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VJIK 004.93.12

Bu3HayeHHs1 LEHTPOIAA Jia3epHOi MJISAMHU Yy IVIOLHMHI (OTOCEHCOpPa MYJbTHMEIiHHOI0 THPY HAa OCHOBI
MeToxiB iHTepmossinii Ta QinbTpanii ¢gparmenta 306paxkennss / C.B. Slpemenko, 0.B. Kpak //
KiGepuernka Ta cucremuumii anams. 2022. Tom 58, Ne 4. C. 3-11.

AHoTauist. Po3riisiHyTO 33124y BU3HAYCHHS LIEHTPOIa MPOEKIIT Ja3epHOT IUISIMH Ha TUIONIHMHI (HOTOCEHCO-
pa y MyJIbTUMEAIIHOMY THpI. 3alpOIIOHOBAHO JBOCTAITHUIT MIAXIA 10 po3B’s3aHHs wiei 3anaui. JlociHKeHO MOX-
JIMBOCTI IiJBUIICHHS TOYHOCTI BU3HAYEHHS IIEHTPOIa 3a PaXyHOK SIBHOTO BHIUICHHS KOHTYPIB IUISIMH (ApYyTHid
erann 0OpoOJIEHHS) 3aMicTb BH3HAYeHHs KpaiB IUIIMH 3 BHKOPHCTaHHsAM IHoporooi Oimapmsamii. IIpoBeneno
aHai3 MiAXO/AIB O BU3HAYEHHS KpaiB msimMu. [ls po3B’si3aHHS 3amadi 30UibleHo Maciutab dparmeHta 300pa-
JKEHHS 32 PaXyHOK IHTEPIIOJISLIT HOBUX TOYOK. J[OCIIDKEHO MOXKIIMBOCTI BUALICHHS KOHTYPY IUIAMH ILISIXOM 00-
pobGuienHst (parmeHTa 300paXkeHHsT (GiNbTpaMH HU3BKHX Ta BHCOKHMX 4acTOT. IIpoBeieHO MOPIBHSIBHY OLIHKY
TOYHOCTI 0a30BOr0O ANrOpUTMY TNOPIBHAHO 3 MoaudikoBaHuM BapianToM. ITokasano, mo MoaudikoBanuii anro-
puT™ 3abe3nedye IiIBUIIICHHS] TOYHOCT] BU3HAUCHHS 1eHTpoina Ha 30 %. ITinBUIIEHHS TOYHOCTI OCATHYTO 3a-
B/IKH TOMY, IO MOIM(IKOBAHHI METOA HAa/Ja€ 3MOTY 3HAXOJUTH KOHTYPH IUIAMH B SIBHOMY BHITISII.

KirouoBi c;10Ba: My IbTHMELIHHMI THD, Ja3epHA ILUISIMA, KOHTYP, LIEHTP Bark, (iIbTpH LU(PPOBOTo 300pakeHHS.

Determining the centroid of a laser spot in the plane of a multimedia shooting gallery sensor based on the
methods of interpolation and filtering of the image fragment / S. Yaremenko, Iu. Krak // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 4. P. 3-11.

Abstract. The authors consider the problem of determining the position of the centroid of a laser spot on
the plane of the photosensor in a multimedia shooting gallery. A two-stage approach to solving this problem is
proposed. The possibilities of increasing the accuracy of determining the centroid by explicitly highlighting the
contours of the spot (2nd stage of processing) instead of determining the boundaries of the laser spot through
threshold binarization are investigated. The approaches to determining the contours of the spot are analyzed. To
solve the problem, the scale of the image fragment was increased through the interpolation of new points. The
possibilities of highlighting the contour of the spot by processing a fragment of the image with filters of low
and high frequencies are investigated. A comparative assessment of the accuracy of the basic algorithm and that
of the modified version was carried out, which showed that the modified algorithm increases the accuracy of
determining the centroid by 30%. Higher accuracy was achieved because the modified method made it possible
to find the explicit contours of the spot.

Keywords: multimedia shooting range, laser spot, contour, centroid, digital image filters.

VK 004.891.2:614.446

IHTesiekTyaIbHA cHCTeMa NIATPUMKHM NPUAHATTA pimieHb s enigemiosorivynoi aiarnocruxu. II.
Indopmauniiini Texnouorii / K.O. BasineBuu, /.I. Yymauenko, JI.®. T'ynsnunbkuii, €.C. Meusiisios,
C.B. slxoBiaeB // KibGepHernka Ta cucremHuil anamiz. 2022. Tom 58, Ne 4. C. 12-23.

AHoTanis. Y crarTi 3anpoONOHOBAHO KOMIIOHEHTH IHTEJICKTYaabHOI CHCTEMH MiJTPUMKH HPUHHATTS
PpiLleHb JUTs emigeMioNoriyHol JiarHOCTHKU Ta AOCIIIKEHO iXHIO B3a€MOJII0 3 KopHCcTyBaueM. Jlo CKIagoBuX
CHCTEMH BKJIIOYEHO OaHK MOJiesIeil Ta MeTOIiB MAIIMHHOIO HaBUaHHs, OaHK MoJesIeil MOy IIiHOT JMHAMIKH,
3acobu Bi3yanizamii i popMyBaHHS 3BiTiB, 010K (h)OpMyBaHHS yNpaBIiHCHKUX pimreHb. HamaHo 3araibHy KOH-
nemnmito iHgopManiiiHoi TexHoxorii a1 rapanTyBaHHs 6io0e3mexu HaceneHHs. Po3po6iaeHo Mozens BapiaHTIB
BHUKOPHCTAHHS 3a3HaueHOi iH(pOpMalLiifHOT TeXHOIOTIl KOPUCTyBayeM Ta MOoOyJOBaHO Jiarpamy MOCiJOBHOC-
Teil. 3anpONOHOBAHO MO/IENIb KOMIIOHEHTIB iH(YOPMAIiHOT TEXHOJIOTIT Ta HIIAXH IX PO3TOPTaHHS Ha cepBepi.

KurouoBi coBa: cucrema HMiATPUMKH DPUHHATTS pilleHb, iHGopManiiiHa TeXHOJIOTIs, emifgeMioIoriyna jiar-
HOCTHKA, MAllMHHC HABYAHHS, MOMYIAMiMHA JMHAMIKA.

Intelligent decision support system for epidemiological diagnostics. II. Information technology
development / K.O. Bazilevych, D.I. Chumachenko, L.F. Hulianytskyi, I.S. Meniailov, S.V. Yakovlev //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 12-23.

