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KIBEPHETHKA CYBERNETICS
YIK 519.8

Ynockonanenuii meroa bepiexemna—Mecci sik 0CHOBAa NMOLIYKY Iepioan4HocTell y 0iTOBHX MOTOKAx /
C.M. Hikonaes // Kibepuernka ta cuctemHuid anamiz. 2025. Tom 61, Ne 1. C. 5-14.

AHoTauis. 3anponoHOBaHO BIOCKOHAICHHS MeToxy bepinekemna—Mecci y pasi Horo 3acTocyBaHHS IS
MOUIYKY TEpioJUYHOCTeH y 0ITOBUX MOTOKax 3 moMmikaMu. CyTh yIOCKOHAICHHS IMOJArae B 1HAKIIOMY PO3-
OuTTI GITOBOrO MOTOKY Ha OJIOKM, BUKOPUCTAHHI MOCIIZOBHOTO MOOITOBOrO 3CYBY HEpel KOKHUM OOYHCIICH-
HSIM [1apaMeTpiB, a TAKOXK y NMPUHHSTTI PILIEHHS NP0 TOBXKHMHY perictpa i 3HAYCHHS MOJIIHOMA 3BOPOTHOTO
3B’5I3Ky Ha OCHOBI 3aIIPOIIOHOBAHOIO MAaTEMAaTHYHOIO BHpa3y.

Kuaio4oBi ci1oBa: perictp 3CyBy 3 JIiHIHUM 3BOPOTHHM 3B’S3KOM, JJOBXXHHA PETicTpa, MOJIIHOM 3BOPOTHOTO
3B’513Ky, OiTOBHI TOTIK, Meron bBepiexemma—Mecci.

Advanced Berlekamp—Massey method as a basis for finding periodicities in bitstreams / S. Nikolaev //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 5-14.

Abstract. The author has proposed an improvement of the Berlekamp—Massey method when used for
searching periodicities in bitstreams with errors. The essence of the improvement is another splitting of
a bitstream into blocks, using a consistent bit shift before every parameter processing, and making decisions
about the register’s length and feedback polynomial based on proposed mathematical formulas.

Keywords: linear feedback shift register, register length, feedback polynomial, bitstream, Berlekamp—-Massey
method.

VK 004.75

PeanizoBHicTh aiarpam mopiii Ta icHyBaHHst JoriyHux roaunHukiB / I'.M. XKoarkesuy, A.B. 3o3yas //
KiGepuetnka ta cuctemuuii anamiz. 2025. Tom 61, Ne 1. C. 15-26.

AmnoTanisi. Po3risinyTo npobiemy 3B s3Ky MiXk KOPEKTHICTIO JiarpaMy MO pO3IOiIeHOro 00uHCIIeH-
HsI 3 OISy KOMYHIKALii MK JIOKQIbHUMH HPOLECAMHU [bOTO OOYNCIICHHS Ta ICHYBAaHHSIM /TS TAKOI JiarpaMu
JIOTiYHOro roauHHMKa. [Ipodaemy nocnimkeHo 3a nonomororo nporpamu The Coq Proof Assistant 6e3 npurmy-
IIEHHS MO CIPABEIMBICTh 3aKOHY BHKJIIOUCHHS TPETHOro. [HaKIe KaXKydu, OTPUMAaHI Pe3yJbTaTH € KOpEeK-
THUMH 3 TIOIJISYy KOHCTPYKTUBHOI JIOTIKH, IO Ba’KJIMBO JUISL KOMIT IOTEPHUX HayK. DOpMallbHO JOBEACHO, 110
iCHyBaHHS JIOTIYHOTO TOJMHHMKA JUIL PO3MOAUICHOr0 OOYMCIICHHs 3a0e3nedye ippedIeKCHBHICTh HMPHIHMH-
HO-HACJIIIKOBOTO 3B’SI3KY, HOB’S3aHOT0 3 UM oOuncieHHIM. CHopMyIb0BaHO TiNOTE3y IPO CIPABEUIHBICTH
00EPHCHOTO TBEP/KCHHSL.

Kurodosi cioBa: posnogineni o0uncieHHs, xmMapHa miatdopma, O10K4elH, ndpoBi posmnoineHi peectpy,
r100anpHuil Yac, JOTIYHMH TOAMHHUK, BIOPSIKYBaHHS MOAii.

Realizability of event diagrams and existence of logical clocks / G. Zholtkevych, A. Zozulia // Kibernetyka
ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 15-26.

Abstract. This paper addresses the problem of the relationship between the correctness of the event
diagram of distributed computing from the standpoint of communication between local processes of this
computing and the existence of a logical clock for that diagram. The problem is analyzed using The Coq Proof
Assistant software without assuming the fairness of the principle of excluded middle. That is, the obtained
results are correct from the point of view of constructive logic, which is essential for computer science. It has
been formally proved that the existence of a logical clock for distributed computing ensures the irreflexivity of
the causal relation related to that computing. The conjecture about the fairness of the converse statement has
been claimed.

Keywords: distributed computing, cloud platform, blockchain, digital distributed ledgers, global time, logical
clock, event ordering.

CHCTEMHHI AHAJI3 SYSTEMS ANALYSIS
VJIK 519.8

JuBepcudikanis nomyky B arroputmax OMK Ta ii 3acrocyBanus / JI.®. I'yasuunbkuii / Kibepreruka
Ta cuctemHmii amams. 2025. Tom 61, Ne 1. C. 27-42.

