKICHOTO MOHITOPUHTY TOBE/IIHKK TpaBiliB. TOMy aKTyallbHOIO 3aJaueio € po3po0Ka MpOrpaMHOro MOYJIS 3
HOBOIO 3aITPOIIOHOBAHOI0 CUCTEMOIO TTOKA3HHKIB, IO 3a0€3NeYnTh HEOOXiTHUI PiBEHb IOKPUTTSI KOHTPOJIIO
TpY, TPaBLiB, MOKpanuTh sKicTe 1RPG, BupimmTh MmpoOieMy TOAMOAWHTY Ta ITiJBUIINTH AKTHBHICTH
IpaBIIiB Ha pecypci.

Iepm 3a Bce, NOTPIOHO BIANOBICTH HA JIBAa MHUTAHHS: IO CaME aHAII3yBaTHMMETHCS Ta SKHUM YHHOM.
IToBepuemocs no cepsicy Google Analytics. Sk mMeTox 300py CTaTHCTHYHMX IaHUX BiH BUKOPHUCTOBYE
CTaTUCTUYHE 3BEJIeHHs. BizbMeMO HOTO 3a OCHOBY Ta JONOBHUMO KOTO 3ampONOHOBAHUMH KPUTEPisSMH
OIIIHKK aKTHBHOCTI TpaBis. CyTh METOJy TOJIATAE Y TOMY, IO B PE3yJbTATI MEPIIOi CTail CTATUCTHYHOTO
JOCIHIPKEHHSI — CTATUCTUYHOTO CIIOCTEPEKEHHS — OJIEPXKYIOTh BIJOMOCTI PO KOXKHY OJUHHIIO CYKYITHOCTI
(T1 MOKa3HUKH, IO MOTPIOHO Ai3HATHCS PO TPaBIlsd). 3aBIaHHS APYToil CTafil CTATHCTUYHOTO JIOCIIKEHHS
MOJISITaE B TOMY, 100 YMOPSIIKYBATH 1 y3arajlbHUTH MEPBHHHHUA MaTepial, 3BeCTH HOTO B TPYIH 1 Ha Il
OCHOBI JIaTH y3arajJbHEeHy XapaKTepUCTUKy CyKynmHocTi. Lleii eTam B cTaTHCTHUIL i Ha3MBAa€THCS 3BEICHHSAM
[6].

Ilo cTocyeThCst BIAIOBINI HA MUTAHHS «IO0 CaMe aHaIi3yBaTU?», MOMIYJb HE OOMEXECHHH Y KiJIbKOCTI
napameTpiB, SKi 3UUTYBATUMYTHCS 3 TPaBI, aJle 3 HUX MOYKHA BUJUTUTH JIECATh OCHOBHHUX.

1.Kinpkicte cumBomiB y mocti. IlocT — onuHULA TEKCTYy 3a OAWH XiJ TpaBLs, SKa 3a3BHYail CKIIa/ae
500-2000 cumBomiB. Hamanwii iHTepBan — e cepemHbocratucThuHa HopMma y TRPG. Ha moctu meHmie
HOPMH HaKJIaJa€ThCS JTIMIT y 3 B MiCSILIb.

2.JliMiT — TeX TOKa3HHK, ajie BUOIPKOBUIA, BIH BCTAa€ HA JIYMIBHHUK TiUIBKH MICJIS TOTO, K CHCTEMa
3ahikcye MepLINii MocT HUK4Ye HOpMHU. YacTo, MpeAcTaBHUKH TOIAMOJUHTY MUINYTh Majio, TOMY Ha TaKHX
KOPHCTYBa4iB BapTO 3BEPTATH yBary.
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3.KinpKicTh TTOBTOpIOBaHb, TOOTO BiACYTHICTH CHHOHIMIB Ta HAsBHICTH TAaBTOJIOTIH, IO TICYE SAKICThH
TEKCTY, IO € XapaKTepHOIo pucoro Mepi (Mapti) Crro. Takok MOXKHA BIPOBAIUTH KUTBKICTh TPAMaTHIHIX
MOMUJIOK, SIK JOJATKOBUI MapamMeTp (He BPaxOBYIOUH BIIACHI Ha3BH).

4.IaTepBan yacy MiXK IBOMa OCTaHHIMH HallMCaHUMU NOcTaMu (y XBUJIMHAX) — A03BOJISIE CPOPMYBATH
Koe(iIieHT 9acTOTH HanmrucaHHs. YnM OiIBIIHIA IHTepBaI , THM aKTHBHICTh HIDKYA.

5.1BuakicTe HanucaHHs (y XBWIMHAX). BiUTiK MOYHHAETHCS Bifl (IKCyBaHHS Kypcopy Y TEKCTOBOMY
TOJIi, JIO BiJICUJIaHHS MTOBIJIOMJICHHS Ha CEepBep.

6.KinmpkicTe 3aMoBIeHNX emizoaiB. Emizom — oAMHUIIA CIOXKETY, Y MeXKaxX SKOI B3a€MOIIFOTH TPaBILi.

7.KinpKicTh pi3HHUX TPaBIIiB, 3 SKUMU TPaB.

8.Cymapuuii 00’eM ychOro HamMCcaHoro 3a Micsupb. CroyaTky 00paxoBYBaTUMEThCS 3arajbHe sl yCixX
a/ieKBaTHE 3HAYCHHSI MAKCUMYyMY, HOPMH Ta MiHIMyMY, 100 Ha OCHOBI IIMX 3Hau€Hb 3pOOUTH BHCHOBOK, UM
JIOCTaTHHO HAIMCAB TPaBelb 3a MICAIb, YA HEIOCTAaTHHO, UM BUUIIOB 3a MEXi (6arato — TeX HE O3HAdYae
«mobpey). Skmo y cepennroMy moct ckiaanae 500-2000 ciiB, 1 agMiHicTpalis HaroJocuia, Mo KOXKEH Mae
MUCAaTH MiHIMYM 4 TIOCTa y THXKACHB, Tl MicsyHa HopMa aopiBHIOE 8000 — 32000 cais.

9.5IKy KIiNBKICTP IIEPCOHAXIB Ma€ TrpaBelb (HE OiIbIIeé TPHOX) — CTATUCTHYHUN MiAPAXyHOK
IHAMBITyaIbHUN Ha KOXKHOTO TIEPCOHAXKa, alle Iel KPUTepid BpaxOBYBATHMETHCS, SIK MOM SAKIIyIOYa Mipa,
SKIIO TPAIUIATUMYTBCSI BUMAAKH, KOJIU IpaBellb He J00epe MiHIMyM HANHMCaHOIro 3a Micsllb uepe3 OibIry
KITBKICTh TIEPCOHAXKIB, 32 SKUX TPaE.

10.BignosinHicts (opMatyBaHHs TekcTy. ¥ TRPG omuH 3arampHONpUHHATAN (opMaT TEKCTy I
3pYYHOCTI YHMTaHHS Ta PO3YMiHHS, MO BiAOyBaeThcs y mocTi. 3abe3neuyBaTUMEThCS BUKOPUCTAHHSM
HTML-reris.

[Ticist Toro, AK yci CTaTUCTHYHI OAWHUIN 3i0paHi, TeHepyIOThCS MakeTd Tabmuip Ta TpadikiB, e
OyJyTh NPEACTaBJICHI PE3y/bTaTH 3BEACHHA. Pe3ynbTaToM € pedTHHI aKTUBHOCTI rpaBiiB. Tom-3 rpaBIliB
HAropoJDKyBaTHUMYThCS, 100 MiJBUIIUTH MOTHBALIIO TOTPAIUIsiHHS B pedTuHr. OKkpemMo oO4HCIIeHHI
napaMeTpH OTPHIIIOJHIOIOTHCS JOJATKOBO. SIKIO CTaTHCTHKA 3aHATO HU3bKa, a00 € peTyJIsIpHi HEIOMIKH Ta
CKapr, MOAEepaTOPH HOTH(]PIKYIOTHCA.

CrocoBHO peamizamii Takoi CHCTEeMH, TO BOHAa MOKE ICHYBaTH y ABOX BHIUIAAx: BeO-Bepcis Ta
MOOiTBHUH HoaaTok. Tak sik MUcaTH MOCTH 3 MOOITLHOTO TajpKkeTa 6araTboM HE3pYYHO, IOPTATHBHA BEPCis
MOXe CKJIaJaTUCS JIMIIE 3 aHAJITUYHOI CTOPIHKH, SKa PEryJIIpHO OHOBIIIOBATUMETHCS Ta IMOBIIOMIISITHME
KOPUCTYBady, KOJM Yy HBOTO 3 SBISAITUMYThCS NpoOieMu Ta Je came (y SKOMY €mi30[i 4Yd 3 SIKUM
MepCOHaXKeM, SIKIIO X JeKinbKa). JlomaTkoBo BIpoBaKyeThesl QyHKIIA «SIK JOBTO s HE MUIIy CBiii 6opr y
ermi3o/1», Ky MO)Ke HaJIAIITyBaTH caM IpaBelb. SIKIIO BiH He MUIIe OUIbIIE THKHSA — JOJATOK JacTh HOMY
1o 1€ 3HATH.

VY mopTaTuBHY BEPCII0 PECYpPCY TAKOXK JIOJAETHCS HEBeNHKa 0a3a JaHUX 3 MEepeNlikoM ycCix TeM, Jie
rpaBenb Oepe ydvacTe 1 Je Mae Oopru, mo0 edektuBHime ix BiacmiakoByBatu. Jlns 3pydHOCTI
BUKOPHCTOBYETHCS CUCTEMa KaTeropiii.

OTxe, BUKOPUCTAHHS aHAJTITHYHOTO MOJYJIA Ta Horo mo0yioBa Ha 0asi BXKE BIiJJOMOTO METOIy 300py
JMAaHUX Ta JIOriYHOrO0 OOIPYHTYBaHHS BUOOPY OJMHMIL JAaHUX J03BoJisie BuBecTH [RPG Ha HOBwMiA
iHpopmaniitauii piBens. Temep, KOMM HANpsM IPOTPECcye, 3aJ0BOJICHHS BiJ XYJOXKHBOTO MHChMa BXKe
HE/I0CTAaTHBO, TPaBIli MaioTh MOTPeOy Yy HOBIM CHCTEMiI MOHITOPHHTY, OXOIUTIOIOYHM HE JIUIIE MpodieMy
TOJIMOJIUHTY, & 1 1HILI aKTyalbHI MUTaHHS, 110 i 3a0€3MeYUTh JaHUi MOJTYJIb.
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YK 004.8
IBAHOBCBKA K.A.
XapkiBChbKHIA HAI[IOHATIBHHUN YHIBEPCUTET pajtioeniekTpoHiku, kadeapa CT (Ykpaina)
BUKOPUCTAHHS «FACE ID» TEXHOJIOI'TT )11 AYTEHTU®IKALII KOPUCTYBAUIB

Y mawe cmonimms, xoau ecs ingopmayis npo noouny 3s0epicacmovcs 6 i ocobucmiti mexuiyi,
npobdaema 3axucmy nepcoHAIbHUX OAHUX AKMyanbHa AK Hikoau. Hanpuxnao, kopucmysaui Moxcyme HAOIUHO
saxucmumu ceiti menegor 3a donomozoro mexuonozii Face ID.

