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KIBEPHETUKA CYBERNETICS
VK 5.681.3

AJTOpUTMH PO3B’sI3aHHS JIiHIiTHHX o0Mexenb y kinbni mimnx wucen / C.JI. Kpusuii // KiGepreruka ta
cucremuuii ananiz. 2024. Tom 60, Ne 5. C. 3-15.

AHoTanis. 3anponoHOBaHO AITOPUTMH NMOOYI0BH repeada3nucy Ta 0a3ucy MHOXKHUHU PO3B’SI3KIB CHCTEM
JHIHHIX 0OMEXEeHb THITy PIBHOCTEH 1 HepiBHOCTEH B 00JIACTi LIMX YHCEN, SKi IDYHTYIOThCA Ha KOMOiHYyBaHHI
Koe(ilieHTIB 00MexKeHb. PO3IIITHYTO alropuT™MH 100YJ0BH Hependasicy Ta 6a3ucy CHCTeM JIHIIHUX piBHSIHB
i anroput™Mu noOyA0BH (YHIAMEHTAIBLHOI CUCTEMU PO3B’SI3KIB Ul CUCTEM JIIHIMHUX OJHOPIAHUX 1 JiHIHHUX
HEOIHOPITHUX HEPIBHOCTEH.

KaouoBi ciioBa: Kijblie LIKMX YHCEN, CUCTEMH JIHIMHUX OOMEXEHb, alTOPHUTMH.

Algorithms for solving linear constraints in the ring of integer numbers / S. Kryvyi // Kibernetyka ta
Systemnyi Analiz. 2024. Vol. 60, N 5. P. 3-15.

Abstract. The author proposes algorithms for constructing a pre-basis and the basis of the set of solutions
for systems of linear constraints of the type of equalities and inequalities in the domains of integers, which are
based on combined coefficients of constraints. The article considers the algorithm for constructing the pre-basis
and basis of systems of linear equations and algorithms for constructing the fundamental system of solutions for
systems of linear homogeneous and linear inhomogeneous inequalities.

Keywords: ring of integer numbers, systems of linear constraints, algorithms.

VIK 519.217.2

Teopema mnpo HemOBHOTY MJjsi ofuuciaoBaHux 3agad / A.M. I'ymana, O.A. Baric // KiGepuernka Ta
cucremuuii anamis. 2024. Tom 60, Ne 5. C. 16-19.

AmnoTanisi. Y teopii pekypcuBHUX (QYHKIIH 3a giaroHaIbHAM MeTooM KaHTopa OTpHMaHO PEeKypCHBHO
nepenigny MHOKkuHY K = {x |[x € W}, ane He pexypcuBHy. Ha ocHoOBi Teopii /liohaHTOBMX MHOKHH MHOXKHHA
K BU3HAYa€THCA AEAKUM TONIHOMOM, KM Mae qojaTtHi kopeHi. Hapmaku, muoxuna K = {x | x ¢ W, } He € pe-

KypCcHUBHO IepeniyHoro. XKoxHa 3 06uncmoBaHuX (QyHKIINH HE MOXKE IEPEeIiYUTH BCIX eIEMEHTIB MHOXKUHUA K .
VYHacniI0K NPOAYKTUBHOCTI MHOXHMHH K ICHY€E mapamerp, AJIs SIKOro MOJIIHOM He Ma€ JI0JaTHUX KOPEHIB, aje

JIOBECTU IXHIO BiJICYTHICTh HEMOXKJIMBO, OCKUIBKHU IIeH IMapaMeTp He HAJISKUTh PEKYPCHUBHO INEpeNivHiil MHO-
JKUHI.

KurouoBi caoBa: ngiaronanshHuil Meron, [liodpaHToBa MHOXHHA, PEKypCHBHO HEpeNivHI MHOMKHHH.

Incompleteness theorem for computable problems / A.M. Gupal, O.A. Vagis // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 5. P. 16-19.

Abstract. In the theory of recursive functions, a recursively enumerable (but not recursive) set
K = {x |xeW,} is obtained by Cantor’s diagonal method. Based on Diophantine sets, K is expressed by some
polynomial that has positive roots. On the contrary, the set K = {x | x¢ W} is not recursively enumerable.

None of the computable functions can enumerate all the elements of the set K . As a result of the productivity of
the set K, a parameter exists for which the polynomial has no positive roots. However, it is impossible to prove
their absence since this parameter does not belong to any recursively enumerable set.

Keywords: diagonal method, Diophantine set, recursively enumerable sets.

YK 004.8, 004.93

BukopucraHHsi IPOCTOPOBHX BArOBUX MACOK 3 He30aIaHCOBAHMMH 1aTaceTaMH ISl 3a/1a4i cerMeHTauii
cynyTHHKOBHX 3HIMKIiB / A.O. Oxpimenkxo, H.M. Kyccyas // KibepHernka Ta cuctemHuid aHamiz. 2024.
Tom 60, Ne 5. C. 20-31.

