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YIK 51.681.3
3acTocyBaHHSI KOMYTATHBHHUX KiJlellb 3 OMHUIIEIO /ISl MOOY0BH CHCTEMH CHMETPUYHOI0 HIH(PYBaHHS
/ C.JI. KpuBuii // Kibepuetuka ta cucremuuil amamis. 2022. Tom 58, Ne 3. C. 3-16.

AHoTauis. 3aponOHOBAHO METOJ MOOYNOBH CHMETPHYHOI KPHIITOCHCTEMH, IO 6a3yeThCsl HA BIACTH-
BOCTSX CKiHY€HHHX aCOLIaTHBHO-KOMYTAaTUBHHUX KiTelb 3 oauHuLel0. HaBeneHo nosiHoMiabHi alrOpuT™MH 110~
Gyn0BH TaGIHIb JONABAHHA Ta MHOXKCHHS UL IUX Kijelb. PO3IIAHYTO NpUKIany BUKOPHCTAHHS CUCTEMH, a
M,/G,/1/r1aM, /G, /1/ o Takox ii pO3MMPEHHS MOACILUII0 MaTeMaTHYHOTO celda Juist aBTeHTH(iKaiT
a6ouenTiB. HaBesieHO yMOBH BUKOPHCTaHHS (QYHKIi JUCKPETHOro jorapudma B Kinblsax. [TokasaHo nepeBaru
MaTeMaTH4HOro cefida, 3amaHoro rpadoM, B MOPIBHAHHI 3 HOTo 3aJaHHAM MAaTPHLEIO.

KurouoBi ciioBa: aCOHiaTI/IBHO-KOMyTaTI/IBHC KiJ'ILI.Ie, KpUOTOCUCTEMA, MaTeMaTHYHHHA ceﬁ(b, AJITOPUTM.

Application of commutative rings with unity for construction of symmetric encryption system / S. Kryvyi
/I Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 3-16.

Abstract. A method is proposed for constructing a symmetric cryptosystem based on the properties of
finite associative-commutative rings with unity. Algorithms with polynomial time and memory complexity for
constructing addition and multiplication tables for these rings are presented. Examples of using this system, as
well as its extension by the model of a mathematical safe for subscriber identification are considered.
Conditions for using the discrete logarithm function in rings are given. The advantages of the graph task of the
safe in comparison with the matrix task are shown.

Keywords: associative-commutative ring, cryptosystem, mathematical safe, algorithm.

VK 681.3:007.52

HinBumennss minbHocTi 30epeskeHHS] CeMAHTHKH Yy  po3pilkeHo-po3mopineniii mam’sari /

P.O. Bnosuuenko, B.I'. Tyabunncbkuii // KibepHeruka ta cucremuuit ananis. 2022. Tom 58, Ne 3. C. 17-29.
AHoTaNis. 3anpONOHOBAHO IHTErpalil0 METOLY CTUCKYBAJIBHUX BHMIPIOBAaHb y peai3alilo po3pimke-

HO-PO3IO/IIeHOT maM sITi JUIs MiABUIEHHS. €MHOCTI 30epexKeHHs OiHApHUX PO3PIKEHUX PO3HNOAUICHUX Ipea-

CTaBJICHb CEMAaHTHYHMX JAHHX, 30KpeMa Ha rpaidHHX MPOLECOpax.

Ku1i04oBi cjioBa: po3pipkeHO-pO3Mo/iiieHa maM’siTh, CTHCKYBAJIbHI BUMIPIOBAHHS, acOLiaTHBHA T1aM’siTh, 30e-
PEeXKEHHSI CEMaHTHKU, HEHPOHHI Mepexi, rpadiuHuil mpouecop.

Increasing the semantic storage density of sparse distributed memory / R. Vdovychenko, V. Tulchinsky //
Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 17-29.

Abstract. The Compressive Sensing (CS) method integration in the Sparse Distributed Memory (SDM)
implementation is proposed for increasing the storage capacity for Binary Sparse Distributed Representations of
semantics particularly in Graphics Processing Units (GPU).

Keywords: Sparse Distributed Memory, SDM, Compressive Sensing, CS, associative memory, Binary Sparse
Distributed Representations, neural networks, GPU.

VK 004.891.2:614.446

InTenekTyalbHa cHCTeMa MiATPUMKH MPUAHATTS pilleHb Aad  emigeMiosoriynoi aiarHOCTHKH.
I. Konnenuisi npoextyBanns apxirektypu / K.O. Basinesuu, /[.I. Yymauenko, JL.®. I'y1stHunbKHUIA,
€.C. Mensiiios, C.B. SIxkoBiaeB // KibepHetnka Ta cucremuuii anamiz. 2022. Tom 58, Ne 3. C. 30-41.

Amnoranis. J[ocnipkeHo IpodIeMy MiATPHUMKH NPHHAHATTS PIilleHb JUIS eIiJeMiOIOriqHOl JiarHOCTHUKH.
OCHOBOIO [UTs MIATPUMKH HPHIHATTS BIANOBIAIBHUX PIIICHb € MATEMATHYHI 3aCO0H aHANi3y JaHUX 3aXBOPIO-
BAHOCTI, @ TAKOXX MOJICIIOBAHHS €IiJeMiYHUX mporieciB. [IpoaHanizoBaHo MOTOYHMIT CTaH AOCIIHKEHB Y LM ra-
ny3i. dopmanizoBaHO 0COOIMBOCTI MPUHHATTA pilieHb y cdepi emigeMionorii Ta OXOpOHH IPOMaICHKOTO 3/0-
POB’s. 3aIPOIOHOBAHO HMPHHIUIN PO3POOTIEHHS IHTENCKTYyalbHO!I iHMOPMAIIHHO CHCTeMU MiATPUMKH HpHii-
HATTS pIMICHb JUIS CMiIEMIiONIOTiYHOT JiarHOCTHKH. PO3po0JIeHO CHCTEMHY MOJENb, MOJENb B3aeMOIl
€JIEMEHTIB CHCTEMH €IiJJeMiOJIOTIYHOI TIarHOCTUKYU Ta B3a€EMO/III JIOTIYHUX KOMIIOHEHT iH(OpMAaIiiHOI cucTe-
MH. 3 ypaxyBaHHSIM BHSBJICHHX OCOONMBOCTEH 3a3HauCHHX IPOLECIB 3aPONOHOBAHO KOHIIEIIIII0 apXiTeKTYpH
i€l iHTeIeKTyanpHOl iH(pOpMALIHHOI CHCTEMH.

