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KIBEPHETUKA CYBERNETICS

VK 004.822
AJITOPUTM PO3B’SI3aHHS JIiHIHUX PiBHAHL B acouiaTUBHUX Kiabusax 3 oaunuuero / C.JI. Kpusuii /
KibepHernka Ta cucremumii anamiz. 2021. Tom 57, Ne 6. C. 3-12.

AHOTaLifA. 3anporoOHOBAHO AJITOPHUTMU PO3B’SI3aHHS JIHIHHUX PIBHSHB Ta CHCTEM TAKUX DPIBHIHb
B ACOLIAaTHBHUX HEKOMYTaTHBHUX KIJBLSX 3 OAMHHIICIO 33 YMOBH, 1110 BCi KOC(IL[iEeHTN B PIBHAHHSIX € JIIIbHU-
KaM# oJuHuULi. HaBeIeHO OCHOBHI MOHATTS TEOpil Killelb Ta NPHUKIIaAn POOOTH 3aMPOIIOHOBAHUX aJITOPUTMIB.
CxiagHicTh pobOTH ANrOPUTMIB 3aJIEKHUTH BiJ BIACTHBOCTEH EJIEMEHTIB KiJbIS, HaJ SIKHM PO3IIISIAFOTHCS
PIBHSIHHS Ta CHCTEMHU DiBHSHB

Kurodosi cioBa: jiHiliHe piBHAHHS, HEKOMYTaTHBHE Kijblle, AUIBHUK OJMHHUIL, aITOPHUTM.

Algorithms for solvig linear equations over associative rings with unity element / S. Kryvyi // Kibernetyka
ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 3-12.

Abstract. The author proposes algorithms for solving linear equations and systems of such equations in
associative non-commutative rings with unity under the condition that all the coefficients in the equations are
divisors of unity. The basic concepts of ring theory and examples of operation of the proposed algorithms are
provided. The complexity of the algorithms depends on the properties of elements of the ring over which the
equations and systems of equations are considered.

Keywords: linear equation, non-commutative ring, divisor of unit, algorithm.

V]IK 004.932.4

OuiHoBaHHsl iHQOpPMATHBHOCTI HaBYa/IbLHOI BHMOipkM s kiaacudikaunii 300paskeHb MeToAaAMHU
ranooxoro Has4yanus / B.IL. Pycun, O.A. Jlynuk, P.fI. KocapeBuu // KiGepHerrnka Ta CHCTEMHHI aHAami3.
2021. Tom 57, Ne 6. C. 13-24.

AHoTanis. 3anponoHOBAaHO HOBHH MiJIXiA 10 OLIHIOBaHHS iHGOPMATHBHOCTI HABYAIBHOI BUOIPKH IMif
4ac po3Ii3HaBaHHsA 300pakeHb, OTPHMMAHUX 3ac00aMH JUCTaHILiHOTO 30H1yBaHHs. [Toka3aHo, 10 SKIiCTh Ha-
BYAJIBLHOI BUOIPKH MOXKHA BioOpa3uTH HaOOPOM XapaKTEPUCTHK, KOKHA 3 SIKHX OIMCYE IIEBHI BIACTUBOCTI Ja-
HHUX. BCTaHOBJIEHO 3aJIeXKHICTh MIX XapaKTePUCTHKAMU HABYAIBHOI BUOIPKH Ta TOUHICTIO poOoTH KiIacupika-
TOpa, TPEHOBAHOTO Ha OCHOBI i€l BuOipku. Po3pobiienuil miaxig 3acTOCOBaHO 10 Pi3HUX TECTOBUX HABYAIBHHUX
BHUOIPOK Ta HABEJCHO PE3YJIbTATH IXHBOTO OLIHIOBaHHSA. [10Ka3aHo, 1110 OLIHIOBaHHS HABYAILHOT BUOIPKH 3 BU-
KOPHCTaHHSIM HOBOT'O MiJAXOy 3IifCHIOETHCS 3HAYHO LIBUJILE, HDK MPOLEC HABYAHHS HeiipoHHOT Mepexi. Lle
Hajlae 3MOTy 3aCTOCOBYBATH 3aIIPONIOHOBAHHMII Ii/IXiJl 10 MOIEPEeJHBOIO OLIHIOBAHHS HaBYAJIbHOT BUOIPKH B 3a-
Jladax po3Ii3HABaHHsA 300paKeHb METOJAMM TJIMOOKOrO HAaBYaHHS.

KuiouoBi ciioBa: riiboke HaBYaHHS, BUAUICHHS O3HAK, HaBYalbHA BHOIpPKa, 3rOPTKOBAa HEHpoOMeEpeKa.

Evaluating the informativity of training sample for classification of images by deep learning methods /
B.P. Rusyn, O.A. Lutsyk, R.Y. Kosarevych // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 13-24.

Abstract. A new approach to evaluate the informativeness of the training sample when recognizing images
obtained by means of remote sensing is proposed. It is shown that the informativeness of the training sample can
be represented by a set of characteristics, each of which describes certain properties of the data. A relationship
between the characteristics of the training sample and the accuracy of the classifier trained on the basis of this
sample is established. The proposed approach is applied to various test training samples and the results of their
evaluation are presented. When evaluating the training set by the proposed approach, the process is shown to be
much faster than training a neural network. This makes it possible to use the proposed approach for preliminary
estimation of the training sample in the problems of image recognition using deep learning methods.

Keywords: deep learning, feature selection, training sample, convolution network.

CHUCTEMHHUIA AHAJII3 SYSTEMS ANALYSIS

YIK 519.85
Po3zpinikene 36anancoBane komnonyBanus ejincoinis / FO.I'. Crosin, T.€. PomanoBa, O.B. Ilankparos,
ILI. Cremiok, C.B. MakcumoB // Kibepuernka ta cucremuuii anamis. 2021. Tom 57, Ne 6. C. 25-35.

AwnoTanisi. Po3risiHyTo 3amady reHepyBaHHs cepoiTHUX MOPOXKHHH Y TPHBUMIPHIH 00JacTi, 110 Mae
CKJIaJIHy TEOMETPIIO 3 ypaxyBaHHAM OOMEKEHb Ha «PO3PILKEHICTh» PO3MIILCHHS TOPOXHUH Ta YMOBHU PiBHO-
Bary. 3ajady 3BeJICHO IO ONTUMi3amiifHOI 3a1a4i KOMIIOHYBAaHHS €JINCOiNiB 00EpTaHHS B OIMYKJIOMY KOHTEHi-
Hepi (umninapi abo ky0oini) 3 ypaxyBaHHAM 30H 3a00pOHH, OOMEKEHb Ha JIONMYCTHMI BIJICTaHI MiX enincoina-
MH Ta yMOB OaJlaHCy 3 METOK MaKCHUMi3alil MiHIMaJIbHOI BiJICTaHI MK KOJKHOIO MAPOIO EIIICOIAIB Ta eNincoi-
IOM 1 Mexero KoHTeiiHepa. BusHaueHno mnceBmoHopManizoBaHi KBasi-phi-QyHKUii I8 aHATITHYHOTO OMHCY
obMexeHb posmimierHs. [1o0ynoBaHo MaTeMaTH4Hy MOJETb y BHUIVISAL 33/a4i HENIHIHHOrO MpOrpaMyBaHHS.
3anporoHOBaHO METOJ] PO3B’sI3aHHS 13 CTPATETi€I0 MYJIbTHCTAPTY, AJITOPUTMU MOIIYKY JAOIYCTHMHX Ta JIOKAJIb-
HO-ONTHMAaJBHUX PO3B’s3KiB. HaBeneHo pe3ynbraTH OOUHCIIIOBAIBHHUX EKCHEPUMEHTIB.
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KuouoBi ciioBa: pospipkeHe KOMIOHYBaHHS, enincoin obepranus (cdepoin), kBaszi-phi-dyHkiis, HenmiHiliHe
nporpamyBanHs, r-aaroput™ Illopa.

