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KIBEPHETHKA CYBERNETICS

VK 519.11.176
3agaui mTy4Horo iHTesiekTy Ta KomGiHatopHa ontumizanis / H.K. Tumodiera // Kibeprnernka Tta
cuctemuuii anamis. 2023. Tom 59, Ne 4. C. 3-11.

Anoranis. OmnycaHo crocid MOJENIOBaHHS 3ajad IITY4YHOTO IHTEJEKTY i3 3aCTOCYBaHHAM Teopil
KOMOIHATOPHOI onTHMi3alii. ¥ pe3ysbTari [UX JOCHIiKeHb BCTAHOBICHO KOMOIHATOPHY HPHPOAY 3a1a4 [bOr0o
KJIacy, BUSBJICHO IPHYHMHY HeBU3HAYEHOCTI PI3HHUX BUJIB, SIKa BUHUKAE B IIPOLECi IXHBOTO PO3B’s3aHHS, Ta II0-
SICHEHO TPHUPOJY HEYITKOCTI BXIAHMX AaHuX. Ha mpukiazi 3agadi kiactepusanii po3risiHyTO CUTYallilo HEBU3-
HAUYCHOCTI, 3YMOBJICHOIO CTPYKTYpPOIO apryMeHTy (KOMOIHATOPHOI MHOXXUHM).

KuiouoBi c10Ba: xoMOiHaTOpHA ONTUMI3aMis, INTyYHUH 1HTEJIEKT, KoMOIHAaTOpHI KOH(DIrypamii, 3a1ada Kiacrte-
pu3arii, cuTyalis HEBH3HAYCHOCTI.

Artificial intelligence problems and combinatorial optimization / N.K. Timofieva // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 4. P. 3-11.

Abstract. The method of modeling artificial intelligence problems using the theory of combinatorial
optimization is described. As a result of these studies, the combinatorial nature of problems of this class was
established, the cause of uncertainty of various types, which arises in the process of their solution, was revealed,
and the nature of the fuzziness of the input data was explained. An example of the clustering problem is used to
consider the situation of uncertainty caused by the structure of the argument (combinatorial set).

Keywords: combinatorial optimization, artificial intelligence, combinatorial configurations, clustering problem,
uncertainty situation.

YIK 519.71

IixBuimenHss MWBUAKOII 0aHKIBCHKUX cHCTeM KifepOe3nmeKkHM Ha OCHOBI IHTE/IEKTYaJILHOI0 aHATi3y
JaHUX Ta AJITOPUTMIB IITYYHOI0 iHTEJNEKTY sl NMpPOrHosyBaHHsi Ki0eparak. Y. 1 / B. Xmienxo,
b. Axmeros, P. Bepau6aes, B. Jlaxuno, 10. Xapuenko, Ben-Jliaur XBaur, B. Xuienko mou. / Kibepueruka
Ta cucreMHuil ananmisz. 2023. Tom 59, Ne 4. C. 12-19.

AHoTtauis. Po3risHyTO MiABMINEHHS MIBHAKOAII Ta SKOCTI poOOTH cHcTeM Kibep3axucTy OaHKiBCBKHX
YCTaHOB B yMOBaX MOCTKBAaHTYMHOI epH. 3alpoIOHOBAaHO MaTEeMAaTHYHUI amapaT JUisi CUCTEM IPOrHO3yBaHHs
KibepaTak Ta alrOPUTM BU3HAYCHHS MOMEHTY BKJIIOUCHHS PEXKUMY ITiJ[BUILICHOT 3aXHIIeHOCTI. BpaxoBaHO MOX-
JIMBICTH OpraHizamii kidepaTak 3a JONOMOIOI HEHpOMEpeK Ta alrOPUTMIB IUTYy4HOro iHTenekTy. HaBeneHo
npukiaan (GopMyBaHHS Ta aHaNi3y KilacTepa MiNO3pUINX omepaniii i3 BHKopucraHHsM MoBH Julia.

KumouoBi ciroBa: kiGep3axucT OaHKIBCHKHX YCTaHOB, 3arpO3H MOCTKBAHTYMHOI €PH, CHCTEMa IPOTHO3YBaHHS
kibeparak, 3amobiranHs Kibepatakam, KilacTepH3alis.

Increasing the speed of banking cyber security systems based on intelligent data analysis and artificial
intelligence algorithms for predicting cyber attacks. P. 1 / V. Khilenko, B. Akhmetov, R. Berdibayeyv,
V. Lakhno, Yu. Harchenko, Wen-Liang Hwang, V. Khylenko, Jr. // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 4. P. 12-19.

Abstract. An increase in the speed and quality of the cyber protection systems of banking institutions in
the post-quantum era is considered. A mathematical apparatus for cyber attack prediction systems and an
algorithm for choosing the moment of switching on the enhanced security mode are proposed. The possibility of
organizing cyber attacks using neural networks and Al algorithms is taken into account. An example of the
formation and analysis of a cluster of suspicious transactions using the Julia language is considered.

Keywords: cyber protection of banking institutions, threats of the post-quantum era, system of prediction and
prevention of cyber attacks, clustering.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

V]IK 004.942

Po3po6ka anroputMy po3B’si3aHHS 3a1a4i aCHMeTPHYHOI MApHIPYTH3aNiiHA OCHOBI MeTOXY MypauIHHOI
koJonii / C.)K. Paxmeryuina, I'. ZKomaprtkusn, 10.B. Kpak, A.A. KamesnoBa // Kibepaernka ta cCHCTEeMHHI
amamiz. 2023. Tom 59, Ne 4. C. 20-29.

