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KIBEPHETUKA CYBERNETICS

VK 51.681.3
CumerpnyHa cucrema o0MiHy indopmanicro Ha ocHoBi i3omopdismy kinenr / C.JI. Kpusnii,
B.M. Onanacenko, O.0. I'pinenko, }0.0. Hoprman // KiGepueruka ta cucremuuii ananiz. 2022. Tom 58,
Ne 5. C. 3-15.

AwnoTanist. [IponoHyOThCs AIrOPUTMH OOMIHY TTOBITOMICHHSIME MiXk aOOHEHTaMH Ha OCHOBI BJIaCTHBOC-
TeH CKIHUCHHUX aCOLIaTUBHO-KOMYTAaTHBHHX KUJIELb 3 OAMHHULCIO Ta JI0(GaHTOBHX PIBHIHb HAJ TAKUMH KIS
Mmu. HaBeneHo anroputMu noOyI0BH CKiHYEHHHX Kilelb, aIUTUBHI IPYIH SKUX TOBHOLUKIIIUHI, Ta aJITOPHUTMU
100y 10BH i30MOp(]i3My MiXk KLUIBIIEM £-I0O MOPSAAKY, aJUTHBHA TPyIIa SKOr0 HOBHOLUKIIYHA, i KUIbLEM JIMIIKIB
Z; 3a Mofynem k.

KarwuoBi cioBa: kpunrorpadidauii mpoTokos, i3oMopdi3M, Kijblie, aaropuTM.

Symmetric information exchange system based on ring isomorphism / S.L. Kryvyi, V.N. Opanasenko,
E.A. Grinenko, Yu.A. Nortman // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 3-15.

Abstract. The algorithms for exchange of information between subscribers on the basis of finite
associative-commutative rings with unity and linear Diophantine equations over such rings are proposed.
Algorithms for construction of finite rings whose additive groups are full-cycle, and algorithms for construction
of the izomorphism between a ring of k-th order whose additive group is full-cycle and the residue ring Z,
modulo k are presented.

Keywords: cryptographical protocol, izomorphism, ring, algorithm.

VK 519.766:004.415.5

3acTocyBaHHSI Ta po3po0JIeHHsI 3aC00iB JIIHIBiCTHYHOr0 NPOrpaMHOro 3ade3nedyeHHs sl aHAJII3y Ta
nepeTBOpPeHHsI TeKCTiB BUMOr o mnporpamuux cucreM / M.K. Mopoxoseus, H.M. Illorosesa //
KiGepnernka Ta cucremuuii anams. 2022. Tom 58, Ne 5. C. 16-24.

AmnoTaunis. [IpoBeieHO eKCrIepUMEeHTAIBHI JOCIIIUKSHHSI TEKCTIB BUMOT' 0 HPOrPAMHHX CHCTEM 3a J0II0-
MOTOK YaCTOTHOT'O aHalli3y. 3a pe3ylbTaTaMy eKCIIEPUMEHTIB BH/IICHO «MOBY TalMepiB» — CYKYIIHICTb pe-
YeHb IPHPOTHOI MOBH, 1[0 MAIOTh IIEBHY CTPYKTYpY Ta ONMHUCYIOTH Aii 3 TaliMepamu. Po3pobieno 3acodu mepe-
TBOPCHHSI PEYCHb MOBH TaiiMEpiB y MO3HAYCHI CTPYKTYPOBaHI BUPA3H MPOMIXKHOI MOBH, SIKYy MOYXHa BHKOPHUC-
TOBYBAaTH SIK JOTIOMDKHHUI 3aci0 y JIAHIIOXKKY KPOKIB BiZl TEKCTy BHMOT A0 CHCTEMH, IIOJAHOTO HPHPOJHOIO
MOBOIO, 710 (opMaTbHOI MOJeNi Li€i CHCTEeMH.

Kuo4oBi ci10Ba: yacToTHMI aHai3, MOBHHI mpouecop, Gpopmalrizaiis Creriaai30BaHuX TEKCTiB, MOBa Taii-
MepiB.

Application and development of linguistic software tools for analising and transforming the texts of
requirements for software systems / M.K. Morokhovets, N.M. Shchogoleva // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 5. P. 16-24.

Abstract. Experimental analysis of the texts of requirements for software systems by means of frequency
analysis is carried out. The “timer language,” i.e., a set of natural-language sentences of definite structure that
describe actions with timers, is distinguished according to the results of the experiments. Means for
transforming sentences of timer language into marked structured expressions of intermediate language are
developed. The intermediate language proposed can be used as an auxiliary mean in the chain of steps from the
natural-language text of requirements for a system to the formal model of this system.

Keywords: frequency analysis, language processor, formalization of specialized texts, timer language.

CUACTEMHMI AHAJI3 SYSTEMS ANALYSIS

VJK 519.872

HopiBusiibHUi aHadi3 ABOX MOAU(IKOBAHMX MeTOAiB MPHCKOPEHOI0 MOJAeTIOBAHHS HMOBipHOCTI
BigMoBH cuctemu panroBoi crpykrypn / MLIO. Ky3nenos, I.M. Ky3uenos, A.A. Illymcnka // KiGepuernka
Ta cuctemauii amamis. 2022. Tom 58, Ne 5. C. 25-36.

AHoTanis. Po3MITHYTO MOJeIb BIJXHOBIIOBAHOI pPE3epBOBAHOI CHCTEMH DAHTOBOI CTPYKTYpH,
(yHKIIOHYBaHHS SIKOT 3 IOTJIAY HAAIHHOCTI BU3HAYAEThCS PO3MOALIAMH 3aranbHoro Buy. Haseneno asa mo-
U(IKOBAaHUX METOJM MPUCKOPEHOTO MOJEIIOBAaHHS HMOBIPHOCTI BiZ]MOBH CHUCTEMH y (piKCOBaHOMY IPOMIKKY
yacy. BUCHOBKM I110JJ0 TOYHOCTI IMX METOJIB 3aJISKHO BiJl XapaKTEPHUCTHK HAJIHHOCTI €IIEMEHTIB CUCTEMM
HPOITIOCTPOBAHO YUCIOBHM IPHKIAIOM.

