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ÓÄÊ 004.89

Ñïåö³àë³çîâàíå ïîïåðåäíº íàâ÷àííÿ íåéðîìåðåæåâèõ ìîäåëåé íà ñèíòåòè÷íèõ äàíèõ äëÿ
ïîêðàùåííÿ ãåíåðàö³¿ ïåðåôðàçóâàííÿ / Î.Ã. Ñêóðæàíñüêèé, Î.Î. Ìàð÷åíêî, À.Â. Àí³ñ³ìîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 3–12.

Àíîòàö³ÿ. Ãåíåðàö³ÿ ïåðåôðàçóâàíü º ôóíäàìåíòàëüíîþ ïðîáëåìîþ â ãàëóç³ îáðîáêè ïðèðîäíèõ
ìîâ. Çàâäÿêè çíà÷íîìó óñï³õó òåõíîëîã³¿ ïåðåíåñåííÿ íàâ÷àííÿ, ï³äõ³ä «ïîïåðåäíº íàâ÷àííÿ òî÷íå íà-
ëàøòóâàííÿ» ñòàâ ñòàíäàðòíèì. Îäíàê ïîïóëÿðí³ óí³âåðñàëüí³ ìåòîäèêè ïîïåðåäíüîãî íàâ÷àííÿ çàçâè-
÷àé ïîòðåáóþòü âåëè÷åçíèõ íàáîð³â äàíèõ òà çíà÷íèõ îá÷èñëþâàëüíèõ ïîòóæíîñòåé, à äîñòóïí³ íàâ÷åí³
ìîäåë³ îáìåæåí³ ô³êñîâàíîþ àðõ³òåêòóðîþ òà ðîçì³ðîì. Çàïðîïîíîâàíî ïðîñòèé òà åôåêòèâíèé ï³äõ³ä
äî ïîïåðåäíüîãî íàâ÷àííÿ ñïåö³àëüíî äëÿ ãåíåðàö³¿ ïåðåôðàçóâàíü, ÿêèé ïîì³òíî ï³äâèùóº ÿê³ñòü ãåíå-
ðàö³¿ ïåðåôðàçóâàíü òà çàáåçïå÷óº ñóòòºâå ïîêðàùåííÿ ìîäåëåé çàãàëüíîãî ïðèçíà÷åííÿ. Âèêîðèñòàíî
ÿê íàÿâí³ ïóáë³÷í³ äàí³, òàê ³ íîâ³, çãåíåðîâàí³ âåëèêèìè ìîâíèìè ìîäåëÿìè. Äîñë³äæåíî, ÿê öÿ ïðîöå-
äóðà ïîïåðåäíüîãî íàâ÷àííÿ âïëèâàº íà íåéðîíí³ ìåðåæ³ ð³çíî¿ àðõ³òåêòóðè, òà äîâåäåíî, ùî âîíà ïðà-
öþº åôåêòèâíî äëÿ âñ³õ àðõ³òåêòóð.

Êëþ÷îâ³ ñëîâà: øòó÷íèé ³íòåëåêò, ìàøèííå íàâ÷àííÿ, íåéðîíí³ ìåðåæ³, ãåíåðàö³ÿ ïåðåôðàçóâàííÿ, ïî-
ïåðåäíº íàâ÷àííÿ, òî÷íå íàëàøòóâàííÿ.
_________________________________________________________________________________________

Specialized pre-training of neural networks on synthetic data for improving paraphrase generation /
O.H. Skurzhanskyi, O.O. Marchenko, A.V. Anisimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 2. P. 3–12.

Abstract. Generating paraphrases is a fundamental problem in natural language processing. In light of
the significant success of transfer learning technology, the “pre-training fine-tuning” approach has become the
standard. However, popular general-purpose pre-training methods typically require large datasets and
computational resources, and available pre-trained models are limited by fixed architecture and size. We
propose a simple and effective approach for pre-training specifically for paraphrase generation, which
significantly improves model quality and matches the quality level of general-purpose models. Both existing
public data and new data generated by large language models were used. The impact of this procedure on neural
networks of different architectures was investigated, and it was shown to work for all of them.

Keywords: artificial intelligence, machine learning, neural networks, paraphrase generation, pre-training, fine-tuning.
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ÓÄÊ 51.681.3

Àëãîðèòìè ïîáóäîâè ì³í³ìàëüíî¿ ïîðîäæóâàëüíî¿ ìíîæèíè ðîçâ’ÿçê³â ñèñòåì ë³í³éíèõ ð³âíÿíü /
Ñ.Ë. Êðèâèé, Î.Â. ×óãàºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 13–27.

Àíîòàö³ÿ. Ðîçãëÿíóòî îïòèì³çàö³éí³ ïåðåòâîðåííÿ àëãîðèòìó ïîáóäîâè ì³í³ìàëüíî¿ ïîðîäæóâàëü-
íî¿ ìíîæèíè ðîçâ’ÿçê³â ñèñòåì ë³í³éíèõ îäíîð³äíèõ ð³âíÿíü (ÑËÎÐ) ó ìíîæèí³ íàòóðàëüíèõ ÷èñåë.
Îïèñàíî îñîáëèâîñò³ òàêèõ ÑËÎÐ, îá´ðóíòîâàíî îïòèì³çàö³éí³ ïåðåòâîðåííÿ òà íàâåäåíî ïðèêëàäè ðî-
áîòè àëãîðèòìó äî ³ ï³ñëÿ çàñòîñóâàííÿ îïòèì³çàö³éíèõ ïåðåòâîðåíü. Çàñòîñóâàííÿ àëãîðèòìó ïðî³ëþñ-
òðîâàíî ïðèêëàäàìè àíàë³çó âëàñòèâîñòåé ìåðåæ Ïåòð³ òà ïîáóäîâè ìíîæèíè áàçèñíèõ ðîçâ’ÿçê³â ó ïî-
ëÿõ êîìïëåêñíèõ, ä³éñíèõ, ðàö³îíàëüíèõ ÷èñåë òà ó ñê³í÷åííèõ ïîëÿõ.

Êëþ÷îâ³ ñëîâà: ñèñòåìè ë³í³éíèõ ð³âíÿíü, àëãîðèòìè, ðîçâ’ÿçêè, îïòèì³çàö³ÿ, ñêëàäí³ñòü.
_________________________________________________________________________________________

Algorithms for construction of minimal generating set of solutions for systems of linear equations /
S. Kryvyi, O. Chugaenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 13–27.

