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Ê²ÁÅÐÍÅÒÈÊÀ CYBERNETICS

ÓÄÊ 519.713.1

Âèêîðèñòàííÿ óçãîäæåííÿ ëîã³÷íèõ ñïåöèô³êàö³é àâòîìàò³â ïðè ðîçâ’ÿçàíí³ ³ãðîâèõ çàäà÷ / ×åáî-
òàðüîâ À.Ì. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 3–13.

²ãðîâ³ ìîäåë³ øèðîêî âèêîðèñòîâóþòüñÿ ïðè ðîçâ’ÿçàíí³ çàäà÷ ðåàë³çîâíîñò³, ñèíòåçó òà âå-
ðèô³êàö³¿ ðåàêòèâíèõ ñèñòåì. Äëÿ ðîçâ’ÿçàííÿ òàêèõ çàäà÷ ó ñòàòò³ ðîçãëÿíóòî àâòîìàòíèé ï³äõ³ä, ÿêèé
áàçóºòüñÿ íà ïîíÿòò³ óçãîäæåíîñò³ àâòîìàò³â àáî ¿õí³õ ëîã³÷íèõ ñïåöèô³êàö³é. Â³äïîâ³äí³ ìåòîäè ñóòòºâî
â³äð³çíÿþòüñÿ â³ä òèõ, ùî çàñòîñîâóþòüñÿ â ³ãðîâîìó êîíòåêñò³. Ïîêàçàíî, ÿê ö³ ìåòîäè ìîæóòü âèêîðè-
ñòîâóâàòèñÿ äëÿ ñèíòåçó âèãðàøíî¿ ñòðàòåã³¿ ó ãð³ äâîõ îñ³á, íå ïîâ’ÿçàí³é ç ïðîåêòóâàííÿì ðåàêòèâíèõ
ñèñòåì. Á³áë³îãð.: 12 íàçâ.

UDC 519.713.1

Using the compatibility analysis of automata logical specification to solve game problems / Chebotarev A.N.
// Kibernetika i sistemny analiz. — 2014. — Vol. 50, N 4. — P. 3–13.

Game models have been widely used to solve realizability, synthesis, and verification problems. In this
paper, we consider an alternative approach to solving these problems based on the notion of compatibility of
automata (FSMs) or their logical specifications. The corresponding methods substantially differ from those used
in the game setting. We show how these methods can be used for the synthesis of a winning strategy in
a two-player game, which does not relate to the development of reactive systems. Refs: 12 titles.

ÓÄÊ 51.681.3

Êîìá³íàòîðíèé ìåòîä ðîçâ’ÿçàííÿ ñèñòåì ë³í³éíèõ îáìåæåíü / Êðèâèé Ñ.Ë. // Êèáåðíåòèêà è ñèñ-

òåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 14–26.

Ðîçãëÿíóòî êîìá³íàòîðíèé ìåòîä ïîáóäîâè áàçèñó ìíîæèíè ðîçâ’ÿçê³â ñèñòåì ë³í³éíèõ îáìåæåíü
â îáëàñò³ ä³éñíèõ ÷èñåë òà ïîêðàùåíèé ìåòîä ïîáóäîâè ì³í³ìàëüíî¿ ïîðîäæóþ÷î¿ ìíîæèíè ðîçâ’ÿçê³â
â îáëàñò³ íàòóðàëüíèõ ÷èñåë. Íàâåäåíî êîðîòêèé îãëÿä òàêèõ ìåòîä³â â ³íøèõ äèñêðåòíèõ îáëàñòÿõ.
Òàáë.: 1. Á³áë³îãð.: 23 íàçâè.

UDC 51.681.3

Combinatorial method of solving systems of linear constraints / Kryvyi S.L. // Kibernetika i sistemny

analiz. — 2014. — Vol. 50, N 4. — P. 14–26.

A combinatorial method for computing the basis of the set of solutions to systems of linear constraints
over the set of real numbers and an improved method for computing minimal generating set of solutions over
the set of natural numbers are considered. A short review of this method in other discrete domains is presented.
Tabl.: 1. Refs: 23 titles.

ÓÄÊ 510.67

Ãðóïîâ³ ñòðóêòóðè íà ôàêòîð-ìíîæèíàõ â çàäà÷àõ êëàñèô³êàö³¿ / Ìàøòàë³ð Â.Ï., Øëÿõîâ Â.Â.,
ßêîâëåâ Ñ.Â. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 27–41.

Äëÿ çàäà÷ ôàêòîðèçàö³¿ ³íôîðìàö³¿ ïðîàíàë³çîâàíî çâ’ÿçîê âëàñòèâîñòåé ä³ôóíêö³îíàëüíîñò³ òà
òåòðàðíèõ â³äíîñèí. Çíàéäåíî óìîâè, çà ÿêèõ äîâ³ëüí³ n-àðí³ â³äíîñèíè ³íäóêóþòü ìóëüòèàëãåáðà¿÷í³
ñèñòåìè ç ºäèíèì íîñ³ºì ó âèãëÿä³ äåêàðòîâîãî êóáà. Ðîçãëÿíóòî àêñ³îìàòèêó ìóëüòèãðóï. Ñôîðìóëüî-
âàíî òà äîâåäåíî óìîâè ³ñíóâàííÿ ãðóï íà êëàñàõ åêâ³âàëåíòíîñò³. Íàâåäåíî ïðèêëàäè ïðîäóêóâàííÿ
ìóëüòèãðóï òà âèïàäê³â, êîëè ºäèíîãî íîñ³ÿ íå ³ñíóº. ²ë.: 4. Á³áë³îãð.: 19 íàçâ.