KurouoBi cioBa: cucteMa MiATPHMKH NPHIHATTS PillleHb, MiAEMIYHHN MOHITOPUHT, KOHTPOIb iH(peKniiHoi
3aXBOPIOBAHOCTI, iH(pOpMaliliHa cHUCTeMa, emiJeMiuHa MOJEIb.
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Intelligent decision support system for epidemiological diagnostics. I. A concept of architecture design /
K.O. Bazilevych, D.I. Chumachenko, L.F. Hulianytskyi, I.S. Meniailov, S.V. Yakovlev // Kibernetyka ta
sistemnyi analiz. 2022. Vol. 58, N 3. P. 30-41.

Abstract. The problems of decision support for epidemiological diagnostics are investigated. The basis
for supporting decision-making is mathematical tools for analyzing morbidity data, as well as modeling of
epidemic processes. The current state of research in this area is analyzed. The features of decision-making in
epidemiology and public health are formalized. Principles for the development of an intelligent information
system for decision-making support for epidemiological diagnostics are proposed. A systemic model of the
system, a model of the interaction of elements of the epidemiological diagnostics system and the interaction of
logical components of the information system has been developed. Taking into account the identified features
of these processes, the concept of the architecture of such an intelligent information system is proposed.

Keywords: decision support system, epidemic monitoring, infectious diseases control, information system,
epidemic model.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

YK 519.217.2+616.006

BaecoBi npoueaypn po3nizHaBaHHS ISl aHANI3y OIIKOBUX CTPYTKYP IJIa3MH KPOBi 32 NMOKa3HMKaMH
JIa3epHOro crneKTporpada y mamieHTiB 3 MyXJHMHAMHU rojioBHOro Mo3ky / A.M. I'ynan, A.JI. Tapacos //
KiGepHernka Ta cucremuuii amami3. 2022. Tom 58, Ne 3. C. 42-46.

Anoranis. PosrisHyTo 3acTocyBaHHs baecoBux mpoueayp po3mi3HaBaHHS [0 BUBYCHHS IPOIECIB MPU
rimiomax. [Ipoanani3oBaHO MOKa3HUKH OLTKOBHX CTPYKTYp IUIa3MH KpOBi IIPH TJIiOMax, MeTacTa3aX Ta depel-
HO-MO3KOBOMY CTpYCi, OTPHMAHHX 3a JOIOMOIOIO Ja3epHOro creKTporpady. 3pob6IeHo MOopiBHIIBHHUN aHAII3
pe3yIbTaTiB po3Mi3HaBaHHA Ha 0a3i OLIKOBHX CTPYKTYP 3a IOKA3HUKAMH IIOBEPXHEBOTO INIA3MOBOTO PE30HAHCY
Ta MOAM(IKOBAHOI IBHAKOCTI OCIAHHS EPUTPOLUTIB NPU TITIOMaXx.

KurouoBsi cioBa: baecosi nponenypu po3mi3HaBaHHS, TIIIOMH TOJIOBHOTO MO3KY, METAacTa3H, Ia3epHHUII CIIeK-
Tporpad, OLIKOBI CTPYKTYpH IUIa3MH KPOBI.

Bayesian recognition procedures in the analysis of blood plasma protein structures according to laser
spectrograph measurements in brain tumors / A.M. Gupal, A.L. Tarasov // Kibernetyka ta sistemnyi analiz.
2022. Vol. 58, N 3. P. 42-46.

Abstract. Application of Bayesian recognition procedures to the analysis of inflammatory processes in
gliomas is considered. Parameters of protein structures of blood plasma in gliomas, metastases, and cerebral
concussion obtained by a laser spectrograph are analyzed. A comparative analysis is carried out for the results
of recognition on the basis of protein structures in relation to the parameters of surface plasmon resonance and
modified erythrocyte sedimentation rate in gliomas.

Keywords: Bayesian recognition procedure, brain gliomas, metastases, craniocerebral concussion, laser
spectrograph, protein structures of blood plasma.

VJIK 517.9: 519.6

KpaiioBi 3agaui papoGoBo-nudepenuiiinoi 3a mpocropom i uacom ¢inbTpaniiinoi guUHaAMiKH
B TpilmuHyBaTo-nopucromy ceperopumi / B.M. Byaasaubkuii, B.O. Boraenxo // Kibepuernka Ta
cuctemuuii anamiz. 2022. Tom 58, Ne 3. C. 47-60.

Amnoranis. OnepxaHo 3aMKHEHI PO3B’SI3KH JESKHX HECTAI[lOHApHUX KpaHoBUX 3a1ad (inpTpariiiaoi qu-
HaMiKH B TPIillJMHYBaTO-MOPUCTHX TUIACTAX, IO NOCTABIICHI y paMKax ApoO0BO-AudepeHIiHHNX MaTeMaTHYHHIX
MoJieNiel 3 ypaxyBaHHAM IPOCTOPOBO-4acOBOI HEIOKAJIBHOCTI Hpouecy. MaTemaTHuHi MOJENi aHOMalbHOI
¢inpTpaniiinoi AUHAMIKH c)OpPMYIHOBAHO 3 BHKOPHCTAHHIM MOXigHux Ximbdepa abo KamyTto 3a yacoBoro
3MiHHOIO Ta Pimana—JliyBimis 3a reoMeTpUYHOIO 3MIiHHOIO. Pa3oM 3 mpssMuMu 3a1adaMu GiabTpamnii po3risiHyTo
obepHEeHy KpailoBy 3aJady MO0 BU3HAUCHHS HEBiTOMOI (YHKII] Jukepena, 3aIeKHO]I JIHIIe Bil TeOMEeTPHIHOT
3MiHHOI. HaBenieHO yMOBH iCHYBaHHS PEry/SIPHHX pO3B’S3KiB IMX 3aj1ad.

