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Äåÿê³ àñïåêòè îðãàí³çàö³¿ çîðîâîãî àíàë³çàòîðà ëþäèíè: ê³áåðíåòè÷íèé ï³äõ³ä / Â.Ï. Áîþí //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 3–22.

Àíîòàö³ÿ. Ó ñòàòò³ ñòèñëî íàâåäåíî ðåçóëüòàòè ïîïåðåäí³õ äîñë³äæåíü ïðîáëåìíèõ àñïåêò³â
îðãàí³çàö³¿ òà ôóíêö³îíóâàííÿ ñ³òê³âêè îêà ëþäèíè ç ïîãëÿäó ê³áåðíåòèêè, äåÿê³ ç íèõ ï³äòâåðäæåí³ ìî-
äåëþâàííÿì. Á³ëüø äåòàëüíî ðîçãëÿíóòî îðãàí³çàö³þ îêðåìèõ ñêëàäîâèõ çîðîâîãî àíàë³çàòîðà ëþäèíè,
à ñàìå ëàòåðàëüíîãî êîë³í÷àñòîãî ò³ëà òà äåê³ëüêîõ ä³ëÿíîê çîðîâî¿ êîðè. Îá´ðóíòîâàíî, çîêðåìà, ïåðå-
äàâàííÿ ³íôîðìàö³¿ ç ð³çíèõ ä³ëÿíîê ñ³òê³âêè â ëàòåðàëüíå êîë³í÷àñòå ò³ëî (ËÊÒ), ðîçì³ùåííÿ ¿¿ â øàðàõ
ËÊÒ òà âèçíà÷åííÿ âèñîêîäèíàì³÷íèõ çîí ó çîáðàæåíí³ äëÿ êåðóâàííÿ ñàêêàäàìè. Ïîêàçàíî, ùî â ïåðå-
ïàäàõ ÿñêðàâîñò³ òà êîë³ðíîñò³ çáåð³ãàºòüñÿ ³íôîðìàö³ÿ ïðî ¿õíþ âåëè÷èíó, à â ìîçêó º òî÷íà ïðèâ’ÿçêà
òî÷îê ïåðåïàäó äî òèï³â ³ ì³ñöåïîëîæåííÿ á³ïîëÿð³â ç ¿õí³ìè êîëáî÷êàìè íà ñ³òê³âö³. Çàïðîïîíîâàíî
ôóíêö³îíàëüíó ë³í³é÷àòó îðãàí³çàö³þ àðõ³òåêòóðè çîðîâî¿ êîðè ìîçêó äëÿ âèçíà÷åííÿ îð³ºíòàö³¿ ë³í³é ó
çîáðàæåíí³, øî äàº çìîãó ïðîâåñòè ñòèêîâêó ë³í³é îäí³º¿ îð³ºíòàö³¿, âèÿâèòè ð³çí³ âèäè ðóõó òà îö³íèòè
øâèäê³ñòü çì³í ó ïðîñòîð³ ñöåíè. Â³äïîâ³äíî äî ³äå¿-ã³ïîòåçè êîëîíêîâî¿ îðãàí³çàö³¿ íåéðîí³â çàïðîïî-
íîâàíî îð³ºíòàö³éíî-êîëîíêîâó îðãàí³çàö³þ íåéðîí³â, ùî äàº çìîãó âèçíà÷èòè â îäí³é òî÷ö³ ïðîñòîðó
âñ³ ìîæëèâ³ îð³ºíòàö³¿ ë³í³é. ²íàêøå êàæó÷è, öå óìîæëèâëþº âèçíà÷åííÿ êóò³â, òî÷îê äîòèêó ³ ïåðåòèíó
ë³í³é, ¿õíüî¿ îð³ºíòàö³¿, êîîðäèíàò òà ðîçì³ð³â, ùî º íàäçâè÷àéíî ³íôîðìàòèâíèìè îçíàêàìè äëÿ ïîøóêó
³ ðîçï³çíàâàííÿ îá’ºêò³â, ïîáóäîâè êàðêàñó îá’ºêòà, à òàêîæ éîãî òðèâèì³ðíî¿ ìîäåë³ (çà óìîâè âèêîðèñ-
òàííÿ ³íôîðìàö³¿ ç îáîõ î÷åé). Çàïðîïîíîâàíî ³äåþ ùîäî â³äíîâëåííÿ ðåàëüíîãî çîáðàæåííÿ ñöåíè çà
äîïîìîãîþ ðîçôàðáîâóâàííÿ ïðîñòîðîâèõ ä³ëÿíîê çîáðàæåííÿ ç âèêîðèñòàííÿì ³íôîðìàö³¿ íå ò³ëüêè
¿õí³õ êîíòóð³â, àëå ³ ðåàëüíèõ çíà÷åíü ÿñêðàâîñò³ ³ç çîí foveola òà fovea öåíòðàëüíî¿ ÿìêè.

Êëþ÷îâ³ ñëîâà: íåéðîíè ïåðèôåðè÷íî¿ ñ³òê³âêè òà öåíòðàëüíî¿ ÿìêè, on- ³ off-öåíòðè, ðåöåïòèâí³ ïîëÿ,
êîíöåíòðè÷íà îðãàí³çàö³ÿ, ³íôîðìàòèâí³ îçíàêè, ëàòåðàëüíå êîë³í÷àñòå ò³ëî, ñòð³àðíà (ïåðâèííà) çîðîâà
êîðà, îð³ºíòàö³éíî-ë³í³éíà òà îð³ºíòàö³éíî-êîëîíêîâà îðãàí³çàö³¿ íåéðîí³â.
_________________________________________________________________________________________

Some aspects of the organization of the human visual analyzer: Cybernetic approach / V.P. Boyun //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 3–22.

Abstract. In the article, in a concise form, the results of previous research on the problematic issues of
the organization and functioning of the human eye retina from a cybernetic point of view are given, some of
which are confirmed by modeling. In more detail, the organization of individual components of the human
visual analyzer is considered, namely, the lateral geniculate body and several areas of the visual cortex. In
particular, the transfer of information from different areas of the retina, its placement in the layers of the lateral
geniculate body, and the determination of highly dynamic zones in the image for controlling saccades are
justified; it is shown that information about the magnitude of the difference of brightness and color is stored in
the same difference, and in the brain, there is an exact binding of the points of the differences to the types and
location of both bipolar cells and their cones in the retina. A functional linear organization of the architecture of
the visual cortex of the brain is proposed for determining the orientation of the lines in the image, which makes
it possible to join the lines of one orientation, detect different types of movement, and evaluate the speed of
changes in the space of the scene. According to the idea-hypothesis of the columnar organization of neurons, an
orientational columnar organization of neurons is proposed, which makes it possible to determine all of the
possible orientations of lines at one point in space, i.e., determine the angles, tangents, and intersections of
lines, their orientation, coordinates, and dimensions, which are very powerful informative features for searching
and recognizing objects, building the frame of the object, as well as its three-dimensional model (under the
condition of using information from both eyes). An idea is proposed to restore an actual scene image by
coloring the spatial areas of the image using information not only of the contours of the areas but also of actual
brightness values from the zones of the foveola and fovea of the central fovea.