UDC 510.67

Group structures on quotient sets in classification problems / Mashtalir V.P., Shlyakhov V.V.,
Yakovlev S.V. // Kibernetika i sistemny analiz. — 2014. — Vol. 50, N 4. — P. 27–41.

The relationship between the properties of difunctionality and ternary relations for information
factorization problems is analyzed. The conditions where arbitrary n-ary relations induce multialgebraic
systems with common carrier in the form of Cartesian cube are found. Multigroup axiomatics is considered. The
conditions of the existence of groups on equivalence classes are formulated and proved. The examples of
multigroups producing and the cases where common carrier does not exist are provided. Figs: 4. Refs: 19 titles.

ÓÄÊ 517.11+519.92

Êðîíåêåðîâ³ (òåíçîðí³) ìîäåë³ íå÷³òêî-ìíîæèííèõ ãðàíóë / Ì³íàºâ Þ.Ì., Ô³ë³ìîíîâà Î.Þ.,
Ì³íàºâà Þ.². // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 42–52.

Ðîçãëÿíóòî ïèòàííÿ, ïîâ’ÿçàí³ ç ãðàíóëþâàííÿì ³íôîðìàö³¿ òà ãðàíóëÿðíèìè îá÷èñëåííÿìè (ãðà-
íóëÿðíèé êîìï’þòèíã) çà óìîâ ïðåäñòàâëåííÿ íå÷³òêî-ìíîæèííî¿ ãðàíóëè (ÍÌ-ãðàíóëè) ó âèãëÿä³ êðî-
íåêåðîâà äîáóòêó. Ïîêàçàíî óí³âåðñàëüí³ñòü çàïðîïîíîâàíî¿ ìîäåë³, çîêðåìà, ïðè îá÷èñëåíí³ îáåðíåíî-
ãî çíà÷åííÿ íå÷³òêî¿ çì³ííî¿ âèäó òà ðîçâ’ÿçàíí³ ³íøèõ çàäà÷ êåðóâàííÿ çà óìîâ íåâèçíà÷åíîñò³. Ïîêà-
çàíî, ùî çàïðîïîíîâàíà ôîðìà ÍÌ-ãðàíóëè — òåíçîðíèé (êðîíåêåð³â) äîáóòîê êîìïîíåíò, äîçâîëÿº çáå-
ðåãòè âëàñòèâ³ñòü ö³ë³ñíîñò³ ãðàíóë ³ ñóòòºâî ïðîñóíóòèñü â ðîçâ’ÿçàíí³ ïðîáëåìè ãðàíóëÿðíîãî êîìï’þ-
òèíãà ³ ïåðåòâîðåííÿ ãðàíóë. ²ë.: 4. Á³áë³îãð.: 20 íàçâ.
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UDC 517.11+519.92

Kronecker (tensor) models of fuzzy-set granules / Minaev Yu.N., Filimonova O.Yu., Minaeva J.I. //
Kibernetika i sistemny analiz. — 2014. — Vol. 50, N 4. — P. 42–52.

The issues related to granulating information and granular calculations (granular computing) in
presenting FS-granules as a Kronecker product are considered. The proposed model is shown to be universal, in
particular, in calculating the inverse value of fuzzy variable and solving other control problems under
uncertainty. It is shown that the proposed form of FS-granules, tensor (Kronecker) product of components,
allows preserving the integrity of granules and promotes the solution of the problem of granular computing and
transformation of granules. Figs: 4. Refs: 20 titles.

ÓÄÊ 510.584

Íîâ³ äîâåäåííÿ âàæëèâèõ òåîðåì áåçòèïîâîãî åêñòåíñ³îíàëüíîãî �-÷èñëåííÿ / Ëÿëåöüêèé Î.Î. //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 53–63.

Íàâåäåíî íîâ³ äîâåäåííÿ äâîõ òåîðåì áåçòèïîâîãî åêñòåíñ³îíàëüíîãî �-÷èñëåííÿ: òåîðåìè Êàðð³ ïðî òå,
ùî áóäü-ÿêèé �-òåðì ìàº ��-íîðìàëüíó ôîðìó òîä³ é ò³ëüêè òîä³, êîëè â³í ìàº �-íîðìàëüíó ôîðìó, òà òåîðåìè
íîðìàë³çàö³¿ äëÿ ��-ðåäóêö³¿. Äàíèé ï³äõ³ä ãðóíòóºòüñÿ íà äâîõ øèðîêî â³äîìèõ ðåçóëüòàòàõ: òåîðåì³ ïðî
â³äêëàäàííÿ �-ðåäóêö³¿ òà âëàñòèâîñò³ ñèëüíî¿ íîðìàë³çîâíîñò³ �-ðåäóêö³¿, ÿê³ äîçâîëÿþòü ïðèðîäíèì ÷èíîì
ðîçïîâñþäèòè äåÿê³ òâåðäæåííÿ ç³ çâè÷àéíîãî �-÷èñëåííÿ íà åêñòåíñ³îíàëüíèé âèïàäîê. Á³áë³îãð.: 5 íàçâ.

