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KIBEPHETUKA CYBERNETICS

YIK 519.713.4
IIpo6aema Yepni s aBTomartiB i3 mpocrumu inemnorentamu / LK. Pucnos // KiGepHerrka ta cucTeMHUN
anaumisz. 2022. Tom 58, Ne 1. C. 3-10.

Awnotauis. Otpumano 1Bi Touni ominku ¢ynknii Yepni C (4 ) 11t aBTOMATIB i3 IPOCTUMH 11eMIIOTEHTA-
mu (I1I-aBromatiB). ITokazano, mo C(4)=n — | musa I1l-aBromara 4 3 n cTaHamMu 1 TPUBIAILHOIO TPYIOIO Ta
CAd)<(n- 1)2 s I1l-aBTomMaTa 4 3 n CTaHAMH 1 PETyISPHOIO TPYIOIO.

KuiouoBi ciioBa: ckiHueHHI aBromartH, npobiema YepHi.

On the Cerny problem for automata with simple idempotents / I.LK. Rystsov // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 1. P. 3-10.

Abstract. In this paper, two tight bounds of the Cherny function C(A4) are obtained for automata with
simple idempotents (SI-automata). It is shown that C(4)=n—1 for the Sl-automaton 4 with » states and
a trivial group and C(4)<(n— l)2 for the Sl-automaton A4 with n states and a regular group.

Keywords: finite automata, Cerny’s conjecture.

VK 621.317+681.849

HapmmmkosicTs ingopmanii y mo0ynoBi cucTeM eKcnepTH3H 3BYKOBHX CHIHAJB Ha HeHPOHHHMX
Mepe:xax rimookoro nayanus / B.I. CogosiioB, O.B. Pubanscokmii, B.B. ’Kypapeas, O.M. Illad.us,
€.B. Tumko // Kibepueruka ta cucremuuii anamis. 2022. Tom 58, Ne 1. C. 11-20.

AmnoTanis. Onucano METoJH IONePETHHOT0 0OPOOICHHS CHIHAIIB, SIKi BUKOPHCTOBYIOTH IJIS CTBOPSHHS
HOBOT'O IHCTPYMEHTapil0 eKCIepTH3U MaTepiamiB i 3acobiB mudposoro 3Bykosamucy. [Toka3aHo, mo 3acTocy-
BaHHS HAJIIMIIKOBOCTI iH(popMamii y cTBOpeHHI 0a3u HaBUaHHS HEHPOHHHUX MEpPEXkK IITMOOKOTO HABUAHHS, SIKi
BUKOPHCTOBYIOTBCS JUISL Li€l eKCIepTH3H, 3a0e3Iedye MiABUIIeHHS epeKTUBHOCTI i1eHTudikamii TukTopa 3a ma-
paMeTpaMH XapaKTepHCTUK Tonocy IpuommsHo Ha 15 %. IligTBep/rkeHO, IO 3alpOIIOHOBAaHI METOIM 00poo-
JIeHHsI 3a0e3Meurin MOXJIMBICT ieHTHdiKamii aukTopa 3a (oHOrpaMaMH TpPHBANICTIO Bif 1 c.

KuarouoBi ciioBa: BeiiBner Mopiie, 4acoBe BIKHO, YaCO-4aCTOTHE MEPETBOPEHHS, AUKTOD, iAeHTUdiKalis, Haj-
JIUIIKOBICTh, HEHPOHHA Mepexa, CIEeKTp, (oHorpama.

Information redundancy in constructing the systems for audio signal examination on deep learning
neural networks / V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel, A.N. Shablya, E.V. Tymko // Kibernetyka
ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 11-20.

Abstract. The methods of preliminary signal processing used to create a new toolkit for the examination
of materials and means of digital sound recording are described. It is shown that the information redundancy in
creating a training base for deep learning neural networks used for such an examination increases the efficiency
of speaker identification based on the parameters of voice characteristics by about 15%. The proposed
processing methods made it possible to identify the speaker from phonograms with a duration of 1 sec.

Keywords: Morlet wavelet, time window, time-frequency transformation, speaker, identification, redundancy,
neural network, spectrum, phonogram.

VK 004.891
Po3pobiiennsi Ta JOCHiIKEHHS MoJeJi NpeICcTaBJeHHS ceMaHTHKH pedens / B.H. BpyouaeBcbkuii,
0.0. Mapuenxo // Kibepuetnka ta cucremunii anamiz. 2022. Tom 58, Ne 1. C. 21-30.

Anoranisa. HaBeneno orysin edexkTHBHOI Ta IPOCTOI MOJeEI NMPEICTaBICHHS CEMAaHTUKH PEYeHb y
KOHTEKCTI 3aaaui imentudikauii napadpasis. JepeBo 3anexHocTedl 00paHO SK OCHOBHY CTPYKTYPY AJIs
IIPEACTaBIICHHS 3B 53KIiB MIX CJIOBaMHU y pedeHHi. [ npecTaBIeHHS] CEMaHTUKH CJIOBA BUKOPHUCTAHO I10-
NepeHb0 HaBYeHI MOeIi mpeacTaBlieHHs cliB. Ha OCHOBI IUX JBOX KJIIOYOBUX CKJIAJ0BUX PO3POOIEHO
JIeKLIbKa O3HAK, SIKi JOIOMAararoTh TOYHO BH3HAUMTH napadpasu. IIpoBeieHi eKCliepUMEHTH TOBEINH, L0
Mozenb € epeKTuBHOW0. PesynbraTé i 3aCTOCYBaHHS € BIJHOCHO OJIM3BKMMM [0 pe3yJbTaTiB Halcy-
YaCHIINX MOJEIeH.

KurouoBi ci1oBa: 00po0ieHHs IpUPOAHOI MOBH, igeHTH]iKanis mapadpasiB, CEeMaHTUYHA MOAIOHICTE, TEPEeBO
3aJI©)KHOCTEH, BEKTOPHE IIPEJCTABICHHS CIIB.
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Development and analysis of the model for sentence semantic representation / V. Vrublevskyi,
O. Marchenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 21-30.