Abstract. The article projects the components of the intelligent decision support system for
epidemiological diagnostics and investigates their interaction with the user. The system includes a bank of
models and machine learning methods, a bank of population dynamics models, visualization and reporting
tools, and management decision-making unit. The concept of information technology to ensure biosafety of the
population is provided. A model of specified information technology use cases is developed and a sequence
diagram is constructed. A model of information technology components and ways of their deployment on a
server are proposed.

Keywords: decision support system, information technology, epidemiological diagnostics, machine learning,
population dynamics.
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VK 519.854.3
AJITOPUTM PO3B’SI3yBaHHS CYNepMOAYJIAPHUX (max, +) 3aga4 po3MiTKH i3 CAMOKOHTpPOJIeM Ha OCHOBi
cyérpagientnoro cnycky / B.M. Kpurin, P.O. Xomenko // Kibeprueruxa Ta cucremnnii ananiz. 2022. Tom 58,
Ne 4. C. 24-31.

AuoTanisi. Po3risiHyTO anroput™, skuit st Oyap-sKoi mogaHol Ha BXin (max, +) 3amadi po3MiTKd 3
LIIOYMCEIPHIME BaraMy HaJacTh Ha BHXIJ OAHY 3 JBOX BiANOBigeil: abo po3B’si30k y (opmi onTHMaIbHOT
po3miTkH, abo (pasy «3ajaua He € CyNepMOJLYISIPHOIOY, IIPH 1(bOMY Oy/ib-siKa BiJIIIOBI/Ib rapaHTOBAHO Oy/1e KO-
pekTHO. CaMOKOHTPOIIB y PO3IIi3HaBaHHI 00pa3iB MOJIATae y TOMY, IO HE KOPUCTYBAy IPUIMae PilIeHHs, HA
sIKe MUTAHHs TpeOa BIAMOBICTH, @ CaM aJrOPUTM BHPIIIYE, IO MOTPAILISLE y 30Hy HOr0 KOMIETEHTHOCTI. [HIIOI0
0COOJIMBICTIO aJITOPUTMY € Te€, 10 BiH HE MOTPedye BiJIOMOT BIOPSAKOBAHOCTI MITOK JJIsi CYHEPMOJIYJISIPHUX 3a-
nmad. ['apaHTiio CKiHUEHHOI KiMBKOCTI KPOKIB 3a0e3revy€e BUKOPHCTAHHS CyOrpaji€HTHOrO CIYCKY 1 LiIOYH-
CeJIbHICTh Bar BEpILIMH Ta pedep.

KuarouoBi cioBa: (max, +) 3agadi po3MITKH, CyNepMOAYJISPHI 3a/1a4i PO3MITKH, CAMOKOHTPOJIb y PO3Mi3Ha-
BaHHI 00pa3iB, JAMCKpETHA ONTHMi3alis, rpadoBi MOAENi, CTPYKTYPHE pO3Mi3HaBaHHA 00pas3iB.

Self-driven algorithm for solving supermodular (max, +) labeling problems based on subgradient descent
/ V. Krygin, R. Khomenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 24-31.

Abstract. An algorithm presented in this article gives a correct answer to one of the two questions for
any (max, +) labeling problem with integer weights: either “What is the best labeling?” or “Is the problem
supermodular?”, and this answer is guaranteed to be correct. The algorithm is called self-driven because the
user cannot decide which of the two questions will be answered — this decision is up to the algorithm. Also,
the algorithm does not need to know the order of labels if the problem is supermodular. The finite execution
time of the algorithm is guaranteed for integer weights of vertices and edges and use of subgradient descent.

Keywords: (max, +) labeling problems, supermodular labeling problems, self-driven pattern recognition,
discrete optimization, graphical models, structural pattern recognition.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

VIK 519.217.2+616.006

AHasi3 OiIKOBHX CTPYKTYp INIa3MH KpOBi NHpHu riioMax 3 BHKOpHUTcaHHSAM bBaecoBux mnpouenyp
po3mizHABaHHSI HAa MoAensx JganmoriB MapkoBa / AM. I'yman, AL Tapacos // KiGepHernka Ta
cucremuuii anamis. 2022. Tom 58, Ne 4. C. 32-37.

Anorauis. Po3risHyTo 3acTocyBaHHs baecoBux mpoueayp po3mi3HaBaHHS Ha MOJIENi JIaHIIoTiB Mapko-
Ba 10 BHBUCHHS 3alajbHUX MPOINECIB IpH ririoMax. I[IpoaHanizoBaHO MOKA3HUKU OIIKOBHX CTPYKTYp IUIa3MH
KPOBI IPH IJTiIOMax, METACTa3ax Ta YCPEIIHO-MO3KOBOMY CTPYCi, OTPHMaHi 3a JOMOMOIOIO JIa3¢PHOr0 CIIEKTPOTr-
pada. 3po0IIeHo NOPIBHUIBHUN aHANI3 pe3yIbTaTiB PO3Mi3HABaHHS HA 0a3i OLIKOBHX CTPYKTYp 3a IOKa3HHKAMU
[IOBEPXHEBOT'0 IIJIA3MOBOT'0 PE30HAHCY Ta MOU(IKOBAHOT IBUIKOCTI OCIIAaHHS EPUTPOLIUTIB MPH TIIIOMaAX.

KumouoBi ciioBa: baecoBi npoueaypu po3nizHaBaHHs, JIAHIIOTH MapKoBa, rIioMH TOJOBHOTO MO3KY, METacTa-
3, JIa3ePHUIA criekTporpad, OLIKOBI CTPYKTYpH ILUIa3MH KpOBi.

Analysis of protein structures of blood plasma in gliomas using Bayesian recognition procedures on the
Markov chain model / A.M. Gupal, A.L. Tarasov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4.
P. 32-37.

Abstract. The authors consider the application of Bayesian recognition procedures on Markov chain
models to the inflammatory processes in gliomas. Indicators of protein structures of blood plasma in gliomas,
metastases, and craniocerebral disease obtained with the help of a laser spectrograph are analyzed.
A comparative analysis of the results of recognition on the basis of protein structures in relation to the
indicators of surface plasmon resonance and modified erythrocyte sedimentation rate in gliomas is carried out.