AmnoTtanisi. PosrimssHyTo mpoGneMy He30alaHCOBAHHX [aTaceTiB y 3aJadi CerMeHTalii CyIlyTHHKOBHX
3HIMKIB, y sIKiif MOZIell MAIIMHHOTO HABYAHHS 9acTO irHOPYIOTH KIIACH 3 MAJIOIO KUIBKICTIO eK3eMILLIPIiB Ha KO-
PHCTh KJIACiB 3 OUIBIIOI KUIBKICTIO. 3alPONOHOBAHO BUKOPHCTOBYBATH BAaroBi MIPOCTOPOBI MACKH MiJ 4ac 00-
yucineHHs: GpyHKIUIT BTpaT A BpaXyBaHHs IOKa3HUKA HaJliiiHOCTI okpeMux mikcelniB. [TokasaHo, 110 3amporo-
HOBAaHHUH MiAXiJ MiABHIIY€E SKICTh CErMEHTAlii, 30KpeMa 3HAYHO MOKPAIIye€ METPUKH IS KJIAciB 3 Mayolo
KUTBKICTIO eK3eMIUBIPIB. PO3IISIHYTO METOA PO3IIMPEHHS 1aTaceTy 3 BUKOPUCTAHHSIM I'€HEPaTHBHHX 3Maraib-
Hux Mepex (GAN), sKuil TAKOXK JEMOHCTPYE HE3HA4HI MMOKPAIICHHS y PO3Ii3HABAHHI MEHII MPEICTAaBICHHUX
y JaTaceti KyJIbTyp, Ta BUKOHAHO HOTO MOPIBHSHHS i3 3aIIPOIIOHOBAaHUM METOAOM. JlOCIIIPKEHO OHOYACHE BH-
KOPUCTAHHS METOJY BaroBUX MAacOK Ta TCHEPaTHBHUX MEPEiK.

KarouoBi cjoBa: OIiHKa SIKOCTI JaTacery, He30alaHCOBaHHMI JaTaceT, Kiacuikallisi, cerMeHrailis, reHepa-
THBHI 3MarajbHi Mepexi, reHepallis HaBYAJIbHUX JaHUX.
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Using weight reliability masks on imbalanced datasets for satellite image segmentation / A. Okhrimenko,
N. Kussul // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 20-31.

Abstract. This study addresses the issue of imbalanced datasets in satellite image segmentation tasks,
where machine learning models often neglect minority classes in favor of majority ones. We propose using
spatial weight masks for the loss function computation to take into account the reliability score of individual
pixels. This approach enhances segmentation quality, significantly improving metrics for minority classes.
Additionally, a dataset augmentation method using generative adversarial networks (GANs) is explored,
showing slight improvements in recognizing less represented crop types in the dataset, and it is compared with
the proposed method. The simultaneous usage of weighted masks and generative networks is investigated.

Keywords: dataset quality assessment, imbalanced datasets, classification, segmentation, generative adversarial
networks, training data generation.

YK 004.912

IopiBHsIbHMIT aHAIi3 BUKOPHCTAHHS Pi3HUX 03HAK TEKCTY, Mojeell Ta MeTOliB /ISl PO3NMi3HABAHHS
aBTopa Tekcery / P.Bb. AsimoB // Kibepnernka Ta cucremuuii anami3. 2024. Tom 60, Ne 5. C. 32-50.

AHoTauis. Y KOMI'IOTEpHIl cHCTeMi po3Ii3HaBaHHS aBTOPCTBA TEKCTIB 3aCTOCOBAHO Pi3HOMAaHITHI Me-
TOJM Ta MOJENI JJIsi BU3HAUCHHS AaBTOPIB Ha NPHKIAJax TEKCTIB MMCbMEHHMKIB A3zepOaitukany. IlopiBHsIHO
e(eKTHBHICTh BUKOPHCTAHHS PI3HUX O3HAK TEKCTy Ta 3alpOIIOHOBAHMX MPOLEyp Bixbopy o3Hak. [IpoBeneHo
KOMII'IOTEpHI eKCIIEPUMEHTH Ha TBOPAX KUJIBKOX BiJOMHUX IIMCEMEHHUKIB A3epOaii/pkaHy, HalMcaHuX a3epoaii-
JDKaHCBKOI0 MOBOIO. IIpoaHami3oBaHO OTpUMaHi Pe3yIbTaTH.

KumouoBi ciioBa: posmisHaBaHHs aBTOpa, iACHTHOIKALsS aBTOpa, PO3Mi3HABAHHS ABTOPCTBA JITEPATYPHUX
TBOPIB, IHKHHIPUHT O3HAK TEKCTY.

Comparative analysis of using different text features, models, and methods in text author recognition /
R.B. Azimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 32-50.

Abstract. Various methods and models are used in the text author recognition computer system for
recognizing the authorship of texts on the example of Azerbaijani writers. A comparative analysis is carried out
for the efficiency of using different text features and proposed feature selection procedures. Computer
experiments are conducted using the works of several famous Azerbaijani writers in Azerbaijani language, and
the results are analyzed.

Keywords: author recognition, author identification, authorship recognition of literary works, text feature
engineering.

VK 517.977.5

CucreMn KepyBaHHs NPOLECOM TIPAHY/JIIOBAHHS MiHepaJbHHMX A00pPHB Yy McCeBAO3PiTAKeHoMy mmapi /
Bb.51. KopHnienxo, JI.P. JlagieBa, B.I'. Iucapenko, }0.B. IMucapenko, A.O. Hecrepyk // Kibepueruka Ta
cucremuuii ananis. 2024. Tom 60, Ne 5. C. 51-61.

Amnotaunisi. [ToOy0BaHO YOTHPH CHCTEMHU KEPyBaHHS JUIS IPOLECY IPaHyIIIOBAHHS y IICEBIO3PIIKEHOMY
mrapi 3a JOMOMOTOI0 IIPOrpaMHOro 3adesnedeHus Matlab Ha ocHOBI pi3HHX peryiaTopis, a came PID-perysmsito-
pa i ontumanbHOoro LQR-perymsaropa s niHIMHEX cucteM, a Takok MPC-perynsropa Ta peryistopiB Ha
OCHOBI HEYITKOT JIOTIiKHM JUIs HETIHIHHMX cucTeM. [lJ1st KOKHOT CUCTEMH KepyBaHHs OTPUMAHO MEPEXiHy Xapak-
TEPHCTUKY Ta HABEICHO MOKA3HHKU €(PEeKTUBHOCTI CHCTEMH.

