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KIBEPHETUKA CYBERNETICS

VK 159.93
IIpo6aemui nuTanHs moa0 OyaoBH Ta GYHKIIOHYBAHHS CITKIBKH OKa JIIOJAUMHHA: KibepHeTHyHMii miaxin /
B.I1. Boron // KibepHeruka ta cucremHuid ananiz. 2023. Tom 59, Ne 1. C. 3-20.

Amnorauis. [IpoBeneHo anaii3z npoOGIEeMHUX MUTAaHb OpraHi3alii CITKIBKM OKa JIFOJUHU 3 MOy Kidep-
HEeTHKU. 30Kpema, c(HOpMyJIbOBAHO TillOTE3U BiJHOCHO YMOB KOHLEHTPUYHOIOpraHizamii penenTHBHUX OB,
BHJIiICHHs iHQOPMAaTUBHUX O3HAK, MOXKJIMBOCTEH Mepedy10BH PEIENTHBHUX TIOJIB Ta IXHIX 00MeKeHb, epesa-
BaHHS 1H(popMaii Yepe3 TaHrTi03HI KIITHHH 3 IIPUB’SI3KOI0 11 1O MiCIEIOI0KeHHS Ha CITKIBI, a TAKOX MO0
ocobuiBOCTE POOOTH 30pOBOI CHCTEMH B PI3HHX pekMMax. BH3HAYEHO yMOBH KOPEKTHOTO (DYHKI[IOHYBaHHS
on- i off-eHTpiB peHenTUBHUX MOTIB Ha 0a3i OIMOIAPIB 3 KOJIOOUYKOIO SIK EHTPAILHOT 30HU 30y PKECHHS Ta OTO-
YyI0UHX MaJMYOK SK 30HH rajbMyBaHHS, OPraHi30BaHOI 3a JOMOMOIOK IOPU3OHTAIBHUX KIITHH I ON-LeH-
Tpa, 1 HaBmaku — Juisi off-rienrpa. OOGIpyHTOBaHO yMOBH BHIUICHHS iH(GOPMAaTHBHUX O3HAK Ha 0a3i on- i
off-1ieHTpiB y BUIIISAAI TOYKOBHX 3HAYCHB IEpPENajiiB ACKPAaBOCTI MK CycinHiMm enemeHTamMu. OOIPYHTOBAHO
JKOPCTKY OpraHi3allifo PeleNTUBHUX MOJIB TAHIIIO3HMX KJIITHH Ta OOMEKEeHI MOXKIIMBOCTI ii nepeOymoBu. 3arn-
POIIOHOBAHO TiMOTE3y LIOA0 OpraHizauii mepeaadi iHGopmalii mpo nepemnaan sSCKpaBOCTi 3 OIMONSApIB Yepes
TaHIJi03HI KIITHHU M KePyBaHHSIM aMaKPHHOBHUX KJIITHH 3 TPHB’S3KOI JI0 MICLEMOJIO0KEHHS Ha CITKIBII.
ChopMyTboBaHO TiMmOTE3y MPO HEMEPepBHE CHPHIHATTS 300pa)KEHHSI PELENTOPaMU CITKIBKM Ta IHCKpPETHE
crnpuitHATTs iHdopManii Mo3koM. Po3risiHyTO 0c00IHMBOCTI POOOTH 30POBOI CHCTEMHU B PEXKUMAX CHOIIISIAHHS,
NOIIYKY 00’€KTa B 300paKeHHI, BIJCTEXKEHHS HOr0 Ta JETAIBHOTO PO3IVILAAHHS 1 PO3Mi3HABAHHSI.

KimouoBi ciioBa: nepudepudna ciTkiBKa, IEHTpadbHA AMKA, IAIHIKH i KOIOOYKH, TOPH30HTANbHI, OIMOIIPHI,
aMaKpHHOBI 1 FaHIITIO3HI KIITHHE (HeiipoHn), on- i off-eHTpu, penenTuBHI MO, KOHLIEHTPUYHA OpraHi3allis,
Heifpomeperka, iHQOPMATUBHI O3HaKH, Tepenadya iHpopMmarlii, pexnuMu (yHKIIOHYBaHHS 30POBOI CHCTEMH.

The issues regarding the organization of the human retina: A cybernetic approach / V.P. Boyun //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 3-20.

Abstract. The issues in the organization of the human retina are analyzed from the point of view of
cybernetics. In particular, hypotheses are formulated regarding the conditions of the concentric organization of
receptive fields, the extraction of informative features, the possibilities of restructuring the receptive fields and
their limitations, the transmission of information through ganglion cells with its binding to the location on the
retina, as well as regarding the peculiarities of the visual system in different modes. The conditions for the
correct operation of on- and off-centers of receptive fields based on bipolars with a cone as the central zone of
excitation and the surrounding rods as an inhibition zone, organized with the help of horizontal cells for the
on-center, and vice versa — for the off-center, are determined. The conditions for the extraction of informative
features based on on- and off-centers in the form of point values of brightness differences between neighboring
elements are substantiated. The rigid organization of the receptive fields of ganglion cells and the limited
possibilities of its reconstruction are substantiated. A hypothesis on the organization of the transmission of
information about brightness differences from bipolar cells through ganglion cells under the control of amacrine
cells with reference to the location on the retina is proposed. A hypothesis on the continuous perception of the
image by the retina receptors and the discrete perception of information by the brain is formulated. The features
of the visual system in the modes of contemplation, searching for an object in an image, tracking it, and detailed
examination and recognition are considered.

Keywords: peripheral retina, fovea, rods and cones, horizontal, bipolar, amacrine and ganglion cells (neurons),
on- and off-centers, receptive fields, concentric organization, neural network, informative features, information
transmission, modes of functioning of the visual system.

VK 621.391:519.2:519.7

Krip: BucokomBuIKicHHIi anmapaTHO-opieHTOBaHMii NMOTOKOBMii mmHpp, nodyroBaHMNi HAa OCHOBI
HeaBTOHOMHOTO HeqiHiiiHoro pericTpy 3cysy / JI.B. KoBambuyk, 1.B. KopsikoB, A.M. Ouaexciiiuyk //
Kibepuernka ta cucremuuii amamis. 2023. Tom 59, Ne 1. C. 21-32.

