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ÓÄÊ 519.713.1

Ïîáóäîâà � �-ðåãóëÿðíîãî âèðàçó, çàäàíîãî ãðàôîì åëåìåíòàðíèõ ïðîäîâæåíü / À.Ì. ×åáîòàðüîâ //

Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 3–9.

Àíîòàö³ÿ. Ï³ä ÷àñ ñèíòåçó �-àâòîìàòà, ñïåöèô³êîâàíîãî ìîâîþ LP, âèíèêàº çàäà÷à ïîäàííÿ ìíî-
æèíè � �-ñë³â, ùî çàäàº ôîðìóëà F t( ), ó âèãëÿä³ � �-ðåãóëÿðíîãî âèðàçó. Ïîáóäîâà öüîãî âèðàçó ´ðóí-
òóºòüñÿ íà â³äïîâ³äíîñò³ ì³æ ñòðóêòóðíèìè åëåìåíòàìè ôîðìóë òà � �-ðåãóëÿðíèõ âèðàç³â. Äëÿ çàáåçïå-
÷åííÿ òàêî¿ â³äïîâ³äíîñò³ çàïðîâàäæåíî äâ³ äîäàòêîâ³ îïåðàö³¿ íàä � �-ðåãóëÿðíèìè ìíîæèíàìè, ùî
â³äïîâ³äàþòü îïåðàö³ÿì êâàíòèô³êàö³¿ ó ôîðìóëàõ. Çàäà÷à çâîäèëàñü äî îá÷èñëåííÿ � �-ðåãóëÿðíèõ âè-
ðàç³â, ùî âèçíà÷àþòüñÿ öèìè îïåðàö³ÿìè. Ó éîãî îñíîâ³ ëåæèòü ïîáóäîâà ãðàôó åëåìåíòàðíèõ ïðîäîâ-
æåíü, äå ïåâíà ìíîæèíà íåñê³í÷åííèõ øëÿõ³â â³äïîâ³äàº âñ³ì � �-ñëîâàì, ùî íàëåæàòü � �-ðåãóëÿðí³é
ìíîæèí³, ÿêó ïîòð³áíî îá÷èñëèòè. Çàïðîïîíîâàíî ìåòîä ïîáóäîâè � �-ðåãóëÿðíîãî âèðàçó, ùî çàäàºòüñÿ
òàêèì ãðàôîì. Öåé ìåòîä áàçóºòüñÿ íà ðîçâ’ÿçàíí³ ñèñòåìè ë³í³éíèõ ð³âíÿíü íàä � �-ðåãóëÿðíèìè ìíî-
æèíàìè.

Êëþ÷îâ³ ñëîâà: � �-ñëîâî, � �-ðåãóëÿðíèé âèðàç, ïðåô³êñíî-çàìêíóòà ìíîæèíà � �-ñë³â, ãðàô åëåìåí-

òàðíèõ ïðîäîâæåíü, ë³í³éíå ð³âíÿííÿ íàä � �-ðåãóëÿðíèìè ìíîæèíàìè.
————————————————————————————————————————————-

Constructing a � �-regular expression specified by an elementary extensions graph / A.N. Chebotarev //

Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 3–9.

Abstract. In synthesis of a �-automaton specified in the LP language, the problem arises how to
represent the set of � �-words defined by a formula F t( ) in the form of a � �-regular expression. Construction
of this representation is based on the correspondence between structural components of the formulas and
� �-regular expressions. To provide such a correspondence, two additional operations on � �-regular sets
relating to the operation of quantification in the formulas were introduced. The problem was reduced to
calculating the � �-regular expressions defined by these operations. This calculation relies on the construction
of an elementary extensions graph, in which certain set of infinite paths corresponds to all � �-words that
belong to the � �-set to be calculated. A method for constructing a � �-regular expression specified by such
a graph is proposed in the paper. This method is based on the solution of a system of linear equations over
� �-regular sets.

Keywords: � �-word, � �-regular expression, prefix-closed set of � �-words, elementary extensions graph,

linear equations over � �-regular sets.
===============================================================================

ÓÄÊ 004.855:519.216

Ëîã³êà êàóçàëüíîãî âèâåäåííÿ ç äàíèõ â óìîâàõ ïðèõîâàíèõ ñï³ëüíèõ ïðè÷èí / Î.Ñ. Áàëàáàíîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 10–28.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìè âèâåäåííÿ êàóçàëüíèõ ìîäåëåé ç åìï³ðè÷íèõ äàíèõ ³ äåÿê³ ìå-
õàí³çìè âèíèêíåííÿ ïîìèëîê. Ïîêàçàíî, ùî â³äîì³ ïðàâèëà ³äåíòèô³êàö³¿ îð³ºíòàö³é (ñïðÿìóâàíü) ñòà-
òèñòè÷íèõ çâ’ÿçê³â ó êàóçàëüíèõ ìîäåëÿõ ìîæóòü âòðà÷àòè àäåêâàòí³ñòü, êîëè ä³þòü ëàòåíòí³ êîíôàóíäå-
ðè. Çàïðîïîíîâàíî êîðåêö³¿ öèõ ïðàâèë îð³ºíòàö³¿, íåîáõ³äí³ äëÿ ¿õíüîãî çàñòîñóâàííÿ äî ìîäåëåé ïîçà
ìåæàìè êëàñó àíöåñòðàëüíèõ ìîäåëåé. Ñôîðìóëüîâàíî íåîáõ³äí³ ïðèïóùåííÿ, ÿê³ îá´ðóíòîâóþòü âèâå-
äåííÿ àäåêâàòíèõ êàóçàëüíèõ â³äíîøåíü ç äàíèõ.

Êëþ÷îâ³ ñëîâà: êàóçàëüí³ ìîäåë³, d-ñåïàðàö³ÿ, óìîâíà íåçàëåæí³ñòü, ïðàâèëà îð³ºíòàö³¿ ðåáåð, êîíôàóí-
äåð, êîë³çîð, ³ëþçîðíå ðåáðî, ïðèïóùåííÿ òåñòàá³ëüíîñò³ çàëåæíîñò³.
————————————————————————————————————————————-

Logic of causal inference from data under presence of latent confounders / O.S. Balabanov // Kibernetyka
ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 10–28.

Abstract. The problems of causal inference from data (by independence-based methods) when latent
confounders are allowed are examined. We demonstrate that the well-known rules of edge orientation may
perform wrong under presence of latent confounders. We propose the corrections to the rules aiming to
successfully extend them for inference of models beyond the class of ancestral models. The necessary
assumptions to justify an adequate model inference from data are suggested.

Keywords: causal network, d-separation, conditional independence, edge orientation rules, confounder,
collider, illusive edge, dependence testability assumptions.
===============================================================================

ÓÄÊ 519.2

Ðîçð³çíþâàëüíà àòàêà íà øèôðîñèñòåìó NTRUCipher / À.Ì. Îëåêñ³é÷óê, À.À. Ìàò³éêî //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 29–34.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ðîçð³çíþâàëüíó àòàêó íà ñèìåòðè÷íó øèôðîñèñòåìó NTRUCipher, âèç-
íà÷åíó íàä ê³ëüöåì ëèøê³â çà ìîäóëåì öèêëîòîì³÷íîãî ïîë³íîìà íàä ñê³í÷åííèì ïîëåì ïðîñòîãî ïîðÿä-
êó. Àòàêà áàçóºòüñÿ íà ³ñíóâàíí³ ãîìîìîðô³çìó öüîãî ê³ëüöÿ ó çàçíà÷åíå ïîëå òà ìîæå áóòè äîñèòü åôåê-
òèâíîþ çà äîñòàòíüî çàãàëüíèõ óìîâ.
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Êëþ÷îâ³ ñëîâà: ðåø³òêîâà êðèïòîãðàô³ÿ, ñèìåòðè÷íà øèôðîñèñòåìà, ðîçð³çíþâàëüíà àòàêà, öèêëî-
òîì³÷íèé ïîë³íîì, NTRUCipher.
————————————————————————————————————————————-

Distinguishing attack on the NTRUCipher encryption scheme / A.N. Alekseychuk, A.A. Matiyko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 29–34.