KuiouoBi ciioBa: HaJiliHICTh, pe3epBOBaHa CUCTEMA 3 BIJIHOBJICHHSM, PAHT, MOJICIIIOBAHHS i3 3a00pOHOI0, Me-
TOJl CYTT€BOI BHOIPKHM, OLIHKA, AMUCIEPCIs.
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Comparative analysis of two modified fast simulation methods for the evaluation of the failure
probability of a rank structure system / M.Yu. Kuznetsov, .M. Kuznetsov, A.A. Shumska // Kibernetyka
ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 25-36.

Abstract. A model of a redundant repairable system of the rank structure is considered. Its time operation is
determined by distributions of general form. Two modified fast simulation methods for the evaluation of the
system failure probability on a fixed time interval are proposed. The conclusions on the accuracy of these methods
depending on the reliability characteristics of the system components are illustrated by a numerical example.

Keywords: reliability, redundant repairable system, rank, simulation with prohibition, importance sampling,
estimate, variance.

YK 519.9

Po3po6eHHsi MaTeMaTHYHOI Mo/Je/i MOTYJIIOBAJIBLHOTO I3epKaJia, 3aKpilIeHOro Ha aKTHBHHX ONOpax.
nerepminoBana 3agava / I.M. 3paikeBcbkuii, B.®. 3paxeBcbka, O.M. T'osiognikos // KibepHernka Ta
cucteMHud anami3. 2022. Tom 58, Ne 5. C. 37-47.

AHoTanis. 3amporNOHOBAaHO MaTeMaTHYHY JETEPMiHOBAaHY MOJETb MOJYJIFOBAJIFHOTO J3epKajla,
3aKpIINICHOr0 HA aKTHBHMX OIOpPAx, 3a NMPHITYLIEHHS, [0 A3ePKaI0 MOXe MicTUTH JedeKkTu. 3agada moysirae y
3HAXO/KEHHI ONTHMAaJIbHOIO PO3TAILlyBAaHHS OIOP, a TAKOX CHJI KePyBaHH:, siKi Ou 3a0e3meunn Halikpaiie Ha-
OJIVDKEHHS 3a1aH01 popMu Ta po3noaity (a3 KOJIMBaHb K OJHOPIIHOTO J3epKalia, TaK 1 [3epkana 3 qedexTamu,
110 MAIOTh 3a/JaHi FeOMETPHYHI Ta MEXaHiuHi XapakTepucTHKu. [l onmcy 13epkana 00paHo MOJeNb UIACTHHN
Kipxroda. MonentoBanHs Je(eKTiB BUKOHAHO 3 BUKOPHCTAHHAM HEOJHOPITHOCTEH MalMX po3MipiB 31 3MiHe-
HHUMH TIPY>KHHMH XapakTepucTukamu. Po3po0ieHo iTepauiifiHuii METO MOJCNIOBAHHS Je(eKTiB 0OMEKEHOro
po3mipy Ha miactuHi Kipxroda 3 BUKOPHCTaHHSIM TOYKOBHUX KBAJAPYIIOJIiB. MO/ICIIOBAHHS 1301bOBAHUX aKTHB-
HHUX OMOp BHKOHAHO TOYKOBMMH cHiaMu. ITapamerpamu onrtumizamii € pos3TairyBaHHS OIOp, aMILTITYIH Ta
(asu cuJI, M0 NPOAYKYIOTh KOMMBAHHS. SIK KpUTEpiii OMTUMAIBHOCTI BUKOPHCTAHO MIiHIMYM CepeIHBOKBaIpa-
TUYHOTO BIIXHJICHHS XBHJIBbOBOI (DOPMH IUIACTHHM BiJ 3a/1aHOI.

KirouoBi ciioBa: MOAYJIIOBAJIBHE A3€pKaJIO, IIJIAaCTHHA 3 Z[eq)eKTaMH, ONTUMAJIBHE 36yI[)KCHH$I.

Developing a model for modulating mirror fixed on active supports. deterministic problem / G. Zrazhevsky,
V. Zrazhevska, O. Golodnikov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 37-47.

Abstract. We consider a problem of a modulating a mirror fixed on active supports. It is assumed that the
mirror may have several defects. The problem is to find optimal locations of supports as well as control forces
providing the best approximation of a given shape and phase of the oscillations for a homogeneous mirror as well
as a plate with defects that have definite geometric and mechanical characteristics. The model of the Kirchhoff
plate is chosen to describe the mirror. Defects are modeled by small inhomogeneities with changed elastic
characteristics. An iterative technique for modeling finite-size defects in the Kirchhoff plate by point quadrupoles
is developed. Isolated active supports are modeled by point forces. The optimization parameters are: the location
of the supports and the amplitudes and phases of forces that generate vibrations. As an optimality criterion, the
minimum of the root-mean-square deviation of the waveform of the plate from the given pattern is used.

Keywords: modulating mirror, defected plate, optimal excitation.

YK 517.9

3acTocyBaHHsI POOACTHMX MeTOAIB OLIHIOBAHHA NapaMeTpPiB po3NoAiNiB 3 anpiopHo 3aJaHUMHU
o0MeKeHHsSIMH Ha nmapameTpu B exoHomiuni ta Texmini / K.JI. Aroes, I1.C. KnonoB // Kibepueruka Ta
cucremuuii amanmiz. 2022. Tom 58, Ne 5. C. 48-56.

AHoTauis. Po3po06ieHo miaxix 10 OLiHIOBaHHS apaMeTPiB PO3MOILUIB 3 alpiopHO 3aaHMMH OOMEKEH-
usmu. [ToOymoBaHO mMeCTUCEKTOPHY Mozelnb JIopeHIa, 3a JOIOMOro0 SKOi IPOBEJCHO TOCITIIKEHHS B3a€MO3-
B’SI3KiB MIJK IIPOJIOBOJIBYMMHE, €HEPTETUYHHMHU Ta BOJHUMH PECYpCaMH, CUCTEMaMH MOCTaYaHHsl, eIliIeMi4HO0
Ta COLIAIBHOIO cuTyaui€w. JocmimKeHo, K MOCIiJOBHUI MEpeXisi B3a€MOIOB I3aHUX CEKTOPIB Y PEKUM Je-
TEPMIHOBAHOTO Xa0Cy BiZOOpaXkaeThesi Ha PEXUMi (YHKLIOHYBaHHS cHCTeMH B wHiomy. CTBOPEHO METOA
OLIIHIOBAHHS PU3MKIB I NPOJOBOJIBYOI OE3NEKH Ta YHPaBIiHHS HHMH.