KirouoBi cioBa: cucrema KepyBaHHs, PETYISITOP, IPAHYIIOBAHHS, MCEBIO3PIMKEHMH mIap.

Control systems for the granulation process of mineral fertilizers in a fluidized bed / B.Y. Korniyenko,
L.R. Ladieva, V.G. Pisarenko, J.V. Pisarenko, A.O. Nesteruk // Kibernetyka ta Systemnyi Analiz. 2024.
Vol. 60, N 5. P. 51-61.

Abstract. Four control systems are generated using Matlab software based on different controllers for the
granulation process in a fluidized bed: controllers for linear systems — PID and optimal LQR, controllers for
nonlinear systems — MPC and those based on fuzzy logic. For each control system, transient characteristics are
obtained and system efficiency indicators are given.

Keywords: control system, regulator, granulation, fluidized bed.
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CHUCTEMHHUIA AHAJI3 SYSTEMS ANALYSIS
YIK 519.85, 51.13

AnropuTmizanisi Ta onTuMmizaumiiiHi Mogeni mNamieHTONEHTPHYHMX pealidiTaumiiinnx mnporpam /
JI.B. Bakyaenko, O.B. Ilanarin, I.B. Ceprienxo, IL.I. Cremiok / KiGeprernka ta cuctemunii anamiz. 2024.
Tom 60, Ne 5. C. 62-81.

Amnorauis. [ToOynoBaHo anropuT™ mporecy peaburitauii 3 ypaxyBaHHAM 0OMeXeHb Ha peadiimiTauiiHy
nporpamy mnauienra. [IpexncrapieHo izeHtudikaiiro ydacHUKIB pealimiTauii, eramiB Ta 3aco0iB OLiHIOBAHHS il
edextrBHOCTI. [ToOymoBaHO /ABI CiM’1 ONTHMI3aIHHUX MOJENEH Il 3HAXOJDKCHHSI ONTHMAJIBHHX 32 BapTICTIO
Ta 3BAKCHICTIO pealuTiTalifHUX mporpaM mamieHTa. Ilepmia mae 3Mory BHOMpATH KiIBKICTh BTpyYaHb IS
(axiBIiB MyJIbTHIHCHUIUTIHAPHOI KOMAHAH, a Apyra (opMye II0 KOMaHTy AT BUKOHAHHS peaOimiTaniifnoi
nporpamu. HaBeeHO po3paxyHKH Ui MOJENIBHOTO MPUKIALy, e peadiiiTalniiiHa mporpaMa naiieHTa BU3Ha-
4aeTbesi 4oTUpMa (axiBIAMH MYJIBTHAMCHMIUIIHAPHOT KOMaHAM Ta 3a TpbOMa KojamMu MiKHapoaHOI Kila-
cudikauii GpyHKIIOHYBaHHS, OOMEKEHHS JKUTTEISIBHOCTI Ta 370POB’SL.

Ki04oBi c10Ba: namieHTONCHTPUYHME MinXid, peadinmiTariiiHa mporpaMa mnaumi€eHTa, ajlropuTM peadimiTarii,
3a7a4a LIOYKCIOBOTO JIIHIKHOTO (KBaapaTHYHOro) nporpamyBaHHs, Gurobi.

Algorithmization and optimization models of patient-centric rehabilitation programs / D.V. Vakulenko,
0.V. Palagin, L.V. Sergienko, P.I. Stetsyuk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 62-81.

Abstract. An algorithm for the rehabilitation process is created, considering the constraints of the
patient’s rehabilitation program. The identifications of rehabilitation participants, the stages, and the means of
the rehabilitation efficiency evaluation are presented. Two families of optimization models are generated to find
patient rehabilitation programs optimal in terms of cost and weight. The first family allows for the selection of
interventions for specialists in the multidisciplinary team, and the second family forms a multidisciplinary team
for implementing the rehabilitation program. Calculations are provided for a model example, where the
patient’s rehabilitation program is determined by four specialists of the multidisciplinary team and three codes
of the International Classification of Functioning, Disability, and Health (ICF).

Keywords: patient-centric approach, patient rehabilitation program, rehabilitation algorithm, integer linear
(quadratic) programming problem, Gurobi.

VK 517.9

JudepenniaabHi onepaTropu, 10 BH3HAYAI0TH PO3B 30K iTepOBAaHOro PiBHAHHS rinepdoivyHoro Tumy /
C.I. JIsmxko, M.B.-C. Cugopos, H.I. JIsmko, .M. Anexkcanaposuy // KibepHeTrka Ta CUCTEMHHUI aHAai3.
2024. Tom 60, Ne 5. C. 82-88.

Anorauis. /I po3B’a3aHHA 3a/1a4, OB S3aHUX 3 SBHIIAMH BiOpallii Ta iHIIUMHU 337a4aMHi MEXaHIKH Ta
MaTeMaTHYHOI (i3UKH, MIMPOKO BUKOPHCTOBYIOTHCS AuepeHwiiiHi piBHSHHS TinepOoIiYHOro TUMy Ta iX iTe-
pauii. MeTonaMu po3B’si3yBaHHs TaKUX PIBHSHB € CTBOPEHHS AH(EPEHLIaTbHUX Ta IHTErPAIBHUX ONEPaTOPiB.
VY pobGoti modynoBaHo JIudepeHiaabHi ONepaTopH, sKi NepeBOITh JOBUIBHI (YHKIII B PeryysipHi po3B’s3Ku
PIBHSHHS TinepOoIIiYHOrO THITy IPYroro Ta BUINHUX HOpsiikiB. Po3w’s3ano 3amauy Pik’e mist piBHSHHS rinmep-
GOJIYHOTO THILy YETBEPTOTrO MOPSIAKY.