Ki1104o0Bi ci10Ba: MateMaTH4HE MOJCNIOBAHHS, Tpo0oBO-AM(epeHIiiiHa AuHaMika (iIbTpaliifHUX MPOLeECiB,
TpIIUHYBAaTO-IIOPUCTI CepeOBHINA, HEKIACHIHI MoJeni, moxigHi Xinsdepa, KamyTo ta Pimana—Jliysimns, kpa-
HOBi 3ajgadi, 3aMKHEHI PO3B’SI3KH, YHCENbHI PO3B’SI3KH.
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Boundary-value problems for space-time fractional differential filtration dynamics in fractured-porous
media / V.M. Bulavatsky, V.O. Bohaienko // Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 47-60.

Abstract. Closed-form solutions are obtained for some non-stationary boundary-value problems of
filtration dynamics in fractured-porous formations, posed within the framework of fractional-differential
mathematical models, taking into account the space-time nonlocality of the process. The indicated mathematical
models of anomalous filtration dynamics are formulated using the Hilfer or Caputo derivatives with respect to
the time variable and the Riemann-Liouville derivative with respect to the geometric variable. Along with
direct filtration problems, we also consider the inverse boundary-value problem of determining the unknown
source function that depends only on the geometric variable. Conditions of the existence of regular solutions for
the considered problems are given.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, fractured-porous
media, non-classical models, Hilfer, Caputo, and Riemann—Liouville derivatives, boundary value problems,
closed-form solutions, numerical solutions.

VK 519.6

AHaJi3 pe3yJbTaTiB 004HCII0BAIBLHOIO eKCIePHMEHTY BiJHOBJICHHS] PO3PHBHUX (PyHKIiH 1BOX 3MiHHUX
3a gonomororw npoekuiii. 111 / O.M. JlutBun, O.I'. JlutBun // KiGepHeTrka Ta cuctemuuii anamis. 2022.
Tom 58, Ne 3. C. 61-71.

AHoTtaunis. L[5 cTaTTs € IpoJoBKEHHAM cepii myOiKaliii aBTopiB i 0JHOUMEHHOIO Ha3Bol0. BoHa mpu-
CBs[YECHA MOJATBIIOMY BJOCKOHAJICHHIO METOIY BiTHOBICHHS PO3PHUBHUX (DyHKHIiH JBOX 3MIHHHX 3a JOHIOMO-
TOI0 MPOEKIIHM JUTs MiBUIIECHHS TOYHOCTI HabmKeHHs Oe3 siBua ['i66ca y pasi, Konu JiHii po3pHBY € cUCTe-
MOIO I'PaHHUIb KB3JPaTiB, BKJIAJCHUX OJMH B OAHMIL. PO3MIsIHYTO BHITaZOK, KONH JIiHIi pO3PUBY MarOTh KyTOBi
TOYKH, B SIKUX MOXIJJHA 32 HOPMAJLTIO € HEBM3HAYCHOIO. PO3pHBHMIA CIUTaifH MOOY0BaHO TaK, 100 Pi3HUIA MK
HAOMDKYBAaHOIO (DYHKINIEI0 1 IMM CIDIaifHOM Oyna HemepepBHOIO abo audepenmilioBHO0 (yHKHic0. 1o
(yHKIiI0 HAOTIKYIOTH 3a JOIOMOT0I0 CKiHueHHHX cyM Dyp’e, xoedimienTn Pyp’e B IKUX BU3HAYAIOTH 3 BHKO-
PHCTaHHSM IPOEKIiN. AHali3 pe3yIbTaTiB 0OUHCIIOBAIIBHOTO EKCIICPHMEHTY II0Ka3aB IXHIO BiAMOBIIHICTH TEO-
PETHYHUM TBEPDKEHHSIM POOOTH.

KirouoBi cioBa: xomm’iorepHa ToMorpadis, po3puBHa (GyHKIis, PO3PUBHUI CIUIAHH, KiIac JudepeHniiios-
HocTi, sBuie [i00ca, cyma Dyp’e.

Analysis of the results of a computing experiment to restore the discontinuous functions of two variables
using projections. III / O.M. Lytvyn, O.G. Lytvyn // Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3.
P. 61-71.

Abstract. This article continues the series of publications by the authors under the same name. It
performs further improvement of the method of restoring the discontinuous functions of two variables using
projections in order to increase the accuracy of approximation without the Gibbs phenomenon for the case
where the discontinuity lines are a system of boundaries of squares nested in each other. Compared with the
previous two parts of this study, we consider the case where the discontinuity lines have angular points at which
the derivative of the normal is indefinite. It is proposed to construct a discontinuous spline so that the difference
between the approximate function and this spline is a continuous or differential function. This function is
approximated by finite Fourier sums whose Fourier coefficients can be found using projections. An analysis of
the results of the computational experiment show their compliance with the theoretical statements of the study.

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

VK 303.444

BusHauenHsi TouHOCTi HeuiTkoi Mmopaeni TexnoJsoriudHoro dopcaiita / A.B. Kymuun, B.C. Komapos,
L.B. BopoxsoctoB, M.O. Binokyp, O.M. Kynpinenko, 51.C. Mimenko, B.IO. Bornanosny, O.A. KoHonos
/I Kibepuernka Ta cucremHuii amami3. 2022. Tom 58, Ne 3. C. 72-80.

Amnortanis. IToka3ano croci6 mepeBipKH TOYHOCTI MPOTHOCTUYHUX MOJeNeil 32 YMOBH BiICYyTHOCTI €K-
CIEPUMEHTANBHUX JAaHHUX UL MOPIBHAHHS pe3y/lbTaTiB MOJEMOBaHHA. Po3pobieHa HelipoMepeka BH3HAUAE
KJIac TEXHOJOTiH, SIKUil MOPIBHAHO 3 pe3yIbTaTaMH HEdiTKOi Mojemi. ToYHicTs MOzeli BU3HAYEHO MUIIXOM 00-
YHCIICHHS Cepe/IHbOT KBaJpaTHYHOI MOXHOKN MOJEIIOBAHHS Ta KOPEJIILi MiJK pe3ysbTaTaMH HEWiTKOI Mojei
Ta HEHPOMEPEXK.