Abstract. A distinguishing attack on the NTRUCipher symmetric encryption scheme, defined over the
residue ring modulo a cyclotomic polynomial over a finite field of simple order, is proposed. The attack is based
on the existence of a homomorphism from this ring into the specified field and can be quite effective under
sufficiently general conditions.

Keywords: lattice-based cryptography, symmetric encryption scheme, distinguishing attack, cyclotomic
polynomial, NTRUCipher.
===============================================================================

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 631.153.3:330.131.7

Îïòèì³çàö³ÿ íàä³éíîñò³ â ðîñëèííèöòâ³ / Â.À. Ïåïåëÿºâ, Î.Ì. Ãîëîäí³êîâ, Í.Î. Ãîëîäí³êîâà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 1. Ñ. 35–41.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îïòèì³çàö³¿ ñòðóêòóðè ïîñ³âíèõ ïëîù ç óðàõóâàííÿì ðèçèêó âòðàò
óðîæàþ. Äëÿ ì³í³ì³çàö³¿ ðèçèêó çàïðîïîíîâàíî çàì³ñòü éìîâ³ðíîñò³ â³äìîâ, ÿêà øèðîêî âèêîðèñòî-
âóºòüñÿ â òåîð³¿ íàä³éíîñò³, îïòèì³çóâàòè áóôåðíó éìîâ³ðí³ñòü â³äìîâ (bPOE). Íà â³äì³íó â³ä
éìîâ³ðíîñò³ â³äìîâ, bPOE ìàº êðàù³ âëàñòèâîñò³, à ñàìå: öÿ ì³ðà ðèçèêó º íåïåðåðâíîþ ôóíêö³ºþ, ÿêà
âðàõîâóº âñ³ çíà÷åííÿ, ùî ïîçèö³îíîâàí³ â õâîñò³ ôóíêö³¿ ðîçïîä³ëó âòðàò óðîæàþ.

Êëþ÷îâ³ ñëîâà: bPOE, ì³ðà ðèçèêó, îïòèì³çàö³ÿ, êâàíòèëü, õâ³ñò ôóíêö³¿ ðîçïîä³ëó, ïîñ³âíà ïëîùà,
ñ³ëüñêîãîñïîäàðñüêà êóëüòóðà.
————————————————————————————————————————————-

Reliability optimization in plant production / V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 35–41.

Abstract. We consider the problem of optimizing the structure of sown areas taking into account the risk
of crop losses. To minimize the risk, we propose to optimize the buffer probability of failure (bPOE), instead of
the probability of failure, which is widely used in the theory of reliability. In contrast to the probability of
failure, bPOE has more attractive properties: this risk measure is a continuous function that takes into account
all the values located in the tail of the crop loss distribution function.

Keywords: bPOE, risk measure, optimization, quantile, the tail of the distribution function, sown area,
agricultural culture.
===============================================================================

ÓÄÊ 517.977

Åêñòðåìàëüí³ ñòðàòåã³¿ çáëèæåííÿ êåðîâàíèõ îá’ºêò³â â ³ãðîâèõ çàäà÷àõ äèíàì³êè ç òåðì³íàëüíîþ
ôóíêö³ºþ ïëàòè / À.Î. ×èêð³é, É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2.
Ñ. 42–57.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä ðîçâ’ÿçàííÿ ïðîáëåìè çáëèæåííÿ êåðîâàíèõ îá’ºêò³â â ³ãðîâèõ çà-
äà÷àõ äèíàì³êè ç òåðì³íàëüíîþ ôóíêö³ºþ ïëàòè, ÿêèé çâîäèòüñÿ äî ñèñòåìàòè÷íîãî âèêîðèñòàííÿ ³äåé
Ôåíõåëÿ–Ìîðî ñòîñîâíî çàãàëüíî¿ ñõåìè ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é. Ñóòí³ñòü ìåòîäó ïîëÿãàº
â òîìó, ùî ðîçâ’ÿçóâàëüíó ôóíêö³þ ìîæíà âèðàçèòè ÷åðåç ñïðÿæåíó äî ôóíêö³¿ ïëàòè ³, âèêîðèñòîâóþ÷è
³íâîëþòèâí³ñòü îïåðàòîðà ñïîëó÷åííÿ äëÿ îïóêëî¿ çàìêíóòî¿ ôóíêö³¿, îòðèìàòè ãàðàíòîâàíó îö³íêó
òåðì³íàëüíîãî çíà÷åííÿ ôóíêö³¿ ïëàòè, ÿêó ïðåäñòàâëåíî ÷åðåç çíà÷åííÿ ïëàòè â ïî÷àòêîâèé ìîìåíò òà
³íòåãðàë â³ä ðîçâ’ÿçóâàëüíî¿ ôóíêö³¿. Îñîáëèâ³ñòþ ìåòîäó º íàêîïè÷óâàëüíèé ïðèíöèï, ùî âèêîðèñòî-
âóºòüñÿ â ïîòî÷íîìó ï³äñóìîâóâàíí³ ðîçâ’ÿçóâàëüíî¿ ôóíêö³¿ äëÿ îö³íêè ÿêîñò³ ãðè äî äîñÿãíåííÿ äåÿêî-
ãî ïîðîãîâîãî çíà÷åííÿ. Óâåäåíî ïîíÿòòÿ âåðõíüî¿ òà íèæíüî¿ ðîçâ’ÿçóâàëüíèõ ôóíêö³é äâîõ òèï³â ³ îò-
ðèìàíî äîñòàòí³ óìîâè ãàðàíòîâàíîãî ðåçóëüòàòó â äèôåðåíö³àëüí³é ãð³ ç òåðì³íàëüíîþ ôóíêö³ºþ ïëàòè
â ðàç³, êîëè óìîâà Ïîíòðÿã³íà íå âèêîíóºòüñÿ. Ïîáóäîâàíî äâ³ ñõåìè ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é ç
åêñòðåìàëüíèìè ñòðàòåã³ÿìè çáëèæåííÿ êåðîâàíèõ îá’ºêò³â ³ äàíî ïîð³âíÿííÿ ãàðàíòîâàíèõ ÷àñ³â.

Êëþ÷îâ³ ñëîâà: òåðì³íàëüíà ôóíêö³ÿ ïëàòè, êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå â³äîáðàæåí-
íÿ, âèì³ðíèé ñåëåêòîð, åêñòðåìàëüíà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.
————————————————————————————————————————————-

Extremum strategies of approach of controlled objects in dynamic game problems with a terminal payoff
function / A.A. Chikrii, J.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 42–57.

