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VJK 519.713.1
CoryiacoBanne cnenupukanuii aBTOMaToB, nNpeacTaBieHHbIX B si3bike L/ A.H. YebGorapes //
Kubeprernka n cucreMusiii anamus. — 2016. — Tom 52, Ne 3. — C. 3-15.

In.: 0. Tabn.: 0. Bibumiorp.: 6 Hass.

PaccmoTpeHs! iBa MeTOa COrIACOBaHUs CrienuduKanuii B3auMoeiicTByomuix aBToMaroB. Crienuduka-
I[N [IPEe/ICTaBICHbl MHOXECTBAMH JU3BIOHKTOB B si3bIke L. O0a MeTona OCHOBAaHBI Ha METO/E COTJIIACOBAHMS
aBTOMATOB, UCIOJIB3YIOLIEM HX HMapaJUIeNIbHYI0 KOMIIO3HIMIO. [IpuBeneHs! aBa crioco0a OnpeaesIeHIs CeMaHTH-
KU s3bIKa L, IDPHHATBIC B ONHCAHHBIX METOJAX COTTACOBAHMS CreHU(UKAIHIL.

KuroueBble ciioBa: CI'ICLIH(bI/IKaLH/Iﬂ aBToMara, s3bIK L, corJlaCoOBaHHE Cl'leLIPl(bHKaL[PIﬁ, KOMITO3UIHA CHGHI/ICI)I/I—
KaHHﬁ, KOPPEKTHOCTE KOMIIO3UIIUH.

Viromxenus cnenudikauniii aBromariB, mo mnogani mosow L / A.M. YedorapboB // KibepHernka ta
cucremuunid anamiz. — 2016. — Tom 52, Ne 3, — C. 3-15.

Po3risiHyTO Ba METOM Y3ro/KeHHs crienudikaniii aBToMaris, mo B3aemoioTh. Crenudikawii moaani
Y BUIJISAI MHOXKUH M3 FOHKTIB Yy MOBI L. O0uBa MeToau 0a3yrThCsl Ha METOI Y3rOJUKEHHSI aBTOMATIB, KUt
BUKOPHCTOBY€ IXHIO IapajeIbHy KoMIo3uIio. HaBeneHo 1Ba criocoOu BU3HAUYCHHS CEMaHTHKH MOBH L, mpuii-
HATI Y PO3IJISSHYTHX METOAAX Y3TOJUKEHHs creuudikariiii.

KuarouoBi ciioBa: crienmdikaiiis aBromara, MoBa L, y3rojpkeHHs crieruikaiiiid, KOMIO3uUIIis crerudikarii, Ko-
PEKTHICTh KOMITO3HII.

Harmonization of automata specifications represented in the language L / A.N. Chebotarev // Kibernetika
i sistemnyi analiz. — 2016. — Vol. 52, N 4, — P. 3-15.

The author considers two methods for harmonization of automata specifications represented as sets of
clauses in the language L. Both methods are based on the automata harmonization technique, which uses their
parallel composition. Two ways to determine language L semantics that are used in the harmonization methods
are described.

Keywords: automaton specification, language L, harmonization of specification, composition of specification,
composition correctness.

YIK 621.391:519.2:519.7

O kpunrorpaduyeckux CBOHCTBAX HOBOI0 HAUMOHAJIBHOIO CTaHAapTa wmM@poBaHusi YKpauHbl /
A.H. Anexkceiiuyk, JI.B. Kopaiabuyk, A.C. llleBuos, C.B. SIkoBieB // KuGepHeTnka u CUCTEMHbIIH aHAIN3.
— 2016. — Tom 52, Ne 3. — C. 16-31.

In.: 0. Tabn.: 0. BiGmiorp.: 6 Ha3B.

Hccenenosan psa kpunrorpaduueckux cBOWCTB 010uHOr0 mudpa «KamuHa», NPUHATOrO B Ka4eCTBE HOBO-
ro HALMOHAIBPHOrO CTaHapTa IppoBaHus Ykpaunsl. [IpoaHani3npoBaHbl BayKHEHIIME CBOMCTBA KOMIIOHEHT
storo mudpa. ITokazaHo, 4To ero payHI0BbIe NPeoOPa3OBaHHs TTOPOK/IAIOT 3HAKOIIEPEMEHHYIO IPYIITy TIO/ICTa-
HOBOK, a caM MU sBIIsieTcsl 000CHOBAHHO CTOMKHM OTHOCHTEIIBHO PA3HOCTHOTO U JIMHEHHOTO KPHIITOAHAIN3A.

KiroueBble cj10Ba: cuMMETpHYIHAst KpUITorpadust, OM0OYHBIH MH(pP, KOHEUHAs IPYIINa MOICTAHOBOK, PA3HOCTHBIH
KPUIITOAHAIIN3, IMHSHHBIH KPUNTOAHAIIN3, HALMOHAIIBHBII cTaHAapT mppoBanus YKpauHsl, mudp «KamuHay.

Ipo xpunrorpadiydi BJACTHBOCTI HOBOr0 HAIIOHAJIBLHOIO CTAaHAAPTY WWHUQpPYBaHHA YKpaiam /
A.M. Ouekciifuyk, JI.B. Kopanbuyk, A.C. llleBuos, C.B. fIxoieB // KibepHeTrka Ta CHCTEMHHIT aHAIi3. —
2016. — Tom 52, Ne 3. — C. 16-31.

JocnijpkeHo HU3Ky KpunrorpadiyHux BiacTUBOCTEH O10koBoro mudpy «KannHay, MpUHATOTO SK HO-
BUii HALIOHAIBHUI CcTaHAApT mWHbpyBanHs YKpainu. [IpoananizoBaHo HaWBaXXKIMBIILI BIACTHBOCTI KOMIOHEHT
poro mudpy. ITokasano, mo #oro payHaoBi NEPETBOPEHHS MOPOKYIOTh 3HAKO3MIHHY IPYILy IiJCTaHOBOK,
IO CBIJTYMTH NPO CTIHKICTh 10 anreOpaidHuX aTak, MoOya0BaHMX Ha roMoMopdi3Max, a cam mudp € oOrpyHTO-
BaHO CTIMKUM BiTHOCHO PpI3HHUIIEBOrO Ta JIHIKHOTO KPHUITOAHATI3Y.

KumiouoBi ciioBa: cumerpudHa kpunrorpadis, 010koBuii mmdp, CKiHIeHHa rpyna IMiJCTaHOBOK, PI3HUIECBHI
KPUIITOAHANI3, JIHIHHNHA KpHNTOAaHaNi3, HAl[iOHAIbHUN cTaHapT mudpysanHs Ykpainu, mmdp «Kammaay.

Cryptographic properties of the new national encryption standard of Ukraine / A.N. Alekseychuk, L.V. Kovalchuk,
A.S. Shevtsov, S.V. Yakovliev // Kibemetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 16-31.

Block cipher “Kalyna” has been recently accepted as a new national encryption standard of Ukraine.
In the paper we analyze the most important properties of components of this cipher. We show that round
transformations of “Kalyna” generate a sign-alternating group of substitutions. As a result, “Kalyna” is secure
against algebraic attacks based on homomorphisms. Also we demonstrate that this cipher is reasonably secure
against differential and linear cryptanalysis.
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Keywords: symmetric cryptography, block cipher, finite permutation group, differential cryptanalysis, linear
cryptanalysis, national encryption standard of Ukraine, cipher “Kalyna.”

VIK 681.3

MeTox aBTOMATHYECKOTO MOCTPOEHHsI OHTOJOrHYeckux 0a3 3Hanmii. III. ABToMaTHYeckasi reHepanus
TAKCOHOMMM KaK OCHOBBI OHTOJIOrMH / A.A. MapyeHnko // KubepHeruka u cucremuslid ananu3. — 2016. —
Tom 52, Ne 3. — C. 32-38.

In.: 0. Tabn.: 2. Bi6miorp.: 11 Ha3s.

Pa3paboTan MeTo aBTOMaTHYECKOTO MOCTPOCHHUS OHTOJIOTHYECKHX 0a3 3HaHuU. CO37aH aarOpPUTM BBI-
JIeJICHHS SIBHBIX CEMAHTHUECKHX OTHOIICHHN MEXKTy KOHIIEITAMH OHTOJIOTUH U3 BEKTOPOB MX CEMAHTUKO-CHH-
TaKCUUECKOH BaJICHTHOCTH. BEKTOpBI CEMaHTHKO-CHHTAKCHYECKHX BAJICHTHOCTEH TaKKe MCIOJIB30BAaHBI B Ka-
4ecTBE KOHTEKCTHBIX BEKTOPOB B aIrOpUTME (pOPMAIBHOIO KOHIENTYaJbHOIO aHAIIM3a, YTO MO3BOJIMIO Pa3pa-
60TaTh METOJ aBTOMATHYECKOIl I'eHepalini TaKCOHOMHIT BBICOKOTO KauecTBa. B pesynbraTe cosjaH 0a30BbIi
AJITOPUTM aBTOMATHYECKOTO TOCTPOCHHS OHTOJIOTMYECKNX 0a3 3HaHMII Ha OCHOBE pa3pabOTaHHON TEH30PHOH
CeMaHTHKO-CHHTAKCHIECKOM MOJEIH €CTECTBEHHOTO S3bIKA.