Abstract. The authors overview an efficient and simple model of sentence semantic representation for the
paraphrase identification problem. The dependency tree was chosen as the main structure to represent the
relationships between words in a sentence. To represent the word semantics, pre-trained general-purpose word
embeddings are used. Based on these two key components, several features that can help to identify paraphrases
are designed. The experiments were conducted, which proved the model efficiency. The results of the model
application are rather close to those for state-of-the-art models.

Keywords: natural language processing, paraphrase identification, semantic similarity, dependency tree, word
embeddings.

VK 004.94.2
Oco0.MBOCTI MapajiesIbHOTO AJrOPpUTMY COpTYBaHHs 3 (opmyBaHHsim panris / T.b. MapTuHIok,
B.I. KpykiBcobknii / Kibeprernka Ta cucremuuit anamiz. 2022. Tom 58, Ne 1. C. 31-36.

Amnotaunis. [IpoananizoBaHo HOBUH IiIXiA O OpraHizamii mapaneIbHOrO COPTYBaHHS MACHBY UHCEN 3
(opmyBaHHSIM TXHIX paHriB. Y Iporeci cOpTyBaHHs peai30BaHO TakKi omneparii, K omneparist AeKpEeMeHTa JUIs
00pOOJICHHS €IIEMEHTIB YUCIOBOIO MAacUBY Ta OIeEpallis iHKpeMeHTa s (popMyBaHHS iXHIX paHriB. 3amporno-
HOBAHO OMHC AJITOPUTMY MapaJeIbHOr0 COPTYBAaHHS 3 (OPMYBAHHSIM PAHTiB y 0a3KCi CHCTEMH aJITOPUTMIYHUX
anredp (CAA) I'mymkosa.

Kuaio4oBi ciioBa: cucrema anropuTMidHuX anre0p, napajiesibHe COpTYBaHHs, YUCIOBHIA 3pi3, paHr, Macka.

Peculiarities of the parallel sorting algorithm with rank formation / T.B. Martyniuk, B.I. Krukivskyi //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 31-36.

Abstract. A new approach to parallel sorting of an array of numbers with the formation of their ranks is
analyzed. In the process of sorting, such operations are implemented as a decrement operation for the
processing of elements of a numerical array and an increment operation for the formation of their ranks.
A description of the parallel sorting algorithm with the formation of ranks in the basis of Glushkov’s System of
Algorithmic Algebras (SAA) is proposed.

Keywords: system of algorithmic algebras, parallel sorting, numerical slice, rank, mask.

CUCTEMHUI AHAJII3 SYSTEMS ANALYSIS

YIK 519.1

IIpo 3agayy ONTHMAJBHOIO MOWIYKY JIOKAJBLHO-IONYCTHMHUX PO3B’SI3KiB JiHiliHOT QyHkmii Ha
nepecranokax / I'.Il. loneus, B.1. Bineubkuii // Kibepueruka ta cucremuuii ananiz. 2022. Tom 58, Ne 1.
C. 37-44.

AHoTtanis. PosrisHyTO 3a1ady ONTHMANBHOTO TIOMIYKY JIOKAJIBHO-IOMYCTUMHUX PO3B’A3KIiB JIiHIiltHOT
(yHKIIT Ha ITepecTaHOBKAX, Ha SIKKX JIiHIHAa QyHKIisS HaOyBae 3HAUCHB i3 33JJaHOTO 1HTEpBaJy. 3aIPOIIOHOBA-
HO HOBHMI METOJl pO3B’sI3aHHs TaKoi 3a7adi 3 BUKOPHCTAHHAM IJIECIIPSIMOBAHOTO IONIYKY NEPECTAHOBOK, SIKi
JIAl0Th JIOKAJIBHO-IOIMYCTHMI PO3B’SI3KM 3 HAHMEHIIOI KUIBKICTIO HepeOopiB BapiaHTIB.

KorouoBi ciaoBa: miniifHa (yHKUis, nepecTaHOBKa, TPAHCIIO3UIIs, OajaHC, IO3MIIIS, OIepaiis.

On the problem of optimal search for locally feasible solutions of a linear function on permutations /
G.P. Donets, V.I. Biletskyi // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 37-44.

Abstract. We consider the problem of optimal search for locally feasible solutions of a linear function on
those permutations where the linear function takes the values from the given interval. We describe a new
method of solving such problem by goal secking for the permutations that provide locally feasible solutions
with minimal search.

Keywords: linear function, permutation, transposition, balance, position, operation.
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VK 517.9
IpuHuun po3TsAryBaHHs yacy B irpoBux 3axauax puHamiku / I.I{. Ynkpiii, A.O. Yukpiii / KiGepueruka
Ta cucteMHuii anamiz. 2022. Tom 58, Ne 1. C. 45-54.

AHoTanis. 3apornoHOBaHO METOJ PO3B’sI3aHHS irpoBOi 3a1aui 30IIKEHHS TPaeKTOpii KBa3iIiHiiHOT He-
CTaIiOHAPHOT CHCTEMH 3 LIIHAPHYHOK TEPMiHAIBHOK MHOKHUHOIO, IO 3MIHIOETBCS 3 4acoM. Po3mstHyTO CcH-
Tyauito, Ko ymoBa [ToHTpsirina (yMOBa nepeBaru nepuioro rpasiis) He BUKOHYETHCS. YBEACHO (YHKIIIO po3-
TATYBaHHS 4acy, sKa BiITEPMIHOBYE 4ac 3aKiHYCHHs IpH, 1 3 ii Jomomoroo — moudikoBany ymoBy IloH-
TpsriHa, siKa HaJ[a€ 3MOTY 3/iMCHUTH BUMIpHUI BUOip KepyBaHHs. ba3oBuM € MeTo]| po3B’A3yBaIbHUX (ByHKILIH.
3 BUKOPHCTAHHSIM TEXHIKM 0araTo3HauyHUX BiJOOPa’KeHb Ta IXHIX CEJIEKTOPiB MOOYIOBAHO CTpaTerii, siKi rapaH-
TYIOTb PO3B’s3aHHS 3ajadi. [Iponec 30MKeHHST TPAaeKTOPii 3 TePMIHAIBHOI0 MHOKHHOIO CKJIAJIA€THCS 3 JIBOX
JIUISTHOK: aKTHBHOI Ta MTACHBHOI, /I 00MPA€ThCsl KEPYBAHHSI IEPIIIOr0 IPABIL 3 BUKOPHCTAHHSIM KEPYBAaHHS APY-
rOro rpaBiis 3 NEBHUM 3ai3HEHHSAM Y Yaci, 1110 3aJIeKUTh Bij QYHKIIT po3TsaryBaHHs yacy. OnucaHo cxemy Me-
TOJy Ta OTPHMAHO JOCTATHI YMOBH 3aKiHYCHHsS IpH 3a CKiHYCHHHI Hac.

