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Hrepannonnbie MeTOAbI MJISl BbIYMC/ICHHS B3BelleHHBIX ICEBI00OPATHBIX MATPHUI[ €O CMeLIAHHLIMH
Becamu / H.A. Bapeniok, E.®. I'an6a, U.B. Cepruenxo, H.U. TykaneBckas / KubepHernka n CHCTeMHBIN
ananu3. 2021. Tom 57, Ne 3. C. 3-20.

AnHoTauus. ITomy4eHbl ¥ MCCIIEIOBaHBI PA3JIOKCHHUS B3BEIICHHBIX IICEB000PATHBIX MATPHI[ CO CMe-
LIaHHBIMU BecaMu (OIHA BECOBasi MaTPHUIIA MOJIOKHUTEIILHO-OIIPEICIICHHAS, a PYyTras — HEBBIPOXKICHHAS 3HAKO-
HEONpe/IeNIeHHast) B MATPUYHBIC CTETICHHBIE PS/IbI C TIOJIOKHUTEIBHBIMY MTOKA3aTEsIMU cTeneHei. Ha ocHoBannn
TAKUX Pa3JIOKEHUH MOCTPOCHBI M M3YYEHbI UTEPALMOHHBIE METO/IbI JUISl BHIYMCIICHHS B3BELICHHBIX ICEBJI000-
pPaTHBIX MaTPHUI[ CO CMEIIAHHBIMU BeCaMH. PacCMOTPEHBI pa3IM4Hble BAPHAHThI B3BEILIEHHBIX I1CEBI00OPATHBIX
MaTpHUI[ CO CMELIAHHBIMU HEBBIPOXKIEHHBIMUA BECAMU M MOCTPOEHBI X Pa3JIOKEHHs B MAaTPUUHbIE CTETIICHHbIC
PSAIBL.

KuroueBble cjioBa: B3BCIICHHBIC HCCB,HOO6paTHbIC MaTpHIlbl C I/IHZLC(I)I/IHI/ITH])IMI/I 1 CMCIIaHHBIMH BECaMH, MaT-
PUYHBIE CTCIICHHBIC PsA/bI, UTEPALTUOHHBIE METOMIbI.

Itepauiiini MeToau 11 00YMC/IEHHSI 3Ba’KEHHX ICEBA000EPHEHMX MATPUUb 3i 3MilIaHUMH Baramu /
H.A. Bapeniok, €.®. I'anda, I.B. Ceprienxo, H.I. TykaneBcbka // Kibeprerrka ta cuctemuuid anamiz. 2021.
Tom 57, Ne 3. C. 3-20.

Anortanis. OTpHMAaHO i JOCII/UKEHO PO3BHHEHHSI 3BaXKCHHX IICEBIO0OCPHEHNX MATPHIb 31 3MilIAHUMHI
Baramu (OJ{Ha BaroBa MaTpPHILI JI0JATHO-O3HAYEHA, a 1HIIA — HEBHPO/DKCHA 3HAKOHEBH3HAUYCHA) B MAaTpPHYHI
CTEINCHEBI s 3 JOAATHUMH [OKA3HUKaMU cTerneHiB. Ha OCHOBI TakMX PO3BHHCHB MOOY/IOBAHO i BUBYCHO iTe-
pauiiiHi METOAM A OOYMCIICHHS 3BaKEHHMX IICEBIOOOCPHEHHX MATpUllb 31 3MilIaHUMK Baramu. PosrisiHyTo
pi3Hi BapiaHTH 3BaKCHHX MCEBIOOOCPHEHHX MATPHUIb 31 3MIIIAHUMH HEBUPOKEHUMHU BaraM i moOyI0BaHO
iXHI PO3BUHEHHSI B MAaTPUYHI CTEMEHEBI PSIH.

Kiio4oBi ciioBa: 3BakeHi 1ceB1000epHEHI MaTpHIll 3 iHISIHITHUMH 1 3MIIIAHUMHU BaraMH, MaTPUYHI CTerie-
HEBl psaM, iTepariiiHi MeToau.

Iterative methods for calculation of weighted pseudoinverse matrices with mixed weights /
N.A. Vareniuk, E.F. Galba, L.V. Sergienko, N.I. Tukalevska // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 3. P. 3-20.

Abstract. The decompositions of weighted pseudoinverse matrices with mixed weights (one of weighted
matrix is positive definite and other is nonsingular indefinite) into matrix power series with positive exponents
are obtained and investigated. Iterative methods for calculation of weighted pseudoinverce matrices with mixed
weights are generated and investigated on the basis of the obtained expansions of weighted pseudoinverse
matrices. Different variants of weighted pseudoinverce matrices with mixed nonsingular weights are analyzed
and developed into matrix power series.

Keywords: weighted pseudoinverse matrices with indefinite and mixed weights, matrix power series, iterative
methods.

VIK 517.9, 519.6

Ananor wmerona TanepkuHa B 3ajJayax mepeHoca JIeKapcTB B OHOJIOTMYECKHUX TKaHAX /
JI.A. Kmomun, C.H. JIsmko, H.U. JIsmko, E.C. Bounap, A.A. Tumouienko // KubepHeTnka u CHCTEMHBII
ananu3. 2021. Tom 57, Ne 3. C. 21-29.

Annorauus. [Ipemnoxen ananor Meroaa ["anepkuHa At HaUAIBHO-KPACBOM 3a/1aull, OMMCHIBAIOIICH Te-
PEHOC JIeKapcTB B CTEHKE apTEPUU NPH HMCIOJIb30BAHMM CTEHTA, MOKPHITOrO JieKapcTBaMu. [locTpoeH meroxn
YHUCJIEHHOTO PEILCHHUS TOCTABICHHOM HaualIbHO-KPAeBOH 3ajauM U JI0OKa3aHbl TEOPEMbI O €r0 CXOAUMOCTH K pe-
LICHHUIO.

KaroueBble cioBa: meron [anmepkuHa, KOHBeKTHUBHAs AU(BQY3us, NMEPEHOC JIEKAPCTB, CTEHT.

Ananor meroay I'anbopkiHa B 3asadax mnepeHocy JikiB y Oiosoriunmx tkanmnax / JI.A. Kimomus,
C.I. JIsmko, H.I. Jsimko, O.C. Bouaap, A.A. Tumomenko // KibepHernka Ta cucremHuii anamiz. 2021.
Tom 57, Ne 3. C. 21-29.

AHoTamist. 3anporIOHOBAaHO aHANOr MeToAy ['ajbopKiHa Ul MOYATKOBO-KPaoOBOI 3a[adi, siKa OIHCYE Iie-
PEHECeHHsI JIKIB y CTiHIIi apTepii y BUNaKy BUKOPUCTaHHS CTEHTA, HOKPUTOTO Jikamu. [To6y10BaHO METO YnCeb-
HOT'O PO3B 3Ky TOCTaBJIEHOI II0YaTKOBO-KPaifoBOi 3a1adi Ta JOBEIGHO TEOPEMH PO HOTo 301KHICTB 110 PO3B’A3KY.

KimouoBi cioBa: meron ['anbopkiHa, KOHBEKTHBHA Iu(y3is, MEPEHECCHHs JIKIB, CTCHT.

An analog of the Galerkin method in problems of drug transfer in biological tissues / D.A. Klyushin,
S.I. Lyashko, N.I. Lyashko, O.S. Bondar, A.A. Tymoshenko // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 3. P. 21-29.
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Abstract. The paper proposes an analog of the Galerkin method for the initial-boundary problem that
describes the transfer of drugs in the artery wall using a drug-coated stent. The method of numerical solution of
the initial-boundary-value problem is constructed and the theorems on its convergence to the solution are
proved.

Keywords: Galerkin method, convection-diffusion, drug delivery, stent.
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®opMaan3anusl NMPOLECCOB BJHSHHS HEYETKOr0 ONHCAHMS TeYeHHsi BPEMEHH HA pelleHusi 3a1au
pacnipesiesienusi Bpemennoro pecypca / E.B. UBoxun / Kubepreruka n cucremnsiii ananmus. 2021. Tom 57,
Ne 3. C. 30-41.

AmnHoTanus. PaccMOTpeH 1Moaxo/1 K MOCTPOEHUIO HEUETKHX CTPYKTYPUPOBAHHBIX YHCIOBBIX MHOKECTB, B
OCHOBY KOTOPOTO TOJIOXEH MPHHIMI ()OPMUPOBAHHS HEUETKOTO OPHIUHAJIA C MOCIIEYIOIeH PeIuINKaLKeii ero
Ha 4MCIIOBOH ocu. Dopmanu3anys HEYETKOTO OPUIMHANIA COCTOMT B ONPEEIEHUH HEYETKOTO TPEYrOJILHOIO
YHCIIa ¢ COOTBETCTBYIOIIMM HOCHTENeM. PaccMoTpeH BapHaHT (OpMUPOBAHUS HEUETKHX YHUCIOBBIX MHOJKECTB,
KOTOpBIC (POPMANH3YIOT «OBICTPOE» U «MEMICHHOE» TeueHUue BpeMeHH. [IpeanoskeHHass METOAUKA MO3BOMISICT
(hopManM30BaTh 3a/ady HECYECTKOrO OMUCAHHS M yYeTa IMHAMHKH OTCYCTAa BPEMEHM IPH PEIICHUM PA3IMYHBIX
ONTUMHU3ALHOHHBIX 3a/a4. PaccMOTpeHbI IpUMepsl NPUMEHEH s HEYETKOTO TEUEHUSI BPEMEHH ULl Pa3IM4HbIX
MIOCTAHOBOK 3a/]a4, BO3HUKAIOLIMX IIPU OINPE/IEI€HHH MOCIIE10BaTeIbHOCTH BBIIIOIHEHUS] COBOKYITHOCTH 3aj1a-
HUI B IIpeJieNiax 3aJJaHHOTO BPEMEHHOTO MPOMEXYTKA C YUETOM MK Oe3 ydeTa JOMOIHHTEIbHBIX OTpaHHYCHNH
Ha rpouecc BeinonHeHus. IIpeioxken noaxon Aas KOPPEeKUUH HadalbHBIX INIAHOB BPEMEHHOI'O pacnpesele-
HHS, YYUTBIBAIOIIUI pa3Hble TEMIBI oTcueTa BpeMeHH. ChopMynupoBaH crocod NOCTPOCHUS JOIYyCTHMBIX pe-
IIEHUH HAa OCHOBE JXAJHBIX JBPUCTHK.

