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YIK 519.68+681.3
O HeKOTOPBIX 32/1a4aX aHAIH3a THOPUAHBIX aBTOMAaTOB / B.B. Ckobenes, B.I'. Ckobenes // Kubepuernka
u cucteMHbiii ananu3. 2018. Tom 54, Ne 4. C. 3-15.

In.: 0. Tabn. 0. Bi6miorp.: 13 HasB.

Annoranus. OmnpezeneH Kiacc 1-MepHBIX IHOPUAHBIX aBTOMATOB, B KOTOPBHIX B KaXKIOM JUCKPETHOM
COCTOSIHHH JUIS PA3JINYHBIX MHOXKCCTB HaYaJIbHBIX 3HAUCHUIT HENPEPHIBHOTO COCTOSHNUS AMHAMUKA MOXET OBITH
[PE/CTAaBICHA PA3IMYHBIMU U EPEHIMATPHBIMU yPABHCHHUSIMH, W 3aJaHa KOHEYHas MPOJIOJDKUTEIBHOCTD
9TOM AMHAMHUKH, KOTOPAsi MOKET OBbITh PA3IMYHON /IS PA3HBIX MHOXKECTB HayaJIbHbBIX 3HAUCHUI HENPEPHIBHOTO
cocTosHUs. [Ipe/IoxKeHbI alNrOPUTMBI PEIICHHS 33/l yCTPAHCHHS IPOTHBOPEUMS B 00BEKTaX, ONpPECIAFOIIIX
THOPUIHBIA aBTOMAT, COIJIACOBAHMUS dTHX OOBEKTOB OAUH C JAPYIHM, HAXOXK/JICHHS MHHUMAJIBHOTO YHCIIA TIepe-
KJTIOYEHUH U OLCHKU MHHHMAaJIBHOTO BPEMEHH, 32 KOTOPOE AUCKPETHBIC COCTOSHHUS JOCTIDKUMBI U3 MHOJKECTBA
HAYaJIbHBIX JIUCKPETHBIX COCTOSHHUM.

KurodeBble cioBa: ruOpHIHbIE aBTOMAThI, BEpH(HKAIHs.

Ipo nesiki 3amaui ananizy riopumaaux asromartiB / B.B. Ckobenes, B.I'. Ckoo6eneB // KiGepuernka Ta
cucremunii ananiz. 2018. Tom 54, Ne 4. C. 3-15.

AHorauis. BusHaueHo kiac 1-BUMipHUX TiOPHAHUX aBTOMATIB, Y SIKMX Yy KO)KHOMY JUCKPETHOMY CTaHi
JUIS PI3HUX MHOXKHH TOYaTKOBHMX 3HAUCHb HENEPEPBHOIO CTaHy JAWHAMiKa MOXe OyTH HpeJCTaBlICHA PIZHUMH
nudepeHIiaTbHIME PIBHSAHHAMH, Ta 331aHO CKIHUCHHY TPHBATICTD L€l ANHAMIKH, 5SKa MOXKE OYTH PI3HOIO AJIs
PI3HHX MHOXHH II0YaTKOBHX 3HAa4eHb HENEPEPBHOIO CTaHy. 3allpONOHOBAHO aJITOPUTMHU PO3B’SI3aHHS 3aja4
BIJIy4€HHsI CylIepedHOCTell B 00 €KTaX, sIKi BU3HAYAIOTh MOPU/IHII aBTOMAT, y3rO/PKEHHsI [IUX 00 €KTIB OJHH 3
OJIHHM, 3HAXO/DKCHHS MiHIMAJIBHOTO YHCIIa IIEPEMUKAHb Ta OLiHKU MiHIMAJIBHOTO 4acy, 3a sIKHil TUCKPETHI CTa-
HH JOCSOKHI 3 MHOXHHH [OYAaTKOBHX HUCKPETHHX CTaHiB.

Kurodosi cioBa: riopuani aBromarH, BepHQikais.

Some problems from the analysis of hybrid automata / V.V. Skobelev, V.G. Skobelev // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 4. P. 3-15.

Abstract. A class of 1-dimensional hybrid automata is defined, such that in each discrete state, the
dynamics can be presented by different differential equations for different sets of initial values of continuous
state, each dynamics duration is finite, and can be different for different sets of initial values of continuous
state. Algorithms are proposed to solve problems of eliminating contradictions in objects that define the hybrid
automata, of coordinating these objects with each other, calculating the minimum number of switchings, and
estimating the minimum time for reachability of discrete states from the set of initial discrete states.

Keywords: hybrid automata, verification.

YK 519.713.1
CunTe3 X-aBTOMATOB, crenH(UIHPOBAHHBIX B Jornyeckux si3pikax LP m LF mepBoro mopsinka /
A.H. Yedorapes // KubGepueruka u cucremublii ananmu3. 2018. Tom 54, Ne 4. C. 16-31.

In.: 2. Tabn. 0. Bibmiorp.: 6 Haszs.

AHHoTauus. [IpuBeIcHbI METO/IbI CHHTE3a X-aBTOMATOB 110 crielu(uKaIuu B si3bike LP ¢ 1erepMuHUpO-
BAHHOW CEMaHTUKOW M B si3bIke LF ¢ HelleTepMUHUPOBaHHONM CeMaHTHKOI. B OCHOBE THX METOJIOB JIEXKHT JK-
BHBAJICHTHOE ITpeoOpazoBanue Gpopmyiisl Busa ViF (1) B TaKk Ha3bIBaeMYH HOPMAJIBHYIO (OpMY, CTPYKTYpa KO-
TOpPOM COOTBETCTBYET rpadyy MepexoJoB CHEHU(PUIMPOBAHHOIO X-aBTOMATa.

KmioueBble cioBa: X-aBromar, LP-¢popmyna, LF-popmyra, aBromaTHas ceMaHTHKa, HOpMaibHas (opma,
OpPTOrOHAIU3aLHsL.

CuHre3 X-aBroMatiB, mo cneuudikoBani y Jjorivamx moBax LP i LF mnepmoro mnopsiaky /
A.M. YeborapboB // Kibepuetnka Ta cucremuuii anamis. 2018. Tom 54, Ne 4. C. 16-31.

AHorauis. HaBeneHo merou CUHTE3y X-aBTOMATIB 3a crienudikanismu y Mosi LP 3 nerepmiHoBaHOIO
CeMaHTHKOIO i y MOBi LF 3 He/leTepMiHOBaHOIO CEMAaHTHKOIO. B OCHOBI LIMX METO/IIB JISKUTh €KBiBaJICHTHE Ie-
perBopents Gopmynu Burisiay ViF () B Tak 3BaHy HOpMaJbHY (OpMy, CTPYKTypa sIKOI BiAmoBigae rpady me-
pexoniB crenudikoBaHoOro X-aBTOMaTa.

KurouoBi ciioBa: X-asromar, LP-¢popmyna, LF-popmyna, aBromatHa cemMaHTHKa, HOpMalibHa (Gopma, OpToro-
HaJti3alis.
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Synthesis of Z-automata specified in the first-order logical languages LP and LF / A.N. Chebotarev //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 16-31.

Abstract. This paper presents methods for synthesizing X-automata from specifications in the language
LP with deterministic semantics and in the language LF with nondeterministic semantics. These methods are
based on the equivalent transformation of the formula of the form V#F (¢) into a so called normal form whose
structure corresponds to the state transition graph of a specified automaton.

Keywords: X-automaton, LP-formula, LF-formula, automatic semantics, normal form, orthogonalization.

YK 004.896
IIpoGieMBbl MOCTPOEHHS] HMHTENIEKTYaJbHBIX CHCTeM. YpoBHH HHTeiekTa / B.IO. Meiitye //
Kubeprernka n cucremuslii anamms. 2018. Tom 54, Ne 4. C. 32-44.

Im.: 1. Tabn. 0. Bi6bmiorp.: 10 Ha3s.

Annoranus. OnucaHa pa3paboTKa TEOPUH MOCTPOCHHUS HHTEIUIEKTYAlIbHBIX CUCTEM, CO3JQHHBIX IS pe-
IICHKS 33/1a4 B IIPOM3BOJIBHBIX IPEIMETHBIX 001acTAX. PaccMOTpeHBI Iporecchl MOACIUPOBAHNUS MPEAMETHOH
00J71aCTH Ha OCHOBE HCIIONB30BAHMs OHTOJIOTMYECKOTO TPE/ICTABICHNS, BKIIFOYAIOIIETO JIOTUKY, U 3aJaHus OT-
JIETBHBIX 3JIEMEHTOB MOJIENH KaK TPHaJ], COCTOSIINX U3 YKCTEHCHOHANIA, HHTEHCHOHANA ¥ KoHHOTarmu. [Ipen-
JIOJKEHBI OIPE/ICICHUS yPOBHEHl HHTEIUICKTA, KK/l U3 KOTOPBIX COOTBETCTBYET YPOBHIO BO3MOXKHOCTEH HMH-
TEIUICKTYaIbHOW CHCTEMBI.

KiroueBble cioBa: WHTECIUICKT, UHTCIUICKTYaJIbHasl CUCTEMA, YPOBEHb MHTECIIJICKTA, IIPEAMETHAA 06H3CTL, OHTO-
JIOTHsA, OHTOJIOTHYECKasA MOICIb.