Amnotanis. HaBeneno minxig 1o po3poOieHHs auBepcr(ikoBaHUX JITOPUTMIB ONTHMI3aNii MyparIiHu-
MH KOJIOHISIMH — OJIHOTO 3 HaWTOIIMPEHIMNX METOiB KOMOIHaTOpHOI onTtuMmiszauii. [[uBepcudikaris B ajiro-
purmax OMK ocHoBaHa Ha pO3IJIsil BapiaHTIB NPOJOBKEHHS MOOYI0BU TIOTOYHOTO (pparmMeHTa po3B’si3Ky, 10
BPaxOBYIOTb HE OJIHY, K 3a3BHYail, a IeKiIbKa BeplInH rpady 3amaui, siki MOKyTh OyTH BKJIIOYEHI B el Map-
mpyT. MOXKIIMBICTD HEPErisly MypaxaMu BapiaHTiB MOIIYKY Ha JEKilbKa KPOKIB BIIEpe/ Aa€ 3MOTY IMiABHIIUTH
HMOBIPHICTh YHUKHEHHS CyOONTUMAIBHUX PO3B’SI3KIB Ta 3HAXOAUTH OLIBII TOYHI PO3B’A3KH. 3aIPONOHOBAHMIT
IIiIX1I BUKOPUCTOBYETHCS IS CTBOPESHHSI METaeBPHCTHYHHX AJITOPHTMIB PO3B’SI3YHHS PI3HHX 3a7a4 KOMOiHa-
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TopHOI onTuMizauii. HaBeneHo pe3ysnbTaTé NpoBeAEHHX OOYHCIIOBATLHHX E€KCIICPHMEHTIB i3 PO3B’s3yBaHHSI
cepii NPUKIIAJHUX 32/1a4 KOMOIHATOPHOI ONTHMI3allii 3 Pi3HUX KJIACIB, SIKI MiATBEPIHIN MOXKIUBICTh YCIIIIHOL
Moudikamii BiIOMHX MypalIMHUX aJITOPUTMIB.

Karwou4oBi ciioBa: KoMOiHATOpHA ONTUMI3ALLis, ONITHMI3allisi MypalIMHUMH KOJIOHISIMH, MapIIpyTH3allis, 3a1a4a
kxoMiBospkepa, BrJIA, omruMizamis aBiamepenboTiB, OOYHMCIIOBAIBHI EKCIEPUMEHTH.

Search diversification in aco algorithms and its application / L.F. Hulianytskyi // Kibernetyka ta Systemnyi
Analiz. 2025. Vol. 61, N 1. P. 27-42.

Abstract. This paper presents a novel approach to the development of diversified ant colony optimization
(ACO) algorithms, which are among the most widely used methods in combinatorial optimization. The
proposed diversification in ACO algorithms is based on considering multiple options for extending the current
solution fragment by incorporating several vertices of the problem graph into the route instead of just one, as is
typically done. The ability of ants to foresee multiple search steps ahead increases the likelihood of avoiding
suboptimal solutions and finding more accurate ones. This approach is applied to create metaheuristic
algorithms for solving various combinatorial optimization problems. The results of computational experiments
on a series of applied combinatorial optimization problems across different classes demonstrate the successful
modification of the known ACO algorithms.

Keywords: combinatorial optimization, Ant Colony Optimization, routing, traveling salesman problem, UAV,
optimization of flight routes, computational experiment.

VIK 519.7

HII-meTo0J10Tis IJIsl MO/IETIOBAHHS OI/IKOBUX B3aeMOiil y Giosioriunux cucremax / M.3. 3rypoBcbKkuii,
I1.0. Kacesnos, JI.B. JleBenuyk, B.P. HoBukos // KiGepHernka Ta cuctemuunii anamis. 2025. Tom 61, Ne 1.
C. 43-51.

AHoTauis. 3anpornoHOBaHO METOIOJIOTII0 PO3POOIICHHS IHTEICKTYalbHOI CHCTEMH IITYYHOTO IHTEIEKTY
JUIS MOJICJIIOBaHHS O1TKOBMX B3a€MOJIN y OlOJOTIYHMX CHUCTEMaX, IO TPYHTYEThCS HA PIBHAHHAX peakIii-an-
¢y3ii 3 6aratozHauHuMU QyHKIIAMH B3aeMoAii. OCHOBHOIO METOIO JOCHI/KEHHS € alpOKCHMALlis PO3B’s3KiB
LUX PIBHSHb 32 JOIOMOTO0 BUCOKOC(EKTHBHUX O0UYHCIIOBAIBHIX METOIB, 30KpeMa (i3naHO-iHpopManiitHuX
neliponaux Mepexx (PINN) ta merony Iambopkina rimbokoro naBuanus (DLGM). 3anponoHoBana cucTema
BHKOPHCTOBYE MAIIMHHE HABYAHHsI JUISl MOJICITIOBAHHSI CKJIQ{HUX O10JIONYHMX IPOLIECIB 3 ypaXyBaHHSM peajlb-
HUX KJIITHHHUX YMOB. ABTOPH PO3pOOMIHN Ta OOIPYHTYBAIH OOUHCITIOBAIBHHIL alrOPUTM, SIKUI Ha Cy4acHOMY
PiBHI MareMaTH4YHOI CTPOrocTi 3a0e3nedye armpoKCUMALI0 PO3B’S3KiB HECKIHYEHHOBUMIPHHMX CTOXaCTHYHMX
3a/1a4 ONTUMI3aLi Ta AEMOHCTPYeE OLIbII BUCOKY e()EKTHBHICTH MOPIBHSAHO 3 TPaAULIHHUMHU MeTonaMu. Bucoka
TOYHICTb Ta MIBUAKICTH OTPHMAHMX PE3yJbTATiB JAIOTh 3MOTY PO3LIMPUTU 3aCTOCYBAHHS L€l MeToJ0JIOrIi Ha
iHI TUNU JudepeHiaibHUX PIBHSIHb 3 YaCTHHHUMHM IOXiJHUMH, 30KpeMa s OIiOJOriYHUX 1 MEJUYHUX
JIOCTI[DKEHb.

KumiouoBi cioBa: piBHsHHs peakuii-nudysii, 6araro3nauni ¢yHKuii B3aeMozii, MallMHHE HaBYaHHS, (i3ud-
Ho-iH(popMalliiHa HEeHpOHHA Mepexka, armpOKCUMAI[IHHUN PO3B’SI30K.

Al methodology for modeling protein interactions in biological systems / M.Z. Zgurovsky, P.O. Kasyanov,
L.B. Levenchuk, V.R. Novykov // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 43-51.