KirouoBi ciioBa: nudepennianbHuii oneparop, peryispHi po3s’si3KH, iTepoBaHi piBHSIHHS TinepOOIiYHOTO THITY.

Differential operators determining the solution of an iterated equation of hyperbolic type / S.I. Lyashko,
M.V.-S. Sydorov, N.I. Lyashko, I.M. Alexandrovich // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 82-88.

Abstract. Hyperbolic-type differential equations and their iterations are widely used in analyzing
problems related to vibration phenomena and other problems of mechanics and mathematical physics. The
solution methods for such equations are creating differential and integral operators. In the article, differential
operators are constructed that translate arbitrary functions into regular solutions of a hyperbolic equation of the
second and higher orders. The Riquet problem for the hyperbolic equation of the fourth order is solved.

Keywords: differential operator, regular solutions, iterated hyperbolic-type equations.

VJK 517.9

MaremaTnyHe MO/IETIOBAHHA eKOHOMIiYHMX HaciakiB mangemii COVID-19 / K.JI. ATtoes, I1.C. KHonon
/I KibepHeruka Ta cucreMHumii anami3. 2024. Tom 60, Ne 5. C. 89-100.

Anoranis. J{ns gociipkeHHs 3B’ S3KiB MK JuHaMikoro po3BuTky nanjaemii COVID-19 Ta cranom eko-
HOMIKH PO3pPOOJICHO CTOXACTHYHY MOJICNb, SKa OXOIUIKOE CMiJIEMIYHUI Ta SKOHOMIYHHI OJIOKHM 1 CHCTeMy
B33a€MO3B’S3KIB MK HUMH. 3alPOIIOHOBAHO MiJXiJl 10 JOCIIPKEHHS B3a€MO3B’s3KiB CEKTOPIB €KOHOMIKH, T10-
B’3aHMX 3 BUPOOHMITBOM IIPOMYKTIB XapuyBaHHs: i TPAHCIIOPTHUMH JIAHIIOTAMHI IXHBOTO MOCTAYaHHS Ta Me-
JIMYHOIO rajly3310, Ha OCHOBI TpHCeKTOpHOT Moeni Jlopenna. Lis Mmoaenb 00’ eiHye 3a3Ha4YeHI ray3i eKOHOMIKH
B €IUHY CTPYKTYpY, A€ KOXKHY Tajly3b PO3ILIIAIOTH 3 MOIVISAAY PIBHS MPOAYKTHBHOCTI, KUIBKOCTI POOOYHX
MicCIb Ta CTPYKTYPHHX HOPYIIeHb. [IpoBeieHo MOIeIbHHI aHaIII3 3aJIeKHOCTI JMHAMIKY ITaHAeMil BiJ 10YaTKO-
BUX YMOB Ta IIapaMeTpPiB KepyBaHHS eIiIeMiTHIM IIPOLIECOM, a TAKOXK BILUIMBY ITaHIeMii Ha 3MiHHN y OanaHci 1mo-
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IIUTY Ta MPONO3ULII B CEKTOPAaX EKOHOMIKH, IIOB’SI3aHUX 3 BUPOOHUITBOM IIPOJOBOJIBCTBA, HOrO TPAHCIOPTY-
BaHHSAM Ta MEIUYHOIO Tay33I0.

Kurodosi ciioBa: MaTematniHe MojemoBanHs, Mojens nommpenas COVID-19, nerepmiHoBanuit Xaoc, eKo-
HOMIYHI HACHIiJKH MaHIeMii.

Mathematical modeling of the economic consequences of the COVID-19 pandemic / K.L. Atoyev,
P.S. Knopov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 89-100.

Abstract. To study the relationship between the dynamics of the COVID-19 pandemic and the state of
the economy, a stochastic model is developed that covers the epidemic and economic blocks and the system of
relationships between them. An approach is proposed to analyze the interrelations of economic sectors related
to food production, transport chains of their delivery, and the medical sector, using the three-sector Lorenz
model. This model combines the described sectors of the economy into a single structure, each of which is
considered from the point of view of the level of productivity, the number of jobs, and structural disturbances.
Model studies are carried out to analyze the dependence of the dynamics of the pandemic on the initial
conditions and parameters for managing the epidemic process and the impact of the pandemic on changes in the
balance of supply and demand in sectors of the economy related to food production, transport, and the medical
sector.

Keywords: mathematical modeling, spread of COVID-19, deterministic chaos, economic consequences of the
pandemic

VK 519.6

BigHoBiennst qudepeHiaabHOrO PiBHAHHA 3 NMOJiHOMiaJbHUMHU KoedinieHTaMH 3a iHdopMauiclo npo
iioro po3p’si3ku / B.JI. Makapos, H.B. Maiiko, B.JI. PsiiueB // KiGepHeTuka ta cucteMHuii anaii3. 2024.
Tom 60, Ne 5. C. 101-114.

Anoranis. Po3pobieHo Ta 0OIpDYHTOBAaHO aNrOPUTM BIAIIYKAHHS 3BMYAWHOTO JAU(EPCHIIaTbHOIO
PIBHSHHS MIiHIMAIBHOTO MOPSAKY 3 MOMIHOMIaJbHUMH KOC]il[ieHTaMH HaJ MOJEM PAaliOHATbHUX YHCEIl, PO3-
B’sI3KaMH IKOTO € 33/IaHa CHCTEMa MOJIIHOMIB (30KpeMa, cucteMa MoudikoBanux noiinomis Jlareppa—Keni).