Sparse balanced layout of ellipsoids / Y.G. Stoyan, T.E. Romanova, O.V. Pankratov, P.I. Stetsyuk,
S.V. Maximov // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 25-35.

Abstract. The authors consider the problem of generating spheroidal voids in a three- dimensional
domain of complex geometry, taking into account the constraints on the “sparseness” of the placement of voids
subject to the system balance. The problem is reduced to the optimized layout of ellipsoids of revolution in a
convex container (cylinder or cuboid), taking into account the prohibited zones, constraints on the allowable
distances between objects, and the balancing condition. The problem is aimed to maximize the minimum
distance between each pair of ellipsoids and each ellipsoid and the boundary of the container. Adjusted
quasi-phi-functions for analytical description of the placement constraints are defined. A mathematical model is
constructed in the form of a nonlinear programming problem. A solution method is proposed that uses the
multistart strategy in combination with smart algorithms to search for feasible and locally optimal solutions.
The results of computational experiments are presented.

Keywords: sparse layout, ellipsoid of revolution, quasi-phi-function, nonlinear programming, r-algorithm.

IIpo oany neckpunrtopHy rpy mnepeciainyBanus / JI.LA. Buacenko, A.I'. Pyrkac, B.B. CemeHeup,
A.O. Yukpiit / Kibeprernka Ta cucremuuii anamiz. 2021. Tom 57, Ne 6. C. 36-45.

Amnotanis. J[ocnipkeHo nudepeHIianbHy Irpy HepeciiyBaHHs y AeCKPUNTOpHINA cucteMi. EBoironiro
CHCTEMH OIMCAHO JIIHIHHAM Au(epeHITialbHO-aIreOpaidyHiM PiBHSAHHAM. P0O3B’sI3KH PIBHSHHS PEICTABICHO 32
JoroMororo (GopMynu Bapiamii CTaJINX depe3 MOYATKOBI JaHi Ta OJIOK KepyBaHHS. BHKOPHCTaHO TEXHIKYy MHO-
TO3HAUHUX BiOOpPXEHb Ta IXHIX CEIEKTOPIB, a TAKOXK OOMEKCHHS Ha (YHKIIOHAIH, II0 BU3HAYAIOTBCS I10-
BEJIHKAMHM IepeciigyBada i Brikaya. CTaTTs MICTUTh NPUKIAAM, IO UTOCTPYIOTh AU(QEpPEHLIalbHy TPy Yy
panioTeXHIYHUX CHCTeMax. 30KpeMa, BUBYEHO KOH(IIIKTHO-KEPOBAHI MEPEeXifHi MPOLECH Y YOTHPHUIIOTIOCHUX
(dinbrpax.

KurouoBi cioBa: neckpunropHa cucteMma, audepeHLiatbHOo-airedpaidne piBHSIHHA, JudepeHuiaabHa Ipa,
pamioTexHIUHMI QLIBTP.

On a descriptor pursuit game / L.A. Vlasenko, A.G. Rutkas, V.V. Semenets, A.O. Chikrii / Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 6. P. 36-45.

Abstract. A pursuit differential game in a descriptor system is analyzed. The evolution of the system is
described by a linear differential algebraic equation. Solutions of the equation are presented with the help of the
formula of variation of constants by the initial data and the control block. We use the technique of set-valued
mappings and their selectors, as well as constraints on the functionals defined by the behaviors of the pursuer
and evader. The paper contains examples to illustrate the differential game in radio engineering systems. In
particular, conflict-controlled transient states in forth-order filters are analyzed.

Keywords: descriptor system, differential algebraic equation, differential game, radio engineering filter.

YK 517.9

Ha6auxkenuii onTUMAJIBHUH  peryisitop s cjJa0ko HeliHiiiHOro eBoJIONLiiHOrO piBHAHHSA
napa6oaiuynoro tuny / H.B. T'op6anb, O.A. Kanycrsan, O.B. Kanycrsan / KiGepHeTnka Ta CHCTEMHUH
anaiiz. 2021. Tom 57, Ne 6. C. 46-52.

AnoTanisi. Po3risiHyTo 3a1auy onTHMAaNbHOrO KepyBaHHS PO3B’sI3KaMH [1apaboIidHOro PIBHSHHS 3 Ipa-
BOIO YAaCTHHOIO BHAY & F' (), ne &€ >0 — manuii mapamerp, 3 KOSPLUTHBHAM LUILOBHM (YHKI[IOHAIOM Ta 00-
MEXKEHHM KepyBaHHSIM. Bukopucrasmu GpopMyiry onTHMaNbHOTO PEeryysTopa He30ypeHol 3a1adi, 00rpyHTOBa-
HO (opMy HAONIIKEHOTO PEeryisropa 3 IEPeMHKAHHSMU Ul BUXiOHOI 3amadi.

KurouoBi ciioBa: ontumanbHe KepyBaHHS, HENiHiMHE mapaOoliyHEe DPIBHSHHS, ONTUMAIBHUN PEryJsTop.

Approximate optimal controller for a weakly nonlinear evolutionary equation of parabolic type /
N.V. Gorban, O.V. Kapustyan, O.A. Kapustian // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 46-52.

Abstract. We consider the optimal control problem for solutions of a parabolic equation with the
right-hand side of the form ¢ F (), where € >0 is a small parameter, with a coercive cost functional and
bounded control. Using the formula of the optimal controller of the undisturbed problem, the form of the
approximate controller with switching for the initial problem is substantiated.

Keywords: optimal control, nonlinear parabolic equation, optimal controller.
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YK 519.816

Iinxin 1o ouninoBaHHs CTiliKOCTi paHKyBaHHS aJbTEPHATHB, OTPHMAHOr0 MeTOAOM aHAJi3y iepapxiii /
I.C. Pomanuenko, M.M. Ilorbomkin, M.B. Hikoaaenxo, /I.1. I'pasion // KiGepHeTrka Ta CHCTEMHHI aHai3.
2021. Tom 57, Ne 6. C. 53-60.