Kutrouosi ciioBa: mMozesb JIopeHiia, MaTeMaTiHiHe MOZCITIOBAHHSI, MOJEIb €KOHOMIYHOTO PO3BUTKY, ONTHMAIb-
HE KepyBaHHsI, ACTEPMIHOBAHHN Xa0C, CTOXACTHYHI MOJIEII.

Application of robust methods for estimation of distribution parameters with apriori constraints on
parameters in economics and engineering / K.L. Atoyev, P.S. Knopov // Kibernetyka ta Systemnyi Analiz.
2022. Vol. 58, N 5. P. 48-56.

Abstract. An approach to the estimation of distribution parameters with a priori specified constraints is
developed. The Lorentz six-sector model is generated and used to analyze on the relationships between food,
energy, and water resources, supply systems, epidemic and social situation. It is investigated how the successive
transition of interconnected sectors into the mode of deterministic chaos affects the mode of system’s operation
as a whole. A method of risk assessment for food safety and their management was created.

Keywords: Lorentz model, mathematical modeling, economic development model, optimal control,
deterministic chaos, stochastic models.
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VJK 519.8
CriiikicTb i peryasipu3auisi BEKTOPHUX 3a/1a4 ONTUMi3anii 3a MoKJIMBHX 30ypens kpurepiiB / T.T. Jledenena,
H.B. CemenoBa, T.I. Ceprienxo // Kibepuernka Ta cucremumid axamis. 2022. Tom 58, Ne 5. C. 57-63.

Amnotanis. HaBeneHo HOBI pe3yibraTd MO0 CTifiKOCTI Ta peryisipusauii BEKTOPHHX (OaraToKpu-
TepifHMX) 3a[a4 ONTHMI3alii 32 MOXKJIMBUX 30ypeHb BXITHHX JaHUX BEKTOPHOI'O KPUTEPIilo, IO CKIAJAEThCS 3
KBaJpaTUYHUX 4X JTiHIHHEX (QyHKOid. loBeneHo CTIHKICTh 3a1ad 3 KBaAPAaTUYHUMU KPUTEPLIMH IOLIYKY PO3-
B’s13KiB, onTUMalbHUX 32 CreiirepoM. Y Bumaaky ontuMizaii 3a [TapeTo po3pobiaeHo miaxin 1o peryspusanii
3a7a4 3 JIHIMHUMM KpUTepiaTbHUMU (DYHKIISIMU.

KurouoBi cioBa: BexropHa 3anada, [Tapero-ontumanbHi po3s’si3ky, MHOKHHA Crelfrepa, CTIHKICT 32 BEKTOP-
HUM KpUTepieM, 30ypeHHsl BXiJHUX [TaHUX, PEryJspH3aLlis.

Stability and regularization of vector optimization problems with possible perturbations of criteria /
T.T. Lebedeva, N.V. Semenova, T.I. Sergienko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 57-63.

Abstract. The article is devoted to new results related to the stability and regularization of vector
(multicriteria) optimization problems for possible perturbations of the input data of a vector criterion consisting
of quadratic or linear functions. The stability of problems with quadratic criteria for finding solutions that are
Slater-optimal is proved. In the case of Pareto optimization, an approach to regularization of problems with
linear criterion functions is developed.

Keywords: vector problem, Pareto-optimal solutions, Slater set, stability with respect to vector criterion,
perturbations of initial data, regularization.

VIK 30.101.541-336.7
Mojenb peryiioBaHHsi BilTBoproBajbHoronpouecy exoHomiku / T.I. €dumenxo, B.B. [yHnaes,
0.0. JIwbiu // Kibepuernka ta cuctemuuii anamiz. 2022. Tom 58, Ne 5. C. 64-78.

AmHoTanist. JIocimiKeHO peryIoBaHHs BiATBOPIOBAIBHOTO TPOILECY Y B3a€MOIi PeaabHOro i (piHaHCOBOTO
CEKTOPIB B eKOHOMILII KpaiH! yepe3 3MiHy KUTBKOCTI FOTIBKH B 00IrY 1 4yepe3 iHBECTULIHHY ITOJIITHKY JepKaBH, a Ta-
KO JIOCHIDKGHO HACHIIKU CIagy PUHKOBOI BapTOCTi (piHAHCOBHX mamepiB. BusHaueHo, mo BHpoOHHYA cdepa
00’€IHye BUPOOHUYY CHCTEMY (BUPOOHHULTBO), OaHKIBCbKY CHCTEMY, PUHKOBY CHCTEMY, 3aKOP/IOH Ta JOMaIlIHi TOC-
nozapera. [TokaszaHo, 1110 peryJysitopaMu BiITBOPEHHS €KOHOMIKH €: OaHKIBCbKA CUCTEMA, sIKa 3/1IMCHIOE KPEIHUTY-
BaHHS BUPOOHHMIITBA Ta 3a0e3Meuye y peaJbHOMY CEKTOPI HEOOXifHY KUTbKICTh Ta IBHIKICTH 0OIry rporiei; ¢ina-
HCOBHI CEKTOp, SKMi Npojae 3a roTiBKY (DiHAHCOBI Marep Ta iHBECTye BHPOOHHIITBO; JIEpKaBa, sKa peaiisye
TIOJITHKY IHBECTHIIIH JUIsl PO3LIMPEHOr0 BIATBOPESHHS BUPOOHIYOro Karritary. [IpoBeseHo MOJeIIIoBaHH S BiATBOPIO-
BaJILHOTO IIPOIIECY eKOHOMIKM Ykpainu npotsrom 2022-2024 poxis 3a cratrctnaanmiu gaaumu 2020 1 2021 poxis.

