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Ìàòåìàòè÷åñêàÿ ìîäåëü âçàèìîäåéñòâèÿ ñèììåòðè÷íîãî âîë÷êà ñ àêñèàëüíî-ñèììåòðè÷íûì
âíåøíèì ïîëåì / Ñ.È. Çóá, Ñ.Ñ. Çóá, Â.Ñ. Ëÿøêî, Í.È. Ëÿøêî, Ñ.È. Ëÿøêî // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 3–17.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåí ñèììåòðè÷íûé âîë÷îê — ÷àñòíûé ñëó÷àé ìåõàíè÷åñêîãî âîë÷êà, ðàñïðîñ-
òðàíåííûì ìåòîäîì îïèñàíèÿ êîòîðîãî ÿâëÿåòñÿ êàíîíè÷åñêàÿ ñòðóêòóðà Ïóàññîíà íà T SE

* ( )3 . Ýòà
ñòðóêòóðà èíâàðèàíòíà îòíîñèòåëüíî ïðàâîãî äåéñòâèÿ ãðóïïû SO ( )3 , íî ãàìèëüòîíèàí ñèììåòðè÷íîãî
âîë÷êà èíâàðèàíòåí òîëüêî îòíîñèòåëüíî ïðàâîãî äåéñòâèÿ ïîäãðóïïû S

1, ÷òî ñîîòâåòñòâóåò âðàùåíèþ
âîêðóã îñè ñèììåòðèè ñèììåòðè÷íîãî âîë÷êà. Äàííàÿ ñòðóêòóðà Ïóàññîíà ïîëó÷åíà êàê ðåäóêöèÿ
T SE S

* ( ) /3 1. Ïðåäëîæåí ãàìèëüòîíèàí è óðàâíåíèÿ äâèæåíèÿ, êîòîðûå îïèñûâàþò øèðîêèé êëàññ ìîäå-
ëåé âçàèìîäåéñòâèÿ ñèììåòðè÷íîãî âîë÷êà ñ àêñèàëüíî-ñèììåòðè÷íûì âíåøíèì ïîëåì.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêàÿ ìîäåëü ñèììåòðè÷íîãî âîë÷êà, ïóàññîíîâà ðåäóêöèÿ, ñèìïëåêòè÷åñ-
êèå ëèñòû, 2-ôîðìà Êèðèëëîâà–Êîñòàíòà–Ñóðüî, îòíîñèòåëüíîå ðàâíîâåñèå, ìåòîä ýíåðãèè-ìîìåíòà.

Ìàòåìàòè÷íà ìîäåëü âçàºìîä³¿ ñèìåòðè÷íî¿ äçèãè ç àêñ³àëüíî-ñèìåòðè÷íèì çîâí³øí³ì ïîëåì /
Ñ.². Çóá, Ñ.Ñ. Çóá, Â.Ñ. Ëÿøêî, Í.². Ëÿøêî, Ñ.². Ëÿøêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 3. Ñ. 3–17.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèìåòðè÷íó äçèãó — îêðåìèé âèïàäîê ìåõàí³÷íî¿ äçèãè, ïîøèðåíèì ìåòî-
äîì îïèñó ÿêî¿ º êàíîí³÷íà ñòðóêòóðà Ïóàñîíà íà T SE

* ( )3 . Öÿ ñòðóêòóðà ³íâàð³àíòíà ùîäî ïðàâî¿ ä³¿

ãðóïè SO ( )3 , àëå ãàì³ëüòîí³àí ñèìåòðè÷íî¿ äçèãè ³íâàð³àíòíèé ò³ëüêè äî ïðàâî¿ ä³¿ ï³äãðóïè S
1 , ùî

â³äïîâ³äàº îáåðòàííþ íàâêîëî îñ³ ñèìåòð³¿ ñèìåòðè÷íî¿ äçèãè. Òàêó ñòðóêòóðó Ïóàñîíà îòðèìàíî ÿê ðå-
äóêö³þ T SE S

* ( ) /3 1 . Çàïðîïîíîâàíî ãàì³ëüòîí³àí ³ ð³âíÿííÿ ðóõó, ùî îïèñóþòü øèðîêèé êëàñ ìîäåëåé

âçàºìîä³¿ ñèìåòðè÷íî¿ äçèãè ç àêñ³àëüíî-ñèìåòðè÷íèì çîâí³øí³ì ïîëåì.

Êëþ÷îâ³ ñëîâà: ìàòåìàòè÷íà ìîäåëü ñèìåòðè÷íî¿ äçèãè, ïóàñîí³âñüêà ðåäóêö³ÿ, ñèìïëåêòè÷í³ ëèñòêè,
2-ôîðìà Êèðèëîâà–Êîñòàíòà–Ñóð³î, â³äíîñíà ð³âíîâàãà, ìåòîä åíåðã³¿-ìîìåíòó.

Mathematical model of the interaction of the symmetric top with axially-symmetric external field /
N.I. Lyashko, S.I. Lyashko, V.S. Lyashko, S.I. Zub, S.S. Zub // Kibernetika i sistemnyi analiz. 2017. Vol. 53,
N 3. P. 3–17.

Abstract. Symmetric top is a special case of the general top, and canonical Poisson structure on T SE
* ( )3

is a common method of its description. This structure is invariant under the right action of SO ( )3 , but the
Hamiltonian of the symmetric top is invariant only under the right action of subgroup S

1 that corresponds to the
rotation around the symmetry axis of the symmetric top. So, its Poisson structure was obtained as the reduction
T SE S

* ( ) /3 1 . We propose the Hamiltonian and motion equations that describe the wide class of the interaction

models of symmetric top and axially-symmetric external field.

Keywords: mathematical model of the symmetric top, Poisson reduction, symplectic leaves, 2-form of
Kirillov–Kostant–Souriau, relative equilibrium, energy-momentum method.
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ÓÄÊ 517.9

Íàèáîëåå îáùåå ïîíÿòèå ðàâíîâåñèÿ äëÿ êîíôëèêòíûõ çàäà÷ ñ ïîáî÷íûìè èíòåðåñàìè /
Ý.Ð. Ñìîëüÿêîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 18–31.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 22 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíî îáîáùåííîå ïîíÿòèå ðàâíîâåñèÿ äëÿ ñòàòè÷åñêèõ è äèíàìè÷åñêèõ êîí-
ôëèêòíûõ çàäà÷ (îïèñàííûõ äèôôåðåíöèàëüíûìè óðàâíåíèÿìè), êîòîðûå ðàññìàòðèâàþòñÿ íà ÷àñòè÷íî
ïåðåñåêàþùèõñÿ èãðîâûõ ìíîæåñòâàõ. Åãî ýôôåêòèâíîñòü äëÿ ïîèñêà ðåøåíèÿ áåñêîàëèöèîííûõ è êîî-
ïåðàòèâíûõ èãð êàê â ñòàòè÷åñêîé, òàê è äèíàìè÷åñêîé ïîñòàíîâêàõ ïðîäåìîíñòðèîâàíà íà ïðèìåðàõ.

Êëþ÷åâûå ñëîâà: èãðû íà ïåðåñåêàþùèõñÿ ìíîæåñòâàõ, êîíôëèêòíûå ðàâíîâåñèÿ.

Íàéá³ëüø çàãàëüíå ïîíÿòòÿ ð³âíîâàãè äëÿ êîíôë³êòíèõ çàäà÷ ç ïîá³÷íèìè ³íòåðåñàìè /
Å.Ð. Ñìîëüÿêîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 18–31.

Àíîòàö³ÿ. Çàïðîïîíîâàíî óçàãàëüíåíå ïîíÿòòÿ ð³âíîâàãè äëÿ ñòàòè÷íèõ ³ äèíàì³÷íèõ êîíôë³êòíèõ
çàäà÷ (îïèñàíèõ äèôåðåíö³àëüíèìè ð³âíÿííÿìè), ùî ðîçãëÿäàþòüñÿ íà ÷àñòêîâî ïåðåòèííèõ ³ãðîâèõ
ìíîæèíàõ. Éîãî åôåêòèâí³ñòü äëÿ ïîøóêó ðîçâ’ÿçêó áåçêîàë³ö³éíèõ ³ êîîïåðàòèâíèõ ³ãîð ÿê â ñòàòè÷í³é,
òàê ³ äèíàì³÷í³é ïîñòàíîâêàõ ïðîäåìîíñòðîâàíî íà ïðèêëàäàõ.

Êëþ÷îâ³ ñëîâà: ³ãðè íà ïåðåòèííèõ ìíîæèíàõ, êîíôë³êòí³ ð³âíîâàãè.
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The most common notion of equilibrium for conflict problems with lateral interests / E.R. Smol’yakov //
Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 18–31.

Abstract. The author proposes the generalized concept of equilibrium for the static and dynamic conflict
problems described by differential equations. The problems are considered on partially intersecting game sets.
The efficiency of the equilibrium is demonstrated on the examples of solving noncooperative and cooperative
static and dynamic games.

Keywords: games on intersecting sets, conflict equilibria.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.6

Àñèìïòîòè÷åñêàÿ îöåíêà òî÷íîñòè ñîáñòâåííûõ ÷èñåë ýëëèïòè÷åñêîãî îïåðàòîðà ÷åòâåðòîãî
ïîðÿäêà ñî ñìåøàííûìè êðàåâûìè óñëîâèÿìè / Â.Ã. Ïðèêàç÷èêîâ, À.Í. Õèìè÷ // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 32–40.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Ïîëó÷åíû àñèìïòî÷åñêèå îöåíêè òî÷íîñòè ñîáñòâåííûõ ÷èñåë (ñ.÷.) îïåðàòîðà ÷åò-
âåðòîãî ïîðÿäêà ñî ñìåøàííûìè êðàåâûìè óñëîâèÿìè íà ãðàíèöå ïðÿìîóãîëüíèêà. Çíàíèå ãëàâíîé ÷àñ-
òè ïîãðåøíîñòè ñ.÷. ïîçâîëÿåò îáîñíîâàííî óòî÷íÿòü ñ.÷. íà ïîñëåäîâàòåëüíîñòè ñåòîê, ïîëó÷àòü äèñ-
êðåòíûå àíàëîãè ïîâûøåííîé òî÷íîñòè, ñòðîèòü äèñêðåòíûå àíàëîãè, ñ.÷. êîòîðûõ äàþò äâóñòîðîííèå
ïðèáëèæåíèÿ ê ñ.÷. èñõîäíîé çàäà÷è.