KiroueBble ¢JjI0Ba: aBTOMaTHYECKOE W3BIICUCHHE 3HaHHﬁ, KOpIryCHasl JIMHI'BUCTHKA, OHTOJIOTHSA, HCOTpHUILA-
TEIIbHas (baKTOpI/BaI_II/Iﬂ TEH30POB.

MeTtoa aBTOMATHYHOI MO0y 10BH OHTOJIOTiYHMX 0a3 3HaHb. III. ABTOMaTHYHA reHepanis TaKCOHOMII K
ocHoBM oHTOJIOrii / O.0. Mapuenko // KibepHeruka ta cucremuuii ananiz. — 2016. — Tom 52, Ne 3. —
C. 32-38.

Po3pobiieHo MeTo aBTOMAaTHYHOI TOOYZ0BH OHTONOTIYHKUX 0a3 3HaHb. CTBOPEHO ANTOPHTM BHIIICHHS
SIBHUX CEMAHTHYHUX BiZHOIICHb MK KOHIIEIITAMH OHTOJIOTII 3 BEKTOPIB IXHBOI CEMaHTHKO-CHHTAKCHYHOI Ba-
JICHTHOCTI. BEeKTOpH CeMaHTHKO-CHHTAKCHYHHUX BAJICHTHOCTEH TaKO)K BUKOPUCTAHO SIK KOHTEKCTHI BEKTOPH B
JITOpUTMi (POPMAIBHOTO KOHIENTYaIEHOTO aHali3y, 0 J03BOJIMIO CTBOPUTH METOJ aBTOMATHYHOI IeHepamnii
TaKCOHOMIl BHCOKOI sikocTi. B pesyinbrari crBopeHO 0a30BHHl alrOpUTM aBTOMAaTHYHOI ITOOYIOBH OHTO-
JIOTiYyHKX 0a3 3HaHb HA OCHOBI PO3POOJIEHOT TEH30PHOT CEMAHTUKO-CUHTAKCUYHOT MOJIEI IPUPOIHOT MOBH.

KorouoBi cioBa: aBTomMarnyne n0oOyBaHHS 3HaHb, KOPIIyCHA JIIHI'BICTHKA, OHTOJIOTII, HEBix'eMHa (akTopH-
3allis TeH30piB.

A method for automatic construction of ontological knowledge bases. III. Automatic generation of
taxonomy as the foundation of ontology / O.0. Marchenko // Kibemetika i sistemnyi analiz. — 2016. — Vol. 52,
N 3. — P. 32-38.

The author develops a method for automatic generation of ontological knowledge bases. An algorithm for
extraction of explicit semantic relationships between concepts of ontology on the basis of their semantic-syntactic
valence vectors has been developed. Vectors of semantic-syntactic valences of words have been also used as
context vectors for formal concept analysis algorithm, which has allowed us to develop the method of automatic
generation of high-quality taxonomies. A basic algorithm for automatic construction of ontological knowledge
bases has been developed on the basis of the tensor semantic-syntactic model of natural language.

Keywords: automatic extraction of knowledge, corpus linguistics, ontologies, non-negative tensor
factorization.

VIK 519.854

C/10:KHOCTH PEONTHMH3ALUH 32Ja4H BBLIYMCICHHS XPOMATHYecKOro 4uciaa rpadga c¢ 3agaHHBIM
MHO’KeCTBOM ONTHMAJBHBIX pemrenuii / B.A. Muxaiiaiok / KuGepHerrka u cucteMHbIi aHamm3. — 2016. —
Tom 52, Ne 3. — C. 39-48.

In.: 1. Ta6n.: 0. Bibmiorp.: 14 Hazs.

Hcronp3yroTest cBe/ieHus, BBOMIIME U COXpaHstomue pa3pbiB. [loka3aHo, 4To Uil MHOXKECTBEHHOU pe-
ONTHMHM3ALNH 33aJa491 O BEIYUCICHHU XPOMAaTHICCKOTO YHCIIa Ipada ¢ 3aTaHHBIM YKCIIOHCHITHAIBHBIM MHOXKEC-
TBOM ONTHUMAJIHBIX PELICHUI IIPH BCTaBKE IPOM3BOILHOM BEPUINHEL ¢ He Ooiee ueM AByMs peOpamu, el HHIu-
JICHTHBIMH, a TAK)XXE IPU yAICHUH IPOM3BOJIBHOM BEPIIMHBI CO BCEMH HHIMICHTHBIMH €ii pebpamMu He CyIiecT-
BYET TMOJMHOMHAIbHO NpuOmmkeHHOW cxembl (PTAS). Takoil ke pe3ynbTaT MMEEeT MECTO Ui OOBIYHON
PEONTHMHU3ALMH.

KiroueBble €/10Ba: MHOXXCCTBCHHAsI PEONTHMU3ALNS, CBEACHUS 3a/a4, BBOIAIIMX M COXPAHSIOIIUX PasphIB,
APX-TpyHOCTb, MOJMHOMUAIBHO NpuOImKeHHsie cxembl (PTAS).

CriaannicTs peonTumizauii 3aga4yi o04MciIeHHsT XPOMATHYHOrO0 4HcJaa rpadga i3 3aJaHol0 MHOKHHOIO
onTUMalbHUX po3B’s3kiB / B.O. Muxaiiiok // Kibepueruka Ta cucremuuii ananiz. — 2016. — Towm 52,
Ne 3. — C. 39-48.
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BukopucTaHo 3BefeHHs, W0 BBOJATH 1 30epiraioTh po3puB. I[lokazaHo, 10 Ui MHOXKHHHOI peor-
TUMi3anii 3a1adi Opo OOYMCIICHHS] XPOMATHYHOTO 4Yucia rpada i3 3aJaHOl0 eKCIIOHEHMIATBHOI MHOXKHHOKO
ONTHMAJILHUX PO3B’SI3KiB IIPH YCTaBICHHI JOBUIBHOI BEPIINHY 3 HE OUIBII HiXk ABOMA peOpamH, 11 IHINICHTHU-
MH, a TaKOX NP BUJIAJICHHI JOBUIBHOI BEPIIMHHU 3 yCiMa iHIMACHTHUMU iii peOpaMu He iCHY€ MOJIIHOMialbHO
nabmmkenoi cxemu (PTAS). Takuii ke pe3ynbTaT Mae Micue Ml 3BHYalHOI peonTHUMi3arii.

KaiouoBi ciioBa: MHOXHHHA pEONTUMI3allisl; 3BEICHHS 3a7a4, $KI BBOJATH 1 30€piraloTb pO3pHUB;
APX-cknaguictb, nojiiHoMianbHo HaOmwkeHi cxemu (PTAS).

Hardness of reoptimization of the problem of calculating the chromatic number of a graph with a given
set of optimal solutions / V.A. Mikhailyuk // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 39-48.

The author uses gap-introducing and gap-preserving reductions and shows that for multiple
reoptimization of the problem of calculating the chromatic number of a graph with a given exponential set of
optimal solutions, when an arbitrary vertex with no more than two edges incident to it is inserted as well as
when any vertex with all incident edges is deleted, polynomial time approximation scheme (PTAS) does not
exist. The same result holds for ordinary reoptimization..

Keywords: multiple reoptimization, gap-introducing (gap-preserving) reductions, 4PX-difficulty, polynomial
time approximation schemes (PTAS).

VK 004.93'1

CHuKkeHMe Pa3MepoB JI0CTATOYHOI 11l 00y4eHusi BLIOOPKH 32 c4eT CHMMeTPH3alluH KOppeJsilHOHHbIX
cBa3eii Omomerpnuecknx nannbix / A.U. UBanos, II.C. Jloxnnkos, }0.U. CepukoBa // Kubeprernka u
cucreMublii apanmms. — 2016, — Tom 52, Ne 3. — C. 49-56.

In.: 3. Ta6n.: 0. Bibmiorp.: 14 Hazs.

Tloka3aHo, YyTO Ha MaJbIX TECTOBBIX BBIOOPKAX KOI(P(UIMEHTHI KOppeasiuuu OMOMETPUYECKUX JAHHBIX
HMEIOT 3HAYUTEIBHYIO OTPEIHOCTE. DTO MPEMATCTBYET UX UCIOJIBb30BAHUIO PH 00YUCHHH (HACTPOIKE) KIIacCH-
YeCKHMX KBaJpaTH4HbIX (GopM u ceteil Baiieca. TIpe/iokeHo UCIoNb30BaTh CIOCO0 CUMMETPU3ALUK KOPPEIISILU-
OHHBIX CBsI3eH. JloKa3aHO, UTO B 3TOM Cilydae TPeOOBaHHS K 00BbEeMy OMOMETPHUYECKHX JAHHBIX CYIIECTBEHHO
cHmxkatotes. Kak crnezctsue, HacTpoiika (00yueHre) KBaApaTUUHbIX (JOPM UM HACTPOIKa ceTell HaMOOIBIIEro MpaB-
nononodust baiieca craHOBATCS ropa3no Oosee yCToHUMBBIMU 3a1auyaMu. [TocieiHee SKBUBaJIEHTHO MHOTOKPATHO-
MYy CHIDKECHMIO TpeOOBaHMH K pasMepaM oOydaromieil BbIOOPKM HMPUMEPOB OMOMETPUYECKOro o0pasa «CBOID».

