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ÓÄÊ 004.274

Ñîâìåñòíîå èñïîëüçîâàíèå ìåòîäîâ ñòðóêòóðíîé äåêîìïîçèöèè äëÿ îïòèìèçàöèè ñõåìû
ìèêðîïðîãðàììíîãî àâòîìàòà Ìóðà / À.À. Áàðêàëîâ, Ë.À. Òèòàðåíêî, À.Â. Áàåâ, À.Â. Ìàòâèåíêî
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 3–16.

Àííîòàöèÿ. Ïðåäëîæåí ìåòîä îïòèìèçàöèè àïïàðàòóðíûõ çàòðàò â ñõåìå àâòîìàòà Ìóðà, ðåàëèçóå-
ìîé â áàçèñå FPGA. Ìåòîä îñíîâàí íà îäíîâðåìåííîì èñïîëüçîâàíèè çàìåíû âõîäîâ è ïðåîáðàçîâàíèÿ
êîäîâ ñîñòîÿíèé â êîäû êëàññîâ ïñåâäîýêâèâàëåíòíûõ ñîñòîÿíèé. Òàêîé ïîäõîä ïðèâîäèò ê òðåõóðîâíå-
âîé ñõåìå àâòîìàòà. Ïðèâåäåí ïðèìåð ñèíòåçà àâòîìàòà Ìóðà ñ èñïîëüçîâàíèåì ïðåäëîæåííîãî ìåòîäà è
âûïîëíåí àíàëèç åãî ïîëîæèòåëüíûõ è îòðèöàòåëüíûõ õàðàêòåðèñòèê. Èññëåäîâàíèÿ íà áàçå ñòàíäàðòíûõ
àâòîìàòîâ ïîêàçàëè, ÷òî äàííûé ìåòîä ïîçâîëÿåò óìåíüøèòü àïïàðàòóðíûå çàòðàòû è ïîòðåáëÿåìóþ ìîù-
íîñòü ïðè íåçíà÷èòåëüíîé ïîòåðå áûñòðîäåéñòâèÿ.

Êëþ÷åâûå ñëîâà: àâòîìàò Ìóðà, ñèíòåç, FPGA, LUT, ñòðóêòóðíàÿ äåêîìïîçèöèÿ.
----------------------------------------------------------------------------------------------------------------------------------------

Ñï³ëüíå âèêîðèñòàííÿ ìåòîä³â ñòðóêòóðíî¿ äåêîìïîçèö³¿ äëÿ îïòèì³çàö³¿ ñõåìè ì³êðîïðîãðàìíîãî
àâòîìàòà Ìóðà / Î.Î. Áàðêàëîâ, Ë.Î. Ò³òàðåíêî, À.Â. Áàºâ, Î.Â. Ìàòâ³ºíêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 3–16.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìåòîä îïòèì³çàö³¿ àïàðàòóðíèõ âèòðàò â ñõåì³ àâòîìàòà Ìóðà, ùî
ðåàë³çóºòüñÿ â áàçèñ³ FPGA. Ìåòîä ´ðóíòóºòüñÿ íà îäíî÷àñíîìó âèêîðèñòàíí³ çàì³íè âõîä³â ³ ïåðåòâî-
ðåííÿ êîä³â ñòàí³â ó êîäè êëàñ³â ïñåâäîåêâ³âàëåíòíèõ ñòàí³â. Òàêèé ï³äõ³ä ïðèçâîäèòü äî òðèð³âíåâî¿
ñõåìè àâòîìàòà. Íàâåäåíî ïðèêëàä ñèíòåçó àâòîìàòà Ìóðà ç âèêîðèñòàííÿì çàïðîïîíîâàíîãî ìåòîäó ³
âèêîíàíî àíàë³ç ïîçèòèâíèõ ³ íåãàòèâíèõ éîãî õàðàêòåðèñòèê. Äîñë³äæåííÿ íà áàç³ ñòàíäàðòíèõ àâòî-
ìàò³â ïîêàçàëè, ùî çàïðîïîíîâàíèé ìåòîä äàº çìîãó çìåíøèòè àïàðàòóðí³ âèòðàòè ³ ñïîæèâàíó ïî-
òóæí³ñòü ³ç íåçíà÷íîþ âòðàòîþ øâèäêîä³¿.

Êëþ÷îâ³ ñëîâà: àâòîìàò Ìóðà, ñèíòåç, FPGA, LUT, ñòðóêòóðíà äåêîìïîçèö³ÿ.
----------------------------------------------------------------------------------------------------------------------------------------

Joint using methods of structural decomposition for optimizing circuit of Moore FSM / A.A. Barkalov,
L.A. Titarenko, A.V. Baiev, A.V. Matviienko // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 3–16.

Abstract. A method is proposed for optimizing hardware amount in the circuit of Moore FSM
implemented with FPGA. The method is based on joint using replacement of inputs and transformation of state
codes into codes of classes of pseudoequivalent states. This approach leads to a three-level circuit of FSM.
There is shown an example of synthesis of Moore FSM with application of the proposed method. Analysis of
positive and negative features of the proposed method is conducted. The researches on the base of standard
benchmark FSM show that the proposed method allows reducing hardware amount and consumed power with
insignificant degradation of FSM performance.

Keywords: Moore FSM, synthesis, FPGA, LUT, structural decomposition.
===============================================================================

ÓÄÊ 519-7/339.9

Îïòèìèçàöèÿ âûáîðà ýëåìåíòîâ ìàòåìàòè÷åñêîãî îáåñïå÷åíèÿ â ñèñòåìàõ óïðàâëåíèÿ ñ
ñóùåñòâåííî ðàçíîñêîðîñòíûìè ïðîöåññàìè / Â.Â. Õèëåíêî, À.Â. Ñòåïàíîâ, È. Êîòóëÿê, Ì. Ðàéèc
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 17–22.

Àííîòàöèÿ. Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç ðàçëè÷íûõ ìåòîäîâ ðåøåíèÿ çàäà÷è îïðåäåëåíèÿ ñïåê-
òðàëüíûõ õàðàêòåðèñòèê ìàòåìàòè÷åñêèõ ìîäåëåé ñèñòåì óïðàâëåíèÿ (ñèñòåì ïîääåðæêè ïðèíÿòèÿ ðåøå-
íèé). Ðåêîìåíäîâàí âûáîð ìåòîäà ñ ó÷åòîì ñïåöèôèêè îáúåêòà èëè òåõíîëîãè÷åñêîãî ïðîöåññà. Íà îñíîâà-
íèè ïðîâåäåííûõ ìîäåëüíûõ ýêñïåðèìåíòîâ ñäåëàí âûâîä î ïðåèìóùåñòâàõ èñïîëüçîâàíèÿ ñòåïåííîãî ìå-
òîäà è ìåòîäà Õèëåíêî, êîãäà äèàïàçîí èçìåíåíèÿ ñêîðîñòåé ðàññ÷èòûâàåìûõ ïåðåìåííûõ íåèçâåñòåí èëè
ìîæåò ñóùåñòâåííî èçìåíèòüñÿ ïðè èçìåíåíèè ðåæèìîâ ðàáîòû îáúåêòà (òåõíîëîãè÷åñêîãî ïðîöåññà), à òàê-
æå ïðè âîçíèêíîâåíèè êðèòè÷åñêèõ ñèòóàöèé è íåîáõîäèìîñòè èõ «îòðàáîòêè» ñèñòåìîé óïðàâëåíèÿ.

Êëþ÷åâûå ñëîâà: ñèñòåìû óïðàâëåíèÿ, ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé, ìàòåìàòè÷åñêîå è ïðî-
ãðàììíî-àëãîðèòìè÷åñêîå îáåñïå÷åíèå, îïðåäåëåíèå ñïåêòðàëüíûõ õàðàêòåðèñòèê, ìåòîä Ëå-
âåðüå–Íüþòîíà, ìåòîä Õèëåíêî, ñòåïåííîé ìåòîä.
----------------------------------------------------------------------------------------------------------------------------------------

Îïòèì³çàö³ÿ âèáîðó åëåìåíò³â ìàòåìàòè÷íîãî çàáåçïå÷åííÿ â ñèñòåìàõ êåðóâàííÿ ç ³ñòîòíî
ð³çíîøâèäê³ñíèìè ïðîöåñàìè / Â.Â. Õèëåíêî, Î.Â. Ñòåïàíîâ, ². Êîòóëÿê, Ì. Ðà¿c // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 17–22.

Àíîòàö³ÿ. Ïðîâåäåíî ïîð³âíÿëüíèé àíàë³ç ð³çíèõ ìåòîä³â ðîçâ’ÿçàííÿ çàäà÷³ âèçíà÷åííÿ ñïåê-
òðàëüíèõ õàðàêòåðèñòèê ìàòåìàòè÷íèõ ìîäåëåé ñèñòåì êåðóâàííÿ (ñèñòåì ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü).
Çàïðîïîíîâàíî â³á³ð ìåòîäó ç óðàõóâàííÿì ñïåöèô³êè îá’ºêòà àáî òåõíîëîã³÷íîãî ïðîöåñó. Íà ï³äñòàâ³
ïðîâåäåíèõ ìîäåëüíèõ åêñïåðèìåíò³â çðîáëåíî âèñíîâîê ïðî ïåðåâàãè âèêîðèñòàííÿ ñòåïåíåâîãî ìåòî-
äó ³ ìåòîäó Õèëåíêà, êîëè ä³àïàçîí çì³íè øâèäêîñòåé çì³ííèõ, ùî ðîçðàõîâóþòüñÿ, íåâ³äîìèé àáî ìîæå
³ñòîòíî çì³íèòèñÿ ³ç çì³íîþ ðåæèì³â ðîáîòè îá’ºêòà (òåõíîëîã³÷íîãî ïðîöåñó), à òàêîæ ó ðàç³ âèíèêíåí-
íÿ êðèòè÷íèõ ñèòóàö³é ³ íåîáõ³äíîñò³ ¿õíüîãî «â³äïðàöþâàííÿ» ñèñòåìîþ êåðóâàííÿ.
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Êëþ÷îâ³ ñëîâà: ñèñòåìè êåðóâàííÿ, ñèñòåìè ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü, ìàòåìàòè÷íå òà ïðîãðàì-
íî-àëãîðèòì³÷íå çàáåçïå÷åííÿ, âèçíà÷åííÿ ñïåêòðàëüíèõ õàðàêòåðèñòèê, ìåòîä Ëåâåð’º–Íüþòîíà, ìåòîä
Õèëåíêà, ñòåïåíåâèé ìåòîä.

----------------------------------------------------------------------------------------------------------------------------------------

Optimization of the selection of software elements in control systems with significantly different-speed
processes / V.V. Khilenko, O.V. Stepanov, I. Kotuliak, M. Reis // Kibernetika i sistemnyj analiz. 2021.
Vol. 57, N 2. P. 17–22.

Abstract. A comparative analysis of various methods for solving the problem of determining the spectral
characteristics of mathematical models of control systems is carried out, if the dynamics of the object contains
processes that differ significantly in speed. Based on the model experiments carried out, a conclusion was made
about the advantages of using the power-law method and the Khilenko method, when the range of variation of
the rates of the calculated variables is unknown or can change significantly when changing the operating modes
of the object (technological process), as well as in the event of critical situations and the need to “work out”
them by control system.

Keywords: control systems, decision support systems, mathematical and software-algorithmic support,
determination of spectral characteristics, Le Verrier–Newton method, Khilenko method, power method.

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

ÓÄÊ 519.7

Äîñòèæèìàÿ âåðõíÿÿ ãðàíèöà sup-íîðìû ïðîèçâåäåíèÿ ýëåìåíòîâ êîëüöà óñå÷åííûõ
ìíîãî÷ëåíîâ è åå ïðèìåíåíèå ê àíàëèçó NTRU-ïîäîáíûõ êðèïòîñèñòåì / À.Í. Àëåêñåé÷óê,
À.À. Ìàòèéêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 23–29.

