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Ïðèíöèïû îðãàíèçàöèè ñåò÷àòêè ãëàçà ÷åëîâåêà è èõ èñïîëüçîâàíèåâ ñèñòåìàõ êîìïüþòåðíîãî
çðåíèÿ / Â.Ï. Áîþí, Ë.À. Âîçíåíêî, È.Ô. Ìàëêóø // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55,
¹ 5. Ñ. 3–17.

²ë.: 8. Òàáë. 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ïðèâåäåí êðàòêèé îáçîð ïðèíöèïîâ îðãàíèçàöèè ñåò÷àòêè ãëàçà ÷åëîâåêà. Ðàññìîòðå-
íû ïðèíöèïû ëîêàëüíîñòè ïðè âçàèìîäåéñòâèè íåéðîíîâ, êîëüöåâîé îðãàíèçàöèè ðåöåïòèâíûõ ïîëåé ñ
on- ³ off-öåíòðàìè, ñïåöèàëèçàöèè ñëîåâ íåéðîíîâ, îðãàíèçàöèè îáðàòíûõ ñâÿçåé, àäàïòàöèè ê óðîâíþ
îñâåùåíèÿ è êîíòðàñòó, ñîêðàùåíèÿ îáúåìà äàííûõ â âèäåîïîòîêå. Ïîêàçàíî, ÷òî ñîâåðøåííàÿ îðãàíè-
çàöèÿ ñåò÷àòêè ãëàçà ÷åëîâåêà ïîçâîëÿåò çíà÷èòåëüíî óëó÷øèòü òåõíè÷åñêèå õàðàêòåðèñòèêè ñèñòåì
êîìïüþòåðíîãî çðåíèÿ ïðè èñïîëüçîâàíèè ñåò÷àòêè â êà÷åñòâå ïðîòîòèïà. Ðåçóëüòàòû ðàáîòû èñïîëüçî-
âàíû ïðè ñîçäàíèè ñåìåéñòâà èíòåëëåêòóàëüíûõ âèäåîêàìåð è ðÿäà ñèñòåì íà èõ îñíîâå, à òàêæå ïðè ïî-
ñòðîåíèè ñïåöèàëèçèðîâàííûõ íåéðîñåòåé äëÿ ïåðâè÷íîé îáðàáîòêè èíôîðìàöèè íåïîñðåäñòâåííî íà
ñåíñîðíîé ìàòðèöå.

Êëþ÷åâûå ñëîâà: ñåò÷àòêà, ïàëî÷êè è êîëáî÷êè, ãîðèçîíòàëüíûå, áèïîëÿðíûå, àìàêðèíîâûå è ãàíãëè-
îçíûå êëåòêè, on- è off-öåíòðû, íåéðîñåòü, âèäåîñåíñîð, óïðàâëåíèå ïàðàìåòðàìè ñ÷èòûâàíèÿ èíôîðìà-
öèè, èíòåëëåêòóàëüíûå âèäåîêàìåðû, ìíîãîñëîéíûå ìàòðè÷íûå ñòðóêòóðû.

_______________________________________________________________

Ïðèíöèïè îðãàí³çàö³¿ ñ³òê³âêè îêà ëþäèíè òà ¿õíº âèêîðèñòàííÿ â ñèñòåìàõ êîìï’þòåðíîãî çîðó /
Â.Ï. Áîþí, Ë.Î. Âîçíåíêî, ².Ô. Ìàëêóø // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5.
Ñ. 3–17.

Àíîòàö³ÿ. Íàâåäåíî êîðîòêèé îãëÿä ïðèíöèï³â îðãàí³çàö³¿ ñ³òê³âêè îêà ëþäèíè. Ðîçãëÿíóòî ïðè-
íöèïè ëîêàëüíîñò³ ï³ä ÷àñ âçàºìîä³¿ íåéðîí³â, ê³ëüöåâî¿ îðãàí³çàö³¿ ðåöåïòèâíèõ ïîë³â ç on- ³ off-öåíòðà-
ìè, ñïåö³àë³çàö³¿ øàð³â íåéðîí³â, îðãàí³çàö³¿ çâîðîòíèõ çâ’ÿçê³â, àäàïòàö³¿ äî ð³âíÿ îñâ³òëåííÿ ³ êîíòðàñ-
òó, ñòèñíåííÿ äàíèõ ó â³äåîïîòîö³. Ïîêàçàíî, ùî äîñêîíàëà îðãàí³çàö³ÿ ñ³òê³âêè îêà ëþäèíè äàº çìîãó
çíà÷íî ïîë³ïøèòè òåõí³÷í³ õàðàêòåðèñòèêè ñèñòåì êîìï’þòåðíîãî çîðó â ðàç³ çàñòîñóâàííÿ ñ³òê³âêè ÿê
ïðîòîòèïó. Ðåçóëüòàòè äîñë³äæåíü âèêîðèñòàíî ó ïðîöåñ³ ñòâîðåííÿ ñ³ì’¿ ³íòåëåêòóàëüíèõ â³äåîêàìåð ³
íèçêè ñèñòåì íà ¿õí³é îñíîâ³, à òàêîæ ï³ä ÷àñ ïîáóäîâè ñïåö³àë³çîâàíèõ íåéðîííèõ ìåðåæ äëÿ ïåðâèííî-
ãî îáðîáëåííÿ ³íôîðìàö³¿ áåçïîñåðåäíüî íà ñåíñîðí³é ìàòðèö³.

Êëþ÷îâ³ ñëîâà: ñ³òê³âêà; ïàëè÷êè ³ êîëáî÷êè; ãîðèçîíòàëüí³, á³ïîëÿðí³, àìàêðèíîâ³ ³ ãàíãë³îçí³ êë³òèíè;
on- ³ off-öåíòðè; íåéðîìåðåæà; â³äåîñåíñîð, êåðóâàííÿ ïàðàìåòðàìè ç÷èòóâàííÿ ³íôîðìàö³¿; ³íòåëåêòó-
àëüí³ â³äåîêàìåðè; áàãàòîøàðîâ³ ìàòðè÷í³ ñòðóêòóðè.

_______________________________________________________________

The principles of human retina organization and their use in computer vision / V.P. Boyun,
L.O. Voznenko, I.F. Malkush // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 3–17.

Abstract. The paper provides a summary of the principles of human retina’s organization. The paper
explores the principles of: locality in the interaction of neurons; receptive fields ring organization with on- and
off-centers (center-surround organization); neuron layers specialization; feedbacks organization; adaptation to
light and contrast levels; data reduction in a video stream. The perfect organization of the human retina makes it
possible to significantly improve the technical characteristics of computer vision systems when using the retina
as a prototype. The results of this research were used in creation of a family of intelligent video cameras and
systems based on them, as well as in building a number of specialized neural networks for primary information
processing directly on the sensor matrix.

Keywords: retina, rods and cones, horizontal, bipolar, amacrine and ganglion cells, on- and off-centers, neural
network, video sensor, information reading parameters control, intelligent video cameras, multilayer matrix
structures.

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

ÓÄÊ 51.681.3

×èñëåííûå ìåòîäû ðåøåíèÿ çàäà÷è î ìàòåìàòè÷åñêîì ñåéôå / Ñ.Ë. Êðûâûé // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 18–34.

²ë.: 2. Òàáë. 6. Á³áë³îãð.: 5 íàçâ.

Àííîòàöèÿ. Ïðèâåäåíû ÷èñëåííûå ìåòîäû ðåøåíèÿ çàäà÷è î ìàòåìàòè÷åñêîì ñåéôå ñ ïðîèçâîëü-
íûì êîíå÷íûì ÷èñëîì ïîçèöèé çàìêîâ. Ìåòîäû áàçèðóþòñÿ íà TSS-àëãîðèòìàõ ïîñòðîåíèÿ ìíîæåñòâà
áàçèñíûõ ðåøåíèé ñèñòåì ëèíåéíûõ äèîôàíòîâûõ óðàâíåíèé â êîíå÷íûõ ïîëÿõ è êîëüöàõ.

Êëþ÷åâûå ñëîâà: äèîôàíòîâûå óðàâíåíèÿ, êîíå÷íûå ïîëÿ, êîíå÷íûå êîëüöà, ñèñòåìû ëèíåéíûõ óðàâ-
íåíèé, áàçèñ ðåøåíèé.
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×èñåëüí³ ìåòîäè ðîçâ’ÿçàííÿ çàäà÷³ ïðî ìàòåìàòè÷íèé ñåéô / Ñ.Ë. Êðèâèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 18–34.

Àíîòàö³ÿ. Íàâåäåíî ÷èñåëüí³ ìåòîäè ðîçâ’ÿçàííÿ çàäà÷³ ïðî ìàòåìàòè÷íèé ñåéô ç äîâ³ëüíèì
ñê³í÷åííèì ÷èñëîì ïîçèö³é çàñóâ³â. Ìåòîäè ´ðóíòóþòüñÿ íà TSS-àëãîðèòìàõ ïîáóäîâè ìíîæèíè áàçèñ-
íèõ ðîçâ’ÿçê³â ñèñòåì ë³í³éíèõ ä³îôàíòîâèõ ð³âíÿíü â ñê³í÷åííèõ ïîëÿõ ³ ê³ëüöÿõ.

Êëþ÷îâ³ ñëîâà: ä³îôàíòîâ³ ð³âíÿííÿ, ñê³í÷åíí³ ïîëÿ, ñê³í÷åíí³ ê³ëüöÿ, ñèñòåìè ë³í³éíèõ ð³âíÿíü, áàçèñ
ðîçâ’ÿçê³â.