Abstract. This paper proposes a methodology for developing an artificial intelligence system for
modeling protein interactions in biological systems based on reaction-diffusion equations with multivalued
interaction functions. The primary goal of the research is to approximate the solutions of these equations using
highly efficient computational methods, specifically physics-informed neural networks (PINN) and the deep
learning Galerkin method (DLGM). The proposed system utilizes machine learning to model complex
biological processes while accounting for real cellular conditions. The authors have developed and rigorously
justified a computational algorithm that, on the current level of mathematical rigor, ensures the approximation
of solutions to infinite-dimensional stochastic optimization problems and demonstrates superior efficiency
compared to traditional methods. The high accuracy and speed of the obtained results enable extending this
methodology to other types of partial differential equations, particularly for biological and medical applications.

Keywords: reaction-diffusion equation, multivariate interaction functions, machine learning, physical
information neural network, approximation solution.

VK 519. 21

Hesiki nmpukaaani 3agayi Teopii kepoBanux Bunaakosux npouecis / I1.C. Knonos, T.B. IleneasieBa /
KiGepHetnka Ta cucremuuii anamis. 2025. Tom 61, Ne 1. C. 52-65.

AwnoTanis. JlociimKkeHo aeski NpUKIaaHi 3amadi Teopii KepoBaHUX BHIAJKOBUX MPOLECIB, 1[0 BUHUKA-
I0Th Yy Teopii HaaiiiHOCTI Ta Teopii MacoBoro obciyroByBaHHs. HaBeseHO YMOBH, 3a SKMX 3HAaXOJUKCHHS OIITH-
MaJIBHOI CTpaTeril 3BOIUTHCS 10 PO3B’SI3aHHsI ACSIKHUX 3a/a4 MaTeMaTHYHOrO POrPaMyBaHHsI, a TAKOXK YHCIIOBI
METO/H IXHBOTO PO3B’S3aHHS.

Kuro4doBi c10Ba: MapKOBCHKI IPOIECH, HAMiBMAPKOBCHKI MPOLECH, ONTHMAIbHE KePyBaHHs, KPUTEPii onTH-
MaJIbHOCTi, ONTHMaJIbHE IUIAHYBaHHS, CHCTEMa MAacOBOTO OOCIyTOBYBaHHs, ONTHUMAajbHA CTPATETis.
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Some applied problems of the theory of controlled random processes / P.S. Knopov, T.V. Pepelyaeva //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 52-65.

Abstract. Some applied problems of the theory of controlled random processes arising in the reliability
and queueing theories are analyzed. The conditions whereby finding the optimal strategy is reduced to some
mathematical programming problems and numerical methods of their solution are given.

Keywords: Markov processes, semi-Markov processes, optimal control, optimality criterion, optimal planning,
queueing systems, optimal strategy.

VJIK 519.6

3Haxo/KeHHs] PEKYPEHTHOI0 CIiBBiTHOIIEHHS VISl CHCTeMH NOJIiHOMIB y 3aa4i 3 Apo6oBoI0 MOXiAHOIO /
B.JI. Maxkapos, H.B. Maiiko, B.JI. Psi6iueB // KibepHernka ta cucremumii anami3. 2025. Tom 61, Ne 1.
C. 66-80.

AHoranis. Po3po0bieHo Ta OOIpYHTOBAHO aIrOPUTM BiALIYKAHHS PEKYPEHTHOTO CHIBBIJHOIICHHS 3
MOJIIHOMIaMbHIMH Koe(DillieHTaMH HaJl IOJIeM PalliOHaIbHUX YHCEN JUTS 3a1aH0i CHCTEMH MOJTIHOMIB (Ha MpH-
Ki1aai cuctemu noiinomis Jlareppa—Kenni).

KuarouoBi cioBa: cucrema noninomis Jlareppa—Kenni, ¢pynkuis Mittar-Jledgdanepa, pekypeHTHE CriBBiAHOLICH-
HsI, OJMIHOMIagbHI KOC(DIlieHTH, paliOHAIbHI YHCIA.

Reconstructing the recurrence relation for a system of polynomials used in a problem with a fractional
derivative / V.L. Makarov, N.V. Mayko. V.L. Ryabichev // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61,
N I. P. 66-80.

Abstract. We develop and substantiate the algorithm of finding the recurrence relation 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, recurrence relation,
polynomial coefficient, rational number.

V]IK 517.977.5

OnrumaiibHe KepyBaHHs rinepoosiunuMu iHTerpo-audepenuiasbaumu cucremamu / A.B. AHikymuH,
X.M. I'panimax, B.C. JIsuko, O.C. CamocboHok // KibepHeTuka ta cucremMuuit anaiis. 2025. Tom 61, Ne 1.
C. 81-93.

AmnoTanisi. JloBeneHo ampiopHi HEpiBHOCTI Ui Kiacy JIHIHHUX IHTErpo-audepeHLiaIbHUX PIiBHIHb
rinepOoIiYHOTO THITy, IO BUHHMKAKOTH MiJ Yac JOCIHIKEHHS B’SI3KONPYXHUX cepepoBuil. CHopMyIboBaHO
TEOPEMH ICHYBaHHS Ta €JMHOCTI y3arajbHEHOT0 PO3B 3Ky, HEIIEPEPBHOI 3aJIS)KHOCTI PO3B 3Ky BiJjI IpaBol yac-
THHM piBHsHHA. HaBeneHo 3ajady ONTHMAIBHOTO KepyBaHHS Ta c(OPMYJIbOBAHO TEOPEMy NP0 iCHyBaHHs il
PO3B’SI3KY.

KarouoBi ciioBa: anpiopHi OLIHKM, y3arajibHEHa pO3B’SI3HICTh, ONTHMAJIbHE KEpyBaHHS, IHTErpo-aude-
peHLianbHe PIBHSAHHS, TinepOoiYHe PiBHSHHS.

Optimal control of hyperbolic integro-differential systems / A.V. Anikushyn, Kh.M. Hranishak,
V.S. Lyashko, O.S. Samosonok // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 81-93.