Abstract. The optimizing transformations of the algorithm for construction of minimal generating sets of
solutions of systems linear homogeneous equations (SLHE) over the set of natural numbers is considered. The
features of such SLHEs are described, optimization transforms are substantiated, and examples of algorithm
operation before and after optimization transforms are given. The application of the algorithm is illustrated by
examples of the analysis of the properties of Petri nets and the construction of a set of basic solutions in the
fields of complex, real, and rational numbers and over finite fields.

Keywords: systems of linear equations, algorithms, solutions, optimization, complexity.
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ÓÄÊ 519.713.4

Ïîð³ã çâîðîòíîñò³ äëÿ ìîíî¿ä³â ïåðåòâîðåíü / ².Ê. Ðèñöîâ, Ì. Øèêóëà // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 28–37.

Àíîòàö³ÿ. Íà îñíîâ³ ã³ïîòåçè ×åðí³ äëÿ àâòîìàò³â óâåäåíî ïîíÿòòÿ ìîíî¿äàëüíèõ àâòîìàò³â, ùî
äàº çìîãó ñôîðìóëþâàòè ã³ïîòåçó ×åðí³ äëÿ ìîíî¿ä³â. Îòðèìàíî âåðõí³ îö³íêè ïîðîãó çâîðîòíîñò³ äëÿ
ìîíî¿ä³â ç ïåâíèìè âëàñòèâîñòÿìè. Çîêðåìà îòðèìàíî êâàäðàòè÷íó âåðõíþ îö³íêó äëÿ âèïàäêó, êîëè
ìîíî¿ä ïåðåòâîðåíü ì³ñòèòü ïðèì³òèâíó ãðóïó ïåðåñòàíîâîê òà ñèíãóëÿð ìàêñèìàëüíîãî ðàíãó, ÿêèé ìàº
ëèøå îäíó òî÷êó ñòèñíåííÿ.

Êëþ÷îâ³ ñëîâà: ã³ïîòåçà ×åðí³, ñê³í÷åíí³ àâòîìàòè, ñê³í÷åíí³ ìîíî¿äè, ìîíî¿äè ïåðåòâîðåíü.
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Reset thresholds of transformation monoids / I. Rystsov, M. Szykula // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 2. P. 28–37.

Abstract. Motivated by the Ñerny conjecture for automata, we introduce the concept of monoidal
automata, which allows us the formulation of the Ñerny conjecture for monoids. We obtain upper bounds on the
reset threshold of monoids with certain properties. In particular, we obtain a quadratic upper bound if the
transformation monoid contains a primitive group of permutations and a singular of maximal rank with only one
point of contraction.

Keywords: Ñerny conjecture, finite automaton, finite monoid, transformation monoid.
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ÓÄÊ 004.22+004.89

Ïîøóê áàçîâî¿ ìíîæèíè äëÿ çàäà÷ ìàøèííîãî íàâ÷àííÿ / Â.Ì. Òåðåùåíêî, Ï.À. Çàêàëà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 38–50.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïîøóêó áàçîâî¿ ìíîæèíè òà òðè ñïîñîáè ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³: ãåî-
ìåòðè÷íèé, ³ç çàñòîñóâàííÿì ãåíåòè÷íîãî àëãîðèòìó òà íà îñíîâ³ íåéðîííèõ ìåðåæ. Ïðîàíàë³çîâàíî
åôåêòèâí³ñòü êîæíîãî ñïîñîáó òà çðîáëåíî âèñíîâêè ïðî øëÿõè ¿õíüîãî âèêîðèñòàííÿ. Îñîáëèâó óâàãó
ïðèä³ëåíî ï³äõîäàì íà îñíîâ³ íåéðîííèõ ìåðåæ. Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç ð³çíèõ ï³äõîä³â íà
îñíîâ³ íåéðîííèõ ìåðåæ, îïèñàíî ¿õí³ ñèëüí³ òà ñëàáê³ ñòîðîíè, à òàêîæ âèçíà÷åíî íàñòóïí³ êðîêè äëÿ
ðîçâ’ÿçàííÿ çàäà÷³ ïîøóêó áàçîâî¿ ìíîæèíè.

Êëþ÷îâ³ ñëîâà: áàçîâà ìíîæèíà, äèñòèëÿö³ÿ äàíèõ, êîíäåíñàö³ÿ äàíèõ, ãåîìåòðè÷íà áàçîâà ìíîæèíà,
ãåíåòè÷í³ àëãîðèòìè.

_________________________________________________________________________________________

Coreset discovery for machine learning problems / V.M. Tereshchenko, P.A. Zakala // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 38–50.

Abstract. The coreset discovery problem is reviewed as well as the following three main methods to
solve it: geometric coreset estimation, coreset discovery using the genetic algorithm, and coreset discovery
using neural networks. We analyze each of these methods and find the cases where they show the best results.
The focus of the paper is on neural network-based approaches and their ability to solve the coreset discovery
problem. We perform a comparative analysis of several neural network-based approaches, describe their pros
and cons, and determine the next steps in solving the coreset discovery problem.

Keywords: coreset, dataset distillation, dataset condensation, geometry coreset, genetic algorithm.

===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.872

Çàñòîñóâàííÿ ïðèñêîðåíîãî ìîäåëþâàííÿ äî çíàõîäæåííÿ éìîâ³ðíîñò³ áëîêóâàííÿ âèìîã
ó áàãàòîêàíàëüí³é ñèñòåì³ îáñëóãîâóâàííÿ ³ç ìíîæèííèì äîñòóïîì / ².Ì. Êóçíºöîâ, À.À. Øóìñüêà
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 51–63.

Àíîòàö³ÿ. Ðîçãëÿíóòî áàãàòîêàíàëüíó ñèñòåìó îáñëóãîâóâàííÿ. Êîæåí êàíàë ì³ñòèòü äåê³ëüêà
ë³í³é. Äî ñèñòåìè íàäõîäÿòü ïîòîêè âèìîã, ÿêèì äëÿ ¿õíüîãî îáñëóãîâóâàííÿ ïîòð³áíî äåê³ëüêà ë³í³é.
Ó ðàç³ â³äñóòíîñò³ äîñòàòíüî¿ ê³ëüêîñò³ â³ëüíèõ ë³í³é äîïóñêàºòüñÿ ïåðåîð³ºíòàö³ÿ íà ³íøèé êàíàë îáñëó-
ãîâóâàííÿ. Òðèâàë³ñòü îáñëóãîâóâàííÿ ìàº äîâ³ëüíèé ðîçïîä³ë, ÿêèé çàëåæèòü ÿê â³ä ïîòîêó, òàê ³ â³ä
ê³ëüêîñò³ ë³í³é, ÿêèõ ïîòðåáóº âèìîãà. Äëÿ çíàõîäæåííÿ éìîâ³ðíîñò³ áëîêóâàííÿ âèìîã ïåâíîãî ïîòîêó
³ç çàïèòîì íà çàäàíó ê³ëüê³ñòü ë³í³é îáñëóãîâóâàííÿ çàïðîïîíîâàíî ìåòîä ïðèñêîðåíîãî ìîäåëþâàííÿ.
Íà ÷èñëîâîìó ïðèêëàä³ ïðîâåäåíî ïîð³âíÿííÿ ç ìåòîäîì Ìîíòå–Êàðëî, çîêðåìà ïðî³ëþñòðîâàíî âèãðàø
ó ÷àñ³ ìîäåëþâàííÿ.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ, êàíàë, ë³í³ÿ, éìîâ³ðí³ñòü áëîêóâàííÿ, ìåòîä Ìîíòå–Êàðëî,
ïðèñêîðåíå ìîäåëþâàííÿ, ìíîæèííèé äîñòóï, îö³íêà, â³äíîñíà ïîõèáêà.