Êëþ÷åâûå ñëîâà: îöåíêè òî÷íîñòè, ýëëèïòè÷åñêèé îïåðàòîð, ñìåøàííûå êðàåâûå óñëîâèÿ, ðàçíîñòíûå
ñõåìû, ãëàâíàÿ ÷àñòü ïîãðåøíîñòè.

Àñèìïòîòè÷íà îö³íêà òî÷íîñò³ âëàñíèõ ÷èñåë åë³ïòè÷íîãî îïåðàòîðà ÷åòâåðòîãî ïîðÿäêó ç³
çì³øàíèìè êðàéîâèìè óìîâàìè / Â.Ã. Ïðèêàç÷èêîâ, Î.Ì. Õ³ì³÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2017. Òîì 53, ¹ 3. Ñ. 32–40.

Àíîòàö³ÿ. Îòðèìàíî àñèìïòîòè÷í³ îö³íêè òî÷íîñò³ âëàñíèõ çíà÷åíü (â.ç.) îïåðàòîðà ÷åòâåðòîãî ïî-
ðÿäêó ç³ çì³øàíèìè êðàéîâèìè óìîâàìè íà ãðàíèö³ ïðÿìîêóòíèêà. Çíàííÿ ãîëîâíî¿ ÷àñòèíè ïîõèáêè â.ç.
äîçâîëÿº îá´ðóíòîâàíî óòî÷íþâàòè â.ç. íà ïîñë³äîâíîñò³ ñ³òîê, îòðèìóâàòè äèñêðåòí³ àíàëîãè ï³äâèùåíî¿
òî÷íîñò³, áóäóâàòè äèñêðåòí³ àíàëîãè, â.ç. ÿêèõ äàþòü äâîñòîðîíí³ íàáëèæåííÿ äî â.ç. âèõ³äíî¿ çàäà÷³.

Êëþ÷îâ³ ñëîâà: îö³íêè òî÷íîñò³, åë³ïòè÷íèé îïåðàòîð, çì³øàí³ êðàéîâ³ óìîâè, ð³çíèöåâ³ ñõåìè, ãîëîâíà
÷àñòèíà ïîõèáêè.

Asymptotic estimates of the accuracy of eigenvalues of fourth order operator with mixed boundary
conditions / V.G. Prikazchikov, A.N. Khimich // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 32–40.

Abstract. We obtain the asymptotic estimates of the accuracy of the eigenvalues of the fourth order
operator with mixed boundary conditions on the boundary of the rectangle . Knowledge of the main part of
eigenvalues error allows us to reasonably specify eigenvalues on a sequence of grids, receive discrete analogs
of high accuracy, construct discrete analogs whose eigenvalues give the bilateral approximation to eigenvalues
of the original problem.

Keywords: accuracy estimate, elliptic operator, mixed boundary conditions, difference scheme, the principal
term of error.
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ÓÄÊ 519.217.2

Áàéåñîâñêèå ïðîöåäóðû ðàñïîçíàâàíèÿ âîñïàëèòåëüíûõ ïðîöåññîâ ïðè ãëèîìàõ ãîëîâíîãî ìîçãà /
Í.ß. Ãðèäèíà, À.Ì. Ãóïàë, À.Ë. Òàðàñîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 41–48.

²ë.: 4. Òàáë. 4. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ïðèìåíåíèå áàéåñîâñêèõ ïðîöåäóð ðàñïîçíàâàíèÿ ïîêàçàòåëåé ñêîðîñòè îñåäàíèÿ
ýðèòðîöèòîâ ïðè ãëèîìàõ ãîëîâíîãî ìîçãà ïîçâîëÿåò ðàñïîçíàâàòü âîñïàëèòåëüíûå ïðîöåññû â îðãàíèç-
ìå ÷åëîâåêà. Àíàëèç ðåçóëüòàòîâ ìåòîäîâ ðàñïîçíàâàíèÿ íà îñíîâå ìîäåëåé ñåòü-äåðåâî, öåïåé Ìàðêîâà
è áëèæàéøèõ ñîñåäåé ïîêàçàë, ÷òî áàéåñîâñêàÿ ïðîöåäóðà íàèáîëåå ýôôåêòèâíà.

Êëþ÷åâûå ñëîâà: áàéåñîâñêèå ïðîöåäóðû ðàñïîçíàâàíèÿ, ãëèîìû ãîëîâíîãî ìîçãà, öåïè Ìàðêîâà, ìå-
òîä áëèæàéøèõ ñîñåäåé.

Áàºñ³âñüê³ ïðîöåäóðè ðîçï³çíàâàííÿ çàïàëüíèõ ïðîöåñ³â ïðè ãë³îìàõ ãîëîâíîãî ìîçêó /
Í.ß. Ãðèä³íà, À.Ì. Ãóïàë, À.Ë. Òàðàñîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3.
Ñ. 41–48.

Àíîòàö³ÿ. Âèêîðèñòàííÿ áàºñ³âñüêèõ ïðîöåäóð ðîçï³çíàâàííÿ ïîêàçíèê³â øâèäêîñò³ îñ³äàííÿ
åðèòðîöèò³â ïðè ãë³îìàõ ãîëîâíîãî ìîçêó äîçâîëÿº ðîçï³çíàâàòè çàïàëüí³ ïðîöåñè â îðãàí³çì³ ëþäèíè.
Àíàë³ç ðåçóëüòàò³â ìåòîä³â ðîçï³çíàâàííÿ íà îñíîâ³ ìîäåëåé ìåðåæà-äåðåâî, ëàíöþã³â Ìàðêîâà ³ íàé-
áëèæ÷èõ ñóñ³ä³â ïîêàçàâ, ùî áàºñ³âñüêà ïðîöåäóðà º íàéá³ëüø åôåêòèâíîþ.



Êëþ÷îâ³ ñëîâà: áàºñ³âñüê³ ïðîöåäóðè ðîçï³çíàâàííÿ, ãë³îìè ãîëîâíîãî ìîçêó, ëàíöþãè Ìàðêîâà, ìåòîä
íàéáëèæ÷èõ ñóñ³ä³â.

Bayesian procedures of recognition of inflammatory processes in brain gliomas / N.Ja. Gridina,
A.M. Gupal, A.L. Tarasov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 41–48.

Abstract. Application of Bayesian procedures of recognition of erythrocyte sedimentation rate in brain

gliomas has allowed detecting inflammatory processes in a human body. The analysis of results of the

recognition methods based on tree network methods, Markov chains, and the closest neighbors has shown that
Bayesian procedure was the most efficient.

Keywords: Bayesian recognition procedures, brain gliomas, Markov chain, nearest neighbor algorithm.
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ÓÄÊ 519.872

Ìàðêîâñêèå ìîäåëè ñèñòåì îáñëóæèâàíèÿ–çàïàñàíèÿ ñ ïåðåìåííûì îáúåìîì çàêàçîâ /
À.Ç. Ìåëèêîâ, Ë.À. Ïîíîìàðåíêî, Ñ.À. Áàãèðîâà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53,
¹ 3. Ñ. 49–66.

²ë.: 9. Òàáë. 0. Á³áë³îãð.: 6 íàçâ.

Àííîòàöèÿ. Èçó÷åíû ìàðêîâñêèå ìîäåëè ñèñòåì îáñëóæèâàíèÿ-çàïàñàíèÿ ñ ïåðåìåííûì îáúåìîì
çàêàçîâ. Ðàññìîòðåíû äâà êëàññà ìîäåëåé: ñ ìãíîâåííûì îáñëóæèâàíèåì è ñ íåíóëåâûì âðåìåíåì îá-
ñëóæèâàíèÿ. Â ìîäåëè ñ íåíóëåâûì âðåìåíåì îáñëóæèâàíèÿ ïðåäïîëàãàåòñÿ, ÷òî íåòåðïåëèâûå ðàñõî-
äóþùèå çàÿâêè ìîãóò îáðàçîâàòü î÷åðåäü êîíå÷íîé èëè áåñêîíå÷íîé äëèíû. Ðàçðàáîòàíû òî÷íûé è ïðè-
áëèæåííûé ìåòîäû äëÿ îïðåäåëåíèÿ õàðàêòåðèñòèê èçó÷àåìûõ ñèñòåì ïðè èñïîëüçîâàíèè ïðåäëîæåí-
íîé ïîëèòèêè ïîïîëíåíèÿ çàïàñîâ.

Êëþ÷åâûå ñëîâà: ñèñòåìû îáñëóæèâàíèÿ–çàïàñàíèÿ, ïîëèòèêà ïîïîëíåíèÿ çàïàñîâ, ïåðåìåííûé îáúåì
çàêàçà.

Ìàðêîâñüê³ ìîäåë³ ñèñòåì îáñëóãîâóâàííÿ-çàïàñàííÿ ç³ çì³ííèì îáñÿãîì çàìîâëåíü /
À.Ç. Ìåë³êîâ, Ë.À. Ïîíîìàðåíêî, Ñ.À. Áàã³ðîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3.
Ñ. 49–66.