AHoTanis. Y CTaTTi HaBeACHO 3araJIbHUI OIHC METO/y aHaTi3y iepapXiil Ta BHKOHAHO aHaIIi3 IPOOIeMHI
OL[HIOBAHHS CTIfIKOCTI paH)KyBaHHS albTCPHATHB, OTPUMAHOIO UM METOAOM. [l0Ka3aHO, IO OLIHIOBAHHS
CTIMKOCTI € BOJKJIMBOIO CKJIQJIOBOIO BHCHOBKIB ITPO MOXKJIMBICTh MPAKTUYHOI'O BUKOPUCTAHHS PE3YJIbTATIB PaH-
XKyBaHHS. 3aMPONOHOBAHO IMI/IXi/ 0 OLIHIOBAHHS CTIHKOCTI, SIKM IPYHTY€ThCS Ha IHTEPaKTHBHIIl poueaypi i
Hajlae 3MOT'Y 3HaYHO CKOPOTHTH OOCATH PO3PaxyHKiB. 3aBISKH 3aCTOCYBAHHIO 1[bOTO MiJXO0y MOXHA ITi/[BUIIH-
TH OOTPYHTOBAHICTh PEKOMEHAIliH, po3po0IIIOBAHNX HA OCHOBI METOJIy aHaJIi3y iepapXiii 3a HasBHOCTI JjoCTaT-
HBO 00’€KTHBHOIO BHCHOBKY IIPO CTIHKiCTH IPIOPUTETIB PO3IISAYBAaHHX AIbTCPHATUB.

KumouoBi ciioBa: mMeTo aHanmizy iepapxiif, eKCIEepTHE OMUTYBaHHS, eEeKT PEeBEpCy PaHriB, MOXHOKA eKcrep-
THOT OLIHKH, CTIMKICTb PaH)yBaHHS.

Approach to assessing the stability of ranking alternatives obtained by analytic hierarchy process /
L.S. Romanchenko, M.M. Potomkin, M.V. Nikolaienko, D.I. Grazion // Kibernetyka ta Systemnyi Analiz.
2021. Vol. 57, N 6. P. 53-60.

Abstract. The article provides a general description of the analytic hierarchy process and analyzes the
problem of assessing the stability of ranking alternatives obtained by this process. Stability assessment is shown
to be an important component of conclusions on the possibility of practical use of ranking results. An approach
to assessing the stability is proposed, which is based on an interactive procedure. This can significantly reduce
the amount of calculation. Using this approach increases the argumentation of recommendations developed on
the basis of the analytic hierarchy process due to the presence of a fairly objective conclusion on the stability of
the priorities of the considered alternatives.

Keywords: analytic hierarchy process, expert survey, ranks reversal effect, expert estimation error, ranking
stability.

VIK 004.827+519.87
MojenoBanHsi npoueciB po3noBCIO/KeHHs1 iHopMauii Ha ocHOBI Au(Y3iliHUX PiBHSAHb 3 HeYiTKUM

obiikoM 4vacy / €.B. IBoxin, O.®. Bosomun, M.®. Maxuo // KibepHetnka Ta cucTeMHui aHamis. 2021.
Tom 57, Ne 6. C. 61-71.

AHoTanist. Po3riisiHyTo miaxia 10 GOpMyITIOBaHHS Ta 3HAXOKCHHS PO3B’S3KIB CKAIPHUX PIBHSHB [H-
¢y3ii 3 ypaxyBaHHSIM HEYITKOTO CIPUIHSATTS IUIMHY 4Yacy y INpolecax IOLIMpeHHs (I3MYHUX PEYOBHH Ta
iHpopManiiiHux noTokiB. Omuc HeTpaIuLiiHOTO croco0y oOiiKy Tewil yacy IPyHTY€THCS Ha BUKOPHCTAHHI
HEYITKHX CTPYKTYpPOBAHHX UYHCIOBHX MHOXHH, B OCHOBY YOI0 MOKJIAJEHO IPHHIUI (HOPMYBAaHHS HEUITKOIO
OpHTiHaTy 3 MOJAJBIUIOK PEIUTIKAIi€ WOro Ha YUCIOBii oci. dopmarizallis HEYITKOTO OPUTIiHATY IOJSrae y
BH3HAYEHHI JIBOX MapaMeTpUyHO 3ajaHuX Ha Binpi3ky [0, 1] ¢yHkuii, 1o Bu3HAYaIOTh TEMI Cy0’ €KTUBHOTO
COPUIHATTS OAMHULI Yacy. 3aIpoIOHOBAHO Ta MPOBEICHO aHaJi3 PiBHAHHSA Au(Y3il, 10 OMUCY€E MOMHPECHHS
iHpopmarii B conianeHOMy cepenoBuii. OTpUMaHO PO3B’S30K, KU BU3HAYAE CTAaH MPOLECY PO3ITOBCIOKEH-
HS 3 ypaXyBaHHSM «IIBHJIKOTO» Ta «IOBUIGHOI0» IUIMHY 4acy. 3alpollOHOBaHA METOJHKa Haxae 3Mory dop-
Mali3yBaTH 3aBJaHH HEUITKOTO OIUCY Ta OOMIKy Cy0’€KTHBHOTO CIIPUHHSTTA BiJUIIKY Yacy, pO3B’I3yI0uH pi3Hi
3aBJaHHs AMHAMIKH.

Kurodosi cioBa: ¢opmanizanis HeuiTkoro o6y dacy, audysiiiHi piBHSAHHSA, MOJIENI PO3MOBCIOKEHHS
iH(opmamii.

Simulation of information dissemination processes based on diffusion equations with fuzzy time
accounting / E.V. Ivohin, O.F. Voloshyn, M.F. Makhno // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57,
N 6. P. 61-71.

Abstract. The paper considers an approach to formulating and finding solutions to scalar diffusion
equations taking into account the fuzzy perception of the flow of time in the processes of propagation of
physical substances and information flows. The description of an unconventional method of accounting for the
passage of time is based on the use of fuzzy structured numerical sets, which is based on the principle of
forming a fuzzy original with its subsequent replication on the numerical axis. Formalization of the fuzzy
original is to define two functions, parametrically set on [0, 1], that determine the rate of subjective perception
of a unit of time. The diffusion equation describing the dissemination of information in the social environment
is proposed and analyzed. A solution was obtained that determines the state of the propagation process taking
into account the “fast” and “slow” flows of time. The proposed methodology allows one to formalize the tasks
of fuzzy description and taking into account the subjective perception of time counting when solving various
problems of dynamics.

Keywords: fuzzy time formalization, diffusion equations, information dissemination models.

ISSN 1019-5262. Kubepuetrka u cuctemHbIii ananus, 2021, Tom 57, Ne 6 3



VK 519.6

MareMaTH4YHe MO/IeJIOBAHHS KBaJIPATHYHO HeJiHiliHUX nmpocTopoBo posnoginenux cucrem. II. Bunagok
HelepepBHO BH3HAYEHUX I0YATKOBO-KPAaHOBUX 30BHilIHbOAMHAMiuHuMX 30ypeHb / B.A. Crosin //
KibepHernka Ta cucremHumii anamiz. 2021. Tom 57, Ne 6. C. 72-83.