KuaiouoBi ciioBa: KoHQIIIKTHO-KEpOBaHUH TIpoliec, Oararo3HauHe BimoOpaxkeHHs, MoaudikoBaHa ymosa [ToH-
TpsiriHa, (YHKIiS PO3TATYBaHHS 4Yacy, BHUMIpHHN BHOIp.

Time dilation principle in dynamic game problems / G.Ts. Chikrii, A.O. Chikrii / Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 1. P. 45-54.

Abstract: A method for solving the game problem of the trajectory of a quasi-linear non-stationary
system approaching a cylindrical terminal set that varies with time is proposed. A case is considered where the
Pontryagin condition (the condition of the first player’s advantage) is not satisfied. The time dilation function is
introduced, which postpones the time of the game termination, and with its help a modified Pontryagin’s
condition, which allows making a measurable choice of control. The basic method is the method of resolving
functions. Using the technique of set-valued mappings and their selectors, strategies are generated, which
guarantee the problem solution. The process of the trajectory approaching the terminal set consists of two
sections: active and passive, where the control of the first player is selected, using the control of the second
player with a certain time delay, which depends on the function of time dilation. The scheme of the method is
outlined and sufficient conditions for the game termination in a finite time are obtained.

Keywords: conflict-controlled process, set-valued mapping, modified Pontryagin’s condition, function of time
dilation, measurable choice.

VJK 330.115

PobGacTHe ynpap/iiHHs 1715 0e3leKH y B3aeMo3ajleskHill cucTeMilpoa0Bo/IbCTBO—€HePrisi—BoAa—10BKIJLIs:
NMpoueaypa CTOXaCTHYHUX KBa3irpamieHTIB 1Jis 3B SI3yBaHHS PO3NOIIEHUX ONTHUMi3aumiiiHuX Mojaenei
B YMOBaX acuMeTpu4HOI indopmaunii Ta HeBuznavyenocri / 0. Epmonne, A. 3aropoaniii, B. bornanos,
T. €pmoanea, II. T'aBiaik, O. Poencbka, H. Komennanropa, M. OGepmraiinep // KiGepueruka Ta
cucreMuui anamis. 2022. Tom 58, Ne 1. C. 55-69.

AHoTAanis. 3apoIOHOBAHO ITOCIIIOBHHIT aITOPHTM IS 3B’I3yBaHHS JELCHTPAII30BaHHX PO3IOIIICHHX
ONTHUMI3alifHNX PEriOHaIbHHUX 1 CeKTOPAIBHUX MOJENCH B yMOBaX acHMETPHYHOI iH(popMamii Ta HeBU3HAUE-
HOCTI Ha OCHOBI iTepaTUBHUX MPOLEAYpP CTOXAaCTHIHHX KBa3irpali€HTiB, pO3pOOIEHHX IS HETJIAAKOI Ta HeIu-
(depenuiiioBHol onTtuMizanii. Po3pobieHy mnpouenypy BHKOPUCTOBYIOTH s 00’ €IHAHHS 1HIMBITyalbHUX
perioHaJbHUX 1 CEKTOPAILHUX MOJIEJEH JUls IHTErpOBAHOIO B3a€MO3AJISKHOTO aHAJi3y Ta ynpaBiiHHS Oesre-
KOIO B CHCTEMi IPOJOBOJIbCTBO—CHEPIisi—BOAA—T0OBKILIS.

Kuaio4oBi ci1oBa: migTpuMKa miJ 4ac OPUHHATTS pillleHb, aCUMETPUYHA iH(OpMaLis, 3B’ 13yBaHHS, IPOLELYPH
CTOXACTUYHMX KBA3irpaJi€HTiB, HErJaJKa ONTHMI3allis, cyOrpaaieHT, iIHTErpOBaHE MOJEIIOBAHHS, YIPABIiHHA
B3aEMO3AJICKHOCTSIMH B CHCTEMI MPOJOBOJIBLCTBO—CHEPTisi—BOJa—JOBKIUIS.

Robust food—energy—water—environmental security management: stochastic quasigradient procedure for
linkage of distributed optimization models under asymmetric information and uncertainty / Y. Ermoliev,
A.G. Zagorodny, V.L. Bogdanov, T. Ermolieva, P. Havlik, E. Rovenskaya, N. Komendantova,
M. Obersteiner // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 55-69.

Abstract. The paper presents a consistent algorithm for regional and sectoral distributed models’ linkage
and optimization under asymmetric information based on iterative stochastic quasigradient (SQG) solution
procedure of, in general, non-smooth nondifferentiable optimization. The procedure is used for linking
individual sectoral and regional models for integrated and interdependent food—energy—water—environmental
security analysis and management.

Keywords: decision support, asymmetric information, linkage, SQG solution procedure, non-smooth
optimization, subgradient, integrated modeling, food—energy—water—environmental nexus.
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YK 519.21
CroxacTuyHi Mojeli B 3ajayax NpOr{o3yBaHHsi emnigeMmiosioriunoi curyanii / O.B. Bornanos,
I1.C. Knomnos // Kibeprernka ta cucremuuil anamis. 2022. Tom 58, Ne 1. C. 70-76.