_______________________________________________________________
The numerical methods to solve problems of mathematical safe / S.L. Kryvyi // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 5. P. 18–34.

Abstract. The numerical metods to solve problems of mathematical safe with an arbitrary finite number
of position of bolts is presented. The basis of the methods are TSS-algorithms for solving systems of linear
Diophantine equations in finite fields and rings.

Keywords: Diophantine equations, finite fields, finite rings, systems of linear equations, basis of solutions.
=====================================================

ÓÄÊ 621.391.15 : 519.7

Ñóïåðñèíãóëÿðíûå ñêðó÷åííûå êðèâûå Ýäâàðäñà íàä ïðîñòûì ïîëåì. ²I. Ñóïåðñèíãóëÿðíûå
ñêðó÷åííûå êðèâûå Ýäâàðäñà ñ j-èíâàðèàíòîì, ðàâíûì 663 / À.Â. Áåññàëîâ, Ë.Â. Êîâàëü÷óê //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 35–46.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Côîðìóëèðîâàíû è äîêàçàíû òåîðåìû îá óñëîâèÿõ ñóùåñòâîâàíèÿ ñóïåðñèíãóëÿðíûõ

êðèâûõ Ýäâàðäñà íàä ïðîñòûì ïîëåì ñ j-èíâàðèàíòîì, ðàâíûì 663, è ñ äðóãèìè çíà÷åíèÿìè j-èíâàðèàí-
òîâ. Ïðèâåäåíî îáîáùåíèå ïîëó÷åííûõ ðàíåå ðåçóëüòàòîâ, èñïîëüçóþùåå èçîìîðôèçì êðèâûõ â ôîðìàõ
Ëåæàíäðà è Ýäâàðäñà.

Êëþ÷åâûå ñëîâà: ñóïåðñèíãóëÿðíàÿ êðèâàÿ, ïîëíàÿ êðèâàÿ Ýäâàðäñà, ñêðó÷åííàÿ êðèâàÿ Ýäâàðäñà,
êâàäðàòè÷íàÿ êðèâàÿ Ýäâàðäñà, ïàðà êâàäðàòè÷íîãî êðó÷åíèÿ, ïîðÿäîê òî÷êè, ñèìâîë Ëåæàíäðà, êâàäðà-
òè÷íûé âû÷åò, êâàäðàòè÷íûé íåâû÷åò.

_______________________________________________________________
Ñóïåðñ³íãóëÿðíi ñêðó÷åíi êðèâ³ Åäâàðäña íàä ïðîñòèì ïîëåì. ²I. Ñóïåðñ³íãóëÿðíi ñêðó÷åíi êðèâ³
Åäâàðäñà ç j-³íâàð³àíòîì, ÿêèé äîð³âíþº 663 / À.Â. Áåññàëîâ, Ë.Â. Êîâàëü÷óê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 35–46.

Àíîòàö³ÿ. Côîðìóëüîâàíî ³ äîâåäåíî òåîðåìè ïðî óìîâè ³ñíóâàííÿ ñóïåðñ³íãóëÿðíèõ êðèâèõ Åäâàðäñà

íàä ïðîñòèì ïîëåì ç j-³íâàð³àíòîì, ÿêèé äîð³âíþº 663, ³ ç ³íøèìè çíà÷åííÿìè j-³íâàð³àíò³â. Íàâåäåíî óçàãàëü-
íåííÿ îòðèìàíèõ ðàí³øå ðåçóëüòàò³â, ùî âèêîðèñòîâóº ³çîìîðô³çì êðèâèõ ó ôîðìàõ Ëåæàíäðà ³ Åäâàðäñà.

Êëþ÷îâ³ ñëîâà: ñóïåðñ³íãóëÿðíà êðèâà, ïîâíà êðèâà Åäâàðäñà, ñêðó÷åíà êðèâà Åäâàðäñà, êâàäðàòè÷íà
êðèâà Åäâàðäñà, ïàðà êâàäðàòè÷íîãî êðó÷åííÿ, ïîðÿäîê òî÷êè, ñèìâîë Ëåæàíäðà, êâàäðàòè÷íèé ëèøîê,
êâàäðàòè÷íèé íåëèøîê.

_______________________________________________________________
Supersingular twisted Edwards curves over a simple field. ²I. supersingular twisted Edwards curves with
an j-invariant equal to 663 / A.V. Bessalov, L.V. Kovalchuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55,
N 5. P. 35–46.

Abstract. Theorems on the existence conditions for Edwards super singular curves over a simple field

with an j-invariant equal to 663 and with other values of the invariants were formulated and proved.
A generalization of the previously obtained results using the isomorphism of curves in the Legendre and
Edwards forms is given.

Keywords: supersingular curve, complete Edwards curve, twisted Edwards curve, quadratic Edwards curve,
torsion pair, point order, Legendre symbol, quadratic residue, quadratic non-deduction.

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

ÓÄÊ 519.713.1

Îïðåäåëåíèå ôèêòèâíûõ ñîñòîÿíèé â �-àâòîìàòå, ñèíòåçèðîâàííîì ïî ñïåöèôèêàöèè â ÿçûêå LP
/ À.Í. ×åáîòàðåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 47–57.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 7 íàçâ.

Àííîòàöèÿ. Ñèíòåç äåòåðìèíèðîâàííîãî �-àâòîìàòà, ñïåöèôèöèðîâàííîãî â ÿçûêå LP, ñîñòîèò
â ïîñëåäîâàòåëüíîì âûïîëíåíèè äâóõ ïðîöåäóð. Ïåðâàÿ ñòðîèò àâòîìàò, èìåþùèé ïîäàâòîìàò, ñîâïàäà-
þùèé ñî ñïåöèôèöèðîâàííûì àâòîìàòîì, à âòîðàÿ óäàëÿåò ñîñòîÿíèÿ, íå ïðèíàäëåæàùèå ýòîìó ïîäàâ-
òîìàòó. Òàêèå ñîñòîÿíèÿ íàçûâàþòñÿ ôèêòèâíûìè. Ðàññìîòðåí ñïîñîá îïðåäåëåíèÿ ôèêòèâíûõ ñîñòîÿ-
íèé. Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ñîîòâåòñòâóþùèé ïðîöåññ ñâåñòè ê íàõîæäåíèþ òàê íàçûâàå-
ìûõ îñíîâíûõ öèêëîâ â àâòîìàòå è, â êîíå÷íîì ñ÷åòå, ê ïðîâåðêå ïðèíàäëåæíîñòè ïåðèîäè÷åñêîãî
îáðàòíîãî ñâåðõñëîâà íåêîòîðîìó ��-ðåãóëÿðíîìó ìíîæåñòâó.



Êëþ÷åâûå ñëîâà: �-àâòîìàò, ôèêòèâíîå ñîñòîÿíèå, íà÷àëüíûé ñèëüíî ñâÿçíûé ïîäàâòîìàò, íîðìàëüíàÿ
ôîðìà, ��-ðåãóëÿðíîå ìíîæåñòâî, îñíîâíîé öèêë.

_______________________________________________________________

Âèçíà÷åííÿ ô³êòèâíèõ ñòàí³â â �-àâòîìàò³, ùî ñèíòåçîâàíèé çà ñïåöèô³êàö³ºþ ó ìîâ³ LP /
À.Ì. ×åáîòàðüîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 47–57.

Àíîòàö³ÿ. Ñèíòåç äåòåðì³íîâàíîãî �-àâòîìàòà, ñïåöèô³êîâàíîãî ìîâîþ LP, ïîëÿãàº ó ïîñë³äîâíî-
ìó âèêîíàíí³ äâîõ ïðîöåäóð. Ïåðøà áóäóº àâòîìàò, ÿêèé ì³ñòèòü ó ñîá³ ï³äàâòîìàò, ùî çá³ã³ºòüñÿ ç³ ñïå-
öèô³êîâàíèì àâòîìàòîì, à äðóãà âèäàëÿº ñòàíè, ÿê³ íå íàëåæàòü öüîìó ï³äàâòîìàòó. Òàê³ ñòàíè íàçèâà-
þòüñÿ ô³êòèâíèìè. Ðîçãëÿíóòî ñïîñ³á âèçíà÷åííÿ ô³êòèâíèõ ñòàí³â. Îòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü
â³äïîâ³äíèé ïðîöåñ çâåñòè äî çíàõîäæåííÿ òàê çâàíèõ îñíîâíèõ öèêë³â â àâòîìàò³ ³, âðåøò³-ðåøò, äî ïå-
ðåâ³ðêè íàëåæíîñò³ ïåð³îäè÷íîãî çâîðîòíîãî íàäñëîâà äåÿê³é ��-ðåãóëÿðí³é ìíîæèí³.

Êëþ÷îâ³ ñëîâà: -àâòîìàò, ô³êòèâíèé ñòàí, ïî÷àòêîâèé ñèëüíî çâ’ÿçíèé ï³äàâòîìàò, íîðìàëüíà ôîðìà,
��-ðåãóëÿðíà ìíîæèíà, îñíîâíèé öèêë.

_______________________________________________________________

Detecting fictitious states in a �-automaton synthesized from the specification in the language LP /
A.N. Chebotarev // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 47–57.

Abstract. Synthesis of a deterministic �-automaton specified in the language LP consists in the execution
of two consecutive procedures. The first one constructs the automaton that has a subautomaton, which is
identical to the specified automaton, and the other deletes the states that do not belong to this subautomaton.
Such states are called fictitious. The method for detecting fictitious states is considered. The obtained results
allow reducing detection of fictitious states to finding so-called basic cycles and eventually to checking the
membership of a periodic ��-word in some ��-regular set.