AHoTauif. 3anpONOHOBAaHO AJITOPUTM MOTOKOBOTO MIM(PYBaHHS, MOOYAOBAHHUI Ha OCHOBI HEAaBTOHOM-
HOTO HEJHIHHOro perictpy 3CyBy NOBXUHM 2 Haj andasiToMm motyxHocti 2°256. el perictp QyHKIiOHYE
ananoriyHo mudpy PDeiictens 3 payHA0BOWO (YHKIIE, 10 BUKOPHCTOBYETHCS B AITOPUTMI HIH(PYBaHHS
Kalyna. Iloka3ano, 110 3a crifikocti Ha piBHi 2256 mmdp Krip 3abe3nedye 4oOTHPHKPaTHNH BUIpaIl y IIBUJI-
KOJi1 IOPIBHSHHO 3 NPUIHHATHM CTaHIAPTOM IIOTOKOBOTO MU(pyBaHHS YKpaiHU Ta Maibke ABaALSATHKPATHHI
MOPIBHSHHO 3 CyYacHHM alropuTMoM mmudpysaHHs Espresso.

KuiouoBi ciioBa: notokoBuii anroputm mudpysanus, cxema deiicress, HeMHIHUN pericTp 3cyBy, reHepaTop
MICEB/IOBUIAIKOBHUX ITOCIIIOBHOCTEH, anreOpaiuHi araku, KopesmiidHi araku, Strumok, Espresso, Krip.
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Krip: High-speed hardware-oriented stream cipher based on non-autonomous non-linear shift register /
L.V. Kovalchuk, L.V. Koriakov, A.N. Alekseychuk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 21-32.

Abstract. A stream cipher based on a non-autonomous non-linear shift register of length 2 over the alphabet
of 2256 symbols is proposed. This register works like a Feistel cipher with a round function, used in cipher Kalyna.
It is shown that under the security level 27256 the cipher Krip is four times faster than the current National
Encryption Ukrainian Standard and is almost 20 times faster than the modern stream cipher Espresso.

Keywords: stream cipher, Feistel scheme, non-linear shift register, generator of pseudorandom sequences,
algebraic attacks, correlation attacks, Strumok, Espresso.

VIK: 004.274
IongiiiHe koxyBaHHs cTaHiB y Mikponporpamuux asromarax Mypa / 0.0. Bapkainos, J1.O. Tirapenko,
A.B. BaeB, O.B. Martsienko // Kibepnetnka Ta cucremuuii anami3. 2023. Tom 59, Ne 1. C. 33-45.

AHoTamisl. 3amporoHOBAaHO METOJ{ 3MCHIICHHs amapaTypHHX BHTPAaT y cXemi aBroMara Mypa, L0
peanizyerbest B 6asuci EMB 1 LUT. Merox IpyHTY€eTbCsl Ha pO30OUTTI MHOKHHH CTAHIB Ha KJIACH, KOXKEH 3 SKHX
BI/INIOBIIa€ OZIHOMY OJIOKY JIOTIYHHX eleMeHTIB. [Ipy 1IbOMy KOXKHHI CTaH Mae JiBa KOoAW. Takuil miixix mpuBoIuTh
JI0 TpUPIBHEBOI cxeMu aBTomara Mypa. PosriisinyTo npukiaj cuHtesy cxemu MITA Mypa 3 BUKOPHCTaHHSIM 3aripo-
MOHOBAHOTO MeTO/y. PO3rIsiHyTO YMOBH HOro 3acrtocyBanHs. JlociimkeHHs Ha 0a3i CTaHAAPTHUX ABTOMATIB ITOKa-
3aJ1, 110 3aIPOMOHOBAHHI METOJI A€ 3MOTY 3MCHILINTH arapaTypHi BUTPATH B MOPIBHSHHI 3 IHIIMMU METOIAMH.

Koouosi ciaoBa: aBtomar Mypa, cunre3, EMB, LUT, cTpykTypHa AEKOMIIO3HLIS, PO3OHUTTS.

Twofold state assignment for Moore finite state machines / A.A. Barkalov, L.A. Titarenko, A.V. Baev,
A.V Matviienko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 33-45.

Abstract. A method is proposed for reducing hardware in circuits of Moore finite-state machines (FSMs)
implemented with EMB and LUTs. The method divides a set of states into classes, each corresponding to one
block of logical elements. Moreover, each state has two codes. This approach leads to the three-level circuit of
the Moore FSM. An example of the Moore FSM synthesis using the proposed method and the application
conditions for this method are considered. Studies based on standard benchmark FSMs have shown that the
proposed method reduces the hardware amount compared to other known solutions.

Keywords: Moore FSM, synthesis, EMB, LUT, structural decomposition, partition.

VJK 519.681.5
IMapanenbni anropurvu nudposoi inbrpanii nanux / M.C. fAxxak // KibepHeTHka Ta CHCTeMHHI aHai3.
2023. Tom 59, Ne 1. C. 46-56.

AHoTanis. 3anpoIOHOBAHO IApajeNbHi AITOPHUTMHU PO3B’s3aHHA 3amad muppoBoi dimpTpamii piznoi
PO3MIPHOCTI Ha Cy4acHHX OOYMCIIOBAIBHMX 3aco0ax yHIBepcalbHOTo HpusHadeHHs. OpepKaHo TeOpEeTHUYHL
OLIIHKH CKJIaJJHOCTI Ta MPUCKOPEHHS, SKi MiATBEP/KYIOTh BUCOKY €(EKTHUBHICTh LUX aJrOPUTMIB. 3I1HCHEHO
MPOrpaMHy peasi3aliio ASSKUX i3 3aIPONOHOBAHKUX MapajeiIbHUX aJrOPUTMIB Ha KOMII IOTepax i3 Garatosaep-
HHM TIPOLIECOPOM i 0JICPKaHO PeabHi OL[IHKM MPUCKOPEHHS, Ki 100pe y3ro/KyThCs i3 TCOPETHIHUMU.

KuarouoBi ciioBa: mudposa ¢inbrpartis, napaneabHuil aropuT™, MPUCKOPEHHS 004YHCIICHb, 0OMEXEHH mapa-
JIeNTi3M, E€KBIBAJICHTHICTh aJTOPUTMIB, OOYMCIIIOBAJIbHA CHCTEMA.

Parallel algorithms of digital data filtering / M.S. Yadzhak // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 1. P. 46-56.

Abstract. The paper proposes parallel algorithms for solving digital filtering problems of different
dimensions using modern universal computing systems. Theoretical estimates of the complexity and speed-up
are obtained, which confirm the high efficiency of these algorithms. The software implementation of some of
the proposed parallel algorithms using computers with a multi-core processor is carried out, and real estimates
of the speed-up are obtained, which agree well with the theoretical ones.