AnoTanis. Y po0oTi JOCTIIKYIOThCS A€SKI CTOXAaCTHYHI MOJENI 3 JUCKPETHUM Ta HEIEPEePBHUM 4acoOM
JUISL PO3B’3aHHS BAXKIMBUX 3a[ad IIPOTHO3YBAHHS MOIIMPEHHS eMiJeMiONIOriYHHX 3aXBOPIOBAHb cepe] Hace-
JeHHs. BpaxoByloThes pisHi ()aKTOpH MOLIMPEHHS eMiieMiil Ta OCHOBHI MapaMeTpH, L0 BIUIMBAIOTh Ha OIHIO-
BaHHs NpPOrHo3y. IIpoBeseHO TeCcTOBI PO3paxyHKH, sKi CIUPAIOTHCS HA 3alPONOHOBAHI METOJU.

Kao4oBi ciioBa: METO/IM, ONTUMI3AIlisI, MOJICIIOBAHHS, CTOXaCTHYHI PIBHSHHS, OL[IHIOBAHHS, CIi/IEMis, JWC-
KpeTHHH Ta HemNepepBHUM dac.

Stochastic models in the problems of forecasting the epidemiological situation / O.V. Bogdanov,
P.S. Knopov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 70-76.

Abstract. The paper investigates some stochastic models with discrete and continuous time to solve
important problems in predicting the spread of epidemiological diseases among the population. Various factors
of epidemic spread and the main parameters influencing the assessment of the forecast are taken into account.
Some test calculations based on the proposed methods have been performed.

Keywords: methods, optimization, modeling, stochastic equations, estimation, epidemic, discrete and
continuous time.

VK 517.9: 519.6

Jesiki kpaiioBi 3aga4i QiabTpauiiinoi AmHamiku, BiANoBiaHi Moxeasam apo6oBoi audysii po3noaiieHoro
nopsiaky / B.M. BynaBanbkmii / KiGepueruka Tta cucremuuii anamisz. 2022. Tom 58, Ne 1. C. 77-89.

Awnotanis. Ha ocHoBi mMoneneit apo6oBoi audysii po3noaiieHoro mopsKy BHKOHAHO MMOCTAHOBKU Ta
0JIepPXKAHO 3aMKHEHI PO3B’SI3KH ACSIKMX KPaioBHX 3a/1ad aHOMAJILHOI Ieo(iIbTpaLiifiHOl JHHAMIKH, 30KpeMa 3a-
J1adi Ipo MPHUTIK 10 raynepei, po3MilleHoi MiXk ABOMA KOHTYPaMH JKHBJICHHS B TPUIIAPOBOMY T'€OIIOPUCTOMY Ce-
penoBumi. s CHOpOIIEHOTo BapiaHTy (GinbTpamiiHol MoJeni pO3MOAINEHOro MOPAAKY OJEPXKAHO POB’SI3KH
npsMOi Ta 00epHEeHOI KpailoBuX 3aJa4 (inbTpauniiHoOl JUHAMIKH, @ TaKOX 3a/1adi GiabTpamii 3 HEJTOKATIbHUMHU
IPaHUYHIMH YMOBaMH.

KuiouoBi ciioBa: MaTeMaTHUHE MOJCIIOBAHHS, OpoOOBO-aH(epeHNiiina quHaMika (QiIbTpaiiHuX Hpolecis,
TEONOPHCTI CEPEOBHUINA, HEKITACHYHI MOJIEIN, MOJIeNb (iIbTpallii 3 MOXiTHOK PO3MOIICHOTO MOPSIKY, Kpa-
WOBI 3a7avi, 3aMKHEHI PO3B’S3KH.

Some boundary-value problems of filtration dynamics corresponding to fractional diffusion models of
distributed order / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 77-89.

Abstract. On the basis of distributed-order fractional diffusion models, statements are made and closed
solutions are obtained for some boundary-value problems of anomalous geofiltration dynamics, in particular,
the problem of inflow to a gallery located between two supply lines in a three-layer geoporous medium. For
a simplified version of the filtration model of distributed order, solutions are obtained for the direct and inverse
boundary-value problems of filtration dynamics, as well as for the filtration problem with nonlocal boundary
conditions.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, geoporous media,
non-classical models, model of filtration with distributed order derivative, boundary-value problem,
closed-form solution.

YK 531.01:519.876.5
MaremMaTuyHa MoJesib B3a€MOAil mocTiiiHMX MarnitiB Ta HaanpoBigaux korymok / C.I. Jlsko,
C.C. 3y0, L.I'. flnoBera, B.C. JIsmko // Kibepreruka ta cucremuuii ananis. 2022. Tom 58, Ne 1. C. 90-97.

Amnotauisn. Pospobreno ¢opmamnism Jlarpamka, mo Aae 3MOTy 3HAXOJUTH MArHITHY IOTCHIAIBHY
EHEPrilo B3aeMOJlii B CHCTEMI, KA CKIAJa€ThCsl 3 KOTYMIOK IHAYKTHBHOCTI 3 MOCTIHHMM MAarHiTHUM MOTOKOM
(HaIMPOBIIHI KOTYIIKK) T MOCTIHHUM CTPYMOM (TIOCTIHHI MarHiTh). B sBHOMY BHIJISi/II OTPUMAHO MOTCHIlIAb-
HY €HEpril0 MarHiTHOI CHCTEMH, sIKa CKJIAIA€ThCs 3 HAAIPOBIJHUX KOTYIIOK 1 MOCTIHUX MArHiTiB, IO A€ 3MO-
I'y IIPOBECTH ITOBHE JOCJIKCHHSI CTIIKOCT] PIBHOBAru Ta pyxy B TaKMX MarHiTHHX cHcTeMax. Bka3aHo po6oru,
B SIKUX 3alPONOHOBAHUI MiAXix MOKe OyTH KOPUCHUM IS MOJEIIOBAaHHS KiOep(di3HIHUX ab0 TeXHIYHUX CHC-
TEM MAar”iTHOI JieBiTarii.