Àíîòàö³ÿ. Äîñë³äæåíî ìàðêîâñüê³ ìîäåë³ ñèñòåì îáñëóãîâóâàííÿ–çàïàñàííÿ ç³ çì³ííèì îáñÿãîì çà-
ìîâëåíü. Ðîçãëÿíóòî äâà êëàñè ìîäåëåé: ç ìèòòºâèì îáñëóãîâóâàííÿì ³ ç íåíóëüîâèì ÷àñîì îáñëóãîâóâàííÿ.
Ó ìîäåë³ ç íåíóëüîâèì ÷àñîì îáñëóãîâóâàííÿ ïåðåäáà÷åíî, ùî íåòåðïëÿ÷³ âèòðà÷àëüí³ âèìîãè ìîæóòü óòâî-
ðþâàòè ÷åðãó ñê³í÷åííî¿ àáî íåñê³í÷åííî¿ äîâæèíè. Ðîçðîáëåíî òî÷íèé ³ íàáëèæåíèé ìåòîäè äëÿ âèçíà÷åí-
íÿ õàðàêòåðèñòèê òàêèõ ñèñòåì ç âèêîðèñòàííÿì çàïðîïîíîâàíî¿ ïîë³òèêè ïîïîâíåííÿ çàïàñ³â.

Êëþ÷îâ³ ñëîâà: ñèñòåìè îáñëóãîâóâàííÿ–çàïàñàííÿ, ïîë³òèêà ïîïîâíåííÿ çàïàñ³â, çì³ííèé îáñÿã çàìîâëåí-
íÿ.

Markov models of queuing-inventory systems with variable size of order / A.Z. Melikov,
L.A. Ponomarenko, S.A. Bagirova // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 49–66.

Abstract. Markov models of the queuing-inventory systems with variable order size are investigated. Two classes of
models, with instantaneous and non-zero service times of customers are considered. The model with non-zero
service time assumes that impatient customers can form a queue of either finite or infinite length. Exact and
approximate methods are developed to calculate the characteristics of the systems under given lead policies.

Keywords: queuing-inventory systems, lead policy, variable order size.
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Ñèñòåìà îáñëóæèâàíèÿ M M/ / /1 0 ñ ïîâòîðåíèåì è êîìáèíèðîâàííîé äèñöèïëèíîé
îáñëóæèâàíèÿ / Å.Â. Êîáà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 67–72.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ñèñòåìà îáñëóæèâàíèÿ M M/ / /1 0 ñ ïîâòîðåíèåì è êîìáèíèðîâàííîé
äèñöèïëèíîé îáñëóæèâàíèÿ, à èìåííî: çàÿâêè ñ îðáèòû îáñëóæèâàþòñÿ â ïîðÿäêå î÷åðåäè, íî ïðè íàëè-
÷èè ñâîáîäíîãî êàíàëà çàÿâêà, ïðèøåäøàÿ ñ ïåðâè÷íîãî ïîòîêà, ñðàçó îòïðàâëÿåòñÿ íà îáñëóæèâàíèå. Âû-
âåäåíû ôîðìóëû äëÿ âåðîÿòíîñòåé ñîñòîÿíèé è óñëîâèå ýðãîäè÷íîñòè. Ïðîâåäåíî ñðàâíåíèå ðàññìàòðèâà-
åìîé ñèñòåìû ñ ÷èñòîé ñèñòåìîé Ëàêàòîøà.
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æèâàíèÿ ñ öèêëè÷åñêèì âðåìåíåì îæèäàíèÿ, êîìáèíèðîâàííàÿ äèñöèïëèíà îáñëóæèâàíèÿ, óñëîâèå
ýðãîäè÷íîñòè ñèñòåìû.
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Ñèñòåìà îáñëóãîâóâàííÿ M M/ / /1 0 ç ïîâòîðåííÿì òà êîìá³íîâàíîþ äèñöèïë³íîþ
îáñëóãîâóâàííÿ / Î.Â. Êîáà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 67–72.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèñòåìó îáñëóãîâóâàííÿ M M/ / /1 0 ç ïîâòîðåííÿì òà êîìá³íîâàíîþ äèñ-
öèïë³íîþ îáñëóãîâóâàííÿ, à ñàìå: çàÿâêè ç îðá³òè îáñëóãîâóþòüñÿ ó ïîðÿäêó ÷åðãè, àëå ïðè íàÿâíîñò³
â³ëüíîãî êàíàëó çàÿâêà, ùî ïðèéøëà ç ïåðâèííîãî ïîòîêó, íåãàéíî â³äïðàâëÿºòüñÿ íà îáñëóãîâóâàííÿ..
Âèâåäåíî ôîðìóëè äëÿ éìîâ³ðíîñòåé ñòàí³â ³ óìîâó åðãîäè÷íîñò³. Ïðîâåäåíî ïîð³âíÿííÿ ñèñòåìè, ùî
ðîçãëÿäàºòüñÿ, ç ÷èñòîþ ñèñòåìîþ Ëàêàòîøà.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ, ñèñòåìà îáñëóãîâóâàííÿ ç ïîâòîðåííÿì, îðá³òà, ñèñòåìà îáñëó-
ãîâóâàííÿ ç öèêë³÷íèì ÷àñîì î÷³êóâàííÿ, êîìá³íîâàíà äèñöèïë³íà îáñëóãîâóâàííÿ, óìîâà åðãîäè÷íîñò³
ñèñòåìè.

Retrial queueing system M M/ / /1 0 with combined discipline of service / E.V. Koba // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 3. P. 67–72.

Abstract. The paper considers the retrial queueing system M M/ / /1 0 with combined discipline of
service, namely, a customer from the orbit is served in its turn, but in case of a free channel an arrival from the
original flow is serviced immediately. The author obtained the expressions for state probabilities as well as the
ergodicity conditions. The system is compared with the Lakatos type system.

Keywords: queueing system, retrial queueing system, orbit, cycling-waiting queueing system, combined
discipline of service, stability condition of system.
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Î ÷èñëåííîì ðåøåíèè îäíîãî êëàññà îáðàòíûõ çàäà÷ äëÿ ïàðàáîëè÷åñêîãî óðàâíåíèÿ /
À.Á. Ðàãèìîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 73–84.

²ë.: 2. Òàáë. 2. Á³áë³îãð.: 30 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ êëàññ îáðàòíûõ çàäà÷ äëÿ ïàðàáîëè÷åñêîãî óðàâíåíèÿ. Â ÷àñòíîñòè,
ê äàííîìó êëàññó ïðèâîäÿòñÿ êðàåâûå çàäà÷è ñ íåëîêàëüíûìè óñëîâèÿìè. Ïðåäëàãàåìûé ÷èñëåííûé
ïîäõîä îñíîâàí íà ïðèìåíåíèè ìåòîäà ïðÿìûõ äëÿ ñâåäåíèÿ ê ñèñòåìå îáûêíîâåííûõ äèôôåðåíöèàëü-
íûõ óðàâíåíèé, ê ðåøåíèþ êîòîðîé ïðèìåíÿåòñÿ àíàëîã ìåòîäà ïåðåíîñà êðàåâûõ óñëîâèé. Ïðèâîäÿòñÿ
ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ.

Êëþ÷åâûå ñëîâà: îáðàòíàÿ çàäà÷à, íåëîêàëüíûå óñëîâèÿ, ìåòîä ïðÿìûõ, ïàðàáîëè÷åñêîå óðàâíåíèå,
ïàðàìåòðè÷åñêàÿ èäåíòèôèêàöèÿ.

Ïðî ÷èñåëüíå ðîçâ'ÿçàííÿ îäíîãî êëàñó îáåðíåíèõ çàäà÷ äëÿ ïàðàáîë³÷íîãî ð³âíÿííÿ / À.Á. Ðàã³ìîâ //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 73–84.

Àíîòàö³ÿ. Ðîçãëÿíóòî êëàñ îáåðíåíèõ çàäà÷ äëÿ ïàðàáîë³÷íîãî ð³âíÿííÿ. Çîêðåìà, äî öüîãî êëàñó,
çâîäÿòüñÿ êðàéîâ³ çàäà÷³ ç íåëîêàëüíèìè óìîâàìè. Çàïðîïîíîâàíèé ÷èñåëüíèé ï³äõ³ä áàçóºòüñÿ íà çàñòîñó-
âàíí³ ìåòîäó ïðÿìèõ äëÿ çâåäåííÿ äî ñèñòåìè çâè÷àéíèõ äèôåðåíö³àëüíèõ ð³âíÿíü, äëÿ ðîçâ’ÿçàííÿ ÿêî¿
çàñòîñîâóþòü àíàëîã ìåòîäó ïåðåíåñåííÿ êðàéîâèõ óìîâ. Íàâåäåíî ðåçóëüòàòè ÷èñåëüíèõ ýêñïåðèìåíò³â.

Êëþ÷îâ³ ñëîâà: îáåðíåíà çàäà÷à, íåëîêàëüí³ óìîâè, ìåòîä ïðÿìèõ, ïàðàáîë³÷íå ð³âíÿííÿ, ïàðàìåòðè÷íà
³äåíòèô³êàö³ÿ.

Numerical solution to a class of inverse problems for parabolic equation / A.B. Rahimov // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 3. P. 73–84.

Abstract. A class of inverse problems for parabolic equation is considered. In particular, boundary value
problems with nonlocal conditions are reduced to such class of problems. The proposed numerical approach is
based on the method of lines to reduce the problem to a system of ordinary differential equations. To solve this
system, the analogue of the transfer method for boundary conditions is applied. The results of numerical
experiments are given.