CydacHe CyYCIIJIBCTBO XapaKTEPHU3YEThCS 3POCTAIOUOI0 YACTKOK TEXHOJOTIH, #AKi JJT03BOJSIOTH
3MIMCHIOBATH IUIATEXKi, YKJIAmaTH YTOAHW, IO BHMAarae IIPOBEACHHS ayTeHTH(IKaIlii KOpHCTyBadiB -
MEPEBIPKH CIPABKHOCTI MPEN'siBICHOT0 KOpHCTyBaueM ifeHTU]ikaTopa. Ilpm mo3uTHBHOMY pe3yibTaTi
ayTeHTU(IKalil KOPUCTYBa4 aBTOPU3YETHCS B CUCTEMI Ta OTPUMYE IpaBa JIOCTYITy J0 IIEBHUX PECYpPCiB.

Cucrema ayteHTudikamii CKIaJa€Tbcs 3 HACTYNMHHX EJIEMEHTIB: Cy0'ekTy, Skuid Oyae MpOXOIUTH
MPOLEAYPY; XapaKTEPUCTHKH CyO'€KTy, TOOTO MOro BIIMITHOI PHCH; TOCHOJAps CHCTEMHU ayTeHTU(IKaIlii,
IO Hece BIAMOBINANBHICTH 1 KOHTPOMIOIOE ii poboTy; camoro MmexaHi3my ayTteHTH(]ikamii; MexaHizmy
YIPaBIiHHS TOCTYIIOM, IIIO HAJa€ MEeBHI IpaBa JOCTYITy cy0'eKkTa.

Panime B iPhone BukopuCTOByBasacs JOCHTh 3BHYHA TEXHOJIOTIS ayTeHTH(]IKaIll - pO30JOKyBaHHS
MPUCTPOIO 3a JOMOMOTOI0 BifduTKa maibiist - Touch ID, ane me He 3aBXIU 3pyYHO KOPHCTYBadeBi (aKe
PYKH MOXYTh OyTH MOKpWUMH / B pyKaBHYKax Ta iHme). Briepme inHOBatis y Burisai Face ID 3'spunacs B
iPhone X. Face ID — e ckanep 00'eMHO-IIPOCTOPOBOI (hopMH OOIMYYS JFOIMHHU, PO3POOIICHUN KOMITaHIE0
Apple. 106 nouatn BukopucroByBati Face ID crmouarky HEOOXiIHO CTBOPUTH Mapojb, HOTO BBEICHHS
Oyze 000B'SI3KOBUM JUTsl PO30JIOKYBaHHSI IPUCTPOIO B TAKUX BUMAJKAX: MICIs Mepe3aBaHTaKeHHs cMapTQoHa
a00 Ticnsl HeBUKOPHUCTAHHS MIPUCTPOIO MPOTIATroM 48 TOJMH; B pasi, SKIIO Maposih He BBOAWBCS OcTaHHI 156
TOAMH 1 He 0YyJ10 pOo30JOKYBaHHS MPUCTPOIO B OCTaHHI 4 TOJUHM; SKIO HA MPHUCTPiK HaAiHILIIa KOMaHAa PO
BijgyaneHe O10KyBaHHS; OyJ0 3p00JICHO IM'ITh HEBIATUX CIIPOO PO3II3HATH 00IAYUSI.

3a posmi3HaBaHHSA 0COOM BiAmoBigae GpponTanbHa Kamepa True Depth, mo posramoByeThes opyd 3
BEJIMYE3HOI0 KIIBKICTIO TATYMKIB Ta eNEeKTPOHIKH. SIKITO KopucTyBad Oepe cMapTdOH B PyKy, aKTUBYETHCS
indpauepBonuii naruuk (flood illuminator), 3aBmanns sikoro - po3ii3HaTH, YU € TEPe CKPAaHOM OOIUYYs
moanHu. SKmo ocoOy BIAacHHWKa PO3IMI3HAHO, TO TPOLECOPY MOJAEThCS KOMaHMAa, IO MPUCTPi MOKHA
po306moKyBaTH.

st Face ID HeoOXiqHO 4iTKO Oa4UTH BCHOT'O 3 €JIEMEHTH OCOOM: POT, HIC 1 04i. TakuM YMHOM, SKIIO
rocroyap iPhone X 3miHuTh 3a4icky, BiipocTuTh / 30pue 00pOy a00 Byca, HaHECE MAKIsHK — 1€ HE CTaHe Ha
3aBajii U pO30JIOKYBAHHS IIPHCTPOTIO.

TexHomoris Moxke JaBatu 301l y BUITaKaX SIKIIO: JIFOJWHA HOCUTH TEMHI OKYJISIPH, BiJIBEJIe TIOTIIS Bij
KaMmepu, 3aKpue o4i abo 3akpue Hic 1 poT mapdom; mepes Kamepor JuTHHA (00 TEXHOJIOTisI He J03BOJISIE
posIizHaBaTH 00IHYYst MOJTOAMIC 12 POKIB); MPHCTPiii BAKOPUCTOBYETHCS OJIM3HIOKAMH a00 TyKE CXOKHMHU
Opatamu i cecTpaMu; 3aHA/ITO COHSYHO — KOPHCTYBadeBi MOTPIOHO MOTPANUTH B TiHh a00 xo4ya O 3MIHHTH
KyT HaXWiIy MPHUCTPOo, 00 po30oKyBaTH TeleOH 1Mo OOIMYYI0; MPUCTPIH TOBEPHYTH TOPH30HTAIBHO —
TEXHOJIOTIS MPAIIOE TIJIBKH MPU HOT0 BEPTHKAIHHOMY MTOJIOKEHHI.

Takox BOHa HE CITpaIllOe TP HaBEJeHHI Kamepu Ha (ororpadiro, ToMy 110 iHPpadyepBOHI TOYKH Ha
3Bu4aiiny 2D kapTHHKY ITPOEKTYIOThCS iHAKIIE, HIXK Ha «OKUBE» O0IAYUsI.

[InsixamMy  BUPIIICHHS [EPEPaxOBaHUX HEAONIKIB € JI0JlaBaHHS aJlbTEPHATUBHUX CIIOCOOIB
ayTeHTH}IKaIii, sIKi TOBUHHI TiABUIIUTH HAJIMHICTh ayTeHTH(IKAIT1.

OmHUM 3 TaKMX MIAXOIB € 3HATTS TepMOrpaMMHU ocoOu. JloCHiKeHHs MoKa3aiH, IO TepMOorpaMmma
0co0M yHIKaJIbHA JUIs KOXHOI JIOAWHU. TepMorpamy OTpHUMYIOTH 3a JIOTIOMOTO0 KaMep iH(paduepBOHOTrO
niamazony. Ha BinMiHy Bin ayreHTHdikamnii mo reometpii 00auyus ocobu, JaHUH METOJ PO3pPi3HsE OIMMU3HAT.
BukopucTtanHs cremialbHUX MAacoOK, NMPOBEAEHHS IUJIACTUYHUX OINEpalid, CTapiHHS OpraHi3Mmy JIIOIHMHH,
TeMmIeparypa Tija, OXOJIOJUKeHHS MIKIpU OONMYYs B MOPO3HY IIOTOJy HE BIUIMBAIOTH HAa TOYHICTH
TEPMOTPaMMH.

BucHOBKH: uepe3 HEBHCOKY SKiCTh ayTeHTH(iKalil, TepMorpadiyHuil METOA Ha JaHUH MOMEHT HE Mae
NIMPOKOTO TOMUPEHHs. AJie, B CYKyIHOCTi 3 TexHouoriero Face ID, BiH Moke 3a0e3MeunTH TOCUTh HaIiHY
ayTeHTU(IKaI[iF0 KOPHCTYBa4a Ta JOMIOMOKE 3aXUCTUTH KOH(IIeHIIHHY iHPOpMAITito.
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BOITPOCBI YIIPABJIEHUW A ITPOIIECCOM TOITOYHOI'O 'OPEHMA

Paccmompenvr npobnemsr ynpagnenus npoyeccom cocueanus monausa 6 xamepe ceopanus. Pewenue
pAaoda npobnem CEA3AHO C UCCIe008AHUEM BONPOCO8 2UOPOOUHAMUYECKOU YCMOUYUBOCHU PAKeNbHO20
20peHus.

HccnenoBana MaTeMaTHUECKH 33jJada O THUAPOAMHAMHYECKONW YCTOMYMBOCTH TJIAMEHHU IS
(axeTpHOr0 TOPEHMsSI TA30BBIX CMECEH, T.€. VIS CKUTAHMS TOPIOYETO B TOTOKE. Y CTAHOBIICHBIL:

1) rpaHuUIIBl YyCTONUNBOCTH;

2) ycioBusl TypOyu3aluy JIAMUHAPHOTO (hakena.

Ha ocnoBe pemienust 3amaun 00 YCTOHYMBOCTH MPOM3BEACHA TEOPETHYECKas OIEHKAa MacmTada
TypOyJIEHTHOCTH TUTAMEHH.

®opmanbHO TypOyNeHTHBIH (akel HMEeT TaKyl >K€ CTPYKTypy, KakK JaMHHApHBIH, OJHAKO
NPUHIUIAAIEHOE OTIMYHE JIAMUHAPHOTO (haKena OT TypOYJIEHTHOTO COCTOUT B TOM, YTO H3-3a HAJINYHUS B
a’pPOIMHAMHUYECKOH CTPYKTYpe MOTOKA TYpOYJICHTHBIX BUXPEH M Mynbcanuii QpOHT IUIaMEeHH TepseT YETKUE
rpanunbl.  [lo3ToMy caMo TOHSTHE «CKOPOCTh pPacHpoCTpaHeHHWsl (QpoHTa TYpOYJIEHTHOrO TOPEHUS»
MPaKTUIECKH TepseT cMbICH. ['eomerpuueckas hopma U pasmepsl TypOYIEHTHOTO (hakena — B CPaBHEHHUH C
(axeIoM JTaMHUHAPHBIM — ONIPEIEIISIIOTCS COBEPIICHHO NHAYE.

IIporecc cxxuranusi TOIUIMBA B OTHACIBHO B3ATOW I'a30BOM I'OPENIKE MPEICTABIAET cO00H (hakenbHOe
ropenue. B kamepax cropaHusi C)XKHTaHUE TOIUIMBA OCYIICCTBISICTCS B HECKOJBKHX TOpENKaX, KOTOpHIE
MOTYT HMETh pa3iu4yHble (OPMBI YCThS W B3aUMHOE paclioyiokeHue. [Ipum 3ToM co3maeTcs cucrema
B3aMOJICHCTBYIOINX (haKeIbHBIX IUIAaMEH, KOTOpas, TaK WM HHA4e, MOXET OBITh OTHECEHAa K OJHOMY W3
IBYX (MPUHIMITHATEHO BO3MOXKHBIX) THITOB:

1) B3aumMopeiicTBrE (hakenoB ciiadoe (iu BOOOIIe OTCYTCTBYET) — PEKHM Pa30MKHYTOI'O TOPCHUS;

2) B3amMozelcTBue (aKeIOB HACTOIBKO CHIJIBHOE, YTO OOpa3yeTcsi eIWHBIA COCTAaBHOW WIIH
COMKHYTBIH (haKesl — pexKUM COMKHYTOTO TOpEeHUs (cocTaBHOH (aken).

