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The problem of matching knowledge in the temporal aspect
when constructing explanations for recommendations is considered.
Matching allows reducing the influence of conflicting knowledge on
the explanation in a recommender system.

A model of knowledge representation in the form of a temporal
rule with the explanation constraint is proposed. The temporal rule
sets the order for two sets of events of the same type that occurred
at two different time intervals in time. An explanation constraint es-
tablishes a correspondence between the temporal order represented
by the rule for a pair of intervals and the description of temporal
dynamics for a given time period. This dynamic is represented by the
explanation of the recommendation. The model is designed to match
knowledge, taking into account the explanation constraint, as well as
further use the matched knowledge to clarify explanations based on
the results of the intelligent system.

A method for clarifying explanations in a recommender sys-
tem based on knowledge matching in the form of temporal rules
is developed. The method uses records of purchases of goods, ser-
vices or their ratings as input data. The method identifies a subset
of rules matched in the temporal aspect, which represent the same
dynamics of consumer demand for the target item (increase or
decrease) as explanations in the recommender system. Matching
of temporal knowledge makes it possible to form a refined list of
explanations. This list includes basic and clarifying explanations.
The basic explanation reflects the dynamics of user interests for
the entire given period of time. Clarifying explanation specifies
changes in demand for individual intervals within a given time
period. The use of the temporal dynamics of user preferences in
the explanation is aimed at increasing confidence in the received
recommendations.

Keywords: recommender system, explanation of recommenda-
tions, temporal rules, knowledge matching.

References

1. Izquierdo-Castillo, J. (2015). El nuevo negocio mediatico liderado
por Netflix: estudio del modelo y proyeccion en el mercado espaiiol.
El Profesional de La Informacién, 24 (6), 819-826. doi: https://
doi.org/10.3145/epi.2015.n0v.14

. Gambhir, S. (2019). Challenges Facing E—Commerce: A Case
Study of Amazon vs Snapdeal. International Journal of Com-
puter Trends & Technology, 67 (07), 19-25. doi: https://
doi.org/10.14445,/22312803 /ijctt-v67i7p104

. Al Fararni, K., Aghoutane, B., Riffi, J., Sabri, A., Yahyaouy, A.
(2020). Comparative Study on Approaches of Recommendation

Systems. Advances in Intelligent Systems and Computing, 753-764.
doi: https://doi.org/10.1007 /978-981-15-0947-6_72

. Chala, O., Novikova, L., Chernyshova, L. (2019). Method for detect-

ing shilling attacks in e-commerce systems using weighted temporal
rules. EUREKA: Physics and Engineering, 5, 29-36. doi: https://
doi.org/10.21303/2461-4262.2019.00983

. Chalyi, S., Leshchynskyi, V., Leshchynska, I. (2019). Method of forming

recommendations using temporal constraints in a situation of cyclic cold
start of the recommender system. EUREKA: Physics and Engineering,
4, 34—-40. doi: https://doi.org/10.21303/2461-4262.2019.00952

. Lops, P, Jannach, D., Musto, C., Bogers, T., Koolen, M. (2019).

Trends in content-based recommendation. User Modeling and User-
Adapted Interaction, 29 (2), 239-249. doi: https://doi.org/10.1007 /
$11257-019-09231-w

. Tsai, C.-H., Brusilovsky, P. (2019). Explaining recommendations

in an interactive hybrid social recommender. Proceedings of the
24th International Conference on Intelligent User Interfaces.
doi: https://doi.org/10.1145/3301275.3302318

. Dominguez, V., Messina, P., Donoso-Guzman, 1., Parra, D. (2019).

The effect of explanations and algorithmic accuracy on visual rec-
ommender systems of artistic images. Proceedings of the 24th In-
ternational Conference on Intelligent User Interfaces. doi: https://
doi.org/10.1145/3301275.3302274

. Thagard, P. (2018). Computational Models in Science and Phi-

losophy. Introduction to Formal Philosophy, 457-467. doi: https://
doi.org/10.1007 /978-3-319-77434-3_24

. Rana, C,, Jain, S. K. (2012). A study of the dynamic features of rec-

ommender systems. Artificial Intelligence Review, 43 (1), 141-153.
doi: https://doi.org/10.1007 /s10462-012-9359-6

. Zhou, X,, Sun, Z., Guo, G., Liu, Y. (2020). Modelling Temporal

Dynamics and Repeated Behaviors for Recommendation. Lecture
Notes in Computer Science, 181-193. doi: https://doi.org/10.1007/
978-3-030-47426-3_15

. Liu, D.-R,, Chen, K.-Y,, Chou, Y.-C,, Lee, J.-H. (2018). Online

recommendations based on dynamic adjustment of recommenda-
tion lists. Knowledge-Based Systems, 161, 375-389. doi: https://
doi.org/10.1016/j.knosys.2018.07.038

. Wang, C., Zhang, M., Ma, W, Liu, Y., Ma, S. (2019). Modeling Item-

Specific Temporal Dynamics of Repeat Consumption for Recom-
mender Systems. The World Wide Web Conference on - WWW ’19.
doi: https://doi.org/10.1145,/3308558.3313594

. Raza, S, Ding, C. (2019). Progress in context-aware recommender

systems — An overview. Computer Science Review, 31, 84-97.
doi: https://doi.org/10.1016/j.cosrev.2019.01.001

. Zheng, N, Li, Q. (2011). A recommender system based on tag and

time information for social tagging systems. Expert Systems with
Applications, 38 (4), 4575-4587. doi: https://doi.org/10.1016/
j-eswa.2010.09.131

. De Borba, E. J., Gasparini, 1., Lichtnow, D. (2017). Time-Aware

Recommender Systems: A Systematic Mapping. Human-Com-



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

puter Interaction. Interaction Contexts, 464-479. doi: https://
doi.org/10.1007,/978-3-319-58077-7_38

. Quadrana, M., Cremonesi, P, Jannach, D. (2018). Sequence-Aware
Recommender Systems. ACM Computing Surveys, 51 (4), 1-36.
doi: https://doi.org/10.1145/3190616

. Jannach, D., Ludewig, M., Lerche, L. (2017). Session-based item

recommendation in e-commerce: on short-term intents, reminders,

trends and discounts. User Modeling and User-Adapted Interac-
tion, 27 (3-5), 351-392. doi: https://doi.org/10.1007 /s11257-017-
9194-1

. Gomez-Uribe, C. A.,, Hunt, N. (2016). The Netflix Recommender

System. ACM Transactions on Management Information Systems,
6 (4), 1-19. doi: https://doi.org/10.1145,/2843948

Della Penna, G., Orefice, S. (2018). Qualitative representation of spa-
tio-temporal knowledge. Journal of Visual Languages & Computing,
49, 1-16. doi: https://doi.org/10.1016/j.jv1c.2018.10.002

Levykin, V., Chala, O. (2018). Development of a method for the
probabilistic inference of sequences of a business process activities
to support the business process management. Eastern-European
Journal of Enterprise Technologies, 5 (3 (95)), 16—24. doi: https://
doi.org/10.15587/1729-4061.2018.142664