_________________________________________________________________________________________

Applying fast simulation to the evaluation of customers blocking probability in the multichannel queuing
system with multicast access / I.M. Kuznetsov, A.A. Shumska // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 2. P. 51–63.

Abstract. A model of the multichannel queuing system is considered. Each channel contains some
service lines. There are several input flows. Each customer requires several lines to be serviced. If the channel
does not have a sufficient number of service lines, it is possible to reorient this customer to another channel.
The service time has a distribution function of a general form depending both on the flow and on the number of
lines required by the customer. A fast simulation method aimed to evaluate the blocking probability of
customers of a certain flow with a given number of service lines is proposed. The method is compared with the
Monte Carlo method using numerical example and the gain in simulation time is illustrated in particular.

Keywords: queuing system, channel, line, blocking probability, Monte Carlo method, fast simulation, multicast
access, estimate, relative error.
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ÓÄÊ 519.21

Âèçíà÷åííÿ êóñêîâî-ë³í³éíîãî òðåíäó íåñòàö³îíàðíîãî ÷àñîâîãî ðÿäó íà îñíîâ³ ³íòåëåêòóàëüíîãî
àíàë³çó äàíèõ. ii. ìàøèííi åêñïåðèìåíòè òà ðîçâ’ÿçàííÿ ïðàêòè÷íî¿ çàäà÷³ / Ï.Ñ. Êíîïîâ,
À.Ñ. Êîðõ³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 64–79.

Àíîòàö³ÿ. Íàâåäåíî ðåçóëüòàòè àïðîáàö³¿ ìåòîäó ïîáóäîâè êóñêîâî-ë³í³éíîãî òðåíäó, ùî ìîæå ÿê
ìàòè ðîçðèâè ó òî÷êàõ ïåðåìèêàíü, òàê ³ áóòè íåïåðåðâíèì ó öèõ òî÷êàõ, òîáòî ÿâëÿòè ñîáîþ ë³í³éíèé
ñïëàéí. Ðîçãëÿíóòî ïðèêëàä çàñòîñóâàííÿ ìåòîäó äëÿ ïîáóäîâè ë³í³éíî¿ ðåãðåñ³¿ ç ïåðåìèêàííÿìè, ÿêà
ìàº äâ³ íåçàëåæí³ çì³íí³ ç òðåíäîì. Ðîçâ’ÿçàíî çàäà÷³ àïðîêñèìàö³¿ ñïëàéíîì ÷àñîâîãî ðÿäó ëîãàðèôì³â
÷èñëà ³íô³êîâàíèõ COVID-19 â Óêðà¿í³.

Êëþ÷îâ³ ñëîâà: òðåíä, ðåãðåñ³ÿ, òî÷êà ïåðåìèêàííÿ, ñïëàéí, îá÷èñëåííÿ ó ðåàëüíîìó ÷àñ³.
_________________________________________________________________________________________

Determining a piecewise-linear trend of a non-stationary time series based on intelligent data analysis. II.
Machine experiments and practical problem solutions / P.S Knopov, A.S. Korkhin // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 64–79.

Abstract. The article describes the results of the approbation of the method of constructing
a piecewise-linear trend, which can have breaks at the switching points as well as be continuous at these points,
i.e., represent a linear spline. An example of applying the method for constructing a linear regression with
switches, which has two independent variables with a trend, is considered. The problem of spline approximation
of the time series of logarithms of the number of infected people with COVID-19 in Ukraine is stated and
solved.

Keywords: trend, regression, switch point, spline, real-time calculation.
===============================================================================

ÓÄÊ 30.101.541-336.7

Ðåãóëþâàííÿ åêîíîì³êè êðåäèòíèì ìóëüòèïë³êàòîðîì / Á.Á. Äóíàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 80–95.

Àíîòàö³ÿ. Âèçíà÷åíî, ùî êðåäèòíèé ìóëüòèïë³êàòîð áàíê³âñüêî¿ ñèñòåìè êðà¿íè ðåãóëþº çðîñòàí-
íÿ åêîíîì³êè òà õàðàêòåðèçóº ð³âåíü ¿¿ ðîçâèòêó. Äîâåäåíî, ùî îáìåæóâà÷åì òà ïîêàçíèêîì ðîçâèòêó
åêîíîì³êè º ÷àñòêà äîäàíî¿ âèðîáíèöòâîì âàðòîñò³ ó ñóêóïíîìó ïðîäóêò³, ÿêà âèçíà÷àº íàÿâíèé òåõíî-
ëîã³÷íèé óêëàä. Äîâåäåíî, ùî â³äíîøåííÿ íîì³íàëüíîãî ÂÂÏ äî ãðîøîâî¿ áàçè Öåíòðàëüíîãî áàíêó òî-
òîæíå äîáóòêó êðåäèòíîãî ìóëüòèïë³êàòîðà òà øâèäêîñò³ îá³ãó ãðîøåé, ÿêà º ñòàëîþ äëÿ êîæíîãî òåõ-
íîëîã³÷íîãî óêëàäó. Ðîçãëÿíóòî ³íäóñòð³àëüí³ åêîíîì³êè, ðîçâèíåí³ åêîíîì³êè, à òàêîæ âèñîêîðîçâèíåí³
åêîíîì³êè. Âèçíà÷åíî ãðàíè÷íèé ìóëüòèïë³êàòîð íóëüîâî¿ ³íôëÿö³¿, çà ÿêîãî ïðèïèíÿºòüñÿ çðîñòàííÿ
ðåàëüíîãî ÂÂÏ òà â³äáóâàºòüñÿ ïåðåõ³ä äî äåôëÿö³éíî¿ êðèçè. Âñòàíîâëåíî, ùî ï³äâèùåííÿ Öåíòðàëü-
íèì áàíêîì â³äñîòêîâî¿ ñòàâêè äëÿ çíèæåííÿ ³íôëÿö³¿ ïðèçâîäèòü äî ð³çêîãî çìåíøåííÿ ìóëüòèïë³êàòî-
ðà òà êðåäèòóâàííÿ âèðîáíèöòâà, à êðåäèòíå ðåãóëþâàííÿ äàº çìîãó çíèçèòè ³íôëÿö³þ òàðãåòóâàííÿì, íå
çì³íþþ÷è â³äñîòêîâî¿ ñòàâêè òà íå çìåíøóþ÷è êðåäèòóâàííÿ. Ðîçðîáëåíî ìîäåëü ðåãóëþâàííÿ åêî-
íîì³êè êðåäèòíèì ìóëüòèïë³êàòîðîì ç âèêîðèñòàííÿì ³íæåíåðíîãî êàëüêóëÿòîðà òà ïðîâåäåíî ìîäåëþ-
âàííÿ â³äíîâëåííÿ åêîíîì³êè Óêðà¿íè ó 2024–2025 ðîêàõ.