AwnoTtanisi. OJHI€IO 3 TOJOBHUX MPOOJIEM TPAHCIOPTHOI JIOTICTHKM € IUIAHYBAaHHS ONTUMAIIBHUX Map-
mpyTiB goctaBku. I1ix yac 1f po3B’si3aHHs BUHUKAE 0Tpeda y JOCHILKEHHI 3a/1a4i MappyTn3alii TpaHcopry,
sIKa € 3a/1a4et0 KOMOIHATOPHOI onTHMIi3amii. ¥ cTaTTi 3aIpPOIIOHOBAHO AITOPHTM PO3B’SI3aHHS 3aJadi MapLIpy-
TH3alil Ha OCHOBI METOJIB onTHUMi3amii. PO3IIsIHYTO acHMeTpHYHY 3aady MapLUIpyTH3aLii TpaHCIOPTY 3 0OMe-
JKEHHSIM BaHTa)XKOMIAHOMHOCTI TPAHCIIOPTHOTO 3aC00y, TPHBAIOCTI MapIIPyTy Ta Pi3HOPIAHUM ITapKOM TpaHC-
MOPTHUX 3ac00iB. Po3po0i1eHO BeO3aCTOCYHOK, B IKOMY PEali3oBaHO 3alPONOHOBAHUI AITOPUTM PO3B’SI3aHHS
1i€i 3aJa4i Ha OCHOBI METOY MypAaIlINHOiI KOIOHil. IIpoBeeHo MOPIBHSIBHIN aHai3 OTPUMAHHX ONTUMAIBHUX
MapIIpyTiB Ta pe3yJbTaTiB M00YIO0BH MapIIPYTiB 3 BUKOPUCTAHHSAM iHIIMX KapTorpadidnux cepsicis. ITokasa-
HO, IO 3aIpOTIOHOBAHMI anropuT™M 3a0e3NeunB HaWKpamuid pesyibTar.
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KumiouoBi ci10Ba: ontumisaris, acuMeTpHYHI 33124l MapuipyTusarii, rpad) HouyKy MapupyTy, Be03acToCyHOK,
METOZ MYpAIIMHOI KOJIOHIi.

Development of an algorithm for solving an asymmetric routing problem based on the ant colony method
/ S. Rakhmetullina, G. Zhomartkyzy, Iu. Krak, A. Kamelova // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 4. P. 20-29.

Abstract. One of the major problems of transport logistics is planning optimal delivery routes. Solving
this problem leads to combinatorial optimizations that require complex computations. The present research
considers an asymmetric problem of transport routing with a limitation of the carrying capacity of transport
facilities, the duration of the route and a heterogeneous transport facilities fleet. An algorithm for solving the
routing problem based on the ant colony method is proposed. The web application that has been developed
implements the proposed algorithm for solving this problem. The obtained optimal routes were compared with
the results of route building by other cartographic services. The proposed algorithm showed the best result.

Keywords: optimization, asymmetric routing problems, graph route search, web applications, ant colony
method.

VK 517.9
MareMaTH4YHe MO/JEJIIOBAHHHS BIUIMBY KJIIMAaTHYHHMX 3MiH Ha B32€MO3B’SI3KH CEKTOPiB eKOHOMiKkM /
K.JI. Atoes, II.C. KnonoB // KiGepuernka Ta cucremuumii anams. 2023. Tom 59, Ne 4. C. 30-42.

AHorauis. Po3poOiieHO MareMaTHYHy MOJENb Ul BU3HAYCHHS YMOB, SIKi 3a0€3NeuyloTh MiHIMi3alilo
LIBUAKOCTI 3pOCTaHHS KOHIEHTpauii napHukoBux rasi (I1I') B atmocdepi Ta miaTpuMaHHS 3aJaHOTO PiBHSA
SIKOCTI KUTTSI HaceseHHs. Mozenb 00’ eiHy€e B €UHINH CTPYKTYpi OIMKCaHi B OJJHAKOBHII CIOCIO CEKTOPH €KO-
HOMIKH, KOXEH 3 SKHX PO3IIISHYTO B TePMIiHAX PiBHIB MPOJYKTHBHOCTI, KIJTBKOCTI poOOUYMX MiCIlb i CTPYKTYp-
HUX NOpYyLIeHb (LIECTHCEKTOpHa Mozesb JIopeHna 3i 3MiHIOBaHMMH KoedillieHTaMH, SIKi 3ajJeXaTh BiJ PiBHS
I1I'). Monens aae 3MOTy IOCTIANTH, sIK 3MiHH piBHA 1" Ta B3a€MO3B’SI3KH MiXK PI3HUMH CEKTOPAMU €KOHOMIKI
BIUIMBAIOTh HA PU3MKH, IO 3arPOXKYIOTh CTAIOMY PO3BHTKY, Ta PIBCHb SIKOCTI JKHTTS HACC/ICHH:. BusHadeHo
YMOBU BHHUKHCHHS TYPOYJICHTHHX PEXUMIB (YHKIIOHYBaHHS, SKi IPU3BOAATH A0 3POCTaHHSA CyMapHOL
KIJIBKOCTI CTPYKTYPHHUX MOPYLICHD Ta 3HIKSHHSI CyMapHOTO PiBHS MPOAYKTHBHOCTI. 3aponoOHOBAHO MiAXiA 10
OLIIHIOBAHHS PIBHS 3arpo3 CTAJIOMY PO3BUTKY B YMOBAaX KJIIMAaTHYHHX 3MiH.

Kutrouosi ciioBa: mMozesb JlopeHiia, MaTeMaTiHiHe MOJEITIOBAHHSI, MOJIEIb €KOHOMIYHOTO PO3BUTKY, ONTHMAIb-
HE KEpyBaHHs], ACTCPMIHOBAHHN Xaoc, KIIMATHYHI 3MIiHH.

Mathematical modeling of the influence of climate changes on relationships of sectors of the economy /
K.L. Atoyev, P.S. Knopov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 30-42.

Abstract. A mathematical model has been developed to determine the conditions whereby the growth
rate of the concentration of greenhouse gases (GHG) in the atmosphere is minimized and the given standard of
living of the population is maintained. The model combines in a single structure identically described sectors of
the economy, each being considered in terms of productivity levels, number of jobs and structural violations
(six-sector Lorenz model with variable coefficients that depend on the GHG level). The model makes it possible
to investigate how changes in the level of GHG and the interrelationships between different sectors of the
economy affect the risks of sustainable development and the general level of the quality of life of the
population. The conditions for the emergence of turbulent modes of operation, which lead to an increase in the
total number of structural violations and a decrease in the total level of productivity, have been determined. An
approach to assessing the level of threats to sustainable development under climate change is proposed.

Keywords: Lorentz model, mathematical modeling, model of economic development, optimal control,
deterministic chaos, climate changes.

VK 681.5
OcobimBocTi MojenoBaHHs Ta ineHTH(diKaUii KOrHITHBHMX KapT B yYMOBaX HeBH3Ha4eHOCTi /
B.®. I'ybapes, 10.JI. MinsBcbknii // Kibeprernka Ta cucremuuii ananis. 2023. Tom 59, Ne 4. C. 43-59.