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

YVIK 519.21
Hesiki 6araToBuMipHi cToXacTH4Hi Mo/leJli KepyBaHHs 3anacamH i3 cenapadeibHo0 pyHKuUicro BUTpaT /
II.C. Knomnos, T.B. IleneasieBa // Kibepueruka ta cuctemuuil anamiz. 2022. Tom 58, Ne 4. C. 38-45.

Amnotaunis. JlocmipkeHo 6araToHOMEKIaTypHI MOJeNi Teopii 3amaciB 3 BUKOpUCTaHHAM (haKTiB Teopii 6a-
raTOKOMITOHCHTHHX KEPOBAHUX BHITAQ[KOBUX MPOLECIB. PO3IIISHYTO MapKOBCHKI Ta HAIliBMAapKOBCHKI KEPOBaHi
CTOXACTUYHI CUCTEMH. BU3HAYE€HO CTPYKTYpy ONTUMAIBHOI CTpaTerii i 6araTOHOMEHKIIATYPHOI CHCTEMH 3a-
Iacis.

KirouoBi ci1oBa: MapkoBCBbKI IIpoLecH, KepyBaHHS 3amacaMy, (s, S)-CcTpaTeris, KpHTepii ONTHMAaIbHOCTI,
ONTHMAJIbHA CTPATEris.
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Some multi-dimentional stochastic models in inventory control with separable cost function /
P.S. Knopov, T.V. Pepelyaeva // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 38-45.

Abstract. Multi-task models of the inventory theory are investigated with the use of the facts of the
theory of multi-component controlled random processes. Markov and semi-Markov controlled stochastic
systems are considered. The structure of optimal strategy for multi-task inventory system is determined.

Keywords: Markov processes, inventory control, (s, S)-strategy, optimality criterion, optimal strategy.

YK 519.85
OnTumizauifini 3agavi ana makcumaasHoro k-miexca / ILI. Cremiox, O.M. Xom’sik, €.A. Baoxin,
A.A. Cynpyn // Kibepueruka ta cuctemuuii anamis. 2022. Tom 58, Ne 4. C. 46-58.

Anoranis. IT00yI0BaHO KBAaApaTHYHY ONTHMIi3aliiiHy 3amady UL 3HAXOKCHHS MAaKCHMaIbHOTO
k-mnekca y HeopientoBaHoMy rpadi. HaBeneHo nBa cimeilicTBa (yHKIIOHAIBHO HA/UIMIIKOBUX KBaJAPATHYHHUX
0OMEKEHb, SIKI OTPUMAHO 32 JOMOMOro0 oOMexeHs bymneBoi 3amaui s makcumansHoro k-rekca. Jlocimimke-
HO BIUIMB (DYHKI[IOHAJIBHO HAJIMIIKOBUX OOMEXKEHb Ha MOKPAIICHHS TOYHOCTI JIarpamkeBUX JBOICTHX OLIHOK
JUISL TUTEOBOT (DYHKIIT KBagpaTHIHOI 3a4adi. Po3po0iieHo aaropuT™ Momyky BCiX MaKCHMAIbHUX K-IUIeKciB Ta
HABEJICHO PE3y/IbTaTH TECTOBUX CKCIEPUMEHTIB Ul Horo peaiizamii 3a JONOMOTrOI0 IPOrPaMHOrO IHaKeTa
GLPK (GNU Linear Programming Kit).

KurouoBi cioBa: mMakcumanbHui k-1uieke, MakcUMaibHa KJIika, KBaJpaTHYHA ONTHMIi3aliliHa 3agada, Bynesa
3aj1a4a JIHIHHOTO ITporpamMyBaHHsl, (yHKIIOHAILHO-HAUTUIIIKOBE 0OMExKeHHsI, JlarpaHykeBa JIBOICTa OIlHKA.

Optimization problems for the maximum k-plex / P.I. Stetsyuk, O.M. Khomiak, Ye.A. Blokhin,
A.A. Suprun // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 46-58.

Abstract. A quadratic optimization problem for finding the maximum k-plex in an undirected graph is
constructed. Two families of superfluous quadratic constraints are presented, which are obtained by means of
constraints of the Boolean linear programming problem for the maximum k-plex. The influence of superfluous
constraints on the improvement of the accuracy of Lagrangian dual bounds for the objective function of the quadratic
problem is investigated. An algorithm for searching all the maximum k-plexes is developed and the results of test
experiments for its implementation using the GLPK software package (GNU Linear Programming Kit) are presented.

Keywords: k-plex, undirected graph, quadratic optimization problem, dual bound.

VK 519.85
PewriTyacre mokpurTs Ky0oina MminiMaabHOI0 KijabkicTio miBedep / FO.I. Crosn, T.€. Pomanosa,
O.B. [lankparos, A./l. Tepsimes // KiGepretnka Ta cucremnnii ananiz. 2022. Tom 58, Ne 4. C. 59-69.

AHoTanis. Po3rsiHYyTO 3amady YacTKOBOTO pEMITYACTOrO MOKPHUTTS KyOoima 3amaHuX po3MmipiB
MIHIMAJIBHOIO KITBKICTIO OJHAKOBHX MiBcdep i3 3a1aHuM KoediieHToM MOKpUTTs. [100y10BaHO MaTeMaTHIHy
MOJICJIb Y BUIJISIII 3a/1a4i 3MILIIAHOT'O LIJIOYMCIIOBOTO HEJIIHIHHOTO IIPOrpaMyBaHHs. 3alipOIIOHOBAHO METOJI PO3-
B’s13aHHS, B SIKOMY 3aCTOCOBAHO i/I€I0 penaKcallii 3a/1a4i TPHBUMIPHOTO IIOKPUTTS 10 3a/a4i MOKPHUTTSI PSIMO-
KyTHOI 00J7acTi CiM’€10 OJHAKOBUX KPYTIiB pajiyca, IO 3aJICKUTh BiJl BUCOTH KyOoina, paaiyca miBcdep Ta
BiJICTaHI MK LEHTpaMu cycifHix miBcep. HaBeaeHo pe3ynbTaTti 00UUCITIOBATBHUX €KCIIEPUMEHTIB IS IPH-
KJIaJHOT 3a7avi ONMTHUMi3alii PO3MIIIEHHsI CEHCOPIB y 3aJaHiil TPUBHMIpHiH oOmacTi.

KiouoBi caoBa: miBcepa, pemritdyacTe HOKPHUTTS, KyOoim, MaTeMaTH4YHa MOJEINb, ONTHMi3allis.