KirouoBi cioBa: KpUTHUHMI TeXHOJIOTIYHHI (opcallT, MOXHOKAa MOJETIOBAHHS, TOYHICTH MOJENi, HEJiTKa
Jorika, Hefipomepexa.

ISSN 1019-5262 Kibepueruka ta cucteMHuii ananis, 2022, Tom 58, Ne 3 3



Determining the accuracy of a fuzzy model of the technology foresight / A. Kupchyn, V. Komarov,
I. Borokhvostov, M. Bilokur, A. Kuprinenko, Y. Mishchenko, V. Bohdanovych, O. Kononov //
Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 72-80.

Abstract. The article shows a way to determine the accuracy of prognostic models in the absence of
experimental data to compare the simulation results. The developed neural network defines a class of
technologies that is compared with the results of the fuzzy model. The accuracy of the model is determined by
calculating the root-mean-square error of the simulation and correlation between the results of the fuzzy model
and the neural network.

Keywords: technology foresight, modeling error, modeling accuracy, fuzzy logic, neural networks.

YK 519.816

HeuiTkuii KoMIUIeKCHUI MeTOJ PaH/KYBaHHSl Ta §oOro BHKOPHCTAHHA [Js OaratokpurepiiiHoro
nopiBusinHsa ajabTepHatus / M.M. Ilorbomkin, A.A. Cepnsp, P.C. Cipuenko, O.M. lmenxo //
Kibepuernka ta cucremHuil amamis. 2022. Tom 58, Ne 3. C. 81-88.

AHoTanis. 3a3HaUCHO, 110 HUHI IS OOIPyHTYBAHHS PAIliOHAIBHUX PIillIeHb Mif 9ac OaraToKpUTepiiiHoro
aHaNi3y CKIAIHUX CHCTEM JTOCHTH IHPOKO 3aCTOCOBYIOTh HEUITKi METO/M, OCKLIPKH XapaKTEPUCTUKH IIUX CHC-
TEM Ta YMOBH iXHbOro (pyHKIIOHYBaHHS 3/1eOiIBIIOrO HE € IETEPMIHOBAHUMH 1 1X CNII PO3IJIAAATH Y MexkKax
PO3B’s3aHHA 3324 3 HECTOXAaCTHYHOIO HEeBU3HAUCHICTIO. HaBeseHo onmc BiloMOro KOMIIIIEKCHOTO METOLY paH-
XKyBaHHS Ta HOro aHaii3. 3a3HAa4eHo, 10 BiH 3a0e3ledye IEBHI IO3UTHBHI Pe3yNbTaTd, OJHAK HE A€ 3MOTU
pO3B’s3yBaTH 3a7adi 0araTOKPHTEPIHHOro NMOPIBHSAHHA AbTEPHATUB B YMOBAaX HECTOXACTHYHOI HEBHM3Haue-
HocTi. Ha 0CHOBI bOTO METOLYy PO3pOOICHO HEUiTKUH KOMIUICKCHHI METOJ| PaHKyBaHHS Ta Ha MPUKIai 00-
YHCICHHS II0KA3aHO MOXJIMBICTH HOTO MPAKTUYHOTO BHKOPHCTaHHSI.

Kuro4oBi ciioBa: anprepHaTiBa, OaraToKpuTepiiiHe MPUHHATTS PILICHHS, METOA PAH)KyBaHHS, HECTOXaCTHYHA
HEBU3HAYCHICTb, HEWITKI YHCNA, MPHUKIAL PO3PAXyHKIB.

Fuzzy complex ranking method and its use for multicriteria comparison of alternatives / M.M. Potomkin,
A.A. Sedliar, R.S. Sirchenko, O.M. Ishchenko // Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3.
P. 81-88.

Abstract. It is noted that fuzzy methods are widely used to substantiate rational decisions in multi-criteria
analysis of complex systems due to the fact that the operating conditions of such systems and their
characteristics are mostly non-deterministic and should be considered in solving problems with non-stochastic
uncertainty. A description of the known complex ranking method and its analysis are given. It is noted that it
has certain positive features, but does not allow solving the problem of multicriteria comparison of alternatives
under non-stochastic uncertainty. Based on this method, a fuzzy complex ranking method is developed and the
calculation example shows the possibility of its practical use.

Keywords: alternative, multicriteria decision making, ranking method, non-stochastic uncertainty, fuzzy
numbers, example of calculations.

VK 517.988
Intepnonsiuiiinmii moainom Epmita pist ¢pynkuiii 6ararsox 3minnux / O.®. Kammnyp // KiGeprernka ta
cuctemuuii anamiz. 2022. Tom 58, Ne 3. C. 89-98.

Amnortaunis. PosrsiayTo inTepnonsniiiny 3agady Epmita B EBKiitoBoMy mpocTopi y BUIIaKy, KOJIH 3aja-
HO 3Ha4YeHHs (YHKII] O6araThoX 3MIHHHX Ta 3HaueHHA ii qudepennianis ['aTo mepmoro Ta Apyroro MOpsakKy y
By3nax iHTepnossuii. IlokasaHo, mo mocrasieHa 3aja4a y CKiHUGHHOBUMipHOMY EBKITizoBOMY mpocTtopi Mae
€IUHUN PO3B’S30K MiHIMAIbHOI HOPMH, IOPOJUKEHOI CKATAPHHM N00yTKOM i3 I'aycoBoio miporo. OnepixaHo
YMOBH iHBapiaHTHOI PO3B’A3yBaHOCTI Ta €IMHOCTI PO3B’SI3Ky 3amadi.

KurouoBsi ciioBa: inteprnomsiiinuii nominom Epwmita, nudepenmian "ato, I'inms0epriB npoctip, EBkminiB mpo-
CTip, MiHIMaJbHA HOpMA.

Hermite interpolation polynomial for many-variable functions / O.F. Kashpur // Kibernetyka ta sistemnyi
/I Kibernetyka ta sistemnyj analiz. 2022. Vol. 58, N 3. P. 3-16. analiz. 2022. Vol. 58, N 3. P. 89-98.