Keywords: digital filtering, parallel algorithm, speed up of computations, limited parallelism, equivalence of
algorithms, computing system.

VK 004.42
IModynoBa y3araabHeHHX cydikcHHX [epeB Ha PpO3NOJiIeHHX MNapajeJbHHX IuIaTdopmax /
A.M. I'mu6oBens, B.O. [linenko // Kibeprernka Ta cucremunii anamis. 2023. Tom 59, Ne 1. C. 57-70.

AHoTauis. 3anpONOHOBaHO AJITOPUTM MOOYI0BH y3arallbHEHUX Cy()iKCHHX JIEpeB 3 BUKOPUCTAHHSAM PO3-
HOJIIICHNX HapasebHUX IaTdopM, KUl € ONTUMAIbHUM SIK 3 MOIJISY 4acOBOI CKJIAJHOCTI, TaK i BUKOpPHC-
TaHHs nam’siTi. Po3noainennii miaxin 1o noOymoBU Ja€ 3MOry MPALIOBATH 3 BEIUKHMH aindaBiTaMu Ta TyiKe
JIOBTUMH PSIIKAMH. AJITOPHTM € e(peKTHBHUM IOJ0 MAcIITa0OBAaHOCTI HAa PO3MOAUICHUX IapalielbHHUX IUIaT-
dopmax 1 miarpuMye cydikcu iHIEKCYBaHHS IS PI3HOMAHITHHUX JOBTHX PSJIKIB, TOYMHAIOYH BiJl OJHOTO JOB-
roro psiika A0 KiTBKOX JOBIHMX PSAKIB PI3HOI JOBKHHH.

KumouoBi cioBa: cydikcHe nepeBo, ysaraibHeHe cydikche nepeBo, ERa, anropurm, mapanensHa mo0ymosa
cyikcHOro nepesa.
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Construction of generalized suffix trees on distributed parallel platforms / A. Hlybovets, V. Didenko //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 57-70.

Abstract. This paper proposes an algorithm for constructing generalized suffix trees using distributed
parallel platforms, which is optimal from the point of both time complexity and memory consumption. The
distributed construction approach allows operating with large alphabets and very long strings. The algorithm is
efficient for scalability on distributed parallel platforms. It supports indexing suffixes for various long strings,
ranging from a single long string to multiple long strings of varying lengths.

Keywords: suffix tree, generalized suffix tree, ERa, algorithm, parallel construction of a suffix tree.

CUCTEMHHU AHAJII3 SYSTEMS ANALYSIS

VK 51.092

CTaHoBJIeHHSI Ta PO3BHTOK HAYKOBOI LIKOIM MaTeMaTH4Hoi Teopii ¢inbrpamii. o 100-piuus 3 aus
HapokenHsi akajemika / LI. Jlsmkal.B. Ceprienko, O.M. Ximiu, JI.A. Kawwmun, B.I. Jlsmko,
C.I. JIsmko, B.B. CemenoB // KibepHeruka Ta cucremuuii anamiz. 2023. Tom 59, Ne 1. C. 71-81.

AHoTauis. B orisai BUCBITIEHO OCHOBHI €Taly CTAHOBJICHHS Ta PO3BHTKY KHUIBCHKOIO LIKOJIM MaTeMa-
TUYHOI Teopil ¢inpTpanii. OCHOBHA yBara npuaiieHa HAyKOBHM i/IesiM Ta pe3yJbTaraMm i Jiijiepa — BUIATHOTO
yKkpaiHcpkoro BueHoro akagemika HAH Ykpainu IBana IBanosuua Jlska. Xypuan «KiGepHetuka ta cuctem-
HMIT aHani3» cucreMaTuyHO myOuikye podotn yunis LI Jlsmka, y sikux Horo inei i 3100yTKn oTpuManm moj-
ANBIINH PO3BUTOK.

KumiouoBi ciioBa: Teopis dinprparii, mpukIagHa MaTeMaTHKa, O0YNCIIIOBAIbHA MATEMAaTHKa, KiOepHETHKa, CHC-
TEMH 3 PO3MOJUICHUMH HapaMeTpamMu.

Formation and development of the scientific school of the mathematical theory of filtration. To the 100th
anniversary of the birth of L.I. Lyashko / L.V. Sergienko, O.M. Khimich, D.A. Klyushin, V.I. Lyashko,
S.I. Lyashko, V.V. Semenov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 71-81.

Abstract. The review describes the main stages of the formation and development of the Kyiv School of
the mathematical filtration theory. The main attention is paid to the scientific ideas and results of its leader, an
outstanding Ukrainian scientist, Academician of the National Academy of Sciences of Ukraine, Ivan Ivanovich
Lyashko.

Keywords: theory of filtration, applied mathematics, computational mathematics, cybernetics, systems with
distributed parameters.mming problem, AMPL, Gurobi, CPLEX, optimal set partition, p-median, k-means,
material and technical support.

VJK 519.872

3Haxo/KeHHsl rpajieHTa HWMOBIpHOCTI BiIMOBH CHCTEMH PAHIOBOI CTPYKTYPH METOJOM HPHCKOPEHOI0
monemoBanns / MLIO. Kysnenos, I.M. Ky3nenos, A.A. lllymcrka // KibepHeTnka Ta CHCTEMHHMI aHaii3.
2023. Tom 59, Ne 1. C. 82-94.

AHortanis. Po3rigHYTO MOJENb BIHOBIIIOBAHOI ~PE3EPBOBAHOI CHCTEMM PAHTOBOI CTPYKTYpH,
(yHKIIOHYBaHHS SIKOT 3 IOIVIILY HAAiffHOCTI BH3HAYAETHCS PO3MOALIAMHU 3arajbHOro BUIIIAy. Jlist 3Haxox-
JKEHHS TPajlicHTa HMOBIPHOCTI BIIMOBH CHCTEMH Yy 3aJaHOMY IIPOMDKKY 4acy 3aIllpOIIOHOBAHO METOJ IIPUCKO-
peHoro MozenoBaHHs. HaBeseHO YHCIOBUI IPUKIIAL, IO 1TIOCTPYE BUKOPHCTAHHS LIBOI0 METOY UL OL[HIO-
BaHHS BIUIMBY IIBUJIKOCTEH BiIHOBJICHHS €JIEMEHTIB PI3HOIO TUITY HA HA/IIHICTh BCi€l CUCTEMHU B LIJIOMY.