B mocnennem cnydyae XapakTep TEUYCHMST M aKyCTHUECKHE XapaKTEPUCTUKU KaMepbl CropaHus
NPUHLIUIAAIGHO H3MEHSIOTCS, B pPe3yJbTaTe 4ero MOXKET BO3HUKHYTH KpaiiHe HEXeJIaTeNbHBIA PeXuM
BUOpAIMOHHOTO TOopeHus. Takum 00pa3oM, BOIPOC O BO3MOXKHOCTH BO3HHKHOBEHHSI COCTAaBHOTO (hakeia
SIBIISIETCSl YPE3BbIUAHO BRXHBIM JIJISI TEXHOJIOTHUHU MPOIIecca CXKUTAHUS Ta30BOTO TOIIMBA M YIPABICHUS
TUM mporieccoM. OTBET Ha 3TOT BOMPOC 3aBHCUT OT T€OMETPHU B3aMMHOTO PACIOJIOKEHHUS OTIEIBHBIX
TOPEJIOK U pa3MepoB 00pasyronmxcs hakesos.

Ecnu Bce ¢axeibl JaMUHAapHBIE, TO PEXHUM COMKHYTOTO TOPEHUSI B TPHHIUIE HEBO3MOXKEH.
CocraBHOH (aken MOKET OBITH TOJIBKO TYpOYJIEHTHBIM (aKeIoM.

[Tonepeunslii pasmep TypOyJIeHTHOTO (hakesa 1 ero reoMeTpuyeckas opMa OnpeesstoTcs, B IEPBYIO
ouepesb, CTeneHblo (Macmradom) TypOyneHTHOCTH. Ecnmu TypOyneHTHOCTh MenkomaciitabHas, To Gopma
TypOyJNeHTHOro (hakena HAIIOMHHAET TIOJNBIAHOBUIHBIA (POHT IUIAMEHH C «Pa3MBITBIMU» TpaHdlamMH. B
NPOTUBHOM citydae (hopma ¢axesa MpUMEPHO TAKKE TIOJIBIIAHOBHIHASL, HO TPAHHIIBI «YETKHE», & CaM (aKe
MOXeT OBITh CYIIECTBEHHO BBITSHYT B BBICOTY (B [UTUHY).

YnpasieHue oTIebHBIM (aKeIOM OCYIIECTBISIETCS ITyTeM NOJICpKaHHsl TOPEHHS B JIAMUHAPHOM HITH
B TypOYJEHTHOM pexuMme (B 3aBUCUMOCTH OT LENM YNPAaBJICHHUS), NPH ATOM TaKKe Perylupyercs
MaKCUMaJIbHBIN MonepeyHblil pasmep (akena. JITaMUHapHOCTD CTPYH FOPIOYEro MOXKET OBITh TapaHTHPOBaHA
1100 BBICOKOH CKOPOCTBIO Ug MOAa4M roproyeii cMecH, JIn0o HeOobIuM pa3MepoM Hacanka Oo. CkopocTh
Uo TIOJJaYW TOPIOYEH CMECH MOXKET OTHOCHTENBHO JIETKO M3MEHSThCS B ONEpaTHBHOM pexume. Pazmep
Hacanka Oo, Kak MpaBWIIO, 3a/Ia€TCS HA JTale NPOSKTHPOBAHUS TOPEIKH, XOTS COBPEMEHHBIE TEXHOJIOTHUH
JIOTYCKaIOT OTNIepaTHBHOE PErYJINPOBAaHKE JTaHHON BETMYMHEI.

Ecnmu Bce ropenky Ha miepeliHel CTeHKe KaMepbl CrOpaHus OJMHAKOBEI C TOUYKH 3PEHHS UX T€OMETPUH
U eIMHOBPEMEHHO (YHKLUHMOHUPYIOT B OJZHOM H TOM € pEKUME TypOyJIEHTHOTO TOPEHHUs, TO
oOpasytomuecs ¢axensl aOCOMIOTHO MASHTUYHBL. Toraa, ecim momepeyHslii pasMep ¢axesia MpeBOCXOJUT
pacCcTOSIHUE MEXJy COCEJJHHMH TOpENIKaMHu (MM OYeHb OJIM30K K 3TOMY DPACCTOSHHIO), TO MMEET MECTO
PEXUM COMKHYTOT'O TOPEHHUSI, T.€. 00pa3yeTcsi COCTaBHOU (haxel.
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ABTOMATU3ALIA ITPOIUECY HACTPOIOBAHHA CKJIA/IHUX BAI'ATOPIBHEBUX CUCTEM
KOOPAVHYBAJIbBHOTI'O YIIPABJIIHHA

Y oaniti pobomi posensoaemvcs Oacamopienesa aABMOMAMUYHA CUCHEMA KOOPOUHYBANLHOZO
ynpaeninns. [Ipedcmasnsiiomvbcsi 0CHOGHT RPUHYUNU ABMOMAMU3AYLT HACMPOIOBAHHS OAHUX CUCTHEM.

HactporoBanHsi OaraTopiBHEBUX aBTOMATHYHHX CHCTEM KOOPAWHYBAIBHOTO YNPABIiHHS JOLITHHO
MPOBOJIUTH MOETAITHO, TOMY II0 KO)KHUH PiBEHb CHCTEMH IOB'SI3aHUI 3 IEBHUM 3aBJaHHAIM IIPU THMYACOBIi
CHIBIIAMOPSIIKOBAHOCTI MpoIieciB perymoBanas [1, 2]. ABTomaru3ailis NpOIECY HACTPOIOBAHHS TaKHX
CHCTEM MpPUITYCKaE€ BHUKOHAHHS 3aJaHMX MEBHUX AITOPHUTMIB TOETAIHOTO HACTPOIOBAHHS Ha OCHOBI
(yHKITIOHYBaHHS 1HTEIEKTYaIbHOI CHCTEMHU.

AKTyanpHICTh JaHOI poOOTH BHKIWKaHA pPO3BUTKOM CKJIQTHUX OaraTOpiBHEBHX CHCTEM
ABTOMATUYHOTO YIPABIIHHS, U SKAX BiJOMi METOJUKH CHHTE3Y HENPHUHSTHI, TOMY IO BOHH OYJH
po3pobieHi ans kiacy miHiHHUX cucteM [3-5]. CrpomeHa cTpyKTypHa cxema 0araTopiBHEBOI aBTOMATHIHOL
CHCTEMH KOOPJMHYBAIBGHOTIO YIPABIIHHSA 3 aJTOPUTMOM aBTOMATHYHOT'O HACTPOIOBAHHS IIPE/ICTABICHA Ha
pucyHky 1.

ABTOMATUYHHIA
onTUMI2aTop
g@(f) 3BOPOTHIIA 38'A30K 3a BIAXMNEHHANM Bif CMIBEIAHOWEHHA | A &
X2z - sanane ! P

3HaveHHa X5 U; (1) X; t
it 1-i piBEHb - In1 - In1 N
. . T bl

P ynpaemniHHeA ED . 06 exT . A
X527 | 2-i1 piBeHb . . : - ==
2 VIIPaBI1HHA Xt p
—w{int - | s : « X[
yrpaeniHHa | :> 2(1) o F .
e Int Bin =
Fy ? HGE
3BOPOTHIM 3B'A30K ¥ h J
i Bnok dhopmyBaHHA
a2 Bnok asToMaTuyHoro - -
NOKA3HWKIB AKOCTI
HacTPOKEBaHHS < I ;
PYHKLIOHYBaHHA cUCTeMN

Pucynok 1. CrporieHa cTpyKTypHa cxeMa 0araTopiBHEBOi aBTOMAaTHYHOI CHCTEMH KOOPIUHYBaIHLHOTO
yIpaBIiHHS 3 OJIOKOM aBTOMAaTUYHOTO HACTPOIOBAHHS MIApaMETPiB PIBHIB YIPABIIHHS, X1, X2 — PETYIOI0Yi
3MiHHI; Uy, Uz — YIIpaBIIsitodi BIUIMBY; P — TOKa3HUK eHepTroeeKTUBHOCTI; Uat, Ua2 — BIDIMBH, IO 3MiHIOIOTH
napamMeTpH HaCTPOIOBAHHSI

[Nepuri aBa piBHA ympaBiiHHSA OyJiM BiAIpaiboBaHi Ha 0a3i Po3po0IeHOT 1abopaTOPHOT XOJOIUIBHOT
YCTaHOBKH 3 TYHEJIBHOI KaMepolo, sika PO3MIlleHa Yy JIabopaTopil aBToMaTH3aIlii XOJIOAMIBHUX MAIlUuH Ta
ycranoBok OHAXT. JIBopiBHeBHii 3aKOH YIpaBiiHHsS OyB peali30BaHU B NMPOTPaMHOMY CEpeIOBHILI
LabView Ta «3aBaHTaXeHHUI» 10 KOHTPOJEPY YIMPaBIIHHSA JIAOOPATOPHOK XOJOIUIBHOI YCTaHOBKOIO
(pucyHOK 2).
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Pucynok 2. [IpencraBieHHs: ABOPIBHEBOTO 3aKOHY YIPaBIiHHS 3acobamu cepemopuia LabView, Uy, Uz —
YIpaBJIsiioYi Jil; Up — YIIpaBIIsiFoua Jlist IPYToTo PiBHSL; Ug — YIIPABIIsAIOUa Jlisi IEPIIOTo PiBHS; V — BIIXUICHHS
BiJl CIIBBIJJHOIICHHS 3HAYCHb PETYJhOBAHHUX 3MiH; € — BIIXWJICHHS PEryJIbOBaHOI 3MIHH BiJl 33JJaHOTO
3HAYCHHS

Takox y mporpamHomy cepenoBuini MATLAB\Simulink po3poOuisisiacst 3araibHa OaratopiBHEBa
CUCTEeMa, y sKii OJIOK HACTPOIOBaHHs peati3oBaHWN Ha 0asi MTy4HOI HEeWpoHHOI Mepexi. JlaHa mrTydHa
HEHpOHHA MepeXka IMPENCTaBIIsI€ alTOPUTM HACTPOIOBAHHS HA OCHOBI CHHTE30BaHOi Mepexi Iletpi, Tum
CaMUM 3/IIHCHIOETHCSI MOJKIIMBICTh aBTOMATHU3Allil Tiporiecy hopmyBanHs HeoOXiqHo1 cuctemu [6 — 8].
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CUCTEMA JJIA ITPOBEJIEHHA EJIEKTPOHHOI'O I'OJIOCYBAHHA

Enexmpoune eonocysanns — konyenm, axuil nepedbaiac 0b'cOHanHsL eeKmpOHHUX MeXHOoA02ill 300Dy,
nepeoaui i niOpaxyHmKy 20i0Ci6 1 € CKIA0080W CcUcmemu eileKmpoHHo2o Ypaody. Posenadaemovca
NPOEKMYB8aHHsL Ma PO3POOKA cucmemu eileKmponHHo2o 2oaocysanis. Ilpoananizoeano ocHosHi menoenyii' y
PO3pobYi, po3pobeHo cmpyKmypy ma aneopummu QyHKYIOHY8aHHsL pOOOMU CUCTEMU, NPOOEMOHCIMPOBAHO
pesyrvmamu pooomu po3pooieHoi cucmemu.