Abstract. In this paper we consider solving of the Hermite interpolation problem in Euclidean space, in
the case whetr the values of the many-variable function and the values of its Gateaux differential of the first and
second order at the interpolation nodes are given. It is shown that the problem has a unique solution of
minimum norm generated by a scalar product with a Gaussian measure. The conditions of invariant solvability
and uniqueness of the solution of the problem are obtained.

Keywords: Hermit interpolation polynomial, Gateaux differential, Hilbert space, Euclidean space, minimum
norm.
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VJK 519.837
3ajaua mnepeciaiiyBaHHA 11 Apo0oBUX AudepeHNmiaJbHUX CHCTEM 3 YHCTHM 3ami3HIOBaHHAM /
JI.B. BapanoBcbka // Kibepretnka Ta cucremumii amamisz. 2022. Tom 58, Ne 3. C. 99-108.

AHortauis. Po3risHyTo 3amady nepeciigyBaHHS Ui JiHIHHUX ApoOOBUX AM(EPEHIIaIbHUX CHUCTEM 3
YHCTHM 3alli3HIOBaHHSM. P03po0ieno cxeMy MeTOIy po3B’3yBalbHUX (YHKIIH JUIs IUX KOHQIIKTHO-KEpOBa-
HHX HPOIIECiB 3 BUKOPHUCTAHHAM HOBITHBOTO IpezcTaBieHHs Gpopmynn Komri. ChopMynpoBaHO JOCTaTHI yMOBU
3aBEpIICHHS I'PU Ta METOJMKY HNPAaKTHYHOTO 3HAXOJ/DKCHHS PO3B’S3yBajlbHUX (DYHKILiH.

KirouoBi cioBa: KoHGIIKTHO-KepOBaHUH IIpolec, AudepeHIianbHi irpy, audepenianbHi irpa 3 JpodoBuMU
MOXITHUMH, irpH IIepecilifyBaHHS, TEOpis irop.

Pursuit problem for fractional differential systems with pure delay / L.V. Baranovska // Kibernetyka ta
sistemnyi analiz. 2022. Vol. 58, N 3. P. 99-108.

Abstract. In this paper, we consider the pursuit problem for linear fractional differential systems with
pure delay. A scheme of the method of resolving functions for such conflict-controlled processes has been
developed using the latest representation of the Cauchy formula. Sufficient conditions for the completion of the
game and the method of practical finding of resolving functions are formulated.

Keywords: conflict-controlled process, differential games, fractional differential games, pursuit games, game
theory.

YIK 519.6
EdexTnBHI ABOCTOPOHHI ONIHKH CHEeKTpa AesIKMX edinTH4YHHX omepartopiB / B.I'. Ilpuka3uukos //
Kibepuernka Ta cucremHuil amamis. 2022. Tom 58, Ne 3. C. 109-121.

AHoTanis. 3a IPUHIUIIOM MaKCUMyMY OTPHMAHO OLIHKH 3BEpXy Ta 3HHU3Y JUIS CHEKTpa AESAKHX CIINTHY-
HHX OIIEpPaTOpiB Ta IXHIX CITKOBUX aHAJOTIB. 3 TOUHHX (hOpMyI MOXUOKH BIACHUX UHCENT 32 METOJOM CKiHIEH-
HUX Pi3HHIb OTPHMAHO TOYHIIII OLIHKU CHEKTpa AU(EPeHIIAIbHIX OIepaTopiB. JIBOCTOPOHHI OLIHKY BIACHUX
YHCell Pi3HUIEBHX AHAJIOTIB CNIEKTPAJIbHUX 33a1a4 BU3HAYAIOTh Ma)KOPAHTY 1 MIHOPAHTY JUIs MOXHOKHU (pa3oBoi
IIBUAKOCTI CITKOBHX XBHJIb B 33j1ayaX KOJIMBaHb Pi3HOMAHITHUX 00 €KTiB.

KurouoBi cioBa: eminTuuHi onepaTtopu, HPHHIUI MAKCHMyMy, METOJ] CKiHUCHHUX Di3HHIb, TOUHI (GopMymn
MOXUOKH BIIACHHMX YHCEN, JBOCTOPOHHI OLHKH CIIEKTpa, PIBHSHHS KOJIHMBaHb, MOXHOKa (a30BHX MIBHIKOCTEH
CITKOBUX XBHJIb.

Efficient two-sided estimates for the spectrum of some elliptic operators / V. Prikazchikov // Kibernetyka
ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 109-121.

Abstract. Using the minimax principle, we establish the upper and lower bounds for the spectrum of
some elliptic operators and their grid analogs. From the exact formulas for the error of the finite-difference
method for the eigenvalues, more accurate estimates of the spectrum of differential operators follow. Two-sided
estimates of the eigenvalues of differences analogs of spectral problems give a majorant and a minorant for the
error of the phase velocities of grid waves in vibration problems of various objects.

Keywords: elliptic operators, minimax principle, finite-difference method, exact formulas for errors of
eigenvalues, two-sided estimates of a spectrum, oscillation equations, errors of phase velocities of grid waves.

VK 519.21
Metox mnorenuianis ans  cucremM, /G, /1/r 1a M,/G,/1/© 3 THNOBUMH 3aJEKHOCTIMH

iHTeHCHBHOCTI BXiIHOro MOTOKY Bix Kinbkocti 3amoBiaens / 10.B. XKepuoBumii // KibGepuernka Tta
cucreMuuii anamiz. 2022. Tom 58, Ne 3. C. 122-133.