KurodoBi cioBa: enektpoMexaHiuHi CHCTEMH, LMKIIIYHI KoopanHatH, Meton Payca, dopmanism Jlarpanixa,
CTIHKICTB.
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Mathematical model of permanent magnets and superconducting coils interaction / S.I. Lyashko,
S.S. Zub, 1.G. Yalovega, V.S. Lyashko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 90-97.

Abstract. A Lagrangian formalism is developed, which allows finding the magnetic potential energy of
interactions in a system of superconducting inductors (coils with constant magnetic flux) and permanent
magnets (coils with direct current). The explicit form of potential energy for a magnetic system with constant
magnetic fluxes and direct currents allows the stability analysis in such magnetic systems both at equilibrium
and motion. A number of applications are indicated, which will benefit from this approach such as modelling of
cyber-physical or technical systems of magnetic levitation.

Keywords: electromechanical systems, cyclic coordinates, Rauss method, Lagrange formalism, stability.

VJK 519.8

OOrpynTyBanHsi audysiiiHoi Moaeni BHpoBaJKeHHsi iHHOBaWiii Ta i 3aCTOCYBAaHHSI 10 NOIIMPEHHS
BakuuHauiii / B.M. T'opdauyk, M.C. /lynaeBcbkuii, A.A. Cupky, C.-b. CyueiimanoB // KibepHeTtnka Ta
cucreMuuii amaniz. 2022. Tom 58, Ne 1. C. 98-109.

AwHoTanisi. BuB4aroThes epeyMOBH Ta MPUITYLICHHS KJIacH4HOI Mojeni bacca nommpenHst iHHOBawiit 3
METOIO 11 3aCTOCYBaHHS JUIsl MOJICTIOBAHHS aKTYaJIbHUX CTOXaCTUYHHX HPOILIECIB, 10 ONUCYIOTh HanaeMii. Mo-
nens bacca oBerna CBOIO yHIBEPCAIBHICTE 1 3aCTOCOBHICTB IO Pi3HUX cepeqoBHIL. HaBeneHO neTanbHi MaTeMa-
TUYHI 00IPYHTYBaHHS BIACTUBOCTEH MOJIEIIi Ha OCHOBI T€OPill eKOMIONIIHUX PIBHAHB 1 CTOXaCTHYHHX IPOIECIB
3 METOIO 11 MOJAIBIIOr0 PO3BUTKY, MOLIYKY IapaMeTpiB HEBU3HAUCHOCTI Ta CIIOCTEPEKYBAHUX 3MIHHUX. OTpH-
MaHO PEAJIICTUYHI Pe3yJbTaTH OLHIOBaHHS mapaMmeTpiB Mozeni bacca jis BakumHanin B Yipaiui Ta binopyci
Ha TIKHEBUX JaHMX mepiioro miBpivust 2021 p. i 3amponOHOBAHO HPOBEACHHS MOAIOHHX MOCITIIKEHb Ul
IHIIMX JepkaB, a TAaKoX oOJacTeil i pailoHIB YKpaiHu.

Kuo4oBi cjioBa: HOBUIl NMPOJYKT, KPUTHYHA Maca, MaHAEMis, MAapKETHHI, OXOPOHA 310pPOB’S, CTOXACTHYHI
HPOLIECH.

Substantiation of the diffusion model for innovation implementation and its application to the
propagation of vaccinations / V.M. Gorbachuk, M.S. Dunaievskyi, A.A. Syrku, S.-B. Suleimanov //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 98-109.

Abstract. The article examines in detail the prerequisites and assumptions of the classical Bass model of
innovation diffusion in order to apply it to the modeling of topical stochastic processes related to the pandemic.
The Bass model has proven its versatility and applicability to various environments. The article presents
a thorough mathematical substantiation of the model properties for the purpose of its further development,
search of uncertainty parameters and observed variables, based on the theories of evolutionary equations and
stochastic processes. The paper provides realistic results of the Bass model parameter estimation for vaccination
in Ukraine and Belarus on the weekly data of the first half of 2021 and suggests similar studies for other
countries as well as regions and districts of Ukraine.

Keywords: new product, critical mass, pandemic, marketing, health care, stochastic processes.

YIK 519.6

AHaJli3 pe3yJabTaTiB 004HCII0BAILHOIO eKCIEPUMEHTY BilHOBJICHHS PO3PUBHUX (QYHKUiH ABOX 3MiHHHX
3a gonoMorow mpoekuiii. II / O.M. JlurBun, O.I'. JlurBun // Kibepuetuka Ta cucremuuii anamis. 2022.
Tom 58, Ne 1. C. 110-121.

AmnoTanis. 1 cTaTTs € NpoROBXKEHHSIM cepil MyOikaniil mg oJHONMEHHOI0 Ha3BOIO. Y Hilf BUKOHAHO
MOZaIbIIIe BIOCKOHATIEHHS METOLy BiTHOBIICHHS PO3PUBHHX (YHKIIH JBOX 3MIHHHX 3a JOIOMOTOIO IIPOEKIiH
JUIS TIJIBUILCHHS TOYHOCTI HaOmwkeHHs Oe3 siBuia [100ca. 3anpornoHoBaHo OyayBaTH PO3PUBHUI CIUIANH y
Takui crocid, mo0 pi3HMI MK HaONMKYBaHOIO (QYHKIEW 1 UM cIulaiiHOM Oyna audepeHiiiioBHOO
¢dynxuiero. 1{fo GyHKIIO BiTHOBIIOOTEH 32 JONOMOro0 ckiHdeHHHX cyM Dyp’e, koedimientn Oyp’e B IKuUX
3HAXOZATH 32 JIONIOMOTO0 MPOEKIii. 3aIpOIIOHOBAHO METOJ] OOUHCICHHS IIMX KoedilieHTiB. Bukonano obumc-
JIFOBAIBHUH SKCIIEPUMEHT 32 IPHITYIIeHH, 10 HaOIrKyBaHa (QYHKIIS Mae PO3PUBH IEPIIOrO POLy Ha 3aJaHii
CHUCTeMi BKJIAJCHUX OJIMH B OJHHN KpyriB abo eiminciB. AHai3 pe3ylbTaTiB OOYHCICHb MIATBEPIMB IXHIO
BIJIMOBITHICTh TEOPETHYHUM TBEP/KEHHSIM POOOTH. 3apornoHOBaHUNA METOJ] HaJla€ 3MOTY OTPHUMYBATH 3aJaHy
TOYHICTh HAOJMMKEHHs 3a MEHIIOI KiJIbKOCTI MPOEKIH, TOOTO 32 MEHIIOr0 ONPOMIHIOBAHHSI.