KarouoBi ciioBa: HajiiiHICTh, pe3epBOBaHA CHCTEMa 3 BiJIHOBJICHHSM, PaHT, MOJICIIOBAaHHS i3 3a00pOHOM0,
IpaJlieHT, HE3Mill[eHa OILIiHKa, IHUCIepCis.

Evaluation of the gradient of the probability of failure of a rank structure system by the fast simulation
method / M.Yu. Kuznetsov, .M. Kuznetsov, A.A. Shumska // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 1. P. 82-94.

Abstract. A model of a redundant repairable system of the rank structure is considered. Its time operation
is determined by distributions of a general form. In order to evaluate the gradient of the probability of system
failure in a given time interval, a fast simulation method is proposed. A numerical example illustrates the
application of this method to assess how the repair rates of different components types affect the reliability of
the entire system as a whole.

Keywords: reliability, redundant repairable system, rank, simulation with prohibition, gradient, estimate,
variance.
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VK 519.85
Iponopuiiine nakyBanusi KpyriB y kpyropomy koureiinepi / T.€. Pomanosa, I1.I. Cremok, A. ®imep,
I''M. ScekoB // Kibeprernka Ta cucremHuil anamiz. 2023. Tom 59, Ne 1. C. 95-103.

AHoTanis. Po3risiHyTo 3a1a4y HakyBaHHs KPYTiB 3aJaHHX THIIB y KpyroBoMy KoHTelHepi. Kpyram 103-
BOJICHO IIEPETHHATH MEXY KOHTEHHepa y 3a3ayeriib BH3HAYCHOMY OKOJI, KU 3aleKHTh BiJ TUILy KPYTiB
(ymoBa riceBoBKitoueHHs). CiM’st KpyriB PO3MILIY€ThCS y KOHTEHHEpPI 32 yMOBH HENIEPETHHY KPYTiB, IICEBIOB-
KJTIOUEHHS Ta JOTPHMAHHS 33laHUX IPOIOPLIH TUIIB KPyTiB (YMOBa IPOMOPLIIHOCTI) 3a411 MaKcHMi3ail 3a-
rajgbHOi KimbKocTi KpyriB. [loOynoBaHO MaTeMaTW4HY MOJENb SK 3ahady 3MILlIaHOTO IIJIOYHUCIIOBOTO
HEJIIHIKHOTO NpOrpaMyBaHHs. 3alPOIIOHOBAHO €BPUCTUYHMI AITOPUTM, SIKHH 3aCTOCOBYE 3aj1a4y HEIiHIHHOTO
MpOrpamMyBaHHs AJIs MaKyBaHHS 33/1aHOi KiJTBKOCTI KPYTiB y KPYrOBOMY KOHTEIHEpi, MakCHMI3yIOuH 3MiHHI
paniycu kpyriB. HaBemeHo pe3yibTaTH OOUYHMCIIIOBAIBHUX EKCIEPUMEHTIB.

KuouoBi ciioBa: nmponopiiiliHe maKkyBaHHs, KPYTH, KDYTOBHI KOHTEHHED, NCEBIOBKIIOYEHHS, ONTHMI3allis

Proportion packing of circles in a circular container / T.E. Romanova, P.I. Stetsyuk, A. Fischer,
G.M. Yaskov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 95-103.

Abstract. The paper considers the optimization problem of packing circles into a larger fixed circular
container with non-standard placement conditions. A family of circles is assigned to a given set of circle types.
Proportions of the different types of circles appearing in the packing are defined. The circles are allowed
predefined overhanding of the container boundary. The problem is aimed to arrange as much non-overlapping
circles in the container as possible subject to the proportion and pseudo-containment conditions.
A mathematical model as a mixed integer nonlinear mathematical programming problem (MINLP) is
constructed and a solution algorithm is proposed. It reduces the MINLP to a sequence of nonlinear
programming problems for packing of circles with variable metrical characteristics meeting the proportion
conditions in a given circular container. The computational results are provided.

Keywords: proportional packing, circles, circular container, pseudo-containment, optimization.

YIK 519.21
HomnieapaibHa KorepeHTHa Mipa pH3HMKY Ta podacTHa 3a po3noiiioM ontumisanis mnoprdens /
B.C. Kupnmok // Kibepuernka ta cucremunii amami3. 2023. Tom 59, Ne 1. C. 104-115.

AHoTanisi. Po3risHyTO mosiepanbHi KOTEPeHTHI MipH PH3UKY Ta iXHi KOHCTPYKLIT HAHripIIOro BUMaI-
Ky 3a MHOXXHHOIO HEOIHO3HAa4HOCTI. JlIss BHIAJKy JMCKPETHOTO PO3MOALILY Ta MOJieAPaIbHOT MHOXHHK He-
O/IHO3HAYHOCTI OOYMCIICHHSI TAKUX MIp PH3MKY 3BOJHUTHCS JIO 33jad JIHIIHOrO mporpamyBaHHs. BuBueHo 3a-
Jadi pobacTHOI 3a PO3MOIIIOM ONTUMI3aLil MOPTQeIs 3a CIiBBIAHOUICHHSIM BHHATOPOIa—PU3UK 3 BUKOPHCTAH-
HSIM KOHCTPYKIiH HaWUTipIIOTro BUIAJKY 32 MOJiEAPaTIbHOI MHOXKUHOK HEOJHO3HAYHOCTI JUIS LIUX MIp PU3UKY
Ta cepenuporo poxoxy. Lli 3amadui 3BemeHO M0 BiAMOBIAHHMX 3a4ad JIIHIHHOTO MPOrpaMyBaHHS.

KurouoBi c10Ba: xorepeHTHa Mipa pH3HUKY, HOJieapanbHa KorepeHTHa Mipa pusuky, Conditional Value-at-Risk
(CVaR), MHOXHHa HEOJTHO3HAYHOCTI, poOacTHa 3a PO3MOIIIIOM ONTUMI3aLlisl, ONTUMI30BaHUI EKBIBAJICHT BH3-
HAUYCHOCTI, ONTUMI3alis nopTdens, Mipa BiIXUICHHS.

Polyhedral coherent risk measure and distributionally robust portfolio optimization / V.S. Kirilyuk //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 104-115.

Abstract. Polyhedral coherent risk measures and their worst-case constructions on an ambiguity set are
considered. For the case of a discrete distribution and a polyhedral ambiguity set calculating such risk measures
is reduced to linear programming problems. The distributionally robust portfolio optimization problems based
on the reward-risk ratio using worst-case constructions on the polyhedral ambiguity set for these risk measures
and average return are analyzed. They are reduced to the appropriate linear programming problems.