Êëþ÷îâ³ ñëîâà: åêîíîì³êà, êðåäèòíå ðåãóëþâàííÿ, ðèíîê, ð³âíîâàãà, ïðàöÿ, êàï³òàë, ãðîø³, êðåäèòíèé
ìóëüòèïë³êàòîð, øâèäê³ñòü îá³ãó ãðîøåé, â³äñîòêîâà ñòàâêà, âàëþòà, ô³íàíñîâ³ ïàïåðè, êðèçà, ³íôëÿö³ÿ.
_________________________________________________________________________________________

Regulating economy by the credit multiplier / B.B. Dunaev // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 2. P. 80–95.

Abstract. The author asserts that the credit multiplier of the country’s banking system regulates the
growth of the economy and characterizes the level of its development and prove that the limiter and indicator of
economic development is the share of value added by production in the aggregate product, which determines
the existing technological mode. It is proved that the ratio of nominal GDP to the monetary base of the Central
Bank is identical to the product of the credit multiplier and the speed of money circulation that is constant for
each technological mode. We consider the industrialized economies, developed economies, and highly
developed economies. The marginal zero inflation multiplier is determined, at which real GDP growth stops and
a transition to a deflationary crisis occurs. It is established that the Central Bank’s increase in the interest rate to
reduce inflation leads to a sharp decrease in the multiplier and lending to production, while credit regulation
allows us to reduce inflation by targeting, without changing the interest rate and without reducing lending.
A model for regulating the economy with a credit multiplier has been developed using an engineering calculator
and Ukraine’s economic recovery in 2024–2025 has been simulated.

Keywords: economy, credit regulation, market, balance, labor, capital, money, credit multiplier, interest rate,
currency, financial papers, crisis, inflation.
===============================================================================

ÓÄÊ 517.977

Ñòðàòåã³¿ êåðóâàííÿ ó ïðîáëåì³ çáëèæåííÿ êîíôë³êòíî-êåðîâàíèõ îá’ºêò³â / À.Î. ×èêð³é,
É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 96–110.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé ï³äõ³ä äî ôîðìóâàííÿ ñòðàòåã³é êåðóâàííÿ â ïðîáëåì³ çáëèæåííÿ
êîíôë³êòíî-êåðîâàíèõ îá’ºêò³â. Ðîçðîáëåíî ìîäèô³êàö³¿ ïåðøîãî ïðÿìîãî ìåòîäó äëÿ ñòðîáîñêîï³÷íî¿
ñòðàòåã³¿ â êëàñ³ êîíòðêåðóâàíü, êîëè íå âèêîíóºòüñÿ êëàñè÷íà óìîâà Ïîíòðÿã³íà. Ðîçãëÿíóòî íèæíþ
ðîçâ’ÿçóâàëüíó ôóíêö³þ, ùî â³ä³ãðàº êëþ÷îâó ðîëü ó ôîðìóëþâàíí³ ðåçóëüòàò³â ³ â çàãàëüíîìó âèïàäêó
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ìîæå áóòè âèçíà÷åíà ç óðàõóâàííÿì ôóíêö³îíàëà Ì³íêîâñüêîãî äåÿêîãî áàãàòîçíà÷íîãî â³äîáðàæåííÿ.
Ââåäåíî âåðõíþ ðîçâ’ÿçóâàëüíó ôóíêö³þ ³ çàïðîïîíîâàíî ìîäèô³êîâàíó ñõåìó ìåòîäó ðîçâ’ÿçóâàëüíèõ
ôóíêö³é, ùî çàáåçïå÷óº çàâåðøåííÿ êîíôë³êòíî-êåðîâàíîãî ïðîöåñó â êëàñ³ êâàç³ñòðàòåã³é ³ êîíòðêåðó-
âàíü, êîëè óìîâà Ïîíòðÿã³íà íå âèêîíóºòüñÿ. Íàäàíî ïîð³âíÿííÿ ãàðàíòîâàíèõ ÷àñ³â äëÿ ð³çíèõ ñõåì
ðîçãëÿíóòèõ ìåòîä³â. Òåîðåòè÷í³ ðåçóëüòàòè ïðî³ëþñòðîâàíî íà ìîäåëüíîìó ïðèêëàä³ äðóãîãî ïîðÿäêó
ç³ ñïåö³àëüíîþ íåîïóêëîþ îáëàñòþ êåðóâàííÿ ïåðåñë³äóâà÷à.

Êëþ÷îâ³ ñëîâà: ñòðàòåã³ÿ êåðóâàííÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ, ³ãðîâà çàäà÷à äèíàì³êè, ïðîáëåìà çáëè-
æåííÿ êåðîâàíèõ îá’ºêò³â.
_________________________________________________________________________________________

Control strategies in the problem of approach of conflict-controlled objects / A.A Chikrii, I.S. Rappoport
// Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 96–110.

Abstract. The authors propose a new approach to forming control strategies in the problem of approach
of conflict-controlled objects. Modifications of the first direct method is developed for the stroboscopic strategy
in the class of counter-controls where the classical Pontryagin’s condition is not satisfied. The lower resolving
function is considered, which plays a key role in the formulation of the results and in the general case can be
determined using the Minkowski functional of a multivalued mapping. An upper resolving function is
introduced and a modified scheme of the method of resolving functions is proposed, which guarantees the
termination of the conflict-controlled process in the class of quasi-strategies and counter-controls where the
classical Pontryagin’s condition is not satisfied. The guaranteed times for different schemes of the considered
methods are compared. The theoretical results are illustrated on a second-order model example with a special
non-convex control region of the pursuer.