Keywords: ��-automaton, fictitious state, initial strongly connected subautomaton, normal form, ��-regular
set, basic cycle.
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ÓÄÊ 519.7

Âåðõíèå îöåíêè íåñáàëàíñèðîâàííîñòè äèñêðåòíûõ ôóíêöèé, ðåàëèçóåìûõ
ïîñëåäîâàòåëüíîñòÿìè êîíå÷íûõ àâòîìàòîâ / À.Í. Àëåêñåé÷óê, Ñ.Í. Êîíþøîê, Ì.Â. Ïîðåìñêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 58–66.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 19 íàçâ.

Àííîòàöèÿ. Ïîëó÷åíû ìàòðè÷íîå ïðåäñòàâëåíèå è âåðõíèå îöåíêè íåñáàëàíñèðîâàííîñòè ïðîèç-
âîëüíîé äèñêðåòíîé ôóíêöèè, ðåàëèçóåìîé ïîñëåäîâàòåëüíîñòüþ êîíå÷íûõ àâòîìàòîâ. Ïðèâåäåííûå
ðåçóëüòàòû, îáîáùàþùèå ðÿä èçâåñòíûõ ðàíåå óòâåðæäåíèé î ìàòðè÷íûõ (ëèíåéíûõ) ïðåäñòàâëåíèÿõ
íåñáàëàíñèðîâàííîñòè ôóíêöèé ñïåöèàëüíîãî âèäà, ìîæíî ïðèìåíÿòü ê ðåøåíèþ çàäà÷ îáîñíîâàíèÿ
ñòîéêîñòè ïîòî÷íûõ èëè áëî÷íûõ øèôðîâ îòíîñèòåëüíî ðÿäà ñòàòèñòè÷åñêèõ àòàê.

Êëþ÷åâûå ñëîâà: êîððåëÿöèîííûé êðèïòîàíàëèç, íåñáàëàíñèðîâàííîñòü äèñêðåòíîé ôóíêöèè, êîíå÷-

íûé àâòîìàò, îïåðàöèÿ ñëîæåíèÿ ïî ìîäóëþ 2n, SNOW 2.0, «Ñòðóìîê».
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Âåðõí³ îö³íêè íåçáàëàíñîâàíîñò³ äèñêðåòíèõ ôóíêö³é, ùî ðåàë³çóþòüñÿ ïîñë³äîâíîñòÿìè
ñê³í÷åííèõ àâòîìàò³â / À.Ì. Îëåêñ³é÷óê, C.Ì. Êîíþøîê, Ì.Â. Ïîðåìñüêèé // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 58–66.

Àíîòàö³ÿ. Îòðèìàíî ìàòðè÷íå ïðåäñòàâëåííÿ ³ âåðõí³ îö³íêè íåçáàëàíñîâàíîñò³ äîâ³ëüíî¿ äèñ-
êðåòíî¿ ôóíêö³¿, ùî ðåàë³çóºòüñÿ ïîñë³äîâí³ñòþ ñê³í÷åííèõ àâòîìàò³â. Íàâåäåíî ðåçóëüòàòè, ùî óçàãàëü-
íþþòü íèçêó â³äîìèõ ðàí³øå òâåðäæåíü ïðî ìàòðè÷í³ (ë³í³éí³) ïðåäñòàâëåííÿ íåçáàëàíñîâàíîñò³
ôóíêö³é ñïåö³àëüíîãî âèãëÿäó, ÿê³ ìîæíà çàñòîñóâàòè äëÿ ðîçâ’ÿçàííÿ çàäà÷ îá´ðóíòóâàííÿ ñò³éêîñò³ ïî-
òîêîâèõ ÷è áëîêîâèõ øèôð³â â³äíîñíî íèçêè ñòàòèñòè÷íèõ àòàê.

Êëþ÷îâ³ ñëîâà: êîðåëÿö³éíèé êðèïòîàíàëèç, íåçáàëàíñîâàí³ñòü äèñêðåòíî¿ ôóíêö³¿, ñê³í÷åííèé àâòî-

ìàò, îïåðàö³ÿ äîäàâàííÿ çà ìîäóëåì 2n, SNOW 2.0, «Ñòðóìîê».
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Upper bounds for imbalance of discrete functions realized by sequences of finite-state machines /
A.N. Alekseychuk, S.M. Koniushok, M.V. Poremskyi // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5.
P. 58–66.

Abstact. A matrix representation and upper bounds of the imbalance of an arbitrary discrete function
realized by a sequence of finite-state machines are obtained. The obtained results generalize a number of
previously known assertions about matrix (linear) representations of the imbalance of the special form functions
and can be used to solve the problems of security proofs of stream or block ciphers against a number of
statistical attacks.

Keywords: correlation cryptanalysis, imbalance of discrete function, finite-state machine, addition modulo 2n

operation, SNOW 2.0, «Strumok».
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 512.61 : 519.61

Ðàçëîæåíèå âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñî ñìåøàííûìè âåñàìè â ìàòðè÷íûå ñòåïåííûå
ðÿäû è ïðîèçâåäåíèÿ / Å.Ô. Ãàëáà, Í.À. Âàðåíþê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55,
¹ 5. Ñ. 67–80.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 32 íàçâ.

Àííîòàöèÿ. Ïîëó÷åíû è èññëåäîâàíû ðàçëîæåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñî ñìå-
øàííûìè âåñàìè (îäíà âåñîâàÿ ìàòðèöà ïîëîæèòåëüíî-îïðåäåëåííàÿ, à äðóãàÿ — íåâûðîæäåííàÿ çíàêî-
íåîïðåäåëåííàÿ) â ìàòðè÷íûå ñòåïåííûå ðÿäû è ïðîèçâåäåíèÿ ñ îòðèöàòåëüíûìè ïîêàçàòåëÿìè ñòåïå-
íåé. Ïîëó÷åíû ìíîãî÷ëåííûå ïðåäåëüíûå ïðåäñòàâëåíèÿ ýòèõ ìàòðèö. Ïîñòðîåíû ðåãóëÿðèçîâàííûå
èòåðàöèîííûå ìåòîäû äëÿ âû÷èñëåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö ñî ñìåøàííûìè âåñàìè.

Êëþ÷åâûå ñëîâà: âçâåøåííûå ïñåâäîîáðàòíûå ìàòðèöû ñî ñìåøàííûìè âåñàìè, ìàòðè÷íûå ñòåïåííûå
ðÿäû è ïðîèçâåäåíèÿ, ïðåäåëüíûå ïðåäñòàâëåíèÿ âçâåøåííûõ ïñåâäîîáðàòíûõ ìàòðèö, ðåãóëÿðèçîâàí-
íûå èòåðàöèîííûå ìåòîäû.

_______________________________________________________________

Ðîçâèíåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü ³ç çì³øàíèìè âàãàìè â ìàòðè÷í³ ñòåïåíåâ³ ðÿäè ³
äîáóòêè / ª.Ô. Ãàëáà, Í.À. Âàðåíþê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ.67–80.

Àíîòàö³ÿ. Îòðèìàíî ³ äîñë³äæåíî ðîçâèíåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü iç çì³øàíèìè
âàãàìè (îäíà âàãîâà ìàòðèöÿ äîäàòíî-îçíà÷åíà, à äðóãà — íåâèðîäæåíà çíàêîíåâèçíà÷åíà) â ìàòðè÷í³
ñòåïåíåâ³ ðÿäè ³ äîáóòêè ç â³ä’ºìíèìè ïîêàçíèêàìè ñòåïåí³â. Îòðèìàíî ìíîãî÷ëåíí³ ãðàíè÷í³ ïðåäñòàâ-
ëåííÿ öèõ ìàòðèöü. Ïîáóäîâàíî ðåãóëÿðèçîâàí³ ³òåðàö³éí³ ìåòîäè äëÿ îá÷èñëåííÿ çâàæåíèõ ïñåâäîîáåð-
íåíèõ ìàòðèöü ³ç çì³øàíèìè âàãàìè.

Êëþ÷îâ³ ñëîâà: çâàæåí³ ïñåâäîîáåðíåí³ ìàòðèö³ ³ç çì³øàíèìè âàãàìè, ìàòðè÷í³ ñòåïåíåâ³ ðÿäè ³ äîáóò-
êè, ãðàíè÷í³ çîáðàæåííÿ çâàæåíèõ ïñåâäîîáåðíåíèõ ìàòðèöü, ðåãóëÿðèçîâàí³ ³òåðàö³éí³ ìåòîäè.
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Expansion of weighted pseudoinverse matrices with mixed weights into matrix power series and power
products / E.F. Galba, N.A. Vareniuk // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 67–80.

Abstract. Expansions of weighted pseudoinverse matrices with mixed weights into matrix power series
or power products with negative exponents are defined and analyzed. One of these matrices is a positive
definite matrix and another is nonsingular and indefinite. Limited polynomial representations of these matrices
are obtained. Iterative methods for evaluating weighted pseudoinverse matrices with mixed weights are
constructed.