Levykin, V., Chala, O. (2018). Method of determining weights
of temporal rules in Markov logic network for building knowl-
edge base in information control systems. EUREKA: Physics
and Engineering, 5, 3-10. doi: https://doi.org/10.21303/
2461-4262.2018.00713

Thagard, P. (2004). Causal inference in legal decision mak-
ing: explanatory coherence vs. Bayesian networks. Ap-
plied Artificial Intelligence, 18 (3-4), 231-249. doi: https://
doi.org/10.1080,/0883951049027986 1

Miller, T. (2019). Explanation in artificial intelligence: Insights from
the social sciences. Artificial Intelligence, 267, 1-38. doi: https://
doi.org/10.1016/j.artint.2018.07.007

Vreeswijk, G. (2016). Extensions and modifications to explanatory
coherence. Law, Probability and Risk, 15 (3), 199-221. doi: https://
doi.org/10.1093/Ipr/mgw005

Chalyi, S., Leshchynskyi, V. (2020). Method of constructing expla-
nations for recommender systems based on the temporal dynamics
of user preferences. EUREKA: Physics and Engineering, 3, 43—50.
doi: https://doi.org/10.21303,/2461-4262.2020.001228

Chalyi, S., Pribylnova, I. (2019). The method of constructing recom-
mendations online on the temporal dynamics of user interests using
multilayer graph. EUREKA: Physics and Engineering, 3, 13—19.
doi: https://doi.org/10.21303/2461-4262.2019.00894

Baral, R., Zhu, X, Iyengar, S. S., Li, T. (2018). ReEL: Review Aware
Explanation of Location Recommendation. Proceed-
ings of the 26th Conference on User Modeling, Adapta-
tion and Personalization (UMAP ‘18), 23-32. doi: https://
doi.org/10.1145/3209219.3209237

Chalyi, S., Levykin, 1., Biziuk, A., Vovk, A., Bogatov, 1. (2020).
Development of the technology for changing the sequence of
access to shared resources of business processes for process man-
agement support. Eastern-European Journal of Enterprise Tech-
nologies, 2 (3 (104)), 22-29. doi: https://doi.org/10.15587/
1729-4061.2020.198527

Bodyanskiy, Y., Kulishova, N., Chala, O. (2018). The Extended Mul-
tidimensional Neo-Fuzzy System and Its Fast Learning in Pattern
Recognition Tasks. Data, 3 (4), 63. doi: https://doi.org/10.3390/
data3040063

Zajac, Z. (2017). Goodbooks-10k: a new dataset for book recommen-
dations. FastM L. Available at: http://fastml.com/goodbooks-10k

DOI: 10.15587/1729-4061.2020.209047

DEVELOPING A MODEL OF THE DYNAMICS OF
STATES OF A RECOMMENDATION SYSTEM UNDER
CONDITIONS OF PROFILE INJECTION

ATTACKS (p. 14-24)

Yelyzaveta Meleshko

Central Ukrainian National Technical University,
Kropyvnytskyi, Ukraine

ORCID: http://orcid.org/0000-0001-8791-0063

Oleksandr Drieiev

Central Ukrainian National Technical University,
Kropyvnytskyi, Ukraine

ORCID: http://orcid.org/0000-0001-6951-2002

Mykola Yakymenko

Central Ukrainian National Technical University,
Kropyvnytskyi, Ukraine

ORCID: http://orcid.org/0000-0003-3290-6088

Dmytro Lysytsia

National Technical University «Kharkiv Polytechnic Institute»,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-1778-4676

The recommendation systems used to form a news feed in social
networks or to create recommendation lists on content websites or
Internet stores are often exposed to information profile injection
attacks. These attacks are aimed at changing ratings, and thus at
changing the frequency of appearing in recommendations, certain
objects of a system. This can lead to threats to users’ information
security and losses of the system owners. There are methods to de-
tect attacks in recommendation systems, but they require permanent
repetitive checks of all users’ profiles, which is a rather resource-
intensive operation. At the same time, these methods do not contain
any proposals as for determining the optimal frequency of attack
checks. However, a properly chosen frequency of such checks will
not overload a system too much and, at the same time, will provide
an adequate level of its operational security.

A mathematical model of the dynamics of states of a recom-
mendation system under conditions of an information attack with
the use of the mathematical apparatus of Markovian and semi-
Markovian processes was developed. The developed model makes
it possible to study the influence of profile injection attacks on rec-
ommendation systems, in particular, on their operation efficiency
and amount of costs to ensure their information security. The
practical application of the developed model enables calculating for
recommendation systems the optimum frequency of information at-
tack check, taking into consideration the damage from such attacks
and costs of permanent inspections.

Based on the developed mathematical model, the method for
determining total costs of a recommendation system as a result
of monitoring its own information security, neutralization of
bot-networks activity and as a result of information attacks was
proposed.

A method for determining the optimal frequency of checking
a recommendation system for information attacks to optimize the
overall costs of a system was developed. The application of this
method will enable the owners of websites with recommendation
systems to minimize their financial costs to provide their informa-
tion security.

Keywords: recommendation system, information security, bot-
network, Markovian processes, semi-Markovian processes.
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Currently, the Internet has given people the opportunity to ac-
cess to human knowledge quickly and conveniently through various
channels such as Web pages, social networks, digital libraries, portals.
However, with the process of exchanging and updating information
quickly, the volume of information stored (in the form of digital
documents) is increasing rapidly. Therefore, we are facing challenges
in representing, storing, sorting and classifying documents.

In this paper, we present a new approach to text classification.
This approach is based on semi-supervised machine learning and
Support Vector Machine (SVM). The new point of the study is that
instead of calculating the distance between the vectors by Euclidean
distance, we use geodesic distance. To do this, the text must first be
expressed as an n-dimensional vector. In the n-dimensional vector
space, each vector is represented by one point; use geodesic distance
to calculate the distance from a point to nearby points and connect
into a graph. The classification is based on calculating the shortest
path between vertices on the graph through a kernel function. We
conducted experiments on articles taken from Reuters on 5 different
topics. To evaluate the proposed method, we tested the SVM method
with the traditional calculation based on Euclidean distance and the



method we proposed based on geodesic distance. The experiment

was performed on the same data set of 5 topics: Business, Markets,
World, Politics, and Technology. The results showed that the correct
classification rate is better than the traditional SVM method based
on Euclidean distance (average of 3.2 %).

Keywords: text classification, machine learning, geodesic dis-
tance, euclidian distance, SVM, NLP, kernel function.
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Improving the decision-making efficiency in defense planning
based on the capabilities of military forces and means for performing
purposeful tasks requires new methodological approaches and their
implementation in the form of software information-analytical tools.
Given the complex information environment of defense planning, it is
appropriate for the variants of capabilities development options to be
chosen by experts on the methodological basis of multicriterial analysis.