Ipo6semn modynoBn iHTenekTyanbHux cucrem. PiBui inTenexty / B.KO. Meiitye // Kibepretnka Tta
cucremunii anami3. 2018. Tom 54, Ne 4. C. 32-44.

Anorauis. Onucano po3poOsieHHsT Teopil MOOYIOBH IHTEICKTYaIbHUX CHUCTEM, CTBOPEHHX IS PO3B’s-
3aHHA 3aJa4 y JOBUIbHUX MPEIAMETHUX 00nacTsaX. PO3risiHyTO mpouecu MOJIeNOBaHHs MPEeIMETHOT 00IacTi Ha
OCHOBI BUKOPHCTAHHSI OHTOJIOTIYHOTO TOJaHHSI, 1[0 BKJIFOYAE JIOTIKY, | BU3HAUCHHS OKPEMHUX €JIEMEHTIB MOJIEIi
SIK Tpiaj, sIKi CKJIAJAI0ThCs 3 eKCTEHCIOHANA, IHTeHCIOHala 1 KOHOTawil. 3alpOIIOHOBaH] O3HAUYCHHS PIBHIB iHTe-
JIEKTY, KOXKHHH 3 SIKHX BIIIIOBIZa€ PIBHIO MOXJIMBOCTEH IHTENEKTYalbHOI CHCTEMH.

KimioueBble cjIoBa: iHTEJNEKT, IHTEJICKTyalbHa CHCTEMa, PIBEHb IHTENEKTY, MPEIMETHA00IacTb, OHTOJIOTIS,
OHTOJIOTIYHA MOJIEIIb.

Problems of constructing intelligent systems. Levels of intelligence / Meytus V. // Kibernetika i sistemnyj
analiz. 2018. Vol. 54, N 4. P. 32-44.

Abstract. The study is devoted to the development of the theory of construction of intelligent systems
(IS), created to solve problems in arbitrary subject areas. The decision process consists of modeling the subject
area based on the use of an ontological representation, involving logic, and assigning individual elements of the
model as triads consisting of an extensional, intensional, and connotation. The paper proposes definitions of the
levels of intelligence. Each such level determines its level of capabilities of the intelligent system.

Keywords: intellect, intelligent system, intelligence level, subject area, ontology, ontological model.

VK 517.9
YcuileHHOe MapeToBCKOe paBHOBecHe /ISl MTP Ha Hepecekalomuxcss MHo:kecTBax / J.P. CMoibskoB //
Kubepueruka u cucremubiii anaiaus. 2018. Tom 54, Ne 4. C. 45-55.

In.: 3. Tabn. 0. Bibmiorp.: 20 Ha3B.
Annoranusi. IIpe/utoKeHO HOBOE MOHATHE PABHOBECHS. Ero MOMKHO HCIOIB30BATH IS OMPEACICHUS

CNPaBeUTMBOTrO Paclpe/ieIeHNs] B KOONIEPATHBHBIX UIPaX Ha MEPeceKarolInXcs MIPOBBIX MHOXKECTBAX M yTOU-
HEHUSI UEePAPXMUYECKONW 3aBUCHMOCTH MEXJy HM3BECTHBIMH DPaBHOBECHSMHU.

KiroueBble ciioBa: I(OH(I)J'II/IKTHI)IB 3aa4Yu Ha INCPECCKAIOIIMXCA MHOXKCCTBAX, UT'POBBIC PAaBHOBCCHUA.

IMincunena mnaperoBcbka piBHOBara mias irop Ha meperuHHux MHoxuHax / E.P. CmoabskoB //
KiGepuetuka ta cuctemuuit ananiz. 2018. Tom 54, Ne 4. C. 45-55.

AHoTanis. 3anpornoHOBAHO HOBE MOHATTS piBHOBAr. Voro MojkHa BHKOPHCTOBYBATH JUIS BU3HAUCHHS
CIIPaBEUIMBOTO PO3IMOALTY y KOONEPATUBHHMX irpax Ha IEPETHMHHHMX IrPOBUX MHOXKMHAX Ta YTOYHCHHS
iepapXidgHOi 3aJIeXKHOCTI MiXk BIJOMHMH DPiBHOBaramw.

KurouoBi csioBa: KOH(IIKTHI 3a7a4i HA NEPETUHHUX MHOXKHHAX, irpoBi pIBHOBAr.

Strongest pareto equilibrium for games on crossing sets / E.R. Smol’yakov // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 4. P. 45-55.

Abstract. A new concept of equilibrium is proposed. It can be used for definition of just sharing in
cooperative games on crossing sets and for definition of more strict dependence between different equilibria.
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Keywords: conflict prolems on intersected sets, game equilibria.

V]IK 519.854.33
Ipudan:KeHHbI  AJITOPUTM  JIEKCMKOrpa)MYeCKOro IMOMCKa BO MHOIMX IHOPSAKax pelleHus
MHOroMepHoii 0y;eBoii 3axaun o panue / C.B. YUynos // KubepHerrka u cucremublii ananus. 2018. Tom 54,
Ne 4. C. 56-69.

In.: 4. Tabn. 3. Bi6miorp.: 14 Ha3zs.

AnHoTanus. [IpeanoxeHa HoBast cxema NPUOIMKEHHOTO JIEKCUKOTIPa(hUUECKOro MOUCKa PEIeHUs] MHO-
romepHoi OyseBoit 3a1aun o panue. OCHOBHAs Jiesl AITOPUTMA COCTOUT B TIOCTEIICHHOM OIPEICIICHHUH JICKCH-
Korpauyeckoro nopsiaka (yropsiioueHus IEPEeMEHHBIX), B KOTOPOM «Ka4eCTBEHHBIC» PEIICHUS 3a/a4i [pH-
HAJUIeKAT TPSIMOMY ABYCTOPOHHEMY JICKCHKOTPa()HIECCKOMY OrPAaHHYCHHIO, BEPXHsS IPaHHLA KOTOPOro —
JIeKCUKOrpaduuecKril MaKCHMYM MHOKECTBA JIOITYCTHMBIX PEIICHHI 3a/1a4i B 3TOMY nopsiake. [TockonbKy 1mo-
HCK «Ka4eCTBEHHBIX)» PEIICHUH B Ka)KIOM HOPSIKE OCYIICCTBISICTCS HA OTPAHUYCHHOM JICKCUKOTPahuuecKOM
UHTEpBae, pe/yIaracMblil aIrOPUTM Ha3BaH OrPAHUYCHHBIM JICKCHKOrpaduyeckuM norckoM. KadectBo pabo-
ThI TIPUOJIMKEHHOTO METOJa OIPAHMYCHHOIO JIEKCHKOIPahHIEeCKOro MOMCKa HCCIEAYeTCs ¢ MOMOIIBIO pellle-
HUSI TECTOBBIX 3ajla4y M3 M3BeCTHbIX HaOopoB Beasley u F. Glover—G.A. Kochenberger.

KiioueBble ciioBa: NeKCHKOrpadHICCKUil MOPSAOK, JTEKCUKOrpahuueckuii MakKCHMyM, MHOTOMepHas OyiieBa
3ajia4a O paHIE, AITOPUTM JIEKCHKOIPAQUUECKOro MOKCKA.

Habanxennii anropurm jJexkcukorpagivHoronomyky y 6aratb0X mopsiikax pos3s’s3ky 6aratoBumipHoi
oyseBoi 3axa4i npo panens / C.B. UynoB // KibGepHernka Ta cucremumii anamiz. 2018. Tom 54, Ne 4.
C. 56-69.

AHoTanis. 3anporoHOBAHO HOBY CXEMY HaOJIMKEHOTO JIEKCHKOrpadiuHOro mouryky pos’s3Ky GaraTo-
BUMIpHOI OyJieBoi 3amaui npo paxers. OCHOBHA ijiest alrOpUTMYy TOJISITA€ Y MMOCTYIIOBOMY BH3HAYEHHI JICKCH-
KorpaiuHOro MoOpsAKy (BIIOPSAKYBAHHS 3MIHHUX), y SKOMY <GIKICHI» PO3B’S3KH 3aJadi HaJIEKATb HPSIMOMY
JIBOCTOPOHHBOMY JICKCHKOTpaiuHOMY OOMEKEHHIO, BEPXHSI MEXka SIKOTO € JEKCHKOrpadidHnM MaKCHMYyMOM
MHOXXMHHU JOIyCTUMHUX PO3B’A3KIB 3a7a4l y IbOMY NOPsAAKY. OCKUIBKH MOIIYK «SKICHUX» PO3B’SI3KIB Y KOXKHO-
MY MOPSAKY 3AIHCHIOETHCS HAa OOMEKEHOMY JIEKCHKOrpadiaHOMY 1HTEpPBaJI, 3aMPOMOHOBAHHIA aITOPHTM Ha3Ba-
HO 0OMEXCHUM JICKCUKOTpadiqHUM MOIIyKoM. SIKicTh poOOTH HAOIIKEHOTO METOLY OOMEKEHOTO JEKCHKOT-
pagivHOrO MOLIYKY JOCIIUKETHCS 3a JOMOMOIOK PO3B’sI3aHHS TECTOBHX 3aJa4 3 Biomux HabopiB Beasley Ta
F. Glover—G.A. Kochenberger.