Keywords: weighted pseudoinverse matrices with mixed weights, matrix power series and power products,
limited polynomials representations of weighted pseudoinverse matrices, iterative methodsþ
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ÓÄÊ 519.21

Î áîëüøèõ óêëîíåíèÿõ ýìïèðè÷åñêèõ îöåíîê â çàäà÷å ñòîõàñòè÷åñêîãî ïðîãðàììèðîâàíèÿ ïðè
íåñòàöèîíàðíûõ íàáëþäåíèÿõ ñ íåïðåðûâíûì âðåìåíåì / Ï.Ñ. Êíîïîâ, Å.È. Êàñèöêàÿ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 81–86.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 4 íàçâè.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à ñòîõàñòè÷åñêîãî ïðîãðàììèðîâàíèÿ, â êîòîðîé ýìïèðè÷åñêàÿ
ôóíêöèÿ ñòðîèòñÿ ïî íåñòàöèîíàðíûì íàáëþäåíèÿì ñ íåïðåðûâíûì âðåìåíåì. Èññëåäîâàí ñòàöèîíàð-
íûé â óçêîì ñìûñëå ñëó÷àéíûé ïðîöåññ, óäîâëåòâîðÿþùèé óñëîâèþ ñèëüíîãî ïåðåìåøèâàíèÿ. Ïðèâå-
äåíû óñëîâèÿ, ïðè êîòîðûõ ýìïèðè÷åñêàÿ îöåíêà ÿâëÿåòñÿ ñîñòîÿòåëüíîé, è îöåíåíû åå áîëüøèå óêëî-
íåíèÿ.

Êëþ÷åâûå ñëîâà: çàäà÷à ñòîõàñòè÷åñêîãî ïðîãðàììèðîâàíèÿ, ñòàöèîíàðíûé ýðãîäè÷åñêèé ñëó÷àéíûé
ïðîöåññ, óñëîâèå ñèëüíîãî ïåðåìåøèâàíèÿ, áîëüøèå óêëîíåíèÿ.
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Ïðî âåëèê³ â³äõèëåííÿ åìï³ðè÷íèõ îö³íîê â çàäà÷³ ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ çà
íåñòàö³îíàðíèõ ñïîñòåðåæåíü ç íåïåðåðâíèì ÷àñîì / Ï.Ñ. Êíîïîâ, ª.É. Êàñ³öüêà // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 81–86.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ, â ÿê³é åìï³ðè÷íà ôóíêö³ÿ áóäóºòüñÿ
çà íåñòàö³îíàðíèìè ñïîñòåðåæåííÿìè ç íåïåðåðâíèì ÷àñîì. Äîñë³äæåíî ñòàö³îíàðíèé ó âóçüêîìó ðî-
çóì³íí³ âèïàäêîâèé ïðîöåñ, ùî çàäîâîëüíÿº óìîâ³ ñèëüíîãî ïåðåì³øóâàííÿ. Íàâåäåíî óìîâè, çà ÿêèõ
åìï³ðè÷íà îö³íêà º êîíñèñòåíòíîþ, òà îö³íåíî ¿¿ âåëèê³ â³äõèëåííÿ.

Êëþ÷îâ³ ñëîâà: çàäà÷à ñòîõàñòè÷íîãî ïðîãðàìóâàííÿ, ñòàö³îíàðíèé åðãîäè÷íèé âèïàäêîâèé ïðîöåñ,
óìîâà ñèëüíîãî ïåðåì³øóâàííÿ, âåëèê³ â³äõèëåííÿ.

_______________________________________________________________

4 ISSN 1019-5262. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2019, òîì 55, ¹ 5



On large deviations of empirical estimates in a stochastic programming problem with nonstationary
observations and continuous time / P.S. Knopov, E.J. Kasitskaya // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 5. P. 81–86.

Abstract. The paper considers a stochastic programming problem with the empirical function constructed
on nonstationary observations and continuous time. A stationary in a strict sense random process satisfying the
strong mixing condition is investigated in the problem. The conditions under which the empirical estimate is
consistent are given and large deviations of the estimate are considered.

Keywords: stochastic programming problem, stationary ergodic random process, strong mixing condition, large
deviations.

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

ÓÄÊ 532.59

Îáðàòíàÿ äèôðàêöèîííàÿ çàäà÷à îïðåäåëåíèÿ ñâîéñòâ ïëàçìåííîãî îáúåêòà / È.Ò. Ñåëåçîâ //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 87–94.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà íåêîððåêòíàÿ çàäà÷à äëÿ ïëàçìåííîé íåîäíîðîäíîñòè, äèàãíîñòèðóåìîé
ïî îòðàæåííîìó äèôðàêöèîííîìó ïîëþ — îáðàòíîìó ðàññåÿíèþ îò îáëó÷àåìîãî îáúåêòà. Â ýòîì ñëó-
÷àå íå òðåáóåòñÿ îñîáî òî÷íîãî âîññòàíîâëåíèÿ îáúåêòà èññëåäîâàíèÿ íà îñíîâå ïñåâäîîáðàùåíèÿ. Ïîñ-
òðîåíî àíàëèòè÷åñêîå ðåøåíèå îáðàòíîé çàäà÷è äëÿ öèëèíäðè÷åñêîé ïëàçìû íà îñíîâå îáîáùåíèÿ ðå-
øåíèé äëÿ ñôåðè÷åñêîé ïëàçìû è ïîêàçàíû âîçìîæíîñòè åå äèàãíîñòèêè ïî èçìåðåííûì âåëè÷èíàì.

Êëþ÷åâûå ñëîâà: îáðàòíàÿ çàäà÷à, ïñåâäîîáðàùåíèå, äèôðàêöèÿ âîëí, îáðàòíîå ðàññåÿíèå, äèàãíîñòè-
êà ïëàçìû.
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Îáåðíåíà äèôðàêö³éíà çàäà÷à âèçíà÷åííÿ âëàñòèâîñòåé ïëàçìîâîãî îá’ºêòà / ².Ò. Ñåëåçîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 87–94.

Àíîòàö³ÿ. Ðîçãëÿíóòo íåêîðåêòíó çàäà÷ó äëÿ ïëàçìîâî¿ íåîäíîð³äíîñò³, ùî ä³àãíîñòóºòüñÿ çà
â³äáèòèì äèôðàêö³éíèì ïîëåì — çâîðîòíèì ðîçñ³þâàííÿì â³ä îá’ºêòà, ùî îïðîì³íþºòüñÿ. Ó öüîìó âè-
ïàäêó íå ïîòð³áíî á³ëüø òî÷íå â³äíîâëåííÿ îá’ºêòà äîñë³äæåííÿ íà îñíîâ³ ïñåâäîîáåðíåííÿ. Ïîáóäîâà-
íî àíàë³òè÷íèé ðîçâ’ÿçîê îáåðíåíî¿ çàäà÷³ äëÿ öèë³íäðè÷íî¿ ïëàçìè íà îñíîâ³ óçàãàëüíåííÿ ðîçâ’ÿçê³â
äëÿ ñôåðè÷íî¿ ïëàçìè ³ ïîêàçàío ìîæëèâîñò³ ¿¿ ä³àãíîñòèêè çà âèì³ðÿíèìè âåëè÷èíàìè.

Êëþ÷îâ³ ñëîâà: îáåðíåíà çàäà÷à, ïñåâäîîáåðíåííÿ, äèôðàêö³ÿ õâèëü, çâîðîòíå ðîçñ³þâàííÿ, ä³àãíîñòè-
êà ïëàçìè.
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Inverse diffraction problem of determining the properties of a plasma object / ².Ò. Selezov // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 5. P. 87–94.

Abstract. We consider the ill-posed problem for a plasma inhomogeneity, which is diagnosed by the
reflected diffraction field — backscattering from the irradiated object. In this case, there is no need for a more
accurate restoration of the research object based on pseudo-inversion. An analytic solution of the inverse
problem for a cylindrical plasma is constructed based on generalization of solutions for a spherical plasma. The
possibilities of plasma diagnostics from measured values are shown.

Keywords: ill-posed problem, pseudoinversion, wave diffraction, backscattering, plasma diagnostics.
=====================================================

ÓÄÊ 517.9

Ïðèáëèæåííûå ãàðàíòèðîâàííûå ñðåäíåêâàäðàòè÷íûå îöåíêè ôóíêöèîíàëîâ îò ðåøåíèé
ïàðàáîëè÷åñêèõ çàäà÷ ñ áûñòðî êîëåáëþùèìèñÿ êîýôôèöèåíòàìè ïðè íåëèíåéíûõ íàáëþäåíèÿõ
/ À.Ã. Íàêîíå÷íûé, Å.À. Êàïóñòÿí, À.À. ×èêðèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55,
¹ 5. Ñ. 95–105.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 14 íàçâ.

Àííîòàöèÿ. Â ñòàòüå ðàññìîòðåíà çàäà÷à ìèíèìàêñíîãî îöåíèâàíèÿ ôóíêöèîíàëà îò ðåøåíèÿ ïà-
ðàáîëè÷åñêîé çàäà÷è ñ áûñòðî êîëåáëþùèìèñÿ êîýôôèöèåíòàìè. Ê ðåøåíèþ ýòîé çàäà÷è ïðèìåíåí òðà-
äèöèîííûé ìèíèìàêñíûé ïîäõîä èç-çà íàëè÷èÿ íåèçâåñòíûõ ôóíêöèé â ïðàâîé ÷àñòè óðàâíåíèÿ è â íà-
÷àëüíîì óñëîâèè. Äîêàçàíî ñóùåñòâîâàíèå ãàðàíòèðîâàííîé ëèíåéíîé ñðåäíåêâàäðàòè÷íîé îöåíêè èñ-
õîäíîé çàäà÷è. Íàéäåíî ïðèáëèæåííîå ðåøåíèå èñõîäíîé çàäà÷è ñ èñïîëüçîâàíèåì òåîðèè óñðåäíåíèÿ
è ìåòîäîâ ïîñòðîåíèÿ ïðèáëèæåííîãî ñèíòåçà äëÿ ðàñïðåäåëåííûõ ñèñòåì. Äîêàçàíî, ÷òî îöåíêà çàäà÷è
ñ óñðåäíåííûìè ïàðàìåòðàìè ÿâëÿåòñÿ ïðèáëèæåííîé ãàðàíòèðîâàííîé ñðåäíåêâàäðàòè÷íîé îöåíêîé
èñõîäíîé çàäà÷è.