AHorauis. Po3risiHyTO npouec ineHTH(iKalii CKIagHUX CHCTeM. BCTaHOBICHO, IO CTBOPUTH YHiBEp-
casibHUI MeToz ineHTu(iKaiii HemoxkuBo. Jlumne st 1oope 11eHTH(IKOBAHOI CHCTEMHU 3 BUCOKMM BiJHOIICH-
HSM CHTHAJ—IIYM JUIS KOXHOI OKPEMOi MOJHM CHCTEMH MOXKHA PEKOHCTPYIOBATH MOJEIb BHCOKOI SIKOCTI.
B iHmmX BUMajaKax, sKIIO iCHYIOTh MOJIH 3 JOCTATHBO HU3bKMM BiJHOLICHHSAM CUTHAJI-IIIyM, MOXHA OTPUMATH
JIMIIE CypOTaTHY MOAENb. JJIsi KOTHITUBHUX KapT Po3poOJICHO TEOPETUYHI OCHOBH, sIKi MOXKHA 3aCTOCYBaTH B
ITiIX0/1aX JI0 TIOUIYKY CYpOTraTHOI MOIEIIi, a IIOTIM IS TOKPAIEHHS Pe3yIbTaTy 3 BUKOPHCTAHHIM Pi3HUX aJIro-
PUTMIB HAIAIITYBaHHS Ta HABYAHHs. J|JIst OCIIIKEHHS mporiecy ieHTH(iKalil 3aCTOCOBAHO YNCIOBE MOCIIIO-
BaHHSI.

Ka104oBi ci10Ba: KOrHITHBHA KapTa, iIeHTH]IKALsl CUCTEM, METOJ BHIIJICHOTO MIAPOCTOPY, CKIaHa CUCTe-
Ma, HOraHa OOYMOBICHICTb, PeryJspU3allis.
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Features of modeling and identification of cognitive maps under uncertainty / V.F. Gubareyv,
Yu.L. Miliavskyi // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 43-59.

Abstract. A process of complex systems identification is examined in this paper. It was established that it
is impossible to create a universal identification method. Only for a well-identifiable system with a high
signal-to-noise ratio for each individual system mode, a high-quality model can be reconstructed. In other cases,
if modes with sufficiently small signal-to-noise ratio exist, only a surrogate model can be obtained. For
cognitive maps, theoretical foundations are developed, which may be used in approaches to find a surrogate
model and then to improve the result using different tuning and learning algorithms. Numerical simulation was
used to analyze the identification process.

Keywords: cognitive map, system identification, subspace method, complex system, ill-conditioning,
regularization.

YK 519.8

Perynsipusanisi BekTOpHOI 3ajayi 3 KBaApaTHYHUMHM KpuTepissiMu ontumizanii 3a Ilapero /
T.T. Jle6eneBa, H.B. Cemenona, T.I. Ceprienxo // Kibepneruka ta cuctemuuii anamiz. 2023. Tom 59, Ne 4.
C. 60-66.

Anoranis. CraTTs npHUCBSYEHAa HOBHUM pE3yJIbTaTaM MO0 pErylisipusaiii BEKTOPHUX (OaraTtokpu-
TepifHKUX) 33/1a4 ONTHMI3aLli Ha JOIyCTHMIl MHOXKHHI ZOBUTBHOI CTPYKTYPH 328 MOXJIMBHX 30ypeHb BXITHHX
JIaHUX BEKTOPHOTO KpUTepiro. Po3pobiieHo 1 00TpyHTOBAHO MiJXij 0 peryJsipusanii 3a1a4d 3 KBaApaTHYHUMH
KpuTepianbHUMH (QYHKIIIMU Tonryky MHokuHH Ilapeto.

Kurodosi cioBa: BekTOpHA 3a/1a4a, BEKTOPHMIT KpHTepiid, ontumanbHicTh 3a Ilapero, MHoxkuHa Crelirepa,
CTifiKicTh 3amadi, 30ypeHHs BXiTHHX JaHUX, KBaJpaTH4HI KpuTepianbHi (yHKUIi, peryispuzamis.

Regularization of the vector problem with quadratic criteria of Pareto optimization / T.T. Lebedeva,
N.V. Semenova, T.I. Sergienko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 60-66.

Abstract. The article is devoted to new results related to regularization of vector (multicriteria)
optimization problems on a feasible set of an arbitrary structure under possible perturbations of input data of a
vector criterion. An approach to regularization of the problems of finding the Pareto set with quadratic criterion
functions has been developed and substantiated.

Keywords: vector problem, vector criterion, Pareto optimality, Slater’s set, stability of the problem,
perturbations of initial data, quadratic criterion functions, regularization.

YK 519.6
Teopema mnpo miHimake ¢QyHKUiii Ha faexapToBOMy A00YTKY PpO3rajy:KeHHUX JaMaHUX JiHid /
M.I. Hluesinrep // Kibepneruka ta cucremHuid ananiz. 2023. Tom 59, Ne 4. C. 67-81.

Anorauis. JloBeneHo TeopeMy Mpo MiHIMake uid crienuivHoro kiacy (GyHKINH, BU3HAYCHUX HE Ha
OMYKJIUX MiAMHOXHHAX JTIHIHHOTO MPOCTOPY, & Ha JJaMaHUX JIHIAX y JTIHIHHOMY HpocTopi. IcHyBaHHS ¢imyoBoi
TOYKM I TakuX (YHKLIH He BUIUIMBAE OGe3M0CEpeiHbO 3 KIACHYHOI TEOpEeMH PO MiHIMakc i morpedye
IHIUBITyaJbHOTO aHAJI3Y, IO TPYHTYETHCS HA CIIIEHOMY BUKOPUCTaHHI METOMIB OITYKJIOTO aHaIi3y Ta Teopil
rpadiB. Y cTaTTi BUKOHAHO CaMOAOCTaTHii aHaii3 3aga4i. BoHa MicTUTh y co0i Bce, 10 NOTPIOHO VISt SICHOTO
PO3YMiHHS i JOBEJICHHSI OCHOBHOTO Pe3yJbTaTy 0e3 3aJy4eHHs IMOHATb, 10 BUXOJATh 338 MEXI CTaHAAPTHOT Ma-
TEeMaTUYHOI OCBITH imkeHepiB. CTATTIO aJApPEecOBAaHO JOCIITHUKAM, SIKI BHKOPHUCTYIOTh METOIH ONTHMi3alii y
NPUKIATHIA MeXaHill, eJeKTPOTEXHill Ta IHIIMX NPUKIATHUX HayKaxX, a TaKoX MaTeMaTHKaM-BHKJIaJadaM
OIKJIOTO aHaNi3y Ta METOMIB ONTHMIi3alii /Ui IHKCHEPIB.

KarouoBi ciioBa: MiHIMakc, CiuioBa TOYKA, ONMYKIMH aHaii3, ONTHMI3allis, PO3ralyKeHa JiaMaHa JIiHisl.

Minimax theorem for functions on the carthesian product of branching polylines / M.I. Schlesinger //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 67-81.