Keywords: inverse problem, nonlocal conditions, method of lines, parabolic equation, parametric
identification.
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Ìåòîäèêà ñèíòåçà àëãîðèòìîâ ðàñïîçíàâàíèÿ óÿçâèìîñòåé web-ðåñóðñîâ ïî ñèãíàòóðàì çíà÷åíèé
íå÷åòêèõ ëèíãâèñòè÷åñêèõ ïðèçíàêîâ / À.À. Èëüÿøîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017.
Òîì 53, ¹ 3. Ñ. 85–17.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ôîðìàëèçîâàíà çàäà÷à íå÷åòêîãî ðàñïîçíàâàíèÿ óÿçâèìîñòåé web-ðåñóðñîâ, çàäàííàÿ
ñëîæíûì ýòàëîííûì îïèñàíèåì â âèäå ñèãíàòóð èíòåðâàëîâ çíà÷åíèé íå÷åòêèõ ëèíãâèñòè÷åñêèõ ïðè-
çíàêîâ. Ñ èñïîëüçîâàíèåì ïîëó÷åííîãî ýòàëîííîãî îïèñàíèÿ è ìàòåìàòè÷åñêîãî àïïàðàòà òåîðèè ïðî-
âåðêè ñëîæíûõ ñòàòèñòè÷åñêèõ ãèïîòåç ñèíòåçèðîâàíû àëãîðèòìû ìíîãîàëüòåðíàòèâíîãî ðàñïîçíàâàíèÿ
îáúåêòîâ òåñòèðîâàíèÿ ïî ìèíèìàêñíîìó ðåøàþùåìó ïðàâèëó, à òàêæå êðèòåðèÿì áàéåñîâñêîãî ìàêñè-
ìóìà àïîñòåðèîðíîé âåðîÿòíîñòè è ìàêñèìàëüíîé ïðàâäîïîäîáíîñòè.
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Ìåòîäèêà ñèíòåçó àëãîðèòì³â ðîçï³çíàâàííÿ óðàçëèâîñòåé web-ðåñóðñ³â çà ñèãíàòóðàìè çíà÷åíü
íå÷³òêèõ ë³íãâ³ñòè÷íèõ îçíàê / Î.À. ²ëüÿøîâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3.
Ñ. 85–17.

Àíîòàö³ÿ. Ôîðìàë³çîâàíî çàäà÷ó íå÷³òêîãî ðîçï³çíàâàííÿ óðàçëèâîñòåé web-ðåñóðñ³â, ùî çàäàíà
ñêëàäíèì åòàëîííèì îïèñîì ó âèãëÿä³ ñèãíàòóð ³íòåðâàë³â çíà÷åíü íå÷³òêèõ ë³íãâ³ñòè÷íèõ îçíàê. ²ç çà-
ñòîñóâàííÿì îòðèìàíîãî åòàëîííîãî îïèñó òà ìàòåìàòè÷íîãî àïàðàòó òåîð³¿ ïåðåâ³ðêè ñêëàäíèõ ñòàòèñ-
òè÷íèõ ã³ïîòåç ñèíòåçîâàíî àëãîðèòìè áàãàòîàëüòåðíàòèâíîãî ðîçï³çíàâàííÿ îá’ºêò³â òåñòóâàííÿ çà
ì³í³ìàêñíèì âèð³øóâàëüíèì ïðàâèëîì, à òàêîæ êðèòåð³ÿìè áàºñ³âñüêîãî ìàêñèìóìó àïîñòåð³îðíî¿
éìîâ³ðíîñò³ òà ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³.

Êëþ÷îâ³ ñëîâà: íå÷³òê³ ë³íãâ³ñòè÷í³ îçíàêè, ðîçï³çíàâàííÿ, åòàëîííèé îïèñ, ñèãíàòóðà.

Synthesis of algorithms for recognition of vulnerabilities in web-resources through signatures of fuzzy
linguistic features / O. Iliashov // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 85–17.

Abstract. The paper formalizes the problem of fuzzy recognition of vulnerabilities in web-resources that
is set by a complex reference description in the form of signatures of intervals of the values of fuzzy linguistic
features. The reference description and the mathematics of the theory of validation complex statistical
hypotheses were applied to synthesize multi-criteria object recognition algorithms using the minimax decision
rule and the Bayesian maximum of a posteriori probability and maximum likelihood criteria..

Keywords: fuzzy linguistic features, recognition, reference description, signature.
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Äèôôåðåíöèàëüíûå óðàâíåíèÿ ñî ñòîõàñòè÷åñêèìè ìàëûìè äîáàâêàìè â óñëîâèÿõ ïóàññîíîâîé
àïïðîêñèìàöèè / È.Â. Ñàìîéëåíêî, ß.Ì. ×àáàíþê, À.Â. Íèêèòèí, Ó.Ò. Õèìêà // Êèáåðíåòèêà è
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Àííîòàöèÿ. Ïðåäëîæåíû ìåòîäû, ïîçâîëâÿþùèå èçó÷àòü ìîäåëü ñòîõàñòè÷åñêîé ýâîëþöèè, ñî-
äåðæàùåé ìàðêîâñêèå ïåðåêëþ÷åíèÿ, à òàêæå âûäåëÿòü â ïðåäåëüíîì óðàâíåíèè áîëüøèå ñêà÷êè âîçìó-
ùàþùåãî ïðîöåññà, êîòîðûå â ïðèêëàäíûõ çàäà÷àõ ìîãóò îïèñûâàòü ðåäêèå êàòàñòðîôè÷åñêèå ñîáûòèÿ.
Ðàññìîòðåí ñëó÷àé, êîãäà âîçìóùåíèå ñèñòåìû çàäàåòñÿ èìïóëüñíûì ïðîöåññîì â íåêëàññè÷åñêîé ñõå-
ìå àïïðîêñèìàöèè. Îñîáîå âíèìàíèå óäåëåíî àñèìïòîòè÷åñêîìó ïîâåäåíèþ ãåíåðàòîðà èññëåäóåìîé
ýâîëþöèîííîé ñèñòåìû.
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êîâñüêèìè ïåðåìèêàííÿìè, à òàêîæ âèîêðåìèòè ó ãðàíè÷íîìó ð³âíÿíí³ âåëèê³ ñòðèáêè çáóðþâàëüíîãî
ïðîöåñó, ÿê³ ó ïðèêëàäíèõ çàäà÷àõ ìîæóòü îïèñóâàòè ð³äê³ êàòàñòðîô³÷í³ ïîä³¿. Ðîçãëÿíóòî âèïàäîê,
êîëè çáóðåííÿ ñèñòåìè âèçíà÷àþòü ³ìïóëüñíèì ïðîöåñîì ó íåêëàñè÷í³é ñõåì³ àïðîêñèìàö³¿. Îñîáëèâó
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Differential equations with small stochastic supplements under Poisson approximation conditions /
I.V. Samoilenko, Y.M. Chabanuk, A.V. Nikitin, U.T. Himka // Kibernetika i sistemnyi analiz. 2017. Vol. 53,
N 3. P. 93–99.

Abstract. The methods proposed in the paper allow us to investigate the model of stochatic evolution,
which includes Markov switchings, and to identify big jumps of disturbing process in the limiting equation. Big
jumps of this type may describe rare catastrophic events in different applied problems. We consider the case
where system disturbance is defined by impulse process in nonclassical approximation scheme. Particular
attention is paid to the asymptotic behavior of the generator of the evolutionary system under examination.

Keywords: stochastic diffusion equation, generator on Banañh space, Markov process, stochastic
approximation procedure, Poisson approximation.

===

ISSN 0023-1274. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2017, òîì 53, ¹ 3 5



ÓÄÊ 519.626.6

Çàäà÷à ³äåíòèôèêàöèè ôóíêöèé ðåàêöèè íà íàãðóæåíèÿ äëÿ ñòàöèîíàðíûõ ñèñòåì /
Â.Ì. Àáäóëëàåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 100–110.

²ë.: 0. Òàáë. 3. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíî ðåøåíèå çàäà÷è ïàðàìåòðè÷åñêîé èäåíòèôèêàöèè íàãðóæåííûõ ñèñòåì
äèôôåðåíöèàëüíûõ óðàâíåíèé. Ïðåäëîæåíû èòåðàöèîííûå ìåòîäû, îñíîâàííûå íà ìåòîäàõ îïòèìèçà-
öèè ïåðâîãî ïîðÿäêà. Íàéäåíû ôîðìóëû äëÿ ãðàäèåíòà öåëåâîãî ôóíêöèîíàëà, îöåíèâàþùåãî ñòåïåíü
àäåêâàòíîñòè ïîëó÷åííûõ ïàðàìåòðîâ. Ïðèâåäåíû ðåçóëüòàòû ðåøåíèÿ òåñòîâûõ çàäà÷ è èõ àíàëèç.

Êëþ÷åâûå ñëîâà: íàãðóæåííîå äèôôåðåíöèàëüíîå óðàâíåíèå, ðåàêöèÿ íà íàãðóæåíèå, îïòèìàëüíîå
óïðàâëåíèå, íåëîêàëüíûå óñëîâèÿ, îáðàòíàÿ çàäà÷à.

Çàäà÷à èäåíòèô³êàö³¿ ôóíêö³é ðåàêö³¿ íà íàâàíòàæåííÿ äëÿ ñòàö³îíàðíèõ ñèñòåì / Â.Ì. Àáäóëëàºâ
// Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 100–110.

Àíîòàö³ÿ. Äîñë³äæåíî ðîçâ'ÿçííÿ çàäà÷³ ïàðàìåòðè÷íî¿ ³äåíòèô³êàö³¿ íàâàíòàæåíèõ ñèñòåì äèôå-
ðåíö³àëüíèõ ð³âíÿíü. Çàïðîïîíîâàíî ³òåðàö³éí³ ìåòîäè, ùî áàçóþòüñÿ íà ìåòîäàõ îïòèì³çàö³¿ ïåðøîãî
ïîðÿäêó. Çíàéäåíî ôîðìóëè äëÿ ãðàä³ºíòà ö³ëüîâîãî ôóíêö³îíàëà, ÿêèé îö³íþº ñòóï³íü àäåêâàòíîñò³ îò-
ðèìàíèõ ïàðàìåòð³â. Íàâåäåíî ðåçóëüòàòè ðîçâ'ÿçàííÿ òåñòîâèõ çàäà÷ òà ¿õí³é àíàë³ç.