Keywords: neurons of the peripheral retina and central fovea, on- and off-centers, receptive fields, concentric
organization, informative signs, lateral geniculate body, strial (primary) visual cortex, orientation-linear and
orientation-column organization of neurons.
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ÓÄÊ 5.681.3

Àëãîðèòìè ðîçâ’ÿçàííÿ ëiíiéíèõ îáìåæåíü ó êiëüöi ëèøêiâ / Ñ.Ë. Êðèâèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 23–32.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòìè ïåðåâ³ðêè âèêîí¿ííîñò³ îáìåæåíü òèïó ë³í³éíèõ ð³âíîñòåé ó
ê³ëüöÿõ ëèøê³â Zm. Ïîêàçàíî, ùî ö³ àëãîðèòìè íàëåæàòü êëàñó ïîë³íîì³àëüíî¿ ÷àñîâî¿ ñêëàäíîñò³.

Êëþ÷îâ³ ñëîâà: ë³í³éí³ ð³âíÿííÿ, ê³ëüöå ëèøê³â, àëãîðèòìè, ñêëàäí³ñòü.
_______________________________________________________________________________________

Algorithms for solving linear constraints over residue ring / S. Kryvyi // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 6. P. 23–32.

Abstract. Algorithms for checking the problem of satisfying the constraints in the form of linear
equalities over residue rings Zm are proposed. The proposed algorithms are shown to belong to the class of
polynomial time complexity.
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ÓÄÊ 519.713.1

Äîïîâíåííÿ � �-ðåãóëÿðíèõ âèðàç³â. ² / À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024.

Òîì 60, ¹ 6. Ñ. 33–43.

Àíîòàö³ÿ. Ï³ä ÷àñ âèêîðèñòàííÿ �-ðåãóëÿðíèõ âèðàç³â ó çàäà÷àõ âåðèô³êàö³¿ òà ñèíòåçó ðåàêòèâíèõ
ñèñòåì âèíèêàº ïðîáëåìà äîïîâíåííÿ öèõ âèðàç³â, ÿêà ïîâ’ÿçàíà ç ïåðåâ³ðêîþ âêëþ÷åííÿ �-ðåãóëÿðíèõ ìîâ.
Äëÿ öüîãî çàçâè÷àé �-ðåãóëÿðíó ìîâó çàäàþòü �-àâòîìàòîì A ³ áóäóþòü àâòîìàò, ùî ðîçï³çíàº äîïîâíåííÿ
�-ðåãóëÿðíî¿ ìîâè, çàäàíî¿ àâòîìàòîì A . Ó ñòàòò³ çàì³ñòü �-ðåãóëÿðíèõ âèðàç³â ðîçãëÿíóòî ñèìåòðè÷í³
� �-ðåãóëÿðí³ âèðàçè, ïîâ’ÿçàí³ ç ïîíÿòòÿì çâîðîòíîãî ñëîâà (�-ñëîâà). Ïåðåõ³ä â³ä àëãîðèòìó äîïîâíåí-
íÿ � �-ðåãóëÿðíîãî âèðàçó äî â³äïîâ³äíîãî àëãîðèòìó äëÿ �-ðåãóëÿðíîãî âèðàçó ïîëÿãàº â çàì³í³ âèêî-
ðèñòàíèõ ïîíÿòü ñèìåòðè÷íèìè ïîíÿòòÿìè. Ðîçãëÿíóòî çàäà÷ó áåçïîñåðåäíüîãî ïåðåõîäó â³ä � �-ðåãó-
ëÿðíîãî âèðàçó, ùî çàäàº � �-ìîâó, äî � �-ðåãóëÿðíîãî âèðàçó, ÿêèé çàäàº äîïîâíåííÿ ö³º¿ ìîâè. Ñåðåä
�-ðåãóëÿðíèõ âèðàç³â âèîêðåìëåíî òðè êëàñè, äëÿ êîæíîãî ç ÿêèõ âèçíà÷åíî àëãîðèòì ïîáóäîâè äîïîâ-
íåííÿ � �-ðåãóëÿðíîãî âèðàçó ³ç öüîãî êëàñó. Öå ñóòòºâî ñïðîùóº ðîçâ’ÿçàííÿ ðîçãëÿäóâàíî¿ çàäà÷³. Ðîç-
ãëÿíóòî êëàñ âèðàç³â âèãëÿäó �

� �
R, äå R � �* ³ íå ìàº âèãëÿäó R1�*.

Êëþ÷îâ³ ñëîâà: � �-ðåãóëÿðíèé âèðàç, äîïîâíåííÿ � �-ðåãóëÿðíîãî âèðàçó, ñóô³êñ ðåãóëÿðíîãî âèðàçó,

àëôàâ³ò � ', ñóì³ñí³ ñëîâà, óìîâà ñóì³ñíîñò³.
_________________________________________________________________________________________

Complementation of � �-regular expressions. I / A.N. Chebotarev // Kibernetyka ta Systemnyi Analiz. 2024.

Vol. 60, N 6. P. 33–43.

Abstract. When using �-regular expressions in the verification and synthesis of reactive systems, the
problem of complementing these expressions arises, which is related to the language containment problem. To this
end, a �-regular language is usually defined by a �-automaton A, and the automaton is constructed that recognizes
the complement of the language defined by A. In this paper, instead of �-regular expressions, we consider
symmetric � �-regular expressions based on the notion of reverse word (� �-word). The transition from the
algorithm for complementing a � �-regular expression to the corresponding algorithm for a �-regular
expression consists in replacing the notions used by the notions symmetric to them. We consider the problem of
the direct transition of the regular expression that defines a � �-regular language to the � �-regular expression
that defines the complement of this language. Among � �-regular expressions, we distinguish three
non-intersecting classes, for each of which we develop an algorithm to complement � �-regular expressions that
belong to this class. This significantly simplifies solving the problem under consideration. In this paper, we
consider a class of � �-regular expressions of the form �

� �
R , where R � �*, and does not have the form R�*.

Keywords: � �-regular expression, complement of the � �-regular expression, suffix of the regular expression,

alphabet � ', contiguous words, contiguity condition.
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ÓÄÊ 621.391:519.2:519.7

Îö³íþâàííÿ éìîâ³ðíîñò³ óñï³õó àòàêè âèïåðåäæåííÿ íà ñìàðòêîíòðàêòè / Ë.Â. Êîâàëü÷óê,
À.À. Âèõëî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 44–55.