UDC 510.584

New proofs of important theorems of untyped extensional �-calculus / Lyaletsky A.A. // Kibernetika i
sistemny analiz. — 2014. — Vol. 50, N 4. — P. 53–63.

The paper contains new proofs of the following two theorems for the untyped extensional �-calculus: the
Curry theorem that any �-term has a ��-normal form if and only if it has a �-normal form, and the normalization
theorem for ��-reduction. Our approach is based on the following well-known results: the postponement
theorem of �-reduction and the strong normalization property of �-reduction, which allow one to extend,
in a natural way, some propositions from the usual �-calculus onto the extensional case. Refs: 5 titles.

ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.873

Îö³íêà éìîâ³ðíîñò³ ôóíêö³îíàëüíî¿ â³äìîâè ðåçåðâîâàíî¿ ñèñòåìè ìåòîäîì ³ñòîòíî¿ âèá³ðêè /
Êóçíºöîâ Ì.Þ., Õîì’ÿê Î.Ì. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 64–75.

Äîñë³äæåíî ñèñòåìó, ñòðóêòóðà ÿêî¿ çàäàºòüñÿ äåðåâîì â³äìîâ ç åôåêòèâí³ñòþ. Çîâí³øíº íàâàíòà-
æåííÿ íà ñèñòåìó âèçíà÷åíî ÿê ôóíêö³þ â³ä ñòàí³â íàï³âìàðêîâñüêîãî ïðîöåñó. Çàïðîïîíîâàíî ìåòîä
ïðèñêîðåíîãî ìîäåëþâàííÿ éìîâ³ðíîñò³ ôóíêö³îíàëüíî¿ â³äìîâè, êîëè åôåêòèâí³ñòü ñèñòåìè ñòàº íèæ-
÷îþ çà òó, ùî âèìàãàºòüñÿ. Çíàéäåíî óìîâè, ÿê³ ãàðàíòóþòü îáìåæåí³ñòü â³äíîñíî¿ ïîõèáêè îö³íêè ³ç
çðîñòàííÿì íàä³éíîñò³ åëåìåíò³â. ×èñåëüíèé ïðèêëàä ³ëþñòðóº òî÷í³ñòü îö³íîê, îòðèìàíèõ çàïðîïîíî-
âàíèì ìåòîäîì. ²ë.: 1. Òàáë.: 2. Á³áë³îãð.: 26 íàçâ.

UDC 519.873

Evaluation of the probability of functional failure of a redundant system by important sampling /
Kuznetsov N.Yu., Homyak O.N. // Kibernetika i sistemny analiz. — 2014. — Vol. 50, N 4. — P. 64–75.

A redundant system with the structure determined by fault tree with efficiency is considered. An external load
on the system is a function of the state of a semi-Markov process. A fast simulation method enabling to evaluate the
probability of functional failure when the real system efficiency becomes less than required ones is proposed. It is
proved that under some weak conditions an estimate has a bounded relative error as the components reliability
increases. The numerical example illustrates the efficiency of the method proposed. Fig.: 1. Tabl.: 2. Refs: 26 titles.

ÓÄÊ 517:519.6

Ïðî äîñë³äæåííÿ àëãîðèòì³â ðîçùåïëåííÿ â çàäà÷àõ êîíâåêö³¿–äèôóç³¿ / Ãëàäêèé À.Â. // Êèáåðíå-
òèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 76–88.

Ðîçãëÿòî çàäà÷ó ìàòåìàòè÷íîãî ìîäåëþâàííÿ ïðîöåñ³â ïîøèðåííÿ çàáðóäíåíü â³ä ñèñòåìè òî÷êî-
âèõ äæåðåë ó ïîâ³òðÿíîìó ïðîñòîð³. Äëÿ ÷èñåëüíîãî ðîçâ’ÿçàííÿ áàãàòîâèì³ðíèõ ð³âíÿíü êîíâåêòèâíî¿
äèôóç³¿ çàïðîïîíîâàíî ï³äõ³ä, ÿêèé âèêîðèñòîâóº ³äåþ ðîçùåïëåííÿ òà îðãàí³çàö³þ îá÷èñëåíü çà äîïî-
ìîãîþ ÿâíèõ ñõåì á³æó÷î¿ õâèë³. Äîñë³äæåíî ïèòàííÿ ïîáóäîâè ð³çíèöåâèõ ñõåì ðîçùåïëåííÿ, àïðîê-
ñèìàö³¿ òà ñò³éêîñò³ çà ïî÷àòêîâèìè äàíèìè. Á³áë³îãð.: 16 íàçâ.

UDC 517:519.6

Analysis of splitting algorithms in convection–diffusion problems / Gladky A.V. // Kibernetika i sistemny
analiz. — 2014. — Vol. 50, N 4. — P. 76–88.

The mathematical modeling of the propagation of contamination from point sources in the air is
considered. An approach that uses the idea of splitting and point-to-point computing is proposed for the
numerical solution of multi-dimensional convection-diffusion equations. The problems of the construction of
splitting schemes, approximation, and stability on the initial data are investigated. Refs: 16 titles.