Abstract. We prove a priori inequalities for the class of linear integro-differential equations of hyperbolic
type that arise in the analysis of viscoelastic media. Theorems of the existence and uniqueness of the
generalized solution and the continuous dependence of the solution on the equation’s right-hand side are
formulated. The problem of optimal control is given, and a theorem on the existence of its solution is
formulated.

Keywords: a priori estimates, generalized solvability, optimal control, integro-differential equation, hyperbolic
equation.

VK 519.65

Yeoumoncbke HadamkeHHs1 Jgorapudpmom Bix pamiomansnoro Bupasy / IL.C. ManauiBcbkuii,
JI.C. Meabnuuok // Kibepuernka ta cucremuuii anamis. 2025. Tom 61, Ne 1. C. 94-103.

AHoTauis. 3anpornoHOBaHO MeToJ| MO0y J0BH YEOUIIOBCHKOTO HAOIMKEHHS 3 aOCOIIOTHOI MOXHOKOIO
norapumMoM BiJ parioHanbHOro BUpasy. Bin mossirae B moOy0Bi MPOMIXKHOTO YE€OUIIOBCHKOTO HAOIMKCHHS 3
BIZIHOCHOIO TIOXHOKOIO palliOHAIBHUM BHPa30M EKCIIOHEHTH HaOMKyBaHO! QyHKIil. HabmmkeHHs parioHas-
HHM BHpa30M OOYHCIICHO 32 iTepaliifHOI0 CXEMOIO K TPAaHUYHE CePEeIHLOCTECIICHEBE HAOJVKEHHS, OfepiKaHe
METOJIOM HaWMEHILIUX KBaJIpaTiB i3 JBOMA 3MiHHMMH BaroBuMH (yHKUisMu. HaBeleHi pe3yibTaTu po3B’s3y-
BaHHs TECTOBUX IPHUKIAAIB MiATBEPKYIOTh MIBUAKY 30DKHICTH METOJNY.

Kuro4dosi ci1oBa: ueOUIIOBChKE HAOIMKEHHS JIOrapu(PMIYHUM BHPa30M, HAOIMKEHHs Pallio- HAJIbHUM BHpa-
30M, CEpeIHBOCTCIICHEBE HAOIIKCHHS, METOJ HalMCHINNX KBaapaTiB, 3MiHHA BaroBa (YHKILS.
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Chebyshev approximation by the logarithm of a rational expression / P.S. Malachivskyy, L.S. Melnychok
/I Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 94-103.

Abstract. A method for constructing the Chebyshev approximation with absolute error by the logarithm
of a rational expression is proposed. It is to construct an intermediate Chebyshev approximation by a rational
expression with a relative error of the exponent of the approximated function. The approximation by the
rational expression is calculated as the boundary of mean-power approximation using an iterative scheme based
on the least squares method with two variable weight functions. The presented results of solving test examples
confirm the fast convergence of the method.

Keywords: Chebyshev approximation by logarithmic expression, approximation by rational expression,
mean-power approximation, least squares method, variable weight function.

V]IK 519.863

MojaenoBaHHsl BIUIMBY KJIMaTHYHMX 3MiH Ha BposkaiiHicTh o03uMoOi mmeHuni B JicocTenosii
arpokiiMaTuyHii 30Hi Ykpainu (Yepkacbka o6aactb) / B.A. IleneasieB, O.M. Tos0nHikoB,
H.O. TononnikoBa // Kibeprernka Ta cucremuuit anamiz. 2025. Tom 61, Ne 1. C. 104-114.

Amnotaunis. [ToOyTye nymka, o 3MiHa KJIIMaTy IPH3BEE JO 3HIKSHHS BPOXKAHHOCTI 3ePHOBHX KYJIBTYP.
Jtst Toro o6 ii migrBepanTH abo CIPOCTYBATH, IIPOBEICHO MaTEMaTHYHE MO/ICTIOBAHHS BILTHBY KIIMATHYHUX
3MiH Ha PIBEHb YPOXKAHOCTI 03MMOI MILIEHUIII B ACSKUX paiioHax Yepkacbkoi 001acTi, siKi 3HaXOIATHCS Y JiCO-
cTernoBiil 30HI YKpainu. Ha nepuiomy eramni no0ys0BaHO MaTeMaTU4HY MOJIEIb 3aJISKHOCTI BPOXKAHHOCTI 1€l
KyJbTYPH BiJl TeMIepaTypH MOBITPs Ta KiIbKOCTI onaziB. Ha npyromy erami no0yaoBaHo MateMaTHIHY MOJEIb
YPOXKaHHOCTI 03UMO] IIICHUL B OJJHOMY i3 PO3IVISIYBaHHX PAHOHIB I IPOBEICHO PO3paXyHKH. MoenoBaHHs
MoKa3aJo, o MeaiaHa GpyHKIii po3noAiay BpoxkaitHocTi o3uMoi miienuni y pabiBcbkoMy paiioHi B MaiiOyT-
mpoMy mepiomi 2030-2060 pp. Oyne mepeBUIIyBaTH iCTOpHYHI 3HAUCHHS IHOIO IOKa3HUKA 3a Iepiof
2005-2020 pp. 3 imoBipHicTio 0.7. Kpim Toro, 3 imoBipHicTio 0.4 BpokaitHiCTh 03uMOi nuenuti y J{padiBcbko-
My paiioni B MaiiOyTHpoMy mepioni 2030-2060 pp. Oyne nepesuiryBatu 50.7 w/ra. [Ipu npoMy MakcuMalibHa
BpOXKAHHICTh Y LbOMY paiioni He Oyne nepesuinysatu 71.4 1/ra.

KuirouoBi ciioBa: ajanraiis 10 KJIIMaTHYHHUX 3MiH, BPOXKAHHICTh, KBAHTHJIBHA PETPecis, CTATUCTUYHA BUOIpKa,
MaTeMaTH4YHa MOJICIb.

Simulating the impact of climate changes on the yield of winter wheat in the forest-steppe agro-climatic
zone of Ukraine (Cherkasy region) / V.A. Pepelyaev, A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 1. P. 104-114.