The research result is the development of a procedure, in which
it is proposed to generate criteria and evaluate alternative options
by integrating ontology, the Analytical Hierarchy Process, and the



method of directed graphs. The ontological representation of the data

ensures the construction of the hierarchical taxonomy of a domain
and the formation of the criteria vector. The Analytical Hierarchy
Process is used to conduct an expert evaluation of capabilities by their
pairwise comparison against determined criteria. Experts’ judgments
are visualized and controlled using directed graphs. Application of
the procedure will make it possible to ensure efficiency, versatility,
and simplicity of technical implementation of a procedure of decision
making support. The procedure was tested on the example of choosing
a capability to conduct reconnaissance for the benefit of ground artil-
lery. Tt was shown that the evaluation process in the expert activity is
considerably simplified due to the graph visualization.

The proposed procedure introduces an innovative tool to achieve
strategic goals and accomplish the basic tasks of the defense reform,
which is relevant for many countries. The versatility of the proce-
dure creates the basis for its application not only in defense but also
in other force departments.

Keywords: information technologies, multicriterial analysis,
ontology, analytical hierarchy process, directed graphs, capabilities,
defense planning.
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The structure of the software for electric impedance tomography
has been presented. This structure of application construction makes
it possible to carry out the real-time EIT research and can be imple-
mented on medical and technical devices, in particular, integrated
into AVL devices.

The algorithm for visualization of the results of conductivity
field reconstruction was presented. Within this algorithm, there are
two approaches to presenting color models and selecting colors for
each particular finite element. The choice of one of these approaches
depends on the needs of the study and leads either to faster perfor-
mance, or to the higher quality of an image.

The algorithm of neighboring finite elements, allowing reducing
the time consumed to visualize the model by uniting neighboring
elements with a similar color in one polygon, has been proposed.
Reducing the number of finite elements leads to a higher speed of
their output on the screen.

A list of graphics libraries that can be used for the problems of
visualization of the results of electric impedance tomography was
presented. As a result of the research, it was found that among the
analyzed libraries, the best time is demonstrated by the OpenGL
library, which ensures the visualization of 0.02 s faster than in the
case of the analogs. This is due to the high operation speed, which is
provided by the implementation of the GPU visualization.

Tt was shown that the use of the proposed algorithm of neigh-
boring finite elements actually allows reducing the time spent on
displaying the model on the screen from 0.05s to 0.03s for the
OpenGL library. At the same time, the total time spent on visualiza-
tion depends on the used graphics library.

The obtained data can be used in the development of medical
visualization systems, which should meet increased requirements in
terms of the amount of displayed information.

Keywords: electric impedance tomography, software, image
reconstruction, medical visualization, graphics libraries.
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The problem of forecasting emergency situations at hydraulic facili-
ties of a hydroelectric complex, forming its pressure waterfront, based
on the application of a logical-probabilistic approach is considered.

The relevance of the studies and their practical significance are
determined by the need to assess the compliance of the safety of
hydraulic facilities with international safety standards and current
national legislation. Therefore, the reports on the environmental
impact assessment of hydraulic facilities should present the results
of assessing the additional risk of emergency situations at the hy-
droelectric complex. This assessment, in turn, requires an analysis of
the probability of accidents at the hydroelectric complex before and
after new construction.

In the present study, using the example of the Kakhovka hydro-
electric complex (Ukraine), the systemic nature of possible causes
of accidents at pressure hydraulic facilities as part of hydroelectric
complexes is found. An accident at a hydroelectric complex is con-
sidered as a complex natural and man-made event, which can be
associated with various natural and man-made factors. The total
(generalized) probability of an accident at the hydroelectric complex
is estimated by the logical-probabilistic method of failure and fault
trees based on a deductive approach.

The upper limit estimates of the probability of accidents at
individual hydraulic facilities of the hydroelectric complex and
the generalized estimate of the probability of an accident at the
hydroelectric complex as a whole are calculated. It is found that
the probability of an accident depending on the hydraulic facility
of the hydroelectric complex can vary. In the case of the Kakhovka
hydroelectric complex, it varies from 2.1-1076, year!, at the run-of-
river earth dam, to 5.6-10°%, year!, at the spillway dam. The total
probability of an accident at the hydroelectric complex is 2.35-10°°
emergency events per year. However, these estimates do not exceed
the permissible value of 5-107°, year~!, which is regulated for hy-
draulic facilities of the corresponding consequence class. Thus, it
is concluded that the current reliability and safety of the hydraulic
facilities of the Kakhovka hydroelectric complex can be recognized
as sufficient.

Keywords: Kakhovka hydroelectric complex, pressure hydraulic
facilities, environmental impact assessment, accident scenario, tech-
nological safety.
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The approach has been developed to determining the numerical
value of a failure probability and to forecasting the resource of an
instrument transformer cell at the time of observation. Underlying
a given approach is the control over the main parameters that affect
the technical condition (TC) of an instrument transformer cell in the
distributing device of high voltage (DDHV). To determine a TC of
the devices, a mathematical method of fuzzy modeling has been ap-

plied, which makes it possible to integrate the diagnostic parameters
that are different in their nature. Building a fuzzy model involved the
experience of experts in the relevant industry.

The relevance of the development of a given approach is prede-
termined by the functional importance of a current transformer. Its
performance affects the accuracy of triggering the relay protection
devices, as well as the accounting of electrical energy. Precise account-
ing of electric energy implies minimizing its losses and shows the path
to energy savings. A special feature of this approach is that it takes
into consideration the influence of TC of each piece of cell equipment
on the probability of its failure in general. To account for the fac-
tors of random disturbances, an expert fuzzy model is refined by the
probabilistic-statistical method.

An example of the DDHV instrument transformer cell in an
electric-energy system has been used to substantiate the advantage
of a given approach over the existing methods to control the techni-
cal condition of electrical equipment. The error in predicting the cell
resource based on one parameter (thermal imaging examination) was
App-02=1-Qp-02=0.364, or 36.4 %. When applying an expert-statisti-
cal model for determining the probability of a cell failure, the error was
Ap0-02y=1-Qapost=0.034, or 3.4 %. The application of a given approach
has produced a more reliable estimate of the probability of cell failure.

Implementing the developed approach in the field of electrical
equipment diagnosing could improve the reliability level of forecast-
ing results. The constructed model could be applied in the automated
systems that diagnose “on-line” the DDHV electric devices.

Keywords: current transformer, disconnector, cell, fuzzy model,
technical condition, failure probability.
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This paper addresses control over flushing a well, which be-
longs to the class of non-stationary dynamic stochastic objects.
The object evolves over time and has a large transport delay,
which increases with an increase in the well’s length. The current
work is aimed at solving the tasks on improving a mathematical
model of the automated control system taking into consideration
a constraint on the capacity of a drilling pumping unit. The
normalized transition functions of a pumping unit have been
examined, based on which the magnitude of the delay has been
determined, and the structures and parameters of typical control-
lers have been synthesized.

It has been established that the only way to improve control
quality is to use a more complex controller, which can reduce the
negative impact of the delay.