KuirouoBi ciioBa: cucrema noninomis Jlareppa—Keni, gynkuis Mirrar-Jlehdnepa, 3Buuaitne nudepeHuianpue
PIBHSHHS, TOJIHOMIaNbHI KOe(ilieHTH, pallioHaNbHI YHCIa.

Reconstruction of the PDE with polynomial coefficients based on the information about its solutions /
V.L. Makarov, N.V. Mayko, V.L. Ryabichev // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 101-114.

Abstract. We develop and substantiate the algorithm for finding an ordinary differential equation of
minimum order with polynomial coefficients over the field of rational numbers, whose solutions are a given
system of polynomials (here, a system of the modified Laguerre—Cayley polynomials).

Keywords: system of the Laguerre—Cayley polynomials, the Mittag-Leffler function, ordinary differential
equation, polynomial coefficient, rational number.

VK 517.988

HIBuakicTs 30iKHOCTI  aArOopuTMYy eKcTpamossinii 3 MHHYJIOI0 Ta AJrOPUTMY ONEPATOPHOI
excrpanosnii / B.B. Cemenos, O.C. Xapbkos // Kibepreruka Ta cucremunii ananiz. 2024. Tom 60, Ne 5.
C. 115-124.

AmnoTauisi. Po3risinyTo BapiamiiiHi HepiBHOCTI B riIbOepTOBOMY IIPOCTOPI Ta [Ba METOJH IXHHOTO HAOIH-
JKEHOTO PO3B’S3aHHS — QJITOPUTM EKCTPAIOJISLii 3 MUHYJIOTO Ta aJrOPUTM OIepaTopHOi ekcTpamossuii. Ite-
pailis MX aJrOpUTMIB JICIIEBIIA 33 iTEpallil0 eKCTPArpaJieHTHOrO AITOPUTMY 32 KiJIbKICTIO O0YMCIIEHb 3HA-
YeHb OIepaTopa: OfHe HPOTH JBOX. Jlyisi BapialliiiHUX HEpiBHOCTEH 3 JIMIIHIEBUMHU ONEpaTopaMy, II0 3a10-
BOJIBHSIIOTH YMOBY THITy y3araJbHEHO! CHJIBHOI MOHOTOHHOCTi, OTPUMAaHO HEACHMIITOTHYHI OLIHKH JIHIIHOT
MIBUJIKOCTI 30DKHOCTI alnropuTMiB. 3100yTi pe3ysibTaTH € HOBHMH Ta YTOYHIOIOTH BiJOMI.

KuiouoBi cioBa: Bapiawiiina HepiBHICTb, CiZTIOBA 33/1a4a, JiHiIHA 30DKHICTh, METO/] €KCTPATIOJIALIT 3 MUHYJIO-
r0, METOJ ONEePaTOPHOI EKCTPAIOJIALLIi.

Convergence rate of the extrapolation from the past and operator extrapolation algorithms /
V.V. Semenov, O.S. Kharkov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 115-124.

Abstract. The paper considers variational inequalities in the Hilbert space and two methods of their
approximate solution: extrapolation from the past and operator extrapolation algorithms. Both algorithms have
less computationally expensive iterations than the classical extragradient algorithm: only one operator
computation is needed instead of two. Non-asymptotic linear convergence rate estimates are proved for
variational inequalities with the Lipschitz continuous operator, which also satisfy the generalized strong
monotonicity condition. The results are new and improve the available estimates.

Keywords: variational inequality, saddle-point problem, linear convergence, extrapolation from the past,
operator extrapolation.
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VJK 519.8
OnrTumizaniiini XapaKTepHCTHKH omepaTopa 3 AeJbTANOAIOHHM SIAPOM ISl KBasiraaakux (yHkumii /
A.M. llytoBcoknii, B.B. IpuT // Kibepueruka ta cucremuuii anainis. 2024. Tom 60, Ne 5. C. 125-132.

Anortauis. OTpEMaHO pe3yJbTaTH JOCIIIKEHHS, Ki OEHYIOTh y 00l METOAM Teopil HAOIMKEeHb 1 Me-
TOAM TEOpil ONTHMAJIBHHUX pilleHb. A came, PO3B’s3aHO 3aJady ONTHUMI3AUiHOrO XapakTepy s Oirap-
MoHiitHoro inTerpana ITyaccona y BepXHiil HMiBIUIOIIVMHI SIK OZHOTO 3 HAaONTHMAaNBHIMINX PO3B’S3KiB Oirap-
MOHIHHOTO PIBHSIHHS Y JCKapTOBHX KOOPAMHATAX. ANPOKCUMATHBHI BIACTUBOCTI OirapMOHIHHOIO omeparopa
ITyaccona y BepxHiif MBIUIOIHHI HAa KJIacaxX KBa3irmaakux (QyHKMil OTpUMaHO y BHIVIIAI TOYHOI PiBHOCTI JUIst
BIJIXMJICHHS KBa3iraakux (yHKLIH BiX pO3IisgyBaHOrO JOAATHOTO OIEpaTopa.

KutouoBi csioBa: OirapMoHiiiHe DIBHSHHS y JI€KapTOBUX KOOPJIMHATAX, KBasiriaiaki (QyHKIIT,

Optimization characteristics of an operator with delta-shaped kernel for quasi-smooth functions /
A.M. Shutovskyi, V.V. Pryt // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 125-132.

Abstract. The paper presents research results combining the methods of approximation theory and
optimal decision theory. Namely, the optimization problem for the biharmonic Poisson integral in the upper
half-plane is considered as one of the most optimal solutions to the biharmonic equation in Cartesian
coordinates. The approximate properties of the biharmonic Poisson operator in the upper half-plane on the
classes of quasi-smooth functions are obtained in the form of an exact equality for the deviation of
quasi-smooth functions from the positive operator under consideration.