Êëþ÷üîâ³ ñëîâà: íàâàíòàæåíå äèôåðåíö³àëüíå ð³âíÿííÿ, ðåàêö³ÿ íà íàâàíòàæåííÿ, îïòèìàëüíå êåðóâàí-
íÿ, íåëîêàëüí³ óìîâè, îáåðíåíà çàäà÷à.

The problem of identification of the functions of response to loadings for stationary systems /
V.M. Abdullayev // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 100–110.

Abstract. We investigate the solution to the parametric identification problem for loaded systems of
differential equations. We propose to use iterative methods based on the first-order optimization methods. For
this purpose, we obtain formulas for the gradient of the objective functional, which assesses the adequacy
degree of the obtained parameters. The results of numerical solution to some test problems are given.

Keywords: loaded differential equations, reaction to loading, optimal control, nonlocal conditions, inverse
problem.

===

ÓÄÊ 519.65

Ðàâíîìåðíîå ïðèáëèæåíèå ôóíêöèé äâóõ ïåðåìåííûõ / Ï.Ñ. Ìàëà÷èâñêèé, ß.Í. Ìàòâèé÷óê,
ß.Â. Ïèçþð, Ð.Ï. Ìàëà÷èâñêèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 111–116.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí àëãîðèòì ïîñòðîåíèÿ ðàâíîìåðíîãî ïðèáëèæåíèÿ ôóíêöèé äâóõ ïåðåìåí-
íûõ êàê ãðàíè÷íîãî ïðèáëèæåíèÿ â íîðìå L

p
ïðè p � � . Îí îñíîâàí íà èñïîëüçîâàíèè ñðåäíåêâàäðà-

òè÷íîãî ïðèáëèæåíèÿ ñ ïåðåìåííîé âåñîâîé ôóíêöèåé. Ïðåäëîæåí ñïîñîá ïîñëåäîâàòåëüíîãî óòî÷íå-
íèÿ âåñîâîé ôóíêöèè. Ïðèâåäåíû ïðèìåðû ðàâíîìåðíîãî ïðèáëèæåíèÿ òàáëè÷íî-çàäàííûõ ôóíêöèé
äâóõ ïåðåìåííûõ ñ èñïîëüçîâàíèåì ìåòîäà íàèìåíüøèõ êâàäðàòîâ ñ ïåðåìåííîé âåñîâîé ôóíêöèåé.

Êëþ÷åâûå ñëîâà: ðàâíîìåðíîå ïðèáëèæåíèå, ôóíêöèÿ äâóõ ïåðåìåííûõ, ïðèáëèæåíèå â ïðîñòðàíñòâå
L

p
, ìåòîä íàèìåíüøèõ êâàäðàòîâ ñ ïåðåìåííîé âåñîâîé ôóíêöèåé.

Ð³âíîì³ðíå íàáëèæåííÿ ôóíêö³é äâîõ çì³ííèõ / Ï.Ñ. Ìàëà÷³âñüêèé, ß.Ì. Ìàòâ³é÷óê, ß.Â. Ï³çþð,
Ð.Ï. Ìàëà÷³âñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 111–116.

Àíîòàö³ÿ. Çàïðîïîíîâàíî àëãîðèòì ïîáóäîâè ð³âíîì³ðíîãî íàáëèæåííÿ ôóíêö³é äâîõ çì³ííèõ ÿê
ãðàíè÷íîãî íàáëèæåííÿ ó íîðì³ L

p ïðè p � �. Â³í ´ðóíòóºòüñÿ íà âèêîðèñòàíí³ ñåðåäíüîêâàäðàòè÷íîãî
íàáëèæåííÿ ç³ çì³ííîþ âàãîâîþ ôóíêö³ºþ. Çàïðîïîíîâàíî ñïîñ³á ïîñë³äîâíîãî óòî÷íåííÿ âàãîâî¿
ôóíêö³¿. Íàâåäåíî ïðèêëàäè ð³âíîì³ðíîãî íàáëèæåííÿ òàáëè÷íî-çàäàíèõ ôóíêö³é äâîõ çì³ííèõ ç âèêî-
ðèñòàííÿì ìåòîäó íàéìåíøèõ êâàäðàò³â ç³ çì³ííîþ âàãîâîþ ôóíêö³ºþ.

Êëþ÷îâ³ ñëîâà: ð³âíîì³ðíå íàáëèæåííÿ, ôóíêö³ÿ äâîõ çì³ííèõ, íàáëèæåííÿ ó ïðîñòîð³ L
p, ìåòîä íàé-

ìåíøèõ êâàäðàò³â ç³ çì³ííîþ âàãîâîþ ôóíêö³ºþ.

Uniform approximation of function of two variables / P.S. Malachivskyy, Ya.N. Matviychuk,
Ya.V. Pizyur, R.P. Malachivskyi // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 111–116.

Abstract. The algorithm for uniform approximation of function of two variables is described as
approximation in norm L

p as p � �. It is based on mean square approximation with variable weight function.
The technique of successive adjustment of weight function is proposed. The examples for uniform
approximation of table-defined functions of two vaiables using mean square approximation with variable
weight function are given.

Keywords: uniform approximation, function of two variables, approximation in the norm of space L
p, mean

square approximation with changed weight function.
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ÓÄÊ 519.8

Âåêòîð Øåïëè êîîïåðàòèâíîé èãðû ñ íå÷åòêèì ìíîæåñòâîì äîïóñòèìûõ êîàëèöèé /
Ñ.Î. Ìàùåíêî, Â.È. Ìîðåíåö // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 117–126.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Èññëåäóåòñÿ âåêòîð Øåïëè â êîîïåðàòèâíîé èãðå ñ íå÷åòêèì ìíîæåñòâîì äîïóñòè-
ìûõ êîàëèöèé. Ïîêàçàíî, ÷òî ìíîæåñòâî åãî çíà÷åíèé ÿâëÿåòñÿ íå÷åòêèì ìíîæåñòâîì òèïà 2 (íå÷åòêîå
ìíîæåñòâî, ôóíêöèÿ ïðèíàäëåæíîñòè êîòîðîãî ïðèíèìàåò íå÷åòêèå çíà÷åíèÿ) ñïåöèàëüíîãî âèäà. Ïîñ-
òðîåíà ôóíêöèÿ ïðèíàäëåæíîñòè. Ýëåìåíòû íîñèòåëÿ ýòîãî ìíîæåñòâà îïðåäåëåíû êàê ÷àñòíûå çíà÷å-
íèÿ âåêòîðà Øåïëè. Ïðåäëîæåíà ïðîöåäóðà èõ ïîñòðîåíèÿ ñ ìàêñèìàëüíîé äîñòîâåðíîñòüþ ïðèíàäëåæ-
íîñòè ìíîæåñòâó âåêòîðîâ Øåïëè è äîñòîâåðíîñòüþ íåïðèíàäëåæíîñòè, íå ïðåâûøàþùåé çàäàííîé âå-
ëè÷èíû.

Êëþ÷åâûå ñëîâà: íå÷åòêîå ìíîæåñòâî, íå÷åòêîå ìíîæåñòâî òèïà 2, âåêòîð Øåïëè, êîîïåðàòèâíûå
èãðû.

Âåêòîð Øåïë³ êîîïåðàòèâíî¿ ãðè ç íå÷³òêîþ ìíîæèíîþ äîïóñòèìèõ êîàë³ö³é / Ñ.Î. Ìàùåíêî,
Â.². Ìîðåíåöü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 117–126.

Àíîòàö³ÿ. Äîñë³äæóºòüñÿ âåêòîð Øåïë³ â êîîïåðàòèâí³é ãð³ ç íå÷³òêîþ ìíîæèíîþ äîïóñòèìèõ
êîàë³ö³é. Ïîêàçàíî, ùî ìíîæèíà éîãî çíà÷åíü º íå÷³òêîþ ìíîæèíîþ òèïó 2 (íå÷³òêà ìíîæèíà, ôóíêö³ÿ
íàëåæíîñò³ ÿêî¿ ïðèéìàº íå÷³òê³ çíà÷åííÿ) ñïåö³àëüíîãî âèãëÿäó. Ïîáóäîâàíî ôóíêö³þ íàëåæíîñò³. Åëå-
ìåíòè íîñ³ÿ ö³º¿ ìíîæèíè âèçíà÷åí³ ÿê ÷àñòèíí³ çíà÷åííÿ âåêòîðà Øåïë³. Çàïðîïîíîâàíî ïðîöåäóðó
¿õíüî¿ ïîáóäîâè ç ìàêñèìàëüíîþ äîñòîâ³ðí³ñòþ íàëåæíîñò³ ìíîæèí³ âåêòîð³â Øåïë³ òà äîñòîâ³ðí³ñòþ
íåíàëåæíîñò³, ÿêà íå ïåðåâèùóº çàäàíî¿ âåëè÷èíè.

Êëþ÷îâ³ ñëîâà: íå÷³òêà ìíîæèíà, íå÷³òêà ìíîæèíà òèïó 2, âåêòîð Øåïë³, êîîïåðàòèâí³ ³ãðè.

Shapley value of a co-operative game with a fuzzy set of feasible coalitions / S.O. Mashchenko,
V.I. Morenets // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 117–126.

Abstract. The present paper investigates Shapley value of a co-operative game with a fuzzy set of
feasible coalitions. It is shown that the set of its values is a type-2 fuzzy set (a fuzzy set whose membership
function takes fuzzy values) of special type. Furthermore, the corresponding membership function is given.
Elements of the support of this set are defined as particular Shapley values. We also propose the procedure of
constructing these elements with maximal reliability of their membership and reliability of non membership, not
exceeding a given threshold.