Abstract. It is widely believed that climate change will reduce the yield of grain crops. In order to
confirm or refute it, the authors carried out the mathematical modeling of the influence of climatic changes on
the yield of winter wheat in some areas of the Cherkasy region, located in the forest-steppe zone of Ukraine. In
the first stage, a mathematical model of the dependence of the yield of this crop on air temperature and rainfall
was created. In the second stage, a mathematical model of winter wheat yield in one of the considered districts
was generated, and calculations were made. The conducted modeling showed that the median of the winter
wheat yield distribution function in the Drabiv district in the future period of 2030-2060 will exceed the
historical values of this indicator for the period of 2005-2020 with a probability of 0.7. Moreover, with
a probability of 0.4, the yield of winter wheat in the Drabiv district in the future period of 2030-2060 will
exceed 50.7 c/ha. At the same time, the maximum yield in this area will not exceed 71.4 c/ha.

Keywords: adaptation to climate change, crop productivity, quantile regression, statistical sampling,
mathematical model.

YIK 30.101.541-336.7

Junamika induasnuii B exonomini kpainu / B.b. lynaes // Kibepuernka ta cuctemuuii anamis. 2025. Tom 61,
Ne 1. C. 115-126.

AwnoTauis. Biu3naueno ¢pyskuii iHdsmii Ta HOpMH TOTIBKH Bij BifcoTKOBOI cTaBku LlenTpansaoro 6an-
Ky Ta HOpMOBaHOro peanbHoro BBII, skunii BU3Ha4aeThesl BigHOMICHHAM peanbHoro BBII no Oesinduusuiitnoi
rotiBkH. IToka3aHo, 0 KOKEH TEXHOJIOTTYHHI YKJIa[] Ma€ CBOIO MIBH/KICTE 00Ir'y IpOIIeH, BiICOTKOBY CTaBKY,
HOPMY TOTIBKHM Ta iH(IIAIII0 y NEeBHOMY Jiana3oHi 3MiHH HOpMoBaHOro peansHoro BBII. ITo6ynoBano Homor-
pamy 3aJIeKHOCTI HOPMH TOTIBKH Bii HOpMOBaHOTo peanbHoro BBII 3a HasiBHOT BiicOTKOBOI cTaBKU. [100yn0-
BaHO HOMOTpaMy 3aJISKHOCTI iHQUIALIT Bil BiJICOTKOBOI CTaBKM 3a HAsBHOTO HOPMOBAHOro peaibHoro BBII
EKOHOMIK, II[0 PO3BHUBAIOTHCS, 1 CTA00PO3BUHEHMX, @ TAKO)K HOMOTpaMy 3aJeKHOCTI iHQIILIT Bl BiACOTKOBOT
CTaBKH 3a HasIBHOTO HOpMOBaHoro peanbHoro BBII ingycTpianbauX i po3BHHEHNX eKoHOMIK. [ToOynoBaHO eko-
HOMIKO-MaTeMaTH4Hy MOJeNb IH(IALIHHOrO perysIloBaHHsS eKOHOMIYHOIO 3pOCTaHHs. BHKOHaHO MOeItoBaH-
Hs iHQUILIIHOTO peryIIoBaHHS 3pOCTaHHS eKOHOMIKM Ykpainn B 2025-2026 pokax 3a CTaTHCTHYHUMH JaHU-
mu 2022-2023 pokiB. ITokazaHo, 1o iH}IsLiHE PeryaroBaHHs Ja€ 3MOry 30UIBIINTHA 3POCTAHHS PEabHOTO
BBII 3a aBa poku B 1.9 pa3a nmopiBHSHO 31 3pOCTAHHAM y pasi TapreTyBaHHs iHQIIALIT 32 BiJICOTKOBOIO CTaBKOIO.

KrouoBi cioBa: exoHoMika, iHGUImiiiHE perymoBaHHs, iHGIIIIIsA, HOpMoBaHWH peansHuii BBII, puHOK,
piBHOBara, mpars, Kariraj, rpoli, KpeJUTHUH MYJIbTUILTIKATOP, BiICOTKOBA CTaBKa, BAJIFOTA, HOPMa FOTIBKH.
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Inflation dynamics in the country’s economy / B.B. Dunaev // Kibernetyka ta Systemnyi Analiz. 2025.
Vol. 61, N 1. P. 115-126.

Abstract. The functions of the dependence of inflation and the norm of cash quantity on the interest rate
of the Central Bank and normalized real GDP are determined. Normalized real GDP is expressed by the ratio of
real GDP to the inflation-free quantity of cash. It is shown that each technological mode has its own velocity of
money circulation, interest rate, the norm of the quantity of cash, and inflation in a certain range of changes in
normalized real GDP. The nomogram of the dependence of the cash quantity rate on the normalized real GDP at
the available interest rate is constructed. The nomogram of the dependence of inflation on the interest rate at the
available normalized real GDP of developing and underdeveloped economies and the nomogram of the
dependence of inflation on the interest rate at the available normalized real GDP of industrialized and
developed economies have been constructed. An economic and mathematical model of inflationary regulation
of economic growth has been developed. The inflation regulation of the economic growth in Ukraine in
2025-2026, according to statistical data of 2022-2023, has been modeled. It is shown that inflationary
regulation allows for an increase in real GDP growth in two years by 1.9 times compared to growth with
inflation targeting the interest rate.

Keywords: economy, inflation regulation, normalized real GDP, market, equilibrium, labor, capital, money,
credit multiplier, interest rate, currency, cash rate, inflation.

VK 519.21

ACHMNTOTHYHA NMOBEAIHKA eKCTPeMAIbHHX 3HAa4YeHb JOBKHHH YepPrH Ta 4Yacy O4iKyBaHHsI B CHCTeMax
M|G|1Ta GI|M|1/ LK. Manak, C.M. Kpacautcbknii / Kibepreruka ta cucremuuii anaiis. 2025. Towm 61,

Ne 1. C. 127-137.