Êëþ÷åâûå ñëîâà: ãàðàíòèðîâàííûå ñðåäíåêâàäðàòè÷íûå îöåíêè, óðàâíåíèå ïàðàáîëè÷åñêîãî òèïà, áûñò-
ðî êîëåáëþùèåñÿ êîýôôèöèåíòû, íàáëþäåíèå, ïðèáëèæåííûå îöåíêè, îïåðàòîð òèïà ñóïåðïîçèöèè.
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Íàáëèæåí³ ãàðàíòîâàí³ ñåðåäíüîêâàäðàòè÷í³ îö³íêè ôóíêö³îíàë³â â³ä ðîçâ’ÿçê³â ïàðàáîë³÷íèõ
çàäà÷ ç³ øâèäêî êîëèâíèìè êîåô³ö³ºíòàìè ïðè íåë³í³éíèõ ñïîñòåðåæåííÿõ / Î.Ã. Íàêîíå÷íèé,
Î.À. Êàïóñòÿí, À.Î. ×èêð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 95–105.

Àíîòàö³ÿ. Ó ñòàòò³ ðîçãëÿíóòî çàäà÷ó ì³í³ìàêñíîãî îö³íþâàííÿ ôóíêö³îíàëà â³ä ðîçâ’ÿçêó ïàðà-
áîë³÷íî¿ çàäà÷³ ç³ øâèäêî êîëèâíèìè êîåô³ö³ºíòàìè. Äî ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ çàñòîñîâàíî òðàäèö³éíèé
ì³í³ìàêñíèé ï³äõ³ä ÷åðåç íàÿâí³ñòü íåâ³äîìèõ ôóíêö³é ó ïðàâ³é ÷àñòèí³ ð³âíÿííÿ òà ó ïî÷àòêîâ³é óìîâ³.
Äîâåäåíî ³ñíóâàííÿ ãàðàíòîâàíî¿ ë³í³éíî¿ ñåðåäíüîêâàäðàòè÷íî¿ îö³íêè âèõ³äíî¿ çàäà÷³. Çíàéäåíî íà-
áëèæåíèé ðîçâ’ÿçîê âèõ³äíî¿ çàäà÷³ ç âèêîðèñòàííÿì òåîð³¿ óñåðåäíåííÿ òà ìåòîä³â ïîáóäîâè íàáëèæå-
íîãî ñèíòåçó äëÿ ðîçïîä³ëåíèõ ñèñòåì. Äîâåäåíî, ùî îö³íêà çàäà÷³ ç óñåðåäíåíèìè ïàðàìåòðàìè º íà-
áëèæåíîþ ãàðàíòîâàíîþ ñåðåäíüîêâàäðàòè÷íîþ îö³íêîþ âèõ³äíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: ãàðàíòîâàí³ ñåðåäíüîêâàäðàòè÷í³ îö³íêè, ð³âíÿííÿ ïàðàáîë³÷íîãî òèïó, øâèäêî êîëèâí³
êîåô³ö³ºíòè, ñïîñòåðåæåííÿ, íàáëèæåí³ îö³íêè, îïåðàòîð òèïó ñóïåðïîçèö³¿.

_______________________________________________________________

Approximate guaranteed mean square estimates of functionals on solutions of parabolic problems with
fast oscillating coefficients under nonlinear observations / O.G. Nakonechnyi, O.A. Kapustian,
A.O. Chikrii // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 95–105.

Abstract. The paper deals with the problem of minimax estimation of a functional on the solution of
parabolic problem with rapidly oscillating coefficients. To solve this problem, the traditional minimax approach is
used because of the presence of unknown functions on the right-hand side of the equation and in the initial
condition. The existence of a guaranteed linear mean square estimate of the original problem is proved. An
approximate solution of the original problem is found with the use of the averaging theory and the approximate
synthesis methods for distributed systems. The main result of the work is to prove that the estimation of the
problem with averaged parameters is an approximate guaranteed mean square estimation of the original problem.

Keywords: guaranteed mean-square estimates, parabolic equations, fast oscillating coefficients, observations,
approximate estimates, superposition type operator.

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

ÓÄÊ 517.9 : 519.6

Íåêîòîðûå íåëîêàëüíûå êðàåâûå çàäà÷è äëÿ áèïàðàáîëè÷åñêîãî ýâîëþöèîííîãî óðàâíåíèÿ è åãî
äðîáíî-äèôôåðåíöèàëüíîãî àíàëîãà / Â.Ì. Áóëàâàöêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019.
Òîì 55, ¹ 5. Ñ. 106–114.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 29 íàçâ.

Àííîòàöèÿ. Äëÿ áèïàðàáîëè÷åñêîãî ýâîëþöèîííîãî óðàâíåíèÿ â ÷àñòíûõ ïðîèçâîäíûõ è åãî
äðîáíî-äèôôåðåíöèàëüíîãî îáîáùåíèÿ âûïîëíåíû ïîñòàíîâêè è ïîëó÷åíû çàìêíóòûå ðåøåíèÿ íåêîòî-
ðûõ êðàåâûõ çàäà÷ ñ íåëîêàëüíûìè ãðàíè÷íûìè óñëîâèÿìè. Ðàññìîòðåíû âàðèàíòû ïðÿìîé è îáðàòíîé
ïîñòàíîâîê çàäà÷. Ìàòåìàòè÷åñêàÿ ïîñòàíîâêà îáðàòíîé çàäà÷è ïðåäïîëàãàåò ïîèñê âìåñòå ñ ðåøåíèåì
èñõîäíîãî èíòåãðî-äèôôåðåíöèàëüíîãî óðàâíåíèÿ äðîáíîãî ïîðÿäêà òàêæå åãî íåèçâåñòíîé ïðàâîé ÷àñ-
òè, ôóíêöèîíàëüíî çàâèñÿùåé òîëüêî îò ãåîìåòðè÷åñêîé ïåðåìåííîé.

Êëþ÷åâûå ñëîâà: áèïàðàáîëè÷åñêîå ýâîëþöèîííîå óðàâíåíèå, äðîáíî-äèôôåðåíöèàëüíûé àíàëîã áèïàðàáî-
ëè÷åñêîãî óðàâíåíèÿ, íåëîêàëüíàÿ êðàåâàÿ çàäà÷à, îáðàòíàÿ çàäà÷à, áèîðòîãîíàëüíûå ñèñòåìû ôóíêöèé.

_______________________________________________________________

Äåÿê³ íåëîêàëüí³ êðàéîâ³ çàäà÷³ äëÿ á³ïàðàáîë³÷íîãî åâîëþö³éíîãî ð³âíÿííÿ òà éîãî
äðîáîâî-äèôåðåíö³éíîãî àíàëîãà / Â.Ì. Áóëàâàöüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019.
Òîì 55, ¹ 5. Ñ. 106–114.

Àíîòàö³ÿ. Äëÿ á³ïàðàáîë³÷íîãî åâîëþö³éíîãî ð³âíÿííÿ ç ÷àñòèííèìè ïîõ³äíèìè òà éîãî äðîáî-
âî-äèôåðåíö³éíîãî óçàãàëüíåííÿ âèêîíàíî ïîñòàíîâêè òà îäåðæàíî çàìêíåí³ ðîçâ’ÿçêè äåÿêèõ êðàéîâèõ
çàäà÷ ç íåëîêàëüíèìè ãðàíè÷íèìè óìîâàìè. Ðîçãëÿíóòî âàð³àíòè ïðÿìî¿ òà îáåðíåíî¿ ïîñòàíîâîê çàäà÷.
Ìàòåìàòè÷íà ïîñòàíîâêà îáåðíåíî¿ çàäà÷³ ïåðåäáà÷àº ïîøóê ðàçîì ç ðîçâ’ÿçêîì âèõ³äíîãî ³íòåãðî-äè-
ôåðåíö³éíîãî ð³âíÿííÿ äðîáîâîãî ïîðÿäêó òàêîæ éîãî íåâ³äîìî¿ ïðàâî¿ ÷àñòèíè, ÿêà ôóíêö³îíàëüíî çà-
ëåæèòü ëèøå â³ä ãåîìåòðè÷íî¿ çì³ííî¿.

Êëþ÷îâ³ ñëîâà: á³ïàðàáîë³÷íå ýâîëþö³éíå ð³âíÿííÿ, äðîáîâî-äèôåðåíö³éíèé àíàëîã á³ïàðàáîë³÷íîãî
ð³âíÿííÿ, íåëîêàëüíà êðàéîâà çàäà÷à, çâîðîòíÿ çàäà÷à, á³îðòîãîíàëüí³ ñèñòåìè ôóíêö³é.

_______________________________________________________________

Some nonlocal boundary-value problems for biparabolic evolution equation and its fractional differential
analogue / V.M. Bulavatsky // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 106–114.

Abstract. For biparabolic evolution partial differential equation and its fractional differential
generalization, statements are made and closed form solutions of some boundary-value problems with nonlocal
boundary conditions are obtained. Variants of direct and inverse problem statements are considered. The
mathematical formulation of the inverse problem involves the search together with the solution of the original
integro-differential equation of fractional order also its unknown right-hand side that depends functionally only
on the geometric variable.