KurouoBi cnoBa: xomm’iorepHa ToMorpadis, po3puBHa (yHKIis, PO3PUBHUH CIUIAHH, KiIac JupepeHniiios-
HocTi, sBuie [i060ca, cyma Dyp’e.
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Analysis of the results of a computing experiment to restore the discontinuous functions of two variables
using projections. 11 / O.M. Lytvyn, O.G. Lytvyn // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1.
P. 110-121.

Abstract. This article continues a series of publication under the same name. It performs further
improvement of the method for recovering discontinuous functions of two variables using projections in order
to improve the accuracy of approximation without the Gibbs phenomenon. To this end, it is proposed to
construct a discontinuous spline so that the difference between the function being approximated and this spline
is a differentiable function. This function is restored using finite Fourier sums whose Fourier coefficients are
found using projections. A method for calculating these coefficients is proposed. In the computing experiment,
it was assumed that the approximated function has discontinuities of the first kind on a given system of circles
or ellipses nested into each other. Analysis of the calculation results confirmed the theoretical statement of the
study. The method makes it possible to obtain a prescribed approximation accuracy with a smaller number of
projections, i.e., with less irradiation.

Keywords: computed tomography, discontinuous function, discontinuous spline, differentiability class, Gibbs
phenomenon, Fourier sum.

YK 519-7/339.9

MaremaTH4yHe MOJCJIOBAHHS JAMHAMIKM KPH30BHX CHTyaliii i onTuMizamis KepyBaHHsi PHHKOM
nepemilieHHsi Kamitaldy B yMoBax rJiodajizaumii cBiToBoi (iHaHCOBO-ekOHOMiuHOI cucTemu /
B.B. Xunenko // KibepHneruka Ta cucremuuii anamiz. 2022. Tom 58, Ne 1. C. 122-136.

AnoTtanis. CTaTTs € IPOAOBKCHHSIM IUKIY POOIT 3 MATEMAaTHYHOTO MOJCIIOBAHHS IUHAMIKH CBITOBOL
(inancoBo-exonomiynoi cucremn (PEC) B ymoBax rioOanizauii i aHamizy BIANOBIIHUX OCOOJIMBOCTEH Iie-
pemimieHHst (pyxy) Kamitaiay. Po3risHyTo 0ocoOnuBOCTI CTpyKTypH3alil HpOLECiB NEpeMillleHHs KamiTairy
B yMOBax cydacHoi riobaiizoBanoi ®EC Ta iXHBOrO BIUIMBY Ha €(EKTHBHICTH IHBECTHI[IHHOrO moptdens Ta
€KOHOMIKY KpaiH-ZOHOpIB i KpaiH-perumienTiB. BcTaHOBIGHO B3a€MO3B’SI30K JIMHAMIYHUX MPOLECIB PyXy IMO-
3MKOBOr'0 Kallitany Ta inaukatopa baddera sk xapakTepHy 03HaKy BUHUKHEHHS 1 pO3BUTKY KpH3. Bu3naueHo
YMOBH, 32 SIKHX IOJaJbIle BIMBAHHS KamiTaly («3adMBaHHS KPU3HM TIPOIINMAay») BTpadyac e(EKTHBHICTS.

KurouoBi ci1oBa: dhiHaHCOBO-eKOHOMIYHA CHCTEMa B yMOBaxX I1o0aii3arii, mepeMilieH s Kamitaly, eKOHOMIYHI
LMKJIM, MaTeMaTHYHE MO/ICIIFOBAHHSI, ONITUMI3allisi KepyBaJlbHNUX BIUIMBIB PEryJsiTOPIB, 3aXUCT PHHKY BiJ KpH-
30BUX CHTYyaLliil.

Mathematical modeling of the dynamics of crisis situations and optimization of capital relocation market
management in the context of globalization of the world financial and economic system / V.V. Khilenko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 122-13e6.

Abstract. The article continues a series of studies in the analysis of the features of capital relocation
(movement) and mathematical modeling of the dynamics of the world financial-economic system (FES) in the
context of globalization. The features of the structuring of capital transfer processes in the context of a modern
globalized FES and their impact on the efficiency of the investment portfolio and the economy of donor and
recipient countries are considered. The relationship between the dynamic processes of the movement of
borrowed capital and the Buffett indicator is established as a characteristic feature of the emergence and
development of crises. The conditions have been determined when further capital injection — “flooding the
crisis with money” ceases to be effective.

Keywords: financial-economic system in the conditions of globalization, capital movement, economic cycles,
mathematical modeling, optimization of control influences of regulators, protection of the market from crisis
situations.

VK 355.41

BusnavyeHHsi iMOBIpHOCTI J0csiTHeHHs] MeTH (YHKIIOHYBaHHS NPOCTOPOBO-PO3NOJiIEHOI0 CHCTEMOIO 3
BUKOPHCTAHHSIM nokasHuka ii aii / O.I. Xa3anosuy, O.M. MoBuan, B.I1. Xapuenko // KibepHeruka Ta
cucreMuuii ananiz. 2022. Tom 58, Ne 1. C. 137-144.