[ToctanoBka mnpoOnemu. OcoOnuBoio (HOpMOIO MPOSIBY MOMITUYHOI NIeMOKpatii € BHOOpH, SKi
(OpMYIOTh LIEHTpaNbHI OpraHu Biaau (MPEe3WICHT, Bille-NPE3UICHT, MapjaMeHT) Ta OpraHd MiCIIEBOTO
CaMOBpSIyBaHHS pIi3HUX piBHIB. BOHM CTHUMYJIOIOTH TOJITHYHY AaKTHUBHICTh HacedeHHA. [Ipore Ha
CHOTOIHIIIHIA J€Hb € Taki KaTeropii HaceJIeHHA, SKUM Ba)KKO a00 HEMOXINBO TPHATH HA BUOOpUY
JUTBHUIO, SIKI 3HAXONATHCS 3a MEXaMH JEpP)KaBH TOIIO. TOMY JIOTIOMOITH ONTHMI3YBaTH B3a€MOJIII0
TpOMaasSH 1 Biagu, BHOOPYHMI MPOIEC MOXE €-JeMOKpaTis i, 30Kpema, e-BpSIyBaHHS, EJIEKTPOHHE
rojocyBaHHsi. Meta maHOi pPO3pOOKHW— ITiJBWIICHHS 1HQOPMATHBHOCTI Ta 3a0€3MEYEeHHS AaHOHIMHOCTI
CJIEKTPOHHOTO TOJIOCYBAHHS 32 PaXyHOK CTBOPEHHSI CUCTEMH €JIEKTPOHHKX BHOODIB.

[MuTaHHs AETiTUMHOCTI OyAb-IKOi BlIaau 0€3MOCEPEIHBO 3aJICKUTh Bijl JIOBIPU 10 BUOOPUOI CHCTEMHU
nepkaBu. CydacHa YKpaiHa, MpOTATOM 0aratboX pOKIB CTpakJae Bil HHU3BKOTO CTYIICHS IOBIpH IO
JiepKaBHUX 1HCTUTYIIIH, Jy»e TOHKO pearye Ha OyAb-sKi iHCHHYaIlil, IIOB'S3aHi 3 YECHICTIO i MPO30PICTIO
BUOOpYOTO Tporecy. [IpHunHOI0 TOMY € i AeSKUH iCTOPUYHIIA AOCBIJI, 1 rOCTPOTa MOMITHYHOT O0poTHOHU. Tak
YW 1HaKIIle, 3 HAOMMKEHHSIM YeproBUX BHOOPIB B KpaiHi BUHUKAC MATAHHS JIETITUMI3allil IX pe3yIbTaTiB.

BaknuBUM €EMEHTOM MPOBEICHHS EIEKTPOHHHX BHOOPIB TaKOXX € TOBCIOJHE BHKOPHUCTAHHS
arapaTHoOro 1 IPOrpaMHOTO 3a0e3neueHHs. EJeKTpOHHE roiocyBaHHs PO3TISAAETHCS, HE TIPOCTO SK (iKcalis
BOJIi BUOOPIIIB 3 BAKOPHCTAHHSM E€JICKTPOHHUX TEXHOJOTIH, a SIK MPOLIEC MPUUHATTS HOTITUYHO, FOPHIUYHO 1
COMIaTbHO 3HAYYINUX JJIS IEPKABHU 1 CYCITIIECTBA PIllIEHb 34 JOMOMOTOI0 MpoueaypHu BuOopiB. Enekrponne
TOJIOCYBaHHsI TMOTPIOHO PO3TIAJATH SIK MPOLEC MPUUHATTS MOJITHYHO 1 IOPUAMYHO 3HAYYIIUX PillleHb, 1 y
(dhopMabHOMY acIekTi — sk mpotiec (ikcarii Boxi BUOOPIIIB 3 BAKOPHCTAHHSM €JIEKTPOHHUX TEXHOJIOTIH.

CrpyKTypa CUCTEMH EIEKTPOHHOTO rOJIOCYBAHHs HaBeleHa Ha PUCYHKY 1.

~

O3HaOMIICHHS .
FOHOBHal — O3HalOMIICHHS
e 3 MPaBHIIAMH
L y 3 KaHIUugaTaMu
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L J lNonocyBanus
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[linTBepmKeHHs [— - - | ~\
L ) 3MiHa cTarycy
TOJIOCYBaHHS
\ ‘ J
4 \
Pesynbratu
TOJIOCVBAHHS

Puc. 1 Ctpykrypa cucTeMu eleKTPOHHOTO T'OJIOCYBaHHS

[Iporec royiocyBaHHs po3iieHUH Ha 4 KPOKH.

1. Osmnaiiomsienns i3 «[IpaBaMu rpoMajsiHHHA» Ta TIPOILECOM rojocyBaHHs. [licis o3HalOMIICHHS
MOTPIOHO MIATBEPAUTH Te, 110 MPOYUTAIN Ta O3HAHOMWIHCA. be3 MiATBepKeHHST HEMOXKIIUBO MEPEUTH 10
HACTyITHOTO €TaIry.

2. IligTBepmKeHHsS TOro, IO BUOOPEIb Mae IPaBO TIOJOCY BIIOYBAEThCS MLUIIXOM BBEIACHHS
OTPUMAHOTO KJTFOYA.
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3. Tperiii Kpok mNpu3HAYCHUH IS O3HAHOMIJICHHS 13 KaHAWZaTaMH. B gaHOMYy KpoIi € CIHCOK
KaHIUAaTiB, Ta KOPOTKA iH(GOpMAIIis PO HUX:

4. OiHanbHUN KPOK — 3A1HCHEHHS TOJIOCYBaHHSI.

[licna rojmocyBaHHS OTPHUMYEMO TOBIIOMICHHA MpO ycmimHicTe BuOopy. Ilicms Toro sk craTtyc
rojocyBaHHs OyJe 3MiHEHO i3 open (Biakpure) mo closed (3akpute), BUOOPII Ha Tild ’Ke CTOPIHII 3MOXKYTh
03HAalOMHUTHCS 13 pe3ynbTaTamu TonocyBaHHs (puc.2). Ha mawiii cTopiHmi BimoOpaaeTbcs MepeMoXKeb
BUOOpIB, Ta IHTEpaKTHBHA JiarpaMa, B3a€MOJii 3 KO MOXHA MOOAYUTH 1 BiJICOTKOBOMY BiJHOIICHHI
KIUTBKICTB TOJIOCIB 32 KOXKHOTO KaHIUaTa.

Ukraine Election 2018 is finished
" D

o e of 2018 o

Puc. 2 Pesynbratu ronocyBaHHs

Omxe po3poOiieHa cHCTeMa Ul EJIEKTPOHHOTO TOJOCYBAHHS € BaKIMBUM €IIEMEHTOM B CHCTEMI
CJIEKTPOHHOI JIEMOKpaTii Ta Ja€ MOXKJIHMBICTh O3HAHMOMHTHCH 3 BaXKIMBOIO IS BHOOPY iH(poOpMaliero Ta
LIJIKOM aHOHIMHO 3aJIMIIATH CBiH royoc. Taka cucTeMa 103BOJNUTH 3HU3UTH piBeHb (anbcudikalii BUOOpiB,
301MBIINTH SBKY BHOOPIIiB. KokeH TpoMaassHUH MaTHME 3MOTY CaMOCTIHHO TMPOCTEXHUTH YU JIWIIOB HOTO
TOJIOC 0 BUOOPIISL.

CIIMCOK JIITEPATYPU

1. Xoran b. HTMLS5 u CSS3. Web-pa3paboTka 1o crangaptaM HOBOTo nokoneHus/ b. Xoran — 4-¢
n3n. — CI16.: M3narenbekuii gom "[Mutep”, 2010. — 260 c.

2. Web-caiit [enektponnuii pecypc| / Pexum moctymy: http://www.webtec.com.ua- Web-caiir:

BU3HAYEHHS i1 3aCTOCYBAaHHS.

3. Iudopmaniiinuii mopran Vin Place [enmextponnuit pecypc] // Pexum goctymy: h
http://vinplace.net/adresa-i-telefony/detskie-doma-i-internaty.html — Hassa 3 expamny.


http://www.webtec.com.ua-/

122

YK 81°22.003
CAKAJIIOK O.10., OJIBIHEBCBHKA O.B.

OHAXT (Vkpaina)

[TPOBJIEMU TPAHCJITEPALIIl HAYKOBOI'O KOHTEHTY TA MOXJIUBI LJISIXU IX
BUPIIIEHHA

IIpoananizoeano yunni 6 Ykpaini cucmemu mpanciimepayii. Pozensanymo npobnemu mpauciimepayii
Cli8 IAMUHCOKUMU IMePAMU, ORUCAHO A2OPUMM POOOMU A8MOMAMU308AHOI cucmemu mpanciimepayii..

TpancniTepauis — e MexaHiYHa Mepeaya TeKCTY i OKpEMHX CJIiB, AKi 3alucani OgHi€l0 rpadidHoro
CHCTEMOI0, 3aco0aMu iHIIOT TpadiuHOi CUCTEMH NpHU APYTOPSIIHIM poJii 3ByKOBOT TOYHOCTI, TOOTO Mepeaada
omHiel muceMuocTi mitepamu immoi [1]. TpanciTepaltis 3MiHCHIOETHCS IUIIXOM BiATBOPEHHS KOKHOI JITEPH
JIATUHHMIICIO 3TiTHO 3 TPAHCIITepalliiiHO TabauIero (Tadi. 1), sika CKIaaeThes 3 TPAHCIITepaIliiHUX Tap, 1
napa — e KHPWIMYHA JiTepa i BiJMOBIJHA JO HEl JaTWHWUYHA JIiTepa, 10 MAlOTh OJHAKOBY YU TOJIOHY
BuMOBY. OdimifiHa TpaHCIiTepallis yKpaiHChKOTO anaBiTy JTaTHHALICIO 3aTBEPKeHa MOCTaHOBoIO KabineTy
MinictpiB Ykpaiau Ne55 Bix 27 ciunst 2010 p.

Tabruys 1
Taéauus TpanciaiTepanii ykpaiHcbKoro aigasity JaTHnHHIEIO
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CucrteM TpaHciiTepalii JTOCTaTHbO 0arato, cepej SKUX IepeBipka HalMCaHHS Mpi3BHINA Ta iMEHi
naruacekumu Jiitepamu JMCY [2], Ontaiin Tpanciteparis npi3suiina ta iMeri[3], mopran Crosauk.ua[4]
Ta iHm. OCHOBHMM HENOJIKOM JaHMX CEpPBICIB € Te, 10 BOHM BY3bKO HAlpaBJICHHI, HE THYYKi Ta He
BPaxOBYIOTh HAsIBHICTB Y CJIOBaX OMOTJIi(iB, 10 MOXKE MPU3BECTHU JI0 HETOYHOCTEH TPaHCIIiTepyBaHHSI.

OpHi€er0 13 BaXJIMBUX TPaHCIITEPAlIMHUX BHUMOT TOBHHHA OYTH OJHO3HAYHICTh, IO 3a0e3redye
CTaOUIBHICTh KOHBEPCii 3HAKiB, MPOCTOTY, 3BOPOTHICTh MEPETBOPEHHA. |HKOJIM 1i BUMOTH MOPYLIYIOTHCS
4yepe3 eCTETUYHI HOPMH 1 Tpaguilii. Y YHUCTOMY BHIVIAII TpPaHCIITEpallis 3aCTOCOBYEThHCS Ul HeOaraTboX
MOB 1 TIOCTYNa€ThCs albTEPHATUBHOMY CIIOCOOOBI TMepejadi iHINIOMOBHUX CIIB TPAaHCKPHIIIl, IO
Opi€HTOBaHa Ha 3BYKOBHIi CKJIaJ CJIOBA B JOHOPCHKiil MOBI [5].