AHoTanis. BUKOHaHO IOCHI/PKEHHS JIBOX KJIACIB HETIHIHHUX IPOCTOPOBO PO3MOJAUICHUX AMHAMIYHUX
CHCTEM, HEHEPEpPBHO CIIOCTEPEXKYBAHMX 33 I'PAHUYHO-NIOYATKOBHMH Ta IIPOCTOPOBO  PO3HOJIICHUMH
30BHIIIHBOIMHAMIYHUMH 30ypeHHIMHU. J[j1s KOXKHOT 3 HUX NOOYI0BaHO aHAIITHYHI 3a1eKHOCTI PyHKIIT cTaHy,
sIKa 32 CePEeHBOKBAAPATHYHHM KPUTEPIEM y3TOJUKYEThCS 3 HASBHOIO 1H(POPMAILIEIO PO 30BHINIHBOJHHAMIUHI
YMOBH IXHBOTO (DyHKI[iOHYBaHHs. PO3B’5130K MOYaTKOBO-KPAHOBHX 3a/a4 sl PO3IIISIYBAHHX CHCTEM BH3HA-
YaeThCs Yepe3 MHOKUHHU BEKTOPIB, sIKi 3a CEPeJHBOKBAPATUYHIM KPUTEPIEM MOJCITIOIOTH 3a/laHUil T0YaTKO-
BO-KpPaHOBUI CTaH pa3oM 3 HPOCTOPOBO PO3MOAUICHHMMH 30BHIIIHbOJAMHAMIYHMMH 30ypeHHsMu. HaBeneHo
YMOBH TOYHOCTI 1 OZIHO3HAYHOCTI OTPUMAHUX MaTeMaTHYHUX Pe3yJIbTaTiB. PO3IISIHYTO BUMAJAKN HEOOMEKEHUX
MPOCTOPOBUX 0OJACTEH Ta yCTaNeHOI IMHAMIKHM CHCTEM.

Kuo4oBi cioBa: 1ceBiOpO3B’S3KM, MaTeMaTH4HE MOJICNIOBAHHS JWHAMIYHMX CHCTEM, IPOCTOPOBO pO3-
MOAIICHI AMHAMIYHI CHCTEMH, CHCTEMH 3 HEBH3HAYCHOCTSIMH, HEKOPEKTHI MOYaTKOBO-KPaioBi 3amadi.

Mathematical modeling of quadratically nonlinear spatially distributed systems. II. The case of
continuously defined initial-boundary external-dynamic disturbances / V.A. Stoyan // Kibernetyka ta
Systemnyi Analiz. 2021. Vol. 57, N 6. P. 72-83.

Abstract. Two classes of nonlinear spatially distributed dynamical systems, discretely observed according to
the initial-boundary and spatially distributed external-dynamic disturbances are analyzed. For each of them,
analytical dependences are constructed for the state function, which agrees, according to the root-mean square
criterion, with the available information on the external-dynamic conditions of their operation. Solution of the
initial-boundary-value problems for the systems under study is defined in terms of a set of vectors, which, according
to the root-mean square criterion, model the given initial-boundary environment, including the spatially distributed
external-dynamic perturbations. Conditions of the accuracy and uniqueness of the obtained mathematical results are
presented. The cases of unbounded spatial dmains and systems’ steady-state dynamics are considered.

Keywords: pseudosolutions, mathematical modeling of dynamic systems, spatially distributed dynamical
systems, systems with uncertainties, ill-posed initial-boundary-value problems.

VK 517.95

Interpanbumnii  omepatop Pimanma jaus cranmioHapHMX Ta  HecTalliOHapHUX — mpoueciB  /
LM. Aunekcanaposuy, C.I. Jsimuko, M.B.-C. Cupnopos, H.I. JIsmko, O.C. Bonnap // Kibepneruka Ta
cucremuuii ananiz. 2021. Tom 57, Ne 6. C. 84-93.

AwnoTtauis. [ToGymoBaHO iHTErpaibHi OMEPaTOPH, OCHOBOIO SKUX € (yHKIis PiMana, 1m0 mepeBOIsTh
JIOBUIbHI aHATITHYHI (QYHKIIT B peryysipHi po3B’sI3KH PIBHSHb EIIITHIHOTO, NapaboIivHOro Ta rinepOoiuHOro
THUIIB APYroro nopsaky. Onep)kaHo y3aralbHEHHs OIepaTopHOro Meroxy Pimana mojo 6i0ocecuMeTpuYHOro
piBHsiHHS ['enbMronbipst. Po3po6iieHO MeTo/| 3HAXO/UKEHHSI B aHAIITHYHOMY BUIJISIII PO3B’SI3KIB 3a3HAYCHUX
BUIIE PIiBHAHB. Y PsAAi BUNAJIKIB MOOYIOBaHO (HOPMyIH OOCPHEHHS IHTErpalbHHX IIPEICTaBICHb PO3B’SI3KiB.
CdopmyiboBaHO YMOBH pO3B’si3aHHs 3amadi Kol s 0CeCMMETPUYHOTO PIBHSHHS [ eIbMIOJIbII.

KoiouoBi cjoBa: iHTerpaJibHUH OIlepaTop, PeryisipHi po3B’s3KH, aHANITHYHI (QyHKIII.

Riemann integral operator for stationary and non-stationary processes / I.M. Alexandrovich,
S.I. Lyashko, M.V-S. Sydorov, N.I. Lyashko, O.S. Bondar // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 6. P. 84-93.

Abstract. Integral operators based on the Riemann function, which transform arbitrary analytical
functions into regular solutions of equations of elliptic, parabolic, and hyperbolic types of second order are
constructed. The Riemann operator method is generalized for the biaxisymmetric Helmholtz equation.
A method for finding solutions of the above equations in analytical form is developed. In some cases, formulas
for inverting integral representations of solutions are constructed. The conditions for solving the Cauchy
problem for the axisymmetric Helmholtz equation are formulated.

Keywords: integral operator, regular solutions, analytical functions.

VK 519.6
InenTudikanist CTPyKTYpH IPYHTOBMX MACHBIB YMCJIOBUMM MeTO/laMH KBa3ikoH(OPMHUX BiodpaxkeHs /
A.5l. Bom6a, M.B. Boiiuypa // KiOepHeruka ta cucremHuid anamiz. 2021. Tom 57, Ne 6. C. 94-105.

AnoTanis. Meronuky ineHTH¢iKamii mapamMeTpiB CTPYKTypH HEBEIHMKHX 33 PO3MIpOM 00’€KTiB, B sKiil
B3SITO JIO YBaru HasiBHICTh Ha MeXi 00siacTi (17151 KOXKHOI i3 BiJIOBITHUX 1HXKEKIiH) JIUIIE eKBIMOTEHIIATBHUX
niHiK (13 3a7aHUMHU HAa HUX 3HAQUEHHSMU CHIIM CTpyMy abo (yHKuil Tedwii) Ta miHid Teuil (i3 BizoMuUMH po3-
MOJIiIaMU TIOTEHIIAly Ha HMX), a[JallTOBAHO HA BHIAJKU PEKOHCTPYKIIi 300pa)KeHb BEIMKHUX IPYHTOBUX Ma-
cuBiB. CyTTEBOIO IIEPEBaroi0 po3podIICHOro aaropuTMy HaJjl BITOMHMH € YHHKHEHHS «TPAIULIHHOD) MPOLEy-
PM IITYYHOTO «ypi3aHHs» HECKIHYCHHOI 00JIaCTi, 32 PaXyHOK 3BY)KCHHs JIOKaJIi3allil CHHIYJISIPHOCTI B OKLJI TIEB-
HOT TOUKH. [IpoBeIeHO YHCIIOBI €KCIIEPHMEHTH Ta IIOPIBHIHHS IXHIX Pe3yJIbTaTiB 3 BIJOMUMH PO3B’sI3KaMH.
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KurouoBi cioBa: enexrpuuna tomorpadisi, KBa3ikoH(GOpPMHI BinoOpaxkeHHs, ieHTUdikamis, oOepHeHi 3a1adi,
YUCIIOBI METOJH.