Abstract. The authors propose a method for solving the problem of approach of controlled objects in
dynamic game problems with a terminal payoff function, which is reduced to the systematic use of the
Fenhel-Moro ideas on the general scheme of the method of resolving functions. The essence of the method is
that the resolving function can be expressed in terms of the function conjugate to the payoff function and, using
the inclusiveness of the connection operator for a convex closed function, it is possible to obtain a guaranteed
estimate of the terminal value of the payoff function represented by the payoff value at the initial instant of time
and integral of the resolving function. A feature of the method is the cumulative principle used in the current
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summation of the resolving function to assess the quality of the game before reaching a certain threshold. The
notion of the upper and lower resolving functions of two types is introduced and sufficient conditions of
a guaranteed result in the differential game with the terminal payoff function are obtained in the case where
Pontryagin’s condition is not satisfied. Two schemes of the method of resolving functions with extremum
strategies of approach of controlled objects are constructed and the guaranteed times are compared.

Keywords: terminal payoff function, quasilinear differential game, multi-valued mapping, measurable selector,
extremum strategy, resolving function.

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

ÓÄÊ 519.8

Ì³í³ìóì íå÷³òêèõ ÷èñåë ç íå÷³òêîþ ìíîæèíîþ îïåðàíä³â / Ñ.Î. Ìàùåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 58–69.

Àíîòàö³ÿ. Äîñë³äæåíî îïåðàö³þ ì³í³ì³çàö³¿ ç íå÷³òêîþ ìíîæèíîþ ³íäåêñ³â îïåðàíä³â äëÿ íå÷³òêèõ
÷èñåë. Ïîêàçàíî, ùî ðåçóëüòàòîì ö³º¿ îïåðàö³¿ º íå÷³òêà ìíîæèíà òèïó-2, ÿêà ìîæå áóòè ðîçêëàäåíîþ çà
âòîðèííèìè ñòóïåíÿìè íàëåæíîñò³ íà íàá³ð â³äïîâ³äíèõ íå÷³òêèõ ÷èñåë. Òàêèé ðîçêëàä äàº çìîãó ïðåä-
ñòàâèòè ðåçóëüò³âíó íå÷³òêó ìíîæèíó òèïó-2 ó çðó÷íîìó äëÿ ðîçóì³ííÿ ³ çàñòîñóâàííÿ âèãëÿä³. Íàâåäåíî
³ëþñòðàòèâíèé ïðèêëàä.

Êëþ÷îâ³ ñëîâà: íå÷³òêå ÷èñëî, íå÷³òêà ìíîæèíà, íå÷³òêà ìíîæèíà òèïó-2.

————————————————————————————————————————————-

Minimum of fuzzy numbers with a fuzzy set of operands / S.O. Mashchenko // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 2. P. 58–69.

Abstract. The operation of minimization with a fuzzy set of operand indices for fuzzy numbers is
investigated. It is shown that the result of this operation is a type-2 fuzzy set, which can be decomposed by
secondary degrees of membership into a collection of corresponding fuzzy numbers. This decomposition helps
to represent the resulting type-2 fuzzy set in a form that is easy to understand and use. An illustrative example is
given.

Keywords: fuzzy number, fuzzy set, type-2 fuzzy set.

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

ÓÄÊ 303.732.4

Àëãîðèòì äåêîìïîçèö³éíîãî êåðóâàííÿ òà ïðîãíîçóâàííÿ òðàºêòîð³é íåë³í³éíèõ ñòîõàñòè÷íèõ
ñèñòåì çà íàÿâíîñò³ ð³çíîøâèäê³ñíèõ ïðîöåñ³â ó ¿õí³é äèíàì³ö³ / Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 70–75.

Àíîòàö³ÿ. Çàïðîïîíîâàíî äåêîìïîçèö³éíèé àëãîðèòì ïðîãíîçóâàííÿ òðàºêòîð³é íåë³í³éíèõ ñòî-
õàñòè÷íèõ ñèñòåì, ó äèíàì³ö³ ÿêèõ ïðèñóòí³ ñóáïðîöåñè, ùî çíà÷íî â³äð³çíÿþòüñÿ çà øâèäê³ñòþ.
Àëãîðèòì ñïðÿìîâàíèé íà ñêîðî÷åííÿ ÷àñó îòðèìàííÿ ïðîãíîçíèõ ðåçóëüòàò³â äëÿ ñóòòºâî íåë³í³éíèõ
îá’ºêò³â ³ ñèñòåì, êîëè ðîçðàõóíêè çà ¿õíiìè ïîâíèìè ìàòåìàòè÷íèìè ìîäåëÿìè ïîâ’ÿçàí³ ç âåëèêèì îá-
ñÿãîì îá÷èñëåíü òà ñêëàäíîùàìè òèì÷àñîâîãî êîðèãóâàííÿ ïàðàìåòð³â.

Êëþ÷îâ³ ñëîâà: íåë³í³éí³ ñòîõàñòè÷í³ ñèñòåìè, ìàòåìàòè÷íå ìîäåëþâàííÿ òà ïðîãíîçóâàííÿ äèíàì³êè,
êåðóâàííÿ äèíàì³÷íèìè ñèñòåìàìè, äåêîìïîçèö³ÿ ìîäåëåé.

————————————————————————————————————————————-

Algorithm for decomposition control and prediction of trajectories of nonlinear stochastic systems under
different-speed processes in their dynamics / V.V. Khilenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol.
58, N 2. P. 70–75.

Abstract. The author proposes a decompositional algorithm for predicting the trajectories of nonlinear
stochastic systems whose dynamics contain subprocesses significantly different in speed. The algorithm is
focused on reducing the time to obtain predictive results for substantially nonlinear objects and systems, when
calculations based on their complete mathematical models are associated with a large amount of computation
and the complexity of temporary adjustment of parameters.

Keywords: nonlinear stochastic systems, mathematical modeling and forecasting of dynamics, control of
dynamic systems, decomposition of models.

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

ÓÄÊ 519.86

Îïòèì³çàö³ÿ ðîçïîä³ëó êàï³òàëüíèõ ³íâåñòèö³é â óìîâàõ â³äêðèòî¿ åêîíîì³êè íà îñíîâ³ ìîäåë³
«âèòðàòè–âèïóñê» / Ñ.Â. Ïàøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 76–85.

Àíîòàö³ÿ. Ñòàòòþ ïðèñâÿ÷åíî îïòèì³çàö³¿ ðîçïîä³ëó êàï³òàëüíèõ ³íâåñòèö³é ì³æ ãàëóçÿìè åêî-
íîì³êè êðà¿íè. Âèâåäåíî ôîðìóëè çàëåæíîñò³ çðîñòàííÿ âàëîâîãî âíóòð³øíüîãî ïðîäóêòó â³ä îáñÿã³â
³íâåñòèö³é. Íà îñíîâ³ ìîäåë³ «âèòðàòè–âèïóñê» çàïðîïîíîâàíî çàäà÷ó îïòèì³çàö³¿ ðîçïîä³ëó ³íâåñòèö³é,
ó ÿê³é ìàêñèì³çóºòüñÿ âàëîâèé âíóòð³øí³é ïðîäóêò êðà¿íè ç â³äêðèòîþ åêîíîì³êîþ çà óìîâ, ùî îáñÿãè
³íâåñòèö³é îáìåæåí³. Ïîáóäîâàíî ìåòîä âèçíà÷åííÿ ³íâåñòèö³éíèõ êîåô³ö³ºíò³â, ðîçðàõîâàíî îïòèìàëü-
íèé ðîçïîä³ë ³íâåñòèö³é ì³æ ãàëóçÿìè åêîíîì³êè Óêðà¿íè.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ, ðîçïîä³ë ³íâåñòèö³é, ìîäåëü «âèòðàòè–âèïóñê», âàëîâèé âíóòð³øí³é ïðî-
äóêò, ìåòîä.