KiroueBbie ciioBa: pacrpeneiieHue pecypcoB, HEYETKUE BPEMEHHBLIC IIapaMETpbl, 3aJaqda IIPO PHOK3aK.

dopmadtizanisi npoueciB BIVIMBY HeYiTKOro ommcy BilUIiKy 4yacy Ha po3B’SI3yBaHHsl 3a/1a4 PO3NOJLTY
yacoBoro pecypey / €.B. IBoxin // KibepHeTrnka Ta cucremunii anamiz. 2021. Tom 57, Ne 3. C. 30-41.

AHoTanis. Po3risiHyTO minxix 10 moOyIOBH HEUITKHX CTPYKTYPOBAHHX YHMCIOBHX MHOXKHH, B OCHOBY
SIKOTO IOKJIAJICHO TPUHIMI (OPMyBaHHS HEYITKOrO OpPHIiHALy 3 HACTYNHOIO PEIUIiKaliclo HOro Ha YHCIOBIH
oci. ®opmari3zalis He4iTKOro OpHUTiHAIy MOJATrac y BU3HAYCHHI HEYITKOTO TPHKYTHOTO YHCIA 3 BiIIOBITHHM
HocieM. Po3risiHyTO BapiaHT (OpPMYBaHHS HEYITKHX YHCIOBHX MHOXHH, SIKi (DOPMaNi3ylOTh «IIBHIKHI» Ta
«IOBLIBHUI IIMH Yacy. 3alpONOHOBAHO METOAUKY, IO H03BOJsL€ (popMasi3yBaTH 3aJady HEUITKOTO OIHCY Ta
BpaxOBYBaTH AWHAMIKY BIUTIKY Yacy [Uisi po3B’s3yBaHHs PI3HUX ONTHMI3alliiHUX 3a7a4. PO3IIISIHYTO MPHKIaan
3aCTOCYBAaHHsI HEUITKOrO IUIMHY 4Yacy JUIsl Pi3HHX IIOCTAHOBOK 3ajady, IO BHHHUKAIOTH I Yac BH3HAYCHHS
IIOCII JOBHOCTI BUKOHAHHSI CyKYITHOCTI 3aBJJaHb B MEXKaX 3aJJaHOI'0 4acOBOI'0 IIPOMIDKKY 3 ypaxyBaHHsM abo Oe3
ypaxyBaHHS JI0JAaTKOBHX OOMEKEHb Ha MPOLEC BUKOHAHHS. 3alMpONOHOBAHO MiJXiJ JO KOPEKIil MOYaTKOBHX
IUIaHIB 4aCOBOTO PO3MOJIiIY, LI0 BPaxoBye Pi3Hi TeMmnu Biliky dacy. ChopmynboBaHo crocid nmoOdymaoBu a0-
MyCTUMHX PO3B’S3KIB HA OCHOBI KaJiOHUX EBPUCTHUK.

KurouoBi ciaoBa: po3monin pecypciB, HEWiTKI 4acoBi IapaMeTpu, 3ajada Ipo PIOK3ak.

Formalizing the processes of the influence of fuzzy time flow on the solutions of time resource
distribution problems / E.V. Ivohin // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 30-41.

Abstract. The paper considers an approach to constructing fuzzy structured numerical sets, which is
based on the principle of generating a fuzzy original with its subsequent replication on the numerical axis. The
formalization of a fuzzy original consists in determining a fuzzy triangular number with an appropriate support.
The option of generating fuzzy number sets that formalize the «fast» and «slow» flow of time is considered.
The proposed technique allows us to formalize the problem of fuzzy description and taking into account the
dynamics of the time frame when solving various optimization problems. Examples of the use of fuzzy flow of
time for different statements of problems that arise when determining the order of the set of tasks within a given
time interval with or without additional constraints on the execution process are considered. An approach is
proposed for the correction of the initial time distribution plans, taking into account different rates of time
counting. A method for constructing feasible solutions based on greedy heuristics is formulated.

Keywords: resource allocation, fuzzy time parameters, knapsack problem.

VK 519.8
CymMMa JMCKPEeTHBIX HeYeTKHX 4YHceJ € HeYeTKHM MHoxkecTBoM ciaaraembix / C.O. Mamenko //
Kubepnernka u cucremusii anams. 2021. Tom 57, Ne 3. C. 42-52.

Annoranus. Vccnemyercs onepaiysi CI0KEHHs TUCKPETHBIX HEUETKHX UHMCEIl ¢ HEYETKHMM MHO)KECTBOM MH-
JIGKCOB ClIaraeMbIX Kak 0000IIeHHE Ollepaliii CyMMBI C YeTKUM MHOXKECTBOM oriepanoB. [Toka3aHo, 4To pe3yibTa-
TOM JTOH OIlepalyu sBIsIeTCs HedeTkoe MHokectBO Thma-2 (HMT-2). Iloctpoena ¢yHKIUS NpHHAUICKHOCTH
THIA-2 TOro MHOXecTBa. Beeneno nmousatue HMT-2 cyMMBI TUCKPETHBIX YHCET ¢ HEUETKHM MHOKECTBOM HHIICK-
coB ciaraeMbIx. HMT-2 cyMMBI MOXKeT OBITh JEKOMIIO3UPOBAHO MO BTOPHYHBIM CTEHEHIM IIPHHAICKHOCTH Ha Ha-
60p COOTBETCTBYIOIIMX AMCKPETHBIX HEUETKUX 4YHCEI. DTO MOMOraeT HPEeiCTaBUTh pe3yinsTupylomee HMT-2 B
yIOOHOW JUlsl TIOHMMaHuUs ¥ npuMeHeHus dopme. [IpruBeseHbl WLTIOCTPATHBHBIE MPUMEPBI.

KiroueBble ciioBa: HEYETKOE YHCJIO0, OUCKPETHOEC HEYCTKOC YHUCIIO, HEYETKOE MHOXKECTBO.
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CyMa IHCKPeTHHX HEeYiTKHX YHces 3 HeYiTKOI MHOKUHOI0 noaaHKiB / C.O. Mamenko // Kibepuetuka Ta
cucremuuii ananiz. 2021. Tom 57, Ne 3. C. 42-52.

AmnoTanis. J[ocmiuKyeThesl onepanist J0JaBaHHS TUCKPETHUX HEUITKHX YHCEN 3 HEITKOIO MHOXKHHOIO
1H/ICKCIB JIOJJAHKIB SIK y3araJbHEHHS orepalii CyMH 3 4iTKOK MHOXKHHOI orepasiB. [TokazaHo, o pe3yibra-
TOM 11i€l onepaii € HewiTka MHOXHHA THy-2 (HMT-2). IToOynoBana QyHKIis HaleKHOCTI TUITY-2 11i€l MHO-
xuHA. YBeaeHo moHsTTss HMT-2 cyMu THCKPETHHX YHCEIN 3 HEITKOI0 MHOXKHHOIO iHICKCIB noxankis. HMT-2
CyMH MOXKe OyTH JEKOMIIO30BaHa 32 BTOPHHHUMH CTYINCHSIMH HAJISKHOCTI Ha HAOIp BIAMOBIJHUX IUCKPETHUX
HewiTkux uucen. Lle nonmomarae npencrasuty pesyiasryrody HMT-2 B 3pyuHiil 1711 po3yMiHHS 1 3aCTOCYBaHHS
¢dopmi. HaBeneHo imoCTpaTHBHI IPHUKIAIH.

KimouoBi cjioBa: HewiTke YHCIO, AUCKPETHE HEUITKE YHCIIO, HEYiTKa MHOXKHHA.

Sum of discrete fuzzy numbers with fuzzy set of summands / S.0. Mashchenko // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 42-52.

Abstract. We investigate the operation of addition of discrete fuzzy numbers with a fuzzy set of
summand indices. This is a generalization of the sum operation with a crisp set of operands. We show that the
result of this operation is a type-2 fuzzy set of (T2FS). We construct the type-2 membership function of this set.
We introduce the concept of a sum T2FS of discrete numbers with a fuzzy set of summand indices. The sum
T2FS can be decomposed according to secondary membership grades into the corresponding collection of fuzzy
numbers. It helps to represent the resultant T2FS in a form which is convenient for a proper understanding and
applications. Illustrative examples are given.

Keywords: fuzzy number, discrete fuzzy number, fuzzy set.

VK 517.954:532.546

3aMKHYTbIe pellleHHs HEKOTOPbIX KpaeBbIX 32124 (pMIbLTPALHOHHO-KOHCOJUIALMOHHONH NHHAMHKH B
paMKax apodHo-(ppakTaabHoro moaxona / B.M. BynaBanxuii / Kubepuernka u cucremuslil anamms. 2021.
Tom 57, Ne 3. C. 53-66.

AnHoranus. [Toctpoensl qpoOHO-(ppakTanbHas MaTeMaTHYeCKask MOJIeIb JMHAMMKH Tporecca GuibTpa-
LIOHHOW KOHCOJMJALMK TPYHTOBOM Cpelbl, MOJeNb AWHAMUKH Iporecca (HIBTPALMOHHOW KOHCONUIALHN
MAacCHBOB (DPpaKTaIBHOU CTPYKTYPBI C y4ETOM IIOJ3Y4eCTH TPYHTOBOIO cKeleTa (TpsiMast U oOpaTHasi peTpoc-
NeKTHBHAsS 3a/[a4’), a Takke IPOOHO-(paKTambHas MaTeMaTHIecKas MOJSNb JHHAMHKY IIponecca (QHIbTpami-
OHHOII KOHCOJIN/IAIINH HACBIIICHHBIX COJIEBBIMH PACTBOPAMH IPYHTOBBIX Cpeil. B pamkax ykasaHHbBIX Mojeieit
BBITIOJIHEHBI [IOCTAHOBKH U TIOJTYyYCHBI 3aMKHYTBIC PEIICHUS HEKOTOPHIX OJHOMEPHBIX 0 F€OMETPUUYECKON IIe-
PEMEHHON KPaeBbIX 3a7a4 O KOHCOIHIAINN BOJOHACHIIICHHBIX TPYHTOBBIX MACCUBOB (DPAKTAIBHON CTPYKTYPBI
B yCIOBUSX BpeMeHHJII HelOKaJbHOCTH IMpoLecca YIUIOTHEHHS.

KiroueBble cj10Ba: MaTeMaTHYECKOe MOJCIHPOBaHUE, (UIBTPAIHOHHO-KOHCOIMIAIMOHHBIC MPOIECCHI, He-
KJIaCCHUECKHE MOJEIH, TPYHTOBbIE Cpelbl (hPaKTaIbHOH CTPYKTYpPbI, IMHAMUKA, NPOOHO-(paKTaIbHBIA MOM-
XOJ, TIpsIMbIC U OOpaTHBIC 3a[auH, 3aMKHYTBIC PCIICHUS.