Lattice coverage of a cuboid with minimum number of semispheres / Yu. Stoyan, T. Romanova,
O. Pankratov, A. Tevyashev // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 59-69.

Abstract. The problem of partial lattice coverage of a cuboid of given dimensions with a minimum
number of identical hemispheres with a given coverage factor is considered. A mathematical model in the form
of a mixed integer nonlinear programming problem is constructed. A solution algorithm is proposed. The
problem of three-dimensional coverage is reduced to the problem of covering a rectangular area by a family of
identical circles of radius that depends on the height of the cuboid, the radius of the hemispheres, and the
distance between the centers of neighboring hemispheres. The results of computational experiments for the
problem of optimizing the placement of sensors in a given three-dimensional domain are provided.

Keywords: hemisphere, lattice coverage, cuboid, mathematical model, optimization.

VJK 517.9: 519.6
Jeski nBoBuMipHi kpaiioBi 3axa4i ¢insTpaniiinoi TuHamiku 1151 Mozeeii 3 nponopuiiiHolo MmoxigHOO
Kanyro / B.M. BynaBanbkmii / KiGepuernka Ta cucremuuil anamiz. 2022. Tom 58, Ne 4. C. 70-81.

Anoranis. OnepkaHO 3aMKHEHI PO3B’SI3KM JESKUX JABOBHMIPDHHX HECTAI[lOHAPHUX KpaioBHX 3agay
¢urpTpaniitHoi TMHAMIKH B TPIIIMHYBAaTO-NOPHCTUX IUIACTAX, IOCTABICHHUX UL JPOOO0BO-IH(epeHIIHIX Ma-
TeMaTUYHUX Mojeieil. Bkaszani maremarudHi Mozeni moOyJOBaHO 3 BHKOPHCTAHHSM Yy3arajibHEeHOI (Ipo-
nopuiitHol) noxianoi KamyTo 3a yacoBoro 3MiHHOIO Ta noxXigHux Pimana—JIiyBinist 3a reOMETpUYHUMY 3MIHHU-
MH. PazoMm 3 mpsmoro 3aadero po3risIHYTO 1 JBOBUMIpPHY OO€pHEHY KpaloBY 3ajqady BH3HAUCHHs HEBiIOMOI
(dyHKUIT oKepena, 3aI€KHOT JIUIIE BiJl FEOMETPUYHUX 3MIHHUX. HaBeseHO yMOBH iCHYBaHHS PEryJIsipHUX PO3-
B’SI3KIB PO3MIISHYTUX 3aaad. J[J1s OKpeMOoro BUIAJKY JIMIIE 4aCOBOI HEJIOKAIBHOCTI (iIbTpaliifHOro mporecy
po3B’si3aHa KpaiioBa 3ajiada 3 HEJIOKAIbHUMH T'PAHHYHHMH yMOBaMH.
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Kurodosi cioBa: mMaremMaTHdHe MOJEIIOBAHHSA, APp0oOOBO-IMdepeHIiiiHa THHaMIKa (inbTpaliiHIX TPOIIECiB,

TPILIMHYBATO-MIOPUCTI  CEPEIOBHUINA, HEKJIACHM4YHI Mojeii, mponopuiiiHa noxigHa KamyTo, moxinHa

Pimana—JliyBiyuis, 1BOBHMIpHI KpalioBi 3amadi, oOepHeHi 3a1adi, 3aa4i 3 HEJIOKAIBHIMH YMOBAMH, 3aMKHEHI
>

PO3B’SI3KH.

Some two-dimensional boundary-value problems of filtration dynamics for models with proportional
Caputo derivative / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 70-81.

Abstract. Closed solutions are obtained for some two-dimensional non-stationary boundary-value
problems  of filtration dynamics in fractured-porous formations, posed within the framework of
fractional-differential mathematical models. These mathematical models are constructed using the generalized
(proportional) Caputo derivative with respect to the time variable and Riemann—Liouville derivatives with
respect to geometric variables. Along with the direct problem, we also consider a two-dimensional inverse
boundary-value problem for determining the unknown source function that only depends on geometric
variables. Conditions for the existence of regular solutions of the considered problems are given. For a separate
case of only time nonlocality of the filtration process, a boundary-value problem with nonlocal boundary
conditions is solved.

Keywords: mathematical modeling, fractional-differential dynamics of filtration processes, fractured-porous
media, non-classical models, proportional Caputo derivative, Riemann-Liouville derivative, two-dimensional
boundary-value problems, inverse problems, problems with non-local conditions, closed-form solutions.

V]IK 517.988

30ixkHicTh MeTOqy ekcTpanoJsinii 3 MHHYJIOr0 [Js BapialiliHUX HepiBHOcTell B PiBHOMIPHO ONMyKJIHMX
BanaxoBux npocropax / B.B. Cemenos, C.B. [lenucos // KidepueTtuka ta cucremuuii ananis. 2022. Tom 58,
Ne 4. C. 82-93.

AwnoTanis. JlocipKeHo [Ba HOBI aJrOpUTMH Ul PO3B’s3aHHs BapiauiiiHux HepiBHocTell y banaxoBux
npocropax. [Tepumii anropurm — Moauikanis ABoeTanHoro Metoay Ilomnosa, 10 BUKOPUCTOBYE y3arajabHEHY
npoexiiro AnpOepa 3aMicTh METPHYHOL. JIpyruil alropuT™ € aJaiTHBHAM BapiaHTOM HEPILIOTro, ¢ BUKOPHUCTO-
BYETHCsI IPABHIIO [IOHOBJICHHS BEJIMYMHN KPOKY, IO HE BUMArae 3HaHHs JIIMIKMIEBUX KOHCTAHT Ta 00YHCIICHD
3HAYCHB OIEPATOPa B JOAATKOBUX TOUKax. J{yist BapiauiiHuX HepiBHOCTEH 3 MOHOTOHHMMH, JliNuIieBUMH Orre-
paropamu, IO Ail0Th B 2-pIBHOMIPHO OIyKJIOMY Ta PIBHOMIpPHO I1aIkoMy baHaxoBomy mpocTopi, JI0BEACHO Te-
opeMH po ciabKy 30DKHICTH METOIB.

KmiouoBi caoBa: BapiamiiiHa HepiBHICTb, MOHOTOHHHII oOIlepaTop, y3aradbHeHa MpOEKIis Aubbepa,
2-piBHOMIpHO omykiauii baHaxiB mpoctip, piBHOMIpHO rnajakuii banaxiB mpocTip, anropuTM, 301KHICTb.