ÓÄÊ 519.854.6:004.023

Ìåòîäèêà ðîçâ’ÿçàííÿ çàäà÷³ îïòèì³çàö³¿ óïàêóâàíü äëÿ êåðóâàííÿ ïåðñïåêòèâíèì ðîçâèòêîì
âóçë³â êîìóí³êàö³éíî¿ ìåðåæ³ / Òðîôèì÷óê Î.Ì., Âàñÿí³í Â.Î. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
— 2014. — Òîì 50, ¹ 4. — Ñ. 88–99.

Çàïðîïîíîâàíî ìåòîäèêó ðîçâ’ÿçàííÿ çàäà÷³ îïòèì³çàö³¿ óïàêóâàíü äëÿ îäåðæàííÿ âèõ³äíèõ äàíèõ,
íåîáõ³äíèõ ïðè ïîáóäîâ³ ìàòåìàòè÷íèõ ìîäåëåé ïåðñïåêòèâíîãî ðîçâèòêó âóçë³â áàãàòîïðîäóêòîâèõ êî-
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ìóí³êàö³éíèõ ìåðåæ ç äèñêðåòíèìè ïîòîêàìè. Ïðèâåäåíî ðåçóëüòàòè ÷èñëîâîãî ìîäåëþâàííÿ ð³øåííÿ çàäà÷³
íà êîíêðåòíîìó ïðèêëàä³ äëÿ ï’ÿòè åòàï³â ðîçâèòêó ìåðåæ³ ïðè ïðîãíîçóâàíí³ çá³ëüøåííÿ ñóìàðíèõ âóçëîâèõ
ïîòîê³â. Ïîêàçàíî, ùî ïðè ïåðåâàíòàæåíí³ âóçë³â ìåðåæ³ ÷åðåç êîðîòêîñòðîêîâ³ êîëèâàííÿ ïîòîê³â ÷è ïîâíîìó
â³äìîâëåíí³ äåê³ëüêîõ âóçë³â äëÿ îïåðàòèâíîãî ïåðåðîçïîä³ëó ïîòîê³â çàâæäè ìîæå áóòè âèêîðèñòàíå öåí-
òðàë³çîâàíå ðîçâ’ÿçàííÿ çàäà÷³ îïòèì³çàö³¿ óïàêóâàíü äëÿ âñ³º¿ ìåðåæ³. ²ë.: 3. Òàáë.: 5. Á³áë³îãð.: 5 íàçâ.

UDC 519.854.6:004.023

Technique of the solution of packing optimization problem for the management of perspective
development of the nodes of a communication network / Trofimchyk A.N., Vasyanin V.A. // Kibernetika i
sistemny analiz. — 2014. — Vol. 50, N 4. — P. 88–99.

The authors propose a technique for the solution of the packing optimization problem to obtain the initial
data necessary for the construction of mathematical models of perspective development of nodes of
multicommodity communication networks with discrete flows. The results of numerical modeling of the
solution on a specific example for five stages of network development are given at forecasting the increase in
total flows in nodes. It is shown that in case of node overload because of short-term fluctuations of flows or
total refuse of several nodes, centralized solution of the packing optimization problem for the whole network
can always be used for operative redistribution of flows. Figs: 3. Tabl.: 5. Refs: 5 titles.

ÓÄÊ 517.9:519.6

Çàìêíåíà ôîðìà ðîçâ’ÿçê³â äåÿêèõ êðàéîâèõ çàäà÷ äëÿ ð³âíÿííÿ àíîìàëüíî¿ äèôóç³¿ ç óçàãàëüíå-
íîþ ïîõ³äíîþ Õ³ëüôåðà / Áóëàâàöüêèé Â.Ì. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50,
¹ 4. — Ñ. 100–107.

Ââåäåíî ïîíÿòòÿ á³ïîðÿäêîâî¿ äðîáîâî¿ ïîõ³äíî¿, ÿêà óçàãàëüíþº â³äîìó ïîõ³äíó Õ³ëüôåðà. Íàâå-
äåíî ôîðìóëó ïåðåòâîðåííÿ Ëàïëàñà á³ïîðÿäêîâî¿ äðîáîâî¿ ïîõ³äíî¿, íà îñíîâ³ ÿêî¿ çíàéäåíî ðîçâ’ÿçîê
çàäà÷³ òèïó Êîø³ äëÿ ð³âíÿííÿ äðîáîâîãî ïîðÿäêó, ùî ì³ñòèòü âêàçàíó ïîõ³äíó. Îäåðæàíî çàìêíåí³ ðîç-
â’ÿçêè äåÿêèõ êðàéîâèõ çàäà÷ äëÿ ð³âíÿííÿ àíîìàëüíî¿ äèôóç³¿ ç á³ïîðÿäêîâîþ äðîáîâîþ ïîõ³äíîþ çà
÷àñîâîþ çì³ííîþ. Á³áë³îãð.: 16 íàçâ.

UDC 517.9:519.6

Closed form of solutions of some boundary-value problems for anomalous diffusion equation with
Hilfer’s generalized derivative / Bulavatsky V.M. // Kibernetika i sistemny analiz. — 2014. — Vol. 50, N 4.
— P. 100–107.