KumiouoBi ci1oBa: BiATBOpPIOBaHHS, CKOHOMIKA, PErYJIOBAHHS, PHHOK, PiBHOBAra, mpars, Kamitai, rpol, mpo-
LIEHTHA CTaBKa, KypC BAJFOTH, Kpu3a, iH(JIALISA, TapreTyBaHHsL.

Model of regulation of the reproductive process of the economy / T.I. Iefymenko, B.B. Dunaeyv,
A.A. Lyubich // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 64-78.

Abstract. The authors analyze the regulation of the reproduction process in the interaction of the real
and financial sectors of economy by variations in the cash in circulation and through the investment policy of
the state and the consequences of the collapse of the value of securities. The production sphere is shown to
unite the production system (production), banking system, market system, rest of the world, and households. It
is shown that the regulators of economic reproduction are: the banking system, which provides lending to
production and provides the necessary amount and speed of money in the real sector; the financial sector by
selling securities for cash and investing in production; the state that pursues an investment policy for the
expanded reproduction of productive capital. The reproduction process of the economy of Ukraine is modeled
for 2022-2024 by the statistical data of 2020 and 2021.

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

VK 517.988

36ixHicTh MeTOAY onepaTopHoi ekcTpanosiuii 115 Bapianiiinux HepiBHocTeli B BanaxoBux npocropax /
B.B. CemenoB, C.B. /lenucos, I'.B. Canapaxos, O.C. XapbkoB // KibepHerrka ta cucteMHuii aHamis. 2022.
Tom 58, Ne 5. C. 79-93.

Anoranis. JlocnmipkeHO HOBI iTepaliiiHi alropuTMu Juis pO3B’s3aHHS BapialliiHUX HEPIBHOCTEH B
piBHOMiIpHO  omyknux — bamaxoBux  mpocropax. Ilepmmit  amroputM —  Momu(ikamis  MeTOXy
«forward-reflected-backward algorithm», mo BUKOpHCTOBYE y3aranbHEHY MpPOEKILi0 Anbbepa 3aMiCTh METPHY-
HOI. JIpyruit aropuT™ € afanTUBHUM BapiaHTOM IEpIIOro, ¢ BUKOPUCTOBY€ETHCS MOHOTOHHE ITPABUJIO TOHOB-
JICHHS BEJIMYMHHU KPOKy, IO HE BHMarae 3HaHHs JlimmuneBnx KOHCTAaHT Ta JiHiifHoro mnomryky. Jls
BapialiifHUX HEPIBHOCTEH 3 MOHOTOHHUMH, JIIMIIKIIEBUMH ONepaTopaMH, 10 TiF0Th y 2-pIBHOMIPHO OIYKJIOMY
Ta PIBHOMIPHO TJIajKoMy BaHaxoBomy mpocTopi, JOBEIEHO TEOpeMH IMpo ciaadKy 301KHicTh MeToniB. Takox
JUISL TIEPIIOTrO AITOPHTMY JOBEAEHO OLIHKY e(eKTHBHOCTI B TepMiHax (yHKIIi 3a30py.

KiouoBi cioBa: BapiamiiiHa HepiBHICTb, MOHOTOHHMII oOIleparop, y3arajJbHeHa MPOEKLis Aubbepa,

2-piBHOMIpHO onykiuii banaxiB nmpocTip, piBHOMIpHO rinaakuii banaxiB mpocTip, METOJ OnepaTopHOI eKcTpa-
noJisiii, crmabka 301KHICTh, (YHKINS 3a30py.
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Convergence of the operator extrapolation method for variational inequalities in Banach spaces /
V.V. Semenov, S.V. Denisov, G.V. Sandrakov, O.S. Kharkov // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 5. P. 79-93.

Abstract. New iterative algorithms for solving variational inequalities in uniformly convex Banach
spaces are analyzed. The first algorithm is a modification of the forward-reflected-backward algorithm, which
uses the Alber generalized projection instead of the metric one. The second algorithm is an adaptive version of
the first one, where the monotone step size update rule is used, which does not require knowledge of the
Lipschitz constants and linear search procedure. For variational inequalities with monotone, Lipschitz
continuous operators acting in a 2-uniformly convex and uniformly smooth Banach space, theorems on the
weak convergence of the methods are proved. Also, for the first algorithm, an efficiency estimate in terms of the
gap function is proved.

Keywords: variational inequality, monotone operator, Alber generalized projection, 2-uniformly convex
Banach space, uniformly smooth Banach space, operator extrapolation method, weak convergence, gap
function.

VK 519.23
Cymim po3noaiaiB Ha ocHOBI 1anmiora Mapxkosa / S1.1. €xeiixo, O.A. SIpoBa // KiGepHeTrka Ta CHCTeMHHI
anami3. 2022. Tom 58, Ne 5. C. 94-97.

AmnoTanisi. PosrisiHyTo nanmor MapkoBa, sikuil nepe0yBae I/ BIUIMBOM JIaHUX 30BHIIIHBOTO CEPEIOBH-
ma. Ha ocHoBi kputepito Konmoroposa 3HaiifeHo cymimn po3noziniB. [Iyist BUOIpOK HOPMaJBHUX PO3HOALIIB
mo0y10BaHO eMIipuyHi QYHKIT po3Mo/IiIiB, 3HAIICHO eproANuHUi PO3IIOILN JaHIrora MapKkoBa Ta BU3HAYEHO
CyMIIll PO3MOALTIB.

KurouoBi ciroBa: naHmor MapkoBa, MaTpHI IIEpexiqHUX HMOBIpHOCTEeH, kputepiit Kosmoroposa, HopMaiis-
HUH PO3MOALI, CyMIll PO3HOALIIB.

Mixture of distributions based on the Markov chain / Ya.l. Yeleyko, O.A. Yarova // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 5. P. 94-97.

Abstract. A Markov chain under the influence of environmental data is considered. A mixture of
distributions is found on the basis of Kolmogorov’s criterion. Empirical distribution functions are constructed
for samples of normal distributions, the ergodic distribution of the Markov chain is found, and the mixture of
distributions is determined.

Keywords: Markov chain, matrix of transition probabilities, Kolmogorov criterion, normal distribution,
mixture of distributions.