Identifying the structure of soil massifs by numerical quasiconformal mapping methods / A.Ya. Bomba,
M.V. Boichura // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 94-105.

Abstract. A method of identifying the parameters of the structure of small-sized objects, which assumes
the presence at the domain boundary (for each of the corresponding injections) of only equipotential lines (with
given values of current or flow function) and streamlines (with known potential distributions), is adapted for the
cases of image reconstruction of large soil massifs. A significant advantage of the developed algorithm over the
known ones is the avoidance of the “traditional” procedure of artificial “cutting” of an infinite domain due to
narrowing the localization of this singularity to the neighborhood of a certain point. Numerical experiments are
carried out and their results are compared with the known solutions.

Keywords: electrical resistivity tomography, quasiconformal mappings, identification, inverse problems,
numerical methods.

V]IK 533.6.013.42
ITobynoBa afanTHBHHUX aJrOPUTMIB pPo3B’si3aHHs GaraToxsmiasoBux 3agay / 10.1. Kamox, O.I'. Jle6ins //
Kibepuetuka ta cucremuuii anamiz. 2021. Tom 57, Ne 6. C. 106-117.

AHoTauis. YI0CKOHAJICHO YHUCEIBHUI METO/ OOYNCIICHHS 0AraTOXBUIBOBHX MOZEICH ULl ITiJABHINCHHS
IIBUJKOAIT 1 MOHOTOHI3aMii (3MEHIICHHS OCUIIILIH YHCEIBHUX PO3PAxXyHKIB) PO3B’s3aHHS 0araTOXBHILOBHX
3a/1a4 AMHAMIKH IPOTSHKHUX CHCTEM, TaKMX K KOCMiuHi 3B° X3KH JIOBKHHOIO y JIECSATKH KiJIOMETpiB, TpyOOIIpo-
BOJIM B HOBITPI Ta B PifiuHI, NiIBOAHI OyKcupyBaHi cuctemu, epiidTi a1t BUIoOyTKy MiHepaiis 3 aHa CBiToOBO-
r0 OKeaHy MPOTSDKHICTIO B 5—10 kM ToI0. Bin 6a3yeThcs Ha JEKOMIIO3ULIT YHCEIBHOIO AIFOPHTMY 33 TUIIAMH
XBIJIb 1 MIBUJKOCTSIMH IXHBOTO HOMHMpPEeHHs. [Toka3zaHo, 0 B 00YHCICHHSX 32 PaXyHOK Pi3HOTO CTYICHS KBaH-
TYBaHHS [O3/J0BXHIX i IIONEPEYHUX XBHIIb MOJKHA JOMOITHCS MOJAJIBIIOr0 301IbIICHHS IIBUAKOCTI 00UYNCIICHD
MOPIBHSHO 3 AJITOPUTMOM XBHIILOBOI (haKTOPH3ALl i HOPIBHIHO 3 PO3B’A3aHHSAM BUXIZAHOI CHCTEMH PiBHSHB. Jl0
TOTO K YHCEIBHO OTPHMAHO, IO Jiala30H CTIHKOro OOYMCIEHHS He CKOPOUYEThCS. Y MiIICYMKY 301IbIICHHS
MIBUJIKOCTI OOYHCIIEHb NPOrpamMu CTaHoBUTH He MeHme 50-200 % B 3anexHOCTI Bix moTpibHOI TOYHOCTI Ta
BapiaHTIB JEKOMITO3HULIii OaraToXBHILOBUX Mozenel. Lls Moandikaiis MeTomy XBHILOBOI (hakTopu3amii akTy-
aJbHa JUIA PO3B’S3aHHS 33/1a4 KEPYBAHHS PO3IOAIICHUMHU CHCTEMaMHM, ONIEPATUBHOIO aHAi3y MEPeXiJHuX pe-
JKHMIB PyXY TOIIO, JI€ IIBHIKOIiS OOYHCIICHb € KPUTHYHO HEO0OXiHO. [IpoBe/IeHO NOPIBHSIIbHE OLIHIOBAHHS
TOYHOCTI METOJy XBHJILOBOI (pakTOpH3amii, METOMy JACKOMIIO3HIIT 32 THIIAMH XBHJIb 1 IIBHIKOCTSIMU IXHBOTO
MOIIMPEHHS Ta BUXIJHOTO aJrOPUTMY Ha MPUKIAAl YMCETBHOrO PO3B’si3aHHs 3aaadi npo 3D-eBomomnito mpo-
TSKHOI CUCTEMH, SKIIO CYyAHO-OYKCUPYBAIBHUK PYXA€ThCs HA HUPKYIsLii. [IopiBHAIBHUI aHATi3 pO3paXyHKO-
BUX JIaHUX II0Ka3aB MOHOTOHI3alil0 NMPO(UII0 YHCETLHOTO PO3B’SI3aHHS Ha OCHOBI (haKTOPH30BAHHX AaJroO-
PUTMIB, iXHIO MEHIIIY Yy TJIMBICTb JIO HOXHOOK y BHXiZHUX naHuX. [ToOynoBaHo (akTopr3oBaHy 3a HAPSIMKaMU
PO3IOBCIOUKCHHS 30ypEHb 1 TUIIAMU XBUJIb CKIHICHHOPIZHULIEBY CXEMY 13 3MIHHUMH JHUCIEPCiiHO-andy3iiHu-
MH BIIACTHBOCTSIMH.

Kiro4oBi cjioBa: 6araroxBHILOBI MOI[CHi, THUIIA Ta IJJBI/II[KiCTI: TIONIUPEHHS XBUJIb, I[CKOMHO3I/ILIiH, AIrOpUTM,
TNIPOTsKHA CHUCTEMA.

Constructing the adaptive algorithms for solving multi-wave problems / Iu. Kaliukh, O. Lebid //
Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 106-117.

Abstract. The authors improve the numerical method of calculating multiwave models to increase the
speed and monotony of the numerical solution of problems of multiwave dynamics for long systems such as
space communications of the length of tens of kilometers; pipelines in both air and liquid; underwater towed
systems; airlifts for the extraction of minerals from the bottom of the oceans of the length of 5 to 10 km, etc.
The method is based on the decomposition of the numerical algorithm by wave types and wave velocities. The
test analysis of the two-mode problem on acceleration of the towed long system allowed establishing the ranges
of its application. It is shown that due to quantization in calculating longitudinal and transverse waves, it is
possible to achieve a further increase in the computation speed compared to the wave factorization algorithm
and compared to solving the full system of equations, without reducing the range of sustainable calculation. The
final increase in the productivity of the program code is at least 50-200% when performing calculations,
depending on the required accuracy and options for the decomposition of multiwave models. This modification
of the wave factorization method is relevant in solving the problems of controlling a distributed system,
operative analysis of transient motion modes, etc., where the pace of calculations is critically important.
A comparative evaluation of the accuracy of the full algorithm, the wave factorization method, the
decomposition algorithm by wave types and wave velocities has been carried out. Comparative analysis of the
calculated data showed the monotonicity of the numerical solution profile on the basis of factorized algorithms,
their lower sensitivity to errors in the original data. A finite-difference scheme factorization by perturbation
directions and wave types with variable dispersion-diffusion properties is constructed.