AHoTanis. YBEICHO MOHATTS il CHCTeMH, BU3HAUCHO 11 MIOKAa3HUK Ta OTPUMAHO PIBHOCTI, IO HAJAIOTh
3MOTrY BHM3HAUUTH Ta PO3paxyBaTH MMOBIPHICTh JOCSTHEHHsS METH (DYHKIIOHYBaHHS MPOCTOPOBO-PO3IOIiIe-
HOI CHCTEMOIO 3 BUKOPUCTAHHSM IOKa3HHKA Jii 1i€l CUcTeMH. I3 3aCTOCYBaHHSM OJIep)KaHUX MaTeMAaTHYHUX
CHIBBIHOILICHb JIOCHIIPKEHO CHCTEMY MaTepialbHOro 3abesnedyeHHs. BusHaueHo ii 1it0 Ta po3paxoBaHO
WMOBIPHICTh JOCATHEHHS METH (YHKIIOHYBaHHS LIEI0 CHCTEMOIO.

Karo4oBi ciioBa: J1ist cicTeMH, IMOBIPHICTD JIOCSTHEHHSI METH CHCTEMOIO, IPOCTOPOBO-PO3IO/IiJIEHa CHCTEMA.
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Determining the probability of achieving the purpose of a spatially distributed system using its operation
indicator / O.1. Khazanovych, O.M. Movchan, V.P. Kharchenko // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 1. P. 137-144.

Abstract. The article introduces the concept of system operation, defines its indicator, and obtains
equations that allow determining and calculating the probability of achieving the purpose of the spatially
distributed system using the indicator of operation of this system. Using the obtained mathematical relations,
the material support system is analyzed. Its action is determined and the probability of achieving the purpose of
operation of this system is calculated.

Keywords: system operation, probability of achieving the purpose by the system, spatially distributed system.

YIK 519.21
MiniMakcHa ¢inbTpanis nociaizoBHoctell 3 nepioauyHo cranioHapHuMu npupoctamu / M.M. Jlys,
ML.II. Mokasuyk // KiGepuernka ta cucremuuii anamiz. 2022. Tom 58, Ne 1. C. 145-165.

AwuoTauisi. Po3rsiHyTo 3amady ontuMmaibHOI (inbTpauii GyHKIIOHATIB, IO 3aMeXaTh BiJ HEBITOMHX
3HA4YEeHb CTOXACTHYHOI MOCIIJOBHOCTI 3 MEPIOJUYHO CTAL[IOHAPHUMHU HPHPOCTAMHU HA OCHOBI CHOCTEPEKECHb
IIOCIIJOBHOCTI 31 CTaumioHapHUM IyMoM. [ MOCIiIOBHOCTEH 3 BU3HAYCHUMH CIICKTPAIBHUMH IIIIBHOCTIMU
OTPUMaHO (OPMYJIH JUIsI OOUHCIICHHS 3HAUCHb CePeIHbOKBAPATUIHNX IIOXHOOK Ta CHEKTPAIEHHUX XapaKTepuc-
TUK ONTHMAlbHHX OLIHOK (YHKI[IOHAIB. 3aIpPOIOHOBAHO (OPMYNH, IO BU3HAYAIOTh HAIMEHII CIIPUSTINBI
CHEKTpaJbHI MIIIBHOCTI Ta MiHIMAakcHI (poOacTHi) CHEKTpalbHI XapaKTEPUCTHKU ONTUMAIBHHX OLIHOK
(YHKIIOHAIIB y TOMY BHIIQIKY, KOJIM CIHCKTPAIIbHI IIIIBHOCTI MOCTiOBHOCTI TOYHO HE BiZOMi, TOJl 5K BU3Ha-
4eHI MHOXHHH JOIYCTUMHX CIEKTPaJbHUX IIIIBHOCTEH.

Kaio4oBi coBa: mepioguvHO CTAIliOHApHI MPUPOCTH, MiHIMAKCHO-POOACTHA OLIHKA, HAWMEHII CIIPHUSATINBA
CHEKTpaJbHa LIUIBHICTD.

Minimax filtering of sequences with periodically stationary increments / M.M. Luz, M.P. Moklyachuk //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 145-165.

Abstract. The authors consider the problem of optimal filtering of linear functionals that depend on
unknown values of the stochastic sequence with periodically stationary increments based on observations of the
sequence with a stationary noise. For sequences with known spectral densities, formulas for the values of the
root-mean-square errors and spectral characteristics of the optimal estimates of the functionals are obtained.
Formulas that determine the least favorable spectral densities and minimax (robust) spectral characteristics of
the optimal linear estimates of functionals are proposed in the case where spectral densities of the sequence are
not known exactly while some sets of feasible spectral densities are given.

Keywords: periodically stationary increments, minimax-robust estimate, least favorable spectral density.

VK 519.217
I'pannuna Teopema st OaraToBuMipHoro piBHsHHs BinnoBiaenHs / O.A. SIposa, SI.I. €aeiiko //
Kibepuetuka ta cucremuuii anamiz. 2022. Tom 58, Ne 1. C. 166-169.

AHorauis. Po3risiHyTO OaraToBUMipHe piBHSAHHS BiJHOBJICHHS B MaTpUuHil (HopMi. 3HalAEHO PIBHAHHS
BIJIHOBJICHHS JUIsl TIPOLIECY 3 HE3aIEKHUMH NPUPOCTAMM Ta CTAaHAMM MapKOBChKOro mpouecy. Jociimkeno
¢dyHKIif0 BinHOBIeHH:A. [lOBEJCHO I'PaHUYHY TEOpEMY JUIs PIBHSHHS BiJHOBIICHHS.

Kuiio4oBi ci10Ba: piBHSAHHS BiTHOBJICHHS, (QYHKILS BiJIHOBJICHHS, MAPKOBCHKHMI MPOLIEC, MPOLIEC 3 HE3AICKHU-
MH MPUPOCTaMH, ciiabka 301KHICTb.