Àíîòàö³ÿ. Ðîçãëÿíóòî àòàêó âèïåðåäæåííÿ (frontrunning attack), ÿêà º îäí³ºþ ç íàéïîøèðåí³øèõ
àòàê íà ñìàðòêîíòðàêòè. ¯¿ ñóòí³ñòü ïîëÿãàº â ìàí³ïóëþâàíí³ ïîðÿäêîì âêëþ÷åííÿ òðàíçàêö³¿ â áëîê ç
ìåòîþ îòðèìàííÿ âèãîäè âíàñë³äîê çì³íè ïîñë³äîâíîñò³ îáðîáëåííÿ òðàíçàêö³é. Îñîáëèâó çàãðîçó òàêà
àòàêà ñòàíîâèòü äëÿ ïðîâåäåííÿ àóêö³îí³â ð2ð ïðîäàæó «çåëåíî¿» åëåêòðîåíåðã³¿. Ó ö³é ðîáîò³ ñïî÷àòêó
ðîçãëÿíóòî òà ïðîàíàë³çîâàíî ð³çí³ òèïè àòàê âèïåðåäæåííÿ, ÿê³ ôîðìàë³çîâàíî â ïîêðîêîâèõ àëãîðèò-
ìàõ âèêîíàííÿ. Çàïðîïîíîâàíî ìîäåëü, â ÿê³é îö³íåíî éìîâ³ðí³ñòü óñï³õó òàêî¿ àòàêè. Äëÿ çàïðîïîíîâà-
íî¿ ìîäåë³ îòðèìàíî ÿâíó ôîðìóëó äëÿ éìîâ³ðíîñò³ óñï³õó àòàêè çàì³ùåííÿ òà àòàêè âñòàâêè, ÿê³ º îêðå-
ìèìè âèïàäêàìè àòàêè âèïåðåäæåííÿ. Ïîêàçàíî, ùî éìîâ³ðí³ñòü óñï³õó çàëåæèòü â³ä ïàðàìåòð³â ìåðåæ³
òà â³ä ñï³ââ³äíîøåííÿ ì³æ êîì³ñ³ÿìè òðàíçàêö³é, ñòâîðåíèõ ÷åñíèì êîðèñòóâà÷åì òà çëîâìèñíèêîì. Íà-
âåäåíî ÷èñåëüí³ ïðèêëàäè ïðàêòè÷íîãî çàñòîñóâàííÿ îòðèìàíî¿ ôîðìóëè, ÿê³ äîäàòêîâî ï³äòâåðäæóþòü
êîðåêòí³ñòü àíàë³òè÷íèõ ðåçóëüòàò³â.

Êëþ÷îâ³ ñëîâà: áëîê÷åéí, ñìàðòêîíòðàêòè, àóêö³îíè, ð2ð ïðîäàæ «çåëåíî¿» åëåêòðîåíåðã³¿, àòàêà âèïå-
ðåäæåííÿ.
_________________________________________________________________________________________

Assessment of the probability of success of a frontrunning attack on smart contracts / L.V. Kovalchuk,
A.A. Vykhlo // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 44–55.

Abstract. A frontrunning attack is one of the most common attacks on smart contracts. Its essence lies in
manipulating the order of transaction inclusion in a block to gain an advantage by altering the transaction
processing sequence. This attack poses a particular threat to the conduct of p2p auctions for selling “green”
electricity. In this paper, different types of such attacks are examined, analyzed, and formalized in step-by-step
execution algorithms. Next, a model is proposed to assess the probability of success of such an attack. An
explicit formula is derived for the probability of success of a displacement attack and an insertion attack, which
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are specific cases of a frontrunning attack. The probability of success is shown to depend on network
parameters and the ratio between the transaction fees created by an honest user and a malicious user. Numerical
examples of practical applications of the derived formula are provided, further confirming the correctness of the
analytical results.

Keywords: blockchain, smart contracts, auctions, p2p sales of “green” electricity, frontrunning attack.

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

ÓÄÊ 517.977.5

Îñîáëèâîñò³ çáóäæåííÿ äèíàì³÷íèõ ïðîöåñ³â ó ãðóïîâèõ åëåêòðîïðèâîäàõ îáòèñêíèõ ñòàí³â /
Â.À. Êðàñíîøàïêà, Â.Â. Êðàñíîøàïêà, Þ.Â. Ïèñàðåíêî, Ìàìåäîâà Ê.Þ. // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 56–63.

Àíîòàö³ÿ. Äîñë³äæåíî âïëèâ çì³ííèõ òåõíîëîã³÷íèõ íàâàíòàæåíü íà ãîëîâíó ë³í³þ ïðîêàòíîãî
ñòàíó. Íàâåäåíî ìàòåìàòè÷íó ìîäåëü äèíàì³÷íèõ ïðîöåñ³â ó ãðóïîâèõ åëåêòðîïðèâîäàõ îáòèñêíèõ òåõ-
íîëîã³÷íèõ ìàøèííèõ àãðåãàòàõ (ïðîêàòíèõ ñòàíàõ). Ïîêàçàíî, ùî çàëåæí³ñòü ìîìåíòó òåõíîëîã³÷íîãî
îïîðó â³ä øâèäêîñòåé ðîáî÷èõ âàëê³â âèçíà÷àºòüñÿ ôîðìóëîþ, ÿêà âðàõîâóº îñîáëèâîñò³ òåõíîëîã³÷íîãî
íàâàíòàæåííÿ. Äîñë³äæåííÿ âïëèâó çì³ííèõ òåõíîëîã³÷íèõ íàâàíòàæåíü íà ãîëîâíó ë³í³þ ïðîêàòíîãî
ñòàíó ïîêàçàëî, ùî íàéá³ëüø íåáåçïå÷íèì º çá³ëüøåííÿ çíà÷åííÿ êîåô³ö³ºíòà òåðòÿ íà âåðõíüîìó âàëó.
Ç’ÿñîâàíî, ùî ó öèõ âèïàäêàõ ìîæå â³äáóâàòèñÿ çíà÷íå íåóçãîäæåííÿ øâèäêîñòåé ðîáî÷èõ âàëê³â,
à ïàä³ííÿ ìîìåíòó òåõíîëîã³÷íîãî îïîðó íà âåðõíüîìó âàëêó íå êîìïåíñóºòüñÿ çðîñòàííÿì ìîìåíòó òåõ-
íîëîã³÷íîãî îïîðó íà íèæíüîìó âàëêó. Òîìó â ïðóæíèõ ëàíêàõ ãîëîâíî¿ ë³í³¿ ïðîêàòíîãî ñòàíó çáóäæó-
þòüñÿ àâòîêîëèâàííÿ, à òàêîæ íåñò³éê³ ðåæèìè êîëèâàíü.

Êëþ÷îâ³ ñëîâà: äèíàì³÷íà ìîäåëü, ãðóïîâèé ìàøèííèé àãðåãàò, îáòèñêíèé ñòàí, ïðîêàòíèé ñòàí.
_________________________________________________________________________________________

Features of the excitation of dynamic processes in group electric drives of pressure states /
V.A. Krasnoshapka, V.V. Krasnoshapka, J.V. Pisarenko, Mamedova K.Yu. // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 6. P. 56–63.

Abstract. In the paper, a study of the influence of variable technological loads on the main line of the
rolling mill is carried out. A mathematical model of the study of dynamic processes in group electric drives of
crimping technological machine units (rolling mills) is presented. It is shown that the dependence of the
moment of technological resistance on the speeds of the working rolls is determined by the dependence that
takes into account the peculiarities of the technological load. The study of the influence of variable
technological loads on the main line of the rolling mill showed that the drop in the coefficient of friction on the
upper shaft is the most dangerous. It was found out that in these cases, there can be a significant mismatch of
the speeds of the working rolls, and the drop in the moment of technological resistance on the upper roll is not
compensated by the increase in the moment of technological resistance on the lower roll; therefore,
self-oscillations are excited in the elastic links of the main line of the rolling mill, as well as unstable modes of
oscillations.

Keywords: dynamic model, group machine unit, crimping mill, rolling mill.