KumiouoBi ciioBa: nexcuxorpadiqHuil HOpsIoK, JiekcukorpadiuHuil MakcuMyM, baratoBuMipHa OyJieBa 3a1ada
PO paHellb, AITOPUTM JICKCHKOTrPa(iyHOro MOLIYKY.

An approximate algorithm for lexicographic search in multiple orders for the solution of the
multidimensional Boolean knapsack problem / S.V. Chupov // Kibernetika i sistemnyj analiz. 2018. Vol. 54,
N 4. P. 56-69.

Abstract. A new scheme of approximate lexicographic search is proposed for the solution of the
multidimensional boolean knapsack problem. The main idea of the algorithm is gradual definition of
lexicographic order (ordering of variables) in which “qualitative” solutions of the problem belong to a direct
two-sided lexicographic constraint whose upper bound is the lexicographic maximum of the set of feasible
solutions of the problem in this order. Since the search for “qualitative” solutions in each order is carried out on
a bounded lexicographic interval, the proposed algorithm is called a bounded lexicographic search. The quality
of the approximate method of bounded lexicographic search is investigated by solving test problems from the
well-known Beasley and Glover—Kochenberger sets.

Keywords: lexicographic order, lexicographic maximum, multidimensional boolean knapsack problem,
lexicographic search algorithm.

CUCTEMHHUIA AHAJII3 SYSTEMS ANALYSIS

VK 519.85
O0600mennbrii Meron umnconno / ILU. Cremiok, A.B. ®eciok, O.H. Xomsak // Kubeprernka un
cuctemusbiii ananu3. 2018. Tom 54, Ne 4. C. 70-80.

In.: 0. Tabn. 0. Bi6miorp.: 12 Ha3s.

AnHotanust. [IpHBe/IeH alroOpUTM ¢ PacTsHKEHHEM IIPOCTPAHCTBA, KOTOPBIH IPH OIPE/ICICHHOM BbIGOpE
K03 PULHEHTA PACTIHKEHHUS SIBISCTCS METOJOM OIMCAHHBIX JJUIMIICOMOB. YaCTHBIM €ro CllydaeM sBISeTCs
meron sumnconnos FOnuna—Hemuposckoro—Illopa. Onucano npuMEHEHHE alrOpHTMa Il PELICHUs 3a/auH
BBIIIYKJIOTO MPOrPAMMUIPOBAHKS M 3aJaud I[OUCKA CEIIOBON TOYKH BBIMYKIO-BOTHYTON (yHKIIHIL

KiroueBble cjioBa: METOJ SJUIMIICOUIOB, OIIEPATOP PACTIKCHUA IIPOCTPAHCTBA, noxanmy}omni’l SJUTAIICOU T,
3a/lada BBIIIYKJIOTO IIPOrpaMMHUpPOBaHUs, CEJIOBAas TOYKa BLIHyKHO-BOI‘HyTOﬁ beHKI_II/II/I
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V3aranasHennii metox exincoinis / IL.I. Cremiok, O.B. ®ecrok, O.M. Xom’sik // KibepHeTrka Ta CHCTEMHHI
ananisz. 2018. Tom 54, Ne 4. C. 70-80.

AwnoTanisi. HaBeneHo anroputM 3 po3Tsirom mpocTopy, sKuii 3a MEBHOrO BUOOPY KoedilieHTa po3Tsry €
METOIOM OMICAHUX CITMCOifiB. MOro 4acTKoBMM BHIMaZKoM € Metox emincoini FOmina—HemHpoBchKo-
ro—Illopa. OnucaHo 3acTOCYBaHHs ajJrOpUTMYy JUIs pO3B’sI3aHHS 3a/1aui OMYKJIOro MPOrpaMyBaHHs i 3ajadi 1o-
LIyKy CIZTOBOI TOYKH OITyKJIO—YBIrHYTOI (YHKI.

KuiouoBi ciioBa: MeTo[ eINcoiiB, omnepaTop po3TACHEHHs IPOCTOPY, JIOKATI3YIOUH eTiNcoi/, 3a1a4a OmyK-
JIOTO TIPOrpaMyBaHHS, CiJjioBa TOYKA OMYKJIO—YyBirHyTol (yHKIIi.

Generalized ellipsoid method / P.I. Stetsyuk, O.V. Fesiuk, O.N. Khomyak // Kibernetika i sistemnyj analiz.
2018. Vol. 54, N 4. P. 70-80.

Abstract. An algorithm with space dilation is presented, which is the circumscribed ellipsoid method
under a certain choice of tensile coefficient. It is shown that its partial case is the Yudin—Nemirovsky—Shor
ellipsoid method. The application of the algorithm for solving a convex programming problem and the problem
of finding a saddle point of a convex-concave function are described.

Keywords: ellipsoid method, space dilation operator, localizing ellipsoid, convex programming problem,
saddle point of convex-concave function.

YIK 519.85

O ABYX MOAX0JaX K MOJEJIUMPOBAHHI0O M PElIEeHHI0 33JaYd YNAKOBKH BBINYKJBIX MHOTOIPAHHUKOB /
10.E. Crosin, A.M. Yyraii, A.B. Ilankpatos, T.E. PomanoBa / KuGepHerrnka u cucreMHblil ananus. 2018.
Tom 54, Ne 4. C. 81-90.

In.: 2. Taba. 1. Bi6Gmiorp.: 24 na3Bu.

AnHoTtanus. PaccMoTpeHa 3ajada yIakoOBKU BBITYKJIBIX MHOTOTPAHHHMKOB B IIapaUICICHHIC] MHHH-
MajJabHOTO o0beMa. JIIsi aHaIUTUYECKOrO OMMCAHKS OTHOLICHUH HelepecedeHNs] MHOTOIPAaHHUKOB, JOIyCKaro-
IUX HeNpPEepbIBHbIE TPAHCIISILIUK M IOBOPOTHI, HCIOIb30BaHbl phi-QpyHKINH WIH KBa3u-phi-GyHkimu. IToctpoe-
Ha MaTeMaTUYeCcKas MOJe/lb B BUJE 3a7aul HEJIMHEHHOro NporpaMMHpOBaHuUs, MCCIel0BaHbl ee cBoiicTBa. Ha
OCHOBAHMH OOIIEH CTpaTern peleHHs IPeJIOKeHO Ba [I0X0/a, YIUTHIBAIOIINE 0COOCHHOCTH phi-QyHKUNH 1
kBasH-phi-pynxnuid. [TpuBeeHs! pe3ybTaThl CpaBHEHUS (P (GEKTUBHOCTH STHX IOJXOIO0B 110 3HAYCHUIO (DYHK-
UM IeTd H BPEMEHH PEIICHHS.

KirodeBble ci10Ba: yrnaKkoBKa, BHITYKJIbIe MHOTOTPAHHHUKH, phi-DyHKIHA, KBa3H-phi-(pyHKIHMs, MaTeMaTH4eC-
Kasi MOJIeNb, HEJIMHEHHAs ONTHMM3aLus.

Ipo aBa mixxoau 0 MOAEJTIOBAHHS Ta PO3B’SA3aHHS 3a/a4i MAKYBAaHHA ONYKJIUX 0araTOrpaHHMKIB /
10.€. Crosin, A.M. Yyraii, O.B. Ilankparos, T.€. Pomanosa // KibepHeruka ta cucreMHuid anaii3. 2018.
Tom 54, Ne 4. C. 81-90.

AmnoTanist. Po3rsiHyTO 3a7ady IaKyBaHHsS OIYKINX OaraTOIpaHHHKIB y Hapajelnernine]i MiHIMaJbHOro
00’emy. JJJIst aHAIITHYHOTO ONHUCY BiJHOIIEHb HEIEPeTHHAHHS 0araTorpaHHUKIB, IO JOIMYCKAIOTh Oe3lepepBHi
TpaHCIALIT Ta MOBOPOTH, BUKOpUCTAHO phi-QyHKLIT ab0 kBazi-phi-¢yHkuiil. [I00y10BaHO MaTeMaTHYHY MOJEIb Y
BUIJISA/IL 3371441 HENIHIKHOTO MpOrpaMyBaHHs Ta JOCIIpKeHO i BiactuBocTi. Ha 6asi 3aranbHOi cTpaterii po3s’s-
3aHHI 33/1a4i 3aIPOINOHOBAHO JBA ITiIXO/H, 1[0 BPaXOBYIOTh OCOOIMBOCTI phi-DyHKIIH 1 kBasi-phi-pynkuiit. Ha-
BEJICHO PE3yJIbTATU MOPIBHIHHS epEeKTHBHOCTI LHX MiAXOIIB 32 3HAYCHHAM (YHKLIT L[iJTi Ta Yacy po3B’sI3aHHS.

KuirouoBi ciioBa: makyBaHHS, ONMyKJl OaraTorpaHHUKH, phi-QyHKIis, KBaszi-phi-QyHKIis, MareMaTHYHA MO-
JieNb, HETIHIHHA ONTHMI3allis.

On two approaches to model and solve the packing problem for convex polytopes / Y.E. Stoian,
A.M. Chugay, A.V. Pankratov, T.E. Romanova // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4.
P. 81-90.

Abstract. We consider the packing problem for convex polytopes in a cuboid of minimum volume. To
describe analytically the non-overlapping constraints for convex polytopes that allow continuous translations
and rotations, we use phi-functions and quasi-phi-functions. We provide an exact mathematical model in the
form of an NLP-problem and analyze its characteristics. Based on the general solution strategy, we propose two
approaches that take into account peculiarities of phi-functions and quasi-phi-functions. Computational results
to compare the efficiency of our approaches are given with respect to both the value of the objective function
and runtime.