3aMKHeHi PO3B’A3KH JeAKMX KpaloBUX 3aja4 QiabTpauiiiHo-KoHco/i1aniiiHOl AMHAMIKH B paMKax
apodoBo-ppakTanasHore minxoay / B.M. ByraBanbkmii / Kidepuernka ta cucremuuii anamiz. 2021. Tom 57,
Ne 3. C. 53-66.

Amnorauis. [ToGynoBaHo JpoOOBO-(ppaKTalbHy MaTeMaTHYHY MOJIENb AUHAMIKH Tporecy (iabrpamiiHol
KOHCOJIi1aLi IPYHTOBOTO CEpPEOBHUIA, MOIEIb IMHAMIKHU nporecy (inpTpaniiHol KoHcomigamii MacuBiB (pax-
TaJIBHOI CTPYKTYPH 3 ypaxXyBaHHSAM HOB3Y4OCTi TPyHTOBOTO cKeseTa (IpsMa i oOepHEHa PeTPOCIEKTHBHA 3a-
BJlayi), a TAKOXK JIPoOOBO-(ppaKTaIbHy MAaTeMaTHYHY MOJIENb JUHAMIKH npolecy (uIbTpaniiHol KoHCoiqanii
HACHYEHHX COJBbOBUMH PO3YMHAMH IPYHTOBHX CEPEJOBHIL. Y paMKax 3a3HAYCHHX MOJENCH BHKOHAHO HOCTa-
HOBKH 1 OTPHMaHO 3aMKHEHi PO3B’A3KH JEIKHX OJZHOBHMIPHUX 3a T€OMETPHYHOIO 3MIHHOIO KpailoBHX 3amad
PO KOHCOJIIAIII0 BOJOHACHYCHUX I'PYHTOBUX MAacHBIB (DPAKTaJIbHOI CTPYKTYpH B YMOBAX 4acoBOI HEJIOKallb-
HOCTI HPOLECY YIITbHEHHS.

KuiouoBi ciioBa: MateMaTHYHE MOJCTIOBAaHHS, (iNbTPaLliifHO-KOHCOMIAALINHI MPOLECH, HEKJIACHYHI MOJEII,
IPYHTOBI cepeJoBHIIa (paKTaabHOI CTPYKTYpH, AUHAMIKA, APOOOBO-(paKTaIbHUU MiAXiA, MpsiMi Ta oOepHEeHi
3a7a4i, 3aMKHEHI PO3B’S3KH.

Closed solutions of some boundary-value problems of filtration-consolidation dynamics within
fractional-fractal approach / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P.
53-66.

Abstract. The autor constructs a fractional-fractal mathematical model of the dynamics of the process of
filtration consolidation of a soil media, a model of the dynamics of the process of filtration consolidation of
massifs of fractal structure, taking into account the creep of the soil skeleton (direct and inverse retrospective
problems) and a fractional-fractal mathematical model of the dynamics of the process of filtration consolidation
of saturated saline solutions of soil media. Within the framework of these models, statements have been made
and closed solutions have been obtained for some boundary-value problems, one-dimensional with respect to
the geometric variable, on the consolidation of water-saturated soil massifs of fractal structure under time
nonlocality of the consolidation process.

Keywords: mathematical modeling, filtration-consolidation processes, non-classical models, soil media of
fractal structure, dynamics, fractional-fractal approach, direct and inverse problems, closed solutions.
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VK 519-7/339.9

MopenupoBanue yNpaBJsIOIIUX Bo3lelcTBUH 0aHKOBCKOH cHCTeMbl Ha (QYHKIMOHHpPOBaHHe
skonomuku. III. Pacyer M JexomMmo3mmusi Mojeleii €O CTymeHYaThIM MOIPAHHYHBIM cj1oeM /
B.B. Xuienko // KuGepHernka u cuctemubiii ananmus. 2021. Tom 57, Ne 3. C. 67-75.

AnHoranus. IIpeuioxkeH MaremMaTHyeckuii (opMaan3M pacyera MaTeMaTHYECKHX Mojeneill (pHHaHCO-
Bo-okoHOMHU4eckoi cucreMbl OOC, chOpMUPOBAHHBIX B BHAE CHCTEM IU(MPEPEHLHAIBHBIX ypaBHEHHI, U
oIpesieNIeHHs] ONTHMAIbHBIX 3HAUCHUH YIPABIIONIMX IMapaMeTpoB IS CIIydasl CTYIEHYaTOrO IOTPaHHYHOTO
ciost. PacemoTpeno Biusinue 3(G(eKToB BBIMIICCKHBAHHs, BCIICHUBAHNS U OOPATHOTO MMITYJIbCa Ha CO3JAaHUC
ycaoBui Ui 3apoxaeHust kpuzuco OOC.

KuioueBble cjioBa: MaTeMaTHYECKOE MOJICITMPOBAHKE, ONTHMH3ALNS YIIPABICHHSI OAaHKOBCKOH M DKOHOMHYEC-
KOW CHCTEMaMH, METOJI IIOHIDKEHHUS HopsiKa, d(P(EKT IBIKEHUS KaluTaaa II00aIn3aOHHON YKOHOMUKH,
CTYIEHYATbI MMOTPaHUYHbIN CJ0#, BoMHBI KOHApaTheBa, KPU3HCHI MUPOBOW KOHOMHKH.

MojaenoBanHsi KepyBaJIbUX BIUIMBiB OaHKiBChbKOI cucTreMM Ha (yHKUIiOHYyBaHHs exoHomiku. III.
Po3paxyHok i rekomMmno3uuisi Mozeeii i3 cxiTuacTum npumexxosuM mapom / B.B. Xunenko // KiGepreruka
Ta cuctemamii amams. 2021. Tom 57, Ne 3. C. 67-75.

AHoTanis. 3anpoNOHOBAHO MaTeMAaTHYHMH (hOpMali3M po3paxyHKY MaTeMaTHYHHX MoJenell ¢inaHco-
Bo-ekoHOMIuHKX cucteM (PEC), ki moOya0BaHO K CUCTEMH AU(EPEHIIATbHUX PIBHSHB, Ta BU3HAYCHHS ONTH-
MaJIbHUX 3HA4Y€Hb KEPYBAIBHMX IApaMeTPiB y BHIIAJKY CXiZ4acTOro MPUMEXOBOIrO Irapy. Po3risHyTo BILIMB
e(eKTiB BUXJIIOIYBaHHs, CIIIHIOBAHHS 1 3BOPOTHOTO IMITYJIbCY Ha CTBOPCHHSI YMOB JIs1 3apomkents kpu3 OEC.

Kaio4oBi ciioBa: MareMaTHYHE MOJICTIOBAHHS, ONTHMI3allis YIPaBIiHHSA OaHKIBCHKOKO 1 €EKOHOMIYHOIO CHCTE-
MaMH, METO/1 MOHWKEHHS TOPS/IKY, eeKTH pyXy Kamitany riodanizaniiiHoi eKOHOMIKHY, CTYNIHYaCTHH IpUMe-
oBuil miap, xBui KoHapaTbeBa, KpHU3H CBITOBOI €KOHOMIKH.

Modeling the control effects of the banking system on the functioning of the economy. III. Calculation
and decomposition of models with a stepped boundary layer / V.V. Khilenko // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 67-75.

Abstract. A mathematical formalism is proposed for calculating mathematical models of financial and
economic systems (FES) and determining the optimal values of control parameters for the case of a stepped
boundary layer. The influence of the effects of splashing out, foaming, and back impulse on the creation of
conditions for the onset of FES crises is considered.

Keywords: mathematical modeling, optimization of management of banking and economic systems, method of
lowering the order, effects of capital movement in the globalization economy, stepped boundary layer,
Kondratyev waves, crises of the world economy.

VK 519.86:51.77:330.5.057.7:336
Me:xoTpacieBasi KapTa HeolNpe/leJIeHHOCTH YKOHOMUKHU YKpauHbl U ee npumenenusi / A.W. Slcrpemckuii,
B.B. Kymk // Kubeprueruka n cucreMmusrid anamms. 2021. Tom 57, Ne 3. C. 76-90.

AHHoTanus. PaccMoTpeHa MeTOJMKa pacyera MeXOTpacjaeBOH KapTbl HEONPEAEIEHHOCTH 3KOHOMUKHU
YKpauHsl, IPUBEICHB! PE3yIbTAThl BHIUUCICHUH. BhIMoMHeHa necTopHUecKas oleHKa (parmMeHTa (GHCKaIbHBIX
PHCKOB, CBSI3aHHBIX C HAJOTOBBIMHU IIOCTYIUICHUSIMH OT HAJOTOB HA MPOAYKTHI U APYIHX HAJOTOB HA MPOU3BO-
netBo. KitaccuduumpoBaHs! 0Tpacian 5KOHOMHKH YKpanHbI 4epe3 Mpu3My KapThl HeonpeeaeHHocTH. [penio-
JKCHO HCIIOJIb30BAaHUE IPOU3BOJCTBEHHOIO IOPTQEIsi BHIOB JKOHOMHUYECKOH NEATENBHOCTH B KauecTBE
MHCTPYMECHTA CMSAr4eHUs (PUCKAIBHOTO PHCKA.

KuroueBble ciioBa: cxema «3aTPaTbI-BbIITYCK», BUbBL SKOHOMHYECKOH JCATCIbHOCTH, HCTOpH‘IeCKHﬁ CTaTUCTH-
YECKUW aHaJIN3 TaGJ'Il/ILI «3aTpaTbl—BbIITYCK», (i)HHaHCOBLIﬁ puck, nop‘rc[)em, TIPOU3BOJCTBA, BOJIATUIIBHOCTL C
yraca}omeﬁ TaMsATBIO.