The closed automated control systems with delay have been inves-
tigated, which ensures better indicators of the control process compared
to the industrial systems based on PI controllers. It has been shown that
the Fuzzy-PID-controllers demonstrate better quality indicators — an
overshooting of 0 % and a transition process duration of 15s in a wide
range of changes in the external influences and system parameters.

An issue of the feasibility of applying the PI, PID-controllers
with a Smith predictor has been considered. It has been shown
that the quality of the control process involving a PID-controller
and the Smith predictor is close to the quality indicators of
the system with a Fuzzy-PID-controller. The need has been
established to build a system that could independently adapt to
changes in the geological and technical conditions and the geo-
environment that occur in the process of deepening the well. It
has been demonstrated that such systems should have a decision
support circuit or be adaptive. The obtained data are useful and
important because they make it possible to improve the efficiency
of the control process of a technical hydraulic system of deep wells
flushing during their deepening.

Keywords: simulation, wells flushing, controller, pressure at the
well inlet, control.
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DETAILING EXPLANATIONS IN THE RECOMMENDER SYSTEM BASED ON MATCHING TEMPORAL
KNOWLEDGE (p. 6-13)

S. Chalyi, V. Leshchynskyi, I. Leshchynska

PosriisinyTo npoliieMy y3rojUKeHHs 3HaHb y TeMIIOPAJIbHOMY aclekTi npu Mo0yA0Bi MOSCHEHD 00 PEKOMEH/AI. Y3ro/UKeHH s 1ae
MOXKJIMBICTD 3MEHIITNTH BIUINB CyTIEPEUINBUX 3HAHD HA TOSICHEHHS B PEKOMEH/IAIlIfHI crcTemi.

3anporoHOBaHO MOJIENh MOAAHHS 3HaHb Y (HOPMi TEMIIOPATBHOTO TPABUJIA 3 OOMEKEHHSIM MOsICHeHHsT. TeMIopaibHe TIPABUJIO 3a/[a€
HOPSIZIOK B Yaci 7ist IBOX MHOYKUH OJIHOTUTIHUX TIOIilf, 110 BUHUKJIM HA JBOX Pi3HUX iHTepBaiax yacy. OOMEKEHHS TTOSCHEHHs BCTAHOBJIOE
BI/IMOBI/THICTD MiJK MIPE/ICTABJIEHUM 32 JIOTIOMOTOI0 MIPABUJIA TEMITOPATBHIX TTOPSIIKOM JIJISI TTAPU IHTEPBATIB Ta OIICOM TEMITOPAJIBHOI [HHA-
MKW JIUTST 331aH0TO Trepiofy yacy. Taka anHaMika BimoOGpaskaeThest TOSICHEHHSIM peKoMeHzartii. Moesb prsHayea [Jis y3roKeHHsI 3HaHb 3
ypaxyBaHHsIM 00MEKEHHsT TIOSICHEHHsI, & TAKOXK TIOJIAJIBIION0 BUKOPUCTAHHS Y3TOJKEHUX 3HAHD JIJIsl YTOYHEHHST TIOSICHEHD I[0/[0 PE3YJIBTATIB
poGOTH IHTENEKTYAIBHOT CUCTEMU.

P03p06JieHO METO/I yTOYHEHHSI TIOSICHEHb B PEKOMEHIAIIHHOT crcTeMi Ha 6a3i y3rojuKeHHs 3HaHb Y (hopMi TeMITopasibHUX mpaBui. B sikoc-
Ti BUXIIHUX JTaHUX METOJI BUKOPUCTOBYE 3AIMCH PO MOKYIIKH TOBAPIB, MOCIYT a00 BUCTABJIEHHS 1X PEUTHHTIB. MeTOI BUIIJISIE Y3TOIKEHY B
TEMITOPATLHOMY aCTIeKTi AMHOKITHY TIPABILI, SIKi TOKA3YIOTh TAKy K IMHAMIKY MOMUTY CIIOKUBAYIB 10O I[LIBOBOTO TIPeAMETY (3611bIIeHHS
a00 3MEHIIIEHH ), IK | OSICHEHHS B PEKOMEH/IAIliliHi{T cucTeMi. Y3ro[sKeHHs TeMIIOPaIbHUX 3HAHD I03BOJISIE C(HOPMYBATH YTOUHEHUIT MIepestiK
nosicuenb. 1leii nepedtik Brioyae B cebe 6a3oBe Ta yTOUHIOOYE MOsICHeHHs1. Ba3oBe MosicHeH s BitoOpaKkae JMHaMiKy iHTepeciB KOpUCTYBayiB
JI7IS BCHOTO 3a/IaHOTO TIEPIOfTy Yacy. YTOYHIOIOYE TTOSICHEHHS 3a/[a€ 3MiHU TIOTINTY JITsT OKPEMUX iHTepBaliB B PaMKax 3a/1aHOTO Hepiofry Jacy.
BukopucTanis y MosiCHeHHI TeMIopabHOT AMHAMIKK BIOA0OAHD KOPUCTYBaviB OPIEHTOBAHO Ha 301JIBIIEHHS 0BIPH 10 OTPUMAHUX PEKO-
MeH/Ialiil.

Ko4oBi ciioBa: pekoMeH/IalliiiHa cucTemMa, MosiCHEHHS 10710 PEKOMEH/IAIli i, TeMITOpPaJIbHI [IPABHJIA, Y3TO/KEHHS 3HAHb.

DOI: 10.15587/1729-4061.2020.209047
DEVELOPING A MODEL OF THE DYNAMICS OF STATES OF A RECOMMENDATION SYSTEM UNDER
CONDITIONS OF PROFILE INJECTION ATTACKS (p. 14-24)

Y. Meleshko, O. Drieiev, M. Yakymenko, D. Lysytsia

PexkomeHaiiiiii cucteMu, 1o 3acTOCOBYIOThCS JIJIs1 (DOPMYBAHHS CTPIYKM HOBUH Y COI[IaIbHUX Mepeskax abo JIJisi CTBOPEHHSI CIIUCKIB
peKoMeHIalliil Ha KOHTeHTHUX BeO-caiiTax un [HTepHeT-Mara3nuax, 4acTo 3a3HaioTh iHhopManiinux atak in’exiieo npodixis. Taki aTa-
KI MaloTh Ha METi 3MiHY PEHTHHTIB, a OTKe, i BMiHY 4aCTOTH MMOKa3iB y peKOMEHIaIlisX, meBHUX 00’ eKTiB cucteMu. Lle MOKe NpU3BOAUTH
110 3arpo3 indopmaniitniii 6esneri KopucTysadam ta 30UTKIB BJaCHUKAM CUCTEMU. [CHYIOTh METOAN BUSIBJICHHS aTak y PEKOMEH/AIliii-
HUX CHUCTEMax, ajie BOHM BUMAraloTh TOCTIHHNUX TOBTOPIOBAHMX 1T€PEBIPOK ycix npodisiB KOpUCTyBadis, 110 € JOCUTHh PECYPCHOMICTKOIO
omepartieto. B Toit ke yac y ;anux Metojax HeMa€e MPOMO3UIIiil 10 BU3HAYEHHIO ONTUMATIbHOI 4aCTOTH HepeBipkn HagBHOCTI aTaku. Og-
HaK MPaBUJIbHO MifiGpaHa YacToTa TAKUX MEPEBIPOK He Gy/le 3aHAATO TTEPEBAHTAKYBATH CUCTEMY i, OTHOYACHO, 320€3MeYnTh JOCTATHII
piBenb Gesneku i pobOTH.