Keywords: packing, convex polytopes, phi-function, quasi-phi-function, mathematical model, nonlinear
optimization.
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VK 519.816

MHOroKpuTepHaibHOE NPUHATHE PELICHHIi HA 0CHOBE MCIOJIb30BAHHS MHOKECTBA ONTHMH3ALHOHHBIX
metooB / M.M. Iloremkun, U.}O. CBuna // Kubepuernka u cucremubiii anamus. 2018. Tom 54, Ne 4.
C. 91-97.

In.: 1. Tabn. 3. Bibmiorp.: 10 Ha3B.

AnnoTtanus. IIpuBeneH mMoaXox K MHOTOKPHTEPHAIBHOMY IPHHATHIO PELICHHII IPH HCCIEIOBAHUIX
CIJIOKHBIX CHCTEM, OCHOBaHHBIM Ha UCIIONB30BAHUU PE3yIbTaTOB, HOMYUYCHHBIX C IPUMEHEHUEM MHOKECTBA Me-
TOJOB (KaK pamwXMpOBaHMs, TaK U (GOPMHUPOBAHUS spa), YTO 0OECIEUYNBACT YBEINUCHE CTEIIEHH 00OOCHOBAH-
HOCTH IIOJTy4aceMbIX PE3yJbTAaTOB 3a CUCT MOBBIICHHS IOJHOTBI CPaBHEHUs AlIbTCPHATHB.

KiroueBbie cjioBa: AIBTEPHATHBA, MHOTOKPUTEPUATIBHOC IIPUHATHE peI].IeHPIﬁ, MHOI‘OKpHTepMaJ'ILHLIfI METO/,
TI0JTHOTAa CpaBHEHMUS, HpPIOpPITeTHLIfI pAn, CilIOXKHasE CUCTEMa, SAApPO aJIbTECPHATHUB.

BaraToxpurepiiine NpuiiHATTS pilleHs HA OCHOBi BUKOPHCTAHHS MHOKHHM ONTHMi3aumifiHMX Me-
toxi / M.M. Ilotbomkin, I.FO. Ceuaa // Kibeprernka ta cucremunii ananis. 2018. Tom 54, Ne 4. C. 91-97.

Amnoranis. HaBesieHo mijxin 10 6araTokpuTepiifHOro NpuHHATTS pillieHb i 9ac TOCIi/PKEHb CKIIaJIHUX
CHCTEM, SIKHH TPYHTYEThCSI HA BUKOPHCTAHHI PE3y/bTaTiB, OTPHMAHUX 3aCTOCYBAHHAM MHOXXMHH METOMIB (SIK
pamKyBaHHS, TaK 1 (OPMyBaHHS spa), IO 3a0e3redye 30UIbIICHHS CTYIICHIO O0IPYHTOBAHOCTI OTPUMYBAaHHX
pe3yJIbTaTiB 332 PaXyHOK IiJBHIICHHS IIOBHOTH HOpPIBHSHHS aJbTEPHATHB.

Kurodosi cioBa: anerepHaTHBa, OaraToKpuTepiiHe MPHIHATTS pillleHb, OaraTOKPUTEPIHHUIA METOJ, TIOBHOTA
TOPiBHSHHS, TPIOPUTETHUH PsI, CKJIAJHA CHCTEMa, SAPO albTEPHATHB.

Multi-criteria decision making based on using a set of optimization methods / M.M. Potiomkin, L.Y. Svida
/I Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 91-97.

Abstract. The authors provide an approach to multi-criteria decision making in the analysis of complex
systems. It is based on the results obtained from a number of methods (ranking as well as forming of the
kernel), which increases the substantiation of the results due to increasing the completeness of alternatives
comparison.

Keywords: alternative, multi-criteria decision making, multi-criteria method, completeness of comparison,
preferred range, complicated system, kernel of alternatives.

VK 620.179.1.001.5
O B0O3MOKHOCTH MHOTOBOJIHOBOH HaeHTHHKauH JedexToB B cBasx / A.H. Tpopumuyk, F0.H. Kamiox,
B.A. Jynnn, SI.A. Bepuyn // KubGeprernka n cucremubiii anamus. 2018. Tom 54, Ne 4. C. 98-108.

In.: 4. Tabn. 0. bi6miorp.: 21 Ha3Ba.

AHHoTanus. O60cHOBaHA HEOOXOAUMOCTB CO3/1aHHs 000OIIEHHON MOJIENIN CBaM, KOTOpast O3BOJIsIIA Obl
oJTy4aTh GoJiee MPaBIONoI00HbIE CUTHAIOIPAMMBI BOJIHOBBIX IIPOLIECCOB B JKEI€300€TOHHBIX cBasX. Mcnomb-
30BaHUE CYLICCTBYIOLIMX HAa CETOJHSILIHUI JICHb MOJEIICH HE MO3BOJISET AMArHOCTUPOBATh Ie(EKThl B CBasX
C IOCTaTOYHOU TOYHOCTBIO. Pa3paboTaHO HECKOJIBKO BOJIHOBBIX MOJENCH CHTHAIOrPaMM, OCHOBAHHBIX Ha Me-
TOJIe KOHEYHBIX PA3HOCTEH W YINTHIBAIOIINX PA3INYHbIEC BHIbI KOIEOATEIBHBIX MIPOIIECCOB B XKEIE300€ TOHHBIX
CBasiX B rpyHTe. Mojienu criocoOHBI OMICATh PA3IHYHBIC TUITBI U MECTOIONOKEHMUS Ae(PEKTOB 10 [UTHHE CBAH,
yUYeCTh IPYHTOBBIC YCIIOBUS CTPOUTEIBHON IUIOMAAKH U Ap. OHM MO3BOJSIOT UMUTHPOBATh HA CUTHAJIOTPaMMe
9X0 OT AC(EKTOB C 3aJaHHBIM IIaroM. Tenepb MOXKHO OyZeT He TOJbKO ONPENCNATh JUIMHY CBaH M MECTOHA-
XOXKIeHHe e(eKTOB, HO U JieNaTh WACHTU(UKALHIO 1eGeKTOB MalbIX pasMepoB (Menee 30% OT MIIOmIaIH 1Mo-
MEPEYHOr0 CEYCHUsI CBau). B OJHOMEPHOM Cilyyae IMOJYYCHHBIC MOJICIH COBIAJAIT C yXKE H3BECTHBIMH,
a B TPEXMEPHOM — SIBISIIOTCS MX 0000UmIEHHEM

KuaroueBble cioBa: I/I}I[CHTI/I(i)PIKaI_H/Iﬂ, Z[e(peKTBI, CBasl, OTPa)XCHHBIC BOJIHBI, YUCJICHHOC MOICIIMPOBAHUEC.

IIpo mMoxauBicTh 6araToxXBHiIbLOBOI inenTudikanii fedexris y maaax / O.M. Tpopumuyk, 10.1I. Kamiox,
B.A. Jynin, 51.0. Bepuyn // Ki6epuernka Ta cuctemuuii anamiz. 2018. Tom 54, Ne 4. C. 98-108.

Anorauis. O0rpyHTOBaHO 1oTpedy y moOyA0BI y3araabHEHOT MOJIeNi mali, sika 6 3a0e3neunsia OTpuMaH-
H$1 OUIBII TIPaBONOAIOHUX CHTHAIOTPaM XBUIIBOBUX MPOLECIB Y 3a1i300€TOHHUX Nasisix. BukopucTanHs cyvac-
HHUX MOJeJeil He Jae 3MOTH IiarHOCTyBaTd Ae(heKTH B MasiX 3 JOCTATHBOIO TOYHICTIO. PO3pobiieHo aexiiabka
XBHJIBOBHMX MOJICJICH CHTHAIOrpaM, 1o 0a3yloThCsl HA METOlI CKIHYCHHHMX PI3HUIb Ta BPAXOBYIOTh Pi3HI BUJIH
KOJIMBAJIGHUX IIPOIIECIB y 3a/1i300€TOHHMX NaJsIX y IpyHTi. MoJeii 31aTHI ONKCaTH Pi3HI THIIH Ta MicLs po3Ta-
nryBaHHs JIe)eKTiB IO JOBXKUHI I1aJi, BpaXyBaTH IPyHTOBI yMOBH OyZIiBeIBHOTrO MaiigaHunka Tomo. Bonu na-
IOTh 3MOTY IMITYBaTH Ha CHTHAJIOTpaMax BIAJIYHHS BiJ JeeKTiB i3 3alaHUM KPOKOM. Terep MOKHA HE JIHIIE
BH3HAYATH JJOBXHUHY IaJIi Ta MiCLIe3HAX0/KEHH Ae(eKTiB, aine i 31iHCHIOBATH ineHTHDIKAIiI0 1e(eKTIB Mannux
po3mipis (mMenmre 30 % Bij IUIOLII MOHEPEYHOro Mepepisy naii). B oaHoBuMipHOMY BUNAJAKy OTpUMaHi MOAEIL
30iraloTbCsl 3 yKe BIIOMHMH, a Y TPHBUMIPHOMY — € iXHIM y3araJbHCHHSIM.