————————————————————————————————————————————-
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Optimization of capital investment distribution in the open economy on the basis of the “input–output”
model / S.V. Pashko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 76–85.

Abstract. The article is devoted to optimizing the distribution of capital investment between sectors of
the economy. The formulas of dependence of gross domestic product growth on the volume of investments are
derived. Based on the input-output model, the problem of optimizing the distribution of investments is
proposed, which maximizes the gross domestic product of a country with an open economy under limited
investments. The method of determining the investment coefficients is constructed, the optimal distribution of
investments between branches of the economy of Ukraine is calculated.

Keywords: optimization, investment distribution, input-output model, gross domestic product, method.
===============================================================================

ÓÄÊ 533.6.013.42

Çàñòîñóâàííÿ àñèìïòîòè÷íèõ ³ ÷èñåëüíèõ ìåòîä³â äëÿ âèçíà÷åííÿ ìåæ ñò³éêîñò³ ðîçïîä³ëåíèõ
ñèñòåì ó ïîòîö³ / Þ.². Êàëþõ, Î.Ã. Ëåá³äü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2.
Ñ. 86–95.

Àíîòàö³ÿ. Íà îñíîâ³ àñèìïòîòè÷íèõ òà ÷èñåëüíèõ ìåòîä³â äîñë³äæåíî ïðè÷èíè òà ñóêóïí³ñòü ïà-
ðàìåòð³â, ùî ñïðè÷èíÿþòü àåðîïðóæí³ êîëèâàííÿ çà ôëàòåðíèì òèïîì ó ðîçïîä³ëåíèõ ñèñòåìàõ (ÐÑ).
Íåñò³éê³ñòü çóìîâëåíà ñï³ëüíèì âïëèâîì òðüîõ ÷èííèê³â: çíåñåííÿì çáóðåíü âçäîâæ ÐÑ ïî ïîòîêó, çãè-
íàëüíîþ æîðñòê³ñòþ ³ âïëèâîì ³íåðö³éíî¿ ñèëè, ùî º ðîçïîä³ëåíèì ðóõîìèì âçäîâæ ÐÑ íàâàíòàæåííÿì.
Çá³ëüøåííÿ ñèëè íàòÿãó ³ çãèíàëüíî¿ æîðñòêîñò³ ÐÑ çðóøóº çîíó íåñò³éêîñò³ ó á³ëüø âèñîêî÷àñòîòíèé
ä³àïàçîí êîëèâàíü. Çá³ëüøåííÿ â³äíîñíî¿ ù³ëüíîñò³ ïîòîêó ³ â³äíîñíî¿ äîâæèíè ÐÑ ðîçøèðþº îáëàñòü
íåñò³éêîñò³. Íàÿâí³ñòü êóòà íàõèëó ÐÑ äî ïîòîêó äîäàº îñîáëèâîñòåé ó áàëàíñ ñèë, ùî ä³þòü íà ÐÑ, ³ â
ôîðìóâàííÿ ìåæ³ îáëàñòåé ñò³éêîñò³ ³ íåñò³éêîñò³. Îäíàê êîðåêòíå îö³íþâàííÿ éîãî âïëèâó ó ðîçãëÿäó-
âàí¿é ìîäåë³ íåìîæëèâå ³ âèìàãàº á³ëüø äåòàëüíîãî ïîäàëüøîãî ðîçãëÿäó. Êîíô³ãóðàö³ÿ ÐÑ ó íåñò³éê³é
îáëàñò³ âêàçóº íà êîíöåíòðàö³þ íàïðóæåíü ïîáëèçó âåðõíüîãî ¿¿ ê³íöÿ. Îòðèìàí³ ðåçóëüòàòè äëÿ ìàëèõ
êóò³â íàõèëó ÐÑ äî ïîòîêó óçãîäæóþòüñÿ ç â³äîìèìè ðåçóëüòàòàìè, îäåðæàíèìè ³íøèìè àâòîðàìè.

Êëþ÷îâ³ ñëîâà: õâèë³, àåðîïðóæí³ñòü, àñèìïòîòè÷í³ ìåòîäè, ôëàòåð, áåçëîïàòåâèé â³òðîãåíåðàòîð.
————————————————————————————————————————————-

Application of asymptotic and numerical methods for determining the stability boundaries of distributed
systems in a flow / I. Kaliukh, Î. Lebid // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 86–95.

Abstract. The reasons and the set of parameters leading to aeroelastic flutter oscillations in distributed
systems (DS) are investigated on the basis of asymptotic and numerical methods. The instability is caused by the
combined influence of three factors: the drift of disturbances along the DS along the flow, bending stiffness, and the
influence of the inertial force, which is a distributed load moving along the DS. An increase in the tensile force and
bending stiffness of the DS shifts the instability to a higher frequency range of vibrations. An increase in the relative
flux density and the relative length of the DS expands the region of instability. The presence of the angle of
inclination of the DS to the flow introduces peculiarities in the balance of forces acting on the DS, and in the
formation of the boundary of the regions of stability and instability. However, it is not possible to correctly assess its
influence within the framework of the considered model and requires more detailed further consideration. The
configuration of the DS in the unstable region indicates the concentration of stresses near its upper end. The results
obtained for small angles of inclination of the DS to the flow agree with the known results of other authors.

Keywords: waves, aeroelasticity, asymptotic methods, flutter, bladeless wind turbine.
===============================================================================

ÓÄÊ 004.82.855’24

Ðåñòðóêòóðèçàö³ÿ ìîäåë³ «ñòàí–éìîâ³ðí³ñòü âèáîðó» íà îñíîâ³ âëàñòèâîñòåé äîáóòê³â
ïðÿìîêóòíèõ ñòîõàñòè÷íèõ ìàòðèöü / ª.Â. ²âîõ³í, Î.Â. Îëåöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2022. Òîì 58, ¹ 2. Ñ. 96–107.

Àíîòàö³ÿ. Äëÿ àíàë³çó ³íäèâ³äóàëüíî¿ òà êîëåêòèâíî¿ ïîâåä³íêè àãåíò³â çàïðîïîíîâàíî ìîäåëü
«ñòàí–éìîâ³ðí³ñòü âèáîðó», ùî ´ðóíòóºòüñÿ íà ðîçãëÿä³ éìîâ³ðíîñòåé âèáîðó àëüòåðíàòèâ òà çàñòîñó-
âàíí³ ìàðêîâñüêîãî ëàíöþãà çì³íè öèõ éìîâ³ðíîñòåé. Ðîçãëÿäàºòüñÿ ïîäàëüøèé ðîçâèòîê íàïðÿìêó, ïî-
â’ÿçàíîãî ç ìîäåëþâàííÿì îïèñó ñèòóàö³¿ ïðèéíÿòòÿ ð³øåíü, ÿêèé ïîëÿãàº â ÿâíîìó çàäàíí³ éìîâ³ðíîñ-
òåé ïðèéíÿòòÿ ð³øåíü íà îñíîâ³ ìîäåë³ «ñòàí–éìîâ³ðí³ñòü âèáîðó» çà óìîâè, ùî ö³ éìîâ³ðíîñò³ ìîæóòü
çì³íþâàòèñÿ ç ÷àñîì. Çàïðîïîíîâàíî ñòðóêòóðèçàö³þ ìîäåë³, ÿêà ïåðåäáà÷àº äåêîìïîçèö³þ òà ôîðìó-
âàííÿ êëàñòåð³â ñòàí³â, ùî ìîæíà çì³ñòîâíî ³íòåðïðåòóâàòè. Ðîçãëÿíóòî äâîð³âíåâó ñèñòåìó ñòàí³â,
â ÿê³é áàçîâ³ ñòàíè â³äïîâ³äàþòü êîíêðåòíèì ³ìîâ³ðíîñòÿì ïðèéíÿòòÿ ð³øåíü, à ñòàíè äðóãîãî ð³âíÿ —
ãðóïàì ñòàí³â. Ïîêàçàíî, ùî äåêîìïîçèö³ÿ ñóòòºâî ïîñëàáëþº ôàêòîð äîâ³ëüíîñò³ âèáîðó áàçîâèõ ñòàí³â.
Íàâåäåíî ïðèêëàä, äå âèä³ëåíî äåê³ëüêà ãðóï ñòàí³â, ñåðåä ÿêèõ îñîáëèâó óâàãó ïðèä³ëåíî ïîâåä³íö³ ïå-
ðåêîíàíèõ ïðèõèëüíèê³â ïåâíèõ àëüòåðíàòèâ, à òàêîæ àãåíòàì, ùî âàãàþòüñÿ.