P03po06JieHO MaTeMaTHuHy MOJIeJb IMHAMIKU CTaHiB PEKOMEHIAIIIHOI cucTeMn B yMOBaX iHMOPMAIIHHOI aTaky 3 3aCTOCYBAHHAM Ma-
TEMaTHYHOTO alapaTy MapKiBCbKUX Ta HalliBMapKiBCbKUX TporieciB. Po3pobiena MOJIeb J03BOJISE NOCTIKYBATH BIUIMB aTaK iH'€KINE0
npodisIiB Ha peKOMEH/AIHI crcTeMH, 30KpeMa Ha eheKTUBHICTD iX po6oTH Ta 06CATH BUTPAT AU 3abe3tedertst X indopmariiiinol Gesneku.
[IpakTiuHe 3acTocyBaHHs PO3POOJIEHOI MOJIE [IA€ 3MOTY PO3PAXOBYBATH JIJIsSi PEKOMEHIAIIITHIX CHCTEM ONITUMAIIBHY YaCTOTY MEPEBIPKY Ha
HasIBHICTb iH(MOPMAIIITHUX aTaK 3 BpaXyBaHHIM IIKO/M Bi/l TAKMX aTak Ta BUTPAT Ha MOCTiliHI 1epeBipKn.

Ha ocnosi po3po6:ieHoi MaTeMaTHYHOT MO/IEJI 3aIPONOHOBAHO CMOCIO BUSHAYCHHST TOBHUX BUTPAT PEKOMEH/IAIIHOI CHCTEMH BHACITIZOK
MOHITOPUHTY BJIacHOi inopMariiinoi 6esnexu, HeiiTpasizarlii AisabHocTi 60T-Mepesk Ta BHACIOK iHhOopMaIliiiHuX aTak.

PospobiieHo criocié BusHayeH st ONTUMATLHOT YaCTOTH TIEePEBIPKK PEKOMEH/IAIIHOT CHCTeMH Ha HAsgBHICTH iH(MOPMAIiHUX aTaK s
onTUMisallii 3araJbHIX BUTPAT CUCTEME. 3aCTOCYBAHHsI JIAHOTO CIIOCO0Y /I03BOJIUTH BIACHUKAM BeO-CAilTIB 3 peKOMEHAIIHHIMY CHCTEMaMK
MiHiMiyBaTH cBOI (iHancoBi BuTpaTn Ha 3abe3medeHHs ix iHGopmMariiiHoi Ge3mnekn.

KiouoBi cioBa:pekoMenziattiiia cucrema, indopmartiiina 6esnexa, Mepeska 60TiB, MapKiBChKI MTPOIECH, HaliBMapPKiBChbKi TPOTIECH.
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DEVELOPMENT OF A DOCUMENT CLASSIFICATION METHOD BY USING GEODESIC DISTANCE TO CALCULATE
SIMILARITY OF DOCUMENTS (p. 25-32)

Hung Vo-Trung

B manmii yac [HTepHET [Ta€ JTOISIM MOJKJIMBICTD TIBUIKOTO i 3PYYHOTO JOCTYITY /10 3HAHB JIIOACTBA MO PI3HUX KaHATAX, TAKUM SIK BeO-
CTOPIHKH, collia/ibHi Mepeski, esexkTporti 6i6aioreku, mopranu i T. 1. OJHAK 3aBASKU MIBUAKOMY OOMIiHY i OHOBJIeHHIO iH(OpMaltii obesar




indopmaitii, o s6epiractbes (y BUNJIAAL TMGPOBUX TOKYMEHTIB) MBUKO 3011bIIyEThCA. TOMY TIepe]i HAaMU CTOSITh 3aBJaHH IIPEACTABICHHS,
30epiraHHs1, COPTYBaHHs Ta Kiacudikallii T0KyMeHTIB.

Y nmamiii ctaTTi MM TIpeACTaBJASEMO HOBWI MiAXin mo kiacubikamii Texctis. Lleil miaxin 3acHoBaHUT Ha HaNMiBaBTOMATHIHOMY
MalMHHOMY HaBYaHHi i Meroxi omopHux BekTopiB (MOB). HoBusHoo AoCii/pKeHHS € Te, 10 3aMicTh 00YMCIeHHS BijcTaHi Mixk
BEKTOPAMU 3a E€BKJIZIOBOI BiJICTAHHIO BUKOPUCTOBYETHCS Te€O€3UYHA BiJCTaHb. [[Js1 MO0 TEKCT CIIOYATKY HEOOXIZHO BUPAsUTU
y BUIJIAJAI N-MIpHOTO BeKTOpa. B n-BUMipHOMY BEKTOPHOMY IIPOCTOPi KOXKEH BEKTOP IPEJCTABJICHUI OJHIEI0 TOUYKOIO; reo/ie3nuHa
BiJICTaHb BUKOPUCTOBYETHCS JIUIsi OOUMCIICHHS BiICTaHl Bifl TOUKM 10 HaiOaMKunX TOYOK i 3’eananns B rpadik. Kinacudikamis mposo-
JATHCS Ha OCHOBI 0OUYMCIEHHsT HAHKOPOTINOTO MIJIAXY MisK BeplIuHaMu rpada 3a 10moMoroio siaeprol gynkiii. Hamu nposezneni excre-
PUMEHTH HaJ[ CTATTSMU, B3ITHMU 3 areHCTBa HOBUH Peiitep 10 5 pisHum Temam. [[Jis OI[iHKY 3aPOTIOHOBAHOTO METO/Y, MU BUIPOOY-
Basin MOB MeTo/1 3 TpaiuIiiiiHUM PO3PaXyHKOM Ha OCHOBI €BKJIM/IOBOI BiJICTaHI i 3aIIPOITOHOBAHNIT HAMH METO/I HA OCHOBI Ie0/1e3NYHOI
Bizcrani. ExcriepnMeHT MPOBOAMBCS Ha TOMY K HaGopi AaHUX 10 5 TeMaMm: Oi3Hec, PUHKH, CBIT, HOJITHKA i TexHOJOTiI. PesympraTn
TMOKa3aJIn, MO MpaBUJIbHA MBHU/KICTh KIacudikamii kpamnie Tpaauiiitroro MOB mMeTomy Ha ocHOBI €BKINIOBOI BificTaHi (B cepeIHbOMY
Ha 3,2 %).