Keywords: biharmonic equation in Cartesian coordinates, quasi-smooth functions, global optimization,
biharmonic Poisson integral in the upper half-plane.

VK 517.95
OOepHeHa MOYATKOBA 3a/1a4a /151 BUPOIAKEHOI0 32 4acoM JAM(epeHNiaIbLHOr0 PiBHAHHSA 3 YACTHHHUMH

noxiHuMu Ta GinopsiikoBoro noxigHow Xinsdepa / E.T. Kapimos, H.E. Tokmaraméeros, /I.A. YcMoHOB
/| Kibepretnka Ta cuctemHnmii anami3z. 2024. Tom 60, Ne 5. C. 133-145.

AwHoTanis. J[0BeeHO 0JHO3HAYHY PO3B’A3HICTH 0OEPHEHOT MOYAaTKOBOI 3a/1ati TSl BUPOKEHOTO 38 4a-
coM AudepeHLianbHOro PiBHSIHHS 3 JPOOOBUMHU YaCTHHHUMHU MOXITHUMH. METOIOM PO3IiICHHS 3MIHHUX OTPH-
MaHo 3axady Ko st 1po6oBoro qugepeHniaabHOro piBHIHHS, MO0 BKIIOYAE OIMOPSAKOBY MOXiaHYy Xinbge-
pa 3a "yacoBoro 3MiHHOW. IIpencraBieHo po3s’si30k i€l 3aqa4i Komri B siBHil ¢opmi depes ¢yHkio Kinsda-
ca-Caiiro. 3 BHKOPHCTAaHHSM BEpPXHBOI Ta HIDKHBOI MeX i€l (yHKHII JOBeAEeHO piBHOMIpHY 30DLKHICTH
HECKIHYECHHUX PSJIB, IO BiANOBINAalOTh PO3B’s3Ky c(OpMysIbOBaHOI 0OEpHEHOI MOYaTKOBOI 3ajaui.

KarouoBi ciaoBa: obepHeHa ITOYaTKOBAa 3ajada, BHPOPKEHE IuepeHLialibHe DPIBHSAHHA 3 YaCTHHHHUMH
noxizaumu (JIPUII), Gimopsakosuii omeparop Ximbgepa, ¢ynkuis Kindaca—Caiiro.

Inverse-initial problem for time-degenerate PDE involving the bi-ordinal Hilfer derivative /
E.T. Karimov, N.E. Tokmagambetov, D.A. Usmonov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 5. P. 133-145.

Abstract. A unique solvability of the inverse initial problem for a time-degenerate fractional partial
differential equation is proved. Using the method of variable separation, we obtain the Cauchy problem for the
fractional differential equation involving the bi-ordinal Hilfer derivative in the time variable. The authors
present the solution to this Cauchy problem in an explicit form via the Kilbas-Saigo function. Further, using the
upper and lower bounds of this function, the authors prove the uniform convergence of the infinite series
corresponding to the solution of the formulated inverse initial problem.

Keywords: inverse-initial problem, degenerate PDE, bi-ordinal Hilfer operator, Kilbas—Saigo function.

VK 519.8
IIpo oxny HeoOXigHy ymMoBY 30i:kHocTi meperBopennst ®@yp’e / P.B. Tokay, B.M. MenBins // Kibepuetuka
Ta cucreMHuii ananmiz. 2024. Tom 60, Ne 5. C. 146-155.

Amnoranis. ITokasaHo, mo 3acrocyBanHs neperBoperHs Pyp’e BaxmBe JUIs pO3B’A3aHHS 6araThbox MpH-
KJIQJIHUX 3aJ1a4 CHCTEMHOTO aHani3y. BuBdyeHo #0ro BIAacTHBOCTI, IO BIUTMBAIOTH HA €(EKTHBHICTh BHKOpHC-
TaHHS y 3a[a49ax Teopil ONTHMAIbHUX pillleHb. 3aJaH0 HeOoOXiaHY yMOBY 30DKHOCTI meperBopeHHsI Dyp’e, mo
Jla€ TIOTYXKHUI IHCTPYMEHT JJsi MOr0 BHKOPHCTAaHHS y peaii3aiii MpakTHYHUX 3aj]ad.

Kurouosi cioBa: neperBopennss Dyp’e, CHCTEMHUI aHAII3, TEOPis ONTUMAIBHUX pillleHb, HEOOXiIHA YMOBa
301KHOCTI.

A necessary condition for the convergence of the Fourier transform / R.V. Tovkach, V.M. Medvid //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5. P. 146-155.

Abstract. The authors show that the Fourier transform plays an important role in many applied problems
of system analysis. Its properties are analyzed, which directly affect the efficiency of using the optimal decision
theory in the problems. The necessary condition for the convergence of the Fourier transform is established,
which provides a powerful tool for its use in the implementation of practical problems.

Keywords: Fourier transform, system analysis, theory of optimal solutions, necessary convergence conditions.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS
VK 519.8.812.007

KoMmmiiekcHa MaTeMaTH4YHA MO/Je/Ib BUSHAYEHHs (PyKLiOHAILHOI HAIHHOCTI YieHiB ILOTHUX eKinaxkis /
H.I. ApanoBa, A.O. Ynkpiii, JL.S.-I'. Illaxaina / Kibepueruka Ta cucremunii ananis. 2024. Tom 60, Ne 5.
C. 156-163.