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

ÓÄÊ 519.713

Ñïðÿìîâàíå ïåðåñóâàííÿ êîëåêòèâó àâòîìàò³â áåç êîìïàñà íà êâàäðàòí³é ðåø³òö³ øèðèíè 2 /
Ñ.Â. Ñàïóíîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 64–73.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó çáåðåæåííÿ íàïðÿìêó ïåðåñóâàííÿ êîëåêòèâîì ñê³í÷åííèõ àâòîìàò³â
íà äâîâèì³ðí³é ö³ëî÷èñëîâ³é ðåø³òö³ øèðèíè 2 ç íåïîçíà÷åíèìè åëåìåíòàìè (âåðøèíàìè). Àâòîìàòè íå
ðîçð³çíÿþòü âåðøèíè ñåðåäîâèùà çà ¿õí³ìè êîîðäèíàòàìè (òîáòî àâòîìàòè íå ìàþòü êîìïàñà). Íàâåäåíî
êîëåêòèâè, ÿê³ ñêëàäàþòüñÿ ³ç îäíîãî àâòîìàòà òà äåê³ëüêîõ êàì³íö³â, ðîçòàøóâàííÿ ÿêèõ ö³ëêîì âèçíà-
÷àºòüñÿ àâòîìàòîì. Äîâåäåíî, ùî íà â³äì³íó â³ä àâòîìàòà ç ÷îòèðìà êàì³íöÿìè, àâòîìàò ç òðüîìà òà ìåí-
øîþ ê³ëüê³ñòþ êàì³íö³â íå çáåð³ãàº íàïðÿìêó ïåðåñóâàííÿ íà ðåø³òö³.

Êëþ÷îâ³ ñëîâà: êîëåêòèâ àâòîìàò³â, ëàá³ðèíò, ñïðÿìîâàíå ïåðåñóâàííÿ.
_________________________________________________________________________________________

Directional movement of a collective of compassless automata on square lattice of width 2 / S.V. Sapunov
// Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 64–73.

Abstract. A collective of finite automata has to preserve unidirectional movement on a two-dimensional
integer lattice of width two whose elements (vertices) are anonymous. The automata do not distinguish between
equally labeled vertices by their direction coordinates (that means each automaton has no compass). We
consider collectives consisting of an automaton and some pebbles, i.e., automata of the simplest form, whose
positions are completely determined by the automaton. We prove that a collective of an automaton and
a maximum of 3 pebbles cannot maintain movement direction on the lattice, but a collective of an automaton
and four pebbles can.

Keywords: collectives of automata, labyrinth, unidirectional movement.
===============================================================================
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.872

Ïðèñêîðåíå ìîäåëþâàííÿ éìîâ³ðíîñò³ áëîêóâàííÿ âèìîã ó ñèñòåì³ îáñëóãîâóâàííÿ
ç ïóàñîí³âñüêèì âõ³äíèì ïîòîêîì, êåðîâàíèì íàï³âìàðêîâñüêèì ïðîöåñîì / Ì.Þ. Êóçíºöîâ,
².Ì. Êóçíºöîâ, À.À. Øóìñüêà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 74–88.

Àíîòàö³ÿ. Ðîçãëÿíóòî áàãàòîêàíàëüíó ñèñòåìó îáñëóãîâóâàííÿ, â ÿêó íàäõîäèòü ïóàñîí³âñüêèé
ïîò³ê âèìîã ç ³íòåíñèâí³ñòþ, ùî çàëåæèòü â³ä ïîòî÷íîãî ñòàíó íàï³âìàðêîâñüêîãî ïðîöåñó. Öåé æå ñòàí
âèçíà÷àº ³ òèï âèìîãè. Êîæåí êàíàë îáñëóãîâóâàííÿ ì³ñòèòü äåê³ëüêà ë³í³é. Äëÿ ñâîãî îáñëóãîâóâàííÿ
âèìîãè ð³çíîãî òèïó ïîòðåáóþòü ïåâíó ê³ëüê³ñòü ë³í³é, ÿêà âèçíà÷àºòüñÿ â³äïîâ³äíèì ðîçïîä³ëîì. Ó âè-
ïàäêó íåäîñòàòíüî¿ ê³ëüêîñò³ â³ëüíèõ ë³í³é äîïóñêàºòüñÿ ïåðåîð³ºíòàö³ÿ âèìîãè ç îäíîãî êàíàëó îáñëó-
ãîâóâàííÿ íà ³íøèé. Òðèâàë³ñòü îáñëóãîâóâàííÿ ìàº äîâ³ëüíèé ðîçïîä³ë, ÿêèé çàëåæèòü ÿê â³ä òèïó âè-
ìîãè, òàê ³ â³ä ê³ëüêîñò³ ë³í³é, ÿê³ âîíà ïîòðåáóº. Äëÿ çíàõîäæåííÿ éìîâ³ðíîñò³ áëîêóâàííÿ âèìîã ïåâíî-
ãî òèïó ³ç çàïèòîì íà çàäàíó ê³ëüê³ñòü ë³í³é îáñëóãîâóâàííÿ çàïðîïîíîâàíî ìåòîä ïðèñêîðåíîãî
ìîäåëþâàííÿ. Íà ÷èñëîâîìó ïðèêëàä³ çä³éñíåíî ïîð³âíÿííÿ ³ç ìåòîäîì Ìîíòå-Êàðëî, çîêðåìà ïðîà-
íàë³çîâàíî, ÿê çì³íþºòüñÿ â³äíîñíà ïîõèáêà îö³íêè ç³ çìåíøåííÿì éìîâ³ðíîñò³ áëîêóâàííÿ.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ, íàï³âìàðêîâñüêèé ïðîöåñ, êàíàë, ë³í³ÿ, éìîâ³ðí³ñòü áëîêóâàí-
íÿ, ìåòîä Ìîíòå-Êàðëî, ïðèñêîðåíå ìîäåëþâàííÿ, îö³íêà, â³äíîñíà ïîõèáêà.
_________________________________________________________________________________________

Fast simulation of customers blocking probability in a queueing system with Poisson input flow
controlled by a semi-Markov process / M.Yu. Kuznetsov, I.M. Kuznetsov, A.A. Shumska // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 6. P. 74–88.

Abstract. A multichannel queueing system with a Poisson input flow is considered. The input flow rate
depends on the current state of a semi-Markov process. This state also determines the type of the customer.
Each channel contains several service lines. To be serviced, the customer requires several lines with the
distribution dependent on the customer’s type. Not each channel is accessible for customers of a given type.
The accessibility is determined by some distribution depending both on the customer’s type and on the required
number of lines. If the channel does not have sufficient service lines, it is possible to reorient this customer to
another channel. The service time has a general distribution function depending on the customer’s type and the
number of lines required for servicing. A fast simulation method is proposed to evaluate the blocking
probability of customers of a certain type demanding a given number of service lines. A comparison with the
Monte Carlo method is made using a numerical example, and the change in the relative error of the estimate for
decreasing blocking probability is analyzed.