Abstract. The paper proves the minimax theorem for a specific class of functions that are defined on
branching polylines in a linear space, not on convex subsets of a linear space. The existence of a saddle point
for such functions does not follow directly from the classical minimax theorem and needs individual
consideration based both on convex analysis and on graph theory. The paper presents a self-sufficient analysis
of the problem. It contains everything that enables plain understanding of the main result and its proof and
avoids using concepts outside the scope of obligatory mathematical education of engineers. The paper is
adressed to researchers in applied mechanics, engineering and other applied sciences as well as to
mathematicians who lecture convex analysis and optimization methods to non-mathematicians.

Keywords: minimax, saddle point, convex analysis, optimization, branching polyline.
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VK 517.977

Moaudixosannii MeTox po3s’s3yBanbHUX (YHKUIH s irpOBHX 32124 KepYBaHHs 3 iHTerpajbHUMH
odomexennsamu / A.O. Ynkpiii, U.C. Pannonopt // KiGepuernka Ta cuctemuuii ananis. 2023. Tom 59, Ne 4.
C. 82-93.

Anorauis. Po3risaaroTbes niHilHI AudepeniaibHi irpu 3 iHTerpansHuMu oomexeHHs MU, Chopmynbo-
BaHO JIOCTaTHI YMOBH 3aKiHYCHHS T'PU 33 CKIHUCHHUI IapaHTOBaHUi yac y pasi, konu yMmoBa Hikonbchkoro He
BUKOHYETHCS. YBEACHO OaraTo3HavHi BioOpaXKeHHsI, 110 TOPODKYIOTh BEPXHI 1 HIKHI PO3B’A3yBalibHI QyHKIIT
CIELIAILHOTO THUITy. 3alpolIoHOBaHO Moau(iKoBaHi cxemu npsiMoro Merony Hikonbchbkoro Ta MeToxy po3s’s-
3yBaJIbHUX (YHKIIH, 0 3a0e3MedyioTh 3aBepIIeHHS TPU 3a CKIHUCHHUH rapaHTOBAaHMII Yac B Kiaci KBasicTpa-
Teril Ta cTpoOocKomYHUX crparerii. HoBiTHI TeopeTudHi pe3ysibTaTd MPOLTIOCTPOBAHO Ha KOHTPOJIBHOMY
npuknaai [ToHTpsriHa 3 OZHOTHUIHUMHU 00’ €KTAMH.

KurouoBi cioBa: niniliHa JudepeHnianbHa rpa, IHTErpasibHI 0OMeXeHHs, OaraTo3HavYHe BiTOOpa)XeHHs, PO3-
B’s3yBaJIbHI (DYHKIII, CTPOOOCKOIMIYHA CTpaTeris.

A modified method of resolving functions for control game problems with integral constraints /
A.A Chikrii, I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 82-93.

Abstract. The paper considers linear differential games with integral constraints. Sufficient conditions
for the game termination in a finite guaranteed time are formulated for the case where Nikolsky’s condition is
not satisfied. Multivalued mappings that generate the upper and lower resolving functions of special type are
introduced. The modified schemes of Nikolsky’s direct method and the method of resolving functions are
proposed, which ensure the game termination in a finite guaranteed time in the class of quasi-strategies and
stroboscopic strategies. The most recent theoretical results are illustrated by the reference Pontryagin’s example
with objects of the same type.

Keywords: linear differential game, integral constraints, multivalued mapping, resolving functions,
stroboscopic strategy.

VK 519.21

Ycepennenns B 3aayi KepyBaHHsi s audysiiiHoro mpouecy mnepeHocy 3 HaniBMapKOBChKMMH
nepemukanusivu / SI.M. Yabaniok, A.B. Hikirtin, ¥.T. Ximka // Kibepueruka ta cucreMHuit anamis. 2023.
Tom 59, Ne 4. C. 94-105.

Anoranis. [ToOynoBaHO rpaHNYHI reHepaToOpy JUIS CHCTEMH CTOXAaCTHYHUX JIM(EPEHIIaNbHUX PIBHAHD
3 HaNmiBMapKOBCHKUMH MEPEMUKAHHAMH Ta JU(y3iiiHIM 30ypEeHHSIM B yMOBaX iCHYBaHHs €/JUHOi TOUKM PiBHO-
BAru Kpirepito sikocti. Po3B’3aH0 ABOPIiBHEBY 3a/auy 3a HIPUITYILIEHHS iCHYBaHHs €IMHOTO KEPYBaHHS Ha KOX-
HOMY iHTepBaii. JIOCTI/DKEHO 3aJeKHICTh MOBEIIHKM I'PAHHYHOTO MPOLECY BiJl JOIPAHUYHOTO HOPMYBaHHS
CTOXACTHYHOI CHCTEMH B €ProJMYHOMY HaIiBMApPKOBCHKOMY CEPEIOBHILLI.

Kaio4oBi cj1oBa: BHIIAJKOBa €BOJIOLIS, CTOXaCTHYHA ONTUMI3allisi, HAiBMAapKOBCHKI MEPEMUKAHHS.

Averaging in the control problem for the diffuison transfer process with semi-Markov switches /
Y.M. Chabanyuk, A.V. Nikitin, U.T. Khimka // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4.
P. 94-105.

Abstract. The limit generators were constructed for the system of stochastic differential equations with
semi-Markov switches and diffusion perturbance under the conditions of the existence of a single equilibrium
point of the performance criterion. Assuming the existence of a single control on each interval, we solve a
two-level problem. The article examines how the behavior of the limit process depends on the pre-limit
normalization of the stochastic system in the ergodic semi-Markov environment.

Keywords: random evolution, stochastic optimization, semi-Markov switches.

YK 519.6

Y3aranbHeHHst MoJeni iHQeKuiliHOro 3aXBOpPHOBaHHS ISl BpaxyBaHHs copOuiiiHoi Tepamii B ymoBax
nugysiiinux 30ypenb / C.B. BapanoBcbkmii, AJSI. Bomba // KiGepHetuka ta cucreMHuid anamiz. 2023.
Tom 59, Ne 4. C. 106-116.