Êëþ÷îâ³ ñëîâà: ìîäåëü «ñòàí–éìîâ³ðí³ñòü âèáîðó», ñèòóàö³ÿ ïðèéíÿòòÿ ð³øåíü, ïðÿìîêóòí³ ñòîõàñòè÷í³
ìàòðèö³, äèíàì³÷íà ð³âíîâàãà àëüòåðíàòèâ.
————————————————————————————————————————————-

Re-structuring of the model “state–probability of choice” based on products of stochastic rectangular
matrices / E.V. Ivokhin, O.V. Oletsky // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 96–107.

Abstract. To analyze the individual and collective behavior of agents, a “state–probability of choice”
model is proposed, based on considering the probabilities of choosing alternatives and using the Markov chain
of changes in these probabilities. Further development of the direction associated with modeling the description
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of the decision-making situation is proposed, which consists in explicitly setting the probabilities of
decision-making based on the “state–probability of choice” model, provided that these probabilities can change
over time. The proposed structuring of the model based on decomposition consists in the formation of the
introduction of clusters of states, which can be provided with meaningful interpretation. The paper considers
a two-level system of states, in which the base states correspond to specific probabilities of decision-making,
and the states of the second level correspond to groups of states. It is shown that decomposition significantly
weakens the factor related to the arbitrariness of the choice of base states. An example is given in which several
groups of states are clearly distinguished, among which special attention is paid to the behavior of convinced
supporters of certain alternatives, as well as to agents who hesitate.

Keywords: model “state–probability of choice,” situation of decision-making, rectangular stochastic matrix,
dynamic equilibrium of alternatives.

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

ÓÄÊ 519.8

Ïðî äåÿê³ àñèìïòîòè÷í³ âëàñòèâîñò³ ðîçâ’ÿçê³â á³ãàðìîí³éíèõ ð³âíÿíü / Þ.². Õàðêåâè÷ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 108–117.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàñòîñóâàííÿ ìåòîä³â òåîð³¿ íàáëèæåííÿ äî ïðèíöèï³â îïòèìàëüíîñò³
â òåîð³¿ ïðèéíÿòòÿ ð³øåíü. ×àñòî ôóíêö³ÿ ðèçèêó â ïðîöåñ³ â³äøóêàííÿ îïòèìàëüíèõ ð³øåíü ìàº äîñèòü
ñêëàäíó ñòðóêòóðó äëÿ âèâ÷åííÿ ¿¿ âëàñòèâîñòåé, òîìó âèíèêàº ïîòðåáà íàáëèçèòè ôóíêö³þ ðèçèê³â äî
³íøî¿ ôóíêö³¿ ç ïðîñòèìè òà çðîçóì³ëèìè õàðàêòåðèñòèêàìè. Äîñë³äæåíî àñèìïòîòè÷í³ âëàñòèâîñò³ ðîç-
â’ÿçê³â á³ãàðìîí³éíèõ ð³âíÿíü ÿê ôóíêö³é íàáëèæåííÿ. Îòðèìàíî ïîâí³ àñèìïòîòè÷í³ ðîçêëàäè âåðõí³õ
ìåæ â³äõèëåíü ôóíêö³é êëàñó Ñîáîëºâà W (öå ìíîæèíà, ÿê³é íàëåæàòü ôóíêö³¿ ðèçèêó â ïðîöåñ³
îïòèì³çàö³¿ ïðèéíÿòòÿ ð³øåíü) â³ä îïåðàòîð³â, ùî º ðîçâ’ÿçêàìè á³ãàðìîí³éíèõ ð³âíÿíü ³ç ïåâíèìè êðà-
éîâèìè óìîâàìè. Îòðèìàí³ ðîçêëàäè äàþòü çìîãó çíàõîäèòè êîíñòàíòè Êîëìîãîðîâà–Í³êîëüñüêîãî ÿê
çàâãîäíî âèñîêîãî ñòåïåíÿ ìàëîñò³, çàâäÿêè ÷îìó ìîæíà îö³íþâàòè ïîõèáêó íàáëèæåííÿ ï³ä ÷àñ ðîçâ’ÿ-
çóâàííÿ îïòèì³çàö³éíèõ çàäà÷ ³ç äîâ³ëüíîþ òî÷í³ñòþ. Çàçíà÷åíî, ùî çà äîïîìîãîþ á³ãàðìîí³éíèõ
ð³âíÿíü ìîæíà åôåêòèâíî áóäóâàòè ìàòåìàòè÷í³ ìîäåë³ ïðèðîäíè÷èõ òà ñîö³àëüíèõ ÿâèù.

Êëþ÷îâ³ ñëîâà: ïîõèáêà íàáëèæåííÿ, îïòèì³çàö³éí³ âëàñòèâîñò³ ôóíêö³é, á³ãàðìîí³éí³ ð³âíÿííÿ, ïîâí³
àñèìïòîòè÷í³ ðîçêëàäè, êëàñè Ñîáîëºâà.

————————————————————————————————————————————-

On some asymptotic properties of solutions to biharmonic equations / Yu.I. Kharkevych // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 2. P. 108–117.

Abstract. The author considers the application of the approximation theory methods to the principles of
optimality in the decision-making theory. In finding optimal solutions, the risk function often has rather
complex structure for studying its properties, which makes it necessary to approximate the risk function to
another function with simple and clear characteristics. In this regard, the asymptotic properties of the solutions
of biharmonic equations as approximate functions are investigated. Complete asymptotic expansions of the
upper limits of deviations of the Sobolev class functions W (the set that the risk functions in decision-making
optimization belong to) from operators that are solutions of biharmonic equations with certain boundary
conditions are obtained. The expansions allow us to find the Kolmogorov-Nikol’skii constants of arbitrarily
high degree of smallness that allows us to estimate the approximation error when solving optimization problems
with arbitrary accuracy. It is mentioned that the biharmonic equations can be used to efficiently generate
mathematical models of natural and social phenomena.

Keywords: approximation error, optimization properties of functions, biharmonic equations, complete
asymptotic expansions, Sobolev classes.

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

ÓÄÊ 517.988

Ðîçâ’ÿçàííÿ ³íòåðïîëÿö³éíî¿ çàäà÷³ Åðì³òà ó ñê³í÷åííîâèì³ðíîìó Åâêë³äîâîìó ïðîñòîð³ /
Î.Ô. Êàøïóð // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 118–127.