KiroueBbie ciioBa: 6I/IOMeTpI/I‘ICCKa$I I/IHGHTI/Iq)I/IKaLII/ISI, CUMMETpHU3alusl KOPPEIIMUOHHBIX CBﬂ3CfI, 06y‘IeHI/IC
Ha MajJbIX TECTOBBIX BblGOpKaX.

3MeHLIeHHsI PO3MIpiB J0CTATHLOI JJIsi HABYaHHS BHOIPKH 3a paxyHOK cuMeTpu3auii KopeasimiiiHmx
3B’s3KkiB Oiomerpuunux ganux / O.I. IBamnos, II.C. Jloxuukos, FO.I. CepuxoBa // KibepHneruka Ta
cucreMuuii ananiz. — 2016. — Tom 52, Ne 3. — C. 49-56.

IMoka3zaHo, 0 Ha MaJIMX TECTOBMX BHOIpKaxX KOe]illieHTH Kopelsiii 6i0MeTpUYHNX JaHHX MAIOTh 3HA4-
Hy TIOXHOKY, II0 HE J03BOJIsiE BUKOPUCTOBYBATH iX JIJI1 HABYAaHHS (HAIAIITYBAHHS) KIACHYHNX KBAJAPATHIHHUX
¢dopm 1 mepesx Beeca. 3anporoHOBaHO CKOPUCTATHCS CIIOCOOOM CHMETpH3amii KopeaiiHux 3B’ s13KiB. [JoBene-
HO, 1110 Y [IbOMY BHUIaJKy BUMOTH JJ0 00CATY OI0OMETPUYHHX JJaHUX ICTOTHO 3HIKYIOTHCS. SIK HACNiTOK, Hallall-
TyBaHHs (HaBYaHHS) KBaJPAaTHYHUX (OPM 1 HaJalITyBaHHA MEpEeX HaiOinbIiol npasronoaioHocti beeca cra-
10Th Habarato OiMbLI CTIHKMMM 3aJadaMH, L0 € eKBiBaJICHTHHM 0araropa3oBOMy 3HIKCHHIO BHMOT [0
PO3MipiB HaBUYAIBHOI BHOIPKM NPUKIAAIB GIOMETPUYHOrO 00pa3y «CBiib».

KuiouoBi ciioBa: GiomerpuyHa ineHTH(DIKALIS, CHMETPHU3aLlis KOPEJSAiHHUX 3B’ A3KiB, HABYAHHS HA MAJIUX TEC-
TOBUX BHOIpKax.

Reducing the size of training-sufficient sampling due to symmetrization of correlation relationshps of
biometric data / A.L. Ivanov, P.S. Lozhnikov, Yu.l. Serikova // Kibernetika i sistemnyi analiz. — 2016. —
Vol. 52, N 3. — P. 49-56.

The paper shows that coefficients of correlation for biometric data are of considerable uncertainty if used
for small test samples. This fact prevents from using them for machine learning (setting) of classical quadratic
forms and Bayesian networks. The method of symmetrizing correlations is proposed to be used. It is proved that
the requirements to the volume of biometric data are lower in this case. As a consequence, setting (teaching) of
quadratic forms and maximum likelihood Bayesian networks become a much more stable problem. This is
equivalent to the multiple reduction of requirements to the size of the training sample for “own” samples.

Keywords: biometric identification, symmetrization of correlations, machine learning based on small test
samples.

VK 519.7

I'ayOuHHBIE MeTOA KJaccM(UKALMM HAa OCHOBE YAAJNEHHOH Mepbl KOHUEHTpAUuu s 00padoTKu
ACMMMeTPHYHBIX AaHHBIX / A.A. Tankun // KubepHeruka u cucremusiit ananu3. — 2016. — Tom 52, Ne 3.
— C. 57-66.

In.: 2. Ta6n.: 0. Bi6miorp.: 10 Ha3zs.
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PaspaboTan u nccie1oBaH IITyOHHHBINH METO]| KIacCH(UKAILIMN HAa OCHOBE YIAJICHHOH Mepbl KOHLIEHTPa-
UK Ut 00pabOTKH aCHMMETPUYHBIX JaHHBIX. MoTHBanueil MoCcTpoeH st MeTosa cTana Hed((HEeKTHBHOCTE HC-
TI0JIL30BaHMs OONBITMHCTBA a()(YHHHO-MHBAPUAHTHBIX KIACCH(DUKATOPOB IIPU UX COYCTAHHU C (PYHKIUSIMU IITy-
OUHBI, KOTOPbIE 0OPANIAIOTCS B HYJIb 3a IPEAeIaMH BBITYKIOH 000I0UKY JaHHBIX. [aes mpeamokeHHOro MeTo-
Jla 3aKJII0YaeTcsl B OTOOpaKEHWH IMCTAHIMOHHOTO HPOCTPAHCTBA C MCIOJNB30BAHHEM YyJAaIE€HHOH Mepsbl
KOHIIEHTpaluu, Mepsl ynaneHHocTH LlIraxens—/loHOXbIO M Mepbl CKOPPEKTHPOBAHHON yJaleHHOCTH.

KiroueBble cioBa: (QyHKIMS TIIyOMHBI, yJaleHHAs Mepa KOHILECHTPAIMH, MHOTOMEpHAs KIACCH(HKAI.

T'auounuuii metox kiaacudikauii Ha ocHOBI BiiaaeHoi Mipu KoHIeHTpanii 1J1s1 00PpOOKH acUMeTPHYHUX
nannx / O.A. Taakin // KiGepuernka Ta cucremuuii anamiz. — 2016. — Tom 52, Ne 3. — C. 57-66.

Po3pobiieHo Ta IOCIipKeHO TIMOMHHUM MeTo] KiacH(ikamii Ha OCHOBI BixganeHol MipH KOHI[EHTpawii
Ul 0OpOOKH aCHMETPHYHHX AaHHMX. MOTHBami€lo MOOYIOBH METOLy cTala Hee()eKTHBHICTH BHKOPHUCTAHHS
OLIBIIOCTI ahiHHO-IHBAPIaHTHUX KiIacH(iKaTOPIB MpH iX moeaHaHHI 3 QYHKUISIMU TJIMOMHH, SIKi NEPETBOPIO-
I0ThCS B HyJIb 32 MEXaMH OIYKJIOT 0OOJIOHKHU JaHMX. [1es 3anpornoHOBaHOTO METO/Y TOJISrae y BigoOpakeHH1
JIUCTAHLIHOTO MPOCTOPY 3 BUKOPUCTAHHSM BiJJajeHOl MipH KOHIEHTpalii, Mipu BigganeHocti [ltaxems—/lo-
HOXBIO Ta MIpH CKOPEKTOBAaHOI BiIaJICHOCTI.

KuaiouoBi cioBa: ¢yHkuis rauOuHM, BijjlaneHa Mipa KOHLEHTpalii, 6araToBuMipHa Kiacudikariis.

The depth-based classification method based on remote concentration measure for asymmetric data
processing / O.A. Galkin // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 57-66.

The author develops and investigates the depth-based classification method based on remote
concentration measure for asymmetric data processing. The motivation for the construction of the method was
inefficient use of affine invariant classifiers in combination with depth functions, which vanish outside the
convex hull. The idea of the proposed method is to map a remote space using a remote concentration measure,
Stahel-Donoho remoteness measure, and adjusted remoteness measure.

Keywords: depth function, remote concentration measure, multi-dimensional classification.

VK 517.698.519.6

YucieHHBII MeTOJ pelIeHns] CHCTeMbI THIEPCHHTYJISIPHBIX HHTETPATBLHBIX YPABHEHHIl BTOPOro poaa u
ero oboctHoanue / A.B. Kocrenko // KuGepneruka u cuctemubiii ananus. — 2016. — Tom 52, Ne 3. —
C. 67-82.

In.: 3. Tab6n.: 3. Bibmiorp.: 17 Hazs.

Hpez{c‘raBneH YHCIICHHBIN METO PCLICHUS CUCTEMBI 'MIIEPCUHTYIISIPHBIX HHTETPAJIBHBIX ypaBHCHI/Iﬁ BTO-
poro ponaa. [[oxasana TE€OpEMa CyHIECTBOBaHUA U €AUHCTBEHHOCTHU PEUICHUS. Honyqua OLICHKa CKOPOCTH CXO-
JAUMOCTH l'IpI/I6J'II/I)KCHHOI‘O peuieHnuss K TOYHOMY.

KuroueBble cioBa: cucreMa UHTETPaJIbHBIX ypaBHeHHﬁ, YUCJICHHBII METOM, MHTErpajl B CMBICIIC KOHEYHOM
qacTu I10 AL[aMapy, CYHIECTBOBAHUE U €IAMHCTBEHHOCTH PEUICHUS, CKOPOCTH CXOAUMOCTH.

YmnceabHUil MeTOJ PO3B’SI3yBaHHS CHCTEMH TillePCHHTYJISIPHAX iHTEerPaJILHHUX PiBHSAHDb JPYroro poay ta
iioro oorpynryBanns / O.B. Kocrenko // Kibepreruka ta cucremuuii anamiz. — 2016. — Tom 52, Ne 3. —
C. 67-82.

HaseneHo uncesbHUN METO/] PO3B’sI3yBaHHS CUCTEMH TIEPCHHTYIISIPHUX IHTEIPAIbHUX PIBHSHbD APYroro
poay. JloBeneHO TeopeMy iCHYBaHHS Ta €JMHOCTI po3B’s3Ky. OTpUMAaHO OILHKY IIBUIKOCTI 301KHOCTI HaOIM-
JKEHOTO PO3B’SI3KYy A0 TOYHOTO.