Keywords: control strategy, resolving function, game problem of dynamics, problem of approach of controlled
objects.
===============================================================================

ÓÄÊ 519.21

Ïîðîãîâ³ ìîäåë³ äëÿ ïðîöåñ³â Ëåâ³ òà îö³íêà íàáëèæåíî¿ ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³ / Õ. Öàé,
A.Â. Íiêiòií // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 111–118.

Àíîòàö³ÿ. Çà äîïîìîãîþ ïðîöåñó Ëåâ³ (ðîçâ’ÿçîê ñòîõàñòè÷íîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ
²òî–Ñêîðîõîäà) çàïðîïîíîâàíî êîíñòðóêö³þ ìîäåë³ ïîðîãîâîãî ïðîöåñó òà íàáëèæåíèé ìåòîä ìàêñè-
ìàëüíî¿ ïðàâäîïîä³áíîñò³, ÿêèé ´ðóíòóºòüñÿ íà àïðîêñèìàö³¿ ëîãàðèôì³÷íî¿ ôóíêö³¿ ïðàâäîïîä³áíîñò³
ñïîñòåðåæåíü. Çíàéäåíî îö³íêè ïàðàìåòð³â äâîðåæèìíîãî ïîðîãîâîãî ñòðèáêîâîãî ïðîöåñó ç äèñêðåòíî
â³ä³áðàíèìè äàíèìè. Ïîêàçàíî, ùî, ïåðåâ³ðÿþ÷è ñï³ââ³äíîøåííÿ ïðàâäîïîä³áíîñò³, ìîæíà âèçíà÷èòè
íàÿâí³ñòü ïîðîãîâèõ åôåêò³â.

Êëþ÷îâ³ ñëîâà: ïîðîãîâèé ñòðèáêîâèé ïðîöåñ, íàáëèæåíèé ìåòîä ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³, ñòî-
õàñòè÷íå äèôåðåíö³àëüíå ð³âíÿííÿ.
_________________________________________________________________________________________

Threshold models for Levy processes and approximate maximum likelihood estimation / H. Tsai,
A.V. Nikitin // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 111–118.

Abstract. Using the Levy process (the solution to the Ito–Skorokhod stochastic differential equation) we
propose the construction of the model of the threshold process and the approximate maximum likelihood
method based on approximation of the logarithmic function of the likelihood of observations. The estimates for
the parameters of the two-mode threshold jump process with discretely sampled data are found. We show that
by checking the likelihood ratio, determining the presence of threshold effects is possible.

Keywords: threshold jump process, approximate maximum likelihood method, stochastic differential equation.
===============================================================================

ÓÄÊ 519.711.7:519.816+519.681.5

Àíàë³ç åôåêòèâíîñò³ ôóíêö³îíóâàííÿ àâòîòðàíñïîðòíî¿ ñèñòåìè ì³ñòà ìåòîäàìè U-ñòàòèñòèê.
II. Îïòèì³çàö³ÿ ìåòîäèêè ³íòåðàêòèâíîãî îö³íþâàííÿ / Î.Ä. Ïîë³ùóê, Ì.Ñ. ßäæàê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 119–127.

Àíîòàö³ÿ. Ôîðìàë³çîâàíî ìåòîäèêó ³íòåðàêòèâíîãî îö³íþâàííÿ åôåêòèâíîñò³ ôóíêö³îíóâàííÿ àâ-
òîòðàíñïîðòíî¿ ñèñòåìè âåëèêîãî ì³ñòà íà îñíîâ³ âèêîðèñòàííÿ ìåòîä³â U-ñòàòèñòèê. Äëÿ îïòèì³çàö³¿
ö³º¿ ìåòîäèêè çàïðîïîíîâàíî åôåêòèâí³ àëãîðèòì³÷í³ êîíñòðóêö³¿ ïàðàëåëüíîãî âèêîíàííÿ ëîêàëüíîãî,
àãðåãîâàíîãî òà ïðîãíîñòè÷íîãî îö³íþâàííÿ ñêëàäîâèõ ñèñòåìè íà ñó÷àñíèõ îá÷èñëþâàëüíèõ çàñî-
áàõ — áàãàòîÿäåðíèõ êîìï’þòåðàõ, êëàñòåðàõ, ã³áðèäíèõ àðõ³òåêòóðàõ òà âèñîêîïðîäóêòèâíèõ îá÷èñëþ-
âàëüíèõ ñåðåäîâèùàõ. Îäåðæàí³ íàóêîâ³ ðåçóëüòàòè äàþòü çìîãó â ðåæèì³ ðåàëüíîãî ÷àñó îö³íþâàòè
åôåêòèâí³ñòü ôóíêö³îíóâàííÿ àâòîòðàíñïîðòíî¿ ñèñòåìè ì³ñòà.

Êëþ÷îâ³ ñëîâà: àâòîòðàíñïîðòíà ñèñòåìà, U-ñòàòèñòèêà, îö³íþâàííÿ, àãðåãàö³ÿ, ïðîãíîçóâàííÿ, ðîçïà-
ðàëåëþâàííÿ îá÷èñëåíü, ïðèñêîðåííÿ, àâòîíîìí³ ã³ëêè.
_________________________________________________________________________________________
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Analyzing operation efficiency of a city transportation system by the U-statistics methods.
II. Optimization the methods of interactive evaluation / O.D. Polishchuk, M.S. Yadzhak // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 119–127.

Abstract. The methodology for interactive evaluation of the functioning efficiency of the motor transport
system for a large city based on the use of U-statistics methods is formalized. To optimize this technique, we
propose efficient algorithmic constructions for parallel execution of local, aggregated, and forecasting
evaluation of system components on modern computers, namely, multi-core computers, clusters, hybrid
architectures, and high-performance computing environments. The results obtained allow for real-time
evaluation of the efficiency for the city’s motor transport system.

Keywords: motor transport system, U-statistics, evaluation, aggregation, forecasting, parallelization of
computations, speed up, autonomous branches.
===============================================================================

ÓÄÊ 519.6

Îïòèìàëüíå îá÷èñëåííÿ ³íòåãðàë³â â³ä øâèäêîîcöèëþâàëüíèõ ôóíêö³é äëÿ äåÿêèõ êëàñ³â
äèôåðåíö³éîâíèõ ôóíêö³é / Ë.Â. Ëóö // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2.
Ñ. 128–138.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îá÷èñëåííÿ ³íòåãðàë³â â³ä øâèäêîîñöèëþâàëüíèõ ôóíêö³é ç äåÿêèõ
êëàñ³â äèôåðåíö³éîâíèõ ôóíêö³é, çîêðåìà, ó âèïàäêó ³íòåðïîëÿö³éíîãî êëàñó ôóíêö³é, êîëè ³íôîð-
ìàö³éíèé îïåðàòîð çàäàíèé ô³êñîâàíîþ òàáëèöåþ ñâî¿õ çíà÷åíü. Ïîáóäîâàíî îïòèìàëüíó çà òî÷í³ñòþ òà
îïòèìàëüíó çà ïîðÿäêîì òî÷íîñò³ êâàäðàòóðí³ ôîðìóëè îá÷èñëåííÿ ³íòåãðàë³â â³ä øâèäêîîñöèëþâàëü-
íèõ ôóíêö³é. Îòðèìàíî îïòèìàëüí³ îö³íêè ïîõèáêè ìåòîäó.