Keywords: queueing system, semi-Markov process, channel, line, blocking probability, Monte Carlo method,
fast simulation, estimate, relative error.
===============================================================================

ÓÄÊ 519.85

Äâîåòàïíà òðàíñïîðòíà çàäà÷à ç äâîñòîðîíí³ìè îáìåæåííÿìè íà ïîòðåáè ñïîæèâà÷³â òà âåðõí³ìè
ìåæàìè íà ïðîïóñêí³ ñïðîìîæíîñò³ ïðîì³æíèõ ïóíêò³â / Ï.². Ñòåöþê, Â.Î. Ñòîâáà, Î.Ì. Õîì’ÿê,
Ì.Ã. Ñòåöþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 89–101.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìàòåìàòè÷íó ìîäåëü äâîåòàïíî¿ òðàíñïîðòíî¿ çàäà÷³ ç äâîñòîðîíí³ìè îáìå-
æåííÿìè íà ïîòðåáè ñïîæèâà÷³â òà âåðõí³ìè ìåæàìè íà ïðîïóñêí³ ñïðîìîæíîñò³ ïðîì³æíèõ ïóíêò³â.
Îá´ðóíòîâàíî íåîáõ³äí³ òà äîñòàòí³ óìîâè ñóì³ñíîñò³ ñèñòåìè ë³í³éíèõ îáìåæåíü â³äïîâ³äíî¿ çàäà÷³
ë³í³éíîãî ïðîãðàìóâàííÿ. Íàâåäåíî äâ³ ìàòåìàòè÷í³ ìîäåë³ äâîåòàïíî¿ òðàíñïîðòíî¿ çàäà÷³, äî ÿêèõ
ìîæíà çâåñòè âèõ³äíó ìîäåëü. Ïðåäñòàâëåíî ðåçóëüòàòè îá÷èñëþâàëüíèõ åêñïåðèìåíò³â ³ç çàñòîñóâàííÿ
îïèñàíî¿ çàäà÷³ äëÿ ìîäåëüíî¿ çàäà÷³ îïòèìàëüíîãî ðîçáèòòÿ ìíîæèíè ç âèêîðèñòàííÿì ñîëâåðà CPLEX
ç NEOS-ñåðâåðà.

Êëþ÷îâ³ ñëîâà: äâîåòàïíà òðàíñïîðòíà çàäà÷à, çàäà÷à ë³í³éíîãî ïðîãðàìóâàííÿ, ñóì³ñí³ñòü ñèñòåìè îá-
ìåæåíü, îïòèìàëüíå ðîçáèòòÿ ìíîæèíè, CPLEX, NEOS.
_________________________________________________________________________________________

Two-stage transportation problem with two-sided constraints on consumer demands and upper bounds
for capacity of intermediate points / P.I. Stetsyuk, V.O. Stovba, O.M. Khomiak, M.G. Stetsyuk //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 89–101.

Abstract. A mathematical model of a two-stage transportation problem with two-sided constraints on
consumer demands and upper bounds on the bandwidths of intermediate points is considered. The necessary
and sufficient conditions of consistency of the linear constraints system of the corresponding linear
programming problem are substantiated. Two mathematical models of a two-stage transportation problem are
presented, to which the initial model can be reduced. The results of computational experiments on applying the
problem described to the optimal set partitioning problem using the CPLEX solver from the NEOS server are
presented.

Keywords: two-stage transportation problem, linear programming problem, constraint system compatibility,
optimal set partitioning, CPLEX, NEOS.
===============================================================================
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ÓÄÊ 517.9

Ìàòåìàòè÷íå ìîäåëþâàííÿ Ò-³ìóííî¿ â³äïîâ³ä³ ó ðàç³ COVID-19 / Ê.Ë. Àòîºâ, Ï.Ñ. Êíîïîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 102–112.

Àíîòàö³ÿ. Ðîçðîáëåíî ìàòåìàòè÷íó ìîäåëü äëÿ äîñë³äæåííÿ âïëèâó ñòàíó êîëåêòèâíîãî ³ìóí³òåòó
íà ïåðåá³ã ïàíäåì³¿ COVID-19. Ìîäåëü âðàõîâóº ð³çí³ ëàíêè ³ìóííî¿ ñèñòåìè òà äàº çìîãó äîñë³äæóâàòè
ìåõàí³çìè âèíèêíåííÿ ðåæèì³â ìåòàñòàá³ëüíîãî õàîñó ï³ä ÷àñ ³ìóííî¿ â³äïîâ³ä³. Äîñë³äæåíî âçàºìîçâ’ÿ-
çîê ì³æ ñòàíîì åíåðãåòè÷íî¿ ñèñòåìè êë³òèíè òà äèíàì³êîþ ³ìóííî¿ â³äïîâ³ä³. Ðîçãëÿíóòî çàäà÷ó îïòè-
ìàëüíîãî êåðóâàííÿ ³ìóííîþ â³äïîâ³ääþ äëÿ ì³í³ì³çàö³¿ ðèçèêó ïàòîëîã³÷íèõ ïîðóøåíü, ïîâ’ÿçàíèõ ³ç
íàäì³ðíèì çàïàëåííÿì óíàñë³äîê ñèíäðîìó âèêèäó öèòîê³í³â â îðãàí³çì³ ó ðàç³ COVID-19. Ïîêàçàíî, ÿê
çì³íè ó ð³çíèõ ëàíêàõ ³ìóííî¿ ñèñòåìè âïëèâàþòü íà òðèâàë³ñòü çàõâîðþâàííÿ. Âèçíà÷åíî çàëåæí³ñòü çà-
ãàëüíî¿ ê³ëüêîñò³ óðàæåíèõ â³ðóñîì êë³òèí â³ä çì³íè áàëàíñó ñèíòåçó òà âèòðàò åíåðã³¿ ó êë³òèíàõ.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íå ìîäåëþâàííÿ, ìîäåëü Ò-³ìóííî¿ â³äïîâ³ä³, COVID-19, îïòèìàëüíå êåðó-
âàííÿ, äåòåðì³íîâàíèé õàîñ.
_________________________________________________________________________________________

Mathematical modeling of the T-immune response in COVID-19 / K.L. Atoyev, P.S. Knopov //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 102–112.

Abstract. A mathematical model has been developed to study the impact of the state of collective
immunity on the dynamics of the COVID-19 pandemic. The model accounts for different components of the
immune system and allows for the investigation of mechanisms that lead to metastable chaos during the immune
response. The relationship between cellular energy states and the dynamics of the immune response has been
studied. The problem of optimal control of the immune response is considered, with the aim of minimizing the
risk of pathological disorders associated with excessive inflammation due to cytokine release syndrome in the
body during COVID-19. It has been shown how changes in different components of the immune system affect
the duration of the disease. The dependence of the total number of virus-infected cells on the changes in the
balance of energy synthesis and expenditure in cells has been determined.

Keywords: mathematical modeling, T-immune response model, COVID-19, optimal control, deterministic chaos.
===============================================================================

ÓÄÊ 519.711

Îö³íêè ðîçâ’ÿçê³â îïåðàòîðíèõ ð³âíÿíü â óìîâàõ íåâèçíà÷åíîñò³ / Î.Ã. Íàêîíå÷íèé, Ï.Ì. Ç³íüêî,
Ò.Ï. Ç³íüêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 113–124.

Àíîòàö³ÿ. Çíàéäåíî ãàðàíòîâàí³ îö³íêè äëÿ ïðÿìîêóòíèõ ìàòðèöü, ÿê³ çàäîâîëüíÿþòü ë³í³éí³ îïå-
ðàòîðí³ ð³âíÿííÿ ç íåâ³äîìèìè ïðàâèìè ÷àñòèíàìè. Çà ïåâíèõ ïðèïóùåíü ïîêàçàíî, ùî ãàðàíòîâàí³
îö³íêè ìàòðèöü ìîæóòü áóòè çíàéäåí³ ÿê ðîçâ’ÿçêè ñèñòåì îïåðàòîðíèõ ð³âíÿíü. Ó âèïàäêó, êîëè äàí³
ñïîñòåðåæåíü çàäàí³ ç äåòåðì³íîâàíèìè ïîõèáêàìè, ÿê³ íàëåæàòü ïåâíèì îáìåæåíèì ìíîæèíàì, îòðè-
ìàíî âèðàçè äëÿ âåðõí³õ òà íèæí³õ îö³íîê ðîçâ’ÿçê³â òàêèõ ð³âíÿíü, à òàêîæ âèðàçè äëÿ âåðõí³õ òà
íèæí³õ ïîõèáîê òàêèõ îö³íîê. Îäåðæàí³ ðåçóëüòàòè ïðî³ëþñòðîâàíî íà òåñòîâîìó ïðèêëàä³.