Kuro4dosi ci1oBa: cucrema iHTErpajabHUX PiBHAHb, YHCEIBHUIT METO, IHTErpaj y CEHCl CKiHUCHHOI YaCTHHHU 3a
AnamMapoM, ICHYBaHHS Ta €IMHICTh PO3B’SI3KY, IIBHJAKICTH 30DKHOCTI.

A numerical method of solution of a system of hypersingular integral equations of second kind /
0.V. Kostenko // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 67-82.

A numerical method of solution of a system of hypersingular integral equations of second kind is
presented. The existence and uniqueness theorems are proved. The rate of convergence of the approximate
solution to the exact one was obtained.

Keywords: system of integral equations, numerical method, integral in sense of Hadamard finite part, existence
and uniqueness of solution, convergence rate.

CUCTEMHUIA AHAJII3 SYSTEMS ANALYSIS

VIIK 681.5+513.6+517.9

JuddepenunaibHo-anredpanyeckue ypaBHeHHsi M JMHAMUYECKHE CHCTeMbl Ha MHOrooopasusix /
10.I'. KpuBonoc, B.Il. Xapuenko, H.M. I'nazynoB // KubGepHernka u cuctemublii anamms. — 2016. —
Tom 52, Ne 3. — C. 83-96.

In.: 3. Tab6m.: 3. Bi6umiorp.: 17 Ha3s.

4 ISSN 0023-1274. Kubepnetrka u cucteMHblii ananus, 2016, Tom 52, Ne 3



PaccMoTpensl akTyanbHble IPOOIEMbl COBPEMEHHOM TEOPUU JMHAMUYECKUX CUCTEM Ha MHOTr00Opasusx,
AKTHBHO Pa3BHBAIOIIMXCS B HACTosiiee BpeMs. JlaH KpaTkuil 0030p TakuMX HANpaBICHUH TEOPHU JHMHAMHYEC-
kux cucreM. C HCIIOIBb30BaHUEM aiureOp JyalbHBIX YHCEN, KBATEPHUOHHBIX anrebp, anredp OMKBATEpPHUOHOB
(Itya bHBIX KBAaTEPHUOHOB) pa3pabOTaHb! IIPIIIOKEHUS K HCCIICOBAHUIO OECKOHEUHO MAIIbIX OKPECTHOCTSH U HH-
(uHuTE3MMaNBHBIX Aedopmarmii MHOrooOpasuii (cxem). Kpatko mpezacraBieHsl Teopust qudhepeHnnansHo-al-
reOpanyecKnx ypaBHEHHIl HaJ| MOJIEM BEIICCTBEHHBIX YHCENT M UX AMHAMHKA, a TAK)KE JIEMEHTBI ONTHMH3ALUH
TPaeKTOPHUii COOTBETCTBYIOIINX JMHAMUYECKUX cUCTeM. Ha OCHOBE CBA3HOCTH B PACCIOCHUSAX JAHO PACIIMPEHHUE
Teopuu auddepeHInaTbHO-aIreOpanueckux ypaBHeHHH Ha aareOpandeckie MHOrooOpasust 1 CXeMbl HaJl IIPo-
H3BOJIHBIMH HOJISIMH M CXEMaMH COOTBETCTBEHHO.

KiroueBble cjioBa: JyallbHOE YUCIIO, AyabHbI KBAaTEPHUOH, KBATEPHUOHHAs aireOpa, anredpandeckoe MHO-
roobpasue, cxema, aepopmauus, auddepenunaabHo-aIredbpanyeckoe ypaBHeHHE, MaTeMaTHyecKas MOJeb,
JIMHAMUYecKas cuctema, JuddepeHmaabHoe ypaBHEHHE Ha anreOpandeckoM MHOrooOpasHu.

JudepennianbHo-ajiredpaiuni piBHsiHHS i AMHamiyHi cucremu Ha mHorosuaax / lO.I'. Kpusonoc,
B.II. Xapuenko, M.M. I'nasynoB // KibGepneruka Ta cucremunii anamis. — 2016. — Tom 52, Ne 3. —
C. 83-96.

Po3risiHyTO aKkTyanpHi mpoOlieMy cydacHOi Teopii AMHAMIYHUX CUCTEM Ha MHOTOBHJIAX, SKi aKTHBHO PO3-
BHBAIOTHCS HA Ied yac. HaBeeHO cTHCIMI OIS TAKUX HANpPSIMIB TEOPii AMHAMIYHUX CHCTEM. 3 BUKOPUCTAH-
HSIM anreOp AyalbHUX 4YHCEN, KBATCPHIOHHUX airedp, anreOp OiKBaTepHIOHIB (IyaJbHHX KBAaTEPHIOHIB) poO3-
PoO6IIEHO 3aCTOCYHKHM JI0 TOCII/DKCHHS HECKIHUEHHO MaJIMX OKOJHIh Ta iHdiHITe3nManbHuX aAedopmaiii MHO-
roBuaiB (cxem). CTHCIIO HaBEICHO TEOPilo MH(epeHIiaTbHO-aIreOpaidHiX piBHSHD HAJ ITOJIEM JIHCHUX YHCell
Ta IXHIO JMHAMIKY, a TaKOXX €JIEMEHTH ONTHMi3alil TPAeKTOpil BIAMOBIAHUX JAWHAMIYHHX cucTeM. Ha ocHOBI
3B SI3HOCTI B PO3ILIAPYBAHHSIX HABEACHO PO3IIMPEHHS Teopii qudepeHiianbHo-aIreOpaiYHuX piBHSAHb Ha anreo-
paluHi MHOTOBMJM 1 CXEMH HaJ| JOBUIBHUMHM IOJSMH 1 CXEeMaMH BiJIIOBIJIHO.

Kiaou4oBi cjoBa: jyanbHe 4Mclio, TyalbHHH KBAaTEpHIOH, KBaTepHIOHHA ajireOpa, anreOpaidyHuil MHOTOBHIL,
cxema, nedopmartis, audepeHiianpHo-anredpaiuHe piBHIHHS, MaTeMaTU4Ha MOJIEIb, AMHAMIYHA CHCTEMa, JTU-
(depenuianbHe piBHAHHSA Ha anreOpaivHOMY MHOTOBMII.

Differential-algebraic equations and dynamical systems on manifolds / Iu.G. Kryvonos,
V.P. Kharchenko, N.M. Glazunov // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 83-96.

The authors consider actual problems of the modern theory of dynamical systems on manifolds, which are
being actively developed. A brief review of the fields of the theory of dynamical systems is given. The results
of the algebra of dual numbers, quaternionic algebra, biquaternions (dual quaternion) and their application to
the study of infinitesimal neighborhoods and infinitesimal deformations of varieties (schemes) are presented.
Summarized the theory of differential-algebraic equations over the field of real numbers and their dynamics, as
well as relevant elements of trajectory optimization of dynamic systems. On the basis of the connection in the
bundles, an extension of the theory of differential-algebraic equations to algebraic manifolds and schemes over,
arbitrary fields and schemes, respectively, is given.

Keywords: dual number, dual quaternion, motor, quaternionic algebra, algebraic manifold, scheme,
deformation, differential-algebraic equation, mathematical model, dynamical system, differential equation on
algebraic manifold.

VK 519.85
YnakoBka HepaBHbIX LIAPOB B pa3juyHble KoHTeliHepsl / FO.I'. Crosn, I'. Illaiirxayep, I'.H. fIcbkoB //
Kubepnernka u cucremubiid aHamus. — 2016. — Tom 52, Ne 3. — C. 97-105.

In.: 1. Tab6n.: 1. Bi6miorp.: 15 Ha3s.

PaccmaTpuBaeTcs onTUMH3aNHOHHAS 337a4a yIAKOBKY Pa3HBIX IIaPOB B KOHTEIHEPHI THIIA KyOous, map,
MPSMOM KPYTOBOI LIMIIMHAP, KOJIBbLIEBON HMIMHAD U chepudeckuii cinoi. [Ipennonaraercs, 4To paanycsl MapoB
HepeMeHHbIE. DTO MO3BOJISET PEUIOKUTE HOBBIH CIIOCOO MOJIyUECHHs HAYAIIbHBIX TOYCK, MPHHAICKAIINX 00-
JIACTH JIOIYCTUMBIX PELICHUH 3a/1auu, a TaKXkKe OCYIIECTBIAThH 11epedop JIOKAIbHBIX 3KCTPEMYMOB, HCIIOJIb3Ys
MoauduKaIuio anropurMa JA (jump-aiaropurm), KOTOPBI peai3yeT IUIaBHBIH Iepexo/] OT OJHOrO JOKaIbHO-
T0 MUHHMyMa K APYyroMy C JIy4IINM 3Ha4eHueM (YHKIUHU eld. YMEHbIICHHE Pa3MEepHOCTH 3aadH U Iomap-
HBIE IEPECTAHOBKH LIAPOB MO3BOJLIOT YIYUIIUTh 3HAUCHHE (YHKIUHU Lend. [lomydeHHble pe3yabTaThl CpaBHH-
BAIOTCA C JIYYIIUMU H3BECTHBIMH.