Mixraigy3eBa Mana HeBH3HAUeHOCTi exkoHoMikH Ykpainu Ta ii 3acrocyBanns / O.L. Slcrpemchbkuii,
B.B. Kyimk // Kibepuernka ta cuctemumii anamiz. 2021. Tom 57, Ne 3. C. 76-90

AHoTauis. Po3risiHyTO METOIHKY PO3PaXyHKY MIKraay3eBOi Mamy HEBH3HAYCHOCTI CKOHOMIKU Y KpaiHH
Ta HaBEJICHO PE3yJIbTaTH OOYMCIEHb. 3JIHCHEHO iICTOPUYHY OIIHKY (parMeHTy (icKaabHUX PH3HUKIB, TIOB’s3a-
HHX 3 IOJATKOBUMH HAJXOJDKEHHSAMH BiJI MOJATKIB HA MPOJTYKTH Ta iHIIMX MOJATKiB Ha BUpoOHHITBO. Kira-
cu(ikoBaHO Tamy3i eKOHOMIKM YKpaiHH 4depe3 MpU3My Mali HeBU3HAYCHOCTI. 3aIpornoOHOBAHO BUKOPUCTAHHS
BUPOOHUYOTO TOPTQEITIO BH/IB €EKOHOMIYHOI TISUIBHOCTI SIK IHCTPYMEHTY TIOM SIKIIECHHS (iCKIBHOTO PUBHKY.

Kiro4osi ciioBa: cxema «BUTPATH-BHITYCK», BUIM €KOHOMIYHOI JIiSUTBHOCTI, ICTOPUYHMI CTATUCTHYHUI aHaIi3 Tab-
JINIb «BUTPATH-BHITYCK», (DiCKaTbHIH PU3HK, TOpTdhETs BUPOOHHUIITBA, BOJATHIIBHICTD i3 3aTyXarOUOF0 MaM’sATTIO.

Input-output map of uncertainty of the economy of Ukraine and its application / O. Yastremskii,
V. Kulyk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 76-90.

Abstract. The methodology for calculating the inter-industry map of uncertainty of the Ukrainian
economy and the results of calculations are considered.A historical assessment of a fragment of fiscal risks
associated with tax revenues from taxes on products and other production taxes is carried out. The sectors of
Ukraine’s economy are classified through the prism of the uncertainty map. It is proposed to use the production
portfolio of economic activities as a tool to mitigate fiscal risk.
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Keywords: input-output scheme, types of economic activity, historical statistical analysis of input-output
tables, fiscal risk, portfolio of production, volatility with decaying memory.

VK 621.391

®DopmMaan3anus NOPsiIKa pacnpe/iesieHusi TEXHHYECKUX CPEICTB N0 00beKTaM MOHHTOPHHIA HA OCHOBE
HeyeTKUX MHOxkecTB / A.A. Uabsimos, B.C. Komapos, B.B. Ouexcuiok // KubepHeTHka W CHCTEMHBIN
ananu3. 2021. Tom 57, Ne 3. C. 91-96.

AnHotauus. [Ipeioker Moaxox K GpopManu3aliy MopsjiKa pacipeieieHus TEXHHUECKUX CPEJICTB 110
00bEKTaM MOHHUTOPUHIA HA OCHOBE TCOPUU HEUCTKUX MHOXKECTB. VICClieJOBaHa BO3MOXKHOCTh HMCIIOJIb30BAHHS
JTAIIOHHOTO OTHMCAHUS CHTHATYP OOBEKTOB MOHHTOPHUHTA B COCTABE HEYCTKMX MOHHTOPHHTOBBIX MPU3HAKOB
Ui ompejeneHus (pazoBbIX COCTOSHUH OOBEKTOB.

KiaroueBbie cioBa: MOHHTOpMHFOBLIﬁ IpU3HaK, CUTHATYypa, TEXHUYECKOE CPEACTBO MOHUTOPHUHTA.

@opmadizanis MOPSIAKY PO3NOALTY TeXHIYHUX 32c00iB 32 00’€KTAMHM MOHITOPMHIY HA OCHOBi He4iTKHX
muoxud / O.A. LubsimmoB, B.C. Komapos, B.B. Ouekciok // Kibepuetuka Ta cucremuuii aHami3. 2021.
Tom 57, Ne 3. C. 91-96.

AHoTauis. 3anpornoHoBaHo MiaXig 10 (hopmMaiizalii mopsIKy po3no/iny TeXHIYHUX 3aco0iB 3a 00’ exTa-
MH MOHITOPMHIY Ha OCHOBI TeOpii HEYITKMX MHOXHH. JIOCHI/DKEHO MOKIIMBICTH BUKOPUCTAHHS €TaJOHHOTO
OIHCY CUTHATYP 00 €KTIB MOHITOPHHIY y CKJIaji HEYITKUX MOHITOPUHIOBHX O3HAK JUIsl BU3HAUCHHS (ha30BUX
CTaHIB 00 €KTiB.

Ki04oBi cj10Ba: MOHITOPUHIOBA O3HAaKa, CUTHATYPA, TEXHIYHUH 3aci0 MOHITOPHUHTY.

Formalization of the order of allocation of technical means by monitoring objects based on the theory of
fuzzy sets / O. Iliashov, V. Komarov, V. Oleksiiuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 91-96.

Abstract. An approach to formalizing the order of allocation of technical means by monitoring objects
based on the theory of fuzzy sets is presented. The possibility of using a reference description of the signatures
of monitoring objects as a part of fuzzy monitoring features to determine the phase states of objects is analyzed.

Keywords: monitoring feature, signature, technical monitoring tool.

VK 519.816

KomnuiekcHoe WHcmo/ib30BaHMe NPHHIMIIA TNAPETO M METOAAa AHAJIN3Aa HePAPXMii Uil TOBBIIIEHHS
000CHOBAHHOCTH Ppe3yJIbTaTOB paH:kUpoBaHusi ajabrepHatuB / M.M. Ioremkun, A.A. Cenisp,
A.B. Jleiinera, A.A. 3Bapbru // KuGepnernka u cuctemubii anmamus. 2021. Tom 57, Ne 3. C. 97-105.

AnnHoTanus. [IpuBeneno obmee onucaHue METoa aHAIM3a UEPAPXUIl M OCYIIECTBICH aHANIU3 Ipooie-
Mbl BiusiHus [Tapeto-Hea(eKTHBHBIX albTEepHATHB Ha PE3yNIbTaThl paHmkupoBaHus. [lokaszaHo, 4To HaIMuKE B
HCXOIHOM MHOXKECTBE aJIbTePHATUB, HEA(DPEKTHBHEIX 10 I1apeTo, MOXKET NMPUBOAUTL K OLIMOOUYHOMY PaHKH-
POBAHHMIO, @ OTCYTCTBHE B paMKax METOJa aHaJIM3a HePapXUil MeXaHW3Ma, KOTOPBI I03BOJISET HONTBEPAUTH
WM OIPOBEPrHYTh HAJINYHNE TAKHX aJbTEPHATHB, IPHBOJUT K YMEHBIICHUIO YPOBHSI 000CHOBAaHHOCTH IOJTydac-
MBIX pe3yIbTaToB. [Ipeuioken HoaAXo K KOMIUIEKCHOMY HCHOIb30BaHMIO MpuHIHna [lapeTo u MeToqa aHamm-
3a uepapxuid. Bo3MOXKHOCTh €ro MpakTH4ecKOro INPUMEHEHHS IOKa3aHa Ha KOHKPETHOM IIPHUMEPE PacdeToB.
OTMeUeHo, 4TO NMPUMEHEHUE ITOro MOAXO0/a MO3BOJIHUT IOBBICUTH 0OOCHOBAHHOCTH PE3YJIbTATOB PaHKUPOBA-
HUS QIbTEPHATUB 32 CUET HUCKIIOUCHUS U3 PACCMOTPEHHS alIbTepHATUB, Hed(dekTHBHBIX 10 [lapero, mim noa-
TBEPIKICHUS. UX OTCYTCTBHSI.

KumoueBble cjioBa: METOI aHATN3A HEPAPXHUiL, IKCIIEPTHBIH onpoc, 3bdeKT peBepca paHros, npuHuui Ilapero,
[Mapeto-addexruBHOCTD, [Tapero-HeahPeKTHBHOCTD.

KoMiuiekcHe BHKOPHUCTAHHSI NPHHUMIY NapeTo Ta MeTOAY aHaJi3y iepapxiii aas migBuieHHs
OOIPDYHTOBAHOCTI pe3yabTaTiB pamxkyBanns anpTepuatus / M.M. Ilorbomkin, A.A. Cenasp,
O.B. Jleiinera, A.O. 3Bapuu // KibepHernka Ta cucremunii anamiz. 2021. Tom 57, Ne 3. C. 97-105.

Anoranis. HaBeseHO 3aranpHUI OIHC METOLY aHAi3y i€papxii Ta MpOBEACHO aHami3 BIuMBY Ilape-
TO-Hee(DEeKTUBHUX AIbTEPHATUB Ha PE3yJbTAaTH paHXKyBaHHs. [1oka3aHO, IO HACIIIKOM HAsBHOCTI y BUXIIHIH
MHOXXHHI albTepHaTUB, Hee(eKTUBHUX 3a [lapeTo, Moke OyTH XMOHE paH)KyBaHHS ajbTEPHATHB, A BIJICYTHICTh
y MeXax METOJy aHaji3y iepapxiii MexaHi3My, sSIKHil HaJa€ 3MOry MiATBEPAUTH ab0 CIPOCTYBATH HASBHICTH Ta-
KUX aJbTepPHATHB, IPU3BOJUTH JIO 3HIKCHHS OOIPYHTOBAHOCTI OTPUMYBAHHX Pe3yJbTATiB. 3alpOIIOHOBAHO
IIXiZA 10 KOMIUIEKCHOIO BHKOpHCTaHHsS npuHIuIy I[lapero Ta Meromy aHamizy iepapxiif. IToka3aHo Mox-
JIMBICTH HOTO MPAKTHYHOIO BHKOPHCTAHHS HAa KOHKPETHOMY HPHKIIAJl PO3PAaxyHKIB. 3a3HAYCHO, IO 3aCTOCY-
BaHHS 1IOTO MiJIXOJY HATACTh 3MOTY MiJABUIIUTHA OOIPYHTOBAHICTh PE3yJbTATIB PAHKYBAHHS aJbTCPHATHB 32
paxyHOK BuiIydeHHs [lapeTo-Hee(hpeKTUBHUX JIbTEPHATUB 3 PO3IJIsILY a00 MiATBEPAKEHHS iXHBOT BiICYTHOCTI.

KurouoBi ciroBa: Meron aHamizy iepapXiif, eKCliepTHe ONUTYBaHHS, eeKT peBepcy paHris, npuniun Ilapero,
IMapero-edexruBHicTh, [TapeTo-HeeeKTHBHICTS.
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Comprehensive use of the pareto principle and the analytic hierarchy process to increase the
substantiation of alternative ranking results / M.M. Potomkin, A.A. Sedliar, O.V. Deineha, A.O. Zvarych
/I Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 97-105.