PenaxkTopu HayKOBHX YpHaIIB PETYJSIPHO KaTyIOThCS Ha T€, 1[0 aBTOPH NPU I0/a4i CBOIX PyKOITUCIB
9acTo MyTalOTh JITEPH JATHHCHKOTO an(aBiTy Ta KUpWinii. Tak, HAPHUKIIAI, B aHOTAIlii, KIIFOYOBUX CIIOBAX,
6i0miorpaiyHOMY CHHCKY Ta HaBiTh B MPI3BHUILI Ta iIMEHI YaCTO MOXKHA 3yCTPIiTH 3aMiCTh JJATUHCBHKHUX JTEP
«O», €@», KC», «KX», «P», «B» KUPHIHIHI KO», «@», «C», «X», «P», «O».

Ha npeBenukuii xaib, 6arato aBTOpiB MPOCTO HE YCBIJOMIIIOIOTh 3HAYUMICTh PAaBUILHOTO HAITUCAHHS
JATUHCHKOI Bepcii pedepaTy Ta CUCKY BUKOPUCTAHUX JpKepen. B neuaTHill Bepcil )KypHaIy IUX JIITep HIXTO
HE 3aMiTUTh, a B METAaJaHMX Ha CalTI Lle MOXE MaTH HENpPHEMHI HACHIIKH: HEKOpeKTHa o0poOka
6i0miorpadiyHUX MOCHIIAaHb PI3HUMH IHCTPYMEHTAMH, IO MPHU3BEJIE 10 3MEHIICHHS aKaJeMiYHUX PEHTHHTIB
SIK CAMOT0 JKypHaITy, TaK 1 aBTOpa, 110 MyOIIiKyeThesi B HbOMY[6].
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Bupimiennsm maHol mpoOiieMd € po3poOKa aBTOMAaTH30BaHOI CHCTeMH TpaHciiTeparii. [lepeBaroro
JAHOT'O CEePBICY HaJ IHIIKUM € Te, 1o Oyae BiAOyBaTHCS IEepEBIpKa CUMBOJIIB, SIKI OTPUMaB OOPOOHHUK MOk
keypress Ta Ta BapiaTHBHICTB crtoco0y TpaHciTeparii 3a moTpiOHUM cTriieM. Hanmpuknan, s TaTHHCHKOT
JiTepu «a» xon — 97, a ans kupunmuHoi «a» - 1072. Ilomunka Oyne BuiineHa Ha QoHI iHIMX JiTep i
KOpHCTYBa4 Oyzie CIOBiMIeHU. AJITOprUT™M poOOTH JaHOI CUCTEMH MpeCcTaBIeHo Ha puc. 1.

Bximni mapaMeTpH:
ASCII-Ta0mHna, TEkCT,
CT2HIAPT

length ~Emmm CHMEOUIE B TEKCT

Iuxt1Bixg 1
1o length

ITeperipka, 9o BiAnOBigaE
CHMEQ E TEKCTI CHMEOITY
TaOIHI Ta HANSHHTE J0
KHPETHI}

Buninenns
oMorida

3amiHa
KHPHITHII
JATHHHLEIO

v

DopMyBaHHA
TpaHCIiTEpPO-
BAHOI CTPOKH

30iMEITeHEA
iHa l

Ilukm i

Bupenenna
" pesymeTaTy

Puc.1. AnroputM aBTOMaTH30BAHOI CHCTEMH TPaHCIiTepamii

OTtxe, mpobiema BIITBOPEHHs YKpPAiHCHKHX CJIB 3allMIIAETHCS HaAall akTyaJbHOIO 1 po3poOka
CHCTEMH aBTOMAaTU3aLil JacTh 3MOTy POOMTH 1i€ IBUALIE Ta SKiCHilIe. 3alpONOHOBAaHUN aIrOPUTM OIHCYE
MPUHIMIT POOOTH TaKOT CUCTEMHU.
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O JIOLITBHOCTI MATEMATHYHOI'O MOJIEJTFOBAHHS HAIIMHOCTI ®YHKIIOHYBAHHS
CKIIAJJHUX TEXHIYHUX CUCTEM

B cmammi pozensoaromsca numanHs OOYiNbHOCHI 8USHAYEHHS MOYHOCI No0Y008U MAMeMamuyHol
MoOeni, Wo 00380J9€ GU3HAYAMU NAPAMEMPU HAOIUHOCMI PeanlbHUX CKIAOHUX MEXHIYHUX cucmem muny
aimanohux anapamie. Illposedeno awnaniz iCHYIOUUX MemoOié OYIHKU NOKA3ZHUKIE [ XAPAKMEPUCHUK
HAOTHOCMI  CKAAOHUX cucmem, CcQOpMYyIbO8aAHI OCHOGHI NOHAMMS | GUSHAYEHHS CKIAOHUX CUCTEM,
PO32IAHYMO Npoyec HA0IUHO20 (YYHKYIOHYBAHHS CKIAOHUX CUCHEM | 008E0eHO MONMCIUBICIb NOOAHHA 6YOb-
AKOL cucmemu Ha emani eKcniyamayii.

IIpu mocmimkeHH] HAAIHHOCTI CKITAHUX TEXHIYHUX CHUCTEM, IO CKIIATAIOTHCS 3 TIOCITIIOBHO 3'€ THAHMX
B €IMHY KOHCTPYKIIIIO 00'€KTiB, BHHHKAa€ HEOOXiJHICTh MPOBEJCHHS aHaJi3y HAaTIHHOCTI AK s BCi€l
CHCTEMH B [IIIIOMY, TaK i JJIsl KOXKHOTO 00'ekTa 1i€i cucteMu okpemMo. OLiHIOBaHHSI TapaMeTpiB i€l cucTeMu
Ha TpUKIaai po3nojainy BeiiOymia onmucano B [1], TaM jxe HaBOJIUTHCS TOPSAOK BHOOPY IOYATKOBOTO
HaOmmkeHHs. J{ocmipkeHHsI TOYHOCTI OIIHIOBAaHHS MapaMeTpiB Ta iX MUCTEPCid MUITXOM MOIETIOBaHHS
BiJIMOB CHCTeM, III0 CKJIaJatoTbes 3 N OJoKiB, 3a posmoninoM Beitbymna 3 ¢ikcoBanum pecypcom Tp (A=0)
MoKaszaiii, o MoxuOka oOumcieHb HeBenuka. OmHak Tpu oOpoOIl peasbHUX JaHWX IMOXUOKH OILIHOK
MOXYTh OyTH BEJIUKHMH, TOMY, JUIS (DOPMYJIFOBaHHS PEKOMEH/alliii, HEOOXI1THO TPOBOIUTH JI0JATKOBI
IHKeHepHI aHaJli3W Ha OCHOBI MaTeMaTUYHOTO MoJemoBaHHS. CaMo co0010 3p03yMillo, 1m0 00csT 1 TIudnHA
BUKOPHUCTAHHS MATEMaTHYHOTO arapary B TEopii HaAlliHOCTI BUMarae JOCUTh TOYHOI MareMaTH4Hoi Mozesi
peanibHOT cuctemu. HeoOXigHa TOYHICTP MaTEMaTMYHOI MOJICNi BHU3HAYAETHCS YACTKOBO TOYHICTIO 1
JIOCTOBIPHICTIO BUX1THUX JaHuX. OJIHAK HEJOCTOBIPHICTh BUXIHUX CTATUCTUYHOIO Ta IHIIOK iH()OpMAIIIE0
Hi B SIKOMY pa3i HE MOXeE CIYXXUTH IiACTaBOIO /IJIs1 BIIMOBH BiJl MPOBEJICHHS OIIIHOK Pi3HMX TOKa3HHKIB
HaJIMHOCTI 1 e(eKTHBHOCTI (YHKIIOHYBAHHS CKJIQJHAX TEXHIYHUX CHCTEM, OCKUIbKH OIiJbIIiCTh
pPO3paxyHKIB 1 OIIHOK Ha paHHIX CTaIisiX NPOEKTYBAHHS HOCHTH XapakTep BiJHOCHOTO MOPIBHSIHHS
JIEKUIBKOX KOHKYPEHTOCIIPOMOXHHMX BapiaHTiB. OCKUIbKH peaibHe MOJCNIOBaHHS, OyJydd HaiOiIbII
a/ICKBaTHUM, BHMarae BEJIMKUX MaTepialbHUX 1 THMYAacCOBHX BHTpPAT, MaTeMaTHYHE MOJEIIOBAHHS
3aJIMIIAETHCSI OCHOBHUM 1HCTPYMEHTOM AOCIHIIPKEHHS CKJIAJHUX TEXHIYHUX cUCTeM. BOHO moainseTscs Ha
aHanmiTH4YHe, iMiTamiiHe 1 KOMOiHOBaHe (ke BKIOYae B cebe JnBa mepmmx). [lpy  aHamiTHYHOMY
MOJISJIIOBaHHI mporiec (QyHKIIIOHYBAHHS CHCTEMH 3aIMCY€EThCs 200 y BTSN QYHKIIIOHABHUX PiBHSHB, 200
Yy BUTJSAL JOTIYHUX yYMOB. B OCHOBiI iMITamiHHOTO MOJETIOBAHHS JIeKATh AITOPUTMU 1 TPOTPAMH, SKi
BIATBOPIOIOTH POOOTY CHCTEMU 3 YpaxyBaHHIM PeajbHOI MMOCIiIOBHOCTI MPOTIKAHHS B Yaci €JIeMEHTApHHUX
SIBHIIL 1 BUTAJIKOBUX BIUIUBIB Ha CUCTEMY.

3a pe3ynbTaTaMu MOJEIIOBAHHS BCTAHOBJIIOETHCS XapakTep 3B'sI3KiB MK L[IIbOBUM apaMeTpoM i
(dakTopamu, 110 BIUTMBAOTH, 00 BUPILIYETHCS 3aBIaHHs ONTUMI3aMil [IITbOBOT PYHKINT (eKCTpeMalibHa
3ajada). IMiTamiiine MOJICMIOBaHHS BUKOPUCTOBYETHCS JJIsl CTPYKTYPHOTO 1 TApaMETPUYHOTO CUHTE3Y
TEXHIYHOI CHUCTEMHU 3 ONTHUMI3AIl€ro i1 32 HABAKIUBIIIMMHA TTapaMeTPaMU - HJIIHICTh 1 EKOHOMIYHA
e eKTUBHICTh. IMiTallliiHEe MOJICITFOBAaHHSI TEXHOJIOTTYHUX MPOIIECIB 1 3a3HAUYCHUX BHUIIE CKIIAIHUX TEXHIYHUX
CHCTEM MOJKE TPOBOJIUTHCS 13 3aCTOCYBAHHSAM MaTeMaTUYHUX MOJIeliei i/abo Teopil cucTeM MacoBOTro
o0ciryroByBaHHs [2].

[IpupoaHo, 110 Ta YK iHIIA MaTeMaTHYHa MOJIENb BioOpaXkae CTyMiHb Mi3HAHHS TEXHIYHOI CUCTEMHU.
Binbin rmboKe JOCHIKEHHS CHUCTEMH JI03BOJIIE OyyBaTH MOJIEIb, sSKa OUIBII BIJIIOBIIAE pealibHIN
cucremi. Taka MOJeNb BUXOIUTD, K MPABHUJIO, OUIBII CKIaJHOI0. AJle OIbII CKJIaJHa MaTeMaTHYHa MOJEIb
BUMarae OifbII JETANbHUX BHUXIIHUX JaHHUX, 3 OJHOTO OOKy, 1 OLIBLI TOHKMX METOJIB MaTeMaTHYHOTO
JOCTIDKEHHS - 3 iHIoro. | Xxo4a, 31aBanocs 0, Take yTOYHEHHSI MaTEeMaTHYHOI MOJIEN € OaKaHUMH 1 HaBITh
HEOOXITHUM JIJIsl OLIBII TOYHOI'O BUBYCHHS JIOCIII/DKYBAHOI'O 00'€KTa, BUHUKAE JIAJICKO HE MPOCTE 3alIUTaHHS
PO AOIUIBHICTh TOYHOCTI MATEMATHYHOT MOJIEII JIOCITiPKYBAHOT CHCTEMH.