Keywords: biparabolic evolution equation, fractional-differential analogue of biparabolic equation, nonlocal
boundary value problem, inverse problem, biorthogonal systems of functions.
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ÓÄÊ 519.6

Ê ïîñòðîåíèþ èíòåãðàëüíûõ ìàòåìàòè÷åñêèõ ìîäåëåé äâóõ êëàññîâ íåëèíåéíûõ ïðîñòðàíñòâåííî
ðàñïðåäåëåííûõ ñèñòåì. I. Ñëó÷àé äèñêðåòíî îïðåäåëåííûõ âíåøíåäèíàìè÷åñêèõ âîçìóùåíèé /
Â.À. Ñòîÿí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 115–127.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ðåøåíû çàäà÷è ïñåâäîîáðàùåíèÿ íåëèíåéíûõ äèôôåðåíöèàëüíûõ ìîäåëåé ïðîñòðà-
íñòâåííî ðàñïðåäåëåííûõ äèíàìè÷åñêèõ ñèñòåì. Ðàññìàòðèâàþòñÿ ñèñòåìû, íåëèíåéíîñòü êîòîðûõ îá-
ðàçîâàíà ïðîèçâåäåíèåì ëèíåéíûõ äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé ôóíêöèè ñîñòîÿíèÿ ñèñòåìû
èëè ïóòåì çàìåíû ýòèìè ïðåîáðàçîâàíèÿìè êîýôôèöèåíòîâ ëèíåéíîãî ïðèáëèæåíèÿ ìîäåëè. Ñòðîÿòñÿ
àíàëèòè÷åñêèå çàâèñèìîñòè ôóíêöèè ñîñòîÿíèÿ ñèñòåìû îò äèñêðåòíî îïðåäåííûõ çíà÷åíèé âíåøíåäè-
íàìè÷åñêèõ âîçìóùàþùèõ ôàêòîðîâ.

Êëþ÷åâûå ñëîâà: ïñåâäîîáðàùåíèå, íåëèíåéíûå äèíàìè÷åñêèå ñèñòåìû, ñèñòåìû ñ ðàñïðåäåëåííûìè
ïàðàìåòðàìè, ðàñïðåäåëåííûå ïðîñòðàíñòâåííî-âðåìåííûå ñèñòåìû.

_______________________________________________________________

Äî ïîáóäîâè ³íòåãðàëüíèõ ìàòåìàòè÷íèõ ìîäåëåé äâîõ êëàñ³â íåë³í³éíèõ ïðîñòîðîâî
ðîçïîä³ëåíèõ ñèñòåì. I. âèïàäîê äèñêðåòíî âèçíà÷åíèõ çîâí³øíüîäèíàì³÷íèõ çáóðåíü / Â.À. Ñòîÿí
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 115–127.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷³ ïñåâäîîáåðíåííÿ íåë³í³éíèõ äèôåðåíö³àëüíèõ ìîäåëåé ïðîñòîðîâî
ðîçïîä³ëåíèõ äèíàì³÷íèõ ñèñòåì. Ðîçãëÿíóòî ñèñòåìè, íåë³í³éí³ñòü ÿêèõ óòâîðåíî äîáóòêîì ë³í³éíèõ
äèôåðåíö³àëüíèõ ïåðåòâîðåíü ôóíêö³¿ ñòàíó ñèñòåìè àáî øëÿõîì çàì³íè öèìè ïåðåòâîðåííÿìè
êîåô³ö³ºíò³â ë³í³éíîãî íàáëèæåííÿ ìîäåë³. Áóäóþòüñÿ àíàë³òè÷í³ çàëåæíîñò³ ôóíêö³¿ ñòàíó ñèñòåìè â³ä
äèñêðåòíî âèçíà÷åíèõ çíà÷åíü çîâí³øíüîäèíàì³÷íèõ çáóðþâàëüíèõ ôàêòîð³â.

Êëþ÷îâ³ ñëîâà: ïñåâäîîáåðíåííÿ, íåë³í³éí³ äèíàì³÷í³ ñèñòåìè, ñèñòåìè ç ðîçïîä³ëåíèìè ïàðàìåòðàìè,
ðîçïîä³ëåí³ ïðîñòîðîâî-÷àñîâ³ ñèñòåìè.

_______________________________________________________________

On construction of integral mathematical models of two classes of nonlinear spatially distributed systems.
I. The case of discretely defined outward-dynamical perturbations / V.À. Stoyan // Kibernetika i sistemnyj
analiz. 2019. Vol. 55, N 5. P. 115–127.

Abstract. Problems of pseudoinversion of nonlinear differential models of spatially distributed
dynamical system are solved. Systems whose nonlinearity is formed by the product of linear differential
transformations of system functional state or by replacing the coefficients of linear approximation by these
transformations are considered. Analytic dependencies of system functional state on discretely defined values of
outward-dynamical factors are constructed.

Keywords: pseudoinversion, nonlinear dynamical systems, spatially distributed dynamical systems.

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

ÓÄÊ 519.21

Ìàòåìàòè÷åñêèå ìîäåëè óïðàâëåíèå ðèñêîì äëÿ ìàðêîâñêèõ ïðîöåññîâ ðåãåíåðèðóþùåãî òèïà /
Àë.À. Âîéíà, Àí.À. Âîéíà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 128–142.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Â ðàìêàõ ìàòåìàòè÷åñêîé ìîäåëè, óñëîâíî íàçâàííîé «ïàðàëëåëüíîé ìàðêîâñêîé
ñòðóêòóðîé», ôîðìàëèçîâàí ðÿä ïðàêòè÷åñêèõ ïîñòàíîâîê çàäà÷ îïòèìàëüíîãî óïðàâëåíèÿ. Èçó÷åíû
ñâîéñòâà ìîäåëåé è èñïîëüçîâàííûõ äëÿ èõ ïîñòðîåíèÿ ñëó÷àéíûõ ïðîöåññîâ. Ðàçðàáîòàíû êîíñòðóê-
òèâíûå àëãîðèòìû âû÷èñëåíèÿ çíà÷åíèé ñîîòâåòñòâóþùèõ ôóíêöèé ðèñêà è ïîñòðîåíèÿ îïòèìàëüíûõ
ñòðàòåãèé óïðàâëåíèÿ.

Êëþ÷åâûå ñëîâà: ðåãåíåðèðóþùèé ïðîöåññ, ïàðàëëåëüíàÿ ñòðóêòóðà, îïòèìàëüíûå ñòàöèîíàðíûå ñòðà-
òåãèè, ìàðêîâñêèå ïðîöåññû ïðèíÿòèÿ ðåøåíèé, ôóíêöèÿ ðèñêà, èòåðàöèîííûå àëãîðèòìû.

_______________________________________________________________

Ìàòåìàòè÷í³ ìîäåë³ êåðóâàííÿ ðèçèêîì äëÿ ìàðêîâñüêèõ ïðîöåñ³â ðåãåíåðàö³éíîãî òèïó /
Î.À. Âîéíà, À.Î. Âîéíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 128–142.

Àíîòàö³ÿ. Â ðàìêàõ ìàòåìàòè÷íî¿ ìîäåë³, óìîâíî íàçâàíî¿ «ïàðàëåëüíîþ ìàðêîâñüêîþ ñòðóêòó-
ðîþ», ôîðìàë³çîâàíî íèçêó ïðàêòè÷íèõ ïîñòàíîâîê çàäà÷ îïòèìàëüíîãî êåðóâàííÿ. Âèâ÷åíî âëàñòèâîñò³
ìîäåëåé ³ âèêîðèñòàíèõ äî ¿õíüî¿ ïîáóäîâè âèïàäêîâèõ ïðîöåñ³â. Ðîçðîáëåíî àëãîðèòìè îá÷èñëåííÿ
âàðòîñò³ â³äïîâ³äíèõ ôóíêö³é ðèçèêó òà ïîáóäîâè îïòèìàëüíèõ ñòðàòåã³é êåðóâàíííÿ.

Êëþ÷îâ³ ñëîâà: ðåãåíåðàö³éíèé ïðîöåññ, ïàðàëåëüíà ñòðóêòóðà, îïòèìàëüí³ ñòàö³îíàðí³ ñòðàòåã³¿, ìàð-
êîâñüê³ ïðîöåñè ïðèéíÿòòÿ ð³øåíü, ôóíêö³ÿ ðèçèêó, ³òåðàö³éí³ àëãîðèòìè.

_______________________________________________________________

Dynamic risk control in multidimensional Markov models / O.A. Voina, A.O. Voyna // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 5. P. 128–142.

Abstract. Within the framework of a mathematical model called conventionally “parallel Markov
structure,” a number of practical set ups of optimal control problems are formalized. The properties of the
models and of the random processes used to build them are examined. In addition, the algorithms on calculating
the cost of the corresponding risk functions and on constructing optimal control strategies are developed.
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Keywords: regenerating process, parallel structure, optimal stationary strategies, Markov decision processes,
risk function, iterative algorithms.

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

ÓÄÊ 517.977

Äîñòàòî÷íûå óñëîâèÿ ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ â èãðîâûõ çàäà÷àõ äèíàìèêè. I /
È.Ñ. Ðàïïîïîðò // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 143–155.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 22 íàçâ.