KuarouoBi cioBa: inentudikamis, nedexru, mans, BigOUTI XBHII, 4YMCEIbHE MOJCITIOBAHHS.
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On the possibility of multi-wave identification of defects in piles / O.M. Trofymchuk, Yu.l. Kaliukh,
V.A. Dunin, Y.A. Berchun // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 98-108.

Abstract. The authors substantiate the necessity of creating a generalized pile model, which would allow
obtaining more plausible signalograms of wave processes in reinforced concrete piles. Using currently available
models does not allow detecting defects in piles with sufficient accuracy. Several wave models of signalograms
are developed, which are based on the finite difference method and take into account different types of
oscillatory processes in reinforced concrete piles in the ground. The models are able to describe different types
and locations of defects by length of the pile, take into account ground conditions of the construction site, etc.
They allow simulating on the signalogram the echo of defects with specified increments. Now it will be
possible not only to determine the length of the pile and location of defects, but also to identify small defects
(less than 30% of the cross-sectional area of the pile). In the one-dimensional case, the obtained models
coincide with those already known, and in three-dimensional case the obtained models are a generalization of
the already known ones.

Keywords: identification, defects, pile, reflected waves, numerical simulation.

VIK 517.9:517.87

OueHka  HECTAUMOHAPHBIX  MapaMeTpoB AU @epeHUMANbHBIX  YPaBHeHMii B YCJIOBHAX
neonpenenennocrn / A.I'. Hakoneunwrii, F0.M IlleBuyk, B.K. Yukpmnii / Kubepuernka u cuCTeMHbIN
anamu3. 2018. Tom 54, Ne 4. C. 109-121.

In.: 1. Taba. 0. Bi6miorp.: 10 Ha3B.

AnHoTanus. IIpecTaBieH aropuT™ HaXOKJIEHUs ONTHMAIbHBIX IO (YHKIMOHAY H TapaHTHPOBAHHBIX
OIICHOK HECTAIIMOHAPHBIX MTapaMeTpoB cucTeM JuddepeHImanbHeIX ypaBHenuil. [TomyueHHbIe pe3ynbTaThl pac-
TIPOCTPAHEHBI Ha CIy4ail JUCKPETHBIX HAaOMIOeHHH Ul cucTeM anudepeHnnanbHbIX ypaBHeHnid. B kauecTse
IpUMepa NPeJICTABIEHBl PE3YIBTAThl OLECHKH IIapaMEeTPOB IS MATEMATHIECKOH MOJIENH PAacIpOCTPAaHEHHUS HH-
(dopmanum 0HOTO BHIA B COIMYME.

KuroueBble ciioBa: muddepeHIManbHbIe ypaBHEHHs, HECTAMOHAPHEIE TapaMeTPBl, ONTHMAIIBHBIC 0 (HYHKIH-
OHAJly OIEHKH, TapaHTUPOBAHHEIC OLEHKH, HEOIPENEICHHOCTD.

Ouinka HecTaunioHapHMX mnapamerpiB aAudepeHUiaJLHUX PiBHSAHb B YMOBaX HEBU3HA4YeHOCTi /
O.I'. Hakoneunuii, }10.M. IlleBuyk, B.K. Unkpiii // Kidepueruka ta cucremuuii ananis. 2018. Tom 54, Ne 4.
C. 109-121.

AnoTanis. HaBeJIeHO alropuT™ 3HaXOKEHHs ONTHMAIILHUX 33 (YHKIIOHAJIOM Ta TapaHTOBAHUX OLIHOK
HeCTalliOHApPHUX MapaMeTpiB cucteM AudepeHIiatbHuX piBHAHb. OTpUMaHi pe3ysIbTaTH MOMIMPEHO HA BUTIAI0K
JIMCKPETHUX CIIOCTEPEKEHb ISl CUCTEMH IM(epeHIialbHuX PiBHAHB. SIK MPUKIAL IPEICTABICHO Pe3yIbTaTh
OI[IHKM TapaMeTpiB Ui MaTeMaTUYHOI MOJENI MOIIMPEHHS iH(OopMalii 0JHOro BHIYy B COLiyMi.

KuarouoBi cioBa: nudepeHuianbHi piBHSHHS, HECTalliOHApHI MapaMeTpH, ONTUMAalbHI 3a (YHKIIOHAIOM
OLIIHKH, TapaHTOBaHi OILIIHKH, HEBH3HAYEHICTb.

Estimation of nonstationary parameters of differential equations under uncertainty / O.G. Nakonechnyi,
Iu.M. Shevchuk, V.K. Chikrii / Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 109-121.

Abstract. The algorithms of constructing optimal functional estimates and guaranteed estimates of
nonstationary parameters of differential equations are proposed. The results are generalized to discrete-time
models. These algorithms can be used to predict the dynamics of systems of differential equations. The results
of a numerical experiment for the problem of constructing guaranteed estimates for the mathematical model of
propagation of one type of information are considered.

Keywords: differential equations, non-stationary parameters, optimal functional estimation, guaranteed
estimation, uncertainty.

VK 519.6

CxeMa NMOBBIIIEHHOTO MOPSIAKA TOYHOCTH /ISl AByMepHOro ypaBHeHusi Ilyaccona B mpsiMoyroibHHKe ¢
y4eToMm BJUsiHUsL KpaeBoro yciaoBus Jupuxie / H.B. Maiiko / KubGepHerrka u cucremusiii anainus. 2018.
Tom 54, Ne 4. C. 122-134.

In.: 0. Tabn. 0. Bibmiorp.: 10 Ha3B.

AuHOTanus. V3ydeHa KOHEYHO-PA3HOCTHAS CXEMa MOBBIIICHHOTO MOPSIKA allPOKCUMAIIHU Ha JICBSITH-
TOYeyHOM IabuioHe st ypaBHeHus [lyaccoHa B mpsMOYroJIbHUKE ¢ KpaeBbiM ycnoBueM Jlupuxie. [lomyueHst
OLICHKH TOYHOCTH MPUOJIFKEHHOTO PEIICHNUS, YINTHIBAIOIIIE BIHSHUE KPaeBoro ycnosus. [lokazaHo, 4To TOY-
HOCTb CXEMBI BBIIIE B IPUTPAHUYHBIX y3JIaX CETOYHOIO MHOXKECTBA M ITOBBIIICHHE ITOPSIKA AlIPOKCHMALIH HE
BiusieT Ha 3(QPEKT OT KPaeBOro YCIIOBHS.

Karouesble cioBa: ypaBHenue [lyaccona, kpaeBoe ycioBue Jlupuxie, pasHOCTHAs CXeMa, JIeBATUTOYCUHBbIH
mabJIoOH, PAa3HOCTHBII ONEpaTop, OLEHKAa TOYHOCTH, KpaeBOi 3(dexT.
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CxeMa NMiABHIIEHOT0 MOPSIKY TOYHOCTI JJisi ABOoBHMipHoro pisnsHHsi IlyaccoHa B NpsSIMOKYTHMKY 3
ypaxyBaHHSIM BILIMBY Kpaiiooi ymosu [lipixJe / H.B. Maiiko // KibepHeTtuka Ta cucremuuii anamis. 2018.
Tom 54, Ne 4. C. 122-134.

AnoTanis. J{ocniHkeHO CKIHUCHHO-PI3HULIEBY CXEMY ITIIBUILCHOIO HOPSIKY alpoKcHMaNil Ha JeB’ITH-
TOYKOBOMY ImIabuoHi [uist piBHsAHHSA IlyaccoHa B mpsSMOKYTHHKY 3 KpaifoBoro ymoBoio /[lipixie. OtprmMano
OLIIHKU TOYHOCTi HaOJIIDKEHOTO PO3B’A3Ky, SKi BPaXOBYIOTh BIUIMB KpaiioBOi yMoBHU. J[0BeeHO, IO TOYHICTH
CXEMH BHINA B IPUMCKOBHUX BY3JIaX CITKOBOI MHOYKMHH 1 HiJBHILCHHS HOPSAKY alPOKCHMALil HE BIUIMBAE HA
edeKT BiJ KpaioBOi yMOBH.

KuiouoBi cioBa: piBusiaus I[lyaccona, kpaifoBa ymosa [lipixiie, pi3HHIIEBa cXeMa, JA€B’ITUTOYKOBHUII IIa0IIOH,
PI3HHILICBHH OIlepaTop, OIiHKA TOYHOCTi, KpaloBUil e(deKT.

The finite-difference scheme of higher order of accuracy for the two-dimensional Poisson equation in
a rectangle with allowance for the effect of the Dirichlet boundary condition / N.V. Mayko // Kibernetika i
sistemnyj analiz. 2018. Vol. 54, N 4. P. 122-134.

Abstracts. We investigate the finite-difference scheme of higher order of accuracy on a nine-point
template for Poisson’s equation in a rectangle with the Dirichlet boundary condition. We substantiate the error
estimate taking into account the influence of the boundary condition. We prove that the accuracy order is higher
near the sides of the rectangle than at the inner nodes of the mesh set and increase in the approximation order
has no impact on the boundary effect.

Keywords: Poisson’s equation, Dirichlet boundary condition, finite-difference scheme, nine-point template,
discrete operator, error estimate, boundary effect.