Êëþ÷îâ³ ñëîâà: ë³í³éíå îïåðàòîðíå ð³âíÿííÿ, ÿäðî îïåðàòîðà, ñïðÿæåíèé îïåðàòîð, ãàðàíòîâàíà àïîñ-
òåð³îðíà îö³íêà ìàòðèö³, ãàðàíòîâàíà àïîñòåð³îðíà ïîõèáêà îö³íêè ìàòðèö³, ì³í³ìàëüíèé çà íîðìîþ ðîç-
â’ÿçîê ð³âíÿííÿ.
_________________________________________________________________________________________

Estimates of the solutions of operator equations under uncertainty / O.G. Nakonechnyi, P.M. Zinko,
T.P. Zinko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 113–124.

Abstract. The paper focuses on finding the guaranteed estimates for rectangular matrices that satisfy the
linear operator equations with unknown right-hand sides. Under certain assumptions, it is shown that
guaranteed estimates of matrices can be found as the solutions of systems of operator equations. In the case
where observation data are given with deterministic errors, which belong to certain bounded sets, we obtain the
expressions for upper and lower estimates of the solutions of such equations, as well as expressions for upper
and lower errors of such estimates. The obtained results are illustrated by an example.

Keywords: linear operator equation, operator core, conjugate operator, guaranteed a posteriori estimate of
matrix, guaranteed a posteriori error of the estimate of matrix, minimum by norm solution of the equation.
===============================================================================

ÓÄÊ 519.622.22

Ï³äõ³ä äî âèçíà÷åííÿ ïàðàìåòð³â äèíàì³÷íî¿ ñèñòåìè çà íåëîêàëüíèõ óìîâ ïåðåâèçíà÷åííÿ
âèñîêîãî ïîðÿäêó / Ê.Ð. Àéäà-çàäå, Â.Ì. Àáäóëëàºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60,
¹ 6. Ñ. 125–144.

Àíîòàö³ÿ. Äîñë³äæåíî çàäà÷ó ³äåíòèô³êàö³¿ ïîñò³éíèõ ïàðàìåòð³â, ùî âõîäÿòü äî ïðàâèõ ÷àñòèí
ë³í³éíî¿ íåàâòîíîìíî¿ ñèñòåìè äèôåðåíö³àëüíèõ ð³âíÿíü ç³ çâè÷àéíèìè ïîõ³äíèìè ïåðøîãî ïîðÿäêó.
Îñîáëèâ³ñòü çàäà÷³ ïîëÿãàº â òîìó, ùî äîäàòêîâ³ óìîâè äëÿ ³äåíòèô³êàö³¿ ïàðàìåòð³â, ïî-ïåðøå, º íåëî-
êàëüíèìè, à ïî-äðóãå, ì³ñòÿòü ïîõ³äí³ íåâ³äîìî¿ ôóíêö³¿. Ðîçãëÿíóòî óìîâè ³ñíóâàííÿ òà ºäèíîñò³ ðîç-
â’ÿçêó çàäà÷³ òà çàïðîïîíîâàíî äâà ð³çí³ ï³äõîäè äî ÷èñëîâîãî ðîçâ’ÿçàííÿ çàäà÷³. Íàâåäåíî ðåçóëüòàòè
êîìï’þòåðíèõ åêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: äèíàì³÷íà ñèñòåìà, ïàðàìåòðè÷íà ³äåíòèô³êàö³ÿ, íàâàíòàæåíå äèôåðåíö³àëüíå ð³âíÿí-
íÿ, óìîâè ³ñíóâàííÿ ðîçâ’ÿçêó, êîìï’þòåðí³ åêñïåðèìåíòè.
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Approach to determining the parameters of a dynamic system under nonlocal high-order
overdetermination conditions / K.R. Aida-zade, V.M. Abdullayev // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 6. P. 125–144.

Abstract. We analyze the problem of identifying the constant parameters involved in the right-hand sides
of a linear non-autonomous system of differential equations with first-order ordinary derivatives. The
specificity of the problem is that additional conditions for identifying parameters, first, are non-local, and
second, include derivatives of an unknown function. We examine the conditions for the existence and
uniqueness of a solution to the problem and propose two different approaches to the numerical solution of the
problem. The results of computer experiments are presented.

Keywords: dynamic system, parametric identification, loaded differential equation, conditions for the existence
of a solution, computer experiments.
===============================================================================

ÓÄÊ 519.816

Ïîð³âíÿííÿ ðåçóëüòàò³â ðàíæóâàííÿ àëüòåðíàòèâ, îòðèìàíèõ çà äåê³ëüêîìà âàð³àíòàìè ìåòîäó
àíàë³çó ³ºðàðõ³é / Ì.Ì. Ïîòüîìê³í, Î.Ì. Ñåìåíåíêî, Þ.Î. Êëÿò, À.À. Ñåäëÿð // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 145–153.

Àíîòàö³ÿ. Çàçíà÷åíî, ùî ìåòîä àíàë³çó ³ºðàðõ³é º îäíèì ç íàéøèðîêîâæèâàí³øèõ áàãàòîêðè-
òåð³éíèõ ìåòîä³â, à éîãî îá÷èñëþâàëüí³ ïðîöåäóðè çàçíàëè íåîäíîðàçîâèõ óäîñêîíàëåíü òà ìî-
äèô³êàö³é. ×åðåç íàÿâí³ñòü áàãàòüîõ âàð³àíò³â ìåòîäó àíàë³çó ³ºðàðõ³é º çàëåæí³ñòü âèçíà÷åííÿ íàéêðà-
ùèõ àëüòåðíàòèâ â³ä çàñòîñîâàíîãî âàð³àíòà öüîãî ìåòîäó. Íàâåäåíî îïèñ òðüîõ âàð³àíò³â ìåòîäó
àíàë³çó ³ºðàðõ³é: îðèã³íàëüíîãî, ñïðîùåíîãî òà íå÷³òêîãî. Ðåçóëüòàòàìè ðîçâ’ÿçàííÿ â³äîìîãî ïðèêëàäó
çà öèìè òðüîìà âàð³àíòàìè ï³äòâåðäæåíî, ùî âîíè ìîæóòü ïðèçâîäèòè äî îòðèìàííÿ ð³çíèõ ðàíæóâàíü.
Çðîáëåíî âèñíîâîê, ùî çàðàäè ï³äâèùåííÿ îá´ðóíòîâàíîñò³ ðåêîìåíäàö³é äëÿ îñîáè, ÿêà ïðèéìàº ð³øåí-
íÿ, îá÷èñëåííÿ äîö³ëüíî âèêîíóâàòè ç âèêîðèñòàííÿì ê³ëüêîõ âàð³àíò³â ìåòîäó, à ð³øåííÿ ïðî ïåðåâàãó
îäí³º¿ àëüòåðíàòèâè íàä ³íøîþ íàñë³ä ïðèéìàòè ëèøå ó ðàç³ çá³ãó ðåçóëüòàò³â ïîð³âíÿííÿ àëüòåðíàòèâ çà
á³ëüø³ñòþ âèêîðèñòàíèõ âàð³àíò³â ìåòîäó.