AHoTanis. 3anpornoHOBaHO 3aCTOCYBaHHSA METOJY INMOTEHIIaliB Ul BU3HAYCHHS CTAlliOHAPHOTO PO3-
HOJiTy KUIBKOCTI 3aMOBJIEHb y cucTeMax obciyroBysanust M, /G, /1/r 1a M, /G, /1/ o 3 noporoBumu
cTpaTerisMu (yHKI[IOHyBaHHS. PO3IIAHYTO 3a1€XKHOCTI IHTEHCHBHOCTI BXITHOTO IOTOKY Bifl KiTbKOCTi 3aMOB-
JICHB, IO XapaKTepHi SK A1 3aMKHEHUX CUCTeM (Mozenel Teopii HagiifHOCTI), TaK 1 AT cucTeM 00CITyroByBaH-
HS 3 BHIAJKOBUM PO3DiIKEHHSAM BXiTHOTO MOTOKy. CTparerii kepyBaHHS iIHTEHCHBHICTIO OOCITyTOBYBaHHS II0-
Oy0BaHO 3a MPHITYIICHHS, 0 IHTCHCUBHICTh MOXE 3MiHIOBAaTHCh Y MOMEHT II0YaTKy OOCITyrOBYBaHHS 3aMOB-
nenHs. Otpumano GopMyin 11 nepeTBopeHs Jlamnaca po3noainy KinbKOCTi 3aMOBJICHb Y CHCTEMI NPOTATOM
nepiony 3afHATOCTI Ta A1 OOYHMCICHHS HOTO CepeaHbol TPUBAIOCTI.

Kuro4oBi ci10Ba: oHOKaHAIbHA CHCTEMa 0OCITyrOBYBaHHSI, IIyaCCOHIBCHKUI IPYTrOro poay BXiJHHUI MOTIK, 3a-
JIOKHICTh 4Yacy OOCIyroByBaHHsS BiJl CTaHy CHCTEMH, METOJ MOTCHIlialiB.
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Potentials method for the M, /G, /1/rand M, /G, /1/ o queueing systems with typical dependences

of the input flow intensity on the number of customers / Yu.V. Zhernovyi // Kibernetyka ta sistemnyi
analiz. 2022. Vol. 58, N 3. P. 122-133.

Abstract. The application of the potential method to finding the stationary distribution of the number of
customers in theM, /G, /1/r and M, /G, /1/ o queueing systems with threshold operation strateges is
proposed. The dependences of the input flow intensity on the number of customers are considered, which are
characteristic both for closed systems, which are models of the reliability theory, and for queueing systems with
random rarefaction of the input flow. Service intensity control strategies are constructed on the assumption that
the intensity can vary at the time a customer starts servicing. Formulas to determine Laplace transforms of the
distribution of the number of customers in the system during the busy period and for calculating the average
duration of the busy period are obtained.

Keywords: single-channel queuing system, Poisson input stream of the second kind, dependence of the service
time on the state of the system, method of potentials.

YIK 519.711.7:519.816

AHani3 edexkTHBHOCTI (PYHKUiOHYBAHHSI ABTOTPAHCNOPTHOI cucTeMH MicTta MerogamMu U-cTaTHCTHK.
I. InTepaKkTHBHE OLIHIOBAaHHS Pe3yJabTaTiB HenmepepBHoro MoHiTopuHry / O.J1. HMoximyk, M.C. Sxxkak //
KiGepHernka Ta cucremuuii anamis. 2022. Tom 58, Ne 3. C. 134-145.

Anoranis. Merox U-CTaTHCTHK 3aCTOCOBaHO Ui aHali3y e(eKTHBHOCTI ()YHKIIOHYBaHHS aBTOTPaH-
croptHOi cucteMu (ATC) BemuKoro Mmicra, sSIK CKJIaJHOI MEpeXKeBOl CHCTEMH i3 9aCTKOBO BHOPSIKOBAHUM pPy-
XOM TNOTOKIB. Ha oCHOBI pe3ynbTaTiB HellepepBHOTO MOHITOPUHTY pyXy obOmaxuaHoi GPS-Tpekepamu Bopsa-
KOBaHOI YaCTHHH IIOTOKIB, a caMe 3ac0o0iB IPOMAJICBKOTO TPAHCHOPTY, PO3POOIICHO METONHU iHTEPaKTHBHOTO,
HPOTHOCTHYHOTO Ta arperoBaHOro OLHIOBAHHS CTaHy Ta mpouecy (yHKiionyBaHHs ckianoBux ATC pisHux
PpiBHIB iepapxii. 3anpONOHOBaHY METOANKY MOJKHA JIETKO aBTOMATH3yBaTH Ta BUKOPHCTOBYBATH ISl ONICPATHB-
HOTO aHaJli3y i MPOTHO3YBAaHHS PO3BUTKY aBTOTPAHCIIOPTHHX CUTYaIlill Ha aBTONLIIXaX MicTa Ta JUIs po3poo-
neHHs e(eKTUBHUX 3aco0iB omruMizanii mpomecy ¢ynkmionyBanus ATC.

Kurodosi c1oBa: ckiiasiHa Mepexa, MepexeBa CHCTEMa, aBTOTPAHCIIOPTHA cucteMa, U-CTaTUCTHKA, OLliHIOBaH-
Hsl, TIPOTHO3YBaHHs, arperaris.

Analysis of the operation efficiency of a city transport system by the methods of U-statistics. 1. Interactive
evaluation of the results of continuous monitoring / O.D. Polishchuk, M.S. Yadzhak // Kibernetyka ta
sistemnyi analiz. 2022. Vol. 58, N 3. P. 134-145.

Abstract. The method of U-statistics is used to analyze the efficiency of operation of the motor transport
system of a large city as a complex network system with partially ordered traffic flows. Based on the results of
continuous monitoring of the ordered part of the flows equipped with GPS-trackers, namely, public
transportation, methods of interactive, forecasting, and aggregated analysis of the state and process of operation
of motor transport system components of various hierarchy levels have been developed. The proposed
technique can be easily automated and used for operational analysis and forecasting of the development of
traffic situations on city highways and creating efficient tools to optimize the operation of the motor transport
system.

Keywords: complex network, network system, road system, U-statistics, evaluation, forecasting, aggregation.

VIK 519.21
OnTumMajibHa cTpaTeris BaknuHanii y croxacTHyHili Mojeai emizemii 3 ofMexeHHM JiKyBaHHSIM /
O.B. Bornanos // Kibeprernka Ta cucremHuii aHami3. 2022. Tom 58, Ne 3. C. 146-149.