Àíîòàö³ÿ. Ðîçãëÿíóòî ³íòåðïîëÿö³éíó çàäà÷ó Åðì³òà â Åâêë³äîâîìó ïðîñòîð³ ó âèïàäêó, êîëè çàäà-
íî çíà÷åííÿ ôóíêö³¿ áàãàòüîõ çì³ííèõ òà çíà÷åííÿ ¿¿ ïîõ³äíèõ Ãàòî ïåðøîãî ïîðÿäêó ó âóçëàõ ³íòåðïî-
ëÿö³¿. Ïîêàçàíî, ùî ïîñòàâëåíà çàäà÷à ìàº ºäèíèé ðîçâ’ÿçîê ì³í³ìàëüíî¿ íîðìè ó ðàç³ íåäîâèçíà÷åíîñò³.
Îäåðæàíî óìîâè ³íâàð³àíòíî¿ ðîçâ’ÿçóâàíîñò³ òà ºäèíîñò³ ðîçâ’ÿçêó çàäà÷³.

Êëþ÷îâ³ ñëîâà: ³íòåðïîëÿö³éíèé ïîë³íîì Åðì³òà, äèôåðåíö³àë Ãàòî, Ã³ëüáåðò³â ïðîñò³ð, Åâêë³ä³â ïðî-
ñò³ð, ì³í³ìàëüíà íîðìà.

————————————————————————————————————————————-

Solving the Hermite interpolation problem in a finite-dimensional Euclidean space / O.F. Kashpur //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 118–127.

Abstract. We consider the solution of the Hermite interpolation problem in the Euclidean space in the
case where the values of the multivariable function and the values of its first-order Gato derivatives at the
interpolation nodes are given. The problem is shown to have a unique solution of the minimum norm in the case
of under-determinacy. The conditions of invariant solvability and uniqueness of the problem solution are
obtained.

Keywords: Hermite interpolation polynomial, Gato differential, Hilbert space, Euclidean space, minimum
norm.
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ÓÄÊ 519.21

Ïðî çàäà÷ó ì³í³ìàêñíî¿ ³íòåðïîëÿö³¿ ñòàö³îíàðíèõ ïîñë³äîâíîñòåé / Î.Þ. Ìàñþòêà,
Ì.Ï. Ìîêëÿ÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 128–142.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó îïòèìàëüíîãî ë³í³éíîãî îö³íþâàííÿ ôóíêö³îíàë³â â³ä íåâ³äîìèõ çíà-
÷åíü ñòîõàñòè÷íî¿ ñòàö³îíàðíî¿ ïîñë³äîâíîñò³ çà ñïîñòåðåæåííÿìè ïîñë³äîâíîñò³ ç ïðîïóùåíèìè çíà-
÷åííÿìè. Çíàéäåíî ôîðìóëè äëÿ îá÷èñëåííÿ çíà÷åííÿ ñåðåäíüîêâàðàòè÷íî¿ ïîõèáêè òà ñïåêòðàëüíî¿ õà-
ðàêòåðèñòèêè îïòèìàëüíî¿ ë³í³éíî¿ îö³íêè ôóíêö³îíàë³â çà óìîâè ñïåêòðàëüíî¿ âèçíà÷åíîñò³, êîëè ñïåê-
òðàëüíà ù³ëüí³ñòü ïîñë³äîâíîñò³ òî÷íî â³äîìà. Ó âèïàäêó, êîëè ñïåêòðàëüíà ù³ëüí³ñòü ïîñë³äîâíîñò³
òî÷íî íå â³äîìà, à çàäàþòüñÿ ëèøå äåÿê³ êëàñè äîïóñòèìèõ ñïåêòðàëüíèõ ù³ëüíîñòåé, çàñòîñîâàíî
ì³í³ìàêñíî-ðîáàñòíèé ìåòîä. Çíàéäåíî ôîðìóëè äëÿ âèçíà÷åííÿ íàéìåíø ñïðèÿòëèâèõ ñïåêòðàëüíèõ
ù³ëüíîñòåé òà ì³í³ìàêñíèõ ñïåêòðàëüíèõ õàðàêòåðèñòèê äëÿ îïòèìàëüíîãî ë³í³éíîãî îö³íþâàííÿ
ôóíêö³îíàë³â äëÿ êîíêðåòíèõ êëàñ³â ñïåêòðàëüíèõ ù³ëüíîñòåé.

Êëþ÷îâ³ ñëîâà: ñòàö³îíàðíà ïîñë³äîâí³ñòü, ì³í³ìàêñíî-ðîáàñòíà îö³íêà, íàéìåíø ñïðèÿòëèâà ñïåê-
òðàëüíà ù³ëüí³ñòü, ì³í³ìàêñíà ñïåêòðàëüíà õàðàêòåðèñòèêa.

————————————————————————————————————————————-

On the problem of minimax interpolation of stationary srquences / O.Yu. Masyutka, M.P. Moklyachuk //

Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 128–142.

Abstract. The problem of the mean-square optimal estimation of the linear functionals that depend on the
unknown values of a stochastic stationary sequence from observations of the sequence with missing values is
considered. Formulas for calculating the mean-square error and the spectral characteristic of the optimal linear
estimate of the functionals are derived under the condition of spectral determinacy, where the spectral density of
the sequence is exactly known. The minimax (robust) method of estimation is applied in the case where the
spectral density of the sequence is not known exactly while some sets of admissible spectral densities are given.
Formulas that determine the least favourable spectral densities and the minimax spectral characteristics are
derived for some special sets of feasible densities.

Keywords: stationary sequence, minimax-robust estimate, least favourable spectral density, minimax spectral
characteristic.

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

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 004.912

Îá´ðóíòóâàííÿ âèêîðèñòàííÿ ñòàòèñòèêè êàïïà êîåíà â åêñïåðèìåíòàëüíèõ äîñë³äæåííÿõ NLP
òà Text Mining / À.Ñ. Êîëåñíèê, Í.Ô. Õàéðîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2.

Ñ. 143–153.

Àíîòàö³ÿ. Âèêîíàíî ïîð³âíÿííÿ ñó÷àñíèõ ìåòðèê îö³íþâàííÿ óçãîäæåíîñò³ (agreement
coefficients) ì³æ ðåçóëüòàòàìè åêñïåðèìåíò³â ³ åêñïåðòíîþ äóìêîþ òà îö³íåíî ìîæëèâ³ñòü âèêîðèñòàííÿ
öèõ ìåòðèê ï³ä ÷àñ ïðîâåäåííÿ åêñïåðèìåíòàëüíèõ äîñë³äæåíü ó ãàëóç³ àâòîìàòè÷íîãî îáðîáëåííÿ
òåêñò³â ìåòîäàìè ìàøèííîãî íàâ÷àííÿ. Îá´ðóíòîâàíî âèá³ð êîåô³ö³ºíòà êàïïà Êîåíà ÿê ì³ðè îö³íþâàí-
íÿ óçãîäæåíîñò³ äóìîê åêñïåðò³â ó çàäà÷àõ NLP òà Text Mining. Íàâåäåíî ïðèêëàä çàñòîñóâàííÿ
êîåô³ö³ºíòà êàïïà Êîåíà äëÿ îö³íþâàííÿ ð³âíÿ óçãîäæåíîñò³ ì³æ äóìêîþ åêñïåðòà ³ ðåçóëüòàòàìè ML
êëàñèô³êàö³¿ òà ì³ðè óçãîäæåíîñò³ äóìîê åêñïåðò³â ó âèïàäêó âèð³âíþâàííÿ ðå÷åíü êàçàõñüêî-ðîñ³éñüêî-
ãî ïàðàëåëüíîãî êîðïóñó. Íà ï³äñòàâ³ íàâåäåíîãî àíàë³çó äîâåäåíî, ùî çàâäÿêè çðó÷íîñò³ ó âèêîðèñ-
òàíí³, ïðîñòîò³ îá÷èñëåííÿ òà âèñîê³é òî÷í³ñò³ ðåçóëüòàò³â êîåô³ö³ºíò êàïïà Êîåíà º îäíèì ç íàéêðàùèõ
ñòàòèñòè÷íèõ ìåòîä³â âèçíà÷åííÿ ð³âíÿ óçãîäæåíîñò³ â åêñïåðèìåíòàëüíèõ äîñë³äæåííÿõ òåêñò³â.