Keywords: multiwave models, types and speed of waves, decomposition, algorithm, lengthy system.
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VK 681.5

AdaroputMivyHe 3a0e3medeHHsI 1151 KePyBaHHSI ABTOMATH30BAHUM MPOEKTYBAHHAM IHYYKUX BUPOOHUIHX
cucTeM Ta iXHbOro odsmagnanus / JIxx. Mamenos, 1. Agies, I'. I'yceiinoBa, I'. Opyx:koBa // KiGepHeruka Ta
cucremunit amami3. 2021. Tom 57, Ne 6. C. 118-127.

AHoTanis. 3apornoHOBaHO CTPYKTYPY CHCTEeMH KepyBaHHs aBTOMATH30BaHUM IIPOEKTYBAHHSIM JUISl PO3-
POOIICHHS KOMIUIEKCHOI CHCTEMH aBTOMAaTH30BAHOTO IIPOEKTYBAHHS THYYKOi BUPOOHHYOI CHCTEMH, 10 3a0e3-
[e4y€e BHUCOKY MPOAYKTHUBHICTb, THYYKICTh, YHIBEpPCAJIBHICTh 1 TOYHICTh BHKOHAHHS MPOEKTHHUX MPOLEAYP Y
MeKax €JMHOI0 CUCTEMHOro intepdeiicy. Po3pobieHo anropurmiune 3a0e3neyeHHs KepyBaHH aBTOMATH30Ba-
HHM TIPOLIECOM IPOEKTYBAHHS PHYYKOI BUPOOHHYOT CHCTEMH Ul pealti3allii mporecy KOMIUICKCHOrO aBTOMAaTH-
30BaHOT0 MPOEKTYBAHHS. 3alPOIIOHOBAHO AITOPHTM JUISI eKCHEPUMEHTAIBHOIO JIOCIIPKEHHS IPOEKTHUX IIPO-
Leyp 31 CTBOPEHHS CKIAIHUX rpadivHUX TaHUX MEXaTPOHHMX YACTHH IIPOMHCIIOBOTO podoTa Ta (hopMyBaHHS
0a3u pO3paxyHKOBHX JaHHX 1 TpaiuHUX EJICMEHTIB.

Kirouosi cjioBa: ruyyka BUPOOHMYA CHCTEMA, CHCTEMA KEPyBAHHsS aBTOMATH30BAHMM HPOEKTYBAHHAM, elie-
MeHTH 2- 1 3-BuMipHOi Tpadikm, y3araabHeHE KPECICHHs.

Algorithmic support for the management of the computer-aided design of flexible manufacture system
and its equipment / J. Mammadov, I. Aliyev, G. Huseynova, G. Orujova // Kibernetyka ta Systemnyi
Analiz. 2021. Vol. 57, N 6. P. 118-127.

Abstract. The authors propose a structure of the computer-aided design management system (CADMS)
for the development of an integrated computer-aided design system for a flexible manufacture system (FMS),
which provides high performance, flexibility, versatility, and accuracy of project procedures within a single
system interface. The algorithmic support is developed for the management of the computer-aided design
process of FMS for the implementation of the integrated computer-aided design process. An algorithm is
proposed for the experimental analysis of design procedures of creating complex graphical data of mechatronic
parts of an industrial robot and generating a database of calculated parameters and graphic elements.

Keywords: flexible manufacture system, computer-aided design management system, 2- and 3-dimensional
graphical elements, generalized drawing.

YAK 517.988
AnanTuBHUN JBoeTanHuii OpermaHiBchbkMii MeToa Aas Bapiauiiinux HepiBHocreii / B.B. Cemenos,
C.B. [lenucoB, A.B. KpaBeup // KibepHernka ta cuctemumii anamiz. 2021. Tom 57, Ne 6. C. 128-137.

Anorauis. Po3rsinyTo nBoeranHuii OpermaniBcbkuil Metos ITonoBa 3 HOBUM aJanTHBHUM IPABUIIOM
BUOOPY BEIMYUHU KPOKY, 1110 HE NOTpeOye 3HaHHs JIIMIMIEBUX KOHCTAHT Ta O0YMCIICHHS 3Ha4€Hb OIepaTopa
B JI0aTKOBHX TOYKax. Jlyis BapialiffiHuX HEpiBHOCTEH 3 MCEBJOMOHOTOHHUMH Ta JIIMIINIIEBIMH ONIEPaTOPaMH,
110 Ji10Th y CKIHYEHHOBHUMIPHOMY JIIHIHOMY HOPMOBaHOMY HPOCTOPI, 0BEJECHO T€OpeMy 301KHOCTI METOy.

KuarouoBi ciioBa: BapiaiiliHa HEpiBHICTh, IICEBIOMOHOTOHHICTb, JUBEpreHiis bpermana, ABoeTarHuid METO,
aJaNTUBHICTh, 301KHICTh.

Adaptive two-step bregman method for variational inequalities / V.V. Semenov, S.V. Denisov,
A.V. Kravets // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 128-137.

Abstract. The authors analyze the two-step Popov method with Bregman divergence and a new adaptive rule
for choosing the step size, which does not require knowledge of Lipschitz constants and calculation of operator
values at additional points. For variational inequalities with pseudo-monotone and Lipschitz continuous operators
acting in a finite-dimensional normed linear space, a convergence theorem for the method is proved.

Keywords: variational inequality, pseudomonotonicity, Bregman divergence, two-step method, adaptivity,
convergence.

VK 30.101.541-336.7
Mopens TapreryBanns indusinii B maxpoexonomini / T.I. €pumenxo, B.Bb. Jynaes, 0.0. Jwo6iu //
Kibepuetnka ta cuctemuuii anamiz. 2021. Tom 57, Ne 6. C. 138-148.

Amnotanis. [lokasaHo, Mo eMIipuyHe TapreTyBaHHS 3HIDKCHHSIM iHQILILIT 1O IPaHHYHOTrO PIBHS, IO
BUKJIMKAE TPOLIOBY AedIALiIo 1 mepexiy y aempecito, 30imbnrye 3pocranus peansHoro BBII, a minBumenHsM
iHGuALIT BiJ TPaHUMYHOTO PIiBHS 3MEHIIYyE 3pocTaHHs peaibHoro BBIL. Indusmio BH3HAUEHO 3a TEOpiero
BIJITBOPCHHS €KOHOMIKM KPaiHM MaTeMaTHYHOIO (DYHKIII€I0 KIIBKOCTI rpoleld B 00iry, BaJrOTHOI TOTIBKH, ITPO-
LIEHTHOI CTaBKHU, BapTOCTI BUKOPUCTOBYBAHOIO Y BUPOOHUUTBI KamiTaiy, KoedilieHTa MaTepiaoMiCTKOCTI BH-
pobHuITBA Ta PiBHS 6e3p00iTTs. PO3pobiieHO MOJENb PEry TIOBaHHS €KOHOMIKH TapreTyBaHHAM iH(IIALIT, ska
nae 3mory lleHTpanbHOMY OaHKY BH3HAUYaTH LIIbOBI MOKA3HUKH PO3IJISIYBAaHOIO IIEpPiofy 3a CTAaTUCTHYHHMHU
MOKa3HUKAMH IIONIePEeHBOTO Mepiony i 3a HoMorpamoro (ynkmii induAnii Bix ii aprymentis. IIposeneno mozne-
JIFOBAHHS 3POCTaHHS €KOHOMIKM YKpaiHM 3 IIJIbOBOT iH(IIALIEI0 YOTHPH BincoTku mpoTsarom 2021-2023 pokis
micns crnagy B 2020 poui, Bukimkanoro nanaemiero COVID-19.