AHoTanis. Y3aralbHeHHIM 0a30B01 MOJIeNi 1HQEKIIHHOro 3aXBOPIOBAHHS 3 BUKOPHCTAHHAM i1eil Moze-
JIFOBAHHSI TIPOIECIB afcOPOIIifHOrO MacorepeHeceHHsl Ta Teopil 30ypeHb Mo0yJA0BaHO MaTeMaTHYHY MOJICIb
JMHAMIKH BipycHOI iH(eKIii B yMoBax ancopOuiifHoi Tepamii 3 ypaxyBanHsM audysiiiaux 30ypens. Ha ocHoBi
CHHTE3y MOKPOKOBOI MPOLEAYPH, ACHMITOTHYHOTO Ta YHUCEIBHHX METO/IB 3alPOIOHOBAHO OOYHCIIFOBAIBHY
TEXHOJIOTII0, siKa 3a0e3redye MoeTanHe HaOMMKEHHS PO3B’A3KYy MOJENIBbHOI CHHIYIJISIPHO 30ypeHoi 3amadui i3
3aIi3HEHHSM SIK 30yPEHHsI PO3B’A3KiB BiIMOBIIHIX BHPOKCHHX 3a1a4 Oe3 3amisnenHs. HaBeneno pesynpratu
KOMIT’ FOTEPHOTO MOJICTIOBAHHS, 1[0 LIFOCTPYIOTh IPOTHO3HUI BHECOK ajcopOLiiHOi Tepamii y mporec Hei-
TpaJti3awii BipyCHUX €JIEMEHTIB B OpPraHi3Mi JIFOJUHH. 3a3HAaUCHO, 110 e()eKTHBHICTH Jil aJICOPOCHTIB BU3HAYA-
THMETbCSI, 30KpPeMa, 4aCOM IXHBOTO BBE/ICHHSI, 110 BaXKJIMBO BPAXOBYBATH I1i{ 4aC NMPHITHSTTS PIlICHb MO0 3a-
CTOCYBaHHS BIIMOBIJHOI JOAATKOBOI Teparii y Hporpami JiKyBaHHsL.

Kurodosi cioBa: Mojenb iHpEKLifHOrO 3aXBOpIOBaHHs, COpOLiiiHa Tepais, JUHAMIUHI CHCTEMH i3 3alli3HEeH-
HSIM, aCHMIITOTHYHI METOIHM, CHHTYJSIPHO 30ypeHi 3ajadi, 30Cepe/KeHi BILIHBHL.
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Generalization of the infectious disease model to account for sorption therapy in conditions of diffusion
disorders / S.V. Baranovsky, A.Ya. Bomba // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4.
P. 106-116.

Abstract. A mathematical model of the dynamics of a viral infection under the conditions of adsorption
therapy, taking into account diffusion perturbations, was formed by generalizing the basic model of an
infectious disease using the ideas of modeling adsorption mass transfer processes and perturbation theory.
Based on the synthesis of a step-by-step procedure, asymptotic and numerical methods, a computing technology
is proposed that provides a stepwise approximation of the solution of a model singularly perturbed problem
with a delay as a perturbation of the solution of the corresponding degenerate problem without a delay. The
results of the computer modeling illustrate the predictive contribution of the adsorption therapy to the process
of neutralization of viral elements in the body. It is noted that the efficiency of the adsorbents will be
determined, in particular, by the time of their introduction, which is important to consider when making a
decision on the use of appropriate additional therapy in the treatment program.

Keywords: infectious disease model, sorption therapy, dynamic systems with delay, asymptotic methods,
singularly perturbed problems, concentrated influences.

YIK 620.179.1.001.5

Oco0.1MBOCTI 3aCTOCYBAHHSI Teopii PU3UKY Ta YHCEJIBLHOTO MOJCTIOBAHHSA /11 BH3HAYEHHS pecypcy
OyniBesab y 3o0ni Ooitopux paiii / FO.I. Kamwox, B.A. Jynin, M.I'. Map’enkoB, O.M. Tpodumuyk,
C.10. Kypam // Kibepueruka Ta cucremumii anams. 2023. Tom 59, Ne 4. C. 117-128.

AHoranisi. Po3risiHYyTO 0COOIMBOCTI 3aCTOCYBaHHS TEOPii PH3UKY Ta YHCEIBHOTO MOJCTIOBAHHS JUISL
BU3HAYEHHS pecypcy OyaiBenb y 30Hi 0oiioBux niil. HagaHo KinbKiCHY KOMIUIEKCHY OLIHKY 3HMXKEHHS Pecypcy
OyniBenb, 10 3a3HANH PyitHyBaHb. PO3p00ICHO KOMIUICKCHY MPUKIAIHY METOANKY BH3HAUYCHHS 3QITHIIKOBOIO
pecypcy OyaiBenb B 30HI 6oioBux aiif. IToOynoBaHo rpadiuny mozxens Oy/iBii 3 ypaxyBaHHSM pe3yJbTaTiB
Bi3yaJIbHOT'O OOCTEXKEHHs. 3IIMCHEHO pO3paxyHKH IMHAMIKH HAlpyKeHO-1e()OPMOBAHOrO CTaHy OYiBIIi.
OuiHeHO pPH3MKH PYIHYBaHHS KOHCTDPYKIH OyniBmi Ta moOynoBaHO KpUBY II JKHTTEBOTO IHKITY.

KumiouoBi ci1oBa: mMateMaTHYHE MOJEIIOBAHHSI, HAMpPYXKEHO-Ae(GOPMOBAHUN CTaH, pH3UK, OOHOBI AMHAMIYHI
BIUIUBH, XKUTTEBUH pecypc.

Peculiarities of applying the risk theory and numerical modeling to determine the resource of buildings in
a zone of influence of military actions / I. Kaliukh, V. Dunin, M. Marienkov, O. Trofymchuk, S. Kurash //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 117-128.

Abstract. The features of the application of the risk theory and numerical modeling to determine the
resource of buildings in the combat zone is considered. A quantitative comprehensive assessment of the
reduction in the resource of damaged buildings is given. A comprehensive applied method for determining the
residual resource of buildings in a combat zone is developed. A graphical model of the building is created,
taking into account the results of a visual survey. The dynamics of the stress-strain state of the buildings is
calculated. The risks of destruction of building structures are assessed, and a curve of their life cycle is
constructed.

Keywords: mathematical modeling, stress-strain state, risk, combat dynamic effects, life resource.

YJK 681.518.2, 681.514

ACUMIOTOTHYHA ONTHMAJBHICTH AJANTUBHUX CHCTEM 3 AJbTEPHATHBHUMHU €TaJOHAMH B YMOBaXx
HekJacupikoBaHoro HasyanHst / B.B. Ckauxos, B.B. Yenkiii, O.M. €¢pumuuxos, B.K. Hadoxk,
O.. €abuaninoB // KibepHeruka ta cuctemuuii anamiz. 2023. Tom 59, Ne 4. C. 129-138.