VIK 519.622; 517.5

Kycouno-nommHoMHaIbHbIE aJITOPUTMBI AHAJIN3a NMPOLECCOB B HEOAHOPOAHBIX cpenax / B.U. Buienko,
E.B. Boxonok, C.}O. I3aabik, O.b. Crensi / KubepHneruka u cucremusiii ananmus. 2018. Tom 54, Ne 4.
C. 135-141.

In.: 1. Tabn. 0. Bibmiorp.: 19 Hazs.

Annoranusi. IIpeuioKeHbl, TCOPETUYECKH OOOCHOBAHBI M MPOrPAMMHO PEATM30BAHBI BBICOKOTOYHBIC
YHCIICHHO-aHAJIMTUYCCKUE aJTOPUTMbI aNMPOKCHUMAINK PELICHHHN 337ad B HEOXHOPOJHBIX CPe/lax Ha OCHOBE
[PUMEHEHHS JIMHEHHBIX MOJIMHOMHAIBHBIX OIEPaTOpPOB.

KuioueBble €J10Ba: KyCOYHO-IIOJIMHOMHAIIbHAS AMIPOKCUMALIHSI, HEO[HOPOAHBIC CPE/Ibl, HEHACHIII[AEMOCTb, Ha-
niydlee NpuOIKeHNe, anreOpanyecKu-HeIMHEHHbIC yPaBHCHNS, ONTUMAIbHbBIC AITOPUTMbI, ONTHMHU3ALUS
BBIUHCIICHNH, MapaboIMYecKie CIUIAHBI CIENHAIbHOTO BHA.

KyckoBo-noJiiHoMia/IbHi aJiropuT™Mu aHaji3y npoueciB y HeoaHopiguux cepenosumax / B.I. Binenko,
K.B. Boxonok, C.1O. 3aauk, O.B. Crens // KiGepHernka ta cucremuuii anamis. 2018. Tom 54, Ne 4.
C. 135-141.

AHoTauis: 3anponoHoOBaHO, TEOPETHYHO OOIPYHTOBAHO Ta IPOrPAMHO pEali3oBaHO BUCOKOTOUHI YH-
CEJIbHO-aHATITUYHI aJITOPUTMH alPOKCUMALT pO3B’S3KIB 3a/1a4 y HEOJHOPIJHUX Cepe/IOBUILAX HAa OCHOBI 3a-
CTOCYBaHHs JIHIHHHUX IONIHOMIQJbHUX ONEPaTOPIB.

Ki04oBi cjioBa: KyCKOBO-TIOJIIHOMIialIbHA alPOKCUMAIlisl, HEOJHOPIHI CepeIOBHUILA, HEHACHUYyBaHICTh, Haii-
Kpalie HaOJIKeHHs!, anreOpaidHO-HeNiHIiHI pIBHAHHS, ONITUMANbHI aJITOPUTMH, ONTHMI3allis 004YHCIIeHb, apa-
GoutiuHi CIUTaiiHU CHEL[{albHOrO BHIJISIY.

Piecewise polynomial algorithms for analysis of processes in inhomogeneous medium / V.I. Bilenko, K.V.
Bozhonok, S.Yu. Dzyadyk, O.B. Stelya // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 135-141.

Abstract. The authors propose, theoretically substantiate, and programmatically implemented

high-precision numerical-analytical algorithms for approximation of problems solutions in inhomogeneous
media on the basis of linear polynomial operators.

Keywords: piecewise polynomial approximation, inhomogeneous medium, unsaturation, best approximation,
algebraic-nonlinear equations, optimal algorithms, computational optimization, parabolic splines of special
kind.

MMPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE COMPLEXES

VK 004.94:343.985

IMocTpoenne cHcTeMBbI aBTOMATH3ALUMH [JIsi BHeIPEHHsT MOJeNH TMOJHIEHCKONH JesITeIbHOCTH,
ynpapisieMoil aHaauTUKON, B opraHax HanumoHanabHoOii moamuuu Ykpaunel / A.B. MoBuan,
B.IO. Tapanyxa // KuGeprernka u cucremubli anamm3. 2018. Tom 54, Ne 4. C. 142-150.

In.: 1. Ta6n. 0. Bibmiorp.: 15 Has3s.
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Annotanus. [IpoaHamm3upoBaHbl aKTyaJbHbIE IMPOOIEMBI BHEAPSHUS MOJCTH IONULEHCKOH NesTelb-
HOCTH, YIIPaBIsIeMOH aHAIUTUKOMN, B opranax HanmonansHoi nonumun Ykpanusl. Ha ocHOBaHMM pe3ynbTaToB
9TOr0 aHaIM3a MPEUIOKEHA APXUTEKTypa aHAIHUTHYCCKOH CHCTEMBI M PACCMOTPEH MAaTEeMaTHUYECKHI ammapar
HOCTPOCHUS 3IEMEHTOB OyIyIlel CHUCTEMBL. Y CIICIIHOE BHEAPCHHUE U IIPUMEHEHHUE HOBBIX METOJ0B KPUMHHAIb-
HOT'O aHaJI3a MO3BOJIUT B JIaJbHEHIIIEM PaCIIPOCTPAHUTD €ro Ha BClo cucTeMy HarpoHansHO# nonuiuu Ykpau-
HBI, @ TAKKe aKTUBHO HCIIOJIB30BATh aHAIUTHYECKHE METOMBI M TEXHOJOTHH, obecreynBaomue dpGpeKTuBHOS
pacciefioBaHle yroJOBHBIX IPaBOHAPYLIEHUMH.

KiioueBble cioBa: nHMOPMALMOHHO-aHATUTHYCCKAsT paboTa, KPUMHUHAIBHBIA aHAN3, MOJCIb MOIULECHCKON
JIeSTEIEHOCTH, YIPABIIIeMOil aHAJTMTHKOM, Cpe/ICTBA aBTOMAaTH3AI[HH, KOMIIBIOTEPHAs JINHIBUCTHKA, YCIOBHBIC
cirydaifHble MO, IIIyOoKoe oOydeHHe.

Io6ynoBa cuctemMu apromMaTu3auii s BHPOBAKEHHS MoJesi moJineiicbkol AisJIbHOCTI, KepoBaHOI
aHaJiTHKOW, B opranax HamionanbHoi moaiuii Ykpainu / A.B. MoBuau, B.}O. Tapaunyxa // KiGepHeruka
Ta cuctemamii anams. 2018. Tom 54, Ne 4. C. 142-150.

Amnotaunis. [TpoanaizoBaHo akTyaibHi IPOOJIEMH BIPOBADKEHHS MOJENI MOILEeHChKOI JisIBHOCTI, Ke-
POBaHOI aHATITHKOIO, B opranax Hamionaneuof moniuii Ykpainu. Ha 0ocHOBI pe3ynbTaTiB IIbOTO aHANTI3y 3aIpo-
[IOHOBAHO APXITEKTyPy aHATITUYHOI CHCTEMH Ta PO3IIISTHYTO MAaTeMaTHYHMUI arapat o0y J0BU CKIaJA0BHX Maii-
OyTHBOI cUCTEeMH. YCIIIIHE BIPOBA/DKEHHS Ta 3aCTOCYBAHHS HOBMX METOJIB KPHUMIHAJIBHOTO aHaNli3y AacThb
3MOry B MailOyTHBOMY MOIIMPHUTH foro Ha Bcio cucteMy HarionanbHoi mominii Ykpainu, a Tako akTHBHO 3a-
CTOCOBYBAaTH AaHAIITHYHI METOAM Ta TEXHOJIOTI], sKi 3abe3nedarsh e()EKTUBHE PO3CIIJYBAHHSI KPHMiHAIBHUX
TIPABOINIOPYIIEHb.

KuarouoBi ciioBa: indopmaniiiHo-aHaniTHyHa pod0Ta, KpUMIHATIBHUN aHaIi3, MOJIEIb MOMIEHChKOT AisIIBHOCTI,
KEpOBaHOI aHAJITHKOIO, 3aCO0M aBTOMATH3allii, KOMII IOTepHA JIHIBICTHKA, YMOBHI BHIIQKOBI OIS, IIHOOKE
HaBYaHH.

Constructing an automation system to implement the intelligence-led policing into the National police of
Ukraine / A.V. Movchan, V.Yu. Taranukha // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 142-150.

Abstract. The paper analyzes implementation of the Intelligence-Led Policing into the National Police of
Ukraine. The architecture of analytical system is proposed based on the analysis of state-of-the-art in the
National Police of Ukraine. The mathematical apparatus is considered for the future components of the
analytical system. Successful implementation and application of new methods of criminal analysis will allow
expanding it to the entire system of the National Police of Ukraine in the future and to actively use analytical
methods and technologies that provide efficient investigation of criminal offenses.

Keywords: information and analytical work, criminal analysis, intelligence-led policing, automation systems,
computational linguistics, conditional random fields, deep learning.

V]IK 004.75

ABTOMATH3alIMsI TPeo0pPa30BaHUsl PACKPAIICHHBIX ceTell MeTPH € KadyecTBEHHbIMU (umkamu
B pacKpalleHHble ceTH NeTpH ¢ KondecTBeHHbIMH ¢umkamu / JLK. I'momo3zna, H.H. T'iiu6osen,
A.H. Makcumen // KubepHernka u cucremublii ananu3. 2018, Tom 54, Ne 4. C. 151-163.

In.: 5. Tabn. 1. Bibmiorp.: 22 Ha3s.