Ku1i0uoBi c10Ba: MakpoeKOHOMIKa, PETyJIIOBaHHS, PUHOK, PIBHOBAra, Ipalls, KaIiTal, TPOLli, IPOIeHTHA CTaB-
Ka, KypC BaJIOTH, KpH3a, iHQIALs, TapreTyBaHHS.
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Inflation targeting model in macroeconomics / T.I. Iefymenko, B.B. Dunaev, A.A. Lyubich // Kibernetyka
ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 138-148.

Abstract. Empirical targeting by lowering inflation to the marginal level that causes monetary deflation
and transition to depression is shown to increase the growth of real GDP, while increasing inflation from the
marginal level reduces the growth of real GDP. Inflation is expressed according to the theory of reproduction of
the country’s economy by the mathematical function of the amount of money in circulation, hard currency,
interest rate, the cost of capital loaded in production, the coefficient of material consumption of production, and
unemployment rate. A model for regulating the economy by targeting inflation is developed, which allows the
Central Bank to determine the target indicators for the period under consideration based on the statistical
indicators of the previous period and the nomogram of the inflation function of its arguments. The growth of the
Ukrainian economy was simulated with a target inflation of four percent during 2021-2023 after the recession
in 2020 caused by the coronavirus pandemic.

Keywords: macroeconomics, regulation, market, equilibrium, labor, capital, money, interest rate, currency,
exchange rate, crisis, depression, inflation, targeting.

VK 303.444

Mogaenb TexHosoriyHoro dopcaiity Ha ocHoBi HeuiTkoi Joriku / A.B. Kymumn, B.C. Komapos,
L.B. BopoxsocroB, O.M. Kynpinenko, B.B. Cornux, M.O. Binokyp, B.B. Ouekciok // Kibepuetuka Ta
cucremuuii ananiz. 2021. Tom 57, Ne 6. C. 149-161.

AHoTanis. Po3po6ieHo MOJieTb TEXHOJIOTIHHOTO IIPOrHO3YBAHHS, B SIKiif MEXi KPUTHYHOCTI TEXHOJIOTii
HE BU3HAYAIOTBCS CKCIIEPTOM, a PO3PAaXOBYIOTECS HAa OCHOBI 3aIIPOIIOHOBAHUX EKBIIMCTAaHTHUX TOYOK. ITokasa-
HO BIUTHB 3aCTOCYBAHHS Pi3HUX (PyHKIifl HaJeKHOCTI Ha OLIHKY KpUTHYHOCTI. [IpoBeneHO MOpiBHAHHS i3 Cy-
YaCHOK METOJMKOK TEXHOJIOTIYHOTO (opcauTy.

KutiouoBi cjoBa: KpUTHYHI TEXHOJOTii, HEUITKAa JIOTiKa, BU3HAYCHHS (YHKII] HAJIEXKHOCTI, TEXHOJIOTIYHHI
topcait.

Technology foresight model based on fuzzy logic / A. Kupchyn, V. Komarov, I. Borokhvostov,
A. Kuprinenko, V. Sotnyk, M. Bilokur, V. Oleksiiuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6.
P. 149-161.

Abstract. The developed technology foresight model allows eliminating the human from
decision-making. The criticality limits of technologies are not determined by an expert, but are calculated on the
basis of the proposed equidistant points. The paper shows the influence of different membership functions on
the criticality assessment. A comparison with the existing method of technology foresight is made.

Keywords: critical technologies, fuzzy logic, membership function determination, technology foresight.

NPOI'PAMHO-TEXHIYHI KOMILIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 519.6

AanTHBHI KOMI'IOTePHi TexXHoJOrii PpO3B’SA3yBaHHSl 3aJa4 O0YMCJIIOBAJIBbHOI Ta NPHUKJIATHOL
marematuka / O.M. Ximiu, T.B. UncrsaxoBa, B.A. Cugopyk, II.C. €pmos // KiGepHeTnka Ta CHCTeMHHUI
anamiz. 2021. Tom 57, Ne 6. C. 162-171.

AHoTauis. 3anpornoHOBAaHO TEXHOJIOTII0 aBTOMATH3ALLIT MPOIIECY PO3B’A3yBaHHs 3a]a4 3 IHHOBALIIHUMU
MOXKIHBOCTSIME Ha KJlaci 3a7a4 — CHCTEMH JIHIHHUX anreOpaiuHux piBHsAHB. EQEKTHBHICTH 3aCTOCYBaHHS
KOMII FOTepHUX TEXHOJIOTIH PO3IISIHYTO IIO0JI0 MOMKIIMBOCTI peatiamii TphOX OCHOBHHX MapajurM MaTeMaTHd-
HOT'O MOJISIIFOBAHHSI: KOMIT FOTEPHOI MaTeMaTHUKH, BUCOKONIPOAYKTHBHHX OOYHCIICHb 1 IHTEIEKTYalIbHOTO iHTep-
(eiicy. Peanmizamist X YMHHUKIB y MOPIBHSAHHI 3 TPaJUIIHHUMU TEXHOJOTISIMH Ja€ 3MOTy ICTOTHO IEpepo3-
MOJIITUTH POOOTH OO MOCTAHOBKU 1 PO3B’A3yBaHHS 33a7a4 MiX KOPUCTYBAa4eM 1 KOMIT'IOTEPOM, CKOPOTUTH
TEPMIHM PO3POOJICHHS 3aCTOCYHKIB JUIs PO3B’SI3yBaHHS HAayKOBO-TEXHIYHMX 3a/a4 Ta IiJBHUIIMTH JIOC-
TOBIPHICTH KOMIT IOTEPHUX PO3B’S3KiB.

KirouoBi cioBa: maTemaTHdHE MOJETIOBAHHS, IapajelbHi KOMII'IOTEPH, HaONIDKeHI JaHi, 3MiHHA pO3-
pSAAHICTh, HEHPOHHI MEpPEeXi, IHTEJNEKTyallbHE NpOrpaMHe 3a0e3MeUeHHS.

Adaptive computer technologies for solving problems of computational and applied mathematics /
O.M. Khimich, T.V. Chistyakova, V.A. Sidoruk, P.S. Yershov // Kibernetyka ta Systemnyi Analiz. 2021.
Vol. 57, N 6. P. 162-171.

Abstract. A technology is proposed for automatic solving of problems with innovative capabilities on the
class of problems: systems of linear algebraic equations. The efficiency of application of computer technologies
is considered from the point of view of implementing three basic paradigms of computer modeling: computer
mathematics, HPC, and intellectual interface. Realization of these factors as compared with traditional
technologies allows substantial redistribution of works in the process of mathematical modeling between the
user and computer, shortening the terms of development of applications for solving scientific and technical
problems, and improving the quality of computer solutions.