The concept of double-order fractional derivative generalizing the well-known Hilfer’s derivative is
introduced. The formula is given for the Laplace transform of double-order fractional derivative, which is used
to solve the problem of Cauchy type for equations of fractional order with this derivative. The closed solutions
of some boundary-value problems for the equation of anomalous diffusion with double-order fractional
derivative in time are obtained. Refs: 16 titles.

ÓÄÊ 532.516

Ìîäåëþâàííÿ äèíàì³êè ñòðóêòóðîâàíî¿ çà â³êîì ïîë³öèêë³÷íî¿ ïîïóëÿö³¿ á³îëîã³÷íèõ êë³òèí íà
ïàðàìåòðèçîâàí³é ìíîæèí³ àëãåáðà¿÷íèõ ôóíêö³é / Àê³ìåíêî Â.Â., Çàãîðîäí³é Þ.Â. // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 108–125.

Äîñë³äæåíî äèíàì³êó ïîïóëÿö³¿ á³îëîã³÷íèõ êë³òèí íà îñíîâ³ ñòðóêòóðîâàíî¿ çà â³êîì
ïîë³öèêë³÷íî¿ ìîäåë³. Çà äîïîìîãîþ àíàë³òè÷íîãî ï³äõîäó ³ ÷èñåëüíîãî ìîäåëþâàííÿ ïî÷àòêîâî-êðàéî-
âà çàäà÷à äëÿ ð³âíÿííÿ ïåðåíîñó çâîäèòüñÿ äî ³íòåãðàëüíîãî ð³âíÿííÿ Âîëüòåððè äðóãîãî ðîäó, ùî ðîç-
â’ÿçóºòüñÿ çà äîïîìîãîþ ðåçîëüâåíòè (íàäàíî¿ ó âèãëÿä³ íåñê³í÷åííîãî ðÿäó). Äëÿ ïî÷àòêîâî-êðàéîâî¿
çàäà÷³ äëÿ ð³âíÿííÿ ïåðåíîñó ðîçðîáëåíî ÿâíó äâîøàðîâó ð³çíèöåâó ñõåìó ç äðóãèì ïîðÿäêîì àïðîêñè-
ìàö³¿ çà ÷àñîì òà ïåðøèì ïîðÿäêîì çà â³êîì, ç ÿâíîþ ðåêóðñèâíîþ ôîðìóëîþ äëÿ ãðàíè÷íî¿ ³íòåãðàëü-
íî¿ óìîâè. Îñíîâí³ á³îëîã³÷í³ ïàðàìåòðè ñèñòåìè ðîçãëÿíóòî íà ìíîæèí³ ïàðàìåòðèçîâàíèõ àëãåáðà¿÷-
íèõ ôóíêö³é ç êîìïàêòíîþ îáëàñòþ âèçíà÷åííÿ. Ïðîáëåìó ³äåíòèô³êàö³¿ ïàðàìåòð³â ñèñòåìè ðîçâ’ÿçàíî
äëÿ íàáëèæåíèõ àíàë³òè÷íèõ ðîçâ’ÿçê³â çàäà÷³ äëÿ ôðàêö³éíî¿ êë³òèííî¿ á³îìàñè õìåëþ, ùî ñïîñòåð³ãà-
ëèñÿ ïðîòÿãîì òðüîõ ðîê³â. Îñê³ëüêè ìàêñèìàëüíà â³äíîñíà ïîõèáêà â³äõèëåííÿ ìîäåëüíî¿ ôóíêö³¿ â³ä
åêñïåðèìåíòàëüíèõ äàíèõ ñêëàëà ìåíøå 11 % , ìîæíà çðîáèòè âèñíîâîê, ùî ñòðóêòóðîâàíà çà â³êîì
ïîë³öèêë³÷íà ìîäåëü ïîïóëÿö³¿ äîñòàòíüî åôåêòèâíà äëÿ ðîçâ’ÿçóâàííÿ ïðèêëàäíèõ çàäà÷ â á³îëîã³÷íèõ
ñèñòåìàõ. ²ë.: 4. Òàáë.: 3. Á³áë³îãð.: 30 íàçâ.

UDC 532.516

Modeling the dynamics of the age-structured polycyclic biological cell population for the parameterized
class of algebraic functions / Akimenko V.V., Zahorodnii Yu.V. // Kibernetika i sistemny analiz. — 2014. —
Vol. 50, N 4. — P. 108–125.

We research the biological cells’ population dynamics on the basis of polycyclic age-structured model
using both analytical method and numerical simulation. We reduce the initial-boundary-value problem for
transport equation to the Volterra integral equation of second kind and resolve it by infinite convergent series.
For the initial-boundary-value problem for transport equation, we obtain explicit two-layer numerical difference
scheme with second order of approximation by time and first one by age with explicit recurrent formulas for
boundary condition. We consider the set of main biological parameters of the system as a set of parametrized
algebraic functions with compact domain of definition. The parameter identification problem is solved for the
approximate analytical solutions for the data of dried biomass of hop plant observed within 3 seasons. As the
maximum relative errors of deviation of simulated curves from the points of observed data are less than 11%,
we conclude that polycyclic age-structured models of cells’ aggregation are efficient to describe the temporal
evolution of plant cells biomass. Figs: 4. Tabl.: 3. Refs: 30 titles.