Keywords: coherent risk measure, polyhedral coherent risk measure, conditional value-at-risk, ambiguity set,
distributionally robust optimization, optimized certainty equivalent, portfolio optimization, deviation measure.

UDC 519.9
Po3po0yennst MoJesi MOAY/IIOBAIBLHOIO I3epKaJjia, 3aKPillVIEeHOr0 HAa aKTHMBHUX ONOPAax: CTOXaCTHYHA

monenas / I'.M. 3pa:keBcbkuii, B.®. 3paxkeBcbka, O.M. I'osognikoB // KibepHeTnka Ta CUCTEMHHI aHai3.
2023. Tom 59, Ne 1. C. 116-123.

AHoTauis. 3anponoHOBAHO CTOXACTHYHY BEPCII0 MOJEI MOJYJIOBAILHOIO J3€pKaja, 3aKpilIeHoro Ha
AKTHBHHUX OMOpPaXx 3a NPHITYIICHHS, 1[0 HA MOBEPXHI J3epKaja MOXKYTh OyTH AC(EKTH 3 BUITAJKOBUMH MapaMeT-
pamu. 3ajaya rojsirae B IOLIYKY TAKUX CHJI KepyBaHH, sIKi O 3a0e3medurin Haiikpale HaOIMKEHHS 3a1aHOi
(opmu Ta (ha3u KOJIMBaAHB OJJHOPIIHOTO JI3epKala, a TAKOXX BPaxOoBYBaIHM Je(EKTH 3 BUIIA[KOBUMH '€OMETPHY-
HUMH Ta MEXaHIYHUMHU XapaKTePUCTUKAMU. 3pOOJICHO TPHITYIICHHS, 1[0 CHCTEMa MPAIIOE HeaJIeKBaTHO (TOOTO
«BIIMOBIISIER), AKIIO (paza ab0 aMIUTITy1a BiAXMIISIFOTECS Bifl 3aJaHUX 3HA4YCHb HA BEJIMUMHY, OBy 32 TICBHHI
3aganuid mopir. Ilix yac MiHiMi3amil pu3uKy LbOro BiaxwieHHs BukopuctaHo bPOE (mipa pusuky).

KuiouoBi caoBa: pusuk, CVaR, bPOE, crpykrypHa HaniiHICTB, MOXYJISILIsS A3epKaja, aMILTITya i (aza Kosm-
BaHb, OITHMIi3allisl.
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Developing a model for the modulating mirror fixed on active supports: A stochastic model /
G. Zrazhevsky, V. Zrazhevska, O. Golodnikov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 116-123.

Abstract. The paper proposes a stochastic version of the problem of modulating a mirror fixed on active
supports. It is assumed that the mirror has several defects of elliptical form with stochastic parameters. The
problem is to find the control forces that provide the best approximation of a given shape and phase of the
mirror oscillation taking into consideration defects with undefined geometric and mechanical characteristics. It
is supposed that the system works inappropriately (i.e., “fails”) if the phase or amplitude deviates from the
target more than some specified threshold. To minimize the risk of such deviation, we use Buffered Probability
of Exceedance (bPOE) as a measure of risk.

Keywords: risk; CVaR; bPOE; structural reliability; modulating a mirror; amplitude and phase of oscillation;
optimization.

VK 514.18: 519.8

Konunennisi MomenioBaHHs 3aJa4 PO3MillleHHST Ta MOKPHTTS 3 BHKOPHCTAHHSIM CYYACHHX NaKeTiB
o6uncmoBanbHOi reomerpii / C.B. SIxoBaes // KibepHernka ta cucremuuii anamis. 2023. Tom 59, Ne 1.
C. 124-138.

AHoTanisi. Po3rsiHyTO KI1ac reOMETPUYHUX 38124 PO3MILICHHS Ta MOKPUTTS. 3alPOIOHOBAHO HOBY KOH-
IEMIi}0 iXHPOr0 MaTeMaTHYHOTO MOJICIIOBAHHS 3 BUKOPUCTAHHAM CIEliabHOro Kiacy (yHKiii. s po3s’s-
3yBaHHS 3a]a4 BUKOPUCTAHO CIIeLiajibHi 0i0IioTekn mporpaM 00YHCIIIOBATIEHOT TeOMeTpii, sIKi He IOTpeOyIoTh
QHATITHYHOTO BUIIISLY (DYHKIIIH, 110 ONMUCYIOTh YMOBH PO3MILICHHS Ta IIOKPHUTTS, ajl¢ JAl0Th 3MOTY 3/ifCHIOBa-
TH TXHIO mepeBipky. OOTrpyHTOBaHO CKOPOYEHHS OOYHMCITIOBAIBHUX BUTPAT, IO PO3IIMPIOE MOKIUBOCTI edek-
THUBHOTO 3aCTOCYBaHHS METOJIB JIOKaJIbHOI Ta rinobansHOl onTuMizanii. HaBeaeHo pe3ynbTaTi po3B’si3yBaHHS
TECTOBHX 33/1a4 MaKCHMAJIbHOTO TIOKPUTTS MPSIMOKYTHOI 00J1aCTi CyKyIMHICTIO €JIIICIB 3aJaHiX PO3MIpiB Ta 3a-
Jlady PO3MIIIEHHS €JINCIB y NMPSAMOKYTHHKY MiHIMaJIbHOI IITOMIi.

KurouoBi ciioBa: 3a1a4i po3MiLCHHS Ta HOKPUTTS, MATEMAaTHYHE MOJICIIIOBAHHS, TIAKETH 00YHCIIIOBAIIBHOT I'€0-
MeTpii, ONTHMI3aLlis.

The concept of simulation packing and covering problems using modern computational geometry
software / S.V. Yakovlev // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 124-138.

Abstract. A class of geometric packing and covering problems is considered. A new concept of
mathematical modeling using a special class of functions is proposed. To solve the problems, special libraries of
computational geometry programs are used. They do not require an analytical view of the functions that
describe the packing and covering conditions but allow their verification. The reduction of the computing costs
is substantiated, which expands the possibilities of the efficient application of local and global optimization
methods. The results of solving the test problems of the maximum coverage of a rectangular area with a set of
ellipses of given sizes and the problem of placing ellipses in a rectangle of minimum area are given.

Keywords: packing and covering problems, mathematical modeling, computational geometry software,
optimization.