Àííîòàöèÿ. Ïîëó÷åí îòâåò íà âîïðîñ, ïîñòàâëåííûé â 2008 ã. Â. Ëþáàøåâñêèì, îá ýôôåêòèâíîì
àëãîðèòìå âû÷èñëåíèÿ ïàðàìåòðà �( )f , õàðàêòåðèçóþùåãî âåëè÷èíó sup-íîðìû ïðîèçâåäåíèÿ ýëåìåí-
òîâ êîëüöà óñå÷åííûõ ìíîãî÷ëåíîâ ïî ìîäóëþ çàäàííîãî óíèòàðíîãî ìíîãî÷ëåíà f x( ) ñ âåùåñòâåííûìè
êîýôôèöèåíòàìè. Ðàññìîòðåíî ïðèìåíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ ê îöåíèâàíèþ âåðîÿòíîñòè îøè-
áî÷íîãî ðàñøèôðîâàíèÿ ñîîáùåíèé â NTRU-ïîäîáíûõ êðèïòîñèñòåìàõ.

Êëþ÷åâûå ñëîâà: ðåøåòî÷íàÿ êðèïòîãðàôèÿ, êîëüöî óñå÷åííûõ ìíîãî÷ëåíîâ, sup-íîðìà ïðîèçâåäåíèÿ
ìíîãî÷ëåíîâ, NTRU-ïîäîáíàÿ êðèïòîñèñòåìà, âåðîÿòíîñòü îøèáî÷íîãî ðàñøèôðîâàíèÿ.

----------------------------------------------------------------------------------------------------------------------------------------

Äîñÿæíà âåðõíÿ ìåæà sup-íîðìè äîáóòêó åëåìåíò³â ê³ëüöÿ çð³çàíèõ ïîë³íîì³â òà ¿¿ çàñòîñóâàííÿ
äî àíàë³çó NTRU-ïîä³áíèõ êðèïòîñèñòåì / À.Ì. Îëåêñ³é÷óê, Î.À. Ìàò³éêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 23–29.

Àíîòàö³ÿ. Îòðèìàíî â³äïîâ³äü íà ïèòàííÿ, ïîñòàâëåíå â 2008 ð. Â. Ëþáàøåâñüêèì, ïðî åôåêòèâ-
íèé àëãîðèòì îá÷èñëåííÿ ïàðàìåòðà �( )f , ùî õàðàêòåðèçóº âåëè÷èíó sup-íîðìè äîáóòêó åëåìåíò³â
ê³ëüöÿ çð³çàíèõ ïîë³íîì³â çà ìîäóëåì çàäàíîãî óí³òàðíîãî ïîë³íîìà f x( ) ç ä³éñíèìè êîåô³ö³ºíòàìè. Ðîç-
ãëÿíóòî çàñòîñóâàííÿ îòðèìàíèõ ðåçóëüòàò³â äî îö³íþâàííÿ éìîâ³ðíîñò³ ïîìèëêîâîãî ðîçøèôðóâàííÿ
ïîâ³äîìëåíü â NTRU-ïîä³áíèõ êðèïòîñèñòåìàõ.

Êëþ÷îâ³ ñëîâà: ðåø³òêîâà êðèïòîãðàô³ÿ, ê³ëüöå çð³çàíèõ ïîë³íîì³â, sup-íîðìà äîáóòêó ïîë³íîì³â,
NTRU-ïîä³áíà êðèïòîñèñòåìà, éìîâ³ðí³ñòü ïîìèëêîâîãî ðîçøèôðóâàííÿ.

----------------------------------------------------------------------------------------------------------------------------------------

Achievable upper bound for the sup-norm of the elements’ product in the ring of truncated polynomials
and its application to the analysis of NTRU-like cryptosystems / A.N. Alekseychuk, A.A. Matiyko //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 23–29.

Abstract. The answer to the question posed in 2008 by V. Lyubashevsky about an efficient algorithm for
calculating the parameter �( )f that characterizes the value of the sup-norm of the elements’ product in the ring
of truncated polynomials modulo a given mimic polynomial f x( ) with real coefficients is obtained. The
application of the obtained results to the estimation of decryption failure probability of messages in NTRU-like
cryptosystems is considered.

Keywords: lattice-based cryptography, truncated polynomial ring, sup-norm of polynomials’ product,
NTRU-like cryptosystem, decryption failure probability.

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

Êîìáèíàòîðíûå êîíôèãóðàöèè â îïðåäåëåíèè àíòèìàãè÷åñêèõ ðàçìåòîê ãðàôîâ / Ì.Ô. Ñåìåíþòà
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 30–40.

Àííîòàöèÿ. Ôîðìàëèçîâàíî îïðåäåëåíèå ðàçìåòêè ãðàôà â òåðìèíàõ êîìáèíàòîðíûõ êîíôèãóðà-
öèé. Èññëåäîâàíà ñâÿçü ðåáåðíûõ è âåðøèííûõ ( , )a d -äèñòàíöèîííûõ àíòèìàãè÷åñêèõ ðàçìåòîê ñ òàêè-
ìè èçâåñòíûìè êîíôèãóðàöèÿìè, êàê ðàçäåëÿþùèå ñèñòåìû è ìíîæåñòâà ìàãè÷åñêèõ ïðÿìîóãîëüíèêîâ.
Ïîëó÷åíî ðåøåíèå çàäà÷è ïîñòðîåíèÿ ýòèõ ðàçìåòîê äëÿ îòäåëüíûõ òèïîâ ãðàôîâ è îïðåäåëåííûõ çíà-
÷åíèé a, d.

Êëþ÷åâûå ñëîâà: êîìáèíàòîðíàÿ êîíôèãóðàöèÿ, ðàçäåëÿþùàÿ ñèñòåìà, ìíîæåñòâî ìàãè÷åñêèõ ïðÿìîó-
ãîëüíèêîâ, ðåãóëÿðíûé ãðàô, áèðåãóëÿðíûé ãðàô, àíòèìàãè÷åñêàÿ ðàçìåòêà, ( , )a d -äèñòàíöèîííàÿ àíòèìà-
ãè÷åñêàÿ ðàçìåòêà.

----------------------------------------------------------------------------------------------------------------------------------------
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ÓÄÊ 519.1

Êîìá³íàòîðí³ êîíô³ãóðàö³¿ ó âèçíà÷åíí³ àíòèìàã³÷íèõ ðîçì³òîê ãðàô³â / Ì.Ô. Ñåìåíþòà //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 30–40.

Àíîòàö³ÿ. Ôîðìàë³çîâàíî âèçíà÷åííÿ ðîçì³òêè ãðàôó â òåðì³íàõ êîìá³íàòîðíèõ êîíô³ãóðàö³é.
Äîñë³äæåíî çâ’ÿçîê ðåáåðíèõ òà âåðøèííèõ ( , )a d -äèñòàíö³éíèõ àíòèìàã³÷íèõ ðîçì³òîê ç òàêèìè â³äî-
ìèìè êîíô³ãóðàö³ÿìè, ÿê â³äîêðåìëþâàëüí³ ñèñòåìè ³ ìíîæèíè ìàã³÷íèõ ïðÿìîêóòíèê³â. Îòðèìàíî ðîç-
â’ÿçîê çàäà÷³ ïîáóäîâè öèõ ðîçì³òîê äëÿ îêðåìèõ òèï³â ãðàô³â ³ ïåâíèõ çíà÷åíü a, d.

Êëþ÷îâ³ ñëîâà: êîìá³íàòîðíà êîíô³ãóðàö³ÿ, â³äîêðåìëþâàëüíà ñèñòåìà, ìíîæèíà ìàã³÷íèõ ïðÿìîêóò-
íèê³â, ðåãóëÿðíèé ãðàô, á³ðåãóëÿðíèé ãðàô, àíòèìàã³÷íà ðîçì³òêà, -äèñòàíö³éíà àíòèìàã³÷íà ðîçì³òêà.

----------------------------------------------------------------------------------------------------------------------------------------

Combinatorial configurations in determination of antimagiclabelings of graphs / Ì.F. Semeniuta //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 30–40.

Abstract. We have formalized the definition of graph labeling in terms of combinatorial configurations.
We have investigated the connection between edge and vertex ( , )a d -distance antimagic labelings with such
well-known configurations as separating systems and magic rectangle set. We have obtained a solution to the
problem of construction of indicated labelings for some types of graphs and certain values a, d.

Keywords: combinatorial configuration, separating system, magic rectangle set, regular graph, bi-regular
graph, antimagic labeling, ( , )a d -distance antimagic labeling.

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

ÓÄÊ 681.322.012

Áûñòðûé ðåêóðñèâíûé àëãîðèòì óìíîæåíèÿ ìàòðèö ïîðÿäêà n q
q

� �3 1( ) / Ë.Ä. Åëôèìîâà //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 41–51.

Àííîòàöèÿ. Ïðåäëîæåí íîâûé áûñòðûé ðåêóðñèâíûé àëãîðèòì óìíîæåíèÿ ìàòðèö ïîðÿäêà

n qq
� �3 1( ) , ïîñòðîåííûé íà îñíîâå ãèáðèäíîãî àëãîðèòìà óìíîæåíèÿ ìàòðèö íå÷åòíîãî ïîðÿäêà

n q q� � � �3 2 1 1� �( , ) , êîòîðûé èñïîëüçóåòñÿ â êà÷åñòâå áàçîâîãî àëãîðèòìà ïðè � � �3 0q q( ) . Ïî

ñðàâíåíèþ ñ èçâåñòíûì áëî÷íî-ðåêóðñèâíûì àëãîðèòìîì Ëåéäåðìàíà ïðåäñòàâëåííûé àëãîðèòì ïîçâîëÿ-

åò ìèíèìèçèðîâàòü íà 10.4% ìóëüòèïëèêàòèâíóþ ñëîæíîñòü, ðàâíóþ W nì � 0 896 2 854. . îïåðàöèé óìíî-

æåíèÿ íà ãëóáèíå ðåêóðñèè d n� �log3 3, è ñîêðàòèòü âåêòîð âû÷èñëåíèé íà òðè ðåêóðñèâíûõ øàãà. Äàíà
îöåíêà ìóëüòèïëèêàòèâíîé ñëîæíîñòè áàçîâîãî è ðåêóðñèâíîãî àëãîðèòìîâ.

Êëþ÷åâûå ñëîâà: ëèíåéíàÿ àëãåáðà, áëî÷íî-ðåêóðñèâíûé àëãîðèòì Ëåéäåðìàíà, ñåìåéñòâî áûñòðûõ
ãèáðèäíûõ àëãîðèòìîâ óìíîæåíèÿ ìàòðèö, àëãîðèòì Âèíîãðàäà äëÿ ñêàëÿðíîãî ïðîèçâåäåíèÿ.

----------------------------------------------------------------------------------------------------------------------------------------

Øâèäêèé ðåêóðñèâíèé àëãîðèòì ìíîæåííÿ ìàòðèöü ïîðÿäêó n q
q

� �3 1( ) / Ë.Ä. ªëô³ìîâà //

Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 41–51.

Àíîòàö³ÿ. Çàïðîïîíîâàíî íîâèé øâèäêèé ðåêóðñèâíèé àëãîðèòì ìíîæåííÿ ìàòðèöü ïîðÿäêó

n qq
� �3 1( ), ïîáóäîâàíèé íà îñíîâ³ ã³áðèäíîãî àëãîðèòìó ìíîæåííÿ ìàòðèöü íåïàðíîãî ïîðÿäêó

n q q� � � �3 2 1 1� �( , ) , ÿêèé çàñòîñîâóºòüñÿ ÿê áàçîâèé àëãîðèòì, êîëè � � �3 0q q( ) . Ïîð³âíÿíî ç

â³äîìèì áëî÷íî-ðåêóðñèâíèì àëãîðèòìîì Ëåéäåðìàíà íàâåäåíèé àëãîðèòì äîçâîëÿº ì³í³ì³çóâàòè íà

10.4% ìóëüòèïë³êàòèâíó ñêëàäí³ñòü, ÿêà äîð³âíþº W nì � 0 896 2 854. . îïåðàö³é ìíîæåííÿ íà ãëèáèí³ ðå-

êóðñ³¿ d n� �log3 3, òà ñêîðîòèòè âåêòîð îá÷èñëåíü íà òðè ðåêóðñèâíèõ êðîêè. Íàâåäåíî îö³íêó ìóëü-
òèïëèêàòèâíî¿ ñêëàäíîñò³ áàçîâîãî òà ðåêóðñèâíîãî àëãîðèòì³â.