YIK 519.816

Po3BuTOK MeTOY aHATi3Yy i€papxiii B yMOBaX KOJeKTHBHOIO NPUIHATTS pillleHb HA 0CHOBI arperoBaHux
MaTpunb napuux nopiBusinb / F0.51. CamoxBasos // KiGepHerrka ta cucteMuuii ananis. 2022. Tom 58, Ne 5.
C. 98-104.

AHoTanis. 3anporoHOBaHO MiAXiJ 1O KOJCKTUBHOIO MPUHHATTS PIMICHb HA OCHOBI METOMY aHami3y
iepapxiit. Lleit migxin 6a3yeTbcst Ha MeXaHi3Mi ITOOYIOBY arperoBaHUX MaTPHIb HAPHUX HOpiBHAHE. KirtouoBuM
Yy IbOMY MEXaHi3Mi € Y3TO/DKECHHS IOISIPHHUX CYXKEHb SKCIIEPTiB IIOJO0 INepeBard aabTepHATuB. Take y3rof-
JKCHHSI pealli3oBaHo 3aB/sIKM BHOOPY HaMOIIbII CHIpaBesIMBOT TIIOTE3M Ha MiJICTABl CTYIiHS BIIEBHEHOCTI B ii
noctoBipHOCTI. CTyIiHb BHEBHEHOCTI 3alPOIIOHOBAHO OOYMCIIIOBATH 32 JIONOMOTOK (yHKIIT KOMOIHYBaHHS
Hloptaidda. Y3romreHHs NOIIPHUAX CYIKEHb SKCIIEPTIB SIBISIE COO0I0 00UHCITIOBATIBLHY MO/IEIb ITPYIOBOTO BH-
60opy, sIKa € HE3aJIC)KHOIO KOMITOHEHTORO 1 MOke OyTH BUKOPHCTAHA SIK OCHOBA JUISl PO3POOIICHHS TIPOIEayp KO-
JIEKTHBHOT'O NMPUHHATTS PillleHb. 3alpPOIIOHOBAHUM MIJXiX € JOCTaTHBO HNPHPOJHUM Ta IPOCTHM Y BHKOPHC-
TaHHI 1 TapMOHIMHO CTaHOBHTbH OJHOLUIICTH B IIpOLECi aHAIITHYHOI iepapxii.

KiiouoBi ci1oBa: KOJEKTHBHE MPUHHATTS pillleHb, pPAHKyBaHHs, EKCIEPT, METOJA aHalidy iepapxiif,
KOe(ILiEHTH BIIEBHEHOCTI.

Development of the analytic hierarchy process under collective decision-making based on aggregated
matrices of pairwise comparisons / Yu.Ya. Samokhvalov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58,

N 5. P. 98-104.

Abstract. An approach to collective decision-making based on the analytic hierarchy process is
proposed. This approach is based on the mechanism of constructing aggregated matrices of pairwise
comparisons. The key point of this mechanism is to reconcile the polar opinions of experts on the preference of
alternatives. Such harmonization of opinions is implemented by choosing the most fair hypothesis. The basis for
this choice is the degree of confidence in the validity of this hypothesis. The degree of confidence is calculated
using the Shortliff combination function. Coordination of polar opinions of experts is a computational model of
group choice, which is an independent component and can be used as a basis for the development of collective
decision-making procedures. In general, the proposed approach is quite natural and easy to use and
harmoniously forms a single whole within the analytic hierarchy process.

Keywords: collective decision-making, ranking, expert, analytic hierarchy process, confidence coefficients.
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YIK 517.9
MareMaTu4yHi MoJesi eKcTpeMaJbHUX peXuMiB B  exosoriunux cucremax / LB. [lopomenko,
O.I1. Knonos, JI.Lb. BoBk // KibepHeruka ta cucremHuid ananiz. 2022. Tom 58, Ne 5. C. 105-121.

AHoTanis. Y cTaTTi pO3riIsTHyTO OCHOBHI €TaIry CTBOPESHHS KOMIT I0T€PHOI CHCTEMH ITi ITPUMKH IIPUHHSATTS
pimreHs y ramysi exonoriqnoi Oesmeku. IIpoaHanizoBaHO OCHOBHI (hakTopu 3a0pyJHEHHS TOBKLLISA IICIS €KO-
JIOTIYHHMX 1 TEXHOTCHHMX KatacTpod, TUMOBI 3001 mia 4yac excrutyaranii HeOe3neyHnx 00’ €KTiB. 3anpOrOHOBAHO
METOJM KIUIBKICHOTO OIHIOBaHHS (DYHKIIii PU3UKY, CTBOPEHO EKOJIOro-MaTeMaTH4HI MOJENi, 110 JAI0Th 3MOTy
OLIHHUTH MOTOYHHUI CTaH JOBKILIA i IaTH IPOrHO3 HA MaOyTHE Ta 3pO3YMITH CYTb MPOLIECY, IO PO3IILIIAETHCSL.

Kuio4oBi cioBa: MoJienb, 4acoBUi psifl, TPEH], METO/ MakCUMalbHOI npaBaonoaionocti (MMII), metox Haii-
menmux kBagpariB (MHK), meron naiimenmux moxaynie (MHM), meron minimakcy (MMM).

Mathematical models of extreme modes in ecological systems / I. Doroshenko, O. Knopov, L. Vovk //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 105-121.

Abstract. The authors consider the basic stages of creating a computer system for decision-making
support in ecological security. The key factors of environmental pollution caused by ecological and
technological catastrophes and typical failures in the operation of hazardous facilities are analyzed. Methods for
quantitative estimation of the risk function are proposed. Ecological and mathematical models are created that
make it possible to assess the current state of the environment, to make predictions, and provide a
comprehension of the process under consideration.

Keywords: model, time series, trend, maximal likelihood method (MLM), least squares method (LSM), least
modules method (LMM), minimax method (MMM).

YK 519.9
KoMmmnpowmic i koHceHCyc y 6araTokpuTepianbHux 3axauax / A.M. Boponin, A.C. CaBuenko // KibepHeruka
Ta cuctemHui anams. 2022. Tom 58, Ne 5. C. 122-128.