Êëþ÷îâ³ ñëîâà: ³íòåãðàëè â³ä øâèäêîîñöèëþâàëüíèõ ôóíêö³é, ³íòåðïîëÿö³éí³ êëàñè ôóíêö³é, îïòè-
ìàëüí³ çà òî÷í³ñòþ êâàäðàòóðí³ ôîðìóëè, ìåòîä ãðàíè÷íèõ ôóíêö³é, îö³íêà çíèçó ïîõèáêè ÷èñåëüíîãî
³íòåãðóâàííÿ.
_________________________________________________________________________________________

Optimal calculation of integrals of rapidly oscillating functions for some classes of differential functions /
L.V. Luts // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 128–138.

Abstract. The author considers the problem of calculating integrals of rapidly oscillating functions from
some classes of differential functions, in particular, in the case of the interpolation class of functions, where the
information operator is specified by a fixed table of its values. Quadrature formulas for calculating integrals of
rapidly oscillating functions have been constructed that are optimal in terms of accuracy and optimal in order of
accuracy. The optimal estimates for the error of the method are obtained.

Keywords: integrals of rapidly oscillating functions, interpolation classes of functions, quadrature formulas
optimal in terms of accuracy, method of boundary functions, lower estimate of numerical integration error.
===============================================================================

ÓÄÊ 519.6

Åêâ³âàâàëåíòí³ñòü ôóíäàìåíòàëüíîãî ñïëàéíà òà ôóíêö³¿ ãð³íà äëÿ ïîáóäîâè òî÷íîãî
ñê³í÷åííîâèì³ðíîãî àíàëîãà êðàéîâî¿ çàäà÷³ äëÿ çâè÷àéíîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ 4-ãî
ïîðÿäêó / Â.Ã. Ïðèêàç÷èêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 139–146.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ç ãîëîâíèìè òà ïðèðîäíèìè óìîâàìè íà ìåæ³ â³äð³çêà. Çàïðîïîíîâà-
íî íîâèé ìåòîä ïîáóäîâè òî÷íîãî äèñêðåòíîãî àíàëîãà ö³º¿ çàäà÷³. Ìåòîä ïîëÿãàº â ïðîºêòóâàíí³ äèôå-
ðåíö³àëüíîãî ð³âíÿííÿ íà ëîêàëüí³ ñïëàéíè, óòâîðåí³ ôóíäàìåíòàëüíîþ ñèñòåìîþ ðîçâ’ÿçê³â çàäà÷ Êîø³
äëÿ îäíîð³äíîãî ð³âíÿííÿ âèõ³äíî¿ çàäà÷³. Îäåðæàíî ñèñòåìó ë³í³éíèõ àëãåáðà¿÷íèõ ð³âíÿíü ç 5-ä³àãî-
íàëüíîþ ìàòðèöåþ ñòîñîâíî òî÷íèõ çíà÷åíü ðîçâ’ÿçêó âèõ³äíî¿ çàäà÷³ â òî÷êàõ ð³âíîì³ðíî¿ ñ³òêè. Äëÿ
ðåàë³çàö³¿ òî÷íîãî àíàëîãà çàïðîïîíîâàíî âèêîðèñòàòè ñõåìè âèñîêîãî ïîðÿäêó òî÷íîñò³, ÿê³ óòâîðåí³ ç
÷àñòèííèõ ñóì ðÿä³â ç ïàðíèìè ñòåïåíÿìè êðîêó ñ³òêè äëÿ ðîçâ’ÿçê³â çàäà÷ Êîø³.

Êëþ÷îâ³ ñëîâà: êðàéîâà çàäà÷à, çâè÷àéíå äèôåðåíö³àëüíå ð³âíÿííÿ 4-ãî ïîðÿäêó, çàäà÷à Êîø³, âèçíà÷-
íèê Âðîíñüêîãî, ëîêàëüíèé ñïëàéí, ñóïåðïîçèö³ÿ ðîçâ’ÿçê³â, òî÷íèé äèñêðåòíèé àíàëîã, ñèñòåìà
ë³í³éíèõ àëãåáðà¿÷íèõ ð³âíÿíü, 5-ä³àãîíàëüíà ìàòðèöÿ.
_________________________________________________________________________________________

The equivalence of the fundamental spline and green’s function in the construction of the exact
finite-dimensional analog of the boundary-value problem for an ordinary differential equation of the 4th
order / V. Prikazchikov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 139–146.

Abstact. The author considers a problem with the main and natural boundary conditions on an interval.
A new method for constructing an exact discrete analog of the problem is proposed. The method deals with the
projection of the differential equation on local splines, formed by the fundamental system of solutions of the
Cauchy problems for the homogeneous equation. A system of linear algebraic equations with a 5-diagonal
matrix is obtained for the values of the exact solutions of the original problem at the points of a uniform grid.
To implement an exact analog, we recommend using high-order accuracy schemes which are formed by partial
sums of series in even powers of the grid step for solving the Cauchy problems.

Keywords: boundary-value problem, ordinary differential equation of the 4th order, Cauchy problem,
Wronskian, local spline, superposition of solutions, exact discrete analogue, system of linear algebraic
equations, 5-diagonal matrix.
===============================================================================
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ÓÄÊ 621.396

Àðõ³òåêòóðà òà ìîäåë³ íàä³éíîñò³ ã³áðèäíèõ ñåíñîðíèõ ìåðåæ ñèñòåì åêîëîã³÷íîãî òà àâàð³éíîãî
ìîí³òîðèíãó / Ñ.Â. Ñêîðîáîãàòüêî, Ã.Â. Ôåñåíêî, Â.Ñ. Õàð÷åíêî, Ñ.Â. ßêîâëåâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 147–159.