Êëþ÷îâ³ ñëîâà: Text Mining, NLP, ñòàòèñòèêà êàïïà Êîåíà, êîåô³ö³ºíò óçãîäæåíîñò³, êëàñèô³êàö³ÿ
òåêñò³â ìåòîäàìè ìàøèííîãî íàâ÷àííÿ, ïàðàëåëüíèé êîðïóñ.

————————————————————————————————————————————-

Justification for the use of Cohen’s kappa statistic in experimental studies of NLP and Text Mining / A.S.
Kolesnyk, N.F. Khairova // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 143–153.

Abstract. Comparison of modern metrics for evaluating the agreement coefficients between the
experimental results and expert opinion is made, and the possibility of using these metrics during experimental
research in the field of automatic text processing using machine learning methods is estimated. The choice of
Cohen’s kappa coefficient as a measure of expert opinion agreement in the tasks of NLP and Text Mining is
justified. An example of using Cohen’s kappa coefficient for evaluating the level of agreement between the
thought of an expert and the results of ML classification and measure of agreement of expert opinions in the
alignment of sentences of the Kazakh–Russian parallel corpus is given. On the basis of this analysis, it is
proved that the Cohen’s kappa coefficient is one of the best statistical methods for determining the level of
agreement in experimental studies due to its ease of use, simplicity of calculation and high accuracy of the
results.

Keywords: Text Mining, NLP, Cohen’s kappa statistic, agreement statistic, text classification with machine
learning, parallel corpus.
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ÍÎÂ² ÇÀÑÎÁÈ Ê²ÁÅÐÍÅÒÈÊÈ,
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NEW TOOLS IN CYBERNETICS,
COMPUTER SCIENCE, AND SYSTEM

ANALYSIS

ÓÄÊ 004.05, 004.4[2+9], 004.94, 519.7

²íñåðö³éíà ñåìàíòèêà VHDL-ìîâè åëåêòðîííîãî äèçàéíó / Î.Î. Ëåòè÷åâñüêèé, Î.Ì. Îäàðóùåíêî,
Â.Ñ. Ïåñ÷àíåíêî, Â.Ñ. Õàð÷åíêî, Â.Â. Ìîñêàëåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58,
¹ 2. Ñ. 154–165.

Àíîòàö³ÿ. Äîñë³äæåíî ïðîáëåìó ³íñåðö³éíî¿ ñåìàíòèêè ñïåöèô³êàö³é àïàðàòíîãî çàáåçïå÷åííÿ,
çîêðåìà ìîâè VHDL. Ïîáóäîâà ñåìàíòèêè ïîòð³áíà äëÿ ïðåäñòàâëåííÿ ïåðâèííîãî êîäó ìîâè VHDL ó
âèãëÿä³ ³íñåðö³éíî¿ ìîäåë³ çà äîïîìîãîþ àëãåáðè ïîâåä³íîê. Öå ïðåäñòàâëåííÿ äàº çìîãó øèðîêî çàñòî-
ñîâóâàòè ôîðìàëüí³ ìåòîäè ³íñåðö³éíîãî ìîäåëþâàííÿ äëÿ âåðèô³êàö³¿ åëåêòðîííèõ ïðîºêò³â êðèòè÷íèõ
ñèñòåì. Ó ñòàòò³ ðîçãëÿíóòî îñíîâí³ êîíñòðóêö³¿ ìîâè VHDL, çîêðåìà ïðîöåñ, àðõ³òåêòóðó, ïàðàëåëüí³
îïåðàòîðè, òà ¿õíþ ³íñåðö³éíó ñåìàíòèêó. Ó âèãëÿä³ ïîâåä³íêîâèõ ð³âíÿíü ïîáóäîâàíî ïîò³ê êåðóâàííÿ
VHDL-ïðîãðàìè. Ïîñë³äîâí³ îïåðàòîðè ïðåäñòàâëåíî ÿê ä³¿ àëãåáðè ïîâåä³íîê. Ðîçãëÿíóòî ïðîáëåìó ïå-
ðåãîí³â ñèãíàë³â òà ìåòîä³â ¿¿ âèÿâëåííÿ ÷åðåç âèçíà÷åííÿ âëàñòèâîñò³ ïåðåñòàâíîñò³ (permutability).

Êëþ÷îâ³ ñëîâà: ìîâè äèçàéíó àïàðàòíîãî çàáåçïå÷åííÿ, ïåðåãîíè ñèãíàë³â, ïåðåñòàâí³ñòü, ñèìâîëüíå
ìîäåëþâàííÿ, àëãåáðà ïîâåä³íîê, ³íñåðö³éí³ ìîäåë³, ñèñòåìè, ùî º êðèòè÷íèìè äî áåçïåêè.
————————————————————————————————————————————-

Insertion semantics of VHDL as electronic design languge / O.O. Letychevskyi, O.M. Odarushchenko,
V.S. Peschanenko, V.S. Kharchenko, V.V. Moskalets // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58,
N 2. P. 154–165.

Abstract. The paper considers the problem of insertion semantics of hardware specifications, in
particular the VHDL language. The creation of semantics is necessary to represent the primary code of the
VHDL language in the form of an insertion model using algebra of behaviors. This presentation allows the
widespread use of formal methods of insertion modeling to verify electronic designs of safety critical systems.
The main constructions of VHDL language and their insertion semantics such as process, architecture, parallel
operators are considered. The control flow of the VHDL program is built in the form of behavioral equations.
Consecutive operators are represented as actions of behavior algebra. The problem of signal races and methods
of its detection through detection of permutability properties is considered.

Keywords: Hardware Description Language, signal races, permutability, symbolic modeling, behavior algebra,
insertion model, safety critical system.
===============================================================================

ÓÄÊ 517.983.54; 519.67; 539.122

Ìåòîäè ðåãóëÿðèçàö³¿ íåêîðåêòíî ïîñòàâëåíèõ çàäà÷ êâàíòîâî¿ îïòèêè / Â.Ì. Ñòàðêîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 166–177.