Convergence of extrapolation from the past method for variational inequalities in uniformly convex
Banach spaces / V.V. Semenov, S.V. Denisov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4.
P. 82-93.

Abstract. The authors analyze two new algorithms for solving variational inequalities in Banach spaces.
The first algorithm is a modification of Popov’s two-stage method that uses the Albert generalized projection
instead of the metric one. The second algorithm is an adaptive version of the first one, where the step size update
rule is used, which does not require knowledge of the Lipschitz constants and calculation of the operator values at
additional points. For variational inequalities with monotone, Lipschitz operators acting in a 2-uniformly convex
and uniformly smooth Banach space, theorems on the weak convergence of the methods are proved.

Keywords: variational inequality, monotone operator, Albert generalized projection, 2-uniformly convex
Banach space, uniformly smooth Banach space, algorithm, convergence.

VK 519.6

Y3arajibHeHHs1 MoJieJli IPOTHBIPYCHOT IMYHHOI BIIIOBI/Ii VISl KOMILIEKCHOTO ypaxyBaHHsi Judy3iiinux 30ypeHs,
TeMIIepaTypHOI peakuii opraHi3My Ta JIOTriCTHYHOI nomy.isiuiiiHoi quHamiku anTureHis / C.B. BapaHoBchKkwii,
ASl. Bomoa, C.I. JIsimko / Kibepuetnka Ta cuctemuumii anams. 2022. Tom 58, Ne 4. C. 94-111.

AHoTanis. Y3araJbHeHO MaTeMaTHyHy Mojenb Mapuyka—IlerpoBa nmpoTHBipyCHOI iMYHHOT BiJmOBil
JUIsL KOMIUIGKCHOTO ypaxyBaHHs IU(y3iiiHHX 30ypeHb, 30CEpE/KCHHX BIUIMBIB, TEMICPATYpHOI peaxiil
OpraHi3My Ta JOTiCTHYHOT TOMYJIAIiHOT JMHAMIKH BIDYCHHX €JIEMEHTIB i aHTUTLI HA PO3BUTOK iH(EKIIHHOTO
3aXBOpIOBaHHs. P0O3pO0JICHO IOKPOKOBY IIPOLEIYPY YHCEIBHO-aCHMIITOTUYHOIO PO3B’SI3aHHS BIiIMOBIIHUX
CHHTYJISIPHO 30ypeHHX 3ajad i3 3amisHeHHsAMH. HaBeleHO pe3ylbTaTH KOMII'IOTEPHOIO MOJCIIOBAHHS, SIKi
UTFOCTPYIOTh BIUIMB «MOJICTBHOTO» 3HM)KEHHS MaKCHMAaJbHOTO PIiBHS KIUIBKOCTI QaHTUTCHIB B CIIIICHTPI 3apa-
JKEHHsI BHACHIIZIOK IXHBOTO AU(Y31HHOTO «PO3CIFOBAHHS», TEMIIEPATYPHOT peakIil OpraHi3mMy Ta JOTICTUYHOI 10-
MyJSIIHHOT TMHAMIKH BIpYCiB Ha Xapakrtep mnepediry iH(eKuiiHOro 3aXxBOpIOBaHHs, 30KpeMa i 3a HassBHOCTI 30-
Cepe/DKEHNX [DKEepEN aHTUIEHIB. 3a3HAa4eHO, L0 Taka CHCTEMHA Iis BKA3aHHX YHHHHKIB MOXKE CHPHYMHHUTH
3HIDKEHHS 109aTKOBO HAJKPUTHYHOI KOHIIEHTpALlii aHTUTeHIB 10 PiBHS, MICJIs SKOr0 IXHIO HeWTpaizamiio i BU-
BEJICHHS 3 OpraHi3My Oy/e 3a0e3ledeHo HAasBHUM PIBHEM IMYHHOTIO 3aXHCTY, IO € BXJIMBUM I 4ac IpHii-
HATTS PIlIEHb IIOJ0 HEOOXiTHOCTI 3aCTOCYBAHHS 30BHIIIHBOTO «JIIKyBaJbHOT0» BILIUBY.

KurrouoBi ciioBa: Mozens NPOTUBIPYCHOI IMyHHOI BiJNOBiAI, JMHAMIYHI CHCTEMH i3 3aIli3HEHHSM, aCHMIITO-
THUYHI METOJH, CHHTYJIPHO 30ypeHi 3amadi, 30Cepe/DKEeHi BIUIMBH, JIOTICTHYHA JMHAMIKA.
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Generalization of the antiviral immune response model for complex consideration of diffusion
perturbations, body temperature response, and logistic antigens population dynamics / S.V. Baranovsky,
A.Ya. Bomba, S.I. Lyashko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 94-111.

Abstract. The Marchuk—Petrov mathematical model of antiviral immune response is generalized for
complex consideration of diffusion perturbations, concentrated influences, body temperature response, and
logistic population dynamics of viral elements and antibodies to the development of infectious disease.
A step-by-step procedure for numerically asymptotic solution of the corresponding singularly perturbed
problems with delays is developed. The authors present the results of computer simulation, which illustrate the
“model” reduction of the maximum level of antigens in the epicenter of infection due to their diffusion
“scattering,” body temperature response, and logistic population dynamics of viruses on the nature of infectious
disease, including the presence of concentrated sources of antigens. It is emphasized that such a systemic effect
of these factors can reduce the initial supercritical concentration of antigens to a level after which their
neutralization and excretion will be provided by the existing level of immune protection, which is important in
deciding whether to use external “therapeutic” effects.

Keywords: model of antiviral immune response, dynamic systems with delay, asymptotic methods, singularly
perturbed problems, concentrated influences, logistic dynamics.

VIK 519.22
Metoa ontumizauii Hagilinocti, ansrepHaruBHuii bPOE / B.A. IleneuasieB, O.M. Tosonnikos,
H.O. T'ononnikoBa // Kibepuernka Ta cucremuuil anamis. 2022. Tom 58, Ne 4. C. 112-116.