KmouoBi cioBa: kiacudikailis TEKCTiB, MAllUHHE HABYAHHS, Te0fe3NdHA BiACTaHb, eBKIizoBa Bigcranb, MOB, OIIM, sxepua
yHKIiS.
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TligBumienns eeKTHBHOCT] IPUITHATTS PillleHb B 000POHHOMY IUIAHYBaHHI HA OCHOBI CITPOMOKHOCTEH BIlICBKOBUX CIJT i 3aC006iB BUKOHY-
BATH 3aBJAHHS 32 IPU3HAUYEHHSIM BIMara€ HOBUX METOMYHUX IMiZIXOIB Ta iX peasizailii y BUTJISA/I MTPOrpaMHUX iH(OpMaIiitHo-aHATI THIHUX
iHerpymenTiB. B ymoBax ckmaaHoro inopmaliitnoro cepeiosrina 060poHHOTO MIaHyBaHHs BUGIP BapiaHTIB PO3BUTKY CIIPOMOKHOCTE /10~
IIbHO 3AIHCHIOBATH €KCIIEPTaMK Ha METOANYHII OCHOBI HaraToKpUTepiaabHOTO aHaJlisy.

B pesyabrati 1ocmiaKenb po3pobaeHO METOANKY, B sAKill GOpMyBaHHS KPUTEPIiB i ONIHIOBaAHHS aTbTePHATUBHUX BapiaHTIB 3a1po-
TIOHOBAHO 3/iICHIOBATH MIJIIXOM iHTerpallii OHTOJIOTIi, MeTOMy anai3y iepapxiil Ta opienToBanux rpadis. OHTosorivHe MpeCcTaBIeHHS
nanux 3abesnedye moOyA0BY iepapxiuHol TakcoHoMii peaMeTHoi o6acTi Ta popMyBaHHs BeKTOPY KpuTepiiB. MeTox anasisy iepapxiit
BUKOPUCTOBYETBCS JUIS NPOBEJICHHS E€KCIIEPTHOTO OI[iHIOBAHHS CIIPOMOJKHOCTEH IIJISXOM IX HAPHOTO MOPIBHSAHHS 32 BU3HAYEHUMU
KpuTepisiMu. 3a I0MOMOTOI0 OpieHTOBaHUX TpadiB 3/iHCHIOETHCS Bidyasizallisi Ta KOHTPOJIOBAHHS TPAH3UTHBHOI Y3TO/UKEHOCTI Cy-
JUKEHb eKCIePTiB. 3acTOCYBaHHSA METOANKH J03BOJUTH 3a0€31eUNTH ONEePaTUBHICTD, YHIBEPCATBHICTD Ta IIPOCTOTY TeXHIUHOI peasizaiii
MPOIEAYPU MIATPUMKK MPURHATTS pieHb. MeToanKy anpo6oBaHo Ha NPUKAaAI BUGOPY CHPOMOKHOCTI BEAEHHS PO3BIAKU B iHTEp-
ecax HasemHoi apruiepii. ITokasano, 1o 3a paxyHok rpadoBoi Bisyasizauii mporec OLiHIOBAHHS B €KCIEPTHIiH AisJIbHICTI CyTTEBO
CHPOILYETHCS.

3arponoHoBana METO/INKA PENPe3eHTYE IHHOBAIINHUI IHCTPYMEHT MOCATHEHHS CTPATETIYHMX ITijIell i BUKOHAHHS OCHOBHUX 3aBIaHb
060poHHOI pehopMH, 10 € AKTYATBHUM /I OaraThboxX KpaiH. YHiBepcaJibHiCTh METOAUKN CTBOPIOE MIAIPYHTsI U ii 3aCTOCYBaHHSI He TiJTbKU
B 0GOPOHHOMY, a Il y IHIINX CUJIOBUX BiZIOMCTBAX.

Kmouosi ciosa: indopmartiiiti Texnosorii, GaraTokpurepiaJbHIN aHaII3, OHTOJIOTIT, METO/ aHANII3y i€papxiil, opieHToBaHi rpadu, crpo-
MOJKHOCTI, 060POHHE TIAHYBAHHSI.
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A. Katsupeev, G. Aleksanyan, E. Kombarova, R. Polyakov

Hagesiero cTpyKkTypy NporpaMHoro 3abes3nevdeHst /st eJieKTpoimMieancHol Tomorpadii. /lana crpykrypa mo6y10B1 poOrpamMu I03BOJISIE
pearizyBaru nposezientist EIT pocrmimken s B peaTbHOMY Jaci Ta MOke OyTH peasi3oBaHa Ha MEANKO-TEXHIYHUX TTPUCTPOSIX, 30KpeMa, 6yTu
iHTerposana B anaparu 11IBJI.

[TpexcraBieno anropuT™ Bisyasizalil pe3yJbTaTiB PEKOHCTPYKII I0OJs IPOBiAHOCTI. B Mekax gaHOTO alIrOpUTMy iCHYIOTH
JBa TIAXOAM 0 TOAAHHS KOJIPHUX MOJeJed Ta BMOOPY KBITIB /I KOKHOTO KOHKPETHOTO KIiHIEBOTO ejneMeHTa. Bubip omHOTO
3 UX MAXOAIB 3aJeKUTh BiJl MOTPEd AOCTIKEHHS Ta MPU3BOAUTH ab0o A0 OiabIIoi MmBUAKOCTI po6oTH, ab0 A0 OIIBIIOrO SKOCTI
300paskeHHsl.

3aIpoIoHOBAHO AJITOPUTM CYCIJIHIX KiHIIEBUX €JIEMEHTIB, 1110 JI03BOJISIE 3MEHIINTH Yac, 1[0 BUTPAYAEThCS HA Bisyasizaliiio mMoze, 3a
PaxyHOK 00'€lHaHHS CYCIZIHIX eJIeMEHTIB, 0 MaTh MOAIOHUIT KOTIp, B OANH (GaraTOKyTHUK. 3MEHIIEHHST KiTbKOCTI KiHIIEBUX €JIEMEHTIB
MPU3BOANTD /10 OLIBIIOT IIBUAKOCTI IX BUBEECHHS Ha €KPaH.

TIpeacrasaeno crvcok rpadiunux 6i6aioTek, ki MOKYTh OyTH BUKOPHCTAHI I 3aB/aHb Bidyaisallii pesy/braTiB eJeKTpoiMIeIaHcHOT
tomorpadii. B pesysbrati pocaiazkerb 6ysn0 BCTAHOBJIEHO, 1O cepell aHaxizoBaHux 6ibsioTek Halikpammii yac aemMoHcTpye Gibmioreka
OpenGL, nipu BuKOpucTanHi sikoi Bizyasisaitist Bidysaerbest Ha 0,02 ¢ mBuie anasoris. Ile moB's13aH0 3 BUCOKOIO MIBU/KICTIO poOOTH, SIKa
3abesredyeThes peatisaitiero Bidyasisaiiii Ha rpadiaHOMY MpoIecopi.