AHoTauis. 3anpornoHOBaHO KOMIUIEKCHY MaTeMaTH4YHY MOJCNb JUIs BH3HAYCHHS (YHKIIOHAIBHOT
HaiitHOCTI 0Ci0 1bOTHOrO cKiaxy. CKIIaOBUMH KOMIIOHEHTAMHU MOJIEIIi € MOJIeIIb PETYIIIOBaHHSI KHCHEBHX pe-
JKUMIB OpPTaHi3My JIFOJMHH, MOJIENIb TPAHCIIOPTY Ta MOJIENb MaCOOOMIHY PECHipaTOpPHUX ra3iB B OpraHi3mi Jio-
JIMHU, MOJIEJIb CaMOOpraHi3alii CUCTeMU JMXaHHsA Ta aJanTaiii opraHi3mMy JIOJUHH JI0 eKCTPEMaJIbHUX 30Yy-
penb. IlokasaHo, 110 3ampoNOHOBaHA MaTeMaTHYHA MOJEIb A€ 3MOTY B pa3i HassBHOCTI MacHBY BiINOBIIHHX
JTAaHUX BH3HAYUTH 3/1aTHICTH KOHKPETHOI 0COOM 10 ajanTanii 10 BUKOHAHHS POOOTH B KCTPEMAIBHUX YMOBaX
npodeciiiHoil AisTIBHOCTI.

KurouoBi ciioBa: dyHKIioHaabHa HaIiHHICT JbOTYHKA, QYHKIIOHATbHA CHCTEMa TUXAaHHS, MAaTeMaTHYHA MO-
JIeNb Kap/iiopectipaTopHoi CHCTEMH, alanTallis OpraHisMy JIo eKCTpeMalbHUX 30ypeHs, npodeciiiHa AisSIbHICTh
JIBOTYHKA.

A complex mathematical model of the value of functional reliability of flight crew members /
A.O. Chikriy, N.I. Aralova, L.Ya.-G. Shakhlina // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 156-163.

Abstract. A complex mathematical model to determine the functional reliability of flight crew members
is proposed. The components of the model are the model of control of oxygen modes in the human body, the
model of transport and mass exchange of respiratory gases in the human body, the model of self-organization of
the respiratory system, and the model of adaptation of the human body to extreme disturbances. It is shown that
the model allows (given a corresponding data array) one to determine if a particular individual can adapt to
work under extreme conditions of professional activity.

Keywords: functional reliability of the pilot, functional respiratory system, mathematical model of the
cardiorespiratory system, adaptation of the body to extremes, professional activity of the pilot.

VK 004.421

Peanizanis MHo:keHHst MoHTromepi JUIsi NPUCKOPEHHSI 00YMC/IEHHSI MOAYJISPHOIO €KCIOHEHUiIOBAHHS
oaraTopo3psiauux yuces / 1.O. IIpousko, O.B. I'puuyk // KiGepaetuka ta cucremuuii anainiz. 2024. Tom 60,
Ne 5. C. 164-173.

AwnoTaunisi. [IpoBeaeHo MOPIBHSIHHS Ta aHAI3 BUKOPHCTAHHS PO3pOOJICHOT MporpamMHol peartizaiii Kiacy
MontgomeryArithmetic 1151 06uKCIEHHS MOIYJIAPHOTO EKCIIOHEHII0BaHHs. BUKOHAHO MOPiBHAHHS IIBUJIKOCTI
BUKOHAHHS PO3POOJICHOr0 MOy ISIPHOTO MHOXKEHHs: MOHTroMepi Ta 3BUYaifHOTO MO/ IAPHOTO MHOKEHHS JUIs
00YHCIICHHST MOYJISIPHOTO SKCIIOHCHI[FOBAHHS HAa OCHOBI METOAY IBIfIKOBOTO IiHECEHHS CIIpaBa HAIIBO VIS
(hikcoBaHOT OCHOBH 3 MONEPETHIM OOYHUCICHHSAM CKOPOUCHOT0 HaOOpy 3anuiukiB. OTprMaHi pe3yabTaTu 004unc-
JICHb MOJTYJISIPHOTO €KCIIOHEHIIFOBAHHS 3 PO3MApaJICIIIOBAHHIM Ha OCHOBI 0araTornoTOKOBOCTI Ta 3 BUKOPHCTAH-
HSIM PO3pO0OJICHOr0 MOJYJIIPHOTO MHOKEHHSI MOHTroMepi Ha KOMIT F0Tepax 3aralbHOro IpU3HAYEHHs CBil4aTh
TIPO TIPUIIBH/IIICHHS 00YUCIICHB Yy CepesiHbOMY B 1.5 pa3a MOpIiBHIHO 3 (yHKIIAMH MOJYJISIPHOTO IiJTHECECHHS
o cremens 3 mporpamuux 6i6miorek MPIR, OpenSSL, Crypto++.

KurouoBi ciioBa: Moy IsspHe MHOXKEHHS, MOAYJIAPHE SKCIIOHCHIIIFOBAHHSI, TIapaieibHi 6araTonoToKoBi 064mc-
JICHHSI, TepeJO0UNCIICHHs, 0araTopo3psIHi Jucia.

Implementation of Montgomery multiplication to speed up the computation of modular exponentiation
over multi-bit numbers / I. Prots’ko, A. Gryshchuk // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 5.
P. 164-173.

Abstract. A comparison and analysis of the use of the developed software implementation of the class
MontgomeryArithmetic for computing modular exponentiation are conducted. The computation speed of the
developed Montgomery modular multiplication is compared to the regular modular multiplication for
calculating the modular exponentiation based on the right-to-left binary elevation method for a fixed basis with
a preliminary calculation of a reduced set of remainders. The obtained results of performing modular
exponentiation computations with parallelization based on multithreading on general-purpose computers speed
up the computations by an average of 1.5 times using the developed modular Montgomery multiplication
compared to the modular exponentiation functions of the MPIR, OpenSSL, and Crypto++ software libraries.