AnnoTtanus. OnucaH alropuT™ IpeoOpa3oBaHUs LBETHOW ceTH IleTpn ¢ kadecTBEHHBIMH (HIIKAMU B
pacKpamIeHHyIo ceThb IleTpu ¢ KoIM4ecTBeHHBIMH (DHIIKAMU C COXPAHCHHEM OTPAHMYEHHOCTH, B3aHMOHCKIIIO-
gaeMocTu U kuBydecTd. Takoe mpeoOpasoBaHie MO3BOISCT MPHUMEHNTH K PacKpalleHHoi cetu Iletpu merox
MHBAPUAHTOB, HCIIONB3YIOIIHI AITOPUTM MOMCKA YCEYCHHOTO MHOJKECTBA PCLICHHH YPAaBHEHHS COCTOSHUS
cetu [leTpu, KOTOpOE 3aMUCHIBACTCS B BHE CHCTEM JIMHEHHBIX OJHOPOIHBIX IHO(GAHTOBBIX ypaBHEHHI. Pabo-
TOCIIOCOOHOCTB AJTOPUTMA MPOJEMOHCTPUPOBAHA HA MpHUMepe IBEeTHOH cet Iletpu, Moxemupytomieii padory
TPHI-CUCTEMBI. DKBHBAJICHTHOCTb CETEBBIX MOJIeIIell IPOBEpeHa Iy TeM IIOCTPOCHHS H aHaIM3a YKBHBAJICHTHBIX
UM KOHCYHBIX aBTOMATOB.

Kurouesble ci1oBa: packpaiueHusie cetn [letpu, nnodaHToBbIE ypaBHEHNUS, KOHEYHbBIE aBTOMATBI, IPUJI-CTPYK-
Typa.

ABTOMATH3allisl EPETBOPEHHS KOJbOPOBUX Mepex merpi 3 sikicHuMu Qimkamu Ha KoJIbLOPOBi Mepexi
netpi 3 kiapkicanvu ¢imkamn / JI.LK. I'nomozna, M.M. I'iuéosenn, O.M. Makcumens // Kibeprernka ta
cucremunii anami3. 2018. Tom 54, Ne 4. C. 151-163.

AnoTanis. OnycaHo aaropuT™ MepeTBOPEHHS KOIbopoBoi Mepexi ITeTpi i3 sskicHUME (ilIkamMu Ha KOJIb-
opoBy Mepexy Ilerpi i3 kinbkicHUMH (ilkamu 31 30epeKESHHIM OOMEKCHOCTI, B3aEMOBUKIIFOYHOCTI Ta JKHBY-
gocTi. Take mepeTBOpeHHs pPOOUTH MOMKIMBHM 3aCTOCYBaHHsA [0 KOIbopoBoi Mmepexi Ilerpi meromy
iHBapiaHTIB, 110 BUKOPUCTOBYE aITOPUTM IOLIYKY 3pi3aHOI MHOKHHH DPO3B’S3KiB PIBHSHHS CTaHy MEpPEexi
Ierpi, sike 3amucyeThes y BUMIISAAL CUCTEM JIHIHHUX OJHOPIMHUX J1ioaHTOBUX PiBHSAHB. [Ipale3naTHICTh ayro-
pUTMY MPOJEMOHCTPOBAHO HAa MNPHKIAAI KOJIBOPOBOI Mepexi Ilerpi, sika Mojenroe pobGOTy IpiA-CHCTEMH.
EKBIBaJICHTHICTh MEPEKHHX MOAEJCH MEPEeBIPEHO HMUIAXOM IOOYIOBH Ta aHaNli3y eKBIBaJICHTHHX IM CKiHYEH-
HHUX aBTOMATiB.
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KuarouoBi cioBa: xonbopoBi mepexi Ilerpi, niodaHToBI piBHAHHS, CKIHYEHHI aBTOMATH, TPiI-CTPYKTYpa.

Automating the transformation of colored petri nets with qualitative tokens into colored petri nets with
quantitative tokens / D.K. Hlomozda, M.M. Glybovets, O.M. Maksymets // Kibernetika i sistemny;j analiz.
2018. Vol. 54, N 4. P. 151-163.

Abstract. The authors describe an algorithm for transformation of colored Petri nets with qualitative
tokens into colored Petri net with quantitative tokens preserving boundedness, mutual exclusion, and liveness
properties. This transformation allows an invariance method to be applied to colored Petri nets, which uses
Truncated Set of Solutions finding algorithm for Petri net state equations expressed through systems of linear
homogenous Diophantine equations. To show the algorithm’s efficiency, it is applied to the colored Petri net
modeling the operation of a grid system. Equivalence of net models is tested by constructing and analyzing
equal finite-state automata.

Keywords: colored Petri nets, Diophantine equations, finite-state machines, grid structure.

VK 004.9

ABTOMATHYeCKOe ompe/ejeHHe YPOBHSI rayccoBOro ImiymMa Ha HH(POBBIX H300paKeHHSIX METOI0M
BBICOKOYACTOTHOWH ¢uWiabTpanuu st BbldeJdeHHbIX o0iaacteii / C.B. BanoBesk, X.C.Opaiickas //
Kubeprernka n cucreMusiii anamms. 2018. Tom 54, Ne 4. C. 164-172.

In.: 6. Tabn. 1. Bi6bmiorp.: 12 nHa3s.

AnnoTanus. Pa3paGorana MaTeMaTHYeCKasi MOJIEIb, AITOPHTM U IPOrpaMMHOE 00eCIieYeHHe JUIsl aBTO-
MAaTHYECKOT0 OIPEAEIICHHs] YPOBHS rayCCOBOr0 IIyMa Ha HU(POBBEIX H300paXKEHHUSIX METOIOM BBICOKOYACTOT-
HOM (uIbTpari. YPOBEHb IIyMa BBIYHCIICH IS 00J1aCTel HHTepeca H300paXkKeHNsI, BBIACICHHBIX C IIOMOLIBIO
HHM3KOYaCTOTHOH (uibTparmu. [losydeHsl ONTHMAaNbHBIC TAPAMETPbl HU3KOYACTOTHOTO U BBICOKOYACTOTHOTO
¢dunbTpos. [TokasaHo, 4ro mpu 0OpabOTKe CepuH TECTOBBIX H300PAKEHHUI MPETIOKEHHbIN METO/] 0OecreynBa-
€T MEHBIIYI0 IOIPEIIHOCTh ONPEACICHNS yPOBHs IIyMa, YeM JPYTrHe METO/bl-aHaJIOrH.

KuiroueBble ciioBa: 1upposas 00padboTka H300paKeHUid, OnpeieeHne ypoBHs LIyMa, aJUIMTUBHBII Oelnblii ra-
YCCOBBIH IIIyM, CBEPTKa, BBICOKOYACTOTHas (UibTpalus, 001acTh HHTEpeca.

ABTOMATHYHE BH3HAYEHHsI PiBHS raycoBoro ImyMy Ha UHGPOBHX 300paiKeHHSX MeTOIOM
BHCOKOYACTOTHOI (inbTpanii ans Buokpemuiennx obaacreii / C.B. Banosesk, X.C.Opaiicbka //
KiGepuernka ta cucremuuii amami3. 2018. Tom 54, Ne 4. C. 164-172.

Anoranisi. Po3po0ieH0 MaTeMaTHYHy MOJIEIIb, AITOPUTM 1 IIPOrpaMHe 3a0e3MeYeHHs 171 aBTOMAaTHIHO-
rO BM3HAUCHHS PIBHS rayCoBOTrO LIyMy Ha HU(POBHX 300paXKEHHSX METOAOM BHCOKOYACTOTHOI (ibTpari.
PiBenb mymy obumciieHo uist obnacteil iHTepecy 300paxeHHs, BAOKPEMIICHHX 32 JIOTIOMOT0K0 HU3bKOYAaCTOTHOT
¢unprpauii. OTpEMaHO ONTUMAIIBHI TapaMETPU HU3bKOYACTOTHOIO Ta BUCOKOYAcTOTHOrO (inbTpis. ITokazano,
0 IpH 00pOOJIeHHI cepil TECTOBUX 300pakeHb 3allPOINIOHOBAHMI MeTox 3abe3ledye MEHIy ITOXHOKY BH3HA-
YeHHs! PIBHS IIyMy, HDK IHINI METOAU-aHAJIOTH.

KumrouoBi ciioBa: mudpose 00pobiieHHs 300pakeHb, BU3HAYCHHS PIBHS LIyMY, aJUTHBHHII OLTHI raycoBHil
LIyM, 3ropTKa, BHCOKOYacTOTHa (iibTpalis, oOnacTb iHTEpecy.

Automatic determination of Gaussian noise level on digital images by the method of high-pass filtration
for the selected regions / S.V. Balovsyak, Kh.S. Odaiska // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4.
P. 164-172.

Abstract. A mathematical model, algorithm, and software are developed for automatic determination of
Gaussian noise level on digital images by the method of high-pass filtration. The noise level is calculated for
the regions of interest of image, selected by low-pass filtration. The optimal parameters of low-pass and
high-pass filters are obtained. Processing a series of test images showed that the proposed method provides the
less error of noise level determination than other analogues methods do.

Keywords: digital image processing, determination of noise level, additive white Gaussian noise, convolution,
high-pass filtration, region of interest.