AHortauis. B ymoBax Heknacu(pikoBaHOrO HaBYAHHS IOCHIDKYETbCS ACUMITOTHYHA ONTHUMAIBHICTH
aJIaNTUBHUX CHUCTEM 3 JIBOMA aJbTEpHATHMBHUMHU eTanoHamu. OJMH 3 HUX BIJIOBiJae Kiacy paJioTeXHIYHUX
CTPYKTYp 3 aJIalITHBHOIO aHTCHHOIO PEIIiTKOI0, a APYTHil — 3 aanTUBHUM KOMIIGHCATOpOM nepemkoa. Onru-
MaJIbHICTh BH3HAYAEThCS 32 KPUTEPIEM BITHOIICHHs cUrHau/mepemkona. OTpUMaHO aHAIITUYHI BHPA3H ULl
OLIIHIOBAHHS aCHMIITOTHYHOI ONTUMAJILHOCTI aJalTUBHUX CHCTEM 3 aJbTepPHATHBHHMH eTaJoHaMU. JloBeneHo
iHBapiaHTHICTh CHCTEMH 3 aJAalTHBHOIO aHTCHHOIO PEIITKOIO 10 OyIb-iKOrO BHAY HABUAHHS Ta 30€peiKEHHS
ONTHUMAIBHOCTI PaIIOTEXHIYHOT CUCTEMHU B CUTYaIlil 3 KIHIIEBUM PO3MipOM HaBYalIbHOT BUOipku. OOGTpyHTOBaHO
000B’s13KOBICTh Kiacu(ikalii HaB4aIbHOI BUOIPKM Ha BXOJI CUCTEMHM 3 aJalNTHBHUM KOMIICHCATOPOM Iiepe-
KO/l B YMOBAX CHTHAJIbHO-IIEPEIIKOI0BOT HEBH3HAYEHOCTI.

KJ11040Bi ¢/10Ba: aCHMNTOTHYHA OI'ITI/IMaJ'II)HiCTI), aJanTuBHaA CUCTEMA, aJ'II)TepHaTI/IBHPIﬁ €TaJIOH, HCKJ'IaCI/IquKO-
BAaHC HaBYaHHIA.
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Asymptotic optimality of adaptive systems with alternative standards in unclassified learning situations /
V.V. Skachkov, V.V. Chepkii, O.M. Yefymchykov, V.K. Nabok, O.D. Yelchaninov // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 4. P. 129-138.

Abstract. The asymptotic optimality of adaptive systems with alternative standards, one of which
corresponding to the class of radio engineering structures with an adaptive antenna array and the other to the
class with an adaptive interference compensator, is investigated in an unclassified learning situation. The
optimality is determined by the criterion of signal-to-interference ratio. The analytical expressions for
evaluating the asymptotic optimality of radio engineering systems with alternative standards are obtained. The
invariance of the system with an adaptive antenna array to any kind of training is proved, and the property of
asymptotic optimality of the system is extended to the finite size of the training sample. The unbeddingness of
the classification of the training sample at the input of a radio system with an adaptive interference compensator
under conditions of signal-interference uncertainty is substantiated.

Keywords: asymptotic optimality, adaptive system, alternative standard, unclassified learning.

VJK 519.8
ACHMMNTOTHYHI BJIACTUBOCTI PO3B’SI3KiB AM(epeHiaIbHUX PIBHSAHL BHINMX NMOPS/IKIB HA y3araJbHeHHX
kiaacax leasaepa / FO.1. XapkeBuy, O.I'. Xanin // KibepHeruka ta cucremMuuii anamiz. 2023. Tom 59, Ne 4.
C. 139-146.

AnoTanis. JlocmimKkeHo AesKi aCHMITOTHYHI BJIACTHBOCTI PO3B’SI3KIB JAM(EpEeHIialbHUX PIBHIHDb
CIINITUYHOTO THITY 3 BUKOPUCTAHHSIM METO/IB Teopil HabJmkeHb. PO3rIIsHYTO anpoKCcHMaLiiiHi XapakTepucTu-
k1 omeparopiB Tumy IlyaccoHa sik po3B’si3kiB qu(epeHIiadbHUX PIBHAHDb BUIIUX HMOPSIKIB Ha y3araJbHEHUX
kacax ['enpziepa B piBHOMIipHiH Merpumi. Po3s’s3ano 3amauy Kommoroposa—Hikonbeskoro (y TepMiHOMIOTI
O.1. Crenanus) npo 3HaX0JDKEHHSI BEPXHbOT MEXKi BiAXUICHb (PYHKIIIH, BU3SHAYCHHUX 32 JOTIOMOTOK MOJYJIS He-
nepepBHOCTI, Bix oneparopiB AbGens—Ilyaccona Ta ['aycca—Beliepimitpacca B MeTpuili npoctopy 3raziasi ore-
patopu € OHUM 3 epEeKTUBHUX IHCTPYMEHTIB AOCIIIKECHHS MATEMaTHIHHX MOJEJICH, SKi BUHUKAIOTH i Yac
PO3B’s3aHH 0araTboX NPUKIAIHUX ONTHMI3aL[HHUX 3aj1ad.

KurouoBi ciioBa: ontumizariiini BracTHBOCTI (pyHKILIHM, anpoKCcUMaNiiiHi XapakTepucTuky, 3anaya Koiamoropo-
Ba—Hikosbscbkoro, omeparop Ab6ens—Ilyaccona, omeparop Iaycca—Beitepiurpacca, kiacu [embaepa.

Asymptotic properties of the solutions of higher-order differential equations on generalized Holder
classes / Yu.l. Kharkevych, O.G. Khanin // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 139-146.

Abstract. Some asymptotic properties of the solutions of elliptic-type differential equations are
investigated using the methods of approximation theory. The approximation characteristics of Poisson-type
operators as solutions of higher-order differential equations on generalized Holder classes in a uniform metric
have been investigated. In particular, the Kolmogorov—Nikol’skii problem (in O.I. Stepanets terminology) of
finding the upper bounds for the deviations of functions defined by the modulus of continuity from the
Abel-Poisson and Gauss—Weierstrass operators in the space metric is solved. The above-mentioned operators
are one of the efficient tools for the analysis of the mathematical models that arise when solving many applied
optimization problems.

Keywords: optimization properties of functions, approximative characteristics, Kolmogorov—Nikol’skii
problem, Abel-Poisson operator, Gauss—Weierstrass operator, Holder classes.

VJK 621.391.17

Meroauka BHOOPY CHHXponpeamOyJ1 ISl B32€MHO HEOPTOrOHAJILHUX NM(POBHX CHTHAIIB y cHCTeMax
eJ1eKTPOHHUX KOMYHiKaniii 3 BHIAJKOBHM MHOKHHHHM JocTynoMm / B.®. €poxin, O.B. Bakyienko //
Kibepuetuka ta cucremuuit anamiz. 2023. Tom 59, Ne 4. C. 147-158.