TTokazano, 10 BUKOPHCTAHHSI 3allPOIIOHOBAHOIO AJITOPUTMY CYCIJIHIX KIHI[EBUX €JIEMEHTIB [iICHO JI03BOJISIE 3MEHIIUTH Yac, IO
BUTPAYAETHCSI HAa BUBeeHHsT Moziesii Ha expat 3 0.05 ¢ 10 0.03 ¢ mia Gibmioreku OpenGL. Tlpu 1iboMy cyMapHUii Yac, 110 BUTPAYAETHCS HA
Bi3yaJrizayiio, 3aJIeKUTh BiJl BAKOPUCTOBYBaHOI rpadiunoi 6i6mioTekn.

Otrpumani gani MoKyTh OyTH BUKOPHCTaHI TPU po3podIli cHeTeM MeMYHOI Bidyasrisailil, 10 SKUX Mpe/ sBJISIOThCS TiABUIEHT BUMOTH B
ntai obeary BuBeeHoi indopmartii.

KaouoBi cioBa: esnekrpoiMiieancHa Tomorpadist, mporpamue 3a0e3IeUeH s, PEKOHCTPYKILS 300paskeHHs, MEIMYHA Bisyasrisailis, rpa-
iuni Gibmiorekmy.
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D. Stefanyshyn, D. Benatov

PoaranyTo 3aaqy MporHo3yBaHHs aBapiiiHIX CUTYaIliil Ha TiZAPOCTIOPYAax TiAPOBY3a, Mo (HOPMYIOTh HOro HamipHuil GpoHT, Ha OCHOBI
3aCTOCYBAHHSI JIOTIKO-IMOBIPHICHOTO ITiZIXOJTY.

AKTYaJIbHICTD HPOBEJAECHUX JOCHI/UKEHb Ta X MPAKTHYHA 3HAYUMICT 0OYMOBIIOETHCS HATAILHUMHU norpebamMu OLIHKK BiAIIOBIAHOCTI
6e31eKH TiPOCIIOPY/L TIOJOKEHHSIM MIKHAPOIHUX CTAHAAPTIB GE3IEKN Ta YMHHUM HOPMAM HAIliOHAJIBHOTO 3aKOHOABCTBA. Tak, y 3BiTax 3
OIIHKH BIUIMBY TiIPOCIOPY/I HA OBKIJUIST MAIOTh GYTH TIPE/ICTABIIEH] PE3YIIBTATH OIiHIOBAHHS TOaTKOBOTO PH3UKY BUHIKHEHHST aBapiiHuX
cuTyalliil Ha rizpoBysJi. Bkazane oIliHIOBaHHsI, B CBOIO Yepry, HoTpedye aHaxi3y iMOBIpHOCTEN BUHMKHEHHS aBapiii Ha TiApoBys/Ii 10 i micss
HOBOTO Oy/liBHUIITBA.

¥ szamnponoHoBaHoMy mociijukeni, Ha npukiaaa KaxoBcebkoro rizipoByssa (YkpaiHa), BCTAHOBJIEHO CHCTEMHHUIT XapakTep MOKJINBUX
TIPUYNH BUHIKHEHHS aBapiil Ha HaliPHUX TiIPOCTIOpy/IaX Y CKIA/i TiIpOBY3IiB. ABapis Ha TiZIPOBY3JIi PO3TISAAACTHCS SIK CKIIAIHA TIPUPOAHO-
TEeXHOTEHHA TIOJisA, 1O TIOB’sI3aHa 3 PI3HUMU TPUPOAHUMU i TeXHOreHHUMU (hakTopamu. OTiHIOBAHHS MOBHOI (y3araJbHeHoi) MOBIPHOCTI
aBapii Ha TiIpOBY3J 3/iIICHIOIOTH JIOriKO-IMOBIPDHICHUM METOZOM JIePEB BiIMOB i HeCIIpaBHOCTeli, 110 IPYHTYETbCS Ha JELyKTHUBHOMY
mizxomi. Po3paxoBano BepxHi rpaHNYHI OIIHKY HMOBIpHOCTEH BUHNKHEHHS IIUX TTO/1il Ha OKPEMUX TiIPOCIIOPY/ax TiZIPoBYy3Ja i y3araabHeHY
OIIIHKY HWMOBiIpHOCTI aBapii Ha TiZpoBy3Ji B Irisomy. BcranoBieno, mo HMOBIpHICTH aBapii B 3aJe€KHOCTI BiJ TiIAPOCHOPYAM TiIpOBY3JIa
MosKe 3MintoBaTHCA. Y BUMAnKy KaxXoBCHKOTO rijpoBysia BoHa 3MimioeThes B Meskax Big 2.1-1076, pix !, ma pycrosiit semmsamiit rpebui, 1o
5.6-107C, pix~!, na BogosmusHiii rpe6iii. Tlosna fiMoBipHicTh aBapii Ha rigposysi ckianae 2.35-107°, aBapiiinux noziii na pik. Brim, Brasani
OILIHKM He TIePEeBUILYIOTh I0IYCTHMOTO 3HaueHns 5-107%, pik~!, mo peramenToBani 77151 TiAPOCIOPY/L BiAMOBIAHOTO KJIacy BiAMOBifaIbHOCTI
3a HacsrikamMu. TAKUM YHHOM 3pO0JIeHO BUCHOBOK, 1110 MTOTOYHY Ha/iiHICTH Ta Oe3reky Tiapocnopya KaxoBebKoro rifipoBysia MoKHA BUBHATH
SK JIOCTATHIO.

Kimouosi cinoBa: KaxoBcbKuil TipoBy301, HAPHI IiZPOCTIOPYAH, OIiHKA BILIUBY HA TOBKIJLIS, CIleHApiil aBapii, TeXHOreHHA OesreKa.
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Pospobiennii migxij BUSHaAUEHH YMCeIbHOTO 3HAUEHHsT HMOBIPHOCTI BIIMOBY Ta IIPOrHO3YBaHHA PECYPCY KOMIPKH BUMIPIOBaJIbHOTO
TpanchopmMaTtopa Ha MOMEHT croctepesxkeHHs. Jlanwii miaxiz 3acHOBaHWiI Ha KOHTPOJI OCHOBHUX IapaMeTpiB, sIKi BIIMBAIOTH Ha
texaiuanii ctan (TC) amapartiB KOMipkH BHUMIpPIOBAJBbHOTO TpanchopMaTopa pPO3MOAiIbUI0ro MpHucTpoio Bucokoi Hanpyru (PIIBH).
[na susuavenns (TC) amapariB 3acTocoBanmii MaTeMATHYHWH MeTOJ HEYITKOTO MOJETIOBAHHS, SKHI [O3BOJISE TTPOUHTETPYBATU
pisHi 3a CBOEIO MPUPOAOIO AIarHOCTHYHI TTapaMeTpu. B 1mobymoBi HewiTKOI Mojesi BUKOPUCTOBYETHCS AOCBIi €KCIEPTiB BiANOBIAHOT
rajysi.