190 ISSN 0023-1274. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç, 2014, Òîì 50, ¹ 4



ÓÄÊ 519.6

Â³äíîâëåííÿ ðîçðèâíèõ ôóíêö³é äâîõ çì³ííèõ, êîëè ë³í³¿ ðîçðèâó íåâ³äîì³ (ïðÿìîêóòí³ åëåìåíòè)
/ Ëèòâèí Î.Ì., Ïåðøèíà Þ.²., Ñåðã³ºíêî ².Â. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50,

¹ 4. — Ñ. 126–134.

Ïîáóäîâàíî òà äîñë³äæåíî ðîçðèâí³ ³íòåðïîëÿö³éí³ ñïëàéíè äëÿ íàáëèæåííÿ ðîçðèâíèõ ôóíêö³é.
Ðîçðîáëåíî àëãîðèòì â³äíîâëåííÿ ðîçðèâíî¿ ôóíêö³¿, íåâ³äîì³ ðîçðèâè ÿêî¿ ëåæàòü íà ïðÿìèõ, ïàðàëåëü-
íèõ êîîðäèíàòíèì îñÿì, çà äîïîìîãîþ íàáëèæåííÿ ¿¿ ïîáóäîâàíèì ðîçðèâíèì ³íòåðïîëÿö³éíèì ñïëàé-
íîì, à òàêîæ àëãîðèòì çíàõîäæåííÿ ðîçðèâ³â ðîçðèâíî¿ ôóíêö³¿ íà îñíîâ³ ââåäåíîãî ïîíÿòòÿ �-íåïåðåðâ-
íîñò³ ôóíêö³¿ äâîõ çì³ííèõ. Íàâåäåíî ïðèêëàäè. ²ë.: 7. Á³áë³îãð.: 14 íàçâ.

UDC 519.6

Estimation of discontinuous functions of two variables in case of unknown discontinuity lines
(rectangular elements) / Lytvyn O.N., Pershina Y.I., Sergienko I.V. // Kibernetika i sistemny analiz. —

2014. — Vol. 50, N 4. — P. 126–134.

We construct and analyze discontinuous spline interpolation for the approximation of discontinuous
functions. We develop an algorithm to estimate a discontinuous function whose unknown discontinuities lie on
lines parallel to the coordinate axes, by approximating it by the discontinuous spline interpolation. We also
develop an algorithm to find the discontinuities of a discontinuous function on the basis of the concept of
�-continuity of functions of two variables and present the examples. Figs: 7. Refs: 14 titles.

ÓÄÊ 621.391:519.2:519.7

Ïåðåì³øóþ÷³ âëàñòèâîñò³ îïåðàö³é, âèçíà÷åíèõ íà ìíîæèí³ N-âèì³ðíèõ âåêòîð³â íàä ïðîñòèì
ñê³í÷åíèì ïîëåì / Êîâàëü÷óê Ë.Â., Ëèñåíêî Í.Â., Ñêðèïíèê Ë.Â. // Êèáåðíåòèêà è ñèñòåìíûé àíà-

ëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 135–145.

Îòðèìàíî ðåçóëüòàòè, ùî õàðàêòåðèçóþòü âïëèâ îïåðàö³¿ ïîêîìïîíåíòíîãî (ìîäóëüíîãî) äîäàâàí-
íÿ íà ìíîæèí³ âåêòîð³â íàä ïðîñòèì ñê³í÷åíèì ïîëåì íà ñòðóêòóðó ôàêòîðãðóïè çà ïåâíîþ ï³äãðóïîþ
â³äíîñíî îïåðàö³¿ ìîäóëüíîãî (ïîêîìïîíåíòíîãî) äîäàâàííÿ íà ö³é æå ìíîæèí³. Ïîêàçàíî, ùî ïå-
ðåì³øóþ÷³ âëàñòèâîñò³ îïåðàö³¿ ìîäóëüíîãî äîäàâàííÿ çàëåæàòü â³ä âèáîðó ï³äãðóïè â³äíîñíî îïåðàö³¿
ïîêîìïîíåíòíîãî äîäàâàííÿ. Òàáë.: 4. Á³áë³îãð.: 9 íàçâ.

UDC 621.391:519.2:519.7

Mixing properties of operations defined on the set of N-dimensional vectors over a prime finite field /
Kovalchuk L.V., Lysenko N.V., Skrypnik L.V. // Kibernetika i sistemny analiz. — 2014. — Vol. 50, N 4. —

P. 135–145.

The results are obtained that characterize the influence of the component-wise (modular) addition defined
on the set of vectors over the prime finite field on the structure of factor group of a particular subgroup with
respect to the operation of modular (component-wise) addition on the same set. It is shown that the mixing
properties of the modular addition depend on the subgroup chosen with respect to the operation of
component-wise addition. Òabl.: 4. Refs: 9 titles.

ÓÄÊ 519.85

Ìåòîä â³äñ³êàííÿ âåðøèí ãðàôà ïåðåñòàâíîãî ìíîãîãðàííèêà äëÿ ðîçâ’ÿçóâàííÿ ë³í³éíèõ óìîâ-
íèõ çàäà÷ îïòèì³çàö³¿ íà ïåðåñòàâëåííÿõ / ªìåöü Î.Î., ªìåöü ª.Ì., Îëüõîâñüêèé Ä.Ì. // Êèáåðíå-

òèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 146–153.