VK 533.6.013.42

Oco0,1MBOCTI 32CTOCYBAaHHS MeTOAy CKiHYEHHHUX Pi3HULD JUISl PO3B’A3aHHSA HEMiHIHUX 32124 JUHAMIKH
posnoxiiennx cucrem y nmoroui / FO.I. Kamox, O.M. Tpodumuyk // KiGepHeTHka Ta CHCTEMHHI aHai3.
2023. Tom 59, Ne 1. C. 139-155.

AmnoTanisi. Po3riasiHyTo 0COOIMBOCTI 3aCTOCYBaHHS MeTONy CKiHUeHHUX pisHHIB (MCP) st po3s’szan-
HS HEJHIHHMX JUHAMiYHUX 3a1a4 posnozainenux cucreM (PC) y moroui. ITokasaHo, 1110 OCHOBHUMHU 0OMEKEH-
HAMHU 3acTocyBaHHs MCP 1yist 4McenbHOro MOJICNIOBAHHS MOIIMPEHHS Ta BinOUTTS XBUIb Y PC € ocobmuBocTi
BU3HAYAJIBbHUX KBA3UTIHIHHUX PiBHAHB. BOHHM 3yMOBIIOIOTH HEOOXIAHICTh OAHOYACHOTO OOYMCICHHS 3MIHHHX,
1110 BiANOBINAIOTh MIBUAKOIUIMHHUM Ta MOBUIBHUM XBHJILOBUM IIpoliecaM. JIJIst TAKMX CHCTEM PiBHSHb BUKOPHC-
TOBYIOTB TEPMiH «CHHTYJIIPHO 30ypeHa cucteMa piBHSHBY. L{i 30ypeHHs € Hac/IiaKoM 3HAuHOI Pi3HHIY y MIBUJI-
KOCTSX IOLIMPEHHS IO3JO0BXKHIX, KOH(pIrypaniifHuX, 3THHAJBHUX 1 KpyTWIbHUX XBWIb y PC Ha ¢dizuunomy
piBHI. 3 orsmy Ha Ie MOTPiIOHO 3aCTOCOBYBATH CHEIialbHI IIOKPOKOBI 3a 4aCOM METOAM Peryispu3amii Ta
(dinbrpanii yncenbHux pesynpTatiB. lle HakIagae nMeBHI OOMEXKEHHS Ha MOKJIMBICTH MOJEIIOBAHHS PeabHUX
MPOLIECIB Ta HA TOYHICTh OTPUMAHHX PE3YJIBTATIB 1 3MYIIYE 3aCTOCOBYBATH HESIBHI PI3HHUIEBI CXEMHU Ta BUCOKO-
qacToTHY ¢inbrpauito. /st po3B’si3aHHs CHCTEM JITHIHHUX anreOpaidHuX PiBHSAHB 3 ypaxyBaHHSIM MOraHoi 00-
YMOBJICHOCTI MaTPHULli KOHBEKTHBHHUX WICHIB €KCIIEPUMEHTAIBHIM OOUHUCICHHSIM OYyJI0 00paHO METOJ peryiisi-
pu3anii. Pe3ynabTaT 3 HEOOXIAHHM CTYHEHEM TOYHOCTI MOXKHA OTPUMATH, BUKOPHCTOBYIOUN Pi3HHIIEBY CXEMY
Kpanka—HikonbCOH HaBiTh Ha rpyOHX CITKax i BUTPATH 4acy MpU LbOMY OyIyTh MiHIMaJIbHUMH. [HIIIA cuTyallis
CIOCTEPIraeThCsl y pasi MOPIBHSIHHS PE3yNbTaTiB Ha rpyOild 1 Olmbin ApiOHIHM CiTKax U1 Pi3HUIEBOI CXeMH
Eiinepa. HenepeOopHi MOMUIKH Bif MOXHOOK ampoKCHUMAIii BIACYTHIX IPaHUYHHX YMOB MPH3BOJSATH IO MIE
OUIBIINX TTOXHOOK.

Kaio4oBi ci10Ba: MeTO/ CKiHYEHHUX PI3HHUIIb, PO3IMOALICH] CHCTEMH, HENHIHHICTh, CHHTYIISIPHICTB, BHCOKO-
yacToTHA (iIbTpaLis.
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Peculiarities of applying the finite-difference method for calculation of nonlinear problems of the
dynamics of distributed systems in a flow / I. Kaliukh, O. Trofymchuk, O. Lebid // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 1. P. 139-155.

Abstract. Peculiarities of application of the finite-difference method (FDM) for calculation of nonlinear
dynamic problems of distributed systems (DS) in a flow are considered. The main limitations for the application
of the FDM for numerical modeling of wave propagation and reflection in DS are the features of the defining
quasilinear equations. They are associated with the need to simultaneously calculate the variables responsible
for transient and slow wave processes. The term “singularly perturbed system of equations” is used for such
systems of equations. These perturbations are the result of a significant difference in the propagation velocities
of longitudinal, configurational, bending, and torsional waves in the DS at the physical level, etc. Therefore, it
is necessary to use special step-by-step methods of regularization and filtering of the numerical results. It
imposes certain contstraints on the ability to model real processes and the accuracy of the results and forces the
use of implicit difference schemes and high-frequency filtering. When solving the system of linear algebraic
equations, taking into account the poor conditioning of the matrix of convective terms, the method of
regularization was chosen by experimental calculation. Calculations according to the Crank—Nicholson
difference scheme, even using coarse grids, can give results with the required degree of accuracy. And the cost
of time will be minimal. Another picture is observed when comparing the results on coarse and fine grids for the
Euler difference scheme. Irresistible mistakes brought in by errors in approximating the missing boundary
conditions lead to greater differences.

Keywords: finite difference method, distributed systems, nonlinearity, singularity, high frequency filtering.

VK 519.6

V3araabHeHHs1 Mojelli iH(eKNiiiHOro 3aXBOPIOBAHHSI 3 YPAXyBaHHAM AHQY3iiiHuX 30ypeHb, JoricTH4HOT
auHaMiku Ta 6ioctumyasiuii / C.B. BapanoBebkuii, A.51. Bom6a // Kibepueruka ta cucremuuii ananis. 2023.
Tom 59, Ne 1. C. 156-168.