AwnoTanis. J[ocmipKeHo aCHMITOTHYHY TOBEAIHKY Maike HAleBHE €KCTPEMAbHUX 3HAUCHb JOBXKHHHU
4epry Ta yacy o4eiKyBaHHs B 4ep3i [UIsi CHCTEM MacoBOro odciayroByBaHHs. Hacammepen posrisHyTo 0O1HY 3a-
rajbHy TPaHUYHY TEOpeMy IIPO aCHMIITOTHKY €KCTpeMalbHHX 3HAUCHb PEreHepyIoBAIBLHUX IporeciB. Jlai Ha
ocHOBI Hiel Teopemu ast cucteM M |G |1 ta GI | M |l chopMynboBaHO 3aKOH MOBTOPHOTO Jorapupma uis lim
sup Ta 3aKoH moTpiiHoro norapupma s lim inf, a Tako AesKi iXHI yTOYHEHHS.

KurouoBi cioBa: cucremu Macosoro oociayrosyBanus M|G|1, GI]M|1, ekctpemaibHi 3HAUSHHS, ACHMITOTHYHA
MOBEIiHKA Maiike HaleBHE.

Asymptotic behavior of the extreme values of the queue lengths and waiting time in M |G|1 and GI| M |1
systems / I.LK. Matsak, S.M. Krasnitskiy // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 127-137.
Abstract. The asymptotic behavior of the almost surely extreme values of the queue length and queueing

time for queueing systems is analyzed. First, one general limit theorem on the asymptotics of extreme values of
regenerative processes is considered. Further, applying this theorem to queueing systems M |G [l and GI | M |1,

the law of the repeated logarithm for lim sup and the law of the triple logarithm for lim inf are formulated, as
well as some of their refinements.

Keywords: queuing systems M |G |1, GI | M |1, extreme values, asymptotic behavior almost surely.

V]K 519.6

OnrTuMajbHe iHTErpyBaHHsl IIBHAKOOCHHIIOBAJIBHUX (QYHKIiH 1151 ogHOro kiacy audgepenuiioBHMX
¢yHukuiii B ymoBax Ha0/IM:keHOro 3a/1aHHs anpiopuoi indgopmaunii / JI.B. Jlyn // KiGepHnetuka ta cCHCTeMHUIA
ananis. 2025. Tom 61, Ne 1. C. 138-148.

AwnoTanisi. Po3risiHyTo 3aa4y 004YMCICHHS IHTErpaliB BiJl IBUAKOOCIMIIOBATILHUX DYHKIIH 1715 Ki1acy
(yHKLIH, SKi MalOTh HENEPEPBHI APYTi MOXiJaHI Ta oOMexeHi ymoBoto Jlimmmis 3 koHcTanToro Jlinmns yac-
TKOBO-HeIepepBHi Tpeti noxinui. I[Ipy npomy ampiopHa iHboOpMamis npo MiTiHTErpaibHy (QYHKII0 MiCTHTH
(ikcoBani 3HaueHHS (QyHKIIT Ta 1i mepioi i Apyroi HOXiTHUX, sKi 3a1aHi y (iKCOBAHHX By3JIaX JOBUIBHOI CITKU
HaOJIMKEHO, 3 MEeBHOW noxmOkoro. Takumit croci® 3amanHs ampiopHoi iHpopManii gae 3Mory 3By3HTH Kiac
MiiHTerpajdbHUX (QYHKIINA HA TaK 3BAHUH IHTEPHOIALIMHUN K1ac (yHKIIH 1 moOyayBaTH Ui HHOTO ONTHMAalIb-
Hy 3a TOYHICTIO KBaJpaTypHy (OPMyYIy Ta OTPMMATH ONTHMAJbHY OLIHKY i MOXMOKH, 3aCTOCYBABIIH METOJ
IPaHUYHUX (YHKIIH.

KuarouoBi ciioBa: iHTerpanu Bijl IIBUIKOOCIMIIOBATBHUX (YHKIIN, IHTEpIOJSLiiHI Kiaacu yHKil, HaOmmKe-
HO 3a/]aHa anpiopHa iHdopMaLis, ONTHMAJIbHI 32 TOYHICTIO KBAAPaTypHi (HOPMYITH, METO IPAaHHYHUX (DYHKIIiH.

Optimal integration of rapidly oscillating functions for one class of differential functions under
approximate a priori information / L.V. Luts // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1.
P. 138-148.

Abstract. The problem of calculating integrals of rapidly oscillating functions for a class of functions
with continuous second and partially continuous third derivatives limited by Lipschitz conditions with
a constant Lipschitz L is considered. The a priori information about the integrand function contains fixed values
of the function and its first and second derivatives, which are given at N fixed nodes of an arbitrary grid
approximately, with a specific error. This method of specifying a priori information narrows down the class of
integrable functions to the so-called interpolation class of functions and allows generating a quadrature formula
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optimal in terms of accuracy for it and obtaining an optimal estimate of its error by applying the method of
boundary functions.

Keywords: integrals of rapidly oscillating functions, interpolation classes of functions, approximate a priori
information, accuracy-optimal quadrature formulas, method of boundary functions.

VK 519.8

Ipo nesiki onrumizamiiini BiaacTuBocti omneparopa I'aycca—Beepmrpacca / LB. Kaubuyk,
10.B. IlpuBanoB // KiGepHernka Ta cucremHmii anami3. 2025. Tom 61, Ne 1. C. 149-157.

AwuoTanis. Po3risiHyTo 3amady Teopii HaOmKeHHS (YHKUIH MO0 AOCTIMKEHHS JHIHHUX METOIB
nigcymoByBaHHs psiaiB Dyp’e, a caMe MUTAHHS 3HAXOMKCHHS CEPE/l HUX ONTUMAJIBHUX Y TOMY YM IHIIOMY
ceHci. Jlist BU3HAYEHHSI ONTHMAIIBHOTO MOPSIIKY allpOKCHMALlii B pOOOTI BUPILICHO /{Ba BasKJIMBHX ITHUTAHHSL: J10-
BEJICHO, 110 oreparop ['aycca—Beliepuirpacca € HACHYEHHM METOJOM Ta 3HAWUIEHO HOrO MOPSIOK HACHYECHHS,
HO-JIpyre, 3HAMIEHO KJIACH HACHYEHHS Ul [[OTO METOIY.