Àíîòàö³ÿ. Äîñë³äæåíî àñïåêòè ðîçðîáëåííÿ òà àíàë³çó ïðàöåçäàòíîñò³ ã³áðèäíèõ ñåíñîðíèõ ìåðåæ
ÿê ï³äñèñòåì ñèñòåì åêîëîã³÷íîãî òà àâàð³éíîãî ìîí³òîðèíãó êðèòè÷íî¿ ³íôðàñòðóêòóðè. Çàïðîïîíîâàíî
àðõ³òåêòóðó ã³áðèäíî¿ ñåíñîðíî¿ ìåðåæ³, ùî ´ðóíòóºòüñÿ íà òåõíîëîã³¿ ãðàíè÷íèõ îá÷èñëåíü (ÃÎ) ³
ïîºäíóº ñòàö³îíàðíó ³ ìîá³ëüíó ñêëàäîâ³. Ïåðøó ñêëàäîâó ðåàë³çóþòü íàçåìíîþ ñåíñîðíîþ ìåðåæåþ
(ÍÑÌ), äðóãó — ðîºì áåçï³ëîòíèõ ë³òàëüíèõ àïàðàò³â, ùî óòâîðþþòü ëåòþ÷ó ìåðåæó ÃÎ. Ïðîàíàë³çîâà-
íî àëãîðèòìè çáîðó äàíèõ, ïðîáëåìè ìàñøòàáóâàííÿ òà îïòèì³çàö³¿ ðîáîòè ÍÑÌ òà ñèñòåì ìîí³òîðèíãó
â ö³ëîìó. Ðîçðîáëåíî òà äîñë³äæåíî ìîäåë³ íàä³éíîñò³ ÍÑÌ â óìîâàõ â³äìîâ îäíîãî òà ãðóï ñåíñîð³â.
Îòðèìàíî àíàë³òè÷í³ çàëåæíîñò³ ïîêàçíèê³â áåçâ³äìîâíîñò³ â³ä ð³çíèõ çà ðîçì³ðàìè êëàñòåð³â â³äìîâ
ñåíñîð³â òà ¿õíüî¿ ³íòåíñèâíîñò³. Íàäàíî ðåêîìåíäàö³¿ ùîäî ïðîºêòóâàííÿ òà âïðîâàäæåííÿ ã³áðèäíèõ
ñåíñîðíèõ ìåðåæ.

Êëþ÷îâ³ ñëîâà: ã³áðèäí³ ñåíñîðí³ ìåðåæ³, ãðàíè÷í³ îá÷èñëåííÿ, ìîäåë³ íàä³éíîñò³, ìíîæèíí³ â³äìîâè,
ñèñòåìè åêîëîã³÷íîãî ìîí³òîðèíãó, ñèñòåìè àâàð³éíîãî ìîí³òîðèíãó.

_________________________________________________________________________________________

Architecture and reliability models of hybrid sensor networks for environmental and emergency
monitoring systems / S. Skorobohatko, H. Fesenko, V. Kharchenko, S. Yakovlev // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 2. P. 147–159.

Abstract. The authors study the aspects of developing and analyzing the hybrid sensor networks’
operability as subsystems of environmental and emergency monitoring systems for critical infrastructure. The
proposed architecture of such a system is based on the technology of edge computing (EC) and combines
stationary and mobile components, the first of which is implemented by a ground sensor network (GSN), and
the second by a swarm of unmanned aerial vehicles that form a flying EC network. The data collection
algorithms, scaling problems, and optimization of the operation of the GSN and monitoring systems in general
are analyzed. The reliability models of the GSN in the conditions of failure of one and groups of sensors are
developed and investigated. Analytical dependencies of reliability indicators on different sizes of sensor failure
clusters and their intensity are obtained. Recommendations for the design and implementation of hybrid sensor
networks are given.

Keywords: hybrid sensor networks, edge computing, reliability models, multiple failures, environmental
monitoring systems, emergency monitoring systems.

===============================================================================

ÓÄÊ 621.396.6

Ôîðìàë³çàö³ÿ ïðîöåñó ðîçðîáëåííÿ ä³àãíîñòè÷íîãî çàáåçïå÷åííÿ ðàä³îåëåêòðîííèõ çàñîá³â /
Ë.Ì. Ñàêîâè÷, Ñ.Î. Ãíàòþê, Ñ.Ì. Ñåìåõà, Ä.Î. Âîëîøåíþê, ².Â. Ïîïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 160–175.

Àíîòàö³ÿ. Ïðîâåäåíî àíàë³ç ñó÷àñíèõ äîñÿãíåíü â ãàëóç³ òåõí³÷íî¿ ä³àãíîñòèêè ³ ìåòðîëîã³¿, âñòà-
íîâëåíî ¿õíþ ìîæëèâ³ñòü äëÿ ï³äâèùåííÿ ÿêîñò³ ä³àãíîñòè÷íîãî çàáåçïå÷åííÿ ïåðñïåêòèâíèõ òà íàÿâ-
íèõ ðàä³îåëåêòðîííèõ çàñîá³â. Çàïðîïîíîâàíî çàãàëüíèé àëãîðèòì ðîçðîáëåííÿ ä³àãíîñòè÷íîãî çàáåçïå-
÷åííÿ ðàä³îåëåêòðîííèõ çàñîá³â ç âðàõóâàííÿì îñîáëèâîñòåé ¿õíüî¿ áóäîâè, óìîâ ðåìîíòó, ìåòðî-
ëîã³÷íîãî çàáåçïå÷åííÿ äëÿ ì³í³ì³çàö³¿ ñåðåäíüîãî ÷àñó â³äíîâëåííÿ.

Êëþ÷îâ³ ñëîâà: ðàä³îåëåêòðîíí³ çàñîáè, òåõí³÷íå ä³àãíîñòóâàííÿ, ä³àãíîñòè÷íå ³ ìåòðîëîã³÷íå
çàáåçïå÷åííÿ.

_________________________________________________________________________________________

Formalization of developing diagnostic support for radio-electronic equipment / L. Sakovich, S. Gnatiuk,
S. Semekha, D. Volosheniuk, I. Popov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 160–175.

Abstract. The authors analyze modern achievements in technical diagnostics and metrology and their
possibility to improve the quality of diagnostic support of promising and existing radio-electronic technical
means. A general algorithm for the development of diagnostic support for radio-electronic devices is proposed,
taking into account their structure, repair conditions, and metrological support to minimize the average recovery
time.

Keywords: radio-electronic means, technical diagnostics, diagnostic and metrological support.

===============================================================================

6 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2024, òîì 60, ¹ 2
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ÓÄÊ 004.891.3

Ãåíåðàòèâí³ ìîäåë³ â çàäà÷³ îö³íþâàííÿ åôåêòèâíîñò³ êîìï’þòåðíèõ àëãîðèòì³â /
Ë.Ñ. Ôàéíç³ëüáåðã // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 176–187.