Êëþ÷îâ³ ñëîâà: ë³í³éíà àëãåáðà, áëî÷íî-ðåêóðñèâíèé àëãîðèòì Ëåéäåðìàíà, ñ³ì’ÿ øâèäêèõ ã³áðèäíèõ
àëãîðèòì³â ìíîæåííÿ ìàòðèöü, àëãîðèòì Âèíîãðàäà äëÿ ñêàëÿðíîãî äîáóòêó.

----------------------------------------------------------------------------------------------------------------------------------------

A fast recursive algorithm for multiplying matrices of order n q
q

� �3 1( ) / L.D. Jelfimova // Kibernetika i

sistemnyj analiz. 2021. Vol. 57, N 2. P. 41–51.

Abstract. A new fast recursive algorithm is proposed for multiplying matrices of order n qq
� �3 1( ).

This algorithm is based on hybrid algorithm for multiplying matrices of odd order n q q� � � �3 2 1 1� �( , ) ,

which is used as basic algorithm for � � �3 0q q( ) . As compared with the well-known block-recursive

Laderman’s algorithm, the new algorithm minimizes by 10.4% the multiplicative complexity equal to

W nì � 0 896 2 854. . multiplication operations at recursive level d n� �log3 3 and reduces the computation

vector by three recursive steps. The multiplicative complexity of the basic and recursive algorithms are
estimated.

Keywords: linear algebra, Laderman’s block-recursive matrix multiplication algorithm, family of fast hybrid
matrix multiplication algorithms, Winograd’s algorithm for inner product.
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ÓÄÊ 519.6

Îïòèìèçàöèÿ ïîãðåøíîñòè â îïåðàòîðàõ èíòåðëèíàöèè ôóíêöèè íà M ïàðàëëåëüíûõ ïðÿìûõ /
È.Â. Ñåðãèåíêî, Î.Í. Ëèòâèí, Î.Î. Ëèòâèí, À.Â. Òêà÷åíêî , À.À. Áèëîáîðîäîâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 52–61.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à îöåíêè ïîãðåøíîñòè è îïòèìèçàöèè âûáîðà ïàðàìåòðîâ â îïåðà-
òîðàõ èíòåðëèíàöèè ýðìèòîâîãî òèïà ôóíêöèé íà ñèñòåìå M ïàðàëëåëüíûõ ïðÿìûõ. Äëÿ ýòîãî èñïîëü-
çîâàíû ôîðìóëû îáîáùåííîé ýðìèòîâîé èíòåðëèíàöèè, êîòîðûå â îòëè÷èå îò ôîðìóë îáû÷íîé ýðìèòî-
âîé èíòåðëèíàöèè ïîçâîëÿþò àâòîìàòè÷åñêè ñîõðàíÿòü òîò æå êëàññ äèôôåðåíöèðóåìîñòè, ê êîòîðîìó
ïðèíàäëåæèò ïðèáëèæåííàÿ ôóíêöèÿ. Ïðè ïîñòðîåíèè ýòèõ îïåðàòîðîâ èñïîëüçîâàíà ïðîèçâîëüíàÿ ñèñ-
òåìà íå ðàâíûõ äðóã äðóãó ÷èñåë � � �0 1, , ... , N . Ïðåäëîæåí ìåòîä îïòèìàëüíîãî âûáîðà ýòèõ ïàðàìåò-
ðîâ è îöåíêà ïîãðåøíîñòè îñòàòêà.

Êëþ÷åâûå ñëîâà: èíòåðëèíàöèÿ, îïåðàòîð, îñòàòîê, îïòèìèçàöèÿ.
----------------------------------------------------------------------------------------------------------------------------------------

Îïòèì³çàö³ÿ ïîõèáêè â îïåðàòîðàõ ³íòåðë³íàö³¿ ôóíêö³¿ íà M ïàðàëåëüíèõ ïðÿìèõ /
I.Â. Ñåðã³ºíêî, Î.Ì. Ëèòâèí, Î.Î. Ëèòâèí, Î.Â. Òêà÷åíêî , À.À. Á³ëîáîðîäîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 52–61.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïèòàííÿ îö³íêè ïîõèáêè òà îïòèì³çàö³¿ âèáîðó ïàðàìåòð³â â îïåðàòîðàõ
³íòåðë³íàö³¿ ôóíêö³¿ åðì³òîâîãî òèïó íà ñèñòåì³ M ïàðàëåëüíèõ ïðÿìèõ. Äëÿ öüîãî çàñòîñîâàíî ôîðìóëè
óçàãàëüíåíî¿ åðì³òîâî¿ ³íòåðë³íàö³¿, ÿê³ íà â³äì³íó â³ä ôîðìóë çâè÷àéíî¿ åðì³òîâî¿ ³íòåðë³íàö³¿ íàäàþòü
çìîãó àâòîìàòè÷íî çáåð³ãàòè òîé ñàìèé êëàñ äèôåðåíö³éîâíîñò³, ÿêîìó íàëåæèòü íàáëèæóâàíà ôóíêö³ÿ.
Ï³ä ÷àñ ïîáóäîâè öèõ îïåðàòîð³â âèêîðèñòàíî äîâ³ëüíó ñèñòåìó íå ð³âíèõ îäíå îäíîìó ÷èñåë
� � �0 1, , ... , N . Çàïðîïîíîâàíî ìåòîä îïòèìàëüíîãî âèáîðó öèõ ïàðàìåòð³â òà îö³íêó ïîõèáêè çàëèøêó.

Êëþ÷îâ³ ñëîâà: ³íòåðë³íàö³ÿ, îïåðàòîð, çàëèøîê, îïòèì³çàö³ÿ.
----------------------------------------------------------------------------------------------------------------------------------------

Optimization of the error in the operators of interlineation of a function on M parallel lines / I.V.
Sergienko, O.M. Lytvyn, O.O. Lytvyn, O.V. Tkachenko , A.A. Biloborodov // Kibernetika i sistemnyj analiz.
2021. Vol. 57, N 2. P. 52–61.

Abstract. This article discusses the issue of estimating the error and optimizing the choice of parameters
in Hermitian-type operators of interlineation of functions on a system of M parallel lines. For this, the formulas
of generalized Hermitian-type interlineation are used, which, unlike the formulas of ordinary Hermitian-type
interlineation, allow automatically preserving the same class of differentiability to which the approximate
function belongs. When constructing these operators, an arbitrary system of unequal each other numbers
� � �0 1, , ... , N is used. The article proposes a method for the optimal choice of these parameters and an
estimation of error of the remainder.

Keywords: interlineation, operator, remainder, optimization.
===============================================================================

ÓÄÊ 519.217.2

Îïðåäåëåíèå ãðóïï ðèñêîâ ïðè çàáîëåâàíèÿõ, ñîïóòñòâóþùèõ ÑOVID-19 / À.À. Âàãèñ, À.Ì. Ãóïàë,
È.Â. Ñåðãèåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 62–68.

Àííîòàöèÿ. Äëÿ êàæäîãî çàáîëåâàíèÿ ñóùåñòâóåò îïðåäåëåííûé íàáîð ãåíîâ, ìóòàöèè â êîòîðûõ
óâåëè÷èâàþò ðèñê ðàçâèòèÿ áîëåçíè. Ìàññîâîå ñåêâåíèðîâàíèå ÄÍÊ áîëüíûõ è çäîðîâûõ ëþäåé ïðèâåëî
ê îïðåäåëåíèþ ãåíîâ, ñâÿçàííûõ ñ êîíêðåòíûìè çàáîëåâàíèÿìè. Îïèñàíû ýôôåêòèâíûå ïðîöåäóðû îïðå-
äåëåíèÿ ìóòàöèé è èõ ìåñòîðàñïîëîæåíèÿ â ïîñëåäîâàòåëüíîñòÿõ ãåíîâ èññëåäóåìûõ ïàöèåíòîâ. Ïðåäëî-
æåíî èñïîëüçîâàòü îïòèìàëüíóþ áàéåñîâñêóþ ïðîöåäóðó îïðåäåëåíèÿ ãðóïï ðèñêîâ ïðè êîíêðåòíûõ çà-
áîëåâàíèÿõ, â òîì ÷èñëå ñîïóòñòâóþùèõ COVID-19.

Êëþ÷åâûå ñëîâà: ñåêâåíèðîâàíèå ÄÍÊ, òî÷å÷íûå ìóòàöèè, áàéåñîâñêàÿ ïðîöåäóðà ðàñïîçíàâàíèÿ.
----------------------------------------------------------------------------------------------------------------------------------------

Âèçíà÷åííÿ ãðóï ðèçèê³â äëÿ çàõâîðþâàíü, ñóïóòíèõ COVID-19 / Î.À. Âàã³ñ, À.Ì. Ãóïàë,
².Â. Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 62–68.

Àíîòàö³ÿ. Äëÿ êîæíîãî çàõâîðþâàííÿ ³ñíóº ïåâíèé íàá³ð ãåí³â, ìóòàö³¿ â ÿêèõ çá³ëüøóþòü ðèçèê
ðîçâèòêó õâîðîáè. Ìàñîâå ñåêâåíóâàííÿ ÄÍÊ õâîðèõ ³ çäîðîâèõ ëþäåé äîïîìîãëî âèçíà÷èòè ãåíè, ïîâ’ÿ-
çàí³ ç êîíêðåòíèìè çàõâîðþâàííÿìè. Îïèñàíî åôåêòèâí³ ïðîöåäóðè âèçíà÷åííÿ ìóòàö³é òà ¿õíüîãî ðîçòà-
øóâàííÿ â ïîñë³äîâíîñò³ ãåí³â äîñë³äæóâàíèõ ïàö³ºíò³â. Çàïðîïîíîâàíî âèêîðèñòîâóâàòè îïòèìàëüíó
áàºñ³âñüêó ïðîöåäóðó âèçíà÷åííÿ ãðóï ðèçèê³â äëÿ êîíêðåòíèõ çàõâîðþâàíü, çîêðåìà ñóïóòíèõ
COVID-19.

Êëþ÷îâ³ ñëîâà: ñåêâåíóâàííÿ ÄÍÊ, òî÷êîâ³ ìóòàö³¿, áàºñ³âñüêà ïðîöåäóðà ðîçï³çíàâàííÿ.
----------------------------------------------------------------------------------------------------------------------------------------
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Determination of groups of risks at the diseases COVID-19 / A.A. Vagis, A.M. Gupal, I.V. Sergienko //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 62–68.

Abstract. For every disease there is the concrete set of genes the mutations of which multiply the risk of
development of illness. Determination of DNA of sick and healthy people resulted in determination of the
genes, related to the concrete diseases. The effective procedures are described to determine the point mutations
in sequences of the genes. On the basis of Bayesian procedure of recognition it is possible effectively to
determine the groups of risks of diseases which COVID-19 accompanies.

Keywords: determination of DNA, the points mutations, Bayesian procedure of recognition.
===============================================================================

ÓÄÊ 303.732+004.62+004.912+351/354

Ëèíãâèñòè÷åñêèé àíàëèç äàííûõ èíòåðíåò-ìåäèà è ñîöèàëüíûõ ñåòåé â çàäà÷àõ îöåíèâàíèÿ
îáùåñòâåííûõ ïðåîáðàçîâàíèé / Ì.Ç. Çãóðîâñêèé, Ä.Â. Ëàíäå, À.À. Áîëäàê, Ê.Â. Åôðåìîâ,
Ì.Í. Ïåðåñòþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 69–80.