HOBI 3ACOBU KIBEPHETHUKHMU, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHKH, OBYUC/IIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS
VK 004.9

MaremaTuyeckne  JuddepeHnnaibubpie  MOAEJIM M MeTOAbl  OUEHKH  KuOepde3omacHocTH
HHTEJUIEKTYAIbHbIX ~ KOMIBIOTEPHBIX  ceTeli  YNpAaBJIEHHs]  TEXHOJIOTHYECKHMH  NpOLeccaMu
3JIeKTPOCcHaG:KeHHs Kee3HbIX gopor / A.M. Cracwok, P.B. I'pumyk, JI.JI. F'onyaposa // Kubeprernka u
cuctemubiii ananm3. 2018. Tom 54, Ne 4. C. 173-181.

In.: 1. Ta6n. 0. Bibmiorp.: 9 Hazs.
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Annoranusi. IlpoBeneH aHamu3 mpoOieMsl KnOepOE30MacHOCTH KOMITBIOTCPHBIX CETEH yIpaBICHHS
9IEKTPOCHAOKEHHEM Ha YPOBHE JKEJIC3HOM JTOPOTH U HPEIOXKEH rpad) TOMOIOTHN KOMITbIOTEPHOIT CETH yIIpaB-
nenust anekrponorpediaeHreM. Ha ocnoBe teopun muddepenimansubx mpeodpasoBanuii [lyxosa mpemioxen
psan audepeHIHaIbHBIX MATeMaTHYECKUX MOJICIICH OLCHKH YPOBHS KHOEpOE30IMacHOCTH KOMIIBIOTEPHOM ce-
Tel yInpaBIeHHs JIEKTpocHaOkKeHneM. B obiactu nuddepeHnnanbHbpIX H300paXkKeHni MPeuIoKeH KPUTEPUi
KnOepOe30acHOCTH U pa3paboTaH MPHHINI MHHEMAKCA ISl HANXYAIIETO COUeTaHMsI HHTEHCHBHOCTH Kubepa-
TaK ¥ IOTOKA 3AIUTHBIX JCHCTBHA. Pa3paboTaH METOX MHTEIUICKTYaIbHOrO MOUCKA ONTHMAIIBHOM CTPATErHu
KHOEepOe30MacHOCTH IyTEeM MCCIICI0BaHMS Ha SKCTpeMyM (YHKIMOHAIA MPH CTOXACTHYECKOW MHTEHCHBHOCTH
MOTOKOB KHOCPHETHYECKHUX aTak.

KiioueBble cioBa: kubepOe30macHOCTb, KHOSPIPOCTPAHCTBO, KHOEpYyrpo3a, auddepeHnuaibHble MaTeMaTH-
yeckue Mozenu, muddepeHuanbHbie NpeodpasoBaHusl, HHTEUICKTyalbHbIE METO/bI, 3aIUTa HHPOPMALIUH.
MaremaTuuHi audepenniiini Mogesi i MeToau ouinku KiGepOe3nexku iHTeNeKTYaJbHUX KOMII'IOTEPHUX
Mepe:k KepyBaHHSl TeXHOJIOTIYHHMMH IpounecaMH ejlekTponocrayanus 3anisHuubs / O.0. Cracwok,
P.B. I'pumyk, JI.JI. F'onuaposa // KiGepHetrka ta cucremunii anamnis. 2018. Tom 54, Ne 4. C. 173-181.

Amnorauis. [IpoBeneHo ananiz npodiaeMu KidepOe3nekn KOMIT IOTEPHUX MEpek KepyBaHHs eIeKTPOIoc-
Ta4yaHHAM Ha PiBHI 3aJTi3HHMII 1 3aIPONOHOBAHO rpad) TOMOIOTIT KOMIT IOTEpPHOT MEpexki KepyBaHHS eJIEKTPOCIIO-
xuBaHHAM. Ha ocHOBI Teopii nudepenuiiinux nepersopeHsb [lyxoBa 3anpornoHoBaHO psii AU(EpeHIIHHIX Ma-
TEeMaTHYHNUX MOJEJICH OLIHKK PiBHs KiGepOes3nekr KOMII FOTEPHOI MEpexki KepyBaHHs €JICKTPONOCTAYaHHSIM.
Jst nudepeHniiinux 300pajkeHb 3aIPOIIOHOBAHO KPUTEpiil kibepOesneku i po3poOIeHo MPUHIMIT MiHIMaKcy
JUIS HAWTIpIIOro BapiaHTy MO€JIHAHHS IHTEHCHUBHOCTI KibepaTak 1 MOTOKY 3aXxuMCHHX Jiif. Po3pobieno meroxn
IHTEJIEKTYAJIIbHOTO TOUIYKY ONTHUMAaJbHOI CcTparerii KiOepOes3neku HUIIXOM JOCHiDKeHHS (yHKLIOHATy Ha
EKCTPEeMYyM JUlsl CTOXAaCTHYHOI IHTCHCHBHOCTI MOTOKIB KiOEpPHETHUHHX aTak.

KrouoBi cioBa: xibepOesneka, kiGepmpocTip, Kibep3arposu, AudepeHIilHI MaTeMaTH4Hi Mojemi, Jude-
PEHLIIHI NepeTBOPEHHs, IHTEIEKTYallbHi METOJH, 3axXHCT iH(opmarii.

Differential mathematical models and methods for assessing the cybersecurity of intelligent computer
networks of control of technological processes of railway power supply / O.1. Stasiuk, R.V. Grishchuk,
L.L. Goncharova // Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 173-181

Abstract. The authors analyze the problem of cybersecurity of computer networks of railway power
supply and propose the graph of topology of the computer network of energy consumption control. Based on
the theory of Pukhov’s differential transformations, a number of differential mathematical models are proposed
to assess the cybersecurity of computer networks of power control. In the field of differential images, a
cybersecurity criterion is proposed and the minimax principle is developed for the worst combination of the
intensity of cyber attacks and the flow of protective actions. The method of predictive search for the optimal
cyber security strategy by the extremum analysis of the functional under stochastic flow intensity of cyber
attacks is developed.

Keywords: cybersecurity, cyberspace, cyber threat, differential mathematical model, differential conversion,
intelligent technique.

VIK 519.615
Hccnenopanue yca0BHii OPTOrOHAIBHOCTM BeiBJIETOB, OCHOBAHHBLIX Ha TMOJMHOMAax SIkodu /
B.IO. Cemenos, 1O. IIpectun // Kubepueruka u cucremusiit ananus. 2018. Tom 54, Ne 4. C. 182-190.

In.: 6. Tabn. 1. bibmiorp.: 4 Ha3B.

AHHoTauus. VccnenoBaHbl CBOWCTBA BEHBJIETOB, OCHOBAHHBIX Ha MOJMHOMAax SIkoOu. PaccMmoTpeHs
YCIIOBUSI, TIPH KOTOPBIX 3TH BEHBJIETHI SBJIAIOTCS B3aMMHO-OPTOTOHAIBHBIMY, @ TAKXKE YCJIOBHS, IIPU KOTOPBIX
0a3uc BEHBIICTOB XapaKTEPU3YETCS] MHHUMAJIbHBIM OTHOIICHHEM PuTia. DTH 33/auM NMPUBOAAT K PELICHHIO
CHUCTEM HEJIMHEHHBIX YPABHEHUH C IOMOIIBIO METOJa, paHee IPE/UIOKEHHOTO aBTOPAMM.

KuroueBbie cioBa: BeﬁBJ’IeTBI, TTOJTMHOMBI HK06I/I, ycCi0BUs OPTOTOHAJIBHOCTH, IOUCK KOpHeﬁ.

JocaixKeHHs: YMOB OPTOrOHAJILHOCTI BeliBJIeTiB, 0 6a3yl0Thesi HA noJiHomax fko6i / B.1O. Cemenos,
10. Ipecrin // KiGeprernka ta cuctemuuii anamis. 2018. Tom 54, Ne 4. C. 182-190.

AHoTanis. J[ocni/HkeHO BIaCTUBOCTI BEHBIETIB, 1110 0a3yloThesl Ha mosiHoMax SIkoOi. PosrmsHyTo ymo-
BY, 32 SKUX LI BEHBIETH € B3a€MHO-OPTOTOHAIBHIMH, a TAKOXK YMOBH, 32 SIKHX 0a3ic BEHBIIETIB XapaKTepH-
3y€TbCsl MiHIMaJBHUM BimHOmeHHsM Pirma. Jlocmizury Taki 3agadi MOXIIMBO, PO3B’SI3yIOUM CHCTEMH He-
JHIMHUX PIBHSHB i3 3aCTOCYBaHHSM METOMY, PaHille pO3pOOJICHOrO aBTOpPaMHU.

Kurodosi ciosa: BeiiBiiern, nmoninomu $1ko0i, yMOBHM OpPTOrOHAIBHOCTI, MOLIYK KOPEHIB.

Investigating the wavelet orthogonality conditions based on jacobi polynomials / V. Semenov, J. Prestin //
Kibernetika i sistemnyj analiz. 2018. Vol. 54, N 4. P. 182-190.

Abstract. The authors analyze the properties of wavelets based on Jacobi polynomials. In particular,
orthogonality conditions for these wavelets are considered, as well as minimization of the Riesz ratio. These
problems lead to the solution of systems of nonlinear equations by the method proposed earlier by the authors.

Keywords: wavelets, Jacobi polynomials, orthogonality conditions, rootfinding.
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