Kurodosi cioBa: onrumisaniiini BractuBocTi QyHKuii, oneparop I'aycca—Beiiepmpacca, mopsaok HaCHYECH-
Hsl, KJIAC HACHYCHHS.

On some optimization properties of the Gauss—Weierstrass operator / I.V. Kal’chuk, Y.V. Pryvalov //
Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 149-157.

Abstract. We consider the problem of the theory of function approximation concerning the analysis of
linear summation methods of Fourier series, namely finding the optimal ones in one sense or another. To
determine the optimal approximation order, the authors solve two important problems. First, the
Gauss—Weierstrass operator is proved to be a saturated method, and its saturation order is found; second,
saturation classes for this method are found.

Keywords: optimization properties of functions, Gauss—Weierstrass operator, saturation order, saturation class.

VK 519.217

ACHMNTOTHKA MepeXiTHuX iMoBipHOcTeli HamiBMapkoBcbkoro mpouecy / O.A. SIposa // KiGeprernka Ta
cucremuuii anami3. 2025. Tom 61, Ne 1. C. 158-160.

AHoTanis. Po3risHyTO HamiBMapKOBCHKUH HPOIEC 3 HEMiHIHHUM MHOXKHHKOM HOPMYBaHHS. 3HalIeHO
ACHMIITOTHKY IIePeXiHHMX IMOBIpHOCTEIl I HamiBMapKOBCBKOTO mponecy. Busnaueno ¢yHkmii Garato-
BUMIPHOTO PIBHSHHS BiJHOBIICHHS.

KiiouoBi cioBa: HamiBMapKOBCBKMH IIpoIleC, JaHIIOr MapkoBa, (YHKIisS BIJXHOBIEHHsS, IepexXimaHi
HMOBIpHOCTI.

Asymptotics of transitional probabilities of a semi-Markov process / O.A. Yarova // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 1. P. 158-160.

Abstract. The paper considers a semi-Markov process with a nonlinear normalization factor. The
asymptotics of transitional probabilities for the semi-Markov process are found. The functions of the
multidimensional renewal equation are determined.

Keywords: semi-Markov process, Markov chain, renewal function, transitional probabilities.

MMPOTPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS
YIK 621.396

OuiHoBaHHA HaAifiHOCTI 0e3POTOBHX CEHCOPHHUX Mepe:K CHCTeM MOHITOPHHTY JCOBHX IIOMKEXK 3
ypaxyBaHHsiM  aTajbHUX KoMOiHamiii MHoXMHHUX BigMoB ceHcopiB / K.M. Jleiiyenko,
C.B. Cxopoborartbko, I'.B. ®ecenko, B.C. Xapuenko, C.B. SIkoies // KibepHeTnka Ta CHCTEMHUIA aHAi3.
2025. Tom 61, Ne 1. C. 161-173.

Amnorauis. Ha mizcrasi npoaHanizoBaHUX JPKEPEI BCTAHOBJICHO, 10 OCHOBHUMH ACHEKTAMH 3aCTOCYBaH-
Hs 0e31poToBHX ceHcopHUX Mepex (BCM) [uis BUSBICHHS MOXKEXK € HAAIHHICTh, €HEProe(eKTUBHICTh, METOAM
MapIIpyTU3allii, po3ropTaHHs CEHCOPIB Ta TEXHOJIOTIT MOHITOPHHTY JIiICOBUX MoXex. [IpeacTaBieHo nporpam-
HUH 3aci6 s renepauii koHdirypauiii BCM Ta ouiHroBaHHs ii HaAifHOCTI Yepe3 iMiTaliifiHe MOJEIIOBAHHS.
HageneHo npukiiaj] 3aCTOCYBaHHS pO3pOOIEHOr0 IPOrpaMHOro 3aco0y JUlsl FeHepyBaHHs KapTH MOKPUTTS 3a/1a-
HOT IUIOIIi JIICOBOTO TOCIIOAPCTBA CEHCOPAMHU TSI MOHITOPHHTY JIICOBHX ITOXKEX Ta 331aHOi KITBKOCTI BiIMOB
CeHCOpIB, a TaKOXK BHU3HAUCHHS Ha KOXHIM iTepamii QaTampHuX KoMOIHAIilf Hempame3JaTHHX CEHCOPIiB
(®KHC). JocnimkeHo BILIMB Ha iiMOBipHICTh BiiMoBM BCM KinbKoCTi BiIMOB 11 ceHcopiB, KinpkocTi DKHC Ta
KIUJIBKOCTI HEMNpanes3/laTHUX CEHCOPIB y IXHbOMY CKJIAJi.

KurouoBi cioBa: Ge31poToBa CeHCOpHA Meperka, JICOBI MOXKeKi, (paTanbHi KoMOiHANIl Hellpane3faTHUX CEH-
COpiB, HAIIHICTb, IMiTallilHE MOJEIIOBAHHS, MPOrPaMHUi 3acil.
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Assessment of the reliability of wireless sensor networks for forest fire monitoring systems considering
fatal combinations of multiple sensor failures / K. Leichenko, S. Skorobohatko, H. Fesenko,
V. Kharchenko, S. Yakovlev // Kibernetyka ta Systemnyi Analiz. 2025. Vol. 61, N 1. P. 161-173.

Abstract. Based on the analyzed sources, it is established that the main aspects of the application of
wireless sensor networks (WSNs) for fire detection include reliability, energy efficiency, routing methods,
sensor deployment, and detection technologies. A software tool for generating WSN configurations and
evaluating its reliability through simulation modeling is presented. An example of using the developed software
tool to generate a map of coverage of a given forest area by sensors for monitoring forest fires and a given
number of sensor failures, as well as to determine at each iteration the fatal combinations of failed sensors
(FCFS), is given. The influence of the number of sensor failures, the number of FSCS, and the number of
inoperable sensors in the FSCS on the probability of failure of a WSN is investigated.

Keywords: wireless sensor network, forest fires, fatal combinations of failed sensors, reliability, simulation
modeling, software tool.