Àííîòàöèÿ. Ðàçðàáîòàí êîìáèíèðîâàííûé ïîäõîä ê îöåíêå ýôôåêòèâíîñòè îáùåñòâåííûõ ïðåîá-
ðàçîâàíèé êàê ìåðû íåñîãëàñîâàííîñòè ìåæäó äåéñòâèÿìè âëàñòè è îæèäàíèÿìè îáùåñòâà è ñèíåðãèè
(ñîöèàëüíîé àêòèâíîñòè) ëþäåé, îñíîâàííûé íà ôîðìàëèçîâàííîì ñîãëàñîâàíèè ðåçóëüòàòîâ, ïîëó÷åí-
íûõ ìåòîäîì ýêñïåðòíûõ îöåíîê è ìåòîäàìè ñåíòèìåíò-àíàëèçà è èíòåëëåêòóàëüíîãî àíàëèçà òåêñòîâûõ
ñîîáùåíèé èç îòêðûòûõ îíëàéí-èñòî÷íèêîâ è ñîöèàëüíûõ ñåòåé. Ýòè ìåòîäû ðåàëèçîâàíû â âèäå êîì-
ïëåêñà âåá-ñåðâèñîâ è ïðèëîæåíèé â ñðåäå ðàçðàáîòêè èíòåãðèðîâàííîé îí-ëàéí ïëàòôîðìû Advanced
Analytics Ìèðîâîãî öåíòðà äàííûõ «Ãåîèíôîðìàòèêà è óñòîé÷èâîå ðàçâèòèå». Ýôôåêòèâíîñòü ïðåäëî-
æåííîãî ïîäõîäà ïðîäåìîí- ñòðèðîâàíà íà ïðèìåðå êîëè÷åñòâåííîãî îöåíèâàíèÿ îòíîøåíèÿ íàñåëåíèÿ
Óêðàèíû ê äåéñòâèÿì âëàñòè, íàïðàâëåííûì íà ïðîòèâîäåéñòâèå ðàñïðîñòðàíåíèÿ ýïèäåìèè COVID-19.

Êëþ÷åâûå ñëîâà: âåêòîð äåéñòâèé âëàñòè, âåêòîð îæèäàíèé îáùåñòâà, âåêòîð ïðåîáðàçîâàíèé (ðå-
ôîðì), ëèíãâèñòè÷åñêèé àíàëèç, êîíòåíò-àíàëèç, àíàëèç äàííûõ Èíòåðíåò ìåäèà è ñîöèàëüíûõ ñåòåé,
ðàçâåäêà íà îñíîâå îòêðûòûõ èñòî÷íèêîâ.
----------------------------------------------------------------------------------------------------------------------------------------

Ë³íãâ³ñòè÷íèé àíàë³ç äàíèõ ³íòåðíåò-ìåä³à òà ñîö³àëüíèõ ìåðåæ ó çàäà÷àõ îö³íþâàííÿ ñóñï³ëüíèõ
ïåðåòâîðåíü / Ì.Ç. Çãóðîâñüêèé, Ä.Â. Ëàíäå, À.Î. Áîëäàê, Ê.Â. ªôðåìîâ, Ì.Ì. Ïåðåñòþê //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 69–80.

Àíîòàö³ÿ. Ðîçðîáëåíî êîìá³íîâàíèé ï³äõ³ä äî îö³íþâàííÿ åôåêòèâíîñò³ ñóñï³ëüíèõ ïåðåòâîðåíü
ÿê ì³ðè íåóçãîäæåíîñò³ ì³æ ä³ÿìè âëàäè ³ î÷³êóâàííÿìè ñóñï³ëüñòâà òà ñèíåðã³¿ (ñîö³àëüíî¿ àêòèâíîñò³)
ëþäåé, ùî ´ðóíòóºòüñÿ íà ôîðìàë³çîâàíîìó óçãîäæåíí³ ðåçóëüòàò³â, îòðèìàíèõ ìåòîäîì åêñïåðòíèõ
îö³íîê, à òàêîæ ìåòîäàìè ñåíòèìåíò-àíàë³çó òà ³íòåëåêòóàëüíîãî àíàë³çó òåêñòîâèõ ïîâ³äîìëåíü ç
â³äêðèòèõ îíëàéí-äæåðåë ³ ñîö³àëüíèõ ìåðåæ. Ö³ ìåòîäè ðåàë³çîâàíî ó âèãëÿä³ êîìïëåêñó âåáñåðâ³ñ³â òà
çàñòîñóíê³â ó ñåðåäîâèù³ ðîçðîáëåííÿ ³íòåãðîâàíî¿ îíëàéí-ïëàòôîðìè Advanced Analytics Ñâ³òîâîãî
öåíòðó äàíèõ «Ãåî³íôîðìàòèêà ³ ñòàëèé ðîçâèòîê». Åôåêòèâí³ñòü çàïðîïîíîâàíî¿ ìåòîäèêè ïðîäåìî-
íñòðîâàíî íà ïðèêëàä³ ê³ëüê³ñíîãî îö³íþâàííÿ ñòàâëåííÿ íàñåëåííÿ Óêðà¿íè äî ä³é âëàäè, ñïðÿìîâàíèõ
íà ïðîòèä³þ ïîøèðåííþ åï³äåì³¿ COVID-19.

Êëþ÷îâ³ ñëîâà: âåêòîð ä³é âëàäè, âåêòîð î÷³êóâàíü ñóñï³ëüñòâà, âåêòîð ïåðåòâîðåíü (ðåôîðì),
ë³íãâ³ñòè÷íèé àíàë³ç, êîíòåíò-àíàë³ç, àíàë³ç äàíèõ ³íòåðíåò-ìåä³à òà ñîö³àëüíèõ ìåðåæ, ðîçâ³äêà çà
â³äêðèòèìè äæåðåëàìè.
----------------------------------------------------------------------------------------------------------------------------------------

Linguistic analysis of internet media and social networks datain problems on assessment of social
transformations / M. Zgurovsky, D. Lande, A. Boldak, K. Yefremov, M. Perestyuk // Kibernetika i
sistemnyj analiz. 2021. Vol. 57, N 2. P. 69–80.

Abstract. A combined approach has been developed to assess the effectiveness of social transformations
as a measure of inconsistency between the actions of the authorities and the expectations of society and the
synergy (social activity) of people, based on formalized coordination of the results obtained by the method of
expert assessments and methods of sentiment analysis and intelligent analysis of text messages from open
online sources and social networks. These methods are implemented as a set of web services and applications in
the development environment of the Advanced Analytics integrated online platform of the World Data Center
“Geoinformatics and Sustainable Development”. The effectiveness of the proposed approach is demonstrated
by the example of a quantitative assessment of the attitude of the population of Ukraine to the actions of the
authorities aimed at countering the spread of the COVID-19 epidemic.

Keywords: vector of government actions, vector of society’s expectations, vector of transformations (reforms),
linguistic analysis, content analysis, linguistic sentiment analysis of Internet media data and social networks,
open source intelligence.
===============================================================================

ÓÄÊ 519.6:517

Îïòèìàëüíûå ïî òî÷íîñòè êâàäðàòóðíûå ôîðìóëû âû÷èñëåíèÿ ïðåîáðàçîâàíèÿ áåññåëÿ äëÿ
íåêîòîðûõ êëàññîâ ïîäûíòåãðàëüíûõ ôóíêöèé / Â.Ê. Çàäèðàêà, Ë.Â. Ëóö // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 81–95.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ïîñòðîåíèÿ îïòèìàëüíûõ ïî òî÷íîñòè íà êëàññàõ ôóíêöèé è
áëèçêèõ ê íèì êâàäðàòóðíûõ ôîðìóë âû÷èñëåíèÿ ïðåîáðàçîâàíèÿ Áåññåëÿ. Äëÿ íåêîòîðûõ êëàññîâ ïîä-
ûíòåãðàëüíûõ ôóíêöèé ïîñòðîåíû îïòèìàëüíûå ïî òî÷íîñòè îöåíêè ïîãðåøíîñòè âû÷èñëåíèÿ ïðåîáðà-
çîâàíèÿ Áåññåëÿ, à òàêæå êâàäðàòóðíûå ôîðìóëû, íà êîòîðûõ ýòè îöåíêè äîñòèãàþòñÿ.
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Êëþ÷åâûå ñëîâà: ïðåîáðàçîâàíèå Áåññåëÿ, îïòèìàëüíàÿ ïî òî÷íîñòè êâàäðàòóðíàÿ ôîðìóëà, èíòåðïî-
ëÿöèîííûå êëàññû ôóíêöèé, ìåòîä øàïî÷åê, ìåòîä ãðàíè÷íûõ ôóíêöèé.

----------------------------------------------------------------------------------------------------------------------------------------

Îïòèìàëüí³ çà òî÷í³ñòþ êâàäðàòóðí³ ôîðìóëè îá÷èñëåííÿ ïåðåòâîðåííÿ áåññåëÿ äëÿ äåÿêèõ
êëàñ³â ï³ä³íòåãðàëüíèõ ôóíêö³é / Â.Ê. Çàä³ðàêà, Ë.Â. Ëóö // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021.
Òîì 57, ¹ 2. Ñ. 81–95.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïîáóäîâè îïòèìàëüíèõ çà òî÷í³ñòþ íà êëàñàõ ôóíêö³é òà áëèçüêèõ
äî íèõ êâàäðàòóðíèõ ôîðìóë îá÷èñëåííÿ ïåðåòâîðåííÿ Áåññåëÿ. Äëÿ äåÿêèõ êëàñ³â ï³ä³íòåãðàëüíèõ
ôóíêö³é ïîáóäîâàíî îïòèìàëüí³ çà òî÷í³ñòþ îö³íêè ïîõèáêè îá÷èñëåííÿ ïåðåòâîðåííÿ Áåññåëÿ, à òàêîæ
êâàäðàòóðí³ ôîðìóëè, íà ÿêèõ ö³ îö³íêè äîñÿãàþòüñÿ.

Êëþ÷îâ³ ñëîâà: ïåðåòâîðåííÿ Áåññåëÿ, îïòèìàëüíà çà òî÷í³ñòþ êâàäðàòóðíà ôîðìóëà, ³íòåðïîëÿö³éí³
êëàñè ôóíêö³é, ìåòîä êàïåëþõ³â, ìåòîä ãðàíè÷íèõ ôóíêö³é.

----------------------------------------------------------------------------------------------------------------------------------------

Optimal for accuracy quadrature formulas for calculating of the bessel transformation for certain classes
of sub-integral functions / V.K. Zadiraka, L.V. Luts // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2.
P. 81–95.

Abstract. The paper considers the problem of constructing optimal for accuracy in classes of functions
and close to them quadrature formulas for calculating the Bessel transformation. For some classes of subintegral
functions, optimal estimates of the error in calculating the Bessel transform are constructed, and quadrature
formulas are constructed on which these estimates are achieved.

Keywords: Bessel transformation, optimal in accuracy quadrature formula, interpolation classes of functions,
hat method, boundary functions method.

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

ÓÄÊ 519.2, 519.61, 519.71

Îöåíêà ðåøåíèé ïåðåîïðåäåëåííûõ ñëàó ñ íåòî÷íî çàäàííîé ïðàâîé ÷àñòüþ / Â.Ô. Ãóáàðåâ,
Å.À. Øàðàïîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 96–109.

Àííîòàöèÿ. Ðàññìîòðåíû è èññëåäîâàíû ìåòîäû ðåøåíèÿ ïåðåîïðåäåëåííûõ ÑËÀÓ, ó êîòîðûõ
îñíîâíàÿ ìàòðèöà èçâåñòíà òî÷íî, à ïðàâàÿ ÷àñòü ñîäåðæèò ïîãðåøíîñòü. Ïðåäïîëàãàåòñÿ, ÷òî ïîêîìïî-
íåíòíàÿ ïîãðåøíîñòü ÿâëÿåòñÿ ñëó÷àéíîé âåëè÷èíîé, ïðèíàäëåæàùåé ìàëîìó îãðàíè÷åííîìó èíòåðâà-
ëó. Ïðè òî÷íûõ çíà÷åíèÿõ ïðàâîé ÷àñòè ñèñòåìà èìååò îäíîçíà÷íîå ðåøåíèå. Â îñíîâó ðàçâèâàåìîãî
ïîäõîäà ïîëîæåíî ãàðàíòèðîâàííîå îöåíèâàíèå èíòåðâàëîâ ïðèíàäëåæíîñòè òî÷íîãî ðåøåíèÿ, ïî êîòî-
ðûì ìîæíî ñóäèòü î êà÷åñòâå ïîëó÷àåìûõ ïðèáëèæåííûõ îöåíîê ðåøåíèé. Ýòè ãàðàíòèðîâàííûå îöåí-
êè èñïîëüçóþòñÿ ïðè ñðàâíåíèè ìåòîäîâ è îöåíèâàíèè èõ ýôôåêòèâíîñòè. Ïî ðåçóëüòàòàì ÷èñëåííîãî
ìîäåëèðîâàíèÿ ñäåëàí ñðàâíèòåëüíûé àíàëèç ìåòîäîâ è äàíû ðåêîìåíäàöèè ïî èõ ïðàêòè÷åñêîìó ïðè-
ìåíåíèþ.