KiroueBbie cioBa: YIIakOBKa, yIIaKOBKa MIapOB, HEBBIITYKJIAs 3a1a4da ONTHMHU3ALUH, jul’l’lp-aﬂI‘OpI/ITM.

IMakyBanHs1 HepiBHHX KyJb y pi3ui koureiinepu / }O.I'. Crosin, I'. Ilaiitxayep, I'.M. SlcbkoB //
KibepHernka Ta cucremumii anamiz. — 2016. — Tom 52, Ne 3. — C. 97-105.

PosrisiHyTO onTHMI3amiiiHy 3a4ady IaKyBaHHS Pi3HUX KyJb Yy KOHTCHHEPH THITy KyOoin, KyJis, IpsMHil
KPYTOBHH IMIIHAP, KiTbIEBUH MUIiHAp 1 chepuunii map. BakaeTses, mo paaiycu Kyib 3MminHi. Lle no3Bomse
3aIpOINOHYBATH HOBHUH CHOCIO OTPHMaHHS NMOYATKOBUX TOUOK, IO HAJIEXaTh 00JACTI JOMyCTUMUX PO3B’S3KiB
3a7a4i, a TAaKOXK 3AIHCHIOBATU Hepedip JIOKAIbHUX €KCTPEMYMiB, BUKOPUCTOBYIOUH MOJM(IKALIIO AIrOPUTMY
JA (jump-anropuT™), sIKUii peasidye IIaBHUH Tepexi BiJl OJHOr0 JIOKAIbHOTO MiHIMyMY JI0 IHIIIOTO 3 KPaIlHM
3Ha4YeHHsAM (yHKIIT 1isi. 3MEHIIECHHs PO3MIPHOCTI 33/1a4i Ta MONapHi NepecTaBIeHHs KyJlb JI03BOJIAIOThH OKpa-
muTy 3HaueHHS (yHKOii mim. OTpuMaHi pe3yJbTaTH IOPIBHIOIOTHECS 3 KpPAIUMU BiIOMHMH.
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KorouoBi cioBa: makyBaHHS, NaKyBaHHS Kyllb, HEONyKJIa 3ajada ONTHUMi3alii, jump-aJrOpuTM.

Packing non-equal spheres into containers of different shapes / Yu.G. Stoyan, G. Scheithauer,
G.N. Yaskov // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 97-105.

The paper considers the optimization problem of packing different solid spheres into containers of types:
a cuboid, a sphere, a right circular cylinder, an annular cylinder, and a spherical layer. The radii of spheres are
assumed to be variables. This allows us to propose a new technique to derive initial points belonging to the
feasible region of the problem, as well as to carry out a non-exhaustive search of local extrema, using
a modification of the jump algorithm (JA), which implements a continuous transition from one local minimum
to another with a better value of the objective. A reduction of the solution space dimension of the problem and
rearrangements of sphere pairs allow improving the objective function value. The results obtained are compared
with benchmark ones.

Keywords: packing, sphere packing, non-convex optimization problem, jump algorithm.

VK 519.161

MaremaTHyeckoe MoOJAETHPOBAHHE [JHHAMHKH HEPABHOBECHBIX BO BpPeMeHH KOHBEKTHBHO-IU(}-
(y3noHHBIX nponeccoB B 00;acTAX co cBodoanbIMH rpanunavu / B.M. BynaBankunii, B.A. Boraenxo //
Kubepuernka u cucremubiii anamus. — 2016. — Tom 52, Ne 3. — C. 106—-121.

In.: 9. Tab6n.: 0. BiGmiorp.: 20 Ha3s.

IToctpoena MaTeMaTHyeckass MOZEIb, ONUCHIBAIOMIAS IPOOHO-IH(BPEPECHIHAIBHYI0 THHAMUKY JIOKaIb-
HO-HEPAaBHOBECHOTO BO BPEMEHU KOHBEKTHUBHO-IH((Y3HOHHOIO IPOLECCa PACTBOPHMBIX BEIISCTB MPH ILIOC-
KO-BEPTHKAJIBbHON YCTaHOBUBLICHCS (uibTpanuu co cBoOOAHOU rpanuneil. [IpuBeneHa mocraHoBKa COOTBET-
CTBYIOILCH KpaeBOil 3a1aull U U3JI0XKEHa METOJHKA MOTyUYeHHs ee IPUOIIKEHHOrO perieHus. PazpaboTansl ma-
pajiienbHble AJTOPUTMBI pacyeTa JUll KJIACTEPHBIX CHCTEM, IIPUBEAEHBI PE3yJIbTaThl TECTUPOBAHUS
OBICTPOICHCTBYS MapalIeIbHBIX AITOPUTMOB ISl TPaUueCKUX MPOLECCOPOB U PE3yJIbTAThl YUCICHHBIX IKC-
NEPUMEHTOB 110 MOJEIUPOBAHUIO IMHAMUKH PAacCMaTPUBAEMOr0 MMIPALIMOHHOTO IpOLEcca.

KiioueBsble cioBa: Heknaccuueckue audGy3noHHbIC MOJIEIH, HEPABHOBECHBI BO BPEMEHH KOHBEKTHBHO-IH(-
(y3HOHHBIH Hpolece, INIOCKO-BEPTHKAIbHAS (PUIBTPALMs B IIOPUCTON cpejie, ypaBHeHHe uddys3un ¢ 3amas/pl-
BaHWeM, ypaBHeHHE TUPQY3un IPOOHOro MOpsIKa, KpaeBble 3a1add, IPHOIIDKEHHbIE PEIIeHHs, TapajuIe/IbHbIe
AJITOPUTMBIL.

MareMaTH4YHe MOJETIOBAHHS AMHAMIKH HepPiBHOBA)KHHUX Y 4aci KOHBeKTHBHO-IMQY3iiiHMX mnpouecin
B o01acTax 3 BineHuMH Mexkamu / B.M. ByaaBaubknii, B.A. Boraecuko // KiGepHeTnka Ta CHCTeMHHH
anamiz. — 2016. — Tom 52, Ne 3. — C. 106-121.

[To6ynoBaHO MaTeMaTHYHY MOJEIb, IO OMHCYE IPOOOBO-AN(EpeHIialbHy AUHAMIKY JIOKATbHO-HEPIBHO-
B)XHOI'O y Yaci KOHBEKTHBHO-IH(Y3IHHOr0 HpoIecy pOo3YHMHHUX PEYOBHH IIPH IUIOCKO-BEPTHKAIbHIN ycTa-
JeHil ¢inbTpanii 3 BUIbHOI Mexero. HaBeneHo mocTaHoBKy BiINOBifHOT KpaloBOI 3a/1adi 1 HABEJACHO METOAU-
Ky OTpHMaHHs ii HaOIIDKEHOro po3B’si3Ky. PO3BHHYTO MapasieibHi alrOPUTMH PO3PAxyHKY Ul KIACTEPHHX
CHCTEM, HaBEJICHO PE3YJIbTATH TECTYBAHHS LIBMIKO/II MapaaeIbHUX aJrOPUTMIB s rpadiyHuX IpoLecopiB Ta
pe3yJIbTaTH YUCEIbHUX CKCIIEPUMEHTIB 3 MOJCNIIOBAHHS JAWHAMIKM PO3MIISHYTOTO MIrpauiiiHOro mpouecy.

KorouoBi cioBa: Hexmacuuni nudysiiiHi Mojeni, HEpPIBHOBAKHUH y 4aci KOHBEKTUBHO-IH(Y3iiHII mponec,
IUIOCKO-BEPTHKaNbHA (DilbTpallis y MOPUCTOMY CEPEeIOBHILI, PIBHSIHHS Iudys3il 3 3ami3HEHHSIM, PIBHSIHHS -
(dysii 1poboBOro mopsaKy, KpaioBi 3ajaadi, HaOMMKEHI PO3B’SI3KH, MapaielibHi alrOpUTMH.

Mathematical modelling of dynamics of nonequilibrium in time convective diffusion process in a domain
with free boundary / V.M. Bulavatsky, V.A. Bogaenko // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52,
N 3. — P. 106-121.

The authors construct a mathematical model to describe the dynamics of fractional-differential locally
nonequilibrium in time convection-diffusion process of soluble substances in the plain-vertical steady-state
filtration with a free boundary. The statement of the respective boundary-value problem is presented and the
technique of obtaining its approximated solution is set up. Developed parallel algorithms of calculation for
cluster systems, the results of testing of response parallel algorithms for the GPU and results of numerical
experiments on simulation of dynamics of considered migration process are adduced.

Keywords: non-classical diffusion models, non-equilibrium in times convective-diffusion process,
plainly-vertical filtration in porous medium, diffusion equation with delay, fractional diffusion equation,
boundary value problems, approximated solutions, parallel algorithms.

YIK 519.217; 519.718; 519.837

OnrumainbHoe ynpasieHue B JAH(GQY3HOHHBIX CTOXACTHYECKHUX HeJUHEHHbIX IuddepeHnnanIbLHO-
(yHknHOHATBHBIX ypaBHeHHsIX MTO ¢ MapKOBCKHMH NapaMeTpaMH M BHEIIHNMH MapKOBCKHMH
nepexiovyenusivu / B.K. Slcunckuii, 5.B. Capuyk, C.M. Ko3bipb // KubepHernka u CUCTEMHBIH aHANIN3. —
2016. — Tom 52, Ne 3. — C. 122-133.