Keywords: fuzzy set, type 2 fuzzy set, Shapley value, co-operative games.
===

ÓÄÊ 519.217

Îá îäíîé ìíîãîêàíàëüíîé ñèñòåìå ìàññîâîãî îáñëóæèâàíèÿ ñ ïîâòîðíûìè âûçîâàìè /
Î.Â. Ïðèùåïà, Å.À. Ëåáåäåâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 127–137.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû ìàðêîâñêèå ìíîãîêàíàëüíûå ñèñòåìû ìàññîâîãî îáñëóæèâàíèÿ ñ îäíîé
ïîâòîðíîé ïîïûòêîé íà÷àòü îáñëóæèâàíèå. Äëÿ ñèñòåì íàéäåíû óñëîâèÿ ñóùåñòâîâàíèÿ ñòàöèîíàðíîãî
ðåæèìà è ïðåäëîæåíû ýôôåêòèâíûå àëãîðèòìû äëÿ ïîäñ÷åòà ñòàöèîíàðíûõ âåðîÿòíîñòåé ñ èñïîëüçîâà-
íèåì öåïíûõ äðîáåé è ÿâíûõ âåêòîðíî-ìàòðè÷íûõ ôîðìóë.

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêàÿ ñèñòåìà, ïîâòîðíûå âûçîâû, ñòàöèîíàðíûé ðåæèì.

Ïðî îäíó áàãàòîêàíàëüíó ñèñòåìó ìàñîâîãî îáñëóãîâóâàííÿ ç ïîâòîðíèìè âèêëèêàìè /
Î.Â. Ïðèùåïà, ª.Î. Ëåáºäºâ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 127–137.

Àíîòàö³ÿ. Ðîçãëÿíóòî ìàðêîâñüê³ áàãàòîêàíàëüí³ ñèñòåìè ìàñîâîãî îáñëóãîâóâàííÿ ç îäí³ºþ ïî-
âòîðíîþ ñïðîáîþ ïî÷àòè îáñëóãîâóâàííÿ. Äëÿ ñèñòåì çíàéäåíî óìîâè ³ñíóâàííÿ ñòàö³îíàðíîãî ðåæèìó
³ çàïðîïîíîâàíî åôåêòèâí³ àëãîðèòìè äëÿ ï³äðàõóíêó ñòàö³îíàðíèõ ³ìîâ³ðíîñòåé ç âèêîðèñòàííÿì ëàí-
öþãîâèõ äðîá³â òà ÿâíèõ âåêòîðíî-ìàòðè÷íèõ ôîðìóë.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà ñèñòåìà, ïîâòîðí³ âèêëèêè, ñòàö³îíàðíèé ðåæèì.

On a multi-channel queueing system with retrial calls / Pryshchepa O.V., Lebedev E.O. // Kibernetika i
sistemnyi analiz. 2017. Vol. 53, N 3. P. 127–137.

Abstract. The paper deals with Markov multi-channel queueing systems with a single retrial attempt to
begin a service process. The authors establish the conditions of the existence of stationary mode and propose
efficient algorithms for calculation of the stationary probabilities with the use of the continued fractions and
explicit vector-matrix formulas.

Keywords: stochastic system, retrial calls, stationary mode.
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ÓÄÊ 519.872

Ñòàòèñòè÷åñêàÿ ïðîâåðêà ãèïîòåçû îá àñèìïòîòè÷åñêîé íîðìàëüíîñòè ñòàöèîíàðíîãî
ðàñïðåäåëåíèÿ ÷èñëà òðåáîâàíèé â ñèñòåìå G I G/ / � â óñëîâèÿõ áîëüøîé çàãðóçêè /
È.Í. Êóçíåöîâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 138–144.

²ë.: 0. Òàáë. 2. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà ñèñòåìà îáñëóæèâàíèÿ G I G/ / � â óñëîâèÿõ áîëüøîé çàãðóçêè. Ñòà-

òèñòè÷åñêèå äàííûå ñãåíåðèðîâàíû ìåòîäîì Ìîíòå-Êàðëî. Èññëåäîâàíà âîçìîæíîñòü ïðèìåíåíèÿ íå-
êîòîðûõ ñòàòèñòè÷åñêèõ êðèòåðèåâ äëÿ ïðîâåðêè ãèïîòåçû îá àñèìïòîòè÷åñêè íîðìàëüíîì ðàñïðåäå-
ëåíèè êîëè÷åñòâà òðåáîâàíèé â ñèñòåìå â ñòàöèîíàðíîì ðåæèìå. Ïðèâåäåíû ÷èñëåííûå ïðèìåðû.

Êëþ÷åâûå ñëîâà: ñèñòåìà îáñëóæèâàíèÿ, áîëüøàÿ çàãðóçêà, ñòàöèîíàðíîå ðàñïðåäåëåíèå, ñòàòèñòè-
÷åñêàÿ ãèïîòåçà, àñèìïòîòè÷åñêè íîðìàëüíîå ðàñïðåäåëåíèå, ìåòîä Ìîíòå-Êàðëî.

Ñòàòèñòè÷íà ïåðåâ³ðêà ã³ïîòåçè àñèìïòîòè÷íî¿ íîðìàëüíîñò³ ñòàö³îíàðíîãî ðîçïîä³ëó ê³ëüêîñò³
âèìîã ó ñèñòåì³ G I G/ / � â óìîâàõ âåëèêîãî çàâàíòàæåííÿ / ².Ì. Êóçíºöîâ // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 138–144.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñèñòåìó îáñëóãîâóâàííÿ G I G/ / � â óìîâàõ âåëèêîãî çàâàíòàæåííÿ. Ñòà-

òèñòè÷í³ äàí³ çãåíåðîâàíî ìåòîäîì Ìîíòå-Êàðëî. Äîñë³äæåíî ìîæëèâ³ñòü çàñòîñóâàííÿ äåÿêèõ ñòàòèñ-
òè÷íèõ êðèòåð³¿â äëÿ ïåðåâ³ðêè ã³ïîòåçè àñèìïòîòè÷íî¿ íîðìàëüíîñò³ ðîçïîä³ëó ê³ëüêîñò³ âèìîã ó ñèñ-
òåì³ â ñòàö³îíàðíîìó ðåæèì³. Ðîçãëÿíóòî ÷èñëîâ³ ïðèêëàäè.

Êëþ÷îâ³ ñëîâà: ñèñòåìà îáñëóãîâóâàííÿ, âåëèêå çàâàíòàæåííÿ, ñòàö³îíàðíèé ðîçïîä³ë, ñòàòèñòè÷íà
ã³ïîòåçà, àñèìïòîòè÷íî íîðìàëüíèé ðîçïîä³ë, ìåòîä Ìîíòå-Êàðëî.

Statistical testing of the hypothesis that the number of customers in queueing system G I G/ / � has
asymptotically normal distribution in heavy traffic / I.N. Kuznetsov // Kibernetika i sistemnyi analiz. 2017.
Vol. 53, N 3. P. 138–144.

Abstract. The queueing system G I G/ / � in heavy traffic is considered. Statistical data are generated

due to Monte Carlo simulation. The author considers the possibility of applying some statistical criteria to test
the hypothesis that the number of customers has asymptotic normal distribution in steady state. Numerical
examples are considered.

Keywords: queueing system, heavy traffic, steady-state distribution, statistical hypothesis, asymptotically
normal distribution, Monte Carlo method.
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ÓÄÊ 512.643:512.552.12

Íàèëó÷øåå ïðèâåäåíèå ìàòðèö ê áëî÷íî-òðåóãîëüíîìó âèäó äëÿ çàäà÷ èåðàðõè÷åñêîé
äåêîìïîçèöèè / Þ.Í. Áàçèëåâè÷ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 145–153.

²ë.: 1. Òàáë. 0. Á³áë³îãð.: 16 íàçâ.

Àííîòàöèÿ. Èçëîæåíî ðåøåíèå çàäà÷è î ïðèâåäåíèè íåñêîëüêèõ êîìïëåêñíûõ (âîîáùå ãîâîðÿ)
n n� -ìàòðèö ê îäèíàêîâîìó áëî÷íî-òðåóãîëüíîìó âèäó ñ ìàêñèìàëüíî âîçìîæíûì êîëè÷åñòâîì áëîêîâ
íà ãëàâíîé äèàãîíàëè ñ ïîìîùüþ ïðåîáðàçîâàíèÿ ïîäîáèÿ. Ïîëó÷åííîå ðåøåíèå ìîæíî èñïîëüçîâàòü
äëÿ ïðèìåíåíèÿ ìåòîäîâ èåðàðõè÷åñêîé äåêîìïîçèöèè ïðè àíàëèçå ñëîæíûõ ñèñòåì.

Êëþ÷åâûå ñëîâà: ìàòðèöà, áëî÷íî-òðåóãîëüíûé âèä, ïðåîáðàçîâàíèå ïîäîáèÿ, öåíòðàëèçàòîð, àëãåáðà
íàä ïîëåì, ðàäèêàë.

Íàéêðàùå çâåäåííÿ ìàòðèöü äî áëî÷íî-òðèêóòíîãî âèãëÿäó äëÿ çàäà÷ ³ºðàðõ³÷íî¿ äåêîìïîçèö³¿ /
Þ.Ì. Áàçèëåâè÷ // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 145–153.