AHoTanis. Y3araJbHeHO MaTeMaTHIHy MOJEINb OiiH(GEKIIT 1Is1 yMOB 30CEPEHKCHOI0 aBTOMAaTH30BAHOI'O
KepyBaHH 3 ypaxyBaHHAM Ju(y3iiHIX 30ypeHb, 010CTUMYIIILIT Ta TOTiCTHYHOT JUHAMIKH BipyCHHX €IEMEHTIB
i aHTHUTiL. PO3B’sA3aHHS BUXITHOI CHHTYIIIPHO 30ypeHoi 3a1adi i3 3ari3HeHHAMY IPEJCTaBICHO y BUIILAI afal-
TOBAHOI Y BIAMOBIJHUI CIOCIO MOKPOKOBOT YHCENBbHO-ACHMITOTUYHOI POLeAypH HabmmxkeHHs. [IpeacraBieHo
pe3yJbTaTH KOMIT FOTEPHUX EKCIIEPUMEHTIB, SIKi IEMOHCTPYIOTh OCOOIMBOCTI BIUIMBY OI0CTHUMYJIALIT Ta iIMyHO-
Teparrii Ha PO3BUTOK XPOHIYHOIO 3aXBOPIOBAHHS Y pa3i BpaxyBaHHs AU(Yy31HHOr0 «pO3CiIOBaHH) Ta JIOTICTHY-
HOT IOMYJIILIHHOT IMHaMIKU BipyciB i aHTuTI. Takox Moka3aHo, IO B yMOBaxX AU(Y31HHOIO «PO3CIIOBAHH)
3aCTOCYBAaHHsI JIMIIE OIOCTUMYIIINii € HEeJOCTaTHIM JUIsi OTPUMAaHHS Oa)KaHOTO JIKYBAJIBHOTO e(eKTy
y cranioHapHOMY cTaHi. HarosomeHo, 110 y NpaKTHYHUX CUTYaLisX IMiJ] yac IPUUHSITTS PillieHb 100 JTiKyBaH-
HsI XPOHIYHHX 3aXBOPIOBAHb JOLIIBHUM € 3aCTOCYBAHHS AUCKPETHOI IPOLEAYPH aaNTUBHOTO aBTOMATHYHOTO
KEpYBaHHsI IMYHHOIO PEaKIi€0 3 KOMIUICKCHHM BHKOPHUCTAHHSAM OlOCTHMYISNii Ta iMyHOTeparii.

KaouoBi ciioBa: MoJenb iH(EKIIIHOTO 3aXBOPIOBaHHS, 0I0CTHMYJISILIS, AMHAMIUHI CHCTEMH i3 3alli3HCHHSM,
ACHMITOTUYHI METOJAM, CHHTYJSIpHO 30ypeHi 3ajadi, 30Cepe/KeHi BIUIMBH, JIOTICTUYHA JUHAMIKA.

Generalizing the infectious disease model taking into account diffusion perturbations, logistics dynamics,
and biostimulation / S.V. Baranovsky, A.Ya. Bomba // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 156-168.

Abstract. A mathematical model of biinfection is generalized for the conditions of concentrated
automated control, taking into account diffusion perturbations, biostimulation, and logistic dynamics of viral
elements and antibodies. The solution of the original singularly perturbed problem with a delay is presented as
an appropriately adapted stepwise numerically asymptotic approximation procedure. The results of the
computer experiments are presented. They demonstrate the peculiarities of the influence of biostimulation and
immunotherapy on the development of a chronic disease, taking into account the diffuse “scattering” and
logistic population dynamics of viruses and antibodies. It is shown that under conditions of diffusion
“scattering,” only biostimulation is not sufficient to obtain the desired therapeutic effect in a stationary state. It
is emphasized that in practical situations of making a decision regarding the treatment of chronic diseases, it is
advisable to use a discrete procedure of adaptive automatic control of the immune response with the complex
use of biostimulation and immunotherapy.

Keywords: infectious disease model, biostimulation, dynamic systems with delay, asymptotic methods,
singularly perturbed problems, concentrated influences, logistics dynamics.
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YIK 519.65

Yeoumoncbke Ha0am:keHHs (QYHKUi 0araTbox 3MiHHMX PpalioOHAJIBLHMM BHPa30oM 3 YMOBOWO /
I1.C. ManauiBcbkuii, JI.C. Meabuunuok, S1.B. Iiziop / Kibepruernka Ta cucremunii anamis. 2023. Tom 59,
Ne 1. C. 169-179.

AHoTanis. 3aIpoNOHOBAHO METOJ MOOYIOBH YEOHIIOBCHKOIO HAOMIKEHHS (PyHKIIN 6araTboX 3MiHHHX
palioOHAILHUM BUPA30M 3 IHTEPHOJSALIHHOI YMOBOIO. [1es MEeTOy IPYHTY€EThCs Ha MOOYIOBI TPAaHUYHOTO Ce-
PEHBOCTENEHEBOr0 HAGIMKEHHS! PALIOHAILHAM BUPA30M 3 iHTEPIONALIHHOI yMOBOIO y HOpMi npoctopy L/
it p — oo, s moOyI0BH Takoro HaOIMKEHHsI BAKOPHUCTAHO iTepawiiiHy cxeMy Ha OCHOBI METOAy HaiiMeH-
IIMX KBaJpaTiB 3 JBOMA 3MIHHUMHU BaroBuMu QyHkuismu. OnHa BaroBa dyHKis 3a0e3nedye no0yaoBy cepen-
HBOCTETIEHEBOTO HAOJIMKEHHS 3 YMOBOIO, a JIpyra — YTOYHEHHS ITapaMeTpiB PalliOHAIBHOTO BUPA3y 33 CXEMOFO
Horo miHeapu3anii. 301KHICTE METOTy 3a0e3Iedye OPUTiHAIBHHUI CIIOCIO ITOCIIIIOBHOTO YTOUYHEHHS 3HaYEHb Ba-
roBux (YHKII, SKHIl BpaxoOBY€ Pe3y IbTaTH HAOIIKCHHS Ha TONepe/HixX itepamisx. HaBexeHo pesynbratu Tec-
TOBMX NMPUKIIAMIB, IO MiATBEP/IKYIOTH MIBUIKY 301KHICTH 3aIlIPOIIOHOBAHOIO METOJY TOOYJOBH YeOUIIIOBCHKO-
ro HaOJIWKEHHS PaliOHAIbHUM BHPA3OM 3 YMOBOIO.

Ki04oBi c10Ba: 4yeOMIIOBChKE HAOIMKEHHS PalliOHAIBHUM BUPA30M, YeOMIIOBChKE HAOIMKEHHS 3 YMOBOIO,
(yHKLIT 0araTboX 3MIHHUX, CEPEIHBOCTENICHEBE HAOMMKEHHS, METOJ] HAWMEHILMX KBaJpaTiB, 3MiHHA BaroBa
dyHKILis.

Chebyshev approximation of multivariable functions by the rational expression with the condition /
P.S. Malachivskyy, L.S. Melnychok, Ya.V. Pizyur // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 169-179.