Êëþ÷åâûå ñëîâà: ïåðåîïðåäåëåííûå ÑËÀÓ, îöåíèâàíèå, ãàðàíòèðîâàííûé èíòåðâàë, ñèíãóëÿðíîå ðàçëîæå-
íèå, îãðàíè÷åííàÿ ïîãðåøíîñòü, ÌÍÊ, îáóñëîâëåííîñòü.

----------------------------------------------------------------------------------------------------------------------------------------

Îö³íêà ðîçâ’ÿçê³â ïåðåâèçíà÷åíèõ ñëàð ç íåòî÷íî çàäàíîþ ïðàâîþ ÷àñòèíîþ / Â.Ô. Ãóáàðåâ,
ª.Î. Øàðàïîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 96–109.

Àíîòàö³ÿ. Ðîçãëÿíóòî òà äîñë³äæåíî ìåòîäè ðîçâ’ÿçóâàííÿ ïåðåâèçíà÷åíèõ ÑËÀÐ, â ÿêèõ îñíîâíà
ìàòðèöÿ â³äîìà òî÷íî, à ïðàâà ÷àñòèíà ì³ñòèòü ïîõèáêó. Ââàæàºòüñÿ, ùî ïîêîìïîíåíòíà ïîõèáêà º âè-
ïàäêîâîþ âåëè÷èíîþ, ÿêà íàëåæèòü ìàëîìó îáìåæåíîìó ³íòåðâàëó. Çà òî÷íèõ çíà÷åíü ïðàâî¿ ÷àñòèíè
ñèñòåìà ìàº îäíîçíà÷íèé ðîçâ’ÿçîê. Â îñíîâó ï³äõîäó, ùî ðîçâèâàºòüñÿ, ïîêëàäåíî ãàðàíòîâàíå îö³íþ-
âàííÿ ³íòåðâàë³â íàëåæíîñò³ òî÷íîãî ðîçâ’ÿçêó, çà ÿêèìè ìîæíà ðîáèòè âèñíîâîê ïðî ÿê³ñòü îäåðæóâà-
íèõ íàáëèæåíèõ îö³íîê ðîçâ’ÿçê³â. Ö³ ãàðàíòîâàí³ îö³íêè âèêîðèñòîâóþòüñÿ äëÿ ïîð³âíÿííÿ ìåòîä³â ³
îö³íþâàííÿ ¿õíüî¿ åôåêòèâíîñò³. Çà ðåçóëüòàòàìè ÷èñåëüíîãî ìîäåëþâàííÿ çðîáëåíî ïîð³âíÿëüíèé
àíàë³ç ìåòîä³â òà íàâåäåíî ðåêîìåíäàö³¿ ùîäî ¿õíüîãî ïðàêòè÷íîãî çàñòîñóâàííÿ.

Êëþ÷îâ³ ñëîâà: ïåðåâèçíà÷åí³ ÑËÀÐ, îö³íþâàííÿ, ãàðàíòîâàíèé ³íòåðâàë, ñèíãóëÿðíèé ðîçêëàä, îáìå-
æåíà ïîõèáêà, ÌÍÊ, îáóìîâëåí³ñòü.

----------------------------------------------------------------------------------------------------------------------------------------

Solution estimation of overdetermined slae with nonaccurate right side / V.F. Gubarev, Y.A. Sharapov //
Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 96–109.

Abstract. Methods of overdetermined SLAE solving when main matrix is precise and right side contains
errors are considered and studied in the paper. It is assumed that each error of right side component is random
but being bounded small interval. Under precise right side system has unique solution. The base of the
developed approach is guarantee estimation of interval membership of the precise solution which may be used
for quality estimation of the approximate solution. These guarantee estimation are namely applied for
comparison and solution quality estimation of the solving methods to be considered. Results of numerical
simulation make it possible doing methods comparative analysis and formulation of the recommendations on its
practical application.

Keywords: overdetermined SLAE, estimation, guarantee interval, SVD, bounded errors, LSM, conditionality.
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ÓÄÊ 519.2

Òî÷íûå îöåíêè âåðîÿòíîñòè ïîïàäàíèÿ íåîòðèöàòåëüíîé óíèìîäàëüíîé ñëó÷àéíîé âåëè÷èíû
â ñïåöèàëüíûå èíòåðâàëû ïðè íåïîëíîé èíôîðìàöèè / Ë.Ñ. Ñòîéêîâà // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 110–114.

Àííîòàöèÿ. Íàéäåíû òî÷íûå íèæíèå îöåíêè âåðîÿòíîñòåé ïîïàäàíèÿ íåîòðèöàòåëüíûõ óíèìî-
äàëüíûõ ñëó÷àéíûõ âåëè÷èí � â èíòåðâàëû ( , )m m� ��� ��� � , ãäå ìîäà m , êîòîðàÿ ñîâïàäàåò ñ ïåð-
âûì ìîìåíòîì ñëó÷àéíîé âåëè÷èíû �, ìåíüøå, ÷åì ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå:m � � �. Ïàðà-
ìåòð � óäîâëåòâîðÿåò íåðàâåíñòâàì 0 1� � �� � �m / . Ýòîò ðåçóëüòàò ìîæåò áûòü ïðèìåíåí ïðè ðàñ÷åòå
âåðîÿòíîñòè ïîïàäàíèÿ ñíàðÿäà â ïîëîñó ïðè ïðèöåëüíîé ñòðåëüáå.

Êëþ÷åâûå ñëîâà: ëèíåéíûå ôóíêöèîíàëû îò óíèìîäàëüíûõ ôóíêöèé ðàñïðåäåëåíèÿ, ýêñòðåìàëüíûå
çíà÷åíèÿ ëèíåéíûõ ôóíêöèîíàëîâ, ïðåîáðàçîâàíèå Äæîíñîíà–Ðîäæåðñà, òî÷íûå îáîáùåííûå íåðàâå-
íñòâà ×åáûøåâà äëÿ ôóíêöèîíàëîâ îò óíèìîäàëüíûõ ôóíêöèé ðàñïðåäåëåíèÿ.

----------------------------------------------------------------------------------------------------------------------------------------

Òî÷í³ îö³íêè éìîâ³ðíîñò³ ïîïàäàííÿ íåâ³ä’ºìíî¿ óí³ìîäàëüíî¿ âèïàäêîâî¿ âåëè÷èíè ó ñïåö³àëüí³
³íòåðâàëè çà íåïîâíî¿ ³íôîðìàö³¿ / Ë.Ñ. Ñòîéêîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57,
¹ 2. Ñ. 110–114.

Àíîòàö³ÿ. Çíàéäåíî òî÷í³ íèæí³ îö³íêè éìîâ³ðíîñò³ ïîïàäàííÿ íåâ³ä’ºìíî¿ óí³ìîäàëüíî¿ âèïàäêî-
âî¿ âåëè÷èíè � â ³íòåðâàëè ( , )m m� ��� ��� � , äå ìîäà m çá³ãàºòüñÿ ç ïåðøèì ìîìåíòîì âèïàäêîâî¿
âåëè÷èíè � ³ ìåíüøå, í³æ ñåðåäíº êâàäðàòè÷íå â³äõèëåííÿ: m � � �. Ïàðàìåòð � çàäîâîëüíÿº íåð³âíîñ-
òÿì 0 1� � �� � �m / . Öåé ðåçóëüòàò ìîæíà çàñòîñóâàòè äëÿ ðîçðàõóíêó éìîâ³ðíîñò³ ïîïàäàííÿ ñíàðÿäà
â ñìóãó ï³ä ÷àñ ïðèö³ëüíî¿ ñòð³ëüáè.

Êëþ÷îâ³ ñëîâà: ë³í³éí³ ôóíêö³îíàëè â³ä óí³ìîäàëüíî¿ ôóíêö³¿ ðîçïîä³ëó, åêñòðåìàëüí³ çíà÷åííÿ ë³í³éíèõ
ôóíêö³îíàë³â, ïåðåòâîðåííÿ Äæîíñîíà–Ðîäæåðñà, òî÷í³ óçàãàëüíåí³ íåð³âíîñò³ ×åáèøîâà äëÿ
ôóíêö³îíàë³â â³ä óí³ìîäàëüíèõ ôóíêö³é ðîçïîä³ëó.

----------------------------------------------------------------------------------------------------------------------------------------

Accurate estimates of the probability of a non-negative unimodal random value into special intervals
with incomplete information / L.S. Stoikova // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 110–114.

Abstract. Exact lower estimations are found for the probability that non-negative unimodal random
variable � gets in the intervals ( , )m m� ��� ��� � where the mode m coincides with fixed first moment of
random variable �, � � is standard deviation and m � � �. The parameter � satisfies the inequalities

0 1� � �� � �m / . The results of this study may be useful in evaluating the probability of hitting the projectile

zone when aimed shooting.

Keywords: linear functionals of distribution functions, their extremal values, transformation of
Johnson-Rogers, exact generalized Chebyshoff inequalities for linear functionals of unimodal distribution
functions.

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

ÓÄÊ 681.3.06:006.354

Ñòîéêîñòü õåø-ôóíêöèè Poseidon ê íåáèíàðíûì ðàçíîñòíûì è ëèíåéíûì àòàêàì /
Ë.Â. Êîâàëü÷óê, Ð.Â. Îëåéíèêîâ, Ì.Þ. Ðîäèíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57,
¹ 2. Ñ. 115–127.

Àííîòàöèÿ. Ïîñòðîåíû îöåíêè ñòîéêîñòè õåø-ôóíêöèè Poseidon ê íåáèíàðíûì ëèíåéíûì è ðàç-
íîñòíûì àòàêàì. Îïðåäåëåíû îáùèå ïàðàìåòðû õåø-ôóíêöèè Poseidon, ïîçâîëÿþùèå èñïîëüçîâàòü å¸ â
ðåêóððåíòíûõ SNARK-äîêàçàòåëüñòâàõ, áàçèðóþùèõñÿ íà òðèïëåòàõ MNT-4 è MNT-6. Âûïîëíåí àíàëèç
òîãî, êàê íóæíî âûáèðàòü S-áëîêè äëÿ ýòîé õåø-ôóíêöèè, ÷òîáû ýòîò âûáîð áûë îïòèìàëüíûì ñ òî÷êè
çðåíèÿ êàê ñòîéêîñòè, òàê è êîëè÷åñòâà êîíñòðåéíòîâ. Ïîêàçàíî, êàêîå êîëè÷åñòâî ðàóíäîâ ÿâëÿåòñÿ äîñ-
òàòî÷íûì, ÷òîáû ãàðàíòèðîâàòü ñòîéêîñòü ýòîé õåø-ôóíêöèè ê íåáèíàðíûì ëèíåéíûì è ðàçíîñòíûì
àòàêàì, âû÷èñëåíî êîëè÷åñòâî êîíñòðåéíòîâ íà áèò èíôîðìàöèè äëÿ ïðåäëîæåííûõ ðåàëèçàöèé ýòîé
ôóíêöèè ñ äåìîíñòðàöèåé ñóùåñòâåííîãî âûèãðûøà â ñðàâíåíèè ñ õåø-ôóíêöèåé Ïåäåðñåíà.

Êëþ÷åâûå ñëîâà: SNARK, êîíñòðåéíòû, õåø-ôóíêöèÿ Poseidon, íåáèíàðíûé ëèíåéíûé è ðàçíîñòíûé
êðèïòîàíàëèç.