Keywords: mathematical modeling, parallel computers, approximate data, mixed bit, neural network
technologies, intelligent software.
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YK 519.6

CucremMa KOMIIOTEPHOr0 MO/EJIOBAHHS HeJiHiiHMX npoueciB, fAKi ONUCYIOTbCS PiBHAHHAM
Broprepca—Kopresera-ne ®piza / I.B. I'apsaueBcbka, /1.0. IIporekrtop // KiGepHeTHka Ta CHCTEMHHUIA
anami3. 2021. Tom 57, Ne 6. C. 172-182.

AHoTauis. Po3risHyTO cucreMy KOMI'IOTEPHOTO MOJEIIOBAHHS HENIHIMHUX MPOLECIB, SKi OMHUCYIOTHCS
piBusHHSIM broprepca—Kopresera-ne ®piza. PeanizoBano yncenbHUil po3B’si30K AUGEPEHIIaIbHOTO PIBHAHHS
Broprepca—Kopreera-ie ®pi3a 3a 6e3CiTKOBOIO CXEMOIO 3 BUKOPHCTAHHAM paiaibHuX 0asucHuX (yHkuii. Sk
panianeHi 6a3uCHI (QyHKIIT B CHCTEMI KOMIT'IOTEPHOTO MOJICTIOBAHHS BHKOPHCTaHO ['aycoBy, MyJbTHKBaJIpa-
TUYHY, 00EpHEHY KBaJpaTHIHy, 00OepHEHY MyJIbTHKBAApaTHUHy (GyHKIII, a Takoxk (yHKLiI0 By 3 KoMIakTHUM
HocieM. IToxaszaHo, 0 pO3B’A30K HEIIHIIHOTO OJHOBUMIPHOTO HecTalioHapHOro piBHsHHs bioprepca—Kopre-
Bera-ne ®piza B cucTeMi KOMIT FOTEPHOTO MOJICTIOBAHHS BIi3yali3yeThCsl Y BHUIVISAI TPUBUMIPHOI TOBEPXHI.
IIponeMOHCTPOBaHO €(hEKTUBHICTH YUCEIBHOIO PO3B’S3KY B CHCTEMI KOMII'IOTEPHOIO MOJEIIOBAHHS HA NPH-
KJIa/1i TECTOBOI 3a/1a4i, 151 sIKOT OTPHUMAHO YHCETbHI PO3B’SI3KH, @ TAKOIK OOUHCIICHO CEPEIHIO BiTHOCHY, Cepe-
HIO a0CONIOTHY Ta MaKCHMajbHY MOXHOKH.

KuouoBi ciioBa: HeniHiiine onHOBHMIpHE piBHsAHHA broprepca—Kopresera-ne ®pisa, cucrema KOMI I0TEPHOTO
MOJICITIOBaHHS, HECTallloHapHa KpaiioBa 3ajada, OC3CITKOBHH MeTOA, pajianbHi 0asucHi (yHKIIi.

Computer simulation system for nonlinear processes described by the Korteweg-de Vries—Burgers
equation / 1.V. Hariachevska, D.O. Protektor // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6.
P. 172-182.

Abstract. The article discusses the computer simulation system of nonlinear processes described by the
Korteweg-de Vries—Burgers equation. The numerical solution of the Korteweg-de Vries—Burgers differential
equation is implemented by the meshless approach using radial basis functions. The computer simulation
system uses the following radial basis functions: Gaussian, multiquadric, inverse quadratic, inverse
multiquadric, and Wu’s compactly-supported radial function. The solution of the nonlinear one-dimensional
non-stationary Korteweg-de Vries—Burgers equation in the computer simulation system is visualized as a
three-dimensional surface. The efficiency of the numerical solution in the computer simulation system is
demonstrated by a benchmark problem for which numerical solutions were obtained, and the average relative
error, average absolute error, and maximum error were calculated.

Keywords: nonlinear one-dimensional Korteweg-de Vries—Burgers equation, computer simulation system,
non-stationary boundary-value problem, meshless method, radial basis functions.

HOBI 3ACOBH KIBEPHETHUKH, i NEW TOOLS IN CYBERNETICS, COM-
IHOOPMATHKH, OBYUCIIOBAJIBHOI PUTER SCIENCE, AND SYSTEM ANALYSIS
TEXHIKH I CUCTEMHOI'O AHAJI3Y

VK 681.391

BioyHo-nMKIIiYHA CTPYKTypHu3anis 0asucy mnepeTrBopeHHsi kJjacy PDyp’e Ha OCHOBi IUKJIiYHOL
nigcranoku / 1.0. Ilpoubko, M.B. Mimyk // Kibepueruka Ta cucremHuid ananiz. 2021. Tom 57, Ne 6.
C. 183-192.

AHoTanisi. Po3rIsiHYTO BHKOPHCTAaHHS MiACTAaHOBKM SIK IPHMITHBHOTO EJIEMEHTY Ul (hOpMyBaHHS
LUKITI9HOI Oa3ucHOi MaTpHii meperBopeHHs kiacy Dyp’e. 3acTOCOBaHO LUKIIYHY MiJCTAHOBKY JUIs OJIOY-
HO-IUKJTIYHOI CTPYKTYpH3aLii rapMOHIYHOro 6a3ucy, Mo HaJa€ 3MOTY CUHTE3yBaTU aATOPUTMHU IIBHIAKUX IHC-
KpPETHHX MepeTBOpeHb kiaacy Dyp’e MOBIIBHUX OOCATIB HAa OCHOBI IMKIIYHHMX 3ropTok. Ilokazano, 110
BHACJIJIOK 3MIHM TOPSJKY LMKIIB Ta iXHIX MEPUIMX EJNEeMEHTIB y IUKIIYHMX ITiJICTAHOBKAX 3MEHIIYEThCS
KUIBKICTh O0YMCIICHD LUKITIYHUX 3TOPTOK Yy IMIBHJKUX aJIrOPUTMAX JUCKPETHUX MEpeTBOPeHb kiacy Dyp’e.

Kuro4oBi ciioBa: 1ukitiyHa MiJICTAaHOBKA, IMCKPETHE KOCHHYCHE MEPETBOPCHHS, CHHTE3 alropuTMy, 0od-
HO-IIMKJIIYHA CTPYKTypa 0a3ucCy, ILMKIIYHI 3TOPTKU.

Block-cyclic structuring of the basis of Fourier class transforms based on cyclic substitution / I. Prots’ko,
M. Mishchuk // Kibernetyka ta Systemnyi Analiz. 2021. Vol. 57, N 6. P. 172-182.

Abstract. A cyclic substitution is used for block-cyclic structuring of the harmonic basis, which allows
synthesizing the algorithms for fast discrete transforms of Fourier class of arbitrary size based on cyclic
convolutions. The peculiarities of the form of recording of cyclic substitution for formation of block-cyclic
structure of the basis are investigated. A special form of cyclic substitution notation is shown to reduce the
amount of computation of cyclic convolutions in fast algorithms of discrete Fourier transforms.

Keywords: cyclic substitution, discrete cosine transform, synthesis of algorithm, block-cyclic structure, cyclic
convolutions.
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