AmnoTanisi. Po3pobieHo HOBHI MeTox onTHMizanii HagilHOCTI, ambrepHaTHBHUN Mertony bPOE. [lms
MOPIBHSHHS e()eKTHBHOCTI POOOTH 3aIIPOIOHOBAHOIO METOLy Ta opuriHansHOro Meroxy bPOE Oymo mposene-
HO YHCEJIbHI €KCIIEPUMEHTH 3 BUKOPUCTAHHSM JIBOX Pi3HUX HAaOOpIB TaHUX. AHaJI3 pe3yJIbTaTiB 00UYUCIICHb 110-
Ka3aB, IO BOHU OJHAKOBI I 000X METOIB.

Kumouosi cioBa: bPOE, CVaR, Minimizaris #MOBIpHOCTI BiIMOB, XBicT (YHKLII po3nozity, (pyHKIsS BTpart,
TIOPIT.

Reliability optimization method alternative to bPOE / V.A. Pepelyaev, A.N. Golodnikov,
N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 112-116.

Abstract. A new method of reliability optimization, alternative to the bPOE method, is developed. To
compare the efficiency of the proposed method and of the original bPOE method, numerical experiments were
performed using two different data sets. Analysis of the calculations showed that both methods gave the same
results.

Keywords: bPOE, CVaR, minimization of failure probability, tail distribution function, loss function,
threshold.

VK 519.6
MareMaTH4YHe MOJIETIOBAHHS CTAHY IMHAMIYHMX MYJIbTHUILIIKATUBHO HeJiHiliHUX cuctem / B.A. Crosin //
KibepHernka Ta cucremHmii anamiz. 2022. Tom 58, Ne 4. C. 117-128.

AmnoTaunis. [TocraBieHo i 3a cepeIHbOKBAPATHYHIM KPUTEPIEM PO3B’I3aHO MOYATKOBO-KpaifoBi 3a1aui
JIMHAMIKH HETiHIHHHX IPOCTOPOBO PO3MOIIICHHX CHCTEM. PO3IIISIHYTO cHCTeMH, MateMaTHYHA MOJENb SIKHX
noOynoBaHa 100yTKOM ABOX (200 KibKOX) Hu(epeHmianbHUX IePeTBOPeHs IXHIX (yHKnii cTany. Bygyrortses
AQHAJITUYHI 3aJIKHOCTI i€l QyHKIIT 32 HAsIBHOCTI TUCKPETHO 1 HETIEPEPBHO BH3HAYEHUX IMOYATKOBO-KPAHOBUX
CIOCTEPEXKEHDb 38 HUMH, 0€3 OOMEKEHb HA KUIBbKICTh Ta AKICTh OCTAaHHIX. OIIIHEHO TOYHICTh MHOKUH OTpHMa-
HHUX PO3B’SI3KIB Ta JOCII/UKEHO 1XHIO OJHO3HAUHICT.

KuiiouoBi cjioBa: HelniHilHI JUHAMIYHI CHCTEMH, CUCTEMHU 3 HEBH3HAUYCHOCTSIMU, CUCTEMH 3 PO3MOAIICHIMH I1a-
pameTpaMu, MPOCTOPOBO PO3MOAIICHI CHCTEMH, INCEBJOPO3B’SI3KH, HEKOPEKTHI MOYaTKOBO-KPAaHOBI 3ajadi.

Mathematical modeling of the state of dynamic multiplicative nonlinear systems / V.A. Stoyan //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 117-128.

Abstract. The author formulates and solves, by the root-mean-square criterion, the
initial-boundary-problems of the dynamics of nonlinear spatially distributed systems. Systems whose
mathematical model is generated by the product of two or more differential transformations of their functions of
state are considered. Analytical dependencies of this function are constructed in the presence of their discretely
and continuously defined initial-boundary observations, without constraints for the number and quality of the
latter. The accuracy of the sets of the obtained solutions is evaluated and their uniqueness is analyzed.

Keywords: nonlinear dynamical systems, systems with uncertainties, systems with distributed parameters,
spatially distributed systems, pseudosolutions, ill-posed initial-boundary-value problems.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.056.55
ACHMETPHYHI JropuTMH WHQPYBaHHA Yy cHCTeMi 3aJMmKoBHMX KjaaciB / .M. Huxonaiivyk,

1.3. sikumenko, H.51. Bosna, M.M. Kacsanuyk // Kibepueruka Ta cucremuuii ananiz. 2022. Tom 58, Ne 4.
C. 129-138.

AmnoTaunisi. Po3po0iieHo TeopeTH4HI OCHOBH aCHUMETPUYHOr0 MH(pPYBaHHS HA 6a3i CHCTEMHU 3aIUIIKOBHX
KJaciB Ta il MoaudikoBaHoi qockoHanoi Gpopmu. [Ipu 11bOMy MOYITi CHCTEMH 3aJIMIIKOBUX KJIACIB SBISIFOTH CO-
0010 TaemHi kiroui. [1ig yac BiTHOBIEGHHS YMCIa 32 WOTO 3aJMIIKAMHA MHOKCHHS BiZIOyBaeThCs Ha JIOBLIBHO
BuOpani koediuieHTn (BiaKpuTi Kikoui). BeraHoBieHo, M0 KPHITOCTIHKICTH 3arpONOHOBAHUX AITOPHTMIB
IPYHTY€EThCS Ha PO3B’si3aHHI 3a/1a4i (akTopu3allii abo moBHoro nepedopy Habopis Moaynis. Pospobieni mixxo-
JIM JAIOTh 3MOTY NIPAaKTUYHO HEOOMEXEeHO 301IbIIyBaTH OJIOK BIIKPUTOrO TEKCTY, YCYBalOUH HEOOXIIHICTb BU-
KOPHCTaHHS PI3HUX DPEXKHUMIB MU(PYBaHHS.

Kiro4osi c1oBa: cucrema 3aIMIIKOBUX KJIACiB, KPUITOAITOPUTM, aCUMETPUYHA KPUIITOCHCTEMA, IH(pTeKCT,
KPUIITOAHAI3, CTIHKICTB.

Residue number system asymmetric cryptoalgorithms / Ya.M. Nykolaychuk, I.Z. Yakymenko,
N.Ya. Vozna, M.M. Kasianchuk // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4. P. 129-138.

Abstract. Theoretical foundations of asymmetric encryption based on the residue number system and its
modified perfect form are developed. The selected moduli of the residue number system are considered to be
secret keys. When recovering a number from its residues, multiplication by arbitrarily selected coefficients
(public keys) takes place. It is established that cryptostability of the proposed algorithms is based on solving the
problem of factorization or exhaustive search of sets of moduli. The developed approaches allow us to increase
the block of plaintext almost indefinitely, eliminating the need to use different encryption modes.