CrpaBa y TOMy, WO 3aBJaHHSM CKJIaJaHHS MaTeMaTH4YHOI MOJEI HaIIHHOCTI € MOKJIMBICTD
BU3HAYEHHSI TUX Y THIIUX KIJIBKICHUX XapaKTEPHUCTHK, [0 BIJIOOPayKarOTh SIKICHY CTOPOHY (YHKI[IOHYBaHHS
peanmbHOi cuctemu. L[o0 oTpuMaTé KiNbKICHI pe3yibTaTH KOPHCTYIOTHCS BHUXIAHUMH JaHUMH, IO
OJICPKYIOThCS EKCIEPUMEHTAJIbHUM LUIIXOM, HE €, B CHJIY Pi3HUX NPHYUH, JTOCUTH JOCTOBIpHMMH. Kpim
TOro, SIKIIO MaTeMaTW4Ha MOJENbh HAJIMHOCTI CKJIQJHA, TO JIOBOJUTHCS BJAaBAaTUCS IO PI3HHX
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0OYNCITIOBATLHUX METO/IB, IO MPHU3BOIUTH 10 HEMHUHYYHMX ITOXHOOK (HANpHUKIAd, YHCETbHI METOIH
HaOmmxkeHoro obumcieHus). Lli aBa ¢akTopu - HeaOCTOBIpHICTH (a00 HETOYHICTH) BUXITHUX HaHHX B
MOXHOKKM OOYHMCIIOBAILHIX METOMAIB - MOXKYTh 3BECTH HaHIBElb BCi Ti MepeBard, SKUX HaMararoThCs
JOMOTTHCS, CTBOPIOIOYH YK€ TOUHY MaTeMaTtuuHy mMozenb [3]. [HmmMu cioBamu, cama x 1Mo coli «4ucTay
MOJIeTTb HaIHOCTI HE € CaMOIUII0: TOMY TOYHICTH ii NMOBHHHA BU3HAYATHCS KOHKPETHUMH YMOBaMHU
(TouHicTIO BUXiAHOI iH(pOpMAIi, TTOTPIOHOIO TOYHICTIO pimeHHS i T..). OYeBHIHO, MO0 TIPH AOITYCKY
HETOYHOCTEH B MaTeMaTH4Hid MOJeNi HaAiiHOCTI, Ta IIe MPUHMAYd 10 yBark Majiy JOCTOBIPHICTbH
BUXIJTHUX CTaTHCTHYHMX JAaHUX, 1 - SIK HACIIJOK - MOXHOKH B OCTaTOYHUX PE3yJbTaTaX, MOKYTh BUHHUKHYTH
CYMHIBH B KOPHUCHOCTI pPO3paxyHKiB HaliHOCTI. TOMy ay)Ke BasKIMBO 3PO3yMITH, KOJH 1 JJIS 4OTO MOTPiOHI
PO3paxyHKH HAIIHHOCTI.

Hacamniepen, po3paxyHKH HaJidHOCTI ()YHKLIOHYBaHHSI TaKMX CKJIAQJAHUX TEXHIYHHX CHUCTEM, SIKOIO €
JIA B mimomy i #oro CKIIa0BI €EeMEHTH, HAIIPHUKIIA], KPIJIO, PUHOCATH BEJTUKY KOPHUCTh Ha PI3HUX eTarnax
npoekTyBaHHs JIA, KOMM BHMHUKA€ MUTAHHS NPO MOPIBHSHHS PI3HUX MOKJIMBUX BapiaHTiB 1 BHOOpI
HaAMKpamoro 3 HUX, a Ha OUTBLI Mi3HIX eTamnax JO03BOJISIOTH MEPEBIPUTH MPABUIBHICT NPUIHHATUX PillICHb,
3HAUTH cITaOKi MicIg i BHPOOHTH TTEBHI peKOMEHIAITiT III0I0 ITiIBUIIECHHS HAIiHHOCTI.

Buxonsguun 3 BHIE3a3HAUYCHOTO, PO3PAXYHKOBI METOIM YacCTO BUSBIIIOTHCS HE3aMIHHHMH, a 9acoM 1
€IMHO MOXIMBHMHU SIK Ha erami BurpoOyBanHs JIA, Tak 1 mpW HEOOXiAHOCTI JliarHOCTYBaHHS HOTO
TEXHIYHOTO CTaHy. Y IbOMY BHIMAJKy OJHAM 3 OCHOBHUX CIHOCOOIB OTPHMATH OI[IHKY TTOKa3HUKIB
HaIHHOCTI € pO3paxyHKOBHIA 00 PO3paxyHKOBO-EKCIIEpUMEHTAIbHUI MeTO T [4].

I, sk HACHiIOK, PO3paxyHKOBI METOH (3 POBEJCHHS MPOMITAKTHYHOI0 00CITyTOBYBaHHS Ta OpraHizarii
KOHTPOJIIO CIIPABHOCTI CKIIATHOI TEXHIYHOT CHCTEMH) MOXYTh 3a0€3MEeYUTH HaliO1IbII ONTUMAILHUN PEKUM
eKCIUTyaTallii 3a3HaYeHUX CKIaHUX TEXHIYHUX CUCTEM. TaKHX, HAIIPUKIIA/, aBialliiHol TexHiKu [5].

TakuM YHUHOM, 3aCTOCOBYIOYHM PO3PaxXyHKOBI METOAM 1 3HAHOYM KOMIUICKCHI NMOKa3HUKU HAIIHHOCTI
MOJKHA TIPOJOBKYBATH TEPMIH EKCIUTyaTallii 00'€ekTa CKIIaJHOI TeXHIYHOI CUCTEMHU JOTH, KOJU PEMOHT HE
CTaHe HEJOUITFHUM, a00 KONH 3a3HaueHWi 00'ekT He Oyie 3HATHHA 3 eKCIUIyaTallii MiCIi JOCATHEHHS
NPU3HAYCHOTO TEPMiHY CIYXOM UM HPU3HAYEHOTO pecypcy. SIK MeTonoJoridHa OCHOBAa KOMILIEKCHOL
aBTOMAaTH3allii BUPINICHHS 3aBJaHb MOJCIIOBAHHS HAMIMHOCTI ()YHKI[IOHYBaHHS CKJIQJIHUX TEXHIYHUX
CHCTEM B paMKax HOBHX 1H(QOpMAIIHUX TEXHOJIOT1H, MPOIIOHYEThCs i1HPOPMAaLiHAH i IXi]], 3aCHOBaHUH Ha
MaTeMaTHYHUX MOJEJIX, IO TOJSATae B peasisallii HaCTYIMHUX MPUHIIAIIB: €HOCTI TPOIIECiB pO3ITi3HAHHS
CHUTYyallild, IPOTHO3YBaHHS 1X PO3BUTKY Ta YIPABIiHHS KOMITaMH JT0OyBaHHS iHPOpMaIii, IPOHI3yIO4iMi Bce
iepapxiuHi piBHI iHPOPMAIIHHOT CUCTEMH i/ IIOPIIKOBAHOCTI (YHKIIOHYBaHHS iH(MOPMAIiHHOT CUCTEMH
MMOTOYHOMY CTaHy iH(GOpPMAIITHOTO TMIPOIeCy, BUKOPUCTAHHA 1H(OPMAIIHHOTO TIOKa3HUKA SKOCTI
YIIPaBIiHHS MPOLECOM PO3Mi3HABAHHS MPEJICTABICHHS 3HAaHb, [0 BiJOOPaKatOTh CUTYaTHBHICTH MTOBEIHKA
00'eKTiB; peaizalii TEeXHOJIOTH EKCIEPTHUI CHCTEM, 1110 BiIOMBAE OCOOIUBOCTI aHANII3YIOUH 1HPOPMAIIil Tpo
HaJiMHICTh (YHKIIIOHYBaHHS CKIIAIHUX TEXHIYHUX CUCTEM B PEallbHOMY 4aci.
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AUTOMATION OF EMPLOYEE EVALUATION IN EDUCATIONAL INSTITUTION

The mission statement of educational institution is considered. The business process of employee
evaluation in an educational institution is investigated. Functional model of business process in the IDEFO
notation is developed. The problem statement of the evaluation task as a classification task of employee
characteristics according to the degree of job correspondence is presented. An example of a job profile is
shown. An algorithm for solving the problem of employee evaluation by calculating the degree of similarity
is proposed.

The main mission statement of each Ukrainian educational institution is the providing of quality
educational services in accordance with current Ukrainian legislation, European standards and the needs of
modern Ukrainian society by improving the professional competence of the staff in the educational
institution. The competence or qualification of the teaching staff should be appropriate to a job competency
profile. The competencies are the employee characteristics that are important for the job effectiveness in a
definite position and that can be measured through employee behavior [1]. The job profile is a document that
consists of a list of competencies and functional responsibilities pertaining to a specific job, as well as a list
of the employee's business and personal qualities. Thus, basis for providing of quality educational services is
experienced and motivated staff. Therefore, in order to carry out the mission of the educational institution, it
is necessary to evaluate the work activity of the teaching staff by time to time. To date, the employee
evaluation has been resolved only by expert method, so the task of the business process automation of staff
evaluation is relevant.

The first stage of automation of the existing business process is consists in TO-BE modeling. For this
purpose, it is necessary to formulate the purpose of the investigated problem, to set the boundaries of the
domain and the depth of detail. The process model should answer the following questions:

- Which procedures must be fulfilled for definite result and in which sequence?

- Which input documents and information each procedure use and which output documents and
information the business process generate?

- Which resources are needed to implement each business process?

- Which documentation and conditions regulate the procedure?

To build a business process model of employee evaluating in the educational institution, an IDEFO
notation was selected. The context level of the business process has been created, based on IDEFO notation
(Fig. 1). The inputs for the process “conduct employee evaluation” in the educational institution are
information about the staff and the job responsibilities of each position. The degree of compliance with the
position is determined on the basis of the questionnaire, the job profile, the list of competencies of the
educational institution and the employee evaluation method. Result allows to form personnel decisions. This
process is divided into several separate functions, so to perform this business process efficiently, not only the
head of the institution and the HR manager is needed, but also the IS, which will allow to automate some of
the procedures.

Question- Evaluation Institution
naires, tests method competencies
o Job N
responsibilities Conduct employee evaluation [ Management decisions»
_ Employee —Result of evaluation—»
information A0

HeId of T T JR

institution IS Employee gepartment

Figure 1 — Context level of evaluation process
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The list of procedures for employee evaluation is presented at the next level of detail of the business process
(Fig. 2).
\

Institution Job
competencies COMpetencies
4 profile
Create job Questionnaires,
- Job competencies tests Evaluation
responsibilities profile method
A0l
A A
Collect Identified
~ Employee employee information
information information Result of
A02 Evaluate evaluation >
rt employee
A03 Regulate
labor
HR j ' 7Mana_g_ement>
department relations decisions
A04
IS
Head of j
| |

Figure 2 — Business process of employee evaluation

The employee evaluation process consists of four stages:

1 Create job competencies profile: At this stage, the head and HR-manager develop or modify the job
competencies profiles as needed.