Abstract. A method for constructing the Chebyshev approximation by the rational expression of the
multivariable functions with the interpolation condition is proposed. The idea of the method is based on the
construction of the ultimate mean-power approximation by a rational expression with the interpolation
condition in the norm of space ¥ at p — . To construct such an approximation, an iterative scheme based on
the least squares method with two variable weight functions is used. One weight function provides the
construction of a mean-power approximation with the interpolation condition, and the second — the
specification of the parameters of a rational expression according to the scheme of its linearization. The
convergence of the method provides an original way of sequential refinement of the values of weight functions,
which takes into account the results of the approximation of previous iterations. The results of test examples
confirm the rapid convergence of the proposed method of constructing the Chebyshev approximation by
a rational expression with a condition.

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

VJK 519.8
ANIpOKCHMATHBHI XapaKTepHUCTHMKM Y3arajibHeHux omnepartopis Ilyaccona Ha kuacax 3urmynaa /
O.I'. Xanin, B.M. Bopcyk // Kibepueruka ta cucremuuii anamiz. 2023. Tom 59, Ne 1. C. 180-190.

AwnoTanis. J[0cmiKeHo anpoKCHMATHBHI XapaKTepPUCTHKU y3arajabHeHHX oreparopiB Ilyaccona Ha kia-
cax Qynkuiit 3urMynaa Z% s noaaibIoro iXHbOIO 3aCTOCYBAHHS B TEOpii ONTUMAIbHUX pillteHb. Kiacu
Gbyukuiit 3urmynna Z“ cborojHi Bee yacTilie BUKOPUCTOBYIOTH B ONTUMI3AIIHHIX METO/IAX, 110 3yMOBJIIOE aK-
TyaJIbHICTB PO3B’13yBaHOI 3a1aui. OTPUMAHO OUIHKY BEPXHBOI Mexi Bijxmienus GyHkuiil kiacy 3urmynna Z ¢
Bij IXHIX y3arampHeHHX oneparopis Ilyaccona B piBHOMIpHiN MeTpuii. Y3aransHeHi oneparopu ITyaccona sk
PO3B’SI3KHU BiIMOBITHUX TU(EpeHIiaIbHUX PIBHSHD B YACTUHHUX MOXIAHUX CIINTUYHOTO THUITY € JIIHIHHUMH J10-
JATHUMHU OTIEPATOPaMH, a TOMY BOHH PEeasli3yloTh HalKpalle aCHMNTOTHYHe Habmwmkenns QyHkiii kmacy Z<.
ToOTo MaeMO KOHKpPETHY peaii3allilo ONTUMI3aLifHUX 3a7ad METOJAaMM Teopii HaOIMKEHb.

KorouoBi coBa: onrumizamiiini BiacTHBOCTI (PyHKIIH, apOKCHMATHBHI XapaKTePUCTHKH, JIHIHHI J0AaTHI
OIIepaTopH, KIacH 3UIMyHJA.

Approximate characteristics of generalized Poisson operators on the Zygmund classes / O.G. Khanin,
B.M. Borsuk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1. P. 180-190.

Abstract. The paper analyzes the approximate characteristics of generalized Poisson operators on the
classes of Zygmund Z“, with the aim of their further application in the theory of optimal solutions. Classes of
Zygmund Z¢ are increasingly used in optimization methods, emphasizing the relevance of the problem. The
estimation of the upper bound of the deviation of the functions of Zygmund class Z“ from their generalized
Poisson operators in the uniform metric is obtained. Generalized Poisson operators as solutions of the
corresponding elliptic partial differential equations are positive linear operators and, therefore, they realize

asymptotic approximation of the class functions Z“ in the best way. That is, we have the specific
implementation of the optimization problems using the methods of approximation theory.

Keywords: functions optimization properties, approximate characteristics, linear positive operators, Zygmund
class.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 517.11+519.92+519.246+519.711

IIporHo3yBaHHsl HeYiTKMX YacOBHUX PsiiB Ha MifcTaBi KoHUenuii HAHOIMAKYMX HEYiTKHMX MHOXKMH i
TeH3opHux moxeseii / FO.M. Miunaes, O.10. ®inimonoBa, FO.I. MinaeBa // KiGepHeTnka Ta CHCTEMHUIA
anamiz. 2023. Tom 59, Ne 1. C. 191-204.

AHoTauisi. PO3rissHyTO METOJI IPOrHO3yBaHHS HEUITKMX YACOBHMX PAAIB 3 MPEICTABICHHAM CTaHIAPTHOT
HEYIiTKOI MHOXKHHH y BHIVISII TEH30pa, OTPUMAHOTO SIK Pe3yJbTaT TEH30PHOIO H00YTKY KOMIIOHEHT, (opMy-
BaHHsI TEH30PHOI IIOCIIITOBHOCTI, OCTAHHIH €JIEeMEHT SIKOT (POrHO30BaHa HEUiTKa MHOXKHHA) OOYHUCIIOETCS SIK
HETIOBHUH TeH30p (3 BiAcyTHIMHU eneMeHTaMt). CHHTYISIpHA AEKOMITO3HUIIS BiTHOBICHOTO TEH30pa Jac 3MOTY
OTPUMATH MiIMHOXKHHY BIIOPSAKOBAHUX Hap, Hailommkdy (y po3yMiHHi D-HOpPMH) 10 IPOrHO30BaHOI HEUITKOI
MHOXHHH. HaBeleHO HpHKIa[ MPOTHO3YBAHHS HEYITKOIO YacOBOTO PSy.

KarouoBi cjioBa: HewiTka MHOXHHA, TEH30p, HPOIYIIEHI JaHi, CHHIYJspHA Jekomro3uiis, d-Hopma.

Forecasting of fuzzy time series based on the concept of nearest fsand tensor models of time series /
Yu.M. Minaev, O.Yu. Filimonova, Yu.l. Minaeva // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 1.
P. 191-204.

Abstract. Forecasting of fuzzy time series is considered by presenting a standard fuzzy set in the form of
a tensor obtained as a result of the tensor product of components, forming a tensor sequence whose last element
(the predicted fuzzy set) is calculated as an incomplete tensor (with missing elements). Singular value
decomposition of the restored tensor allows obtaining a subset of ordered pairs that is closest (in terms of the
F-norm) to the predicted fuzzy set. An example of predicting a fuzzy time series is given.

Keywords: fuzzy set, tensor, missing data, singular value decomposition, F-norm.
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