Keywords: modular multiplication, modular exponentiation, multithreading, precomputation, large numbers.
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HOBI 3ACOBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OOPMATHUKH, OBUYUCJIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

YIK 53.088.3+53.088.7

Po3nizHaBaHHsl 300pa:keHb HelepepBHUX BeiiBJIET-CIEKTPIB 3alIyMJIEHUX PaTioJOKAUiiiHUX CHIHAJIIB
3 BUKOPHCTAHHSIM 3IrOpPTKOBOI HeiipoHHoi Mepexxi / .M. Onydpienko, FO.K. Tapanenko,
0.10. Ouiiinuk, B.B. Jlonatin // KiGepuernka ta cucremuuii anainis. 2024. Tom 60, Ne 5. C. 174-186.

AHoTauis. Po3risiHyTo METON po3Mi3HaBaHHs 300paKeHb HEMEPEPBHUX BEHBICT-CIICKTPIB 3aIIyMICHHX
CHTHAJIIB 3 JIIHIIHOIO Ta HEJNIHIHO YaCTOTHUMH MOJYJISIISIMH 3 BUKOPUCTAHHSIM 3rOPTKOBHX HEHPOHHHX Me-
pex. 3arporoHOBaHO MPOLEAYPY HiArOTOBKH 300paeHb CIIEKTPIB st 00poOJICHHS y HEHPOHHIN Mepexi, sika
3a0e3medye JOCTATHIO BHCOKY HMOBIPHICTH PO3Mi3HaBaHHS 3aJaHOTO THITy CUTHAIY 3 ABAJUATH MOYKIUBHX.
Merozornorist po3B’si3aHHS IOCTABJICHOI 3a/1a4i MOJISIrae y MOIIYKy alrOPUTMY MiArOTOBKH 300paXkKeHb, SIKUi 3a-
Oesnedye ayrmeHTauii 300pakeHb METOZI0M 3MiHHM HEIEePEPBHUX BEUBIETIB [UIs i1eHTU]IKALIT CUTHATIB B yMO-
BaxX 0OMEKEHOCTI PE30HAHCHOT YaCTOTH Ta CMyTH IIPOIyCKaHH. B anropurmi nepedadeHo 3MiHy 4acTOTH He-
HIePepBHOTO CIIEKTPa 00pOOICHHAM CHrHATY (ha30BOI PEHIITKH PI3HUMU HENepEepBHUMH BEHBIIETAMH ITiCIIS J10-
JlaBaHHS HecTalioHapHOro mrymy. IligroroBieHi y Takuil croci0 CHrHanM 3 JIHIIHOIO Ta HeNiHIHHOIO
MOZYJIAIISAMH, a TAKOXK CIICKTPH CHTHANIB IHIIUX PEryJsIpHUX (OPM BHKOPHCTOBYIOTHCS SIK BXiIHI TaHi 3rop-
TKOBOI He#poHHOI Mepexi. IIporenypa moainy 300paskeHb BEHBICT-CHEKTPIB Ha KIACH BHKOHYETBCS IIe-
PEBIPKOIO OIHOPIAHOCTI Kiacy 3a 3HaueHHsM eHrtpormii lllenHoHa. MiHiManbHE 3HAYEHHS SHTPOII CBIIYUTH
PO OAHOPIIHICTB MiAMHOXHHH 1 BIICYTHICTD «IOMILIIOK» i3 300pakeHb iHIIMX KiaciB. Po3pobiena Moaens He-
HPOHHOI Mepexi 3 ayrMEHTAIli€l0 HEelepepBHUMH BEHBIIET-CIIEKTPAMH B yMOBaX OOMEXKEHOro Habopy HaHHUX
Mae TouHicTh Maitke 97.95 %.

KarouoBi cioBa: ayrmeHTarlis, BeHBIET-CHEKTp, 3rOPTKOBI HEHPOHHI Mepexi, HenepepBHi BeHBIETH,
0e3MmioTHI JliTasibHI anapartH.

Recognition of images of continuous wavelet spectra of noised radio location signals using a convolutional
neural network / D. Onufriienko, Yu. Taranenko, O. Oliinyk, V. Lopatin // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 5. P. 174-186.

Abstract. The paper considers the existing methods of image recognition of continuous wavelet spectra
of noisy signals with linear and nonlinear frequency modulation using convolutional neural networks.
A procedure for preparing spectral images for processing in a neural network is proposed, which ensures
a sufficient probability of recognizing a given type of signal out of twenty possible ones. The methodology for
solving the problem consists of finding an image preparation algorithm that provides image augmentation by
the method of changing continuous wavelets, which ensures the identification of signals under conditions of
limited resonance frequency and bandwidth. The algorithm involves changing the frequency of the continuous
spectrum by processing the phase grating signal with different continuous wavelets after the additive addition
of non-stationary noise. Signals with linear and nonlinear modulation prepared in this way, as well as signal
spectra of other regular forms, are used as input data of the convolutional neural network. The procedure of
dividing wavelet spectrum images into classes is performed by checking the homogeneity of the class based on
the Shannon entropy value. The minimum entropy value indicates the homogeneity of the subset and the
absence of “impurities” from images of other classes. The developed model of a neural network with
augmentation by continuous wavelet spectra in the conditions of a limited data set has an accuracy of up to
97.95%.

Keywords: augmentation, wavelet spectrum, convolutional neural networks, continuous wavelets, unmanned
aerial vehicles.
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