----------------------------------------------------------------------------------------------------------------------------------------

Ñò³éê³ñòü ãåø-ôóíêö³¿ Poseidon äî íåá³íàðíèõ ð³çíèöåâèõ òà ë³í³éíèõ àòàê / Ë.Â. Êîâàëü÷óê,
Ð.Â. Îë³éíèêîâ, Ì.Þ. Ðîä³íêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 115–127.

Àíîòàö³ÿ. Ïîáóäîâàíî îö³íêè ñò³éêîñò³ ãåø-ôóíêö³¿ Poseidon äî íåá³íàðíèõ ë³í³éíèõ òà ð³çíèöå-
âèõ àòàê. Âèçíà÷åíî çàãàëüí³ ïàðàìåòðè äëÿ ãåø-ôóíêö³¿ Poseidon, ÿê³ çàáåçïå÷óþòü ìîæëèâ³ñòü ¿¿ âèêî-
ðèñòàííÿ ó ðåêóðåíòíèõ SNARK-äîâåäåííÿõ, ùî ´ðóíòóþòüñÿ íà òðèïëåòàõ MNT-4 òà MNT-6. Ïðîà-
íàë³çîâàíî, ÿê ïîòð³áíî îáèðàòè S-áëîêè äëÿ ö³º¿ ãåø-ôóíêö³¿, ùîá öåé âèá³ð áóâ îïòèìàëüíèì ç ïîãëÿ-
äó ÿê ñò³éêîñò³, òàê ³ ê³ëüêîñò³ êîíñòðåéíò³â. Ïîêàçàíî, ÿêà ê³ëüê³ñòü ðàóíä³â º äîñòàòíüîþ, ùîá
ãàðàíòóâàòè ñò³éê³ñòü òàêî¿ ãåø-ôóíêö³¿ äî íåá³íàðíèõ ë³í³éíèõ òà ð³çíèöåâèõ àòàê, òà îá÷èñëèëè
ê³ëüê³ñòü êîíñòðåéíò³â íà á³ò ³íôîðìàö³¿ äëÿ çàïðîïîíîâàíèõ ðåàë³çàö³é ö³º¿ ôóíêö³¿ ç äåìîíñòðàö³ºþ
ñóòòºâîãî âèãðàøó ïîð³âíÿíî ç ãåø-ôóíêö³ºþ Ïåäåðñåíà.

Êëþ÷îâ³ ñëîâà: SNARK, êîíñòðåéíòè, ´åø-ôóíêö³ÿ Poseidon, íåá³íàðíèé ë³í³éíèé òà ð³çíèöåâèé êðèï-
òîàíàë³ç.
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Security of Poseidon hash function against non-binary differential and linear attacks / L. Kovalchuk,
R. Oliynykov, M. Rodinko // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 115–127.

Abstract. In this work we build the security estimations of Poseidon hash function against non-binary
linear and differential attacks. We adduce the general parameters for the Poseidon hash function that allow
using this hash function in recurrent SNARK-proofs based on MNT-4 and MNT-6 triplets. We also analysed
how to choose S-boxes for such function for this choice to be optimal from the point of view of the number of
constraints and security. We also showed how many full rounds is sufficient to guarantee security of such hash
function against non-binary linear and differential attacks and calculated the number of constraints per bit that
is achieved in the proposed realizations demonstrating a considerable gain was demonstrated, as compared to
the Pedersen hash function.

Keywords: SNARK, constraints, Poseidon hash function, non-binary linear and differential cryptanalysis.
===============================================================================

ÓÄÊ 519.872

Cèñòåìà îáñëóæèâàíèÿ GI G/ / 1 òèïà Ëàêàòîøà ñ Ò -âîçâðàùåíèåì / Å.Â. Êîáà, Ñ.Â. Ñåðåáðÿêîâà
// Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 128–138.

Àííîòàöèÿ. Ðàññìîòðåíà ñèñòåìà îáñëóæèâàíèÿ GI G/ / 1 òèïà Ëàêàòîøà ñ T-âîçâðàùåíèåì çàÿ-
âîê, ò.å. ñèñòåìà ñ FCFS äèñöèïëèíîé îáñëóæèâàíèÿ è ïîñòîÿííûì âðåìåíåì T öèêëà îðáèòû. Äëÿ òà-
êîé ñèñòåìû ïîñòðîåíà öåïü Ìàðêîâà, äîêàçàíî óñëîâèå ýðãîäè÷íîñòè, ïðè îïðåäåëåííîì ñîîòíîøåíèè
âðåìåíè îáñëóæèâàíèÿ è âðåìåíè ïðåáûâàíèÿ íà îðáèòå ðåøåíà ñèñòåìà óðàâíåíèé äëÿ ñòàöèîíàðíîãî
ðàñïðåäåëåíèÿ âåðîÿòíîñòåé ñîñòîÿíèé ñèñòåìû, âûâåäåíû ôîðìóëû äëÿ ñðåäíèõ ïîêàçàòåëåé êîëè÷åñ-
òâà çàÿâîê è êîëè÷åñòâà öèêëîâ çàÿâêè íà îðáèòå. Ðàçðàáîòàí àëãîðèòì ñòàòèñòè÷åñêîãî ìîäåëèðîâàíèÿ
ôóíêöèîíèðîâàíèÿ ñèñòåìû. Ðåçóëüòàòû àíàëèòè÷åñêîãî è ñòàòèñòè÷åñêîãî ìîäåëèðîâàíèÿ ñîãëàñóþò-
ñÿ. Óêàçàíî âàæíîå ñâîéñòâî ñèñòåì òèïà Ëàêàòîøà: îíà ìîæåò ïðèìåíÿòüñÿ äëÿ îöåíêè ñèñòåìû, â êî-
òîðîé îáñëóæèâàíèå ñ äèñöèïëèíîé FCFS íåîáÿçàòåëüíî.

Êëþ÷åâûå ñëîâà: ñèñòåìû ìàññîâîãî îáñëóæèâàíèÿ ñ âîçâðàùåíèåì çàÿâîê, ñèñòåìà òèïà Ëàêàòîøà,
ñèñòåìû c öèêëè÷åñêèì âðåìåíåì îæèäàíèÿ, ñèñòåìà ñ Ò-âîçâðàùåíèåì, îðáèòà, öèêë îðáèòû, öåïü
Ìàðêîâà, ýðãîäè÷íîñòü ñèñòåìû îáñëóæèâàíèÿ.
-------------------------------------------------------------------------------

Cèñòåìà îáñëóãîâóâàííÿ GI G/ / 1 òèïó Ëàêàòîøà ç Ò -ïîâåðíåííÿì / Î.Â. Êîáà, Ñ.Â. Ñåðåáðÿêîâà
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 128–138.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèñòåìó îáñëóãîâóâàííÿ GI G/ / 1 òèïó Ëàêàòîøà ç Ò -ïîâåðíåííÿì çàÿâîê, òîá-
òî ñèñòåìó ç FCFS äèñöèïë³íîþ îáñëóãîâóâàííÿ òà ñòàëèì ÷àñîì Ò öèêëó îðá³òè. Äëÿ òàêî¿ ñèñòåìè ïîáóäî-
âàíî ëàíöþã Ìàðêîâà, äîâåäåíî óìîâó åðãîäè÷íîñò³, çà ïåâíîãî ñï³ââ³äíîøåííÿ ÷àñó îáñëóãîâóâàííÿ òà
÷àñó ïåðåáóâàííÿ íà îðá³ò³ ðîçâ’ÿçàíî ñèñòåìó ð³âíÿíü äëÿ ñòàö³îíàðíîãî ðîçïîä³ëó éìîâ³ðíîñòåé ñòàí³â
ñèñòåìè, âèâåäåíî ôîðìóëè äëÿ ñåðåäí³õ ïîêàçíèê³â ê³ëüêîñò³ çàÿâîê òà ê³ëüêîñò³ öèêë³â çàÿâêè íà îðá³ò³.
Ðîçðîáëåíî àëãîðèòì ñòàòèñòè÷íîãî ìîäåëþâàííÿ ôóíêö³îíóâàííÿ òàêî¿ ñèñòåìè. Ðåçóëüòàòè àíàë³òè÷íîãî
òà ñòàòèñòè÷íîãî ìîäåëþâàííÿ óçãîäæóþòüñÿ. Âêàçàíî âàæëèâó âëàñòèâ³ñòü ñèñòåì òèïó Ëàêàòîøà: âîíà
ìîæå çàñòîñîâóâàòèñÿ äëÿ îö³íþâàííÿ ñèñòåìè, ó ÿê³é íå îáîâ’ÿçêîâå îáñëóãîâóâàííÿ çà äèñöèïë³íîþ FCFS.

Êëþ÷îâ³ ñëîâà: ñèñòåìè ìàñîâîãî îáñëóãîâóâàííÿ ç ïîâåðíåííÿì çàÿâîê, ñèñòåìà òèïó Ëàêàòîøà,
ñèñòåìè ç öèêë³÷íèì ÷àñîì î÷³êóâàííÿ, ñèñòåìà ç Ò -ïîâåðíåííÿì, îðá³òà, öèêë îðá³òè, ëàíöþã Ìàð-
êîâà, åðãîäè÷í³ñòü ñèñòåìè îáñëóãîâóâàííÿ.
----------------------------------------------------------------------------------------------------------------------------------------

GI G/ / 1 Lakatos-type queueing system with T-retrials / O.V. Koba, S.V. Serebriakova // Kibernetika i
sistemnyj analiz. 2021. Vol. 57, N 2. P. 128–138.

Abstract. Authors consider the Lakatosh-type T queueing system with T-retrials, i.e., the system with the
FCFS service discipline and a constant cycle time T of the orbit. Here we construct the Markov chain for the
system, prove its ergodicity condition, solve the system of equations for the stationary distribution of the system
state probabilities, and derive formulas for the average number of requests and the average number of the orbit
cycles at a specific ratio of service time and orbit time. Also, we develop an algorithm for statistical modeling
of the considered system. Results of analytical and statistical modeling show consistency between them.
Authors indicate an essential property of the Lakatos-type system, namely, that we can use it to evaluate
a system in which the FCFS service order is not necessary.

Keywords: retrial queues, Lakatos-type queueung system, cyclic queueing systems, queueing system with
T-retrials, orbit, orbit cycle, Markov chain, queueing system ergodicity.
===============================================================================

ÓÄÊ 519.8
Îïòèìàëüíûå áûñòðîäåéñòâèÿ â óïðàâëÿåìîé ñèñòåìå Ëîòêè–Âîëüòåððû / Ñ.Â. Ïàøêî //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 139–146.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ óïðàâëÿåìàÿ ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé Ëîòêè–Âîëüòåð-
ðû, îïèñûâàþùàÿ ïðîöåññ ðàçâèòèÿ äâóõ âçàèìîñâÿçàííûõ ïîïóëÿöèé õèùíèêîâ è æåðòâ. Ñèñòåìà ñîäåð-
æèò äâå ïåðåìåííûå óïðàâëåíèÿ, êîòîðûå âûáèðàþòñÿ òàê, ÷òîáû âðåìÿ ïåðåõîäà ê ñòàöèîíàðíîé òî÷êå
áûëî ìèíèìàëüíûì. Ïîñòðîåíû ôóíêöèè óïðàâëåíèÿ è ñîîòâåòñòâóþùèå òðàåêòîðèè äâèæåíèÿ â ôàçîâîì
ïðîñòðàíñòâå è îáîñíîâàíà èõ îïòèìàëüíîñòü.

Êëþ÷åâûå ñëîâà: ïðèíöèï ìàêñèìóìà, ñòàöèîíàðíàÿ òî÷êà, ìèíèìàëüíîå âðåìÿ.
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Îïòèìàëüí³ øâèäêîä³¿ â êåðîâàí³é ñèñòåì³ Ëîòêè–Âîëüòåððè / Ñ.Â. Ïàøêî // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 139–146.