Çàïðîïîíîâàíî ìåòîä â³äñ³êàííÿ âåðøèí ãðàôà ïåðåñòàâíîãî ìíîãîãðàííèêà äëÿ ðîçâ’ÿçóâàííÿ
ë³í³éíèõ óìîâíèõ îïòèì³çàö³éíèõ çàäà÷ íà ïåðåñòàâëåííÿõ. Ââåäåíî ïîíÿòòÿ ãðàôà ïåðåñòàâíîãî ìíî-
ãîãðàííèêà òà ÷àñòêîâîãî ãðàôà ìíîæèíè ïåðåñòàâëåíü. Íàâåäåíî ÷èñëîâ³ åêñïåðèìåíòè íà îñíîâ³ ñòâî-
ðåíî¿ ïðîãðàìíî¿ ðåàë³çàö³¿ àëãîðèòìó. ²ë.: 2. Òàáë.: 2. Á³áë³îãð.: 16 íàçâ.

UDC 519.85

The method of cutting off vertices of the graph of permutation polyhedron to solve linear conditional
optimization problems on permutations / Iemets O.O., Yemets E.M., Olhovskiy D.M. // Kibernetika i

sistemny analiz. — 2014. — Vol. 50, N 4. — P. 146–153.

A method of cutting off vertices of the graph of permutation polyhedron for solving linear conditional
optimization problems on permutations is proposed. The concepts of the permutation graph of a polyhedron and
a partial graph of the set of permutations are introduced. The numerical experiments based on the created
software implementation of the algorithm are described. Figs: 2. Tabl.: 2. Refs: 16 titles.

ÓÄÊ 519.85

Ìîäèô³êàö³ÿ êîîðäèíàòíîãî ìåòîäó ðîçâ’ÿçàííÿ åêñòðåìàëüíèõ çàäà÷ íà êîìá³íàòîðíèõ êîíô³ãó-
ðàö³ÿõ çà óìîâè áàãàòîêðèòåð³àëüíîñò³ / Êîëº÷ê³íà Ë.Ì., Äâ³ðíà Î.À., Íàã³ðíà À.Ì. // Êèáåðíåòèêà

è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 154–161.

Çàïðîïîíîâàíî ï³äõ³ä äî ðîçâ’ÿçàííÿ åêñòðåìàëüíî¿ çàäà÷³ îïòèì³çàö³¿ íà êîìá³íàòîðí³é êîíô³ãó-
ðàö³¿ ïåðåñòàâëåíü çà óìîâè áàãàòîêðèòåð³àëüíîñò³ íà îñíîâ³ òåîð³¿ ãðàô³â. Îïèñàíî ï³äïðîãðàìó ìåòîäó
ïîøóêó òî÷îê êîíô³ãóðàö³¿, ÿêà âèêîðèñòîâóº êîîðäèíàòíèé ìåòîä ðîçâ’ÿçàííÿ ó çàïðîïîíîâàíîìó ìî-
äèô³êîâàíîìó ï³äõîä³. ²ë.: 4. Òàáë.: 4. Á³áë³îãð.: 12 íàçâ.
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UDC 519.85

Modified coordinate method to solve multicriteria optimization problems on combinatorial
configurations / Koliechkina L.N., Dvernaya O.A., Nagornaya A.N. // Kibernetika i sistemny analiz. —
2014. — Vol. 50, N 4. — P. 154–161.

We propose a method to solve an optimization problem on combinatorial configuration of permutations
by using graph theory, taking into account the properties and structure of the set of permutations. The
subprogram of the method of searching for configuration points that uses the coordinate method in the proposed
modified approach is described.. Figs: 4. Tabl.: 4. Refs: 12 titles.

ÓÄÊ 519.711

Êîìá³íàòîðíèé àëãîðèòì ïîáóäîâè ïàðàìåòðè÷íîãî ïðîñòîðó îçíàê äëÿ êëàñèô³êàö³¿ áàãà-
òîì³ðíèõ ìîäåëåé / Êíèøîâ Ã.Â., Íàñòåíêî ª.À., Êîíäðàøîâà Í.Â., Íîñîâåöü Î.Ê., Ïàâëîâ Â.À. //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 162–169.

Ðîçãëÿíóòî êîìá³íàòîðíèé àëãîðèòì ïîøóêó íàéêðàùîãî íàáîðó óçàãàëüíåíèõ çì³ííèõ äëÿ ïîáó-
äîâè ºäèíî¿ ñòðóêòóðè ìîäåëåé îá’ºêò³â êëàñèô³êàö³¿ çà çàäàíèìè íàáîðàìè äàíèõ íà ïðèíöèïàõ ìåòîäó
ãðóïîâîãî îáë³êó àðãóìåíò³â. Çàïðîïîíîâàíî áóäóâàòè êëàñèô³êàòîð ó ïðîñòîð³ ïàðàìåòð³â çíàéäåíî¿
ñòðóêòóðè ìîäåëåé, ùî íàéêðàùèì ÷èíîì ïðåäñòàâëÿþòü õàðàêòåðèñòèêè êëàñèô³êàö³¿ îá’ºêò³â. Ië.: 1.
Á³áë³îãð.: 7 íàçâ.