2 Collect employee information: The HR-manager collects information through questionnaires, testing,
interviews, and more. Next action is the process of identifying data, which determining the values of
competencies using IS.

3 Evaluate employee: The employee information is analyzed using the job competencies profile and the
evaluation method. Result will help to identify the level of employee compliance.

4 Regulate labor relations: The results of the evaluation will allow the head of the educational
institution to make management decisions based on his / her experience and knowledge:

- the improvement of qualification of the employee is needed;

- the involvement employee for additional activities of the institution is needed, that helps to increase
the employee professionalism level;

- the possible problems in labor activity in a certain position is identified;

- the staff rotation is needed: upgrading of career ladder, demotion, salary reducing, relocation, or
dismissal from employment;

- the enhancement of the level of employee motivation is needed,;

- the improvement of the personnel management process as a whole is needed.

Thus, the basis for making important managerial decisions in the process of teaching staff evaluating in
the educational institution is to analyze information of the employees’ labor activity using the job profile. So
let's look this problem in more detail.

The task of employee evaluation in educational institution is a classification task, because a certain set
of employee characteristics complies or does not comply the position requirements. Therefore, the employee
evaluation task can be represented in formal view: if we denote by K={ks,...kn} the set of competencies for a
particular position or job profile, and P={ps, ...pm} is a set of classes of correspondence for the position in a
certain scale, then the task of evaluating a pedagogical employee is following f:K—P to find a mapping of
one set to another.

The job competencies profile is a set of data with different nature (see Table 1), so it is necessary to
choose an approach that allows both qualitative and quantitative data to be processed. Some competencies
from job profile make a positive contribution to the final assessment of conformity, for example, the ability
to speak in public, while others are negative, such as the presence of conflict situations in lessons.



128

Table 1 — The snippet of teacher profile in educational institution

Ne | Competencies and characteristics

The value of competencies and characteristics

The communication

Dichotomous value: yes or no

2 | Ability to quickly connect with
strangers

Dichotomous value: yes or no

3 | Ability of public speech

Values relative to the scale: from 1to 5

o

Well delivered and competent language

Dichotomous value: yes or no

5 | Competency “Working with pupils”

This competence contains 4 levels:

1: Able to find a common ground with the pupils, but doesn’t
know how to behave in conflicting situations with the pupils.
2: Acts strictly within established limits. He uses the
institution’s administration to resolve conflicts.

3: Confident teacher. Able to influence the class, can manage
students with deviant behavior.

4: Able to negotiate with pupils. May act as a mentor to
pupils. Has respect among pupils.

6 | Position experience

Number of years

To solve this classification task, it is proposed to use cluster analysis based on the calculation of the
degree of similarity between the objects where the degree of relevance of the position serves as a cluster. The
most popular measures of similarity for data of mixed nature are the Gower coefficient, the Zhuravlev,
Voronin, and Mirkin measures. They provide the possibility of calculating the quantitative, ordinal and
gualitative features separately, and then they allow to calculate the overall measure [2, 3]. The algorithm for
solving the problem of classification of characteristics of a pedagogical employee is presented in Fig. 3.

e

Choose job competency profile

L

!

Identify employee information >

( Choose similarity measure

_l__l_

Galculate similarity measure foD (Calculate similarity measur?

qualitative data

for quantitative data

( Calculate common similarity measure for each degree of post >

Figure 3 — Algorithm of calculating of post accordance degree

Thus, the proposed algorithm for solving the evaluation problem of pedagogical staff in the educational
institution with the help of IS will allow to reduce the time costs for data processing, thus will allow to

improve the quality of management decisions.
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OCOBJIMBOCTI PO3POBKM METO/IIB TA 3ACOBIB KOJIOPUCTUYHOI'O OBPOBJIEHHA
30BPA’KEHD

B yiti pobomi poszensidacmocs po3podka memoodid ma 3acobié KOIOPUCMUUHO20 00pPOONeHHs
300padxcensb 018 BUHAUEHHA OOMIHYIOUOI Naiimpu KOAbOpi6 ma cucmeMu HA iX OCHO8I, NPOBOOUMbCA
NOPIGHANbHUL AHANL3 AHANO2I8 MA MemO00i6 KOIOPUCMUUHO2O AHANIZY 300PANCEHD.

Beryn

B cydacHOMy CBiTi, PO3BUTOK TEXHOJIOTiM BIIKPHB HOBHH IPOCTIp AJSi 3aCTOCYBaHHsS CYy4acHHX
JIOCATHEHb B Haylli Ta TEXHIUl y BUpilIeHH] mpobieM, siKi paHime Oyno HEMOXKIMBO a0 Oyio BKpail Ba)KKO
BupimUTH. OmgHE 3 MOCATHEHh € MOMIIHMBICTH 3MIHCHEHHS KOJOPHCTHYHOTO OOpOOJECHHS 300paxkeHb 3
BU3HAYCHHSM JIOMiHYI04OI mamitpu KombopiB [1]. Taka MOMIJIHBICTB, B Cy4acHOMY CBiTi, IO CTPIMKO
PO3BHBAETHCS, € AOBOJI 3aTPeOYBAHOIO 1 I1€ TiAKPECIIIOE BENNKA KiTbKICTh 3MIMCHEHUX JIOCTIDKEHb [2].

Hampuximan, 3 po3BuTkoM cdepr iHGOpPMAIIHHUX TEXHOJOTIH 1 3 TOSBOIO BEIMYE3HO! KITBKOCTI
BeOCallTiB BHHHKIIA TIOTpeOa B pO3poOIll OpUTIHANBFHUX AW3ANHIB IS TOTO, MO0 HE TiIbKA MPUBEPHYTH
yBary MOTEHIIMHUX KOPHUCTYBadiB 1O IIi€i CTOPiHKHM, aje ¥ Ui BiIOKPEMIJICHHS BiJl KOHKYPEHTIB Ta AJIs
CTBOPCHHS BJIACHOI ieHTHYHOCTi. OKpiM IIOTO, Taka MOXKJIMBICTh 3HAWILIA BUKOPUCTAaHHS Yy AW3aiiHI
MpUMIIleHb, B peJaryBaHHI 300pa)keHb, aHaNi3l KapTWH MHUCTENTBO3HABIIMH, mporeci QimpTparii
300paxeHb, PO3pOOII aBTOMATH30BAHUX CUCTEM COPTYBAHHS 32 300paXCHHSIMH TOIIIO.

Yy 3B,$I3Ky 3 BCJIIMKUM HOTCH]_[iaJ'IOM Ta NOINHUPCHUM BHUKOPUCTAHHAM BKAa3aHOTO KOJIOPUCTHYHOI'O
aHaIi3y 300pakeHb € aKTyallbHOIO MPOOJIeMa CTBOPEHHS CUCTEMY KOJIOPHCTUIHOTO 00pOOIEHHS 300paKeHb.

MeToro JOCHIKEHb € aHali3 Ta BHABIEHHS OCOOJMBOCTEH pPO3POOKH MeETOJIBTa 3aco0iB
KOJIOPUCTUYHOT 00pOOKH Ta (hOopMyBaHHSI CTPYKTYpOBaHNX 0a3 300pakeHb.

IopiBHsIHHSA 3 ICHYIOYHMH aHAJIOTAMH
B sikocTi icHyro9oro anangora B3sto oniain cepsic IMGonline [3]. Bkasauwuii cepBic 3ailiCHIOE aHATi3
BXiIHOTO 300pakeHHsI uepe3 HOro 3aBaHTAKEHHS Ha CBOKO CEPBEpHY YaCTHUHY, NMPH [BOMY MPUCYTHS
MOJKJIUBICTh HANANITYBaHHS aHANi3y 300pakKeHHs y BHUIVISINI BUOOPY BHXIAHOI KUTBKOCTI JTOMIHYIOUHX
KOJIBOPIB Ta CTUCHEHHI BUXiTHOTO 300paxeHHs 10 ¢popmaty JPEG (pucyhnox 1).

IMGonline.com.ua d
OBpatoTka JPEG GoTOrpaduii oHAaiH Y

Fnaexas | U b pasmep

Cxare A p EXIF | 3dpep: Yny4qwute

OnpefenuTb OCHOBHbIE LiBETa KAPTUHKWA OHNanH

TagHoe HyKHO yKazaTe (IOTO MMM KAPTHHKY Ha BaLLEM KOMNbIOTEPE WA TenedoHe, HaxaTh kKHonky OK BHit3y CTpaHHUs! U
NoACKAaTE Napy cekyHa. O ik yoxe noy

Mpumepsl pa3Hbix hoTorpadmii ¢ usetamu:
Y7 - 3

S

1) Ykaxute nsoépaxenue B popmare BMP, GIF, JPEG, PNG, TIFF:

ornsg... | ®aiin He BUGPaHO.

2) HacTpoitku 06paGoTku

KOnM4ecTBO OCHOBHbIX LIBETOB: | 5 LIBETOB

[l06aBuTB CCLINKY Ha 3TOT CailT BHU3y cnpasa
MokasaTb N300paKeHNe ¢ NANNTPOi Ha cTpaHuue pesynstata? ® fla O HeT (C3koHOMUT Tpaduk Ha TenegoHe)

3) ®opmaT n3oGpaKkeHns ¢ NanUTPO Ha BbIXOAE

OJPEG [cTangapTHbiii_ | c kavecTsom [92 2] (oT 1 a0 100)
@ PNG-24 (6e3 ckaTna 1 6e3 noTepy KayecTsa)

OK

06paboTka 06kIuHO ANNTCA 5-30 CeKyHA.

Pucynok 1 — Onnaiin cepsic «IMGonline»
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[lepeBaramMu BUKOPUCTaHHSI I[LOTO CEPBICY € HOT0 OHJIAWH IIaThopMa Ta MOKIIMBICTh HAJIAIITYBAaHHS
BHXITHOT KIJTBKOCTI TOMIHYIOUHX KOJIHLOPIB.

HenonikamMu 1p0ro CepBiCYy €: HEMOXJIHMBICTH 3IIMCHEHHS aHAi3y Tpynu 300paKkeHb (KOXKHE
300paKCHHS HEOOXiJIHO 3aBaHTaXXyBaTH OKPEMO), HEIOCTaTHhO TOYHWHN pe3yibTaT npu OOpOOJICHHI
300pakeHb 3 SICKPAaBHUMH KOJIHOpaMHU, HEOOXITHICTh 3aBaHTAKEHHS 300pakeHHS Ha CepBEp TPEThOI CTOPOHHU
IUTsL ioro 0OpOoOIeHHS, HEMOKIIMBICT, CTBOPSHHS BHOIPKHU 3 paHIIIe MPOaHaTi30BaHUX 300pa)kKeHb, BTpaTa
IIBUJIKO/IiT B 00pOOICHHI 300paXKeHHsI Yepe3 BUKOPUCTAHHS KIIIEHT-CEPBEPHOT apXiTEKTYPH.

InmM aHamoroM € omtaiie cepsic «TinEye» [4].