Àíîòàö³ÿ. Ñôîðìóëüîâàíî îçíà÷åííÿ åôåêòèâíîñò³ êîìï’þòåðíîãî àëãîðèòìó çà êðèòåð³ºì, ùî
âèçíà÷àº òî÷í³ñòü, íàä³éí³ñòü, øâèäêîä³þ àáî ³íø³ ñïîæèâ÷³ âëàñòèâîñò³. Çàïðîïîíîâàíî ñõåìè äîêàçî-
âèõ åêñïåðèìåíò³â íà îñíîâ³ ñòîõàñòè÷íèõ ìîäåëåé ãåíåðàö³¿ øòó÷íèõ äàíèõ, ùî ìàþòü ñòàòèñòè÷í³ õà-
ðàêòåðèñòèêè, àäåêâàòí³ ðåàëüíèì ñïîñòåðåæåííÿì. Åêñïåðèìåíòàëüíî âèçíà÷åíî åôåêòèâí³ñòü êîìï’þ-
òåðíèõ àëãîðèòì³â, ÿê³ çàáåçïå÷óþòü ðîçâ’ÿçàííÿ òðüîõ ð³çíèõ çàäà÷: îïòèìàëüíî¿ çóïèíêè äëÿ ïðèéíÿò-
òÿ îñòàòî÷íîãî ð³øåííÿ ï³ä ÷àñ ïîñë³äîâíîãî àíàë³çó àëüòåðíàòèâ, íàâ÷àííÿ ë³í³éíîãî êëàñèô³êàòîðà çà
ñê³í÷åííîþ âèá³ðêîþ ñïîñòåðåæåíü òà âèçíà÷åííÿ ä³àãíîñòè÷íèõ îçíàê ÅÊÃ çà ìåòîäîì ôàçàãðàô³¿. Íà-
âåäåíî ðåçóëüòàòè, ÿê³ îòðèìàíî íà îñíîâ³ ïðîâåäåíèõ ñòàòèñòè÷íèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: åôåêòèâí³ñòü êîìï’þòåðíîãî àëãîðèòìó, ñòàòèñòè÷íèé åêñïåðèìåíò, ãåíåðàö³ÿ øòó÷íèõ
äàíèõ.
_________________________________________________________________________________________

Generative models in the problem of evaluating the efficiency of computer algorithms / L.S. Fainzilberg //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 2. P. 176–187.

Abstract. T The author formulates definitions of computer algorithm efficiency according to a criterion
that characterizes accuracy, reliability, speed, or other consumer properties. Schemes of proof experiments
based on stochastic models of generation of artificial data with statistical characteristics adequate to real
observations are suggested. The experiments are aimed at determining the efficiency of computer algorithms
that provide solutions to three different problems: the optimal stop for making a final decision during
a sequential analysis of alternatives, training a linear classifier based on a finite sample of observations, and
determining diagnostic signs of an ECG using the fasegraphy method. The results obtained based on statistical
experiments are given.

Keywords: computer algorithm efficiency, statistical experiment, artificial data generation.
==============================================================================

ÓÄÊ 004.627, 004.932

Íîâ³ ï³äõîäè ³ ìåòîäè àäàïòèâíîãî êîäóâàííÿ çîáðàæåíü / Â.Ê. Ëóö // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 2. Ñ. 188–200.

Àíîòàö³ÿ. Ðîçãëÿíóòî íîâ³ ìåòîäè, ï³äõîäè òà ³äå¿ ïîäàëüøîãî ðîçâèòêó êîäóâàííÿ çîáðàæåíü äëÿ
ï³äâèùåííÿ ³íôîðìàòèâíîñò³ ³ çìåíøåííÿ îá÷èñëþâàëüíî¿ ñêëàäíîñò³. Ðîçðîáëåíî àðõ³òåêòóðó ñïðîùå-
íîãî øâèäêîä³éíîãî êîäåêà — íàá³ð àäàïòèâíèõ ðåæèì³â êîäóâàííÿ ç ì³í³ìàëüíèìè îá÷èñëþâàëüíèìè
âèòðàòàìè íà âèá³ð ³ ïåðåêëþ÷åííÿ ì³æ íèìè. Çàïðîïîíîâàíî ïðîñò³ óí³âåðñàëüí³ àëãîðèòìè ïåðåäáà-
÷åííÿ çíà÷åíü ï³êñåë³â ÿê íà îñíîâ³ çîâí³øí³õ äàíèõ, òàê ³ ç âèêîðèñòàííÿì çíà÷åíü ñóñ³äí³õ áëîê³â. Çàï-
ðîïîíîâàíî ìîäèô³êàö³þ mså (çñóíóòå mså), ÿêà òî÷í³øå â³äîáðàæàº ñïîòâîðåííÿ êîíòóð³â. Çàïðîïîíî-
âàíî îäíîíîðìîâå ñïðîùåíå êîñèíóñíå ïåðåòâîðåííÿ ïîðÿäêó 16 íèçüêî¿ îá÷èñëþâàëüíî¿ ñêëàäíîñò³.
Çàïðîïîíîâàíî íîâèé àëãîðèòì àäàïòèâíîãî âèáîðó òèïó ³ ïîðÿäêó ïåðåòâîðåííÿ çàëåæíî â³ä
êîåô³ö³ºíòà ñòèñíåííÿ.

Êëþ÷îâ³ ñëîâà: ñïðîùåíèé øâèäêîä³éíèé êîäåê, àäàïòèâí³ ðåæèìè êîäóâàííÿ, àëãîðèòìè ïåðåäáà÷åí-
íÿ çíà÷åíü ï³êñåë³â, àëãîðèòìè îö³íþâàííÿ ïîõèáîê, ³íôîðìàòèâí³ñòü ïåðåòâîðåíü, ñïðîùåí³ êîñèíóñí³
ïåðåòâîðåííÿ, øâèäê³ àëãîðèòìè.
_________________________________________________________________________________________

New approaches and methods of image encodinG / V.K. Luts // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 2. P. 188–200.

Abstract. The author analyzes new methods, approaches, and ideas for further development of image
encoding to increase informativeness and reduce computational complexity. An architecture (a set of adaptive
encoding modes with minimal computational expenses for selecting and switching between them) for a
simplified high-speed codec is developed. Simple universal algorithms for predicting pixel values based on
external data and using values of neighboring blocks are proposed. A modification of MSE (shifted MSE) is
proposed, which more accurately reflects contour distortions. A one-norm simplified cosine transform of order
16 with low computational complexity is proposed. A new algorithm for adaptive use of transforms of different
types and orders depending on the compression coefficient is given.

Keywords: simplified high-speed codec, adaptive coding modes, pixel-value prediction algorithms, error
estimation algorithms, transform informativeness, simplified cosine transforms, fast algorithms.
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