Êëþ÷îâ³ ñëîâà: ìåòîä àíàë³çó ³ºðàðõ³é, íå÷³òêèé ìåòîä àíàë³çó ³ºðàðõ³é, ïðèêëàä îá÷èñëåíü, ðàíæóâàí-
íÿ àëüòåðíàòèâ, ñïðîùåíèé ìåòîä àíàë³çó ³ºðàðõ³é.
_________________________________________________________________________________________

Comparing the results of the ranking of alternatives obtained by several options of the analytic hierarchy
process / M.Ì. Potomkin, Î.Ì. Semenenko, Y.O. Kliat, A.À. Sedliar // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 6. P. 145–153.

Àbstract. It is noted that the analytic hierarchy process is one of the most widely used multi-criteria
methods, and its calculation procedures have repeatedly become the object of various improvements and
modifications. The presence of many variants of the analytic hierarchy process may result in the dependence of
the determination of the best alternatives on the used variant of this method. A description of three variants of
the analytic hierarchy process is provided: original, simplified, and fuzzy. Based on the results of solving a
known example, these three options confirmed that they can lead to different rankings. It was concluded that in
order to increase the validity of the recommendations for the person making the decision, it is advisable to carry
out calculations according to several options, and it is advisable to make a decision about the superiority of one
alternative over another only in case of convergence of the results of their comparison according to the majority
of used options.

Keywords: analytic hierarchy process, fuzzy analytic hierarchy process, example of calculations, alternative
ranking, simplified analytic hierarchy process.
===============================================================================

ÓÄÊ 519.7:65.011

Çàñòîñóâàííÿ ñèñòåìíîãî àíàë³çó òà ìàòåìàòè÷íîãî àïàðàòó íå÷³òêî¿ ëîã³êè äëÿ ìîäåëþâàííÿ
ïðîöåñó îö³íþâàííÿ ô³íàíñîâîãî ñòàíó ï³äïðèºìñòâÀ / À.Î. Àçàðîâà, Þ.Â. Êðàê, Ë.Î. Í³ê³ôîðîâà,
Î.Ä. Àçàðîâ, Ê.Ñ. Áåëÿêîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 154–168.

Àíîòàö³ÿ. Ó ñòàòò³ äîñë³äæåíî íàÿâíèé òåîðåòè÷íèé äîðîáîê äëÿ îö³íþâàííÿ ÿê ô³íàíñîâîãî ñòà-
íó, òàê ³ ô³íàíñîâî¿ ñò³éêîñò³ ï³äïðèºìñòâà íà îñíîâ³ ð³çíèõ ï³äõîä³â, çîêðåìà ìîäåë³ áàíêðóòñòâà,
³ì³òàö³éíîãî ìîäåëþâàííÿ òà ³í. Ðîçðîáëåíî ìàòåìàòè÷íó òà ñòðóêòóðíó ìîäåë³ ïðîöåñó îö³íþâàííÿ
ô³íàíñîâîãî ñòàíó ï³äïðèºìñòâà çàñîáàìè ñèñòåìíîãî àíàë³çó, à òàêîæ éîãî ôîðìàë³çàö³¿ ç âèêîðèñòàí-
íÿì àïàðàòó íå÷³òêî¿ ëîã³êè. Îá´ðóíòîâàíî ìíîæèíó àãðåãóþ÷èõ ôóíêö³é äëÿ óçàãàëüíåííÿ ê³ëüê³ñíèõ
îö³íþâàëüíèõ ïàðàìåòð³â, ùî îïèñóþòü ô³íàíñîâó ñò³éê³ñòü, ë³êâ³äí³ñòü òà ïëàòîñïðîìîæí³ñòü, ä³ëîâó
àêòèâí³ñòü, à òàêîæ ïðèáóòêîâ³ñòü äîñë³äæóâàíîãî ï³äïðèºìñòâà. Êð³ì òîãî, äëÿ îòðèìàííÿ òî÷íîãî ðå-
çóëüòóþ÷îãî ð³øåííÿ â ìàòåìàòè÷í³é ìîäåë³ âðàõîâàíî ä³ëîâó ðåïóòàö³þ êîìïàí³¿, ùî îö³íþºòüñÿ çà
ï’ÿòüìà ÿê³ñíèìè ïàðàìåòðàìè. Åêñïåðèìåíòàëüíèé ïóë âåðèô³êàö³¿ ðîçðîáëåíî¿ ìîäåë³ îö³íþâàííÿ
ô³íàíñîâîãî ñòàíó ï³äïðèºìñòâà ñêëàäàº 15 ï³äïðèºìñòâ.

Êëþ÷îâ³ ñëîâà: ñèñòåìíèé àíàë³ç, ìàòåìàòè÷íå ìîäåëþâàííÿ, íå÷³òêà ëîã³êà, îö³íþâàííÿ ð³âíÿ ô³íà-
íñîâîãî ñòàíó ï³äïðèºìñòâà.
_________________________________________________________________________________________
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Application of system analysis and mathematical apparatus of fuzzy logic for modeling of the process of
assessing the financial state of the enterprise / A.O. Azarova, Iu.V. Krak, L.O. Nikiforova, O.D. Azarov,
K.S. Belyakova // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 154–168.

Abstract. The article analyzes the available theoretical studies on assessing both the financial state and
financial stability of an enterprise based on various approaches, including bankruptcy models, simulation
modeling, etc. This made it possible for the authors of the article to develop their own mathematical and
structural models of the process of assessing the financial state of the enterprise by means of system analysis, as
well as its formalization based on the apparatus of fuzzy logic. A set of aggregating functions for summarizing
quantitative evaluation parameters describing the financial stability, liquidity and solvency, business activity,
and profitability of the enterprise under study is substantiated. Moreover, the mathematical model took into
account the company’s business reputation, which is evaluated based on five qualitative parameters, to obtain
an accurate resulting decision. The experimental pool of verification of the developed model for assessing the
enterprise’s financial state is 15 enterprises.

Keywords: system analysis, mathematical modeling, fuzzy logic, assessing of enterprise’s financial state.
===============================================================================

ÓÄÊ 519.8

Äåÿê³ ïðåäñòàâëåííÿ òðèãàðìîí³éíèõ ôóíêö³é / À.Ì. Øóòîâñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 169–180.