Àíîòàö³ÿ. Ðîçãëÿíóòî êåðîâàíó ñèñòåìó äèôåðåíö³àëüíèõ ð³âíÿíü Ëîòêè–Âîëüòåððè, ùî îïèñóº
ïðîöåñ ðîçâèòêó äâîõ âçàºìîïîâ’ÿçàíèõ ïîïóëÿö³é õèæàê³â òà æåðòâ. Ñèñòåìà ì³ñòèòü äâ³ çì³íí³ êåðó-
âàííÿ, ÿê³ îáèðàþòü òàê, ùîá ÷àñ ïåðåõîäó äî ñòàö³îíàðíî¿ òî÷êè áóâ ì³í³ìàëüíèì. Ïîáóäîâàíî ôóíêö³¿
êåðóâàííÿ ³ â³äïîâ³äí³ òðàºêòîð³¿ ðóõó â ôàçîâîìó ïðîñòîð³ òà îáãðóíòîâàíî ¿õíþ îïòèìàëüí³ñòü.

Êëþ÷îâ³ ñëîâà: ïðèíöèï ìàêñèìóìó, ñòàö³îíàðíà òî÷êà, ì³í³ìàëüíèé ÷àñ.
-----------------------------------------------------------------------------------------

Time optimal control problem for the Lotka–Volterra system / S.V. Pashko // Kibernetika i sistemnyj
analiz. 2021. Vol. 57, N 2. P. 139–146.

Abstract. We consider a controlled system of Lotka–Volterra differential equations that describes the
evolution of two interrelated populations of predators and prey. The system contains two control variables,
which are chosen so that the transition time to a stationary point is minimal. In the article, the control functions
and the corresponding trajectories of motion in the state space are constructed, and their optimality is
substantiated.

Keywords: maximum principle, stationary point, minimum time.
===============================================================================

ÓÄÊ 517.977

Ìåòîä ðàçðåøàþùèõ ôóíêöèé äëÿ èãðîâûõ çàäà÷ ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ ñ ðàçëè÷íîé
èíåðöèîííîñòüþ / È.Ñ. Ðàïïîïîðò // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 147–166.

Àííîòàöèÿ. Ðàññìîòðåíà ïðîáëåìà ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ ñ ðàçëè÷íîé èíåðöèîííîñ-
òüþ â èãðîâûõ çàäà÷àõ äèíàìèêè íà îñíîâå ñîâðåìåííîé âåðñèè ìåòîäà ðàçðåøàþùèõ ôóíêöèé. Äëÿ òà-
êèõ îáúåêòîâ õàðàêòåðíî, ÷òî íà íåêîòîðîì èíòåðâàëå âðåìåíè íå âûïîëíÿåòñÿ óñëîâèå Ïîíòðÿãèíà, ÷òî
ñóùåñòâåííî çàòðóäíÿåò ïðèìåíåíèå ìåòîäà ðàçðåøàþùèõ ôóíêöèé ê ýòîìó êëàññó èãðîâûõ çàäà÷ äèíà-
ìèêè. Ïðåäëîæåí ìåòîä ðåøåíèÿ òàêèõ çàäà÷, ñâÿçàííûé ñ ïîñòðîåíèåì íåêîòîðûõ ñêàëÿðíûõ ôóíêöèé
(ðàçðåøàþùèõ), êà÷åñòâåííî õàðàêòåðèçóþùèõ õîä ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ ñ ðàçëè÷íîé
èíåðöèîííîñòüþ è ýôôåêòèâíîñòü ïðèíÿòûõ ðåøåíèé. Ìåòîä ðàçðåøàþùèõ ôóíêöèé ïîçâîëÿåò ýôôåê-
òèâíî èñïîëüçîâàòü ñîâðåìåííóþ òåõíèêó ìíîãîçíà÷íûõ îòîáðàæåíèé â îáîñíîâàíèÿõ èãðîâûõ êî-
íñòðóêöèé è ïîëó÷åíèè íà èõ îñíîâå ñîäåðæàòåëüíûõ ðåçóëüòàòîâ. Ñðàâíèâàþòñÿ ãàðàíòèðîâàííûå âðå-
ìåíà îêîí÷àíèÿ èãðû äëÿ ðàçíûõ ñõåì ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ. Ïðèâåäåí èëëþñòðàòèâíûé
ïðèìåð.

Êëþ÷åâûå ñëîâà: óïðàâëÿåìûå îáúåêòû ñ ðàçëè÷íîé èíåðöèîííîñòüþ, êâàçèëèíåéíàÿ äèôôåðåíöèàëü-
íàÿ èãðà, ìíîãîçíà÷íîå îòîáðàæåíèå, èçìåðèìûé ñåëåêòîð, ñòðîáîñêîïè÷åñêàÿ ñòðàòåãèÿ, ðàçðåøàþùàÿ
ôóíêöèÿ.
---------------------------------------------------------------------

Ìåòîä ðîçâ’ÿçóâàëüíèõ ôóíêö³é äëÿ ³ãðîâèõ çàäà÷ çáëèæåííÿ êåðîâàíèõ îá’ºêò³â ç ð³çíîþ
³íåðö³éí³ñòþ / É.Ñ. Ðàïïîïîðò // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 147–166.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó çáëèæåííÿ êåðîâàíèõ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ â ³ãðîâèõ çà-
âäàííÿõ äèíàì³êè íà îñíîâ³ ñó÷àñíî¿ âåðñ³¿ ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é. Äëÿ òàêèõ îá’ºêò³â õàðàê-
òåðíî, ùî íà äåÿêîìó ³íòåðâàë³ ÷àñó íå âèêîíóºòüñÿ óìîâà Ïîíòðÿã³íà, ùî ³ñòîòíî óñêëàäíþº çàñòîñó-
âàííÿ ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é äî öüîãî êëàñó ³ãðîâèõ çàäà÷ äèíàì³êè. Çàïðîïîíîâàíî ìåòîä
ðîçâ’ÿçàííÿ òàêèõ çàäà÷, ïîâ’ÿçàíèé ç ïîáóäîâîþ äåÿêèõ ñêàëÿðíèõ ôóíêö³é (ðîçâ’ÿçóâàëüíèõ), ùî
ÿê³ñíî õàðàêòåðèçóþòü õ³ä çáëèæåííÿ êåðîâàíèõ îá’ºêò³â ç ð³çíîþ ³íåðö³éí³ñòþ òà åôåêòèâí³ñòü ïðèéíÿ-
òèõ ð³øåíü. Ìåòîä ðîçâ’ÿçóâàëüíèõ ôóíêö³é äàº çìîãó åôåêòèâíî âèêîðèñòîâóâàòè ñó÷àñíó òåõí³êó áà-
ãàòîçíà÷íèõ â³äîáðàæåíü â îá´ðóíòóâàííÿõ ³ãðîâèõ êîíñòðóêö³é ³ îòðèìàíí³ íà ¿õí³é îñíîâ³ çì³ñòîâíèõ
ðåçóëüòàò³â. Ïîð³âíþþòüñÿ ãàðàíòîâàí³ ÷àñè çàê³í÷åííÿ ãðè äëÿ ð³çíèõ ñõåì çáëèæåííÿ êåðîâàíèõ
îá’ºêò³â. Íàâåäåíî ³ëþñòðàòèâíèé ïðèêëàä.

Êëþ÷îâ³ ñëîâà: êåðîâàí³ îá’ºêòè ç ð³çíîþ ³íåðö³éí³ñòþ, êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå
â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð, ñòðîáîñêîï³÷íà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.
----------------------------------------------------------------------------------------------------------------------------------------

Resolving functions method for game problems of releaseof controlled objects with different inertia /
I.S. Rappoport // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 147–166.

Abstract. The problem of convergence of controlled objects with different inertia in game dynamics
problems is considered on the basis of the modern version of the method of resolving functions. For such
objects, it is characteristic that the Pontryagin condition is not satisfied on a certain time interval, which
significantly complicates the application of the method of resolving functions to this class of game dynamics
problems. A method for solving such problems is proposed, which is associated with the construction of some
scalar functions (resolving), which qualitatively characterize the course of con vergence of controlled objects
with different inertia and the efficiency of the decisions made. The method of resolving functions is that it
allows you to effectively use the modern technique of multivalued mappings in substantiating game
constructions and obtaining meaningful results based on them. The guaranteed end times of the game are
compared for different schemes of approaching controlled objects. An illustrative example is given.

Keywords: controlled objects with different inertia, quasilinear differential game, multi-valued mapping,
measurable selector, stroboscopic strategy, resolving function.
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ÓÄÊ 355.41

Ëîãèñòè÷åñêîå äèôôåðåíöèàëüíîå óðàâíåíèå â ÷àñòíûõ ïðîèçâîäíûõ äëÿ îïðåäåëåíèÿ
ðàöèîíàëüíîãî ðàçìåùåíèÿ è èçìåíåíèÿ îáúåìîâ çàïàñîâ ìàòåðèàëüíûõ ñðåäñòâ /
À.È. Õàçàíîâè÷, Ì.À. Êóäðèöêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 167–169.

Àííîòàöèÿ. Âûâåäåíî ëîãèñòè÷åñêîå äèôôåðåíöèàëüíîå óðàâíåíèå â ÷àñòíûõ ïðîèçâîäíûõ äëÿ
îïðåäåëåíèÿ ðàöèîíàëüíîãî ðàçìåùåíèÿ è èçìåíåíèÿ îáúåìîâ çàïàñîâ ìàòåðèàëüíûõ ñðåäñòâ â òå÷åíèå
ïåðèîäà îáåñïå÷åíèÿ. Â äàëüíåéøåì ñ èñïîëüçîâàíèåì ëîãèñòè÷åñêîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ â
÷àñòíûõ ïðîèçâîäíûõ ìîæíî îïðåäåëÿòü è ðàññ÷èòûâàòü êîíêðåòíûå çíà÷åíèÿ ïîêàçàòåëåé, âõîäÿùèõ â
ðåøåíèå ëîãèñòè÷åñêîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ.

Êëþ÷åâûå ñëîâà: ëîãèñòè÷åñêîå äèôôåðåíöèàëüíîå óðàâíåíèå, çàïàñû ìàòåðèàëüíûõ ñðåäñòâ.

----------------------------------------------------------------------------------------------------------------------------------------

Ëîã³ñòè÷íå äèôåðåíö³àëüíå ð³âíÿííÿ ó ÷àñòèííèõ ïîõ³äíèõ äëÿ âèçíà÷åííÿ ðàö³îíàëüíîãî
ðîçì³ùåííÿ òà çì³íè îáñÿã³â çàïàñ³â ìàòåð³àëüíèõ çàñîá³â / Î.². Õàçàíîâè÷, Ì.Î. Êóäðèöüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 167–169.

Àíîòàö³ÿ. Âèâåäåíî ëîã³ñòè÷íå äèôåðåíö³àëüíå ð³âíÿííÿ ó ÷àñòèííèõ ïîõ³äíèõ äëÿ âèçíà÷åííÿ
ðàö³îíàëüíîãî ðîçì³ùåííÿ òà çì³íè îáñÿã³â çàïàñ³â ìàòåð³àëüíèõ çàñîá³â ïðîòÿãîì ïåð³îäó çàáåçïå÷åííÿ.
Íàäàë³ ç âèêîðèñòàííÿì ëîã³ñòè÷íîãî äèôåðåíö³àëüíîãî ð³âíÿííÿ ó ÷àñòèííèõ ïîõ³äíèõ ìîæíà âèçíà÷à-
òè òà îá÷èñëþâàòè êîíêðåòí³ çíà÷åííÿ ïîêàçíèê³â, ùî âõîäÿòü äî ðîçâ’ÿçêó ëîã³ñòè÷íîãî äèôåðåíö³àëü-
íîãî ð³âíÿííÿ ó ÷àñòèííèõ ïîõ³äíèõ.

Êëþ÷îâ³ ñëîâà: ëîã³ñòè÷íå äèôåðåíö³àëüíå ð³âíÿííÿ, çàïàñè ìàòåð³àëüíèõ çàñîá³â.

---------------------------------------------------------------------------------------------------------------------------------------

Logistic differential equation in partial derivatives for determination of rational location and changes in
inventories of materials / O.I. Khazanovych, M.O. Kudrytskyi // Kibernetika i sistemnyj analiz. 2021.
Vol. 57, N 2. P. 167–169.