Keywords: residue number system, cryptoalgorithm, asymmetric cryptosystem, ciphertext, cryptanalysis,
stability.

HOBI 3ACOBM KIBEPHETHKH, i NEW TOOLS IN CYBERNETICS,
IHOOPMATHKH, OBYNCJIIOBAJILHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH 1 CUCTEMHOI'O AHAJII3Y ANALYSIS
VJIK 519.6

OnTumizanis 6aratopo3psiiHoi omepanii MHOKeHHST Ha OCHOBi JHCKpeTHUX mepeTBopeHb (®yp’e,
KOCHHYCHHX, CHHYCHHX) y mapajieibhiii momexi o6umciaennssi / B.K. 3axipaka, A.M. Tepemenko //
KiGepuernka Ta cucremuumii amams. 2022. Tom 58, Ne 4. C. 139-161.

AHorauis. PosrnsHyTo onepaiiito 6araTopo3psHOro MHOXKEHHSI, BiJl IIBUIKOIT SKOT 3aJ€XKUTh LIBU-
KOJiSl aCHMETPUYHHMX KpunrorpadidyHuX MPOrpaMHO-anapaTHUX KOMIUICKCIB. 3alpONOHOBAHO alrOPUTMHU
peanizawii oneparii MHOYKEHHsI ABOX -PO3PSITHUX YHCET Ha OCHOBI JUCKPETHUX KOCHHYCHUX Ta CHHYCHHX Iepe-
tBOpeHb (JIKIT ta JICIT). 3a paxynok Bukopucranus JKII ta JICII po3xineHo obuncienHs Just AificHOT Ta ysiB-
HOT yacTHH JucKpeTHoro nepersopenus Pyp’e (AI1D) pificHoro curaty napHoi JOBXKHHH, IO JA€ 3MOTY Iie-
peBecTH OOUHCIICHHS 3 IOJIs1 KOMIUIEKCHUX YHCeN y II0JIe AICHHUX YHCeN Ta 3MEHIIUTH CKIAJHICTh 6araropos-
psgHOi omepamnii MHOXKEHHS 32 KiNbKICTIO OZHOPO3PSAHHX OHEpalili KOMIIEKCHOTO MHOXeHHS. [IpoBeneno
3aMiHy omepauiil aIropuTMy Ui 30epekeHHss cUMeTpil y ailicHiit abo ysiBHI yacTUHaX 0araTopo3psJHUX Yu-
ced1, o aae 3mory BukopucroBysatu JIKII ta JICII meHmiol pospsigaocti N /2 + 1 Ta po3IMIHPIOE MOXKIUBOCTI
3 posmapaleioBaHHs IiJ Yac peasizawii 6araTopo3psiIHOrO MHOMXKEHHSL.

KuouoBi cioBa: GaratopospsiiHe MHOKEHHs, OaratopospsiaHa apu(MeTHKa, acCMMETpH4Ha Kpunrorpadis,
JIICKPETHE KOCHHYCHE NEPETBOPECHHS, JUCKPETHE CHHYCHE NEPETBOPCHHS, JUCKPETHE nepetBopeHHs Dyp’e,
LIBUJKUN aaroput™ obuucieHns dyp’e.

Optimization of multidigit multiplication based on discrete transforms (Furie, cosine, sine) in parallel
computational model / V.K. Zadiraka, A.M. Tereshchenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58,
N 4. P. 139-161.

Abstract. This paper considers the multidigit multiplication operation, on whose speed the speed of
asymmetric cryptographic software and hardware depends. Algorithms for implementation of the multiplication
of two-digit numbers based on discrete cosine and sine transforms (DCT and DST) are proposed. Due to the use
of DCT and DST, the calculations for the real and imaginary parts of the discrete Fourier transform (DFT) of
a real even-length signal are separated, which allows translating the complex number calculations to real
number calculations. Algorithm operations are replaced to preserve symmetry in real or imaginary parts of
multidigit numbers, which allows the use of DCT and DST of lower length N /2+ 1 and increases the
possibility of parallelism in the implementation of multidigit multiplication.

Keywords: multidigit multiplication, multidigit arithmetic, asymmetric cryptography, discrete cosine transform,
discrete sine transform, discrete Fourier transform, fast Fourier calculation algorithm.
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YK 004
Texuoutorii BipTyasizanii, mo BiaacTusi xkuBuM icroram / O.B. ITanarin, M.B. Cemortiok // Kibeprernxa Ta
cucremuuii anamis. 2022. Tom 58, Ne 4. C. 162-171.

AnoTauis. Po3risiHyTO 0fHY 13 CKIa0BUX 1H(GOPMALIHUX TeXHOIOTiH — TeXHOJIOrl BipTyamisamii, mo
BJIACTHMBI BUHATKOBO JKMBUM icToTaM. [Toka3aHo B3a€MO3B’ 30K TEXHOJIOTIH BipTyasi3awii 3 IHIIMMHU CKJIaJOBH-
MU iHGOPMAaLiIHHUX TEXHOJIOTIH, SK-OT KUIbKICHI TEXHOJIOT1i, TEXHOJIOTIT JaHuX, TeXHoJIorii 3HaHb. Ha npukuani
MOIelTi BHYTPILIHBOTO ByXa JIFOJMHH HPOAEMOHCTPOBAHO, SIK TEXHOJIOTIT BipTyasri3awii nparioioTh Ha MPaKTHULli,
JIal0uM 3MOTY OJiHi (Di3HYHI apaMeTpy 3aMiHIOBATU Ha iHIII B TOMY pa3i, KOJIM MOXJIMBOCTI KMBO iCTOTH € 00-
MEKEHHMH.

KumouoBi ciioBa: indopmariiiii TeXHOJOTII, PiBHI TEXHOIOTIH, TEXHOIOrI BipTyasi3awii, TeXHOIOTIi JaHHX,
TEXHOJIOTIT 3HaHb, BepH(iKallisi, CTOSYI XBHI, OiKydya XBHIIS, MONECPEUHUI PE3OHAHC, YSBHHUI CKCIICPUMEHT,
(i3MYHUI eKCIIepHMEHT, BipTyalbHe CIiTyBaHHS, BHYTPILIHE ByXO, 3aBHTKa, MeMOpaHa PeiicHepa, 6a3misipHa
MeMOpaHa, KBaHTYBAaHHS.

Technologies of virtualizatin of living beings / O.V. Palagin, M.V. Semotiuk // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 4. P. 162-171.