Àíîòàö³ÿ. Ðîçãëÿíóòî ðîçâ’ÿçàííÿ çàäà÷³ ïðî çâåäåííÿ äåê³ëüêîõ êîìïëåêñíèõ (âçàãàë³ êàæó÷è)
n n� -ìàòðèöü äî îäíàêîâîãî áëî÷íî-òðèêóòíîãî âèãëÿäó ç ìàêñèìàëüíî ìîæëèâîþ ê³ëüê³ñòþ áëîê³â íà ãî-
ëîâí³é ä³àãîíàë³ çà äîïîìîãîþ ïåðåòâîðåííÿ ïîä³áíîñò³. Îòðèìàíèé ðîçâ’ÿçîê ìîæíà âèêîðèñòîâóâàòè äëÿ
çàñòîñóâàííÿ ìåòîä³â ³ºðàðõ³÷íî¿ äåêîìïîçèö³¿ ïðè àíàë³ç³ ñêëàäíèõ ñèñòåì.

Êëþ÷îâ³ ñëîâà: ìàòðèöÿ, áëî÷íî-òðèêóòíèé âèãëÿä, ïåðåòâîðåííÿ ïîä³áíîñò³, öåíòðàë³çàòîð, àëãåáðà
íàä ïîëåì, ðàäèêàë.

Best reduction of matrices to the block triangular form for hierarchical decomposition problems /
Yu.N. Bazilevich // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 145–153.

Abstract. The author solves the problem of reducing several complex (generally speaking) n n� -matrices
to the same block triangular form by a similarity transformation with maximum possible number of blocks on
the main diagonal. The obtained solution may be used to apply the methods of hierarchical decomposition in the
analysis of complex systems.

Keywords: matrix, block-triangular form, similarity transformation, the centralizer, algebra over the field,
radical.
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Ìàðøðóòèçàöèÿ è êîììóòàöèÿ çíà÷èòåëüíîãî ÷èñëà òåëåâèçèîííûõ ñèãíàëîâ íà áîëüøèõ
òåððèòîðèÿõ / Ïàí÷åíêî Á.Å., Ïå÷åíþê Ä.À. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017. Òîì 53, ¹ 3.
Ñ. 154–169.

²ë.: 7. Òàáë. 0. Á³áë³îãð.: 23 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåí è èññëåäîâàí ñïîñîá àâòîìàòèçèðîâàííîé ìíîãîïðîãðàììíîé âûáîðî÷íîé
ìàðøðóòèçàöèè öèôðîâûõ ñèãíàëîâ â ñâÿçè ñ èõ êîììóòàöèåé. Ñòðóêòóðà ñèãíàëà — äèñêðåòíî-ïåðèîäè÷åñ-
êàÿ (ïàêåòíàÿ). Ðàññìàòðèâàåòñÿ òàêæå ñèòóàöèÿ, êîãäà âîçìîæíîñòü ïðåäâàðèòåëüíîé ñèíõðîíèçàöèè èñòî÷-
íèêîâ îòñóòñòâóåò. Ýòî îáóñëîâëåíî ïîòðåáíîñòüþ èñïîëüçîâàíèÿ èñòî÷íèêîâ ñ ïðîèçâîëüíûìè ïàðàìåòðà-
ìè ñòðóêòóðû ñèãíàëîâ (÷àñòîòû õîäà ïàêåòîâ, äëèòåëüíîñòè ïàêåòîâ è ò.ï.), à òàêæå îò ðàçíûõ ïðîèçâî-
äèòåëåé. Îáåñïå÷èâàåòñÿ è ìíîãîïîëüçîâàòåëüñêèé ðåæèì ìàðøðóòèçàöèè. Ïîñëå âûáîðî÷íîãî
ñèíõðîíèçèðîâàííîãî ïåðåêëþ÷åíèÿ öèôðîâûõ ñèãíàëîâ îò çíà÷èòåëüíîãî ÷èñëà èñòî÷íèêîâ (îò 1000 è
áîëåå) îáåñïå÷èâàåòñÿ âûáîðî÷íàÿ ìàðøðóòèçàöèÿ äëÿ ïîñëåäóþùåé òðàíñïîðòèðîâêè.

Êëþ÷åâûå ñëîâà: êîììóòàöèÿ òåëåâèçèîííûõ ñèãíàëîâ, ìàðøðóòèçàöèÿ, ìíîãîïîëüçîâàòåëüñêèé ðå-
æèì, SDRAM-áóôåðèçàöèÿ, ÏÒÑ, ÏÒÑ-òðåíàæåð, òðàêò.

Ìàðøðóòèçàö³ÿ ³ êîìóòàö³ÿ çíà÷íî¿ ê³ëüêîñò³ òåëåâ³ç³éíèõ ñèãíàë³â íà âåëèêèõ òåðèòîð³ÿõ /
Ïàí÷åíêî Á.ª., Ïå÷åíþê Ä.À. // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53, ¹ 3. Ñ. 154–169.

Àííîòàö³ÿ. Çàïðîïîíîâàíî òà äîñë³äæåíî ñïîñ³á àâòîìàòèçîâàíî¿ áàãàòîïðîãðàìíî¿ âèá³ðêîâî¿ ìàð-
øðóòèçàö³¿ öèôðîâèõ ñèãíàë³â ó çâ’ÿçêó ç ¿õíüîþ êîìóòàö³ºþ. Ñòðóêòóðà ñèãíàëó — äèñêðåòíî-ïåð³îäè÷íà
(ïàêåòíà). Ðîçãëÿíóòî òàêîæ ñèòóàö³þ, êîëè ìîæëèâ³ñòü ïîïåðåäíüî¿ ñèíõðîíèçàö³¿ äæåðåë â³äñóòíÿ. Öå
çóìîâëåíî ïîòðåáîþ âèêîðèñòàííÿ äæåðåë ç äîâ³ëüíèìè ïàðàìåòðàìè ñòðóêòóðè ñèãíàë³â (÷àñòîòè õîäó
ïàêåò³â, òðèâàëîñò³ ïàêåò³â òîùî), à òàêîæ â³ä ð³çíèõ âèðîáíèê³â. Çàáåçïå÷åíî é áàãàòîêîðèñòóâàöüêèé ðå-
æèì ìàðøðóòèçàö³¿. Ï³ñëÿ ñèíõðîí³çîâàíîãî ïåðåìèêàííÿ öèôðîâèõ ñèãíàë³â â³ä âåëèêî¿ ê³ëüêîñò³ äæå-
ðåë (â³ä 1000 ³ á³ëüøå) ãàðàíòîâàíî âèá³ðêîâó ìàðøðóòèçàö³þ äëÿ íàñòóïíîãî òðàíñïîðòóâàííÿ.

Êëþ÷îâ³ ñëîâà: êîìóòàö³ÿ òåëåâ³ç³éíèõ ñèãíàë³â, ìàðøðóòèçàö³ÿ, áàãàòîêîðèñòóâàöüêèé ðåæèì,
SDRAM-áóôåðèçàö³ÿ, ÏÒÑ, ÏÒÑ-òðåíàæåð, òðàêò.

Routing and switching of a significant number of television signals covering large areas / Panchenko B.E.,
Pechenyuk D.A. // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3. P. 154–169.

Abstract. A method of automated multi-program selective routing of digital signals in relation with their
switching is proposed and analyzed. The structure of the signal is discrete periodic (packet). The situation of
absence of a possibility of preliminary source synchronization is also considered. This is due to the need to use
sources with arbitrary properties of the signal structure (frequency of packet movement, packet duration,
consistency of the period of packet movement, etc.) and from different producers. Multi-user routing mode is
also provided. Selective routing for subsequent transfer is provided after the selective synchronized switching
of digital signals coming from a significant number of sources (1000 and more) is carried out.

Keywords: switching of television signals, SDRAM-buffering, routing, multi-user mode, MTS, MTS-trainer,
tract.
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ÓÄÊ 004.9

Ìàòåìàòè÷åñêàÿ ìîäåëü êèáåðáåçîïàñíîñòè êîìïüþòåðíîé ñåòè óïðàâëåíèÿ ýëåêòðîñíàáæåíèåì
òÿãîâûõ ïîäñòàíöèé / À.È. Ñòàñþê, Ð.Â. Ãðèùóê, Ë.Ë. Ãîí÷àðîâà // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2017. Òîì 53, ¹ 3. Ñ. 170–179.

²ë.: 0. Òàáë. 0. Á³áë³îãð.: 10 íàçâ.

Àííîòàöèÿ. Íà îñíîâå àíàëèçà ïðîáëåìû êèáåðáåçîïàñíîñòè ïîêàçàíî, ÷òî åå ðåøåíèå ñâÿçàíî ñ
ðåøåíèåì êîìïëåêñà âçàèìîîáóñëîâëåííûõ çàäà÷, îñîáåííîñòè êîòîðûõ âûòåêàþò èç òîïîëîãèè êèáåð-
ïðîñòðàíñòâà. Ïðåäëîæåí ãðàô, êîòîðûé àäåêâàòíî îòðàæàåò òîïîëîãèþ ñèñòåìû ýëåêòðîñíàáæåíèÿ êîì-
ïüþòåðíîé ñåòè óïðàâëåíèÿ ýëåêòðîñíàáæåíèåì òÿãîâûõ ïîäñòàíöèé è åãî ìàòåìàòè÷åñêóþ ìîäåëü, êàê
îñíîâó äëÿ ñîçäàíèÿ ñîâðåìåííûõ ìîäåëåé êèáåðáåçîïàñíîñòè. Â îñíîâó ðàçðàáîòàííîé ìàòåìàòè÷åñêîé
ìîäåëè êèáåðáåçîïàñíîñòè êîìïüþòåðíîé ñåòè ïîëîæåíà òåîðèÿ äèôôåðåíöèàëüíûõ ïðåîáðàçîâàíèé Ïó-
õîâà. Ôîðìàëèçîâàí êðèòåðèé êèáåðáåçîïàñíîñòè, ïðåäëîæåí ïðèíöèï ìèíèìàêñà äëÿ ìèíèìèçàöèè
ôóíêöèîíàëà â ñëó÷àÿõ íàèõóäøåãî ñî÷åòàíèÿ èíòåíñèâíîñòè ïîòîêîâ êèáåðàòàê è çàùèòíûõ äåéñòâèé.
Ðàçðàáîòàí èíòåëëåêòóàëüíûé ìåòîä ïîèñêà îïòèìàëüíîé ñòðàòåãèè îáåñïå÷åíèÿ êèáåðáåçîïàñíîñòè êîì-
ïüþòåðíîé ñåòè ïóòåì èññëåäîâàíèÿ íà ýêñòðåìóì ôîðìàëèçîâàííîãî â ñòàòüå ôóíêöèîíàëà.