In.: 0. Ta6m.: 0. BiGuiorp.: 26 Ha3s.
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Bropsim MeTo0oM JIsimyHOoBa—KpacoBCKOTO MOTy4EHBI IOCTATOYHBIE YCIOBHUS aCUMITOTHYECKOI CTOXac-
TUYECKOH yCTOHUUBOCTH B 1[EJIOM, YCTOHUNBOCTH B LI€JIOM, YKCIIOHEHIIUAILHON YCTOHUMBOCTH B CPEHEM KBaJl-
paTHYCCKOM TPUBHAIBHOTO PELICHUS] CHCTEM CTOXACTHYCCKUX MU dy3uoHHBIX nupdepeHranbHo-GyHKINHO-
HaJIbHBIX YPaBHEHUH ¢ MapKOBCKMMH IEPEKIIOUECHUS MU, a TAKKE IMPOMJUIIOCTPUPOBAHA TEOPHS HA JIBYX MO-
JICTBHBIX 3a/1a4ax.

KimoueBble cjoBa: croxacTHYecKas IHHAMHYECKas CHUCTEMa, CHUCTeMa C IOcIe[eHCTBHEM, MapKOBCKOE
BO3MYILIEHHE.

OnrumaiabHe KepyBaHHS B AH(DY3iliHUX cTOXacTHYHHX HeJiHiiiHHX qH(epeHniaIbHO-QYHKIIOHATBHUX
PiBHSIHHAX iTO 3 MapKOBCHKMMH TNapaMeTPaMH Ta 30BHIIIHIMH MapKOBCHKHMM TepeMHKAHHAMH /
B.K. Slcuncbkmii, 5.B. CaBuyk, C.M. Ko3up // KibepueTnka ta cucremuuii ananiz. — 2016. — Tom 52, Ne 3.
— C. 122-133.

Hpyrum mertonom JlsmyHoBa—KpacoBehbkoro ofepikaHo JOCTaTHI YMOBH ACHMIITOTHYHOI CTOXAaCTHYHOL
CTIHKOCTI B LIIOMY, CTIHKOCTI B LJIOMY, 9KCIIOHEHIIaJIbHOI CTIHKOCTI B CPEHBOMY KBaJPAaTUIHOMY TPHBiallb-
HOTO PO3B’SI3Ky CHCTEM CTOXacTHYHHX IU(y3ifiHuX nudepeHmiarbHO-QyHKIIOHATEHUX PIBHSIHb 3 MapKo-
BCBKHMH IIEPEMUKAHHSIMH, a TaKOK MPOLTIOCTPOBAHO TEOPi0 HAa [BOX MOJCIBHHUX 3a/adax.

Karwu4oBi ciioBa: croxacTh4Ha JWHAMIYuHA cucremMa, cucremMa 3 l'liCJ'lﬂI[iﬂO, MapKOBCBKE 36ypeHH$[.

Optimal control in diffusion stochastic nonlinear functional-differential Ito equations with markov
parameters and external Markovian switching / V.K. Yasinskyy, B.W. Savchuk, S.M. Kozyr //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 122-133.

The Lyapunov—Krasovskii second method is used to obtain the sufficient conditions for asymptotic
stochastic stability on the whole, global stability, the stability in mean of trivial solutions of systems of
stochastic diffusion functional-differential equations with Markov switching, and the theory is illustrated using
two model problems.

Keywords: stochastic dynamical system, system with aftereffect, Markov perturbation.

VK 519.6
IpenenbHast  XapakTePUCTHKA TOYHOCTH  JMCKPETHOr0  AHAJIOra  CHEKTPaiabHOil  3agaum  /
B.I'. Ilpuxasuuxos, H.B. Maiixo // KuGepuernka u cucremusiii anamms. — 2016. — Tom 52, Ne 3. —
C. 134-140.

In.: 0. Tabn.: 0. BiGmiorp.: 7 Ha3zs.

Paccmotpena 3agada Ha COOCTBEHHBIE 3HAUCHUS U1 onepaTopa Jlamtaca ¢ kpaeBeIM ycinoBueM Jlupuxiie
Ha TPaHMIIE ABYMEPHOH 001acTé mpou3BonbHOIl Gopmbl. C MOMOIIBI0 KOHEYHO-PA3HOCTHOH aNNpPOKCHMAIHN
HCXOJHOW 3aJaud MONydeHa NpeieiabHas OLEHKAa TOYHOCTH IPOCTOrO COOCTBEHHOro umcia. Ha ocHoBammu
aCUMIITOTHYECKOH (opMynbl 1OKazaHa OIEHKA CHU3Y I HPOCTHIX COOCTBEHHBIX YHCEI.

KawueBble ciioBa: omneparop Hannaca, CIIEKTpaJIbHas 3aJava, pasHOCTHas CXeMa, aCUMIITOTHYECKAs (bOp-
MyJia, OLCHKa CHH3Y.

I'pannyHa XapaKTepUCTHKA TOYHOCTI AMCKPETHOIO AaHAJIOra creKTpaibHoi 3aadvi / B.I'. [lpuka3uunkos,
H.B. Maiiko // KibepHetuka Ta cucrtemuuii aHamiz. — 2016. — Tom 52, Ne 3. — C. 134-140.

PosrnsHyTO 3amady Ha BiacHI 3Ha4eHHs s omeparopa Jlammaca 3 kpaioBumu ymoBamu Jlipixsie Ha
MEK1 IBOBUMIPHOT 00JacTi 1OBUIBHOI (opmu. 3a TOMOMOrol0 CKIHYEHHO-PI3HUIEBOI anpoKcUMallii J0BEAECHO
IPaHUYHY OL[IHKY TOYHOCTI HPOCTOTrO BIACHOTO YHCIA. 3 aCHMITOTHYHOI (JOPMYITH BUBCACHO OLIHKY 3HU3Y JUIs
MPOCTUX BJIACHUX YHCEL.

KurouoBi ciioBa: oneparop Jlamnaca, ciektpanbHa 3a/1a4a, pi3HUIEBA CXeMa, aCUMITOTUYHA (OpMYyJIa, OI[IHKa
3HM3Y.

The limit accuracy property for the discrete analogue of the spectral problem / V.G. Prikazchikov,
N.V. Mayko // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 134-140.

The spectral problem for the Laplace operator with the Dirichlet boundary condition in a two-dimensional
domain is investigated. By using the finite-difference approximation the limit accuracy estimate for a simple
eigenvalue is obtained. From the asymptotic formula the lower estimate for a simple eigenvalue is drawn.

Keywords: Laplace operator, spectral problem, simple eigenvalue, finite-difference scheme, asymptotic
formula, estimate from below.

VK 519.85
PemieHue JuHeHBIX 0€3yCI0BHBIX 32/1a4 KOMOMHATOPHOIN ONTHMM3aLMH Ha pa3MelleHUsAX Cco

cToxacTH4eckoii HeonpeneaenHocTsio / O.A. Emen, T.H. Bap6osimna / KubepHeTtuka u CHCTEMHBIN aHAIIN3.
— 2016. — Tom 52, Ne 3. — C. 141-153.

In.: 0. Tabm.: 0. Bi6umiorp.: 18 Ha3zs.
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PaccmarpuBaercs perieHue JIMHEHHOH 0e3yCclIOBHOM 3a/1aul KOMOMHATOPHOW ONTHUMHU3ALMK HA pa3Melle-
HMSIX CO CTOXAaCTHYECKOH HeoInpe/elleHHOCTEI0. MUHUMYM IIPH 9TOM ONpPEIENseTCs Ha OCHOBE I10CIIE0BaTEIbHO-
IO CPaBHEHMS UYMCIIOBBIX XapaKTEPUCTUK CIydalHbIX BenuuuH. s paccMaTpuBaeMOl CTOXacTHYECKOH 3ajaun
YCTAaHOBJICHBI CBOKMCTBA PEIICHHS, HCIIONB3YIOMINE CBOMCTBA PELICHHs CHEUATbHO CHOPMYINPOBAHHBIX JETep-
MHUHHPOBAHHBIX 3a1a4. [Ipe/ioikeH Takoke peayKIHOHHBII METO PEIICHNUs! IMHEHHOW Oe3yCIOBHOW 32141 KOM-
OMHATOPHOI CTOXaCTUYECKON ONTUMM3ALINK HA Pa3MEILICHUX, OCHOBAHHOM Ha MOJIyYEHHBIX CBOMCTBAX PEILCHHS.

KiroueBble ciioBa: €BKJIMI0Ba 3ajJia4ya KOM6HHaT0pHOﬁ OITUMH3AIMH, 3a/1a4a ONTUMHU3ANNA Ha PasMEIICHUAX, CTO-
XacTHU4eCKast HEONPEACIICHHOCTb, CTOXAaCTUYCCKass ONTHMM3AlUsl, CTOXaCTUYCCKas KOM6HHaT0pHa$I OIITUMHU3AITAA.

Po3p’si3yBanHsi JliHiliHMX 0e3yMOBHHX 3aJa4 KOMOiHATOpPHOI onTuMi3auii Ha po3milieHHAX 3i
CTOXacTHYHOI0 HeBU3HaYeHicTIO / 0.0. Emennb, T.M. Bap6ouina // KiGepHeTnka Ta CHCTEMHUI aHAT3. —
2016. — Tom 52, Ne 3. — C. 141-153.