Àíîòàö³ÿ. Îòðèìàíî ðåçóëüòàòè, ÿê³ äàþòü çìîãó ðîçãëÿäàòè òåîð³þ ³ãðîâèõ çàäà÷ äèíàì³êè ÿê ñå-
ðåäîâèùå äëÿ ïîáóäîâè âàæëèâèõ ìàòåìàòè÷íèõ îá’ºêò³â. À ñàìå, ïðî³íòåãðîâàíî òðèãàðìîí³éíå
ð³âíÿííÿ â äåêàðòîâèõ êîîðäèíàòàõ ç³ ñïåö³àëüíî ï³ä³áðàíèìè ãðàíè÷íèìè óìîâàìè. Ïîáóäîâàíî òðè-
ãàðìîí³éíèé ³íòåãðàë Ïóàññîíà äëÿ âåðõíüî¿ ï³âïëîùèíè, ÿêèé íàëåæèòü äî êëàñó äîäàòíèõ îïåðàòîð³â.
Ðîçãëÿíóòî ôóíêö³îíàëüíó çàëåæí³ñòü òðèãàðìîí³éíîãî îïåðàòîðà â³ä ïåð³îäè÷íèõ ôóíêö³é òà îòðèìàíî
³íòåãðàë ³ç äåëüòàïîä³áíèì ÿäðîì, ÿêå ìîæíà ðîçêëàñòè íà òðè çíàêîñòàë³ äðîáè. Àíàë³ç àñèìïòîòè÷íî¿
ïîâåä³íêè òðèãàðìîí³éíîãî ÿäðà çàñâ³ä÷óº óçãîäæåí³ñòü îòðèìàíèõ ðåçóëüòàò³â ³ç ðàí³øå â³äîìèìè ðå-
çóëüòàòàìè.

Êëþ÷îâ³ ñëîâà: òðèãàðìîí³éíå ð³âíÿííÿ, âåðõíÿ ï³âïëîùèíà, ïåðåòâîðåííÿ Ôóð’º, ðÿä Ôóð’º, äîäàòíèé
îïåðàòîð.
_________________________________________________________________________________________

Some representations of triharmonic functions / A.M. Shutovskyi // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 6. P. 169–180.

Abstract. In this paper, a range of results have been obtained that enable one to consider the theory of
game dynamics problems as an environment for constructing important mathematical objects. Namely, the
triharmonic equation is integrated in the Cartesian coordinates with specially selected boundary conditions. The
triharmonic Poisson integral for the upper half-plane, which belongs to the class of positive operators, is
constructed. The functional dependence of the triharmonic operator on periodic functions is considered, and an
integral with a delta-shaped kernel is obtained, which can be decomposed into three constant-sign fractions. The
analysis of the asymptotic behavior of the triharmonic kernel shows the consistency of the obtained results with
the previously known results.

Keywords: triharmonic equation, upper half-plane, Fourier transform, Fourier series, positive operator.
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ÓÄÊ 519.8.812.007

²íòåëåêòóàëüíà ñèñòåìà ä³àãíîñòèêè àäàïòàö³¿ ëþäèíè äî åêñòðåìàëüíèõ çáóðåíü / Í.². Àðàëîâà,
À.Î. ×èêð³é, Ë.ß.-Ã. Øàõë³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 181–189.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ³íòåëåêòóàëüíó ñèñòåìó ä³àãíîñòèêè àäàïòàö³¿ îðãàí³çìó ëþäèíè äî åêñòðå-
ìàëüíèõ çáóðåíü çîâí³øíüîãî òà âíóòð³øíüîãî ñåðåäîâèùà. Ñêëàäîâèìè åëåìåíòàìè ñèñòåìè º ìàòåìàòè÷í³
ìîäåë³ òðàíñïîðòó òà ìàñîîáì³íó ðåñï³ðàòîðíèõ ãàç³â, ñàìîîðãàí³çàö³¿ ñèñòåìè äèõàííÿ òà êðîâîîá³ãó, ñèñòå-
ìè òåïëîîáì³íó ³ òåïëîïåðåäà÷³ òà ñèñòåìè ³ìóííîãî â³äêëèêó, à òàêîæ ¿õí³ âçàºìîä³ÿ òà âçàºìîâïëèâ.

Êëþ÷îâ³ ñëîâà: ³íòåëåêòóàëüíà ñèñòåìà ä³àãíîñòèêè, ìàòåìàòè÷íà ìîäåëü ôóíêö³îíàëüíî¿ ñèñòåìè äè-
õàííÿ, âçàºìîä³ÿ ³ âçàºìîâïëèâ ôóíêö³îíàëüíèõ ñèñòåì îðãàí³çìó, àäàïòàö³ÿ îðãàí³çìó äî åêñòðåìàëü-
íèõ çáóðåíü.
_________________________________________________________________________________________

Intelligent system of diagnostic human adaptation to extreme disturbance N.I. Aralova, A.O. Chikriy,
L.Ya.-G. Shakhlina // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 181–189.

Abstract. An intelligent system for diagnosing the human body’s adaptation to extreme disturbances of
the external and internal environment is proposed. The components of the system are mathematical models of
transport and mass exchange of respiratory gases, self-organization of the respiratory and circulatory systems,
heat exchange and heat transfer systems, and the immune response system, their interaction and mutual
influence.

Keywords: intelligent diagnostic system, mathematical model of the functional respiratory system, interaction
and mutual influence of the functional systems of the body, adaptation of the body to extreme disturbances.
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ÓÄÊ 004.415.5

Àâòîìàòèçîâàíà â³çóàë³çàö³ÿ êîìïîíåíò³â àðõ³òåêòóðè ïðîãðàìè äëÿ ìîâè Swift / Î.Î. Ôðàíê³â,
Ì.Ì. Ãëèáîâåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2024. Òîì 60, ¹ 6. Ñ. 190–198.

Àíîòàö³ÿ. Îïèñàíî ìîäåëü àðõ³òåêòóðè ïðîãðàìíîãî ìîäóëÿ äëÿ àâòîìàòèçîâàíî¿ â³çóàë³çàö³¿. Ìî-
äåëü ì³ñòèòü ³íôîðìàö³þ ïðî ñòðóêòóðí³ êîìïîíåíòè ïðîãðàìè òà çâ’ÿçêè ì³æ íèìè. Îõàðàêòåðèçîâàíî
çàïðîïîíîâàíèé ïðîãðàìíèé êîìïëåêñ äëÿ àâòîìàòè÷íî¿ ïîáóäîâè ìîäåë³ ïðîãðàì, íàïèñàíèõ ìîâîþ
Swift. Ïðîäåìîíñòðîâàíî íà ïðèêëàä³ ñïîñ³á âèêîðèñòàííÿ ö³º¿ ìîäåë³ äëÿ âèÿâëåííÿ âàä ïðîºêòóâàííÿ.

Êëþ÷îâ³ ñëîâà: ïðîãðàìóâàííÿ, ïðîãðàìíèé ìîäóëü, àðõ³òåêòóðà ïðîãðàìíîãî çàáåçïå÷åííÿ (ÏÇ),
îö³íþâàííÿ ÿêîñò³ ÏÇ, â³çóàë³çàö³ÿ àðõ³òåêòóðè, àâòîìàòèçîâàíèé ñòàòè÷íèé àíàë³ç, øàáëîíè ïðîºêòó-
âàííÿ, ìåòðèêè, àáñòðàêòíå ñèíòàêñè÷íå äåðåâî.
_________________________________________________________________________________________

Automated visualization of program architecture components for the swift language / O. Frankiv,
M. Glybovets // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 6. P. 190–198.

Abstract. A model of the architecture of a software module for automated visualization is described. The
model contains information about the structural components of the program and the connections between them.
The proposed software complex for the automatic construction of program models written in Swift is
characterized. A method for using this model to detect design flaws has been demonstrated with an example.

Keywords: programming, software module, software architecture, software quality assessment, architecture
visualisation, automated static analysis, design patterns, metrics, abstract syntax tree.
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