AHoTauis. Po3risHyTO pi3Hi migxoau A0 po3B’s3aHHS OaraTOKpUTEpialbHUX 3a/ad B 3AJICKHOCTI BiJ
poJti oOMeXeHb y TOCTaHOBKAX 3ajavil. Ko oOMekeHHs (ikcoBaHi i 3a7aHi, TO AITOPUTM OOYHMCIICHHS BKIIIO-
Yae mepeBaru ocoOu, 110 MpHilMae pillieHHs, a BiAMoBiAHAa GaraToKkpUTepianbHa 3a/1a4a Ma€ MPUHIUIIOBO KOM-
MPOMICHHIT pO3B’30K. SIKINO BEJMYMHH OOMEKEHb MOYKHA BapilOBaTH, TO BUHUKAE MOJMIIHMBICTb OTPHMAHHS
KOHCEHCYCHUX PO3B’SI3KiB, a ITOPHTM OOYHCIICHHS BUIBHHH BiJ €BPHCTHYHHX EJICMCHTIB.

Ki1r04oBi cj10Ba: KOMIPOMIC, KOHCEHCYC, OaraToKpuTepiaabHa 3a/1a4a, 0OMEKEHHsI, PECYPCH, AITOPUTM OOUHCIICHHSL.

Compromise and consensus in multicriteria problems / A.N. Voronin, A.S. Savchenko // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 5. P. 122-128.

Abstract. Various approaches to solving multicriteria problems are considered, depending on the role of
constraints in the problem statement. If the constraints are fixed and specified, then the calculation algorithm
includes the preferences of the decision maker and the corresponding multicriteria problem has a fundamentally
compromise solution. If the values of the constraints can be varied, it becomes possible to obtain consensus
decisions, and the calculation algorithm is free of heuristic elements.

Keywords: compromise, consensus, multicriteria problem, constraints, resources, calculation algorithm.

MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

YK 519.6
BuCOKONPOAYKTHBHI MeTOAM MOJEJIIOBAHHS aJAcopOuii3i 3BOPOTHMMM 3B’A3KaMM B HEOJHOPIAHHX
0araTOKOMIOHEHTHUX HaHomopucTux cepegosumax / M.P. Ilerpuk, LB. Boiiko, O.M. Ximiu,

O.10. Ilerpux // Kibepreruka ta cuctemuuid anamis. 2022. Tom 58, Ne 5. C. 129-148.

AHoTanist. Po3po0sieHO HOBI BHCOKONPOAYKTHBHI aHAIITUYHI METOIM MOJICIIOBAHHS [0JIiB KOHICHTpPALIN
JU(yHIOBaHNX T'a3iB Yy BHYTPILIHBO- Td MIKYACTHHKOBOMY TIPOCTOPAX y HEOIHOPITHUX -CKJIaJ0BUX HAHOIIOPHC-
TUX CEpEeNIOBHIIAX 3 BUKOPHUCTaHHSM orepauiiinoro meroxy ['eBicaiina Ta Marpuup BBy Komn mis He-
OJTHOPITHUX KpalOBHUX 3371a4 afcopOLii UL CUCTEM PIBHSHb B YACTMHHUX MOXIHUX i3 3BOPOTHUMH 3B SI3KAMH.

KurouoBi cioBa: agcopOuist 1 qudysis ra3is, MaTeMaTHIHEe MOJENIOBAHHS, yMOBa piBHOBaru JIeHrMiopa, ome-
pauiiiauii meron ['eBicaiina, marpuni BruuBy Kolimi, HEOJHOPIJHI HAHOIOPHCTI CEPEIOBHIIA.

Highly productive methods to model the adsorption with feedback in heterogeneous multicomponent
nanoporous media / M.R. Petryk, I.V. Boyko, O.M. Khimich, O.Yu. Petryk // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 5. P. 129-148.

Abstract. New high-performance analytical methods for modeling diffuse gas concentration fields in
intra- and interparticle spaces in heterogeneous n-component nanoporous media using the Heaviside operational
method and Cauchy influence matrices for heterogeneous adsorption boundary-value problems for systems of
partial differential equations with feedback have been developed.
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Keywords: adsorption and diffusion of gases, mathematical modeling, Langmuir equilibrium condition,
Heaviside operational method, Cauchy influence matrices, heterogeneous nanoporous media.

VJIK 004.421.6
Jln3’IOHKTHBHI 6a3MCH NPUKIATHUX a1redp MHOXKHH Ta iXHE BHKOPHCTAHHS B 321a4aX KOMOiHATOPHOL
reometpii / M.C. JIsBoB // KiGepuernka ta cucremuuii anami3. 2022. Tom 58, Ne 5. C. 149-162.

AHoTanis. BBeseHO MOHATTS NPUKIAJHOT AIredpy MHOXHUH, CTAHJAPTHOIO W3 FOHKTHBHOIO 0a3zucy
MPUKJIAAHOT anreOpyu MHOXKHH 1 OMHUCAHO AITOPUTM MOOYI0BH CTAaHAAPTHOTO 13’ IOHKTUBHOTO Oa3ucy, sKuif 3a
aHayoriero 3 anroputMoM byxGeprepa B Teopii mosiHOMianbHUX ineaniB i anroputmom Kuyra-bennukca B
Teopil HANIBIPyN HAa3MBAECTHCS AITOPHUTMOM KPUTHYHOI Mapu/IONOBHeHHs. HaBeneHO MpHKIagy pi3HUX IpU-
KJIQHUX anreOp MHOXKHH, JI0 SKHX HalekKaTh anreOpa CKIHYCHHHX MHOXHH B peani3alii Ha BHOPSAKOBaHHUX
cnuckax, aiarebpa Jlebera MHOKMH Ha YMCIIOBIH oci, anreOpa JNiHIMHUX HamiBanreOpalyHUX MHOXKUH Ha ILIO-
uHi, anredpa Kil Ha IUIOIIKHI, Ha3BaHa anreoporo Eiinepa. Po3risiHyTo Takok peatisalii anropuTMy KpHTHY-
HOT Mapy/MONOBHEHHS Yy LHX HNPHKIAJHUX aareopax MHOKHH. OCHOBHHUI pe3ysbTaT poOOTH MOJISITAaE B TOMY,
[0 HAasBHICTH CTAHJAPTHOTO U3 IOHKTHBHOIO 0asucy Jgae 3MOry OynyBaTH e(EKTHBHI 3a dYacoM
(TIoTiHOMiaJIBHI) ANITOPUTMH PO3B’SI3aHHS OCHOBHUX IIPOOJIEM y NPHKIAJHUX auredpax MHOXKHH, TAKHX SIK IIPO-
OJyiemMa TpeJCcTaBICHHs, IPOOIeMa HaJIGKHOCTI, NpoOJieMa MOPIBHAHHS TOIO. AJTOPUTMHU B anreOpi JTiHIHHUX
HamiBanreOpaiyHNX MHOXKMH Ha IUIOMIKHI Ta anredpi Eitniepa Ha momuHi 04eBUIHUM YMHOM MOYKHA MOIIUPH-
TH Ha OLTBII 3arajbHi MPUKIAAHI aareOpu MHOXKHUH.