PosrnsayaeTbest po3B’a3yBaHHs JIiHINHHOT Ge3yMOBHOT 3aja4i KOMOIHATOPHOI ONTHMI3ANii Ha PO3MIILEHHSX 31
CTOXACTUYHOIO HEBH3HAYEHICTIO. MiHIMyM HPH [(bOMY BH3HAYAECTHCSI HA OCHOBI HOCIIIOBHOTO ITOPIBHSHHS YUCIIOBHX
XapaKTEePHUCTUK BHIIAJIKOBUX BETMYHH. JII PO3MLTHYTO! CTOXACTUYHOI 3ajiadi BCTAHOBJICHO BIIACTUBOCTI PO3B’SI3KY,
SIKI BUKOPUCTOBYIOTh BJIACTHBOCTI PO3B’SI3KY CHELIaIbHO C(HOPMYIIBOBAHUX JIETEPMIHOBAHUX 3a/1a4. 3alPOINIOHOBAHO
TaKOX PEIYKLIHHUNA METO/I PO3B’sI3yBaHH JiHIIHOT O0e3yMOBHOI 3a1a4i KOMOIHATOPHOI CTOXaCTHYHOI ONTHUMI3aLii Ha
PO3MIICHHSX, SIKa IPYHTYEThCS HA ONEP/KAHMX BIIACTHBOCTSAX PO3B’SI3KY.

KurouoBi ciioBa: eBKIIiIOBa 3a/ja4a KOMOIHATOPHOI ONTHMI3AIli], 3a/1aua ONTUMI3allil Ha PO3MILIEHHSIX, CTOXaCTUYHA
HEBHM3HAUYEHICTh, CTOXaCTUYHA ONTHMI3allis, CTOXaCTMYHAa KOMOIHATOpHA ONTHMI3allisl.

Solving linear unconditional problems of combinatorial optimization on arrangements under stochastic
uncertainty / 0.0. Iemets, T.M. Barbolina // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. —
P. 141-153.

Linear unconditional problem of combinatorial optimization on arrangements under stochastic
uncertainty is solved. The minimum is defined as the result of consecutive comparison of numerical
characteristic of random variables. The properties of the solution of the considered optimization problem are
obtained. These properties use the properties of special constructed deterministic problems. We also propose the
reducing method of solution of linear unconditional problem of combinatorial stochastic optimization, which is
based on obtained solution’s properties.

Keywords: Euclidian combinatorial optimization problem, optimization on arrangements, stochastic
uncertainty, stochastic optimization, stochastic combinatorial optimization.

V]IK 519.161
BoicTpblii aaroputM HaxoxaeHust 2-¢paxkropa MuUHMMaiabHOro Beca / O.b. Mauwmii, A.B. Mopo3os,
A.B. Ilannmes // Knbepuernka n cucreMublid anamus. — 2016. — Tom 52, Ne 3. — C. 154-163.

In.: 5. Tab6n.: 0. BiGmiorp.: 6 Ha3zs.

Paccmorpena 3agaya munumusauun B rpade H = (V, U) cymmsl BecoB pebep moamuoxectsa U'c U,
00pa3syoIINX COBOKYITHOCTh HETIEPECCKAIOIIMXCSl B BEPIIMHAX ¥ € J/ MIPOCTHIX HUKIIOB H MOKpbIBaroIux V. Pac-
cMarpuBaeMas 3ajada (3azada 2-f) IOJIMHOMHAIBHO Pa3spellrMa alropuTMaMHM, KOTOpPBIE XapaKTEepH3yHTCs
TEXHUYCCKUMH TPYJHOCTSMH, NPEISTCTBYIOIINMYI YCKOPEHHIO IIpolecca BhMUCIeHHI. Pemenne 3agaun 2-f
HaXOANTCS CBEJCHHEM e¢ K 0ojee MPOCTOMY [BYJOIBHOMY CIIy4aro. Pe3yibTaT HMPEACTAaBICH COBEPIICHHBIM
[IapOCOYETaHHEM JIBYIOJIBHOTO Ipadha, COOTBETCTBYIOIINM PELICHHUIO 3a1a4l O HA3HAYCHUSX, B LIUKIOBOM pas-
JIOKEHUH KOTOPOM KaKIbIH KOHTYD COJAEPKUT HE MEHEe Tpex MIyT.

KimoueBble c10Ba: 2-axrop, 3a1aua 0 Ha3HAYCHUSIX, TAPOCOYETAHNE, IBYNOIBHBIN Ipad, YBeIHIHBAIONIINN Ty Th.

IIBnakmnii ajropuT™M 3HaxoX:keHHsi 2-pakrtopa Minimanasnoi Barm / O.b. Manuii, A.B. Mopo3os,
A.B. Ilanimes // KiGepHeruka Ta cucreMHuid aHamiz. — 2016. — Tom 52, Ne 3. — C. 154-163.

PosrmsnyTo 3amady miniMizanii y rpadi A = (V, U) cymu Bar pebep miagmuoxunu U’ c U, mo yTBOpIo-
I0Th CYKYIIHICTb IPOCTUX IMKIIIB, SIKi HE IEPETUHAIOTHCS Y BEPIIMHAX U € V' 1 mokpuBaoTh V. PosrisHyTa 3a1a-
4ya (3amada 2-f) Moke OyTH MOJIHOMIaTbHO PO3B’s3aHA AITOPHUTMAMH, SIKI XapaKTePU3YIOThCS TEXHIYHUMU
TPYJHOLIAMH, 1[0 NEPEIIKOKAIOTH IPUCKOPEHHIO Mporiecy obuucieHs. Po3B’ 130k 3a1adi 2-f 3HaX0JUTHCS 3Be-
JIEHHSM Ti J10 GIIBII MPOCTOrO JIBOYACTKOBOTO BHUIAJKY. Pe3ysbTar npesicTaBIeHO JOCKOHAJIOK MapoCIONyKOK
JIBOYAaCTKOBOTO rpada, BIAMOBIIHOW PO3B’sI3Ky 33/1a4i PO MPU3HAYCHHS, y IUKJIOBOMY PO3BHHCHHI SIKOT KOX-
HUIl KOHTYp MICTHTh HE MCHIIE TPHOX MIyT.

Kimro4oBi cioBa: 2-¢axrop, 3a1a4a npo NpH3HAueHHs, HapOoCIOoTyKa, ABOYACTKOBUH Ipad, 301IbIIyBATBHHIT IIUIX.

Fast algorithm to find the 2-factor of minimum weight / O.B. Matsiy, A.V. Morozov, A.V. Panishev //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 154-163.

The paper considers the minimization of the sum of weights of edges forming a subset of the set of
disjoint simple cycles at the vertices in the graph H = (¥, U) and cover V. This problem (2-f problem) is
solvable in polynomial algorithms, which are characterized by technical difficulties that hinder accelerate
computing. The solution of 2-f is reducing it to a simple bipartite case. The desired result is represented by
a perfect matching of a bipartite graph corresponding to the solution of the assignment problem, in which
each expansion cycle circuit comprises at least three arcs.
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Keywords: 2-factor, the assignment problem, matching, bipartite graph, increasing path.

UDC 519.21
Small-time limit behavior of the probability that a Lévy process stays positive / V.P. Knopova //
Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 164-169.

In.: 0. Tabn.: 0. BiGmiorp.: 8 Ha3s.

In the paper, we find analytically the upper and lower limits (as the time parameter tends to zero) of the
probability that the Lévy process staring at 0 stays positive. We confine ourselves to the situation where the real
and imaginary parts of the characteristic function are regularly varying at infinity. In this case, we can calculate
the bound, and sometimes the exact values of the respective upper and lower limits.

Keywords: Lévy process, probability measure, limit behaviour in small time.

IIpo rpannuHy NoBediHKYy y MajoMy 4aci iiMoBipHOCTi 3Haxox:KeHHs mpouecy JleBi Ha noxaTHiii miBoci /
B.I1. KnonoBa // KibepHernka Ta cucreMuuii anamiz. — 2016. — Tom 52, Ne 3. — C. 164-169.

Po3riisiHyTO aHANITHYHUI METO/T 3HAXO/KEHHSI BEPXHBOI Ta HIKHBOI MPaHUIb IIPU YACOBOMY ITapaMeTpi,
IO MPSIMY€ 0 HyJsl, HMOBIPHOCTI TOrO, 10 mpouec JIeBi, KUl cTapTye 3 HyJIs, 3aJIMIIAETHCS HA JONATHIN
miBoci. J{oi/PKeHO TINbKH BUIIA0K, KOJIU ysIBHA Ta JiMCHA YaCTHHHU XapaKTePHCTUYHOI EKCIIOHEHTH PEryIsipHO
3MIHIOFOTBCSI HA HECKIHYCHHOCTI. Y 1[bOMY BHIIQJIKy 3HAWICHO OLIHKH, a Y JSSIKHX BHIIQJIKaX 1 TOUHI 3HAYCHHS
PO3IIISIHYTHX TIPAHHUILb.

KumouoBi caoBa: mpouec JleBi, iiMoBipHicHa Mipa, rpaHHYHA [OBEIIHKA Y MajoOMy 4aci.

O mnpegelbHOM TIOBeJeHHH B MaJOM BpeMeHH BePOSITHOCTH HaxoxkleHHsl mpouecca JleBu Ha
noJioxkuTe oI mosyocu / B.I1. Knonosa // KubepHeruka u cuctemublit ananus. — 2016. — Towm 52, Ne 3.
— C. 164-169.