AwnoTanisi. Ha ocHOBI Teopii cTaATHCTHYHUX PIllICHb 3alPOIIOHOBAHO MiJXi/J 10 BHOOPY CHHXpOMpeaMOyt
JUIsL B3AEMHO HEOPTOTOHAIIBHUX LM(POBUX CHIHAIIB I1iJ] 4ac [AKETHOI lepejiadi y CHcTeMax eleKTPOHHNX 6e3-
JIPOTOBHMX KOMYHIKalliil 3 BHIIAJAKOBMM MHOXXHHHHUM JOCTYroM. Jlisi po3B’si3aHHSI 3a/ia4i BHUSIBICHHS CTaHy y
CIUIBHOMY KaHAJIBHOMY PECypPCi 3aCTOCOBAHO MHOXKHHH KBa310PTOrOHAJIBHUX MoCiigoBHOCTeH [Nonza, Kacami,
KamaneranHoBa Ta ixHi 00’ eqHanHs. Dakropu3aliist 3a/1a4 BUSBICHHS CTaHy B paJioKaHall 1 pO3AiIeHHI—IeMO-
JUyJISILiT METOIaMK Teopil 0araToKOpUCTYBAIIBKOTO JETEKTYBAHHS J1a€ 3MOTY YHUKHYTH €KCHOHEHIIIMHOTO 3poc-
TaHHs CKJIAJHOCTI alrOPHTMIB OOPOOJICHHS CHIHAIIB, 10 KOHQIIKTYIOT.

Ki110u0Bi c10Ba: B3a€MHO HEOPTOTOHAIBHI IU(POBI CUTHAIIH, B3a€MOKOPEIIAIINHI BIaCTHBOCTI CUTHAIIB, IHC-
KpeTHHH iH(pOpMaliiHUN TapamMeTp, NPaBUIO NPUHHATTA pillleHb, CHHXponpeaMOyJia, IMOBIPHOCTI TPAaBUIILHO-
ro Ta XMOHOTrO BHSBJICHHS MaKeTa.
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Method of choosing synchro preamble of mutually non-orthogonal digital signals in electronic
communication systems with random multiple access / V.F. Yerokhin, O.V. Vakulenko // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 4. P. 147-158.

Abstract. Using the theory of statistical decisions, an approach to the selection of synchro preambles for
mutually non-orthogonal digital signals during packet transmission in telecommunication systems with random
multiple access is proposed. It is proposed to use sets of quasi-orthogonal Gold, Kasami, Kamaletdinov
sequences and their combinations to solve the state detection problem in a common channel resource.
Factorization of the problems of state detection in the radio channel and separation-demodulation by the
methods of the theory of multi-user detection allows avoiding the exponential growth in the complexity of
algorithms for processing conflicting signals.

Keywords: mutually non-orthogonal digital signals, mutual correlation properties of signals, discrete
information parameter, decision rule, synchro preamble, probabilities of correct and false packet detection.

YIK 517.9: 519.6

KpaiioBi 3amaui apodoBo-audepenuiiinoi koHcoJinauiiiHoi JuHAMiKM 118 Modedi 3 NOXiAHOIO
Kanyro-®abpinio / B.M. ByaaBausknii // Kibepuernka Ta cucremumii amamiz. 2023. Tom 59, Ne 4.
C. 159-168.

Awnotanis. OnepKaHO 3aMKHEHI pPO3B’SI3KH [IESKHX KpaioBUX 3amad  IpoOoBo-audepeHIinHol
(uTbTpaLiHO-KOHCONIAALIHOT AUHAMIKM CTOCOBHO HEKJIACHYHOI MaTeMaTHYHOI MOJEII 3 ypaXyBaHHSM IIpoO-
CTOPOBO-4acOBOi HEJIOKAIBHOCTI mporuecy. Ll MarematmyHa Mopenb cGOpMyiIbOBaHA 3 BHKOPHCTAHHIM
noxinHoi Kamyro-®abpimio 3a yacoBoio 3MiHHOIO Ta Pimana-JliyBiiuis 3a reoMeTpHYHOIO 3MiHHOIO. Pazom 3
IpSIMOIO  33a7a4el0 KOHCOMifamii IIsi MacUBy CKIHUYEHHOI HOTYXKHOCTI PO3IVIIHYTO OOepHEHi KpaioBi 3amadi
LI0/10 BU3HAYCHHS HEBINOMUX (YHKIIN JuKepena, 3aJIeKHUX JIMIIE BiJl TeOMeTpU4HOi a00 yacoBoi 3mMiHHOI. Ha-
BEJICHO YMOBHU ICHYBAaHHS PEryJSIPHUX PO3B’S3KIB PO3IVIAHYTHX 3a/1auy.

KurouoBi c10Ba: MaTeMaTH4He MOJETIOBaHHS, JpoOoBo-1udepenniiina JiHaMika KOHCOTIJAiHAX IIPOLeciB,
TeONOPHCTI cepeloBuUINa, HEKIacuuHi Mozeni, noxigui Kamyro—®abpinio ta Pimana—JliyBins, kpaiiosi 3agadi,
3aMKHEHI PO3B’s3KM, NpsiMi Ta oOepHEHI 3ajaui.

Boundary-value problems of fractional-differential consolidation dynamics for the model with the
Caputo—Fabrizio derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4.
P. 159-168.

Abstract. Closed-form solutions to some boundary-value problems of fractional-differential
filtration-consolidation dynamics with respect to the non-classical mathematical model taking into account the
space-time nonlocality of the process are obtained. This mathematical model is formulated using the
Caputo—Fabrizio derivative for the time variable and the Riemann-Liouville derivative for the geometric
variable. Along with the direct consolidation problem for an array of finite thickness, the inverse
boundary-value problems are considered to determine the unknown source functions that only depend on the
geometric or time variable. Conditions for the existence of regular solutions to the considered problems are
given.

Keywords: mathematical modeling, fractional-differential dynamics of consolidation processes, geoporous
media, non-classical models, Caputo—Fabrizio and Riemann—Liouville derivatives, boundary-value problems,
closed-form solutions, direct and inverse problems.

VK 519.65

Yeoumoncoke HadmmkeHHs: ¢(ynknii 6ararbox 3MiHHHX 3 BigTBOpeHHsIM 3HaueHb (yHKmii Ta ii
yacTuHHNX noxiganx / I1.C. Manaviscewbknii, JI.C. Meabunvok, 51.B. Ilistop // KibepHeTnka Ta cucteMHumii
anamis. 2023. Tom 59, Ne 4. C. 169-180.