Limit theorem for multidimensional renewal equation / O.A. Yarova, Ya.l. Yeleyko // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 1. P. 166-169.

Abstract. In the paper, we consider the multidimensional renewal equation in matrix form. The renewal
equation for the process with independent increments and states of the Markov process is found. The renewal
function is investigated. The limit theorem for the renewal equation is proved.

Keywords: renewal equation, renewal function, Markov process, process with independent increments, weak
convergence.
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HOBI 3ACOBU KIBEPHETHUKH, NEW TOOLS IN CYBERNETICS,

IHOOPMATHKH, OBYNCJIIOBAJILHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH 1 CUCTEMHOI'O AHAJII3Y ANALYSIS
VIK 004.75

Posmupenns pensiniiinoi anredpu 3 ypaxypanHam nponosuuiii DBTG CODASYL / A.B. Anicimos,
1.0. 3aBancbkuii, ILI1. Kyaséko // Kidepueruka ta cuctemuuit anamnis. 2022. Tom 58, Ne 1. C. 170-180.

Anorauis. JlocnipkeHO po3B’s3aHHA NMPOOJIEMH HHU3bKOT OOUYHMCIIOBAIBHOI €(EKTUBHOCTI peIsiiiHOT
Mozelti JaHuX. 3ampornoHOBAaHO PO3IMIMPEHHS PENsLiiHOI anredpu 3a paXyHOK omepauiil Hax HabopaMH JIaHUX
— ocHoBHOI kKoHCTpyKIii y npono3unisx DBTG CODASYL. KopuctyBady HanaeTbCs MOKINBICTh BUOMPATH
croci6 peamizanii 3B’s13KiB MK JaHHIMH 3QJIEXKHO BiJl BUMOT IIOJ0 IIBHAKOCTI iIXHBOI0 0OPOOICHHS: IOBUIBHAX
aJjie THYYKUX, 0 0a3yroThes Ha XapakTepHiil qs persiniiinnx CKB/I cuMBomivniil agpecarii, 9u MBUAKKX, ae
JKOPCTKHX Ha MPSAMUX yKa3iBHUKaxX (BiIHOCHA anpecais), xapakrepaux it CKBJ] «mopensuiitHux 4aciny.

KarouoBi ciioBa: persinidauii miaxin, pensuiiina anredpa, nponosuuii DBTG CODASYL, Ha0ip nanux, anreo-
pa Bubopy /lpibaca.

Extension of the relational algebra on the basis of DBTG CODASYL proposals / A.V. Anisimov,
1.0. Zavadskiy, P.P. Kuliabko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 170-180.

Abstract. The problem of low computational efficiency of the relational algebra is investigated. A certain
extension of the relational algebra with the help of operations over data sets (the basic construction of DBTG
CODASYL propositions) is proposed. The user is given a choice to implement the links between data,
depending on the requirements for their processing speed, a slow but flexible option based on symbolic
addressing (which is typical for relational databases) or fast but hard on direct pointers (relative addressing),
which is typical for DBMS of the pre-relational era.

Keywords: relational approach, relational algebra, DBTG CODASYL proposals, data sets, Dribas selective
algebra.

YK 004.05, 004.42
TexHika He4iTKOro TecTyBaHHsl Ta ii BUKOPHCTaHHSAB 3agayax Ki0epOesnexku / O.0. JlernyeBchKuii,
B.C. Ilecuanenxo, 51.B. I'puniok // KibepHerrka ta cucremunii anamis. 2022. Tom 58, Ne 1. C. 181-189.

AHoTanis. Po3risHyTO TEXHOJIOTiI0 HEUITKOrO TEeCTyBaHHs, SIKA MOJISATa€ y TECTYBAaHHI HPOrPAMHHX CHC-
TeM 3 NMOJAHHSIM KPUTHYHUX a00 HEOUiKyBaHMX BXITHHX JaHHX. HaBeIeHO OIS MOTOYHOrO CTaHy MpoOIeMH
Ta TPEJCTABICHO OCHOBHI CHCTEMH HEYITKOro TecTyBaHHs. [IpoaHani3oBaHO MiJXi/J IO TEXHOJOIi HEYiTKOTO
TECTYBAaHHs 3 BUKOPUCTAHHAM aITeOpUYHUX METOJIB, 30KpeMa CHMBOIBLHOTO MOJEIIOBaHHS. Po3risHyTo anro-
PHUTM «IErKoi Baru», sKuil po3po0IIeHO /s CKOPOUCHHS Yacy reHeparii TecTiB. AJTOPUTM pealli3oBaHo B cepe-
JIOBHUILI CUCTEMHU IHCEPLIHHOrO MOJIENIOBaHHS Ta anmpoOOBaHO B TECTYBaHHI JaBHO BIJIOMHUX BepCiil cuctem,
pospobaenux B OC Linux.

Ku11040Bi c/i0Ba: HediTKe TECTYBaHHS, BPA3IMBOCTI B MPOrPaMHOMY 3a0e3MedeH i, CHMBOJIbHE MO/ICTIOBAHHS,
anreOpa TMOBEIHOK, IHCEpLilHI MOJei.

Fuzzing technique and its usage in cybersecurity tasks / O.0. Letychevskyi, V.S. Peschanenko,
Y.V. Hryniuk // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 1. P. 181-189.

Abstract. The paper considers the technology of fuzzy testing, which involves testing software systems
with the operating of critical or unexpected input data. An overview of the current state of the problem is made
and the main systems of fuzzy testing are presented. The approach to the technology of fuzzy testing with the
use of algebraic methods, in particular symbolic modeling, is considered. The “light weight” algorithm, which
is designed to reduce the generation time of tests, is considered. The algorithm is implemented in the
environment of the insertion modeling system and applied in testing older versions of systems developed in
Linux.

Keywords: fuzzing, vulnerabily of software, symbolic modeling, behavior algebra, insertion model.

8 ISSN 1019-5262. Kubepuetrka u cucteMHbIi ananu3, 2022, Tom 58, Ne 1