PaccmoTpeH aHanMTHYEeCKMH METOJ HAaXOXKJIEHHs BepXHEH M HIDKHEH TIpaHUIl HpPH BPEMEHHOM
rnapameTpe, CTpeMsIeMcs K HyJIF0, BEPOSITHOCTH TOro, 4To Ipouecc JIeBu, cTapTyromuil U3 HyJis, OCTaeTCs Ha
MOJIOXKUTENIBHON IONyocH.  PacCMOTpeH TONBKO CIoydalf, KOTJa J[ACHCTBUTENbHAas M MHHMAas 4acTd
XapaKTePHCTUUECKON HKCIOHEHTHI PETYISIPHO MEHSAIOTCS Ha OECKOHEYHOCTH. B 3ToM ciyuae HaiiieHBI
OLIEHKH, a B HEKOTOPBIX CIyuyasX M TOUHbIE 3HAUEHHUs BBHIIICHA3BAHHBIX BEpXHEH M HIDKHEH IpaHuIL.

KuroueBble ciioBa: mporuecc JleBn, BEpOSTHOCTHas Mepa, MPEACIbHOC MOBEACHHE B MalOM BPEMCHH.

YJAK 519.21
MeToa noTeHUMANOB s cucteM THna M/G/1/m ¢ moporoBsIMu cTpaTerusiMmi (pyHKUHOHHPOBaHMS /
10.B. Kepnoswrii, K.}O. JKepnossrii // Kubepuernka n cucremuslii anammus. — 2016. — Tom 52, Ne 3. —
C. 170-181.

Im.: 0. Tabm.: 3. bibmiorp.: 12 Ha3s.

Ipemnoxxen MeTo uccieoBaHms cucTeM obcmyxuBanus M/G/1/m ¢ ¢pynxuueit ciydaiiHoro oropacsiBa-
HUS 335BOK U PacIpe/ieICHUEM BPEMEHHU 00CITy)KMBAaHMUS, 3aBUCSIINM OT JUTHHBI o4epean. [lomydeHsl Gpopmyibt
JUIs oTpeziesieHus npeoOpa3oBanuii Jlaruiaca pacrpeiesieH s Yuciia 3asBOK B CUCTEME B TEYEHHE TIepHo/ia 3aHs-
TOCTH, a TakKe QYHKIHH pacrpeeeHus IepUoia 3aHsATOCTU U JUIS BBIYHCIICHHUS CTALMOHAPHBIX XapaKTepHC-
TUK. COOTHOLICHUS [UIsl CTALIMOHAPHBIX XapaKTePUCTHK IIPOBEPEHBI ¢ HOMOIIBI0 HMHTAILIMOHHBIX MOJIEIIeH, Ho-
CTPOGHHBIX C HMCIIOJIb30BaHHEM HMHCTpyMeHTalbHBIX cpeactB GPSS World. TlpuBenen npuMep cpaBHEHHs pe-
3yIbTaTOB IPHMEHEHHS Pa3IMYHBIX CPEICTB YIPABICHHS HMapaMETPaMH CHCTEMBI OOCITy)KHBAHHS.

KitoueBble cjloBa: OJHOKAaHAIbHAs CHCTEMa OOCIY)KMBAHHsS, IIOPOTOBBIE CTPATerWH, ClydaiHOe
oTOpachIBaHUe 3asBOK, METOJ IOTEHIHAJIOB.

Metoa noreHuniamiB s cucreM THmy M/G/1/m 3 noporoBumMM crpaTerisiMu (GyHKUIiOHYBaHHS /
10.B. Kepnosuii, K.}O. Kepnosunii // KiGeprernka Ta cucremuuii anamiz. — 2016. — Tom 52, Ne 3. —
C. 170-181.

3anpoNoOHOBAaHO METOX IOCITIIKEHHS chucrteM obciyroByBanHs M/G/1/m 3 ¢yHKIi€I0 BHIAJKOBOTO
BIZIKHJIaHHS 3aMOBJICHb 1 PO3MOALIOM 4Yacy OOCIyroBYBaHHS, 3aJI€KHHUM Bi noBxuHH depru. Orpumano dop-
MYJIH /I BA3HAYCHHS IIepeTBOpeHb Jlamiaca po3no/iny KinbKOCTI 3aMOBJICHb Yy CUCTEMI IIPOTSITOM NEPioy 3a-
iHATOCTI Ta (yHKUIi pO3mOAiLTY Hepiofy 3alHATOCTI Ta ISl OOYHMCICHHs CTAIlIOHAPHUX XapaKTEPUCTHK.
CriBBIZHOIICHHS [UIsl CTALIOHAPHUX XapaKTEePHCTUK MEPEBIPEHO 3a JOMOMOIOI0 IMIiTaLliifHUX Mojereil, mody-
JIOBaHHX 13 BUKOPHCTAHHSIM IHCTpyMEHTAIbHUX 3ac00iB GPSS World. HaBeneHo npukiiaz mopiBHSIHHS pe3yiib-
TaTiB 3aCTOCYBaHHS PI3HHX 3ac00iB KepyBaHHs IapaMeTPaMH CHCTEMH OOCIyrOBYBaHHS.

KuiouoBi ci10Ba: oHOKaHAIbHA CHCTEMa 00CIYTOBYBaHHsI, TOPOTOBI CTPATErii, BUIIAKOBE BiIKHIAHHSI 3aMOB-
JIEHb, METOJI MOTEHI[ialliB.
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Potentials method for M/G/1/m systems with threshold operation strategies / Yu.V. Zhernovyi,
K.Yu. Zhernovyi // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 170-181.

We propose a method to analyze M/G/1/m queuing systems with the function of random dropping of
customers and distribution of the service time depending on the queue length. Formulas to determine Laplace
transforms of the distribution of the number of customers in the system during the busy period and of the distribution
function of the busy period and to calculate the stationary characteristics are obtained. The relations for the stationary
characteristics are tested using simulation models constructed with the assistance of the GPSS World tools. An
example of comparison of the results of the use of various control tools of system parameters is given.

Keywords: single-channel, queueing system, threshold strategies, random dropping of customers, potentials
method.

YIK 519.21
OO0 onaHoli 3agadye MACHTHQUKAIMHM CHCTEM € AUIMTHBHBIM JPOOHBIM OpOYHOBCKMM moJjieM /
E.H. [lepuena, C.I1. lllnura // Kubepuernka u cuctemuslii ananus. — 2016. — Towm 52, Ne 3. — C. 182-190.

In.: 0. Tabn.: 0. Bibmiorp.: 12 Hazs.

HcenenoBana 3asada HemapaMeTPHIECKOTO OLEHHBAHUS (HMAEHTH(UKAMI) Ul JOCTATOYHO MIMPOKOTO
KJacca CIyJalHBIX MOJIEH Ha IIOCKOCTH, YIOBJICTBOPSIONINX PEIICHUIO CTOXACTHUECKOro auddepeHnuansHo-
IO ypaBHEHUS B YACTHBIX NPOMU3BOAHBIX C AJAUTUBHBIM APOOHBIM OPOYHOBCKUM IIOJIEM. ACHMITOTHYECCKHE
CBOIiCTBa OIGHKM HapaMeTpa CHOCa HM3y4yeHbI C HCIONB30BAHHEM METOa CHTA.

KiaroueBble cioBa: 3amada I/II[QHTI/I(I)I/IKaI_II/II/I7 I[p06H06 6p0yHOBCKOC ImoJjie, mapamMeTp CHoca, METOJ CHuTa.

IIpo oany 3apauy inenTudikanii cucremM 3 alUTHBHUM Jpo0oBuM OpoyHiBcbkuM nojem / O.M. Jlepiesa,
C.II. IInura // KiGepHeruka ta cucteMHuid anamiz. — 2016. — Tom 52, Ne 3. — C. 182-190.

JlocnipkeHo 3a/1a4y HermapaMeTpUYHOTo OIiHIOBaHHS (iAeHTHdIKalil) 1 TOCTATHBO IIMPOKOTO KIacy
BHIIAJIKOBUX IOJIB HA IUIOLINHI, 5IKi 33JJ0BOJIbHSIOTH PO3B'S3KY CTOXAaCTUYHOTO AM(pEpPEeHIIaIbHOIO PIBHSHHS B
YACTUHHHX MOXIJHUX 3 aJUTHBHUM APOOOBHM OPOYHIBCHKHUM MOJIeM. ACHMITOTHYHI BIACTHBOCTI OLIHKH Mapa-
MeTpa 3CyBY BHBUYCHO 3 BHKOPHUCTAHHSIM METOJLY CHUTA.

KimouoBi cioBa: 3amada ineHtudikauii, 1podoBe OpOyHIBCbKE IMOJE, MmapaMmeTp 3CyBY, METOJ CHTa.

On a problem of system identification with additive fractional brownian field / O.M. Deriyeva,
S.P. Shpyga // Kibernetika i sistemnyi analiz. — 2016. — Vol. 52, N 3. — P. 182-190.

In the paper we investigate the problem of nonparametric estimation (identification) for a sufficiently
wide class of random fields on a plane satisfying the solution of stochastic partial differential equations with
additive fractional Brownian field. The asymptotic properties of the drift parameter are analyzed using the sieve
method.

Keywords: identification problem, fractional Brownian field, drift parameter, method of sieves.
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