Abstract. In the article, it is deduced the logistic differential equation in partial derivatives to determine
the rational placement and change in the inventories of material means during the provision period. In the
future, using the logistic differential equation in partial derivatives, it is possible to determine and calculate the
specific values of indicators that are part of the solution of the logistic differential equation in partial
derivatives.

Keywords: logistic differential equation, inventories of material means.

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

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 519.6

Âûñîêîïðîèçâîäèòåëüíûå ñóïåðêîìïüþòåðíûå òåõíîëîãèè ìîäåëèðîâàíèÿ è èäåíòèôèêàöèè
ñëîæíûõ íàíîïîðèñòûõ êèáåðñèñòåì ñ îáðàòíûìè ñâÿçÿìè äëÿ n-êîìïîíåíòíîé êîìïåòèòèâíîé
àäñîðáöèè / Ì.Ð. Ïåòðèê, È.Â. Áîéêî, À.Í. Õèìè÷, Ì.Ì. Ïåòðèê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2021. Òîì 57, ¹ 2. Ñ. 170–183.

Àííîòàöèÿ. Ðàçðàáîòàíû âûñîêîïðîèçâîäèòåëüíûå ñóïåðêîìïüþòåðíûå òåõíîëîãèè âû÷èñëåíèé
äëÿ ìîäåëèðîâàíèÿ è èäåíòèôèêàöèè ïàðàìåòðîâ ñëîæíûõ ïðîöåññîâ n-êîìïîíåíòíîé êîìïåòèòèâíîé àä-
ñîðáöèè â íàíîïîðèñòûõ êèáåðñèñòåìàõ ñ îáðàòíûìè ñâÿçÿìè. Ïðåäëîæåíî ýôôåêòèâíîå ðàñïàðàëëåëèâà-
íèå âåêòîðíûõ ñîñòàâëÿþùèõ ðåøåíèÿ ìîäåëè ñ èñïîëüçîâàíèåì ïðåîáðàçîâàíèÿ Ëàïëàñà è îïåðàöèîííî-
ãî ìåòîäà Õåâèñàéäà è äåêîìïîçèöèåé íåëèíåéíîé ñèñòåìû ñ óñëîâèÿìè àäñîðáöèîííîãî ðàâíîâåñèÿ òèïà
Ëåíãìþðà. Ïðåäñòàâëåíû ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ íà îñíîâå ïàðàëëåëüíûõ âû÷èñëåíèé c
èñïîëüçîâàíèåì ìíîãîÿäåðíûõ êîìïüþòåðîâ.

Êëþ÷åâûå ñëîâà: âûñîêîïðîèçâîäèòåëüíûå ïàðàëëåëüíûå âû÷èñëåíèÿ, íàíîïîðèñòûå êèáåðñèñòåìû ñ
îáðàòíûìè ñâÿçÿìè, êîìïåòåòèâíà àäñîðáöèÿ ãàçîâ, ôóíêöèÿ àäñîðáöèîííîãî ðàâíîâåñèÿ Ëåíãìþðà, èí-
òåãðàëüíîå ïðåîáðàçîâàíèå Ëàïëàñà, îïåðàöèîííûé ìåòîä Õåâèñàéäà.

----------------------------------------------------------------------------------------------------------------------------------------

Âèñîêîïðîäóêòèâí³ ñóïåðêîìï’þòåðí³ òåõíîëîã³¿ ìîäåëþâàííÿ òà ³äåíòèô³êàö³¿ ñêëàäíèõ
íàíîïîðèñòèõ ê³áåðñèñòåì ç³ çâîðîòíèìè çâ’ÿçêàìè äëÿ n-êîìïîíåíòíî¿ êîìïåòèòèâíî¿ àäñîðáö³¿ /
Ì.Ð. Ïåòðèê, ².Â. Áîéêî, Î.Ì. Õ³ì³÷, Ì.Ì. Ïåòðèê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57,
¹ 2. Ñ. 170–183.

Àíîòàö³ÿ. Ðîçðîáëåíî âèñîêîïðîäóêòèâí³ ñóïåðêîìï’þòåðí³ òåõíîëîã³¿ îá÷èñëåíü äëÿ ìîäåëþâàííÿ
òà ³äåíòèô³êàö³¿ ïàðàìåòð³â ñêëàäíèõ ïðîöåñ³â n-êîìïîíåíòíî¿ êîìïåòèòèâíî¿ àäñîðáö³¿ â íàíîïîðèñòèõ
ê³áåðñèñòåìàõ ç³ çâîðîòíèìè çâ’ÿçêàìè. Çàïðîïîíîâàíî åôåêòèâíå ðîçïàðàëåëþâàííÿ âåêòîðíèõ ñêëàäîâèõò
ðîçâ’ÿçêó ìîäåë³ ç âèêîðèñòàííÿì ïåðåòâîðåííÿ Ëàïëàñà òà îïåðàö³éíîãî ìåòîäó Ãåâ³ñàéäà ç äåêîìïîçèö³ºþ
íåë³í³éíî¿ ñèñòåìè ç óìîâàìè àäñîðáö³éíî¿ ð³âíîâàãè òèïó Ëåíãìþðà. Íàâåäåíî ðåçóëüòàòè ÷èñëîâèõ åêñïå-
ðèìåíò³â íà îñíîâ³ ïàðàëåëüíèõ îá÷èñëåíü ç âèêîðèñòàííÿì áàãàòîÿäåðíèõ êîìï’þòåð³â.

Êëþ÷îâ³ ñëîâà: âèñîêîïðîäóêòèâí³ ïàðàëåëüí³ îá÷èñëåííÿ, íàíîïîðèñò³ ê³áåðñèñòåìè ç³ çâîðîòíèìè
çâ’ÿçêàìè, êîìïåòèòèâíà àäñîðáö³ÿ ãàç³â, ôóíêö³ÿ àäñîðáö³éíî¿ ð³âíîâàãè Ëåíãìþðà, ³íòåãðàëüíå ïåðå-
òâîðåííÿ Ëàïëàñà, îïåðàö³éíèé ìåòîä Ãåâ³ñàéäà.
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High-performance supercomputer technologies of simulation and identification of nanoporous systems
with feedback for n-component competitive adsorption / M.R. Petryk, I.V. Boyko, O.M. Khimich,
M.Ì. Petryk // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 170–183.

Abstract. High-performance supercomputer computing technologies have been developed to model and
identify the parameters of complex n-component competitive adsorption processes in nanoporous cybersystems
with feedback. Using the Laplace transform and the Heaviside operating method with the decomposition of
a nonlinear system with Langmuir-type adsorption equilibrium conditions, an effective parallelization of
the vector components of the model solution is proposed. The results of numerical experiments based on
parallel computations using multi-core computers are presented.

Keywords: high-performance parallel computations, nanoporous cybersystems with feedback, competent gas
adsorption, Langmuir adsorption equilibrium function, Laplace integral transformation, Heaviside operating
method.
===============================================================================

ÓÄÊ 004.056.55

Ñèììåòðè÷íûå êðèïòîàëãîðèòìû â ñèñòåìå îñòàòî÷íûõ êëàññîâ / Ì.Í. Êàñÿí÷óê, È.Ç. ßêèìåíêî,
ß.Í. Íèêîëàé÷óê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2021. Òîì 57, ¹ 2. Ñ. 184–192.

Àííîòàöèÿ. Ïðåäñòàâëåíû òåîðåòè÷åñêèå îñíîâû ñèììåòðè÷íîãî øèôðîâàíèÿ íà îñíîâå ñèñòåìû
îñòàòî÷íûõ êëàññîâ. Îñîáåííîñòè ýòîãî ïîäõîäà çàêëþ÷àþòñÿ â òîì, ÷òî ïðè âîññòàíîâëåíèè äåñÿòè-
÷íîãî ÷èñëà ïî åãî îñòàòêàì ñ èñïîëüçîâàíèåì êèòàéñêîé òåîðåìû îá îñòàòêàõ óìíîæåíèÿ îñóùåñòâëÿ-
þòñÿ íà ïðîèçâîëüíî âûáðàííûå êîýôôèöèåíòû (êëþ÷è). Óñòàíîâëåíî, ÷òî êðèïòîñòîéêîñòü ðàçðàáî-
òàííûõ ìåòîäîâ îïðåäåëÿåòñÿ êîëè÷åñòâîì ìîäóëåé è èõ ðàçðÿäíîñòüþ. Îòìå÷åíî, ÷òî îïèñàííûå ìåòî-
äû ïîçâîëÿþò ïðàêòè÷åñêè íåîãðàíè÷åííî óâåëè÷èâàòü áëîê îòêðûòîãî òåêñòà äëÿ øèôðîâàíèÿ, ÷òî
óñòðàíÿåò íåîáõîäèìîñòü èñïîëüçîâàíèÿ ðàçëè÷íûõ ðåæèìîâ øèôðîâàíèÿ.

Êëþ÷åâûå ñëîâà: ñèñòåìà îñòàòî÷íûõ êëàññîâ, êðèïòîàëãîðèòì, ñèììåòðè÷íàÿ êðèïòîñèñòåìà, øèô-
ðòåêñò, êðèïòîàíàëèç, óñòîé÷èâîñòü.
----------------------------------------------------------------------------------------------------------------------------------------

Ñèìåòðè÷í³ êðèïòîàëãîðèòìè ó ñèñòåì³ çàëèøêîâèõ êëàñ³â / Ì.Ì. Êàñÿí÷óê, ².Ç. ßêèìåíêî,
ß.Ì. Íèêîëàé÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2021. Òîì 57, ¹ 2. Ñ. 184–192.

Àíîòàö³ÿ. Ïðåäñòàâëåíî òåîðåòè÷í³ îñíîâè ñèìåòðè÷íîãî øèôðóâàííÿ íà îñíîâ³ ñèñòåìè çàëèø-
êîâèõ êëàñ³â. Îñîáëèâîñò³ öüîãî ï³äõîäó ïîëÿãàþòü ó òîìó, ùî ó âèïàäêó â³äíîâëåííÿ äåñÿòêîâîãî ÷èñ-
ëà çà éîãî çàëèøêàìè ç âèêîðèñòàííÿì êèòàéñüêî¿ òåîðåìè ïðî çàëèøêè ìíîæåííÿ çä³éñíþºòüñÿ íà
äîâ³ëüíî âèáðàí³ êîåô³ö³ºíòè (êëþ÷³). Âñòàíîâëåíî, ùî êðèïòîñò³éê³ñòü ðîçðîáëåíèõ ìåòîä³â âèçíà-
÷àºòüñÿ ê³ëüê³ñòþ ìîäóë³â òà ¿õíüîþ ðîçðÿäí³ñòþ. Ç’ÿñîâàíî, ùî îïèñàí³ ìåòîäè çàáåçïå÷óþòü ìîæ-
ëèâ³ñòü ïðàêòè÷íî íåîáìåæåíîãî çá³ëüøåííÿ áëîêó â³äêðèòîãî òåêñòó äëÿ øèôðóâàííÿ, ïðè öüîìó çíè-
êàº ïîòðåáà ó âèêîðèñòàíí³ ð³çíèõ ðåæèì³â øèôðóâàííÿ.

Êëþ÷îâ³ ñëîâà: ñèñòåìà çàëèøêîâèõ êëàñ³â, êðèïòîàëãîðèòì, ñèìåòðè÷íà êðèïòîñèñòåìà, øèôðòåêñò,
êðèïòîàíàë³ç, ñò³éê³ñòü.
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Symmetric cryptoalgorithms in the residue number system / M.M. Kasianchuk, I.Z. Yakymenko,
Ya.M. Nykolaychuk // Kibernetika i sistemnyj analiz. 2021. Vol. 57, N 2. P. 184–192.

Abstract. This paper presents the theoretical backgrounds of symmetric encryption based on a residue
number system. The peculiarities of this approach include that when restoring a decimal number to its residuals
appears using the Chinese remainder theorem, multiplication occurs by arbitrarily chosen coefficients (keys). It
is established that cryptostability of the developed methods is determined by the number of modules and their
bit size. In addition, the described methods allow almost indefinitely increase the block of plain text for
encryption, which eliminates the need to use different encryption modes.

Keywords: residue number system, cryptoalgorithm, symmetric cryptosystem, ciphertext, cryptanalysis,
stability.
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