Àíîòàö³ÿ. Íà ïðèêëàä³ êîíêðåòíî¿ ô³çè÷íî¿ çàäà÷³ ðåäóêö³¿ øóìó, çóìîâëåíîãî âòðàòàìè, òåìíîâè-
ìè â³äë³êàìè ³ ôîíîâèì âèïðîì³íþâàííÿì, ó ñòàòèñòèö³ ôîòîâ³äë³ê³â êâàíòîâîãî ñâ³òëà íàâåäåíî êîðîò-
êèé âèêëàä ìåòîä³â ðåãóëÿðèçàö³¿ íåêîðåêòíèõ çàäà÷. Ìàòåìàòè÷íå ôîðìóëþâàííÿ çàäà÷³ ïðåäñòàâëåíî
îïåðàòîðíèì ð³âíÿííÿì ïåðøîãî ðîäó. Ïîêàçàíî, ùî îïåðàòîð ïîðîäæåíèé ìàòðèöåþ ç åëåìåíòàìè ðà-
õóíêîâî¿ ìíîæèíè. Çàçíà÷åíî, ùî íåêîðåêòí³ñòü çà Àäàìàðîì ðåêîíñòðóêö³¿ ñòàòèñòèêè ê³ëüêîñò³ ôî-
òîí³â êâàíòîâîãî ñâ³òëà ñïðè÷èíåíà êîìïàêòí³ñòþ îïåðàòîðà ìàòåìàòè÷íî¿ ìîäåë³. Ï³äêðåñëåíî, ùî
ïðîáëåìó ñò³éêîãî íàáëèæåííÿ äî òî÷íîãî ðîçâ’ÿçêó îïåðàòîðíîãî ð³âíÿííÿ äëÿ íåòî÷íî çàäàíèõ ïî÷àò-
êîâèõ äàíèõ ìîæíà ðîçâ’ÿçàòè îäíèì ç íàéá³ëüø â³äîìèõ ìåòîä³â ðåãóëÿðèçàö³¿, òåîðåòè÷í³ îñíîâè ÿêî-
ãî áóëè çàêëàäåí³ â ðîáîòàõ À.Ì. Òèõîíîâà. Ðîçãëÿíóòî âàæëèâèé êëàñ ðåãóëÿðèçàòîð³â, ÿêèé ´ðóí-
òóºòüñÿ íà ïàðàìåòðè÷í³é ñèñòåì³ ôóíêö³é, ùî íàçèâàºòüñÿ ïîðîäæóâàëüíîþ. Ï³äòâåðäæåíî, ùî ðåãóëÿ-
ðèçàòîðè öüîãî êëàñó äàþòü çìîãó äîñÿãòè îïòèìàëüíîãî ïîðÿäêó òî÷íîñò³ äëÿ ð³âíÿíü ç âèòîêîóÿâíèìè
ðîçâ’ÿçêàìè.

Êëþ÷îâ³ ñëîâà: íåêîðåêòíà çàäà÷à, êâàíòîâà îïòèêà, îïåðàòîð, ðåãóëÿðèçàö³ÿ, àëãîðèòì, ôîòîí.
————————————————————————————————————————————-

Regularization methods for ill-posed problems of quantum optics / V.N. Starkov // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 2. P. 166–177.

Abstract. On the example of a specific physical problem of reduction of noise caused by losses, dark
counts, and background radiation, a summary of methods for regularizing ill-posed problems is given in the
statistics of photocounts of quantum light. The mathematical formulation of the problem is represented by an
operator equation of the first kind. It is shown that the operator is generated by a matrix with elements of a
countable set. It is noted that the incorrectness of the Hadamard reconstruction of the statistics of the number of
photons of quantum light is due to the compactness of the operator of the mathematical model. It is emphasized
that the problem of stable approximation to the exact solution of the operator equation with inaccurate initial
data can be solved by one of the most well known regularization methods whose theoretical foundation was laid
by A.N. Tikhonov. An important class of regularizers based on a parametric system of functions, called
generating functions, is considered. It is confirmed that regularizers of this class allow one to achieve the
optimal order of accuracy for equations with source-representable solutions.

Keywords: ill-posed problem, quantum optics, operator, regularization, algorithm, photon.
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ÓÄÊ 511 ÓÄÊ 519.6

Òåîðåòèêî-÷èñëîâ³ ìåòîäè ôàêòîðèçàö³¿ ñêëàäåíèõ ÷èñåë òà îá÷èñëåííÿ äèñêðåòíîãî ëîãàðèôìà /
Ì.Â. Ñåìîòþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2022. Òîì 58, ¹ 2. Ñ. 178–188.

Àíîòàö³ÿ. Ñòàòòÿ ïðèñâÿ÷åíà íîâîìó çàñòîñóâàííþ òåîðåòèêî-÷èñëîâèõ ïåðåòâîðåíü. Ïîäàííÿ
ñèñòåì ÷èñëåííÿ öèìè ïåðåòâîðåííÿìè äàº çìîãó ñòâîðèòè ïðèíöèïîâî íîâ³ ³ åôåêòèâí³ àëãîðèòìè ôàê-
òîðèçàö³¿ ÷èñåë, îá÷èñëåííÿ ïåð³îäó ïîêàçíèêîâî¿ ôóíêö³¿ òà äèñêðåòíîãî ëîãàðèôìà. Àëãîðèòì ôàêòî-
ðèçàö³¿ äîçâîëÿº çà îäèí ïðîõ³ä ðîçêëàñòè áóäü-ÿêèé ñê³í÷åííèé äîáóòîê íà ìíîæíèêè, â³í º òî÷íèì
òåñòîì ïðîñòîòè ÷èñåë. Öåé àëãîðèòì ´ðóíòóºòüñÿ íà ïîäàíí³ ñèñòåì ÷èñëåííÿ òåîðåòèêî-÷èñëîâèì ïå-
ðåòâîðåííÿì ³ íå ìàº àíàëîã³â, îñê³ëüêè âèêîðèñòîâóº ò³ëüêè ïðîñò³ àðèôìåòè÷í³ ä³¿. Âëàñòèâîñò³ ïðî-
ñòîòè ÷èñåë àáî ³íø³ âëàñòèâîñò³ ÷èñåë íå çàñòîñîâóþòüñÿ. Îòæå, ôàêòîðèçàö³ÿ ÷èñåë, îá÷èñëåííÿ
ïåð³îäó ïîêàçíèêîâî¿ ôóíêö³¿ òà äèñêðåòíîãî ëîãàðèôìà º àðèôìåòè÷íèìè îïåðàö³ÿìè, ùî âèêîíóþòüñÿ
çà ñê³í÷åííèé ÷àñ ³ íàëåæàòü äî P-êëàñó ñêëàäíîñò³.

Êëþ÷îâ³ ñëîâà: ìíîæèíà, ãðàí³ ìíîæèíè, àëãåáðà, ê³ëüöå ëèøê³â, ìîäóëü, àêñ³îìàòèêà ö³ëèõ ÷èñåë, òå-
îðåòèêî-÷èñëîâå ïåðåòâîðåííÿ, ñèñòåìà ÷èñëåííÿ, îñíîâà ñèñòåìè ÷èñëåííÿ, ôàêòîðèçàö³ÿ, àðèôìåòè÷íà
îïåðàö³ÿ, ïåð³îä ïîêàçíèêîâî¿ ôóíêö³¿, äèñêðåòíèé ëîãàðèôì.
————————————————————————————————————————————-

Number-theoretical methods for factorization of composite numbers and calculation of the discrete
logarithm / Ì.V. Semotiuk // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 2. P. 178–188.

Abstract. The article is devoted to a new application of number-theoretic transformations. Representation
of number systems by these transformations allows creating fundamentally new and efficient algorithms for
factorizing numbers, calculating the period of the exponential function and the discrete logarithm. The
factorization algorithm allows you to decompose any finite product into factors in one pass, and is also an exact
test of the simplicity of numbers. Based on the representation of number systems by number-theoretic
transformation, these algorithms have no analogs in the world, since they only use simple arithmetic operations.
Information about the simplicity of numbers or other properties of numbers is not applied; therefore,
factorization of numbers, calculations of the period of the exponential function and of the discrete logarithm are
simply arithmetic operations, are performed in finite time, and belong to the P-class of complexity.

Keywords: set, faces of a set, algebra, residue ring, modulus, axiomatics of integers, number-theoretic
transformation, number system, radix, factorization, arithmetic operation, exponential function period, discrete
logarithm.
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