Abstract. The article provides a general description of the analytic hierarchy process and analyzes the
problem of the influence of Pareto-inefficient alternatives on ranking results. It is shown that the presence of
Pareto-inefficient alternatives in the original set can lead to erroneous ranking, and the lack of a mechanism
within the framework of the analytic hierarchy process that confirms or disproves the existence of such
alternatives decreases the level of validity of the obtained results. An approach to the integrated use of the
Pareto principle and the analytic hierarchy process is proposed. The possibility of its practical application is
shown on a specific example of calculations. The use of this approach will increase the validity of the ranking
results of alternatives by either eliminating Pareto-ineffective ones from consideration, or confirming their
absence.

Keywords: analytic hierarchy process, expert survey, rank reversal effect, Pareto principle, Pareto efficiency,
Pareto inefficiency.

VJK 519.65

YebOumenckoe NpHOINKeHHe IKCIOHEHIHMAJIBHBIM BbIpajkeHHeM (QYHKIUA MHOTHX IepeMeHHbIX /
I1.C. Manauusckuii, JI.C. Menbubruoxk, S1.B. Iusiop // Kubepuernka u cucremustii ananmus. 2021. Tom 57,
Ne 3. C. 106-113.

Annotanus. IIpe/uiokeH MeToJ] IIOCTPOCHHS YeOBIIIEBCKOrO MPUOIMKEHHS YKCIIOHEHIINAIBHBIM BbIPa-
KeHHeM (YHKIHIT MHOTMX IEPEMEHHBIX C OTHOCHTENIBHOU IOTpeIHoCcThi0. OH 3aKII04aeTcs B IOCTPOSHHH
MPOMEXKYTOYHOTO YEOBILIEBCKOrO MPHOIMKEHUsST 0000LUICHHBIM TOJMHOMOM 3HAYCHUi oraprdma QYHKIHH ¢
a0COJTIOTHON MOrPEITHOCTBIO. JJJIst TOCTpOCH s 4eObIIeBCKOro NPUOMIKEH!s QYHKIMA MHOTUX ITEPEMCHHBIX
00001IEHHBIM OJMHOMOM HCIIOJIb30BAHO MTEPAIlMOHHYIO CXEMy Ha OCHOBE METOJ[a HaHMEHBIIMX KBAJ[PAaTOB
C IepeMeHHo# BecoBoil (yHkuueil. IIpencTaBieHHbIe pe3ynbTaThl PEIICHUs TECTOBBIX NPUMEPOB MOTBEPIKIa-
10T OBICTPYIO CXOAMMOCTH METOZA HPHU pacyueTe MapamMeTpoB YeOBIIIEBCKOrO NPHOMIKSHNs TaOINYHO 3a1aH-
HBIX HENPEepbIBHBIX (YHKLHI OIHOM, JIBYX M TpeX HepEeMEeHHBIX.

KiroueBble ¢JioBa: 4eObINICBCKOE I'IpI/I6.]'II/DKeHI/IC OKCIIOHCHIIUAJIbHBIM BBIPAKEHUEM, (i)yHKI_II/II/I MHOTHX II€pEe-
MEHHBIX, CPEAHECTCIICHHOC HpI/I6J'II/I)KeHI/Ie, METOA HAaMMEHBIINX KBaApaTOB, IEPEMEHHA BECOBas d)yHKI_II/Iﬂ.

YeOnmoBcbke  HAOJMKEHHsI  €KCIOHEHUIaJILHHM  BHpa3oM  (QyHkmili  0ararbox 3miHHHX /
I1.C. ManauiBcbkuii, JI.C. Meabuuyoxk, S.B. ITiziop // KiGepHeruka ta cucremuuid ananiz. 2021. Tom 57,
Ne 3. C. 106-113.

AHoTanis. 3amponoHOBaHO METO MOOYA0BH YEOUIIOBCHKOTO HAOIIKEHHS EKCITOHEHIIATbHIM BUPA30M
¢yHKuiit 6araTboX 3MIHHHMX 3 BIHOCHOIO MOXHOKOI0. BiH momsirae B moOyqoBi MPOMIKHOTO YEOHIIOBCHKOTO
HaOJIMKEHHS y3araJIbHeHUM IIOJIIHOMOM 3Ha4eHb Jiorapudmy ¢yHkuii 3 abcomoTHOI0 moxnuokoro. [t nobdymo-
BU 4YEOMIIOBCHKOTO HAONIDKEHHS (DyHKMiN 6araTboX 3MIHHHX y3araJlbHEHUM IOJIIHOMOM BHKOPHCTaHO iTe-
pauiiiHy cxeMy Ha OCHOBI METO/y HallMEHIIHMX KBaJpaTiB 31 3MiHHOI BaroBow (yHkuict. [Togani pesynbraTti
PO3B’SI3yBaHHS TECTOBUX INMPUKIAMAIB MiATBEPIPKYIOTh IIBUIKY 30DKHICTH METOMY IiJi 4ac OOUYMCIEHHS Iapa-
METpiB 4eOUIIOBCHKOT0 HAOMMIKEHHS TaOJIMYHO 3aJaHUX HEMePepBHUX (DYHKLIH OHI€T, 1BOX 1 TPHOX 3MIHHHX.

KuiouoBi c10Ba: 4eOUIIOBChKE HAOIMKEHHS €KCIIOHEHIIaTbHIM BUpa3oM, (GyHKIIi 6araTboX 3MiHHUX, Cepel-
HBOCTEINICHEBE HAOJIMKEHHS, METOJ] HaWMEHIIMX KBAaJApaTiB, 3MiHHA BaroBa (yHKIs.

Chebyshev approximation of the multivariable functions by the exponential expression /
P.S. Malachivskyy, L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 106-113.

Abstract. A method for constructing the Chebyshev approximation by the exponential expression of the
multivariable functions with relative error is proposed. It generates an intermediate Chebyshev approximation
by a polynomial of the values of the logarithm of a function with absolute error. An iterative scheme based on
the least squares method with a variable weight function was used to construct a Chebyshev approximation of
the multivariable functions by a generalized polynomial. The presented results of the solution of test examples
confirm the fast convergence of the method when calculating the parameters of the Chebyshev approximation
of table-defined continuous functions of one, two, and three variables.

Keywords: Chebyshev approximation by the exponential expression, multivariable functions, mean-power
approximation, least squares method, variable weight function.

VK 519.237.8
AHaIH3 KJIACTEPHBIX CTPYKTYp Mo pa3sHbiM Mepam cxoacrBa / H.D. Komapyk, H.H. Maasp //
KubGepuernka u cucremubiid anamus. 2021. Tom 57, Ne 3. C. 114-120.

Annortauus. [IpuBeneH aHami3 KIacTepHBIX 00pa30BaHMI, HCIIONIB3YyEMBIX B IPAKTHUIECKHX 3a7adax. B pas-
JINYHBIX HCCIICJOBAHMSIX CETMCHTALMIO JAHHBIX OOBIYHO BBIIOJHSIIOT TOJIBKO OJHOMN (hopMoii kiactepos. IIpemwio-
’KCHO OCYIIECTBIIATH KJIACTCPH3ALMIO Pa3HBIMU MEPaMHU CXOJCTBA OJHUX M TEX )KEC UCCICAYCMBbIX JaHHBIX U BBISB-
JISITh Pa3IMYHbIC BU/bI B3AHMOCBS3CH MKy HUMH. JTO MO3BOJISICT IPOBOJUTH OOJICe MOJHBIN, Pa3HOCTOPOHHUM 1
CHCTEMHBII aHaIN3 00pa30BaHHBIX CErMEHTOB B NMPHKIIANHBIX 3a/a4ax. Bepudukaims Takoro noaxoza peaan3osa-
Ha Ha NPaKTHYECKOH 3ajade aHaIM3a JEMOTPaUUYECKUX MPOIECCOB HEKOTOPBIX €BPONEHCKHX CTpaHax.
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KiroueBble cioBa: KJlacTe€pusanus, aHajlu3 KJIacTEPOB, MHTEPIIPETALIU KIIaCTEPOB, I[eMOI‘pa(bI/I‘IeCKPIG npo-
TECCHI.

AHami3 KJIacTepHUX CTPYKTYp 3a pismumMu wmipamu noxiénocti / H.E. Komapyk, M.M. Maasap //
Kibepuetuka ta cuctemuuii anamiz. 2021. Tom 57, Ne 3. C. 114-120.

AwnoTtanis. HaBerneHo aHami3 KIACTEPHUX YTBOPEHb, LIO BHUKOPHCTOBYIOTh B MPAKTHYHHX 3a7avax.
V pi3HHX JOCII/DKCHHSX CErMEHTALII0 JaHWX 3a3BHYail BUKOHYIOTh JIMIIE OJHOIO (HOPMOIO KiIacTepiB. 3ampo-
TIOHOBAHO 3/IIHCHIOBATH KJIACTEPH3ALIiI0 32 PI3HUMHU MipaMy IOIOHOCTI OJHUX 1 TUX CaMUX JIOCIIIKyBaHUX Jla-
HHX Ta BUSBIIITU Pi3HI BHIX B3a€MO3B’sI3KiB M HUMH. L{e nae 3Mory npoBoauTH OiIbII NOBHUM, Pi3HOOIUHHI
Ta CUCTEMHHUI aHalli3 YTBOPEHHUX CETMEHTIB y MPUKIAIHUX 3a/1a4ax. Bepudikallito 1boro miaxomy peansizoBaHO
Ha TPaKTU4HIN 3a1aul aHamizy aemMorpaiuHuX MPOLECIB y HU3LI €BPONEHCHKHX KpaiH.

KarwuoBi ciioBa: xiactepusallisi, aHalli3 KIacTepiB, IHTEPIpETallis KiIacTepiB, aAeMorpadivHi mporecu.

Analysis of cluster structures by different similarity measures / N.E. Kondruk, M.M. Malyar //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 114-120.

Abstract. The cluster analysis formations used in practical tasks is presented. In various studies, data
segmentation is usually performed with only one type of clusters. It is proposed to carry out clustering by
various similarity measures to the same investigated data and to identify different types of relationships between
them. This allows for a more complete, versatile, and systematic analysis of the formed segments in applied
problems. This approach is verified using a practical problem of analyzing demographic processes in some
European countries.

Keywords: clustering, cluster analysis, cluster interpretation, demographic processes.

YIK 519.85
JIByX3TanHblii MeTOJ pelleHHs 3a1a4H BEKTOPHOI ONTHMHM3alMHM HA KOH(UIYpallM¥ NEpecTaHOBOK /
JL.H. Koneuxknna, E.A. [IBepnas, C.B. XoB6enn // Kubepueruka u cucreMubiii ananus. 2021. Tom 57, Ne 3.
C. 121-134.