KurouoBi cioBa: npukiragHa anredpa MHOXUH, alTrOPHTM KPUTUYHOI ITAPH/IIONOBHEHHS, KOMOIHATOpHA reo-
MeTpis, mpobyieMa HaJIeKHOCTI.

Disjunctive bases of applied algebras of sets and their use in problems of combinatorial geometry /
M.S. Lvov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 149-162.

Abstract. In this paper, the concepts of applied algebra of sets and a standard disjunctive basis of an
applied algebra of sets are introduced. The algorithm for constructing a standard disjunctive basis is described. By
analogy with Buchberger’s algorithm in polynomial ideal theory and Knuth-Bendix’s algorithm in the theory of
semi groups of words, it is called the critical pair /completion algorithm. Examples of various applied algebras of
sets are provided. They include the algebra of finite sets in realization on ordered lists, the Lebesgue algebra of
sets on the number axis, algebra of linear semi-algebraic sets on a plane, and algebra of circles on a plane, called
the Euler algebra. Implementations of the critical pair/completion algorithm are also considered. The main result
of the study is that the presence of a standard disjunctive basis makes it possible to construct time-efficient
(polynomial) algorithms for solving basic problems in applied algebras of sets, such as the representation problem,
membership problem, equality problem, emptiness problem, etc. Algorithms in the algebra of linear semi-algebraic
sets on a plane and the Euler algebra on a plane can be extended to more general applied algebras of sets.

Keywords: applied algebra of sets, algorithm of critical pair/completion, combinatorial geometry, membership
problem, representation problem.

VK 620.97/303.732.4

AHaniz o0MiHHMX npoueciB 11 onTHMi3anii TeXHiK0-eKOHOMIYHUX NOKa3HUKIB cuctem Microgrid /
I'.C. Beaoxa, C.II. [lennciok, B.B. Xuienko // Kibepuernka ta cucremuuii anamiz. 2022. Tom 58, Ne 5.
C. 163-171.

Anorauis. PosrisHyTo cuctemu Microgrid, siki CKIIQArOThCS 3 TEHEPATOPIB Ta HABAHTaXKCHb, CTPYMHU
SIKHX MAaIOTh BHILI rapMOHiku. [IpoaHanizoBaHO eHepreTHyHi XapaKTePUCTUKHU 1 TIOKa3aHO HASBHICTH OOMIHHHX
MOTY)KHOCTE#, KOMICHCALIIS KX 3MCHILYE PEaKTHBHY HOTYXKHICTb Ta BUILI FApMOHIKH. JIOCITIKEHO THHAMIKY
OOMIHHUX IIpoIeciB y cucremax Microgrid i po3risiHyTo 3aJadqy BH3HAYCHHS BapTOCTI €JICKTPOCHEPTil 3a -
HamiuHol Tapudikanii y cucremax Microgrid 3 ypaxyBaHHSM SIK €eKOHOMIYHOI, TaK 1 TEXHIYHOI CKJIa0BOI.

KumouoBi ciioBa: cucremu Microgrid, quHamika 0OMIHHHX MPOLECIB, JIOKAIbHI CHEPrOPHHKH, JHHAMIYHA Ta-
pudikailis, peaKTHBHA IOTYXHICTh, BHIII TapMOHIKH.

Analysis of metabolic processes to optimize the technical and economic indicators of Microgrid /
H.S. Bielokha, S.P. Denysiuk, V.V. Khilenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5.
P. 163-171.

Abstract. The authors discuss Microgrid systems consisting of generators and loads whose currents have
higher harmonics. The energy characteristics are analyzed and the presence of exchange powers whose
compensation reduces the reactive power and high harmonics is shown. The dynamics of exchange processes in
Microgrid is analyzed and the problem of determining the cost of electricity with dynamic billing in Microgrid
is considered, taking into account both economic and technical components.

Keywords: Microgrid, dynamics of exchange processes, local energy markets, dynamic billing, reactive power,
higher harmonics.
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YVIK 519.2
Be3noporosuii MeTo 1ucKpeTHOI BeiiBiaeT-giabTpauii 306pakens / [I.M. Onydpienko, F0.K. Tapanenko
/I KibepHeruka Ta cucreMHmii anamiz. 2022. Tom 58, Ne 5. C. 172-178.

AwnoTauisi. Posrisinyto cydacui meroau i anmroputmu DWT-dinsTparii 306paxens Big ['aycoBux mymis
BHCOKOTO PiBHS. 3a3HA4€HO, 1110 Ii IIyMH MOKYTbh BUHHKATH I1iJ] 4ac aepo(OoTO3HIMAHHS MiCIIEBOCTI B yMOBaxX
3a0py/IHEHOr0 MOBITPs. PO3IVISHYTO BHKOPHCTaHHS €AMHOIO YHIBEpPCAIbHOIO I[OpOra OOMEKEHHsS Beid-
BieT-koedinienTiB peranizanii VisuShrink Juist BCix piBHIB AeKOMIIO3MLIT Ta afanTUBHOTO nopora BayesShrink.
Po3po0iieHO anroput™M OOMEKEHHS KOPTEXKY BeHBIIECT-KOe(illieHTIB 300pakKeHHs.