AHoTanisi. Y po6oTi po3riIsIaeThes CTOXaCTHYHA MOAENb emigemii SIR 3 BUKOpHCTaHHSIM BaKLMHALT Ta
00OMEXCHHUM JIIKyBaHHSAM. 3alIPONOHOBAHO METO/ MOUIYKY ONTUMAJIBHOT CTpaTerii BaKIMHALIT s MiHiMi3amii
(dyHKIiOHaNMA LiHK.

KurouoBi ciioBa: croxacTuyHa MOJICIIb, eniz[eMi;{, OInTUMaJIbHa CTpaTel"iﬂ.

Optimal vaccination strategy in the stochastic epidemic limited-treatment model / O. Bogdanov //
Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 146-149.

Abstract. The author analyzes the stochastic SIR epidemic model with vaccination and limited treatment.
A method to obtain the optimal vaccination strategy minimizing the cost functional is proposed.

Keywords: stochastic model, epidemic, optimal strategy.
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MNPOTPAMHO-TEXHIYHI KOMILIEKCH SOFTWARE-HARDWARE COMPLEXES

YK 004.05, 51-76, 57.087

CyyacHi MeTOOM Ta NPOrpamMHi CHCTEMH MOJIEKYJSIPHOTO MOJETIOBAHHSI TAa 3aCTOCYBaHHS ajaredpmu
noBeinok / 0.0. JleruueBcbkuii, B.A. Boakos, FO.I'. Tapaciu, I'.O. CokoJioBa, B.C. Ilecuanenko //
KiGepHernka Ta cucremuuii anami3. 2022. Tom 58, Ne 3. C. 150-163.

AHoTanis. PO3rIsHyTO OCHOBHI METOAM MOJIEKYJISIPHOTO MOJEJIFOBaHHS Ta CIICIialli3oBaHe MPOTpaMHE
3a0e3neueHHs Ul CTBOPEHHS Ta JIOCII/DKCHHS MONCKYJIApHUX Mojeineil. HaBeneHo pesymbrati mepiioro era-
my moOyJOBH CEepelOBHIIA ISl AOCHTIKEHHS MOJEKYIIpHOI 1 610MOJIeKyIsIpHOT B3aEMOil, 0 6a3yeThes Ha
hopmami3mi anre6pu MOBEAIHKY Ta IHCEPIIHHOTO MOJICIIOBAHHS, 8 TAKOXK PE3yIbTaTH eKCIEPUMEHTY 3aCTOCY-
BaHHS 3alPONOHOBAHOIO MiAXOy 0 MOJCTIOBAHHS KOBAJICHTHOTO HEMOJSIPHOTO 3B’SI3KY.

KurouoBi ciioBa: cHUMBOJIBHE MOZCIIOBAaHHS, anreﬁpa’iql—[a HOBGI[iHKa, MOJICKYJISIDHE MOJCIIOBAHHS.

Modern methods and software systems of molecular modeling and application of behavior algebra /
O. Letychevskyi, V. Volkov, Yu. Tarasich, G. Sokolova, V. Peschanenko // Kibernetyka ta sistemnyi analiz.
2022. Vol. 58, N 3. P. 150-163.

Abstract. The main methods of molecular modeling and specialized software for the development and
analysis of molecular models are considered. In particular, the article describes the results of the first stage of
developing an environment for the analysis of the molecular and biomolecular interaction that is based on the
formalism of behavior algebra and insertion modeling. The results of the experiment of applying the proposed
approach to modeling the covalent nonpolar bond are given.

Keywords: symbolic modeling, algebraic behavior, molecular modeling.

YK 519.172.1
YHiBepcanbHa indopmaniiina software-TexHoJioriss po6oTH 3 HeOpPi€HTOBAHMMHM 3MilIAHUMHU Jicamu /
O.1. IBanemkin // Kibepuetuka Ta cuctemumuit anami3. 2022. Tom 58, Ne 3. C. 164-173.

Amnoranis. CTBopeHO HOBY yHiBepcalbHy iH(pOpMaIiliHy software-TeXHOIOTiIO, peali30BaHy y KOM-
IUIEKCI POrPaMHKX 3ac00iB Ta NPU3HAYEHY 1) BUKOHAHHS IIMPOKOTO, IO JIETKO MONOBHIOEThCS, HaOOpy Oa-
30BHX OIepallii Ha MOJIKOMIOHEHTHHX CTPYKTYpaX, sKi BKIIFOYAIOTh HEOPIEHTOBaHI JepeBa Ta ca/pKaHIl. BoHa
Jla€ 3MOTy MPALIoBaTH 3 00’ €KTaMH, IO MICTATh 10 65536 BepiuuH, sIKi MOXYTh OyTH po3rarioBani Ha 6400
-piBHAX, 1 TOTpedye (3 ypaxyBaHHAM BIACHUX HOMEpiB) muie 4 0aifT iHdopmanii Ha KOXKHY BepIIHHY. 3aBISKU
IIMPOKUM (yHKIIOHATEHUM Ta MPHKIAJHIM MOXJIMBOCTSIM TEXHOJIOTISI HE MOTPeOye 3aCTOCYBAaHHS MAaTPHULb i
CIIHCKIB SIK 3ac001B (hopMai30BaHOTO NPEICTABICHHS JOCIDKYBaHUX 00 €KTiB. [l ii BUKOpHCTaHHS He Tpebda
OIAHOBYBATH 3HAYHY YacTKy paHillle OTPUMAaHHUX pe3yJbTaTiB. BoHa 3BOJMTE 10 MiHIMyMYy y4acTh KOPHUCTYBa-
4ya i 6araTopa3oBO CKOpOYy€ BUTPATH TEXHIYHHX PECYPCiB Ta 4acy y MPOLECi JOCIiKCHHS.

KurouoBi c1oBa: rpad-nepeBo, HeopienToBaHUl rpad-aepeBo, camKaHelb, 3MIIIaHUH JTic, KOMIIIEKC Iporpam-
HHX 3aco0iB.

Universal information software technology for non-oriented mixed forests / A.I. Ivaneshkin // Kibernetyka
ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 164-173.