Abstract. The authors consider one of the components of information technology — virtualization
technologies, which are unique to living beings. The relationship of virtualization technologies with other
components of information technologies, such as quantitative technologies, data technologies, knowledge
technologies, is shown. Using the model of the human inner ear as an example, it is shown how they work in
practice, allowing some physical parameters to be replaced by others when the possibilities of a living being are
limited.

Keywords: information technologies, technology levels, virtualization technologies, data technologies,
knowledge technologies, verification, standing waves, traveling wave, transverse resonance, imaginary
experiment, physical experiment, virtual following, inner ear, helix, Reissner’s membrane, basilar membrane,
quantization.

YIK 516.813

Auredpaiuni omepanii Haj HeYiTKMMU MHOKMHAMH i BiIHOIIEHHSMH B aBTOMAaTHiil iHTepmperauii
3 peadizani€ero JorikoBumu anapataumu 3acodamu / C.JI. Kpusnii, B.M. Onanacenko, C.Bb. 3ap’s;108B //
KibGepruetnka ta cuctemuuii anamiz. 2022. Tom 58, Ne 4. C. 172-182.

AnoTanisi. PosrisiHyTo anre6Gpaidyni omepauii Haj HEYITKUMH MHOXKHHAMH 1 BiJHOIICHHSIMH Ta iXHS
peaiizanist anmapaTHUMH 3ac00aMM B aBTOMaTHil iHTepnperanii. OmicaHo aBa crocoOu 300pakeHHs 3HAa4YeHb
(yHKIi HANEKHOCTI HEUITKMX MHOXKHH Ta METOAM HEPeTBOPEHHS TAaKUX 300paxkeHb. HaBeneHo BimmoimHi
OLIIHKM CKJIQJIHOCTI BHKOHAHHS ONEpaliil 3 TaKUMU 300paKCHHSAMH Ta OOIPYHTYBAHHS KOPEKTHOCTI airo-
PUTMIB.

KaiouoBi cj1oBa: HewiTKi MHOXXHHH, BIHOIICHHS, anreOpaiuHi omepanii, ckiHdeHHI aBTomatu, FPGA.

Algebraic operations over fuzzy sets and relations in automata interpretation with realization by logical
hardware means / S.L. Kryvyi, V.M. Opanasenko, S.B. Zavyalov // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 4. P. 172-182.

Abstract. Algebraic operations over fuzzy sets and relations and their implementation by hardware in
automata interpretation are considered. Two ways of representing the values of membership functions of fuzzy
sets and methods of transformation of such images are described. Appropriate estimates of the complexity of
operations with such images are given and correctness of the algorithms is substantiated.

Keywords: fuzzy sets, fuzzy relations, algebraic operations, finite automata, FPGA.

VIK 519.64 + 519.86: 53.072
Kanowniuni piBusinns ontuuHoro ricrepesucy / B.M. Crapkos // Kibepuernka ta cucremuuii anaiis. 2022.
Tom 58, Ne 4. C. 183-194.

AmnoTanisi. Po60Ty BHKOHAHO y KOHTEKCTI KOHKYPEHTHOI i1€0Iorii CTBOPEHHs! elleMeHTHOI 6a3u nugppo-
BHX ONTHYHUX KOMIT'FOTEPIiB (TpaHcdha3opyu, ONTUYHI KIIFOYl, OCEPE/IKU 1aM’siTi) Ha BiIMiHHIN BiJ iHTepdepo-
merpa ®abpi—Ilepo ocHoBi. [loKIaaHO PO3MISHYTO MaTeMaTW4HI Mojeni crauioHapHoi (Bapiat I) Ta He-
crauioHapHoi (Bapiant 1I) 4oTHpUITy4KOBOT J1a3epHOT B3a€MO/IIT B ONTUYHO-HENIHIHUX CEPEeIOBUIAX Y BUIIIS
CHCTEMH 3BHYaHHUX AU(EpeHLIHHUX PIBHIHB 13 3aaHUMHU IpaHndHEMH yMoBamu (I) Ta cuctemu iHTerpo-au-
(epenniitHUX piBHAHD i3 rpaHmdHEMK yMoBamu (II). Beenerno opurinanshi mrykani gyskmii z(x) (I) Ta u(z, 1),
v(z,t) (I). 3aBasiku pOMy po3B’sizaHHs 3a1adi (I) 3BeIEHO 10 PO3B’sI3aHHS MIPOCTOrO TPAHCIICHICHTHOTO
PiBHSHHS (KaHOHIYHOTO PIBHSIHHS ONTHYHOTO TicTepe3ucy), a po3s’sizanHs 3axadi (II) — 1o po3s’s3anHHs cuc-
TEMH JIBOX HENIHIMHUX IHTErpalbHUX PIBHSAHB BITHOCHO aMILTITY] iHTep(epeHILIITHNX KapTUH (KAaHOHIYHOI CHC-
TEMH PIBHSHb HECTALliOHAPHOTO ONTHYHOIO TiCTEPE3HCY).

KawuoBi cioBa: 0icTaOUIBHICTh, TIiCTEPE3UC, ONTUYHHN KOMIT'IOTEp, MaTeMaTH4HA MOJEIb, Jia3epHa
B3a€EMOJIIS, IHTETpaJIbHE PIBHSHHSA.

ISSN 1019-5262. Kubepuetrka u cucteMHbIi ananu3, 2022, Tom 58, Ne 4 7



Canonical equation of optical hysteresis / V. Starkov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 4.
P. 183-194.

Abstract. The content of the study is in line with the competitive ideology of creating the element base of
digital optical computers (transphasors, optical switches, memory devices) on a basis other than the Fabry—Perot
interferometer. Mathematical models of stationary (variant I) and nonstationary (variant II) four-beam laser
interaction in optically nonlinear media are considered in detail in the form of a system of ordinary differential
equations with given boundary conditions (I) and a system of integro-differential equations with boundary
conditions (II). The original desired functions z(x) (I) and u(z, ¢), v(z, t) (I) are introduced. As a result, the
solution of problem (I) is reduced to solving a simple transcendental equation (canonical equation of optical
hysteresis), and the solution of problem (II) is reduced to a system of two nonlinear integral equations with
respect to the amplitudes of interference patterns (canonical system of equations of nonstationary optical
hysteresis).

Keywords: bistability, hysteresis, optical computer, mathematical model, laser interaction, integral equation.
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