Àííîòàöèÿ. Ðåøåíà çàäà÷à ñáëèæåíèÿ óïðàâëÿåìûõ îáúåêòîâ íà îñíîâå ìåòîäà ðàçðåøàþùèõ
ôóíêöèé. Ïðåäëîæåíû äîñòàòî÷íûå óñëîâèÿ îêîí÷àíèÿ èãðû çà êîíå÷íîå ãàðàíòèðîâàííîå âðåìÿ â ñëó-
÷àå, êîãäà óñëîâèå Ïîíòðÿãèíà íå âûïîëíÿåòñÿ. Ââåäåíû âåðõíèå è íèæíèå ðàçðåøàþùèå ôóíêöèè ðàç-
íûõ òèïîâ. Íà èõ îñíîâå ðàçðàáîòàíû äâå ñõåìû ìåòîäà ðàçðåøàþùèõ ôóíêöèé, îáåñïå÷èâàþùèõ çà-
âåðøåíèå äèôôåðåíöèàëüíîé èãðû â êëàññå êâàçèñòðàòåãèé è êîíòðóïðàâëåíèé.

Êëþ÷åâûå ñëîâà: êâàçèëèíåéíàÿ äèôôåðåíöèàëüíàÿ èãðà, ìíîãîçíà÷íîå îòîáðàæåíèå, èçìåðèìûé ñå-
ëåêòîð, ñòðîáîñêîïè÷åñêàÿ ñòðàòåãèÿ, ðàçðåøàþùàÿ ôóíêöèÿ.

_______________________________________________________________
Äîñòàòí³ óìîâè çáëèæåííÿ êåðîâàíèõ îá’ºêò³â â ³ãðîâèõ çàäà÷àõ äèíàì³êè. I / É.Ñ. Ðàïïîïîðò //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 143–155.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷ó çáëèæåííÿ êåðîâàíèõ îá’ºêò³â íà îñíîâ³ ìåòîäó ðîçâ’ÿçóâàëüíèõ
ôóíêö³é. Çàïðîïîíîâàíî äîñòàòí³ óìîâè çàê³í÷åííÿ ãðè çà ñê³í÷åííèé ãàðàíòîâàíèé ÷àñ ó âèïàäêó, êîëè
óìîâà Ïîíòðÿã³íà íå âèêîíóºòüñÿ. Ââåäåíî âåðõí³ ³ íèæí³ ðîçâ’ÿçóâàëüí³ ôóíêö³¿ ð³çíèõ òèï³â. Íà ¿õí³é
îñíîâ³ ðîçðîáëåíî äâ³ ñõåìè ìåòîäó ðîçâ’ÿçóâàëüíèõ ôóíêö³é, ùî çàáåçïå÷óþòü çàâåðøåííÿ äèôå-
ðåíö³àëüíî¿ ãðè â êëàñ³ êâàç³ñòðàòåã³é ³ êîíòðêåðóâàíü.

Êëþ÷îâ³ ñëîâà: êâàç³ë³í³éíà äèôåðåíö³àëüíà ãðà, áàãàòîçíà÷íå â³äîáðàæåííÿ, âèì³ðíèé ñåëåêòîð, ñòðî-
áîñêîï³÷íà ñòðàòåã³ÿ, ðîçâ’ÿçóâàëüíà ôóíêö³ÿ.

_______________________________________________________________
Sufficient approaching conditions for controlled objects in the game dynamic problems. I /
I.S. Rappoport // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 143–155.

Abstract. The problem of approach of control objects is solved on the basis of the method of resolving
functions. Sufficient conditions for game ending in a final guaranteed time are proposed in the case when the
Pontryagin condition is not satisfied. The upper and lower resolving functions of different types are introduced
and used to develop two schemes of the method of resolving functions that ensure the completion of the
differential game in the class of quasi-strategies and counter-controls.

Keywords: quasilinear differential game, multivalued mapping, measurable selector, stroboscopic strategy,
resolving function.
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ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 004.05, 004.4[2+9], 004.94, 519.7

Îáçîð ñîâðåìåííûõ ìåòîäîâ çàùèùåííîñòè è áåçîïàñíîñòè ïðîãðàììíûõ ñèñòåì /
À.À. Ëåòè÷åâñêèé, Â.Ñ. Ïåñ÷àíåíêî, ß.Â. Ãðèíþê, Â.Þ. Ðàä÷åíêî, Â.Ì. ßêîâëåâ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 156–169.

²ë.: 1. Òàáë. 2. Á³áë³îãð.: 28 íàçâ.

Àííîòàöèÿ. Ïîêàçàíî, ÷òî â íàñòîÿùåå âðåìÿ áåçîïàñíîñòü è çàùèùåííîñòü ïðîãðàììíûõ ðåñóð-
ñîâ ÿâëÿåòñÿ îäíîé èç íàèáîëåå àêòóàëüíûõ ïðîáëåì â ÈÒ-îòðàñëè, ïîñêîëüêó äåéñòâèÿ çëîóìûøëåííè-
êîâ ñòàíîâÿòñÿ âñå áîëåå èçîùðåííûìè, à óáûòêè îò êèáåðàòàê ðàñòóò. Òðàäèöèîííûå ìåòîäû áîðüáû ñ
êèáåðàòàêàìè òåðÿþò ñâîþ ýôôåêòèâíîñòü, ïîýòîìó ðàçðàáîòêà íîâûõ ìåòîäîâ è ñðåäñòâ çàùèòû ïðî-
ãðàììíûõ ðåñóðñîâ ÿâëÿåòñÿ íàñóùíîé ïîòðåáíîñòüþ. Îñîáåííî èíòåðåñíûìè è ïåðñïåêòèâíûìè ÿâëÿ-
þòñÿ ðàçðàáîòêè, áàçèðóþùèåñÿ íà ôîðìàëüíûõ ìåòîäàõ ñ èñïîëüçîâàíèåì ñîâðåìåííûõ àëãåáðàè÷åñ-
êèõ òåîðèé.

Êëþ÷åâûå ñëîâà: àëãåáðàè÷åñêîå ìîäåëèðîâàíèå, àëãåáðà ïîâåäåíèé, êèáåðáåçîïàñíîñòü, èíñåðöèîí-
íîå ïðîãðàììèðîâàíèå, ôîðìàëüíûå ìåòîäû, ñèìâîëüíûå ìåòîäû, ñèìâîëüíîå ìîäåëèðîâàíèå, ïîèñê
óÿçâèìîñòåé.

_______________________________________________________________
Îãëÿä ñó÷àñíèõ ìåòîä³â çàõèùåíîñò³ òà áåçïåêè ïðîãðàìíèõ ñèñòåì / Î.Î. Ëåòè÷åâñüêèé,
Â.Ñ. Ïåñ÷àíåíêî, ß.Â. Ãðèíþê, Â.Þ. Ðàä÷åíêî, Â.Ì. ßêîâëåâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2019. Òîì 55, ¹ 5. Ñ. 156–169.

Àíîòàö³ÿ. Ïîêàçàíî, ùî áåçïåêà òà çàõèùåí³ñòü ïðîãðàìíèõ ðåñóðñ³â íèí³ º îäí³ºþ ç íàéá³ëüø àê-
òóàëüíèõ ïðîáëåì â ²Ò-ãàëóç³, îñê³ëüêè ä³¿ çëîâìèñíèê³â ñòàþòü äåäàë³ á³ëüø çàãðîçëèâèìè, à çáèòêè â³ä
ê³áåðàòàê çá³ëüøóþòüñÿ. Òðàäèö³éí³ ìåòîäè áîðîòüáè ç ê³áåðàòàêàìè âòðà÷àþòü ñâîþ åôåêòèâí³ñòü,
òîìó ðîçðîáëåííÿ íîâèõ ìåòîä³â ³ çàñîá³â çàõèñòó ïðîãðàìíèõ ðåñóðñ³â º íàãàëüíîþ ïîòðåáîþ. Îñîáëè-
âî ö³êàâèìè ³ ïåðñïåêòèâíèìè º ðîçðîáêè, ÿê³ ´ðóíòóþòüñÿ íà ôîðìàëüíèõ ìåòîäàõ ç âèêîðèñòàííÿì ñó-
÷àñíèõ àëãåáðà¿÷íèõ òåîð³é.
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Êëþ÷îâ³ ñëîâà: àëãåáðà¿÷íå ìîäåëþâàííÿ, àëãåáðà ïîâåä³íîê, ê³áåðáåçïåêà, ³íñåðö³éíå ïðîãðàìóâàííÿ,
ôîðìàëüí³ ìåòîäè, ñèìâîëüí³ ìåòîäè, ñèìâîëüíå ìîäåëþâàííÿ, ïîøóê âðàçëèâîñòåé.

_______________________________________________________________

Overview of the modern methods of protection and security of software systems / O.A. Letychevskii,
V.S. Peschanenko, Y.V. Hryniuk, V.Yu. Radchenko, V.M. Yakovlev // Kibernetika i sistemnyj analiz. 2019.
Vol. 55, N 5. P. 156–169.

Abstract. Security and protection of software resources are one of the most important problems in the IT
industry since attackers’ actions become increasingly sophisticated and losses caused by cyberattacks are
growing. Traditional methods of cyberattack prevention become inefficient; therefore, development of new
methods and tools to secure software resources becomes of essential need. The studies that are based on formal
methods with the use of modern algebraic theories are especially interesting and promising.

Keywords: algebraic modeling, behavior algebra, cybersecurity, formal methods, insertion programming,
symbolic methods, symbolic modeling, vulnerability detection.