AHoTauis. 3anponoHOBaHO METOJ MO0y JOBH Ye€OHIIOBCHKOTO HAOMMKEHHSI AUCKPETHOI (YHKII] OaraTb-
OX 3MIHHUX 3 BIATBOPEHHSM 11 3HA4YEHb | 3HAUCHb ii YACTHMHHMX MOXIJHHUX Yy 3aJaHUX TOYKax. Meron IpyH-
TyeThCsl Ha TOOYJOBI I'PAHUYHOTO CEPEIHBOCTEIICHEBOrO HAOJVKEHHS 3 BiJNOBIIHUMH IHTEPIOJSALIHHUMEI
ymoBaMmH. JIjist oOyI0BH cepeIHbOCTENICHEBOro HaOIMKEHHsT BUKOPUCTAHO iTepawiiiHy cXxeMy Ha OCHOBI METO-
Jly HaMEHIINX KBaJpaTiB 31 3MiHHOI BaroBoto (yHkuiero. ITojgani pe3ynpTaTin HaONMKEHHS (QYHKIIT oxHiel
3MIHHOI MiATBEPKYIOTh BHKOHAHHS XapaKTEPUCTHYHOI BIACTHBOCTI YEOUIIOBCHKOrO HAOJIIDKEHHS 3 BiITBO-
pEHHsIM 3Ha4eHb (DYHKIII Ta 3HAYCHB il MOXIJHUX y 3a1aHuX Toukax. HaBeaeHi TecTOBI MpHKIan 3aCBiA4yIOTh
LIBUAKY 30DKHICTH 3alpOINOHOBAHOTO METOY.

KarouoBi cioBa: ueOHIIOBCHKE HAOMMKEHHs, YEOMIIOBChKE HAOMIKEHHS 3 YMOBOIO, (YHKLII OaraTbox
3MIHHHX, CEPEJHBOCTEIICHEBE HAOIKCHHS, METO/l HAWMEHIINX KBaJpaTiB, 3MiHHA BaroBa (yHKIisl, YaCTHHHI
MOXigHI.
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Chebyshev approximation of multivariable functions with reproduction of the values of the function and
its partial derivatives / P.S. Malachivskyy, L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 4. P. 169-180.

Abstract. A method for constructing the Chebyshev approximation of a discrete multivariable function
with reproduction of function’s values and partial derivatives at given points is proposed. The idea of the
method is based on the construction of the boundary mean-power approximation with the appropriate
interpolation conditions. An iterative scheme based on the least squares method with a variable weight function
is used to construct the mean-power approximation. The results of the approximation of the function of one
variable confirm the fulfillment of the characteristic property of the Chebyshev approximation with the
reproduction of the values of the function and the values of its derivatives at the given points. The test examples
confirm the fast convergence of the proposed method.

Keywords: Chebyshev approximation, Chebyshev approximation with the condition, multivariable functions,
mean-power approximation, least squares method, variable weight function, partial derivatives.

HOBI 3ACOBM KIBEPHETHKH, B NEW TOOLS IN CYBERNETICS,
IH®OPMATUKHU,OBYUCTIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH TA CUCTEMHOI'O AHAJII3Y ANALYSIS
V]IK 616-76

Komn’ioTepHo-mojie/ibHe BIOCKOHAJIEHHSI CHCTEMH aBTOMATHYHOIO KepyBaHHs iHCY/TiHOBOIO MOMIIOIO /
€.1. Coxoa, O.I. ConoBiioBa // KibepHernka Ta cucremHuii anamiz. 2023. Tom 59, Ne 4. C. 181-194.

AnoTaniss. OmnucaHo KOMIT' IOTEPHO-MOJEIBHY MOJCPHI3Alil0 CHCTEMU aBTOMATHYHOTO KEpyBaHHS
(CAK) 6Giorexniunoro cucremoro (bTC) incyninoTepamii «mamieHT—103aTop iHCYNiHY» 3 HaiOUIBII JOCKOHA-
JI0I0 IHTPaNepUTOHEANBHOIO 1HCYTIHOBOIO IOMIION0. [1o0y10BaHO MaTeMaTHYHY MOAEIb, IPOBEIECHO YHCIIOBI
EKCIIEPUMEHTH ISl JOCSTHEHHS HOPMOTIIiKeMil y mariieHTa 3 mykposum aiaderom (L[Z]) pisHOro cTymeHs Tsk-
KOCTI, Pi3HUM BHTJISIZIOM OT0 MIEPBHHHOTO TiMEPriIiKeMiYHOro MPpodiiio Ta pe)KUMOM XapdyBaHHs. Beranosie-
Ho, mwo us BTC incyminorepamii mpoTsroM mepiioi 106u poOOTH Aa€ MOXKIHBICTb 3HH3UTH OY/Ab-SKHI
rinepriikemMigHuil npodine manienra 3 LI/ 10 miTb0BOro HOPMOITIKEMIYHOTO MPOMIIIO 370pOBOI JIIOJUHN i
HaJali MiATPHMYBATH HOro HeoOMekeHO I0Bro. 3 BukopucTaHHsM nici BTC moxe Oyt po3B’s3aHa rojoBHA
TPHEIUHA 3a7a4a IHCYJiHOTepamil o0 nmoBHOI kommneHcauii L[] y mamienTa.

KurrouoBi ciroBa: GioTexHiuHa cuCTeMa, IHTpAaNepPUTOHEAIbHA 1HCYJIIHOBA IIOMIIa, MaTEMaTHIHA MOJIEIb, YHC-
JIOBI €KCIIEPUMEHTH, MoBHA komreHcaris /1.

Computer-model improvement of the automatic operate system of the insulin pump / E.I. Sokol,
S.S. Lapta, O.I. Soloviova // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 4. P. 181-194.

Abstract. The article describes the computer-model improvement of the automatic operate system (AOS)
of the biotechnical system (BTS) of insulin therapy “patient-insulin dispenser” with the most advanced
intraperitoneal insulin pump. The mathematical model is constructed; the numerical experiments for achieving
normoglycemia in a patient with Diabetes mellitus (DM) with varying degrees of severity, with various types of
his/her primary hyperglycemic profile and his/her nutrition regime are carried out. It is established that this BTS
of insulin therapy during the first 24 hours of its work gives the possibility to reduce any hyperglycemic profile
of the patient with DM to the target normoglycemic profile of a healthy person and then to support it for an
unlimited long time. That is, on its basis, the main triune task of insulin therapy for full compensation of
Diabetes mellitus in the patient can be solved.

Keywords: biotechnical system, intraperitoneal insulin pump, mathematical model, numerical experiments, full
compensation of Diabetes mellitus.
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