AnHoTauus. PaccMoTpeH kitace 3a/1ad BEKTOPHOW €BKIIMI0BON KOMOMHATOPHOI ONTHMHU3ALIUK KaK 3a1a4
JIUCKPETHOM ONTUMM3AIMU HA MHOXKECTBE KOMOMHATOPHBIX KOH(HUTypaluii, 0TOOpa’)keHHOM B €BKJIUJIOBO TPO-
cTpaHcTBO. [IpHBeaeHbI cBOiicTBa TpadoB KOMOMHATOPHBIX KOH(UIYpalHii, KOTOPbIC HCIOIb3YIOTCS JUIS H3J10-
JKEHHSI HOBOTO MeToja. IIpe/uioxkeH ABYXdTalHBI METOJ pEIIeHHs 3a/ad BEeKTOPHOH €BKIMIOBOW KOMOMHA-
TOPHOM ONTUMH3ALMKA HA KOMOMHATOPHBIX KOH(UI'YpalMsaX MepecTaHOBOK. IIpe/cTaBlieHbl pe3ysbTaThl YKC-
JICHHOTO AKCIIEPUMEHTA M WX aHAaJN3.

KuaroueBbie cjioBa: BEKTOpHasA 3ajaada, MHOI'OKpUTEpUaibHasA ONTUMH3ALMAA, KOMGMHaTOPHaﬂ
KOHCbI/Il"ypaLII/I}I,CBKJ'IPIZ(OBLI KOMGI/IHaTopHLIe MHOXECTBA, BeKTOpHHﬁ KpHTepHﬁ, C€BKJIMIOBBI MOICJIH.

JBoeTanHuii MeToJ PO3B’SI3yBaHHA 32/1a4 BEKTOPHOI onTHMi3auii Ha KOMOIHATOPHUX KOH(Iirypamisx
nepecranoBok / J.M. Koseukina, O.A. /Iipna, C.B. XoB6ens // KibepueTuka Ta cuctemuuii ananis. 2021.
Tom 57, Ne 3. C. 121-134.

AmnoTauist. Po3risiHyTO Kilac 3a1a4 BEKTOPHOI €BKJIIZI0BOI KOMOIHATOPHOI onTHMi3awii sIK 3a1a4 JUCKPEeT-
HOT onTHMi3aLil Ha MHOXUMHI KOMOIHATOPHHUX KOH(Irypauiif, BigoOpaxeHiil B eBKIiniB npoctip. HaBeneHo Biac-
TUBOCTI rpadiB KOMOIHATOPHUX KOH(Iryparliii, sSIKi BAKOPHCTOBYIOTBCS JUIS BUKJIATy HOBOT'O METO/Ty. 3aIIpOIIOHO-
BaHO JIBOCTAITHUH METOJ PO3B’sI3yBaHHS 3a]a4 BEKTOPHOI €BKIIIJI0OBOI KOMOIHATOPHOI onTHMi3alil Ha KoMOiHa-
TOPHHX KOH(Irypauisx nepecTaHoBoK. [IpeacTaBieHo pe3yIbTaTi YHCEIBHOr0 eKCIIePUMEHTY Ta iXHii aHai3.

KuiouoBi ciioBa: BexTopHa 3amaua, OaraTokpuTepiliHa onTuMizamis, KOMOIHaTOpHA KOH(ITypalis, eBKIiI0BI
KOMOIHATOpHI MHOKHHH, BEKTOPHHUI KpPUTEpii, €BKIIIOBI MOJEII.

Two-step solution method for vector optimization problems on permutation configuration /
L.N. Koliechkina, O.A. Dvirna, S.V. Khovben // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 121-134.

Abstract. A class of problems of vector Euclidean combinatorial optimization is considered as problems
of discrete optimization on the set of combinatorial configurations mapped into the Euclidean space. The
properties of the graphs of combinatorial configurations are given, which are used to describe the new method.
A two-stage method for solving problems of vector Euclidean combinatorial optimization on combinatorial
configurations of permutations is proposed. The results of a numerical experiment and their analysis are
presented.

Keywords: vector problem, multiobjective optimization, combinatorial configuration, Euclidean combinatorial
sets, vector criterion, Euclidean models.

YK 004.93°1

HpenTndukanms JUYHOCTH HA OCHOBE HHAMBUAYAJIbHBIX 3X0rpaduyecKux ¢BOMCTB YIIHOH PAKOBHHBI ¢
HCIO0JIL30BAHHEM KelcTpaibHOro aHajiumsa u ¢opmyanl Baiieca / A.E. Cyaasko, I1.C. JlokHUKOB,
H.A. Kynpuk, A.E. Camoryra // Kubepuetuka u cucremusiii ananus. 2021. Tom 57, Ne 3. C. 135-143.
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AnnoTtanus. Pa3paboran MeTo/ pacro3HaBaHUS JIMYHOCTHU 110 SXOrpadMuecKuM IapamMeTpaM yxa yeso-
BEKa Ha OCHOBE HAaMBHOI'0 0aifleCOBCKOro KiaccH(UKaTopa B IBYX peXKUMaxX: OHOMETPHUIECKOH MISHTU(GUKALHN
(EER= 0.0053) u 6uomerpuueckoii ayrenruduxamuu (FRR = 0.0002 npu FAR<= 0.0001) coorBeTcTBEeHHO.
Pa3paboTaHo yCTPOHCTBO A PETHCTPALNE OHOMETPHIECKHX XapaKTePHUCTUK yXa, IPUBEACH Habop dxorpadu-
YECKUX CBOWCTB HA OCHOBE IapaMETPOB YIIHON PAaKOBUHBI 75 MCHBITYeMBbIX. B KauecTBe OMOMETPHYECKUX ITa-
PaMETpPOB HCIONB30BAIKCH CIIEKTPaIbHbIE H KEICTPaIbHbIe XapaKTePUCTUKU OTPAXKEHHBIX OT YLIHOTO KaHaja
CHTHAJIOB. PaccMOTPEHO HECKOJIBKO OKOHHBIX (DYHKI[HIT 1 TOCTPOCHHMS CIIEKTPOB U KEICTPOrpaMM. Y CTaHOB-
JIeHo, uto 6osiee 90 % «KencTpalabHBIX» MPH3HAKOB UMEIOT CJIa0yI0 KOPPEIIINOHHYIO 3aBHCHMOCTD, YTO IO-
3BOJISIET IPHMEHSTH HAaHBHBINH 0alleCOBCKHIT KIIACCU(UKATOP U MOITyYaTh IPH ITOM BEICOKOTOUHEIE PE3yIbTaThI
pacmo3HaBaHHs Ioab3oBaTeneil. [IpenMymmecTBo 0ailecOBCKOH KIaCCH(UKAIMK COCTOHT B BO3MOXKHOCTH PO-
0acTHOrO OBICTPOrO OOYYEHHsI CUCTEMbI WJICHTH()UKAIMU.

KaroueBble ciIoBa: KEICTPOrpaMMbl, OKOHHOE TpeodpasoBanue Dypbe, Teopema baiieca, akycTHYECKHUil CHT-
HaJl, pacrio3HaBaHUEe O00pa30B, MAIMHHOE OOYYCHHE.

InenTudikaniss ocodu Ha ocHOBi iHAMBiAyaJbHHX exorpaiuyHUX BJIACTHBOCTell BYLIHOI PAKOBHHHU 3
BHKOPHCTAHHSIM KeIcTpajibHoro ananizy i ¢opmyan baeca / O.€. Cyxaasko, II.C. JlokHUKOB,
1.O. Kynpuk, O.€. Camortyra // Kibepuernka Ta cucremuuii anamiz. 2021. Tom 57, Ne 3. C. 135-143.

AHorauis. Po3pobieHo meron GiomeTpuuHOl ijeHTU]IKALT 0coOu 3a exorpadiyHUMH MapameTpamu
ByXa JIIOJUHH Ha OCHOBI HaiBHOTO OaeciBChKOro kiacudikaropa B JBOX pexknmax: 6iomerpuaHoi ineHTudikamii
(EER= 0.0053) i 6iomerpuunoi ayreHtudikauii (FRR= 0.0002 mis FAR<= 0.0001) Biamosigno. PozpodieHo
MIPUCTPIH Ui peecTparlii 06i10METPUYHUX XapaKTEPUCTHK ByXa, chopMoBaHO HaOip exorpadiuHuX BIACTHBOCTEH
Ha OCHOBI MapameTpiB BYIIHOI PaKOBHHH 75 BUIPOOYBaHHX. SIK GiOMETpHYHI MapaMeTpH BHKOPHCTAHO CIICK-
TpajbHi Ta KENCTpasIbHi XapaKTePHCTHKU BiIOMTUX BiJl BYIIHOTO KaHaTy CHTHaliB. PO3IIISHYTO KijbKa BIKOH-
HUX QYHKOI 171t T0OYI0BH CIIEKTPIB 1 KEICTPOrpaMM. Y CTaHOBIICHO, 10 MOHAK 90 % «KEeNCTpabHUX» O3HAK
MaloTh CI1a0Ky KOpEILILiiHY 3aJIeKHICTh, IO Ja€ 3MOTY 3aCTOCOBYBAaTH HAiBHUI OaeciBChbKuil Kiacudikarop i
OTPUMYBATH BUCOKOTOUHI pe3yJIbTaTH PO3IMi3HABaHHA KOpHCTyBauiB. IlepeBarorw OaeciBechkoi Kiacudikarii €
MOXITMBICTh POOACTHOrO HIBUAKOTO HAaBYAHHS CUCTEMH ifeHTUdikaii.

KmiouoBi ciaoBa: kemcrporpamu, BikoHHe meperBopeHHs Dyp’e, Teopema baeca, axycTH4YHMI CHTHAI,
po3mi3HaBaHHS 00pa3iB, MAIIMHHE HABYAHHSI.

Personal identification based on the individual sonographic properties of the auricle using cepstral
analysis and Bayes formula / A.E. Sulavko, P.S. Lozhnikov, I.A. Kuprik, A.E. Samotuga // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 3. P. 135-143.