KimouoBi caoBa: DWT, VisuShrink, BayesShrink, amropurm, EBkmizoBa HopMa, KOpPTeX BeEiB-
JeT-KoedilieHTIB.

Threshold-free method of discrete wavelet filtration of images / D. Onufriienko, Yu. Taranenko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 172-178.

Abstract. Modern methods and algorithms for DWT image filtering from high-level Gaussian noise are
considered. It is indicated that these noises can occur during aerial photography under air pollution conditions.
The use of a single universal threshold for limiting VisuShrink wavelet coefficients for all levels of
decomposition and an adaptive BayesShrink threshold are considered. An algorithm for limiting the tuple of
image wavelet coefficients is developed.

Keywords: DWT, VisuShrink, BayesShrink, algorithm, Euclidean norm, wavelet coefficient tuple.

HOBI 3ACOBM KIBEPHETHUKH, i NEW TOOLS IN CYBERNETICS,
IHOOPMATHKH, OBYUCIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKM I CHCTEMHOT'O AHAJII3Y ANALYSIS
VK 303.444

Metoanunmii minxin o ixenTudikaunii 06’exrtiB momitopunry / B.C. Komapos, B.B. Ouexkcilok //
KibepHernka Ta cucremHumii anamiz. 2022. Tom 58, Ne 5. C. 179-188.

AHoTanis. 3a pe3yIbTaTaMH MMPOBEICHUX TEOPETUYHHX Ta MPHUKIAJHUAX JOCITIKEHb PO3POOICHO METO-
JMYHUH TAXIT 10 inenTHikarii 06’ ekTiB MOHiTOpHHTY. IOro mpakTHUHE 3aCTOCYBAHHS J[a€ 3MOTY PO3DAXyBa-
TH KOPUTYBaJIbHI KOC(Ili€HTH IHTETPAIbHOTO KPUTEPIiI0 BU3HAUCHHS BaXKJIMBOCTI Ta IHPOPMATUBHOCTI MOHITO-
PHHTOBHX O3HAaK i BH3HAYUTU HAWOLNBIN e(EeKTHBHHI BapiaHT KOMIUICKCY TEXHIYHHX 3aC00iB MOHITOPHHTY
BIANOBIHUX JKepen (00’€KTIB) MOHITOPHHTY.

Kuio4oBi ciioBa: MOHITOPHHIOBa O3HAKa, TEXHIYHHUI 3aCi0 MOHITOPHHIY, CUTHATYpa, IPIOPUTETHICTH MOHITO-
PUHTOBHX O3HAK.

Methodological approach to identification of monitoring objects / V. Komarov, O. Iliashov, V. Oleksiiuk
/I Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 179-188.

Abstract. A methodological approach to identification of monitoring objects, based on the results of
theoretical and applied research, is developed. Its practical application makes it possible to calculate the
adjustment factors of the integrated criterion for determining the importance and informativeness of the
monitoring features and to determine the most efficient version of the set of technical means of monitoring of
the relevant sources (objects) of monitoring.

Keywords: monitoring feature, technical monitoring tool, signature, monitoring features priority.

VK 004.22 + 004.93°11

IleperBopennsi BuUX0Ay JiiHiliHOI cucTeMH I po3pixkenoi ampoxkcumanii / O.B. Tumyk,
0.0. Jecsatepuxk, O.€. Boakos, O.I'. PepynoBa, /I.A. PaukoBcbknii / KibepHeTrka Ta CHCTEMHHUI aHai3.
2022. Tom 58, Ne 5. C. 189-202.

AHoTauis. Po3risiHyTO minxiz, mo 3adesnedye CTiiike nepeTBOPEHHS BUXOAY JIIHIHHOI CUCTEMHU y BHXI]
CHCTEMH 13 3ajaHuM 6a3ucoM. Matpuiist 6a3sucHUX (yHKIIN JTiHIHHOI CHCTEMU Ma€ BHCOKE YHCIIO 00yMOBIIE-
HOCTI, 1 psix ii CHHTYJIIPHUX YHCEN IUIAaBHO Clajae 10 HyJs. Po3polieHo aBa THIHN CTIMKHX METOAIB MEpeTBO-
PCHHsI BUXOJ1y 3 BUKOPUCTAHHAM alPOKCHMAIlii MaTPUIlb HA OCHOBI yCIYEHOIO CHHTYJISIPHOTO PO3KJIAJaHHS Ta
Ha OCHOBI BHII4JIKOBOI MPOEKIIi 3 Pi3SHUMU THIIAMH BUIAJKOBUX Matpuilk. [TokasaHo, 110 3a paxyHOK MEpPeTBO-
PEHHS BUXOJ1y K IONEPETHBOTO 00POOIICHHSI MOKHA 30UIBIINTH TOYHICTh PO3B’SI3aHH 3a1a4 PO3PiKEHOT arl-
pokcumarii. Po3misiHyTO HpHKIa) BUKOPHCTAHHS METOMY B 3a/1adi BU3HAYEHHS aKTHBHOCTI CIIA0KHX JDKepeln
PaioaKTHBHOIO BHIIPOMIHIOBAHHSL.

Kuro4oBi cj1oBa: po3pijkeHa anmpoKcuMallis, JUCKPETHAa HEKOPEKTHA 3aj1aya, BUMAKOBA MPOEKILis, CHHIYJIsp-
HE PO3KJIaIaHHs.
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A linear system output transformation for sparse approximation / O.V. Tyshchuk, O.E. Volkov,
E.G. Revunova, D.A. Rachkovskij // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 5. P. 189-202.

Abstract. We propose an approach that provides a stable transformation of the output of a linear system
into the output of a system with a desired basis. The matrix of the basis functions of a linear system has a large
condition number, and the series of its singular numbers gradually decreases to zero. Two types of methods for
stable output transformation are developed using approximation of matrices based on the truncated singular
value decomposition and on the random projection with different types of random matrices. It is shown that the
use of the output transformation as a preprocessing makes it possible to increase the accuracy of solving sparse
approximation problems. An example of using the method in the problem of determining the activity of weak
radiation sources is considered.

Keywords: sparse approximation, discrete ill-posed problem, random projection, singular value decomposition.
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