AKTyasbHicTh PO3POOJIEHHST AHOTO THAX0MY 00yMOBIeHa (HYHKIHOHAILHOW BaKJIMBICTIO TpaHchopMarop crpymy. Bix itoro po6orn
3aJIEKUTh TOUHICTD CIPAIIOBAHHS TIPUCTPOTB PEJIEHHOr0 3aXUCTY, a TAKOK OOJIIK eleKTpuaHol eHeprii. Tounuii 06K eJeKTpuIHol eHeprii—
e Minimizanis ii Brpar Ta nwiax 1o eneprosbepeskerns. OcobMMBICTIO JAHOTO MIAXOLY € Te, 10 B HboMY BpaxoBy€eThes B TC KoxKHOT
onuHuIll 06JIaHAHHSA KOMIPKHU, Ha WMOBIPHICTH 11 BizMOBHU B 1isomy. [[Jist BpaxyBaHHs (hakTOpiB BUNIAAKOBUX 30yPEHD, EKCIEPTHA HEUITKA
MOJIEJTh YTOYHIOETHCS IMOBIPHICHO-CTATHCTUYHIM METO/IOM.

Ha npukiazi komipkn Bumiprosasibroro Tpancgopmaropa PITBH esiektpoenepreTiaHoi cucteMu, 00IpyHTOBAHO TIepeBary [aHoro Imixo/y Hajt
ICHYI0YMMI METOIAME KOHTPOJIIO TEXHIYHOTO CTaHy eleKTpoobraaHanHst. [ToxuGKa mporHosy pecypey KOMIPKI 3a O[HIM TapaMeTpoM (TeIUIoBisiiiHe
obereskerHst) ckmama Ayp-o2)=1-Qp-92=0,364 a6o 36,4 %. IIpu 3acTocyBaHHi eKCIIEPTHO-CTATHCTIMHOL MOJIEI B BUSHAUCHH] HMOBIPHOCTI BiMOBI
KOMIpKH T10XHOKa cKIana Agp-02)=1—Qupos=0,034 a00 3,4 %. 3acTOCyBaHHsI IAHOTO MIIXOY MOKA3a/I0 OLIBIN IOCTOBIPHY OIIHKY HIMOBIPHOCTI
BiZIMOBU KOMipKIL.

BripoBa/keHHsT PO3pOOJIEHOTO THAXOAY B Taly3i IIarHOCTHUIN CTaHy eJeKTPOOOJIaJHAHHS, MOJKe MIIBUIIUTU PiBEHb HOCTOBIPHOCTI
PE3YJIBTaTiB TPOTHO3YBaHHs. Po3pobiieHa MOJeib MOKE OyTH 3aCTOCOBAHA B aBTOMATU30BAHUX CHUCTeMax <on-line» miarHoCTyBaHHS
enekTpnynnx anapatis PIIBH.

Kmouogi cioBa: tparchopmatop cTpyMy, po3’€IHyBad, KOMipKa, HeUiTKa MO/e/Ib, TEXHIYHUI CTaH, TMOBIPHICTD Bi/IMOBH.
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Po3ruisiiyTo KepyBaHHS TIPOMUBAHHSIM CBEP/UIOBHUHI, SIKE BiIHOCUTBHCS 0 KJIACY HECTAIIOHAPHUX AMHAMIYHIX CTOXACTUYHUX 00 €KTIB.
OO6’€KT PO3BMBAETHCS B Yaci Ta Ma€ BEJMKY TPAHCIOPTHY 3aTPHUMKY, sIKA 3pOCTA€ 3i 301/IbIIEHHSIM OBKUHN CBEPIIOBHUHI. Pob0TY cripsiMo-
BAHO HA BUPINIEHHS 3a/la4 BIOCKOHAJIEHHS MaTeMaTUYHOI MO CUCTEMU aBTOMATHYHOTO KEPYBAHHS 3 yPaxyBaHHIM OOMEKEHHS 1100
MOTYKHOCTI GYPOBOI HACOCHOI ycTaHOBKU. JIOCTiZZKEHO HOPMOBaHi TiepexinHi (GyHKINI HACOCHOT YCTAHOBKH, Ha T/ACTABi SIKMX BU3HAYEHO
BEJIMYIHY 3aIi3HEHHST Ta CHHTE30BAHO CTPYKTYPH i MapaMeTpu TUTIOBUX PETYJISITOPIB.

BcTaHoBIEHO, MO €ANHNM CIIOCOOOM MIBUIIEHHS SIKOCTI KEPYBAHHS € 3aCTOCYBAHHsI OITBIN CKIALHOTO PETYJISITOPA, SIKHH 03BOJISIE
3MEHIIUTY HeTaTHUBHUI BILJINB 3aIli3HEHHSI.

JTOCJII/KEHO 3aMKHEHI CHCTEMU aBTOMATHYHOIO KePyBAHHS 3 3alli3HEHHSM, sKi 3a0e3IedyloTh KAl [IOKa3HUKHU IIPOLECY KepyBaHHsI
TOPIBHSHO 3 MPOMHUCTIOBUME CHCTeMaMH, o ocHoBani Ha III-perymstopax. ITokasano, mo Fuzzy-II1/I-peryasitopu 3abe3medyioTsb Kparii
MOKA3HUKK SIKOCT] — nepeperyJmioBanis 0 % i TpuBasicTs repexijiHoro mpoiiecy 15 ¢ B IIMPOKOMY Jiania3oHi 3MiHN 30BHINIHIX BIJIMBIB i ma-
paMeTpiB CUCTEMU.

Posrisinyto nutanus gouiabHocti 3acrocysanns I11, ITI/]-peryisitopis 3 npesnkropom Cwmita. IlokazaHo, 1110 sSIKicTb IIpoliecy KepyBaHHS
3 [TI/I-peryJsitopoM i 3 nipeankTopoM CMiTa HaGIMIKAETHCSI /10 TIOKa3HUKIB sikocTi cuctemu 3 Fuzzy-TTIT[{-peryasitopom. Beranosieno ueo6-
XIZIHICTh MOOYI0BY CUCTEMH, SIKA 3[IaTHA CAMOCTIHO aalTyBATHCS 10 3MiH T€0IOTO-TEXHITHIX YMOB i Te0Cepe/IOBHINA, sIKi BiIOyBAOTHCS B
nporteci moranbieH st cBepAIoBIHIL [oKa3aHo, 10 Taki CHCTEMU OBUHHI MaTH KOHTYD MHATPUMKU TPUITHATTS pillleHb abo OyTH afanTis-
Humu. OTpUMaHi JaHi KOPUCHI i BaXKJIMBI TOMY, 110 ZI03BOJISIOTh IIJBUIIUTH €(DEeKTUBHICTH IIPOIECY KePYBaHHS TEXHIYHOIO TiJIPaBJIiYHOIO
CHCTEMOIO TPOMMBAHHS IMIMOOKUX CBEP/JIOBIH B IIPOIeci iX MOrInOIeHHSL.

Kmo4oBi ciioBa: MozieTIOBaHHS, TIPOMUBAHHS CBEP/JIOBIH, PETYIATOP, THCK Ha BXOJI B CBEP/JIOBUHY, KEPyBaHHS.