Abstract. A method of personality recognition by echographic parameters of the human ear has been
developed on the basis of the “naive” Bayes classifier in two modes: biometric identification (EER= 0.0053)
and biometric authentication (FRR= 0.0002 at FAR<= 0.0001), respectively. A device was developed for
recording the biometric characteristics of the ear; a set of echographic data was collected from the ears of 75
subjects. The spectral and cepstral characteristics of the signals reflected from the ear canal were used as
biometric parameters. Several window functions for constructing spectra and cepstrograms are considered. It
has been established that more than 90% of “cepstral” features have a weak correlation dependence, which
allows the use of a “naive” Bayesian classifier and at the same time obtaining highly accurate results of user
recognition. The advantage of Bayesian classification is the possibility of robust fast learning of the
identification system.

Keywords: cepstrograms, window Fourier transform, Bayes theorem, acoustic signal, pattern recognition,
machine learning.

VK 519.6
Tomorpaguueckoe BOCCTAHOBJICHHE U300pakeHMii Ha  oOCHOBe 0000IIEHHBIX HpoeKuuid /
A.B. Jlozunckuii, U.M. Pomanumun, B.I1. Pycsin // Kubeprernxa u cucremuslii anammus. 2021. Tom 57, Ne 3.
C. 144-151.

Aunoranusi. 3noxeH mMetox toMorpaduyeckoil peKOHCTPYKIMH HEOAHOPOJHOCTEH B CIy4ac MPOH3-
BOJIBHO# JIarpaMMbl HAalpaBJICHHOCTH M CKAaHUPOBAHUS IO OJHOI KoopauHate. [1oka3aHo, 4TO B 3TOM Ciydae
3apEeruCTPUPOBAHHbIC JaHHBIC (IIPOEKIMH) 3aMMCHIBAIOTCS B BUJIE CYMMbI HOCTPOYEUHBIX CBEPTOK CTPOK JHar-
paMMBI HAIIPaBJIEHHOCTH M COOTBETCTBYIOIIETO y4acTKa BOCCTAHABINBAEMOTO pacnpeeneHus. IIpoananisnpo-
BaHBI OCOOCHHOCTH IPOEKIMOHHBIX JAHHBIX, OOPATHBIX MPOEKIHiL. IIpeaIoxKeHo CTPOUTh «CyMMapHOE» H30-
OpakeHHe B BUJIC /UIUTHBHOTO a00 KOHBIOHKTHBHOIO OOBCIMHCHHS PE3yJIbTaTOB 0OPATHOTO HPOCHUPOBAHUS
JUISL Pa3HBIX AMarpaMM HarpaBiIeHHOCTH. [Ipe/uioskeHa HTeparnoHHas IPOLeypa MOCTPOCHHS MOCIICI0BATEIb-
HBIX NPUOIMKEHUH K MCKOMOMY PELICHHIO.

KuoueBble ci10Ba: ToMorpaduyeckoe BOCCTAHOBIICHHE, MPOCTPAHCTBEHHOE PACIpEieICHUe, JuarpaMma Ha-
[PABJICHHOCTH, CBEPTKa, OOpAaTHOE MPOCHHPOBAHHE, CYMMapHOE H300pakeHHeE.
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Tomorpadiune BiTHOBIeHHSI 300pazkeHb Ha OCHOBi y3araabHeHHX mpoekuiii / A.B. Jlo3uHcbKHi,
I.M. Pomannumn, B.I1. Pycun // Kibepueruka ta cucremuuit ananiz. 2021. Tom 57, Ne 3. C. 144-151.

AHorauis. PosriasHyro meTon TomorpadivyHoOl peKOHCTPYKIIT HEOTHOPIAHOCTEH Yy BUIAAKY JOBUIBHOT
nmiarpamu HampsIMIICHOCTI Ta CKaHyBaHHS MO OfHIN kKoopauHaTi. [TokaszaHo, o0 y boMy pasi peecTpoBaHi aaHi
(mpoeK1ii) 3aMUCYIOTh Y BUIVISAL CYMHU MOPSAKOBUX 3rOPTOK JiarpaMy HAIPsIMIICHOCTI Ta BiIOBIAHOI AUISTHKA
BiJJHOBIIFOBAHOTO po31o/iiiy. [TpoaHaizoBaHO 0COOIMBOCTI MPOEKIIIMHUX JAHUX, 3BOPOTHUX MpoeKIiii. [Tporo-
Hy€eTbCsl OyyBaTH CyMapHe 300paKeHHS Y BUTIISL aANTHBHOIO ab0 KOH FOKTHBHOTO 00’€HAHHS PE3yJIbTaTiB
3BOPOTHOTO MPOEKTYBAHHS JJIs PI3HUX JiarpaM HampsiIMICHOCTI. 3alporoHOBAHO iTepaliiiHy mpoueaypy nooy-
JIOBU TOCIIJIOBHUX HAOJIMKEHb JIO LIYKAaHOTO PO3B’SI3KY.

KurouoBi cioBa: TomorpagiuHe BiJHOBJIEHHS, IPOCTOPOBHH PO3MOALI, JiarpaMa HAIpsIMICHOCTI, 3TOPTKa,
3BOPOTHE MPOEKTYBAHHS, CyMapHE 300pa)KeHH.

Tomographic restoration of images based on generalized projections / A.B. LozynskY, .M. Romanyshyn,
B.P. Rusyn // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 144-151.

Abstract. The method of tomographic reconstruction of inhomogeneities in the case of an arbitrary
directional diagram and scanning along one coordinate is described. It is shown that in this case registered data
(projections) are represented as the sum of the line-by-line convolutions of the lines of the directional diagram
and the corresponding line of the reconstructed distribution. The features of projection data, backprojections are
analyzed. It is proposed to construct a cumulative image as an additive or conjunctive combination of the back
projection results for different orientation diagrams. An iterative procedure for constructing sequential
approximations to the desired solution is proposed.

Keywords: tomographic restoration, spatial distribution, directional diagram, convolution, backprojection, total
image.

VK 519.6

Beccerounblii MeTo penIeHHs! TPeXMEPHBIX HECTAIIMOHAPHBIX 32Ja4TEIUIONPOBOHOCTH B MaTepHAJIaX C
anuzorponueii / JI.0. Iporekrop, B.M. Kononstxubiii, [.A. Jlucun, O.}0. Jlucuna // KubepHeruka u
cucrteMublid ananms. 2021. Tom 57, Ne 3. C. 152-163.

AnHoTauus. PaccMoTpeH OecceTouHbli METO/ PEIICHUST TPEXMEPHBIX HECTAIlMOHAPHBIX 3a]a4 TeIIol-
POBOJHOCTH B aHU30TPONHON cpene. [y pereHns KpaeBol 3aauu MPUMEHSACTCS KOMOMHALIMS METO/a IBOU-
HOT'O 3aMELICHHUS C MCIOIb30BAHUEM aHU30TPOIHBIX PAAUaIbHBIX 0A3UCHBIX (YHKIHMI ¢ METOIOM (yHIaMEH-
TaJIbHBIX pereHuil. MeTo GpyHIaMeHTaIbHBIX PELICHUH O3BOJISIET MOIYUHTh OJHOPOIHOE PEIICHHUE,  METOJ
JIBOWHOTO 3aMEIICHHs C UCTIOIh30BAaHUEM aHU30TPOITHBIX PAHABbHBIX 0a3MCHBIX (DYHKIMH — YaCTHOE perie-
HHUe KpaeBoii 3ajaun. IIpuBoasATCS pe3yabTaThl YUCICHHBIX PEIICHUN ABYX TECTOBBIX 3a/a4, MOJYyYSHHBIX C HC-
M0JIb30BAHUEM Pa3pab0TAaHHOTO METO/A, a TAKXKE BBIYUCIISIOTCS CPEIHSS OTHOCHTEIIbHAS, CPEIHSS a0COIIOTHAS
U MaKCHMajbHasi TOTPEIIHOCTH.

KiioueBble cj10Ba: 6eCCeTOUYHBII METOJI, KpaeBble 3a/laul, aHH30TPOIHBIC MaTePHAIIBI, METO/ ABOMHOTO 3aMe-
meHus, MeTo (YHIAMEHTAIbHBIX PEIICHHU, aHW30TPOIHBIC paauaibHble O0a3UCHBIC (YHKIHN.

BesciTkoBuii  MeToa po3B’A3yBaHHS TPHMBHUMIPDHHMX HeCTAiOHAPHMX 3a/1a4  TeIUIONPOBiTHOCTI
B Marepianax 3 auizorpomniero / JI.O. Ilporektop, B.M. Koaoasxuuii, J.0. Jlicin, O.}O. Jlicina //
Kibepueruka ta cucremunii amams. 2021. Tom 57, Ne 3. C. 152-163.

Anoranist. Ommcano Oe3CiTKOBHII METOX PO3B’SI3yBaHHS TPUBUMIPHHX HECTAIlIOHAPHUX 3ajad TeIUION-
POBIZJHOCTI B aHI30TpONHOMY cepeoBui. /1 po3s’si3yBaHHs KPaioBOi 3a1adi 3aCTOCOBAHO KOMOIHAIIIIO METOLY
MOJBIHOrO 3aMIIlEHHsI 3 BUKOPHCTAHHSM aHI30TPOIHUX paaiaibHuX OasucHUX (yHKIUIH 3 MeTomoM (yHzameH-
TalbHUX PO3B’sI3KiB. MeTox QyHIaMEHTAIBHIX PO3B’SI3KIB Ja€ 3MOTY OTPHMATH OJHOPIIHHI PO3B’SI30K, a METOJ
TOJIBIfHOrO 3aMillIeHHs 3 BUKOPHCTaHHIM aHI30TPOIHHX PaialIbHUX 0a3HCHHUX (DYHKIUIH — YaCTHHHUH PO3B’SI30K
KpaiioBoi 3aadi. HaBenjeHo pe3ysibTaTi YHCeIbHIX PO3B’S3KIB IBOX TECTOBHX 33/ad, OTPHMAHHX 3 BUKOPHCTaHHIM
PO3POOIICHOr0 METOTY, @ TAKOXK OOYHCIICHO CEPE/IHIO BiTHOCHY, CEPEHIO a0COMIOTHY Ta MAKCUMAIIbHY TOXHOKH.

Kurodosi ci1oBa: Ge3ciTkoBHil MeToJ, KpaiHoBi 3aj1a4i, aHI30TPOIHI MaTepiaan, METO HOBIIHOTO 3aMilleHHs,
MeTox (yHIAMEHTAIBHUX PO3B’S3KiB, aHI30TPOIHI pamiajybHi OasucHI (yHKIIL.

A meshless method for solving three-dimensional nonstationary heat conduction problems in anisotropic
materials / D.O. Protektor, V.M. Kolodyazhny, D.O. Lisin, O.Yu. Lisina // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 3. P. 152-163.