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

ÓÄÊ 667.64:668.02

Ãðàíè÷íûå çàäà÷è îïðåäåëåíèÿ ýíåðãåòè÷åñêîãî ñïåêòðà ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè â
ñîïðÿæåííûõ ñïëîøíûõ ñðåäàõ / Â.Â. Ìàðàñàíîâ, À.Â. Øàðêî, À.À. Øàðêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 170–179.

²ë.: 2. Òàáë. 0. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ãðàíè÷íûå çàäà÷è ðàñïðîñòðàíåíèÿ ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè ïðè
ñîïðÿæåíèè äâóõ ñïëîøíûõ ñðåä. Â êà÷åñòâå îñíîâíûõ ïåðåìåííûõ â íèõ âûáðàíû ñèëà, îïðåäåëÿþùàÿ
âîçíèêíîâåíèå àêóñòè÷åñêîé ýìèññèè, è ñìåùåíèå ÷àñòèö ñðåäû, îïðåäåëÿþùåå ïîÿâëåíèå è ðàñïðîñ-
òðàíåíèå óïðóãèõ âîëí. Ïðèâåäåíî ìåòîäè÷åñêîå îáîñíîâàíèå ðåøåíèÿ êðàåâîé çàäà÷è â ñîïðÿæåííûõ
ñðåäàõ ñ èñïîëüçîâàíèåì ôóíêöèè Ãðèíà è ïðåîáðàçîâàíèé Ôóðüå. Ïîêàçàíî, ÷òî ýíåðãåòè÷åñêèé ñïåêòð
àêóñòè÷åñêîé ýìèññèè ïîëíîñòüþ îïðåäåëÿåòñÿ ñèëîâûìè êîíñòàíòàìè ìàòåðèàëà è ñèëàìè, èíèöèèðó-
þùèìè âîçíèêíîâåíèå ñèãíàëîâ àêóñòè÷åñêîé ýìèññèè.

Êëþ÷åâûå ñëîâà: àêóñòè÷åñêàÿ ýìèññèÿ, ñèãíàëû, ñïåêòð, îïåðàòîð, ôóíêöèÿ Ãðèíà.
_______________________________________________________________

Ãðàíè÷í³ çàäà÷³ âèçíà÷åííÿ åíåðãåòè÷íîãî ñïåêòðà ñèãíàë³âàêóñòè÷íî¿ åì³ñ³¿ â ñïîëó÷åíèõ
ñóö³ëüíèõ ñåðåäîâèùàõ / Â.Â. Ìàðàñàíîâ, Î.Â. Øàðêî, À.Î. Øàðêî // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 170–179.

Àíîòàö³ÿ. Ðîçãëÿíóòî ãðàíè÷í³ çàäà÷³ ïîøèðåííÿ ñèãíàë³â àêóñòè÷íî¿ åì³ñ³¿ äëÿ ñïîëó÷åííÿ äâîõ
ñóö³ëüíèõ ñåðåäîâèù. ßê îñíîâí³ çì³íí³ îáðàíî ñèëó, ÿêà âèçíà÷àº âèíèêíåííÿ àêóñòè÷íî¿ åì³ñ³¿, ³
çì³ùåííÿ ÷àñòèíîê ñåðåäîâèùà, ùî âèçíà÷àº ïîÿâó ³ ïîøèðåííÿ ïðóæíèõ õâèëü. Íàâåäåíî ìåòîäè÷íå
îá´ðóíòóâàííÿ ðîçâ’ÿçàííÿ êðàéîâî¿ çàäà÷³ â ñïîëó÷åíèõ ñåðåäîâèùàõ ç âèêîðèñòàííÿì ôóíêö³¿ Ãð³íà ³
ïåðåòâîðåíü Ôóð’º. Ïîêàçàíî, ùî åíåðãåòè÷íèé ñïåêòð àêóñòè÷íî¿ åì³ñ³¿ ïîâí³ñòþ âèçíà÷àºòüñÿ ñèëîâè-
ìè êîíñòàíòàìè ìàòåð³àëó ³ ñèëàìè, ùî ³í³ö³þþòü âèíèêíåííÿ ñèãíàë³â àêóñòè÷íî¿ åì³ñ³¿.

Êëþ÷îâ³ ñëîâà: àêóñòè÷íà åì³ñ³ÿ, ñèãíàëè, ñïåêòð, îïåðàòîð, ôóíêö³ÿ Ãð³íà.
_______________________________________________________________

Boundary problems of determining the energy spectrum of signals of acoustic emission in conjugated continuous
media / V.V. Marasanov, A.V. Sharko, A.A. Sharko // Kibernetika i sistemnyj analiz. 2019. Vol. 55, N 5. P. 170–179.

Abstract. The boundary problems of the propagation of acoustic emission signals with the conjugation of
two continuous media are considered. The main variables in the problems are the force, which determines the
occurrence of acoustic emission, and the displacement of medium particles, which determines the occurrence
and propagation of elastic waves. The methodological substantiation of the solution of the boundary-value
problem in adjoint media using the Green function and Fourier transforms is presented. It is shown that the
energy spectrum of acoustic emission is completely determined by the force constants of the material and the
forces initiating the occurrence of acoustic emission signals.

Keywords: acoustic emission, signals, spectrum, operator, Green function.
=====================================================
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ÓÄÊ 004.22+004.93’11

Èíäåêñíûå ñòðóêòóðû äëÿ áûñòðîãî ïîèñêà ñõîäíûõ ñèìâîëüíûõ ñòðîê / Ä.À. Ðà÷êîâñêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2019. Òîì 55, ¹ 5. Ñ. 180–202.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 80 íàçâ.

Àííîòàöèÿ. Äàí îáçîð èíäåêñíûõ ñòðóêòóð äëÿ áûñòðîãî ïîèñêà ïî ñõîäñòâó îáúåêòîâ, ïðåäñòàâ-
ëåííûõ ñèìâîëüíûìè ñòðîêàìè. Ðàññìîòðåíû èíäåêñíûå ñòðóêòóðû êàê äëÿ òî÷íîãî, òàê è äëÿ ïðèáëè-
æåííîãî ïîèñêà ïî ðàññòîÿíèþ ðåäàêòèðîâàíèÿ. Ïðåäñòàâëåíû èíäåêñíûå ñòðóêòóðû íà îñíîâå îáðàò-
íîãî èíäåêñèðîâàíèÿ, ñîõðàíÿþùåãî ñõîäñòâî õýøèðîâàíèÿ, äðåâîâèäíûõ ñòðóêòóð. Èçëîæåíû èäåè èç-
âåñòíûõ è ïðåäëîæåííûõ â ïîñëåäíåå âðåìÿ àëãîðèòìîâ.
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Êëþ÷åâûå ñëîâà: ïîèñê ïî ñõîäñòâó, ðàññòîÿíèå ðåäàêòèðîâàíèÿ, áëèæàéøèé ñîñåä, áëèæíèé ñîñåä,
èíäåêñíûå ñòðóêòóðû, îáðàòíîå èíäåêñèðîâàíèå, n-ãðàììû, ëîêàëüíî-÷óâñòâèòåëüíîå õýøèðîâàíèå,
äðåâîâèäíûå ñòðóêòóðû.

_______________________________________________________________
²íäåêñí³ ñòðóêòóðè äëÿ øâèäêîãî ïîøóêó ñõîæèõ ñèìâîëüíèõ ðÿäê³â / Ä.À. Ðà÷êîâñüêèé //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2019. Òîì 55, ¹ 5. Ñ. 180–202.

Àíîòàö³ÿ. Íàâåäåíî îãëÿä ³íäåêñíèõ ñòðóêòóð äëÿ øâèäêîãî ïîøóêó çà ñõîæ³ñòþ îá’ºêò³â, ùî
ïðåäñòàâëåí³ á³íàðíèìè ñèìâîëüíûìè ðÿäêàìè. Ðîçãëÿíóòî ³íäåêñí³ ñòðóêòóðè ÿê äëÿ òî÷íîãî, òàê ³ äëÿ
íàáëèæåíîãî ïîøóêó çà â³äñòàííþ ðåäàãóâàííÿ. Îïèñàíî ³íäåêñí³ ñòðóêòóðè íà îñíîâ³ çâîðîòíîãî
³íäåêñóâàííÿ, ãåøóâàííÿ, ùî çáåð³ãàº ñõîæ³ñòü, äåðåâîâèäíèõ ñòðóêòóð. Âèêëàäåíî ³äå¿ àëãîðèòì³â,
â³äîìèõ òà íåùîäàâíî çàïðîïîíîâàíèõ.

Êëþ÷îâ³ ñëîâà: ïîøóê çà ñõîæ³ñòþ, â³äñòàíü ðåäàãóâàííÿ, íàéáëèæ÷èé ñóñ³ä, áëèæí³é ñóñ³ä, ³íäåêñí³
ñòðóêòóðè, çâîðîòíå ³íäåêñóâàííÿ, n-ãðàìè, ëîêàëüíî-÷óòëèâå ãåøóâàííÿ, äåðåâîâèäí³ ñòðóêòóðè.

_______________________________________________________________
Index structures for fast similarity search for symbolic strings / D.A. Rachkovskij // Kibernetika i
sistemnyj analiz. 2019. Vol. 55, N 5. P. 180–202.

Abstract. We survey index structures for fast similarity search of objects represented by symbolic strings.
Index structures for both exact and approximate search by the edit distance are considered. Mainly, we present
index structures based on inverted indexing, similarity-preserving hashing, tree structures. The ideas of specific
algorithms, including the recently proposed ones, are outlined.

Keywords: similarity search, edit distance, nearest neighbor, near neighbor, index structures, inverted indexing,
n-grams, locality-sensitive hashing, treelike structures.
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