UDC 519.711

Combinatorial algorithm for constructing a parametric space of features for the classification of
multidimensional models / Knyshov G.V., Nastenko Ie.A., Kondrashova N.V., Nosovets O.K., Pavlov V.A.
// Kibernetika i sistemny analiz. — 2014. — Vol. 50, N 4. — P. 162–169.

We consider a combinatorial algorithm to find the best set of generalized variables for constructing a
unified structure of models of classification objects using given data sets based on the principles of group method
of data handling (GMDH). We propose to construct the classifier found in the parameter space of the structure of
models that represent in the best way the characteristics of the classified objects. Fig: 1. Refs: 7 titles.

ÓÄÊ 519.8

Ïðî çàäà÷ó ïàêóâàííÿ øàð³â ó êóá / Áåðåçîâñüêèé Î.À. // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. — 2014.
— Òîì 50, ¹ 4. — Ñ. 170–179.

Ðîçãëÿíóòî çàäà÷ó ïàêóâàííÿ îäíàêîâèõ êóëü â îäèíè÷íèé êóá â n-âèì³ðíîìó ïðîñòîð³. Äîñë³äæåíî
äâî¿ñòó ëàãðàíæåâó îö³íêó (âåðõíþ îö³íêó ðàä³óñà êóëü) äëÿ êëàñè÷íî¿ êâàäðàòè÷íî¿ ïîñòàíîâêè çàäà÷³ òà
ðÿäó ïîñòàíîâîê, îòðèìàíèõ øëÿõîì ¿¿ ðîçøèðåííÿ ñ³ìåéñòâàìè ôóíêö³îíàëüíî íàäëèøêîâèõ îáìåæåíü.
Ó áàçîâ³é ïîñòàíîâö³ îòðèìàíî àíàë³òè÷íèé âèðàç äëÿ äâî¿ñòî¿ îö³íêè. Á³áë³îãð.: 19 íàçâ.

UDC 519.8

On circle-packing problem in the cube / Berezovskyi O.A. // Kibernetika i sistemny analiz. — 2014. —
Vol. 50, N 4. — P. 170–179.

The problem of packing identical spheres in a unit cube in n-dimensional space is considered. The dual
Lagrange bound (upper bound for sphere radius) for the classical quadratic formulation of the problem and
some formulations obtained by expanding it by families of functionally redundant constraints is analyzed.
The analytical expression for the dual bound is obtained in the basic formulation. Refs: 19 titles.

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE COMPLEXES

ÓÄÊ 004.421.6

Ìåòîä äîâåäåííÿ ³íâàð³àíòíîñò³ ë³í³éíèõ íåð³âíîñòåé äëÿ ë³í³éíèõ öèêë³â / Ëüâîâ M.C. // Êèáåðíå-
òèêà è ñèñòåìíûé àíàëèç. — 2014. — Òîì 50, ¹ 4. — Ñ. 180–185.

Ïðåäñòàâëåíî íîâèé ìåòîä äîâåäåííÿ ³íâàð³àíòíîñò³ ñèñòåìè ë³í³éíèõ íåð³âíîñòåé äëÿ ³òå-
ðàö³éíèõ öèêë³â, âèçíà÷åíèõ íàä ïîëåì ðàö³îíàëüíèõ ÷èñåë ç ë³í³éíèì îïåðàòîðîì ó ò³ë³ öèêëó. Ìåòîä
âðàõîâóº ïåðåäóìîâó öèêëó ó âèãëÿä³ ñèñòåìè ë³í³éíèõ íåð³âíîñòåé. Ðîçãëÿä îáìåæåíî âèïàäêîì, êîëè
óñ³ âëàñí³ çíà÷åííÿ ë³í³éíîãî îïåðàòîðà º ä³éñíèìè. Ìåòîä áàçóºòüñÿ íà îá÷èñëåíí³ ÷èñëà ³òåðàö³é öèê-
ëó, ï³ñëÿ âèêîíàííÿ ÿêèõ ³íâàð³àíòí³ñòü ñèñòåìè ë³í³éíèõ íåð³âíîñòåé àáî çàáåçïå÷óºòüñÿ, àáî ñïðîñòî-
âóºòüñÿ. Ìåòîä âèêîðèñòîâóº ïðåäñòàâëåííÿ ë³í³éíîãî îïåðàòîðà ó éîãî æîðäàíîâ³é ôîðì³. ²ë.: 1.
Á³áë³îãð.: 21 íàçâà.

UDC 004.421.6

Method of proving the invariance of linear inequalities for linear loops / Lvov M.S. // Kibernetika i
sistemny analiz. — 2014. — Vol. 50, N 4. — P. 180–185.

A new method is presented to prove the invariance of simultaneous linear inequalities for iteration loops
defined over the field of rational numbers with linear operator in the loop body. The method takes into account
the loop precondition in the form of simultaneous linear inequalities. The considerations are limited by the case
of real eigenvalues of the linear operator. The method is based on computing the number of cycle iterations
whose execution either ensures or disproves the invariance of the system of linear inequalities. The method uses
the representation of linear operator in its Jordan form. Fig.: 1. Refs: 16 titles.
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