Abstract. A new information software technology has been created, which is implemented in a software
package and is destined to perform a wide, easily supplemented set of basic operations on polycomponent
structures, including non-oriented trees and saplings. It provides the ability to work with objects containing up
to 65536 nodes that can be placed on 6400 X-levels and requires (including personal numbers) only 4 bytes of
information for each node. Possessing wide functional and applied capabilities, the technology excludes the
need to use matrices and lists as a means of formalized representation of the objects under study. For its use, it
does not require the development of a significant part of previously obtained results, minimizes user
participation and greatly reduces the cost of technical resources and time in the research process.

Keywords: graph-tree, non-oriented tree, sapling, mixed forest, a set of software tools.
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HOBI 3ACOBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS, COM-
IH®OPMATHUKH, OBYUCJIIOBAJIBHOI PUTER SCIENCE, AND SYSTEM ANALYSIS
TEXHIKH I CUCTEMHOI'O AHAJII3Y

YK 519.6
3Haxo/[keHHs1 cyMHM 0araTopo3psiIHUX 4Mces] Yy mnapaJebHiii Mogeai odumciaennss / B.K. 3axipaka,
A.M. Tepemenko // Kibepuernka Ta cucremuuii amami3. 2022. Tom 58, Ne 3. C. 174-182.

AHoTanis. 3anponoHOBaHO HOBHII METOJ pealisalii oneparii 3HaXOMKEHHS CyMHU IBOX i Oimbmre Gara-
TOCJIBHUX JOAQHKIB y MapanesibHiii Mozei 00YNCIICHHS, SIKUH A€ 3MOTY 3BECTH 3HAXOKCHHS CYMH BEIHMKOI
KUTBKOCTI 6araTociiBHUX JOJAHKIB J0 Orepauil 3HaXODKEHHS JBOX 0araToC/IiBHUX JOJAHKIB 32 paxyHOK 30e-
PEeXKEHHs 3HAKIB MEPEHOCIB Uil 0araTociiBHUX 4Hcel, e(EeKTHBHOI B MapajesbHiil Mojedi OOYHCICHHSI Ha
OCHOBI METOJy «IIPOTHO3YBaHHs 3HAKiB MEPEHOCIB MK IpyNaMH CliB». 3alpONOHOBAHO TAKOXK AJITOPHTMH
peanizamnii omeparnii 3HaXOPKEHHS CyMH JOJAaHKIB Ha OJHOMY Iporecopi Ta k mporecopax. HaBeneno amamis
CKJIAJHOCTI TAKHX aITOPUTMIB.

Kuro4dosi ciioBa: 6araropospsijHa apuMeTrKa, OaraTopo3psaHe JA0AaBaHHs, 3HAK IIEPEHOCY, MapajienbHa Mo-
Jieb OOYHCICHHSL.

Calculating the sum of multidigit values in a parallel computational model / V.K. Zadiraka,
A.M. Tereshchenko // Kibernetyka ta sistemnyi analiz. 2022. Vol. 58, N 3. P. 174-182.

Abstract. The authors propose a new method for implementing the operation of finding the sum of two
or more multidigit values in a parallel computational model. The method reduces finding the sum of a large
number of multidigit values to the sum of two multidigit values by carry-save addition, which can be efficiently
implemented in a parallel computational model based on carry-lookahead addition of groups of words. The
algorithms for implementing the operation of the sum of values on one processor and using k processors are
proposed. The complexity analysis is carried out for the proposed algorithms.

Keywords: multidigit arithmetic, multidigit addition, carry sign, parallel computational model.

YK 681.32
®a3oBuii MOpPTpeT ejeKTpoKapaiorpamu sik 3acid Giomerpii / JI.C. ®aiinsinbéepr // Kibepueruka ta
cuctemuuit anamiz. 2022. Tom 58, Ne 3. C. 183-192.

AHoTanis. YJOCKOHAJICHO MiaXia 10 NoOyn0BU 0IOMETPHYHHMX CHCTEM, IO 0a3yeThes Ha aHaizi ¢azo-
BOTO MOPTpETa OAHOKaHATEHOI enekrpokapaiorpamu (EKIY) ocobu, sika TecTyeThesi. 3apOIOHOBAHO MPABUIIA,
mo 3abe3nedyroTh po3B’si3aHHs 3a1a4 ineHTH(ikanil Ta Bepudikanii (ayreHTudikauii) ocodu. Excrepumen-
TaJIbHI JOCII/DKEHH TOKA3aJIH, 10 3alpONOHOBaHI BUPIIIYBaJbHI MpaBmia 3a0e3neuyiots 96.6% mnpaBHIbHHX
pimeHs y mpoueci igentudikauii moauuu 3a 3133 3anmucamu EKI' y rpymi 3 167 oci6 Ta 99.5% npaBHiIbHHX
pimens y npoueci Bepudikarnii moauau 3a 204 3amucamu EKI 62 pisHux oci6. BusHaueHO mepcrneKTHBU Ipo-
BEJCHHS MOJAIBIINX JOCITI/KCHb, CIPSIMOBAHMX Ha PO3B’S3aHHS MPAKTHYHUX 3amad Giomerpii.

KurouoBi ciioBa: enextpokapaiorpama, da3oBuii mopTpet, GioMeTpuyuHa cucTeMa, BiacTaHb ['aycnopda, ineH-
TUudikanis Ta Bepudikaiis ocodu.

Phase portrait of electrocardiography as a means of biometry / L.S. Fainzilberg // Kibernetyka ta sistemnyi
analiz. 2022. Vol. 58, N 3. P. 183-192.

Abstract. The author develops an approach to constructing biometric systems based on the analysis of
the phase portrait of a single-channel electrocardiogram (ECG) of the test subject. The rules providing the
solution of the problem of identification and verification (authentication) of the person are proposed.
Experimental studies have shown that the proposed decision rules ensure 96.6% reliability of identification in
the analysis of 3,133 ECGs of 167 users and 99.5% reliability of verification in the analysis of 204 ECGs of 62
different individuals. Prospects for further research aimed at solving practical biometric problems are outlined.

Keywords: electrocardiogram, phase portrait, biometric system, Hausdorf distance, identification and
verification of personality.
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