Êëþ÷åâûå ñëîâà: êèáåðáåçîïàñíîñòü, êèáåðïðîñòðàíñòâî, êèáåðóãðîçû, ìàòåìàòè÷åñêèå ìîäåëè, äèô-
ôåðåíöèàëüíûå ïðåîáðàçîâàíèÿ, èíòåëëåêòóàëüíûå ìåòîäû, çàùèòà èíôîðìàöèè.
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Ìàòåìàòè÷íà ìîäåëü ê³áåðáåçïåêè êîìï’þòåðíî¿ ìåðåæ³ êåðóâàííÿ åëåêòðîïîñòà÷àííÿì òÿãîâèõ
ï³äñòàíö³é / Î.². Ñòàñþê, Ð.Â. Ãðèùóê, Ë.Ë. Ãîí÷àðîâà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017.
Òîì 53, ¹ 3. Ñ. 170–179.

Àíîòàö³ÿ. Íà îñíîâ³ àíàë³çó ïðîáëåìè ê³áåðáåçïåêè ïîêàçàíî, ùî ïîäîëàòè çàãðîçè ê³áåðàòàê ìîæ-
íà ëèøå çà óìîâè ðîçâ’ÿçàííÿ êîìïëåêñó âçàºìîçóìîâëåíèõ çàäà÷, îñîáëèâîñò³ ÿêèõ âèïëèâàþòü ç òîïî-
ëîã³¿ ê³áåðïðîñòîðó. Çàïðîïîíîâàíî ãðàô, ùî àäåêâàòíî â³äîáðàæàº òîïîëîã³þ ñèñòåìè åëåêòðîïîñòà÷àííÿ
êîìï’þòåðíî¿ ìåðåæ³ êåðóâàííÿ åëåêòðîïîñòà÷àííÿì òÿãîâèõ ï³äñòàíö³é òà éîãî ìàòåìàòè÷íó ìîäåëü, ÿê
áàçó äëÿ ñòâîðåííÿ ñó÷àñíèõ ìîäåëåé ê³áåðáåçïåêè. Â îñíîâó ðîçðîáëåíî¿ ìàòåìàòè÷íî¿ ìîäåë³ ê³áåðáåç-
ïåêè êîìï’þòåðíî¿ ìåðåæ³ ïîêëàäåíî òåîð³þ äèôåðåíö³éíèõ ïåðåòâîðåíü Ïóõîâà. Ôîðìàë³çîâàíî êðè-
òåð³é ê³áåðáåçïåêè, çàïðîïîíîâàíî ïðèíöèï ì³í³ìàêñó äëÿ ì³í³ì³çàö³¿ ôóíêö³îíàëà ó âèïàäêàõ íàéã³ðøî-
ãî ïîºäíàííÿ ³íòåíñèâíîñò³ ïîòîê³â ê³áåðàòàê ³ çàõèñíèõ ä³é. Ðîçðîáëåíî ³íòåëåêòóàëüíèé ìåòîä ïîøóêó
îïòèìàëüíî¿ ñòðàòåã³¿ ãàðàíòóâàííÿ ê³áåðáåçïåêè êîìï’þòåðíî¿ ìåðåæ³ øëÿõîì äîñë³äæåííÿ íà åêñòðå-
ìóì ôîðìàë³çîâàíîãî ôóíêö³îíàëà.

Êëþ÷îâ³ ñëîâà: ê³áåðáåçïåêà, ê³áåðïðîñò³ð, ê³áåðçàãðîçè, ìàòåìàòè÷í³ ìîäåë³, äèôåðåíö³éí³ ïåðåòâî-
ðåííÿ, ³íòåëåêòóàëüí³ ìåòîäè, çàõèñò ³íôîðìàö³¿.

A mathematical model of cyber security computer network control in power supply of traction
substations / A.². Stasiuk, R.V. Hryshchuk, L.L. Goncharova // Kibernetika i sistemnyi analiz. 2017.
Vol. 53, N 3. P. 170–179.

Abstract. Based on the analysis of the problem of cybersecurity we show that its solution is related to the
solution of a set of interdependent problems whose features are derived from the topology of cyberspace. We
propose a graph, which adequately reflects the topology of the power system computer network for power
control of traction substations and its mathematical model as the basis for the creation of contemporary models
of cybersecurity. The basis of the developed mathematical model of cybersecurity computer networks is the
Pukhov theory of differential transformations. We formalize the criterion of cybersecurity and propose minimax
principle for minimization of the functional in the worst combination of flow intensity of cyber attacks and
defensive actions. We develop an intelligent method to find the optimal strategy of cyber security computer
networks by the extremum analysis of the formalized functional.

Keywords: cybersecurity, cyberspace, cybercyberthreat, mathematical models, differential conversion,
intelligent techniques, protection of information.
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Ìåòîä è àëãîðèòì âîññòàíîâëåíèÿ ïðîñòðàíñòâåííîé êîíôèãóðàöèè âåêòîðîâ ïëîòíîñòè òîêîâ
â ìàãíèòîêàðäèîãðàôèè / Ì.À. Ïðèìèí, È.Â. Íåäàéâîäà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2017.
Òîì 53, ¹ 3. Ñ. 180–192.

²ë.: 3. Òàáë. 0. Á³áë³îãð.: 13 íàçâ.

Àííîòàöèÿ. Ïðîñòðàíñòâåííîìó ðàñïðåäåëåíèþ âåëè÷èí ïàðàìåòðîâ ìàãíèòíîãî ïîëÿ ñåðäöà ÷å-
ëîâåêà, èçìåðåííîìó â òî÷êàõ ïëîñêîñòè íàáëþäåíèÿ, ñòàâèòñÿ â ñîîòâåòñòâèå ðàñïðåäåëåíèå âåêòîðà
ïëîòíîñòè òîêîâ â ïëîñêîñòè, ïàðàëëåëüíîé ïëîñêîñòè èçìåðåíèé è ñåêóùåé ïî îòíîøåíèþ ñåðäöà.
Îáðàòíàÿ çàäà÷à ðåøåíà ñ ïîìîùüþ àïïàðàòà èíòåãðàëüíûõ ïðåîáðàçîâàíèé Ôóðüå. Ðàáîòà àëãîðèòìà
ïðîìîäåëèðîâàíà íà ðåàëüíûõ äàííûõ ìàãíèòîìåòðè÷åñêèõ èññëåäîâàíèé ñåðäöà ÷åëîâåêà.

Êëþ÷åâûå ñëîâà: ìàãíèòîêàðäèîãðàôèÿ, îáðàòíàÿ çàäà÷à ìàãíèòîñòàòèêè, ïðåîáðàçîâàíèå Ôóðüå,
ôóðüå-îáðàç, ÑÊÂÈÄ-ãðàäèåíòîìåòð.

Ìåòîä ³ àëãîðèòì â³äíîâëåííÿ ïðîñòîðîâî¿ êîíô³ãóðàö³¿ âåêòîð³â ãóñòèíè ñòðóì³â
ó ìàãí³òîêàðä³îãðàô³¿ / Ì.À. Ïð³ì³í, ².Â. Íåäàéâîäà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2017. Òîì 53,
¹ 3. Ñ. 180–192.

Àíîòàö³ÿ. Ïðîñòîðîâîìó ðîçïîä³ëó âåëè÷èí ïàðàìåòð³â ìàãí³òíîãî ïîëÿ ñåðöÿ ëþäèíè, âèì³ðÿíîìó
â òî÷êàõ ïëîùèíè ñïîñòåðåæåíü, ïîñòàâëåíî ó â³äïîâ³äí³ñòü ðîçïîä³ë âåêòîðà ãóñòèíè ñòðóì³â ó ïëîùèí³,
ïàðàëåëüí³é ïëîùèí³ âèì³ðþâàíü, ³ ÿêà º ñ³÷íîþ â³äíîñíî ñåðöÿ. Îáåðíåíó çàäà÷ó ðîçâ’ÿçàíî çà äîïîìî-
ãîþ àïàðàòó ³íòåãðàëüíèõ ïåðåòâîðþâàíü Ôóð’º. Ðîáîòó àëãîðèòìó ïðîìîäåëüîâàíî íà ðåàëüíèõ äàíèõ
ìàãí³òîìåòðè÷íèõ äîñë³äæåíü ñåðöÿ ëþäèíè.

Êëþ÷îâ³ ñëîâà: ìàãí³òîêàðä³îãðàô³ÿ, îáåðíåíà çàäà÷à ìàãí³òîñòàòèêè, ïåðåòâîðåííÿ Ôóð’º, ôóð’º-îáðàç,
ÑÊÂ²Ä-ãðàä³ºíòîìåòð.

The method and algorithm to reconstruct the spatial structure of current density vectors in
magnetocardiography / M.A. Primin, I.V. Nedayvoda // Kibernetika i sistemnyi analiz. 2017. Vol. 53, N 3.
P. 180–192.

Abstract. Current density vectors distribution at the plane parallel to the measurement plane and
intersecting for heart is associated with the spatial distribution of the values of parameters of magnetic field of
human heart, measured in observation plane. Inverse problem is solved with the use of Fourier integral
transform. The algorithm is simulated using real data of magnetometric investigations of human heart.

Keywords: magnetocardiography, magnetostatic inverse problem, Furie transformation, Furie image,
SQUID-gradiometer.
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