Extracted color palette

Color map regions Proportional palette Hex color Area Closest color name

. #5fdbad 284 % Woody Brown (Brown)
. #34353c 194 % Revolver (Grey)

. #0b181b 189 % Black Pearl (Black)

. #a05e53 82% El Salva (Brown)
B ssas04c 72% Lotus (Brown)
. #b6806f 6.6 % Brandy Rose (Brown)
Source image #d08d76 6.2% Feldspar (Brown)
#eac3ab 3.0% Desert Sand (Brown)
W #3860 17% Hemp (Brown)

#c0b5a9 0.5% Tide (Grey)

v | Exclude background color from extracted colors

v | Exclude interior background color from extracted colors

Pucynok 2 — Onnaiin cepgic «TINEye»

[TepeBaramu mpOro cepBicy € MPOCTOTa iHTEPdEcy Ta MOKIUBICTD BUKIIOUEHHSI JOHOBOTO KOJNBOPY 3
OTPUMAHOI MATITPH KOJIBOPiB (PUCYHOK 2).

Henonikn 1mporo cepBicy € CXOXHMHU JO HEIOJNIKIB TONEPEIHHOTO aHAIIOra, TAaKOX BiACYTHS
MOJKJIUBICTh HAJIAIITYBaHHS NIPOIIECY aHaJIi3y 300paKeHHsI.

BigmoBigHo 10 3MiMCHEHOrO aHasidy, OyJu BHSIBJICHI Taki OCHOBHI HEJOJIKM BKa3aHUX aHAJIOTIB:
oOMexeHni (YHKITIOHAT y BUTIISAI HEMOXIIMBOCTI OJHOYACHOTO aHAIi3y HaOopy 300pakeHb 1 moOymoBU
BUOIPKM 3 paHillle IPOAHATI30BaHUX, BUKOPHUCTaHHI KIIIEHT-CEPBEPHOI apXiTEKTypH (L0 3MEHIIYE
HIBHKOJIIO aHaui3zy). KpiM Toro, HefoiikoM € HeoOXiTHICTh 3aBaHTaKEHHS 300pakeHHsI Ha cepBep TPEThOl
CTOpPOHH.

Metoau Ta 3aco001 BU3HAYEHHS JOMIHYI0UYO0I NATITPH KOJILOPiB

Jnst 37iiCHeHHST KOJIOPUCTHYHOTO OOpOOJIeHHS 300pakKeHb ICHYIOTH NIEKiJIbKa MOXKIUBUX METOJIB.
OnHUM 3 TakMX METOJIiB € IMEepEeTBOPEHHsS BXiaHOro 300paxeHHs B HSV (abo HSB) mpocrtip, sikuii €
KOJIIPHMUM MPOCTOPOM, IO 3aCHOBAaHMH Ha TPbhOX XapaKTEPUCTHUKAX KOJbOPY: Kouipuuii ToH (Hue),
Hacu4eHocTi (Saturation) Ta Ha 3HauenHi konbopy (Value), sikuii Takox HazuBatoTh (Brightness) [5].

OCHOBHOIO 1/I€I0 IILOrO METOAY € aHali3 300paKeHHs, MO 0a3yeThCsi Ha BUKOPHCTAHHI allTOPUTMY
MTPOXOJKEHHS TI0 KOXKHOMY TIKCET0 300paykeHH 1 Ha Kiacudikallii Koapopy BiIOBIIHO /IO HOTO 3HAYESHHS.

Hapami 3aiiicHIOEThCS aHAai3 OTPUMAHUX TPYI KOJIBOPIB, IPU SIKOMY OyZe 3IiHCHEHO ycepeaHEHHS 3
HaJIaHHSIM TIPIOPUTETY THUM TpylaMm, L0 HaOpaiau HaMONbLIy KiJIBKICTh BXOJKEHb BiJIOBIIHO 10
ITOPUTMY:

100- YN x;
N

[lepeBaraMn BUKOPUCTAHHS TAKOT'O METOJY € TOYHICTh Ta JETalIbHICTh BU3HAUCHHS MMAJITPH KOJIHOPIB
0e3 oOMexeHb Ha iX KUIbKiCTh. HemomikoM Takoro MeTroay € HOro MIBHIKOIISA, TaK SK MPU aHami3i
300paxkeHHs OyJie 00pOOIIATUCS KOXKEH IMIKCEIh OKPEMO 1 OTepallis 3 aHali3y MOXe 3alHATH TPUBAIUN Yac
Ta pecypcH. TakoX TakWii METOJ] HE € ONTUMAILHUM IPH 3AIMCHEHHI aHalli3y TPYNH BXiJHHX 300pa)keHb
Yyepe3 BKa3aHUK HEJOJIK B LIBUIKOIII.

HactynHuii MeTon KOJOPHUCTUYHOTO aHalizy 300pakeHb INOJNATae y BHUKOPUCTAHHI alrOpUTMy
KJIacTepu3allii METOI0M K-cepeiHiX. Bka3aHuii anropuT™ € 0BOJIi PO3IOBCIOKEHNM Ta edeKkTHBHIM. Moro
3aCTOCOBYIOTh B HalOIbII Pi3HOMAHITHUX cdepax: reoCTaTHUCTHULl, aCTPOHOMIi, CITBCBKOMY T'OCIIOAAPCTBI,
MapKETHHIOBUX CErMEHTaIlisIx Touo [6].
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CyTh IBOTO METOAY IOJISTAaE B BHOPSIKYBaHHI MHOXHHH 00’€KTIB B MOPIBHIHO OXHOPITHI TPYIIH.
MeTton 0Oa3yeTbcs Ha MiHIMIi3alii CyMH KBaIpaTiB BiACTaHEH MK KOXXHHM CIOCTEPEKCHHSIM Ta LIEHTPOM
WOro Kjacrepa:

N
> d(e, my ()Y
i=1

Y BuUmaaKy 3 KOJOPHCTUYHMM aHalli3oM BiAOyBa€TbCs BU3HAYECHHS TPYNH MOMIOHMX KOJIBOPIB Ha
300paKCHHI.

CriouyatKy, MOYaTKOBI LIEHTPH LUX TPYN OOMPATHMYTHCS BHUIAIAKOBO, MOTIM OOpaxOBYBaTHMETHCS
MIPUHAJIEKHICTh KOXKHOTO €JIeMEHTa TOMY YW IHIIOMY LEHTPY, Jajli BUKOHYETHCS IEepepaxyHOK IEHTPIiB
KJIaCTEpiB Ha KOXKHIN iTepalii anroputMy AOTIOKH LIEHTPHU HE MepecTaHyTh 3MillyBaTHCh. [Ipu oMy, KOkeH
MmiKcenb 300pakeHHs mpejcTaBisie co0oto Touky B RGB mpocropi B SKOMy BHpPaxOBYETHCS BiJICTaHb JI0
HEHTpiB Kimactepis [7].

OnHi€l0 3 BaXIJIMBHX II€peBar BUKOPHCTAHHS TAaKOTO METONY Ul MOOYAOBH CHUCTEMH BH3HAYCHHS
JIOMIHYIOYOI TaJiTPU KOJBOPIB € WIBHAKOJIIS, sSKa € OJHIEI0 3 HaWBaroMilIuX CKJIaJIOBUX THPOIECY
00po0JIeHHsT 300pakeHb TaK SK cami 300paKEHHS MOXKYTh OyTH JOBOJI JICTali30BAHUMH Ta 00’ €MHHMHU.
OxpiM 1IOTO, TaKWf METOJ ITO3BOJIUTH MiABUINUTH €(EeKTUBHICTH OOPOOIIEHHS LIIOro HaOOpy 300paXKeHb
OJTHOYACHO 3aBJSKM BKa3aHId mepeBa3i B IIBUAKOAIL. HemomikoM mporo meromy € Te, MO pe3yibTaT
KJacudikallii CHIIbHO 3aJIS)KUTh BiJl BUMTAJKOBUX MOYATKOBUX TO3MIIIH KIACTEPHUX IICHTPIB.

BiamoBigHO 1m0 mepeBar Ta HEMONIKIB BKa3aHWX METOIIB, B OCHOBY pPO3POOIIOBANIBHOI CHCTEMHU
KOJIOPUCTUYHOTO aHaJi3y 300paKeHb MOKIAJeHO alTOPUTM KJacTepH3allil MeToJIOM K-CEepPeIHiX, TaK SK BiH
Ma€ ONTUMAILHUHA PiBEHb MIBUAKOIT Ta TOYHOCTI, IO B CBOIO Hepry 3a0e3Meduye MOKIIMBICTh aHai3y IpyIu
BX1IHHUX 300pa)KEeHb.

B sxocri 3aco0iB pearizatiii 0yio oOpaHo MoBy mporpamyBanas C#. List MoBa 103BOIIIE CTBOPIOBATH
MPOTpaMHi JOAATKU 3 €PrOHOMIYHUM KOPUCTYBAIbKHM iHTep()eiicoM, BUKOPUCTOBYIOUH TaKi MIaTGopMH sIK
Windows Forms i 6inbm cywacHy Windows Presentation Foundation, okpiM 1poro B po3po0ioBanbHii
CUCTEMI IUIAaHYETHCS TiCHA B3aeMOjis 3 0a30r0 MaHUX, ska Oyae peani3oBaHa 3a JOMOMOTOI TEXHOIOTIi
Entity Framework ta 6i6miotek knacie ADO.NET.

BucHoBkn

Ha ocHOBI mpoBemeHOTO aHami3y aHAJIOTiB, OOIPYHTYBaHHS BHOOPY METOJIB pO3Mi3HABaHHS OYI0
BUSIBJICHO METOJI, 1110 0a3y€eThCs HAa BUKOPUCTAHHI aJrOPUTMY KJIACTepH3allii METOJIOM K-CepEeiHIX Ta €
OJITHOYACHO ONTHUMAIBHUM B CBOTH IIBHIKOIT Ta B TOYHOCTI aHami3y. Lleli MeTon € ocHOBOIO IS peaizariii
HPOTPAaMHOTO  TIPOAYKTY KOJIOPHCTHYHOTO OOpOOJEeHHS 300paxkeHb, SKUKA Oyne peanizoBaHO JUIs
MOJIANIIIOTO 3allPOBAHKCHHSI B CUCTEMY KOJOPHCTUYHOTO OOpoOJIeHHS 300pakeHb Ta iX Kiacugikarrii.
Taxuit mporpaMHAN MPOJIYKT MOXKE OYTH BUKOPUCTAHUK B CUCTEMI PO3ITi3HABAHHS 300pakeHb JJIS PillIeHHS
PI3HOMAaHITHHX 33/1a4 B TEXHIIll Ta eKOHOMIIII.

CIIMCOK JIITEPATYPU
1. lominyrounii  womip  [EmexktpoHHuit  pecypc] — Pexum  moctymy gm0 pecypcey:
https://uk.wikipedia.org/wiki/[loMminyrounii xodip
2.Why  color matters [Emextponnuii pecypc] — Pexum  JgocTymy 0 pecypey:
https://www.colorcom.com/research/why-color-matters
3.IMGonline [EnexktpoHHuit pecypc] - Pexum JOCTYITY hi(s) pecypcy:

https://www.imgonline.com.ua/get-dominant-colors.php.

4. TinEye [Enexrponnuii pecypc] — Pexxum noctymy 10 pecypcey: https://labs.tineye.com/color/

5.HSV [Enexrponnnii pecypc] — Pexxum goctymy o pecypey: https://uk.wikipedia.org/wiki/HSV.

6. Knmacrepuzariist meromom k—cepennix [EnextponHmii pecypc] — Pexxum pocTymy 1o pecypcy:
https://uk.wikipedia.org/wiki/Kiactepuzariisst METOIOM K—CepeaHix

7.RGB [Enextponnuii pecypce] — Pexxum moctymy no pecypcy: https://uk.wikipedia.org/wiki/RG
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