Abstract. The article deals with a meshless method for solving three-dimensional nonstationary heat
conduction problems in anisotropic materials. A combination of dual reciprocity method using anisotropic
radial basis function and method of fundamental solutions is used to solve the boundary-value problem. The
method of fundamental solutions is used for obtain the homogenous part of the solution; the dual reciprocity
method with the use of anisotropic radial basis functions allows obtaining a partial solution. The article shows
the results of numerical solutions of two benchmark problems obtained by the developed numerical method;
average relative, average absolute, and maximum errors are calculated.

Keywords: meshless method, boundary-value problems, anisotropic materials, dual reciprocity method, method
of fundamental solution, anisotropic radial basis functions.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.822

Ipencrasienne, aHaIn3 W H3BJEYeHHE 3HAHMI W3 HECTPYKTYPHPOBAHHBIX €CTECTBEHHOS3bIYHBIX
tekeToB / I''U. Iorepuak, H.II. Japuyk, C.JI. KpseiBbiii / KuGeprernka u cucremHubid aHamus. 2021.
Tom 57, Ne 3. C. 164-183.

AnnHotanus. IIpuBenen 0630p CpeaCcTB ASCKPUNTHBHBIX JIOTUK IJI MPEJICTaBICHUS 3HAHMI M3 ecTec-
TBEHHOSI3BIYHBIX TEKCTOB, KIAaCCH(HUKAIMSA JECKPUITUBHBIX JOTHK IO KOHCTPYKTOpaM KOHLENTOB U poJei, a
TAKXK€ OIMCAaHbl OCHOBHBIE KOHIIEIILIMU TEMITOPAJIbHBIX JIECKPUIITHBHBIX JIOTUK. PaccMOTpeH 1ojixo/1 K mocTpo-
€HMIO CHCTEM aHajIM3a €CTECTBEHHOS3bIUYHBIX TEKCTOB Ha OCHOBE 3ajad ONpPEAEIEHMs 4YacTeil pedu, Moucka
IpaMMAaTHYECKUX 3aBUCHUMOCTEH, Ioucka kopedepeHTHocTeill. [IpuBeneHbl npuMepsl HCIOIb30BAHUS €CTEC-
TBCHHOSI3BIYHBIX 0a3 3HAHUI IS peNICHUs IPUKIAJHBIX 3a7a4, B YJACTHOCTH IS IIPOBEPKH IEIOCTHOCTH TEK-
cTa, MOMCKa MPOTUBOpEUHii.

KiroueBbie cjioBa: JACCKPUIITUBHBIC JIOTUKH, 6asbl 3HaHI/II\/'I, AIITOPUTM CEMAHTHUYIECKOTO Ta6H0, W3BJICYCHUEC
3HaHPII>’I, 06pa60TKa C€CTECTBCHHOT'O sA3BIKA, CEMaHTUYECKUN aHaIu3.

IlpencraBienns, aHagi3 Ta BHAOOYBaHHSI 3HAHB 3 HECTPYKTYPOBAHHUX NPHPOJIHOMOBHHX TEKCTiB /
I'.l. Torepuak, H.II. Japuyk, C.JI. KpuBuii // Kibepueruka Ta cucremuuii anamiz. 2021. Tom 57, Ne 3.
C. 164-183.

Amnotanis. HaBeneHo orsiy 3aco0iB JECKPUITUBHUX JIOTIK JUIS IIPEJICTaBICHHS 3HAHD 3 MPHPOJHOMOB-
HHX TEKCTIB, KIacH(iKaIlil0 TeCKPHITUBHUX JIOTIK 32 KOHCTPYKTOpaMH KOHICNITIB Ta POJICH, a TAKOXX OCHOBHI
KOHIIEMIIT TeMITOPaIbHUX JECKPUIITHBHUX JOTIK. PO3MIIHYTO mifxia 10 mOOYI0BH CHCTEM aHai3y MPHPOIHO-
MOBHHX TEKCTiB Ha OCHOBI 33/1a4 BH3HAYCHHS YAaCTHH MOBH, HOLIYKY IPAMAaTHYHHUX 3aJCKHOCTEH Ta Kopede-
penTHOCTel. HaBeseHo npuKiIaau BUKOPUCTAHHS NPUPOAHOMOBHHMX 0a3 3HaHb JUli PO3B’A3aHHS NPHUKIAJIHUX
337124, 30KpeMa Ul MEPEeBIPKU LITICHOCTI TEKCTY, MOIIYKY CYIEPeYHOCTEHl.

Ku1104oBi clioBa: 1eCKpUNTHBHI JIOTIKH, 0331 3HAHB, AITOPUTM CEMAHTUYHOTO TabIo, BUIOOYBaHHS 3HaHb, 00-
pOOGJICHHS. PUPOAHOI MOBH, CEMaHTHYHMI aHAII3.

Representation, analysis and extraction of knowledge from unstructured natural language texts /
H. Hoherchak, N. Darchuk, S. Kryvyi // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3. P. 164-183.

Abstract. The article provides an overview of the means of descriptive logics for knowledge
representation in natural-language texts. Descriptive logics are classified by constructors of concepts and roles,
and the basic concepts of temporal descriptive logics are considered. The approach to construction of systems
of the analysis of natural-language text based on problems of parts of speech tagging, dependency parsing,
coreference resolution is considered. Examples of using natural-language knowledge bases to solve applied
problems, in particular to check the integrity of the text and to reveal contradictions, are provided.

Keywords: description logics, knowledge bases, tableau algorithm, knowledge extraction, natural language
processing, semantic analysis.

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

VJIK 004.056; 004.415.24
Creranoanaiu3 J-UNIWARD / H.B. Komkuna // Kubepneruka u cucremusiii anaimus. 2021. Tom 57, Ne 3.
C. 184-192.

Annoranus. PaccmoTpena npo6iema BBIBICHHS aganTHBHOI creranorpadun meronom J-UNIWARD
CTETaHOAHAIUTHYCCKIMH CHCTeMaMU Ha 0a3e MammMHHOTO oOydeHHsA. C IOMOIIBIO CPABHHTEIHLHOIO aHAIH3a
TOYHOCTH ONpeEJeNIeHo, YyTo Haubosaee yyBcTBUTENBHBI K J-UNIWARD cratuctuueckue MOJENN MOCTPOCHUS
XapaKTEePUCTHYECKUX BEKTOPOB, (hopMUpyeMbIX B npocTpaHcTBeHHOU 30He, — GFR, PHARM u DCTR. Ilpen-
JIOJKEHBI JIBa CIIOCO0A MOBBIIICHNS TOYHOCTU CTETaHOAHAIN3a C MCIOJIb30BAHUEM 3THX MOJEJICH: aHAIN3 Hau-
6oiree BEPOATHBIX MECTOIOJIOKEHNH BHEIPEHMS; B3BEIICHHOE TOJIOCOBAHKE 110 TpeM MojeisM. Tlokaszano, uro
0e3 mpeaBapUTeNIbHON KiIacCH(pHUKAINH H300pakeHHIl COINIACHO HX ITapaMeTpaM TOYHOCTh CTeTaHOaHAIH3a Cy-
IIECTBEHHO MOHIMKaeTcsl. [lomydeHHble pe3yIbTaThl MOKHO HUCIONIB30BATh IS HOCTPOCHUS (P (HEKTUBHBIX CHC-
TEeM cTeraHoaHanmza uzoOpaxenuid B ¢opmare JPEG.

KarueBble cjioBa: nHpopMannoHHas 6e3omnacHocTb, creranorpadus, J-UNIWARD, creraHoaHaims, METOJIbI
¢ o0ydeHneM U Kiaccu(UKaluen, TOYHOCTh JCTEKTUPOBAHMSI.

Creranoanaiiz J-UNIWARD / H.B. Komkina // Kibepueruka ta cucremuuii anamis. 2021. Tom 57, Ne 3.
C. 184-192.

Anorauis. Po3risiHyTo npo0iemy BUSBICHHS aganTuBHOI creranorpadii 3a merogom J-UNIWARD cre-
raHOAHATITUYHUMH CHCTEMaMHu Ha 0a3i MAalIMHHOTO HAaBYaHHA. 32 JIOMOMOIOK MOPIBHMJIBHOIO aHAi3y TOY-
HOCTI BU3HAUEHO, 110 Haitbinbir uyTmuBumME 10 J-UNIWARD € craTuctiyni Mozelni mody/10BH XapaKTepUCTHY-
HHX BEKTOPIB, 1110 GopMmyroThes y npoctoposiit 30ui, — GFR, PHARM ta DCTR. 3anpornoHnoBaHo JiBa crioco-
OM MiJIBHINEGHHS TOYHOCTI CTETaHOAHAI3y 3 BHKOPUCTAHHSAM LHMX MOJEJICH: aHai3 HalOUIbII IMOBIpHUX
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MICIIETIOJIOKEHb BKPAIUICHHS; 3BaXKEHE TOJIOCYBaHHS 3a TpboMa MopensiMu. [TokaszaHo, mo 0e3 momepeaHsol
knacudikaii 300pakeHp 3TiHO 3 IXHIMU apaMeTpaMH TOYHICTh CTETaHOAHAII3Y CYTTE€BO 3HMKYEThCS. OTpu-
MaHi pe3yJbTaTH MOKHA BUKOPUCTOBYBATH Ul MOOYI0BH €(EKTUBHUX CHCTEM CTEraHOAHAJ3y 300pa’keHb y
tdopmari JPEG.

KurouoBi cioBa: indopmaniiina 6e3nexa, creranorpadis, J-UNIWARD, creranoanaiis, MeTOAU 3 HABYAHHIM
Ta KiIacU(]iKaIi€, TOUHICTh JETEKTYBaHHS.

J-UNIWARD steganoanalysis / N.V. Koshkina // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 3.
P. 184-192.

Abstract. The author analyzes the problem of detecting adaptive steganography by the J-UNIWARD
method by steganoanalytical systems based on machine learning. A comparative analysis of the accuracy has
determined that statistical models of constructing characteristic vectors that are calculated in the spatial domain,
such as GFR, PHARM and DCTR, are most sensitive to J-UNIWARD. Two ways to improve the accuracy of
steganoanalysis based on these models are proposed: via the analysis of the most probable embedding locations
and via the balanced vote on the three models. Significant degradation of the accuracy of steganoanalysis
without preliminary classification of images according to their parameters is demonstrated. The obtained results
can be used to generate efficient steganoanalysis systems for JPEG images.

Keywords: information security, steganography, J-UNIWARD, steganalysis, machine learning methods,
detection accuracy.
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