HOBI 3ACOBM KIBEPHETHKH, NEW TOOLS IN CYBERNETICS,
IH®OOPMATHUKHA, OBYUCIIOBAJIBHOL COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

YK 004.93:004.89

Mopens aJropuTMiB po3mi3HABaHHS, sika 0a3yeTbcsl HA NMOPOroBHUX (YHKHiAX omiHmi O0aM3BKOCTI
06’exriB / B.M. Omnanacenko, II.X. ®asuiaos, M.H. Mip3aes, III.C. Kaxapos // Kibepuetuka Ta
cucreMuuii ananiz. 2025. Tom 61, Ne 1. C. 174-189.

AnoTanis. Po3nisiHyTO 1mMOOYIOBY MOJENI alrOpPUTMIB PO3II3HABAHHS JUIL PO3B’SI3aHHS 3aJad Kia-
cucdikanii 00’€KTiB, IPEICTABICHUX B O3HAKOBOMY IIPOCTOPI BEIMKOI PO3MIPHOCTI. 3aIpOIOHOBAaHO HOBHI
X1 10 pO3pOOICHHS TaKoi MOJIENi, OCHOBaHMI Ha (hopMyBaHHI HAOOPY PENPE3CHTATHBHUX O3HAK Ta BH3HA-
YEHHI BiJIMOBIIHOT CYKYIHOCTI TPUBMMIPHUX HOPOroBUX (YHKIIH y mporeci noOy10BH eKCTPEMAIbHOIO JIro-
puTMy po3mi3HaBaHH;. HaBeneHO CTPYKTYypHHMIA OMHUC 3alpOIOHOBAHOI MOJEINI aJrOPUTMIB PO3Mi3HABAHHS Y
BUTJISA/I MOCIIZIOBHOCTI OOYMCITIOBAIBHUX TPOLEAYp. 3AifICHEHO MapaMeTpH3alifo IUX adrOPUTMIB, IO Jae
3MOry B HOJAIbIIOMY (OPMYIIOBaTH 1 pO3B’A3yBaTH 3ajady BH3HAUYCHHS EKCTPEMAIBHOIO aITrOpPUTMY
PO3Mi3HABaHHS B MeXax Mo0ynoBaHo1 Mozeni. HaBeneHo pe3ynbTaTH HOPIBHSIIBHOTO aHAI3Y 3alPONOHOBAHUX
Ta BIJOMHX aJITOPUTMIB PO3Mi3HABaHHS.

Kurodosi cmoBa: posmisHaBaHHA 00pa3iB, MOJENb aITOPUTMIB PO3Ii3HABAHHS, AITOPUTMH OOUHMCIICHHS
OIIIHOK, TTi/IMHO’KWHA CHJILHOTIOB’ A3aHHX O3HAK, PENIPE3EHTaTUBHA 03HAKA, TPUBUMIpHA TPaHWYHA QYHKITis.

A model of recognition algorithms based on threshold functions for assessing proximity of objects /
V.M. Opanasenko, Sh.Kh. Fazilov, N.M. Mirzaev, Sh.S. Kakharov // Kibernetyka ta Systemnyi Analiz.
2025. Vol. 61, N 1. P. 174-189.

Abstract. A model of recognition algorithms for solving the problems of classifying the objects
presented in a feature space of large dimensions is constructed. A new approach to developing such a model is
proposed based on constructing a set of representative features and determining a suitable set of n/a
three-dimensional threshold functions in the process of generating an extreme recognition algorithm.
A structural description of the proposed model of recognition algorithms in the form of a sequence
of computational procedures is given. Parameterization of these algorithms has been carried out, which makes it
possible to set and solve the problem of determining an extreme recognition algorithm within the limits of the
created model. The results of a comparative analysis of the proposed and known recognition algorithms are
given.

Keywords: pattern recognition, model of recognition algorithms, algorithms for calculating estimates, subset of
strongly related features, representative feature, three-dimensional threshold function.

VK 519.6, 539.3

MaremMaTH4Ha MO/esIb PO3B’SI3aHHSI KOCOCHMETPHUYHOI KpaiioBoi 3agavi 1 moc/adiieHoro aBoma
HACKPi3HMMH OTBOPaMM IIapy 3 KOB3HMM 3amiemJjeHHsM TopuiB / B.€. Ilanyenko, 10.1. KoBanbos,
A.O. Yenok, J.M. Bykara // Kibepuetuka Ta cucremuuii anamiz. 2025. Tom 61, Ne 1. C. 190-196.

Anoranis. HaBeJieHO HOBY MaTeMaTHYHY MOJIEITb PO3B’SI3aHHS CTaTHYHOI CUMETPUYHOI KpaiioBol 3a1aui
JUISL TOC/abJIGHOTO JIBOMA HACKPi3HUMH OTBOPAMH IIIapy 3 KOB3HHMM 3allEMIICHHSM TopiiB. Po3pobnero Ta un-
CebHO anmpoOOBAHO HOBHIl METOJ, OCHOBAHMI Ha CHCTEMI INECTH CHHIYJSIPHHX IHTErpajbHUX PIBHSHB.
VHACIII0OK BUCOKOTOYHOTO YHCEIBHOIO TOCIIDKCHHS BUSBJICHO, IO 31 3MCHIICHHSIM MIKIEHTPOBOI BiacTaHi
yn koedinienta [Tyaccona BinOyBa€eThCsi 3pOCTaHHs BiTHOCHOIO OKPY)KHOTO HAIPY’KEHHS, a 31 301IbIICHHIM
koediuienta [lyaccona 3miiCHIOETHCS 3CyB MAKCUMYMY BiJHOCHOTO OKPY)KHOTO HAIPY)KCHHS BiJl OCHOBH IIApy
B Horo raubuny. ITokazano, 1o 3a neBHOI KOMOIHaMLIi mapaMeTpiB e(peKT iCHyBaHHS B LIapi iHIIOTO OTBOPY HE
crioctepiractbesi. HaBeneHo BIANOBIAHI Tpadiku 3aIeKHOCTEH.

KurouoBi ciioBa: TpuBHMIpHI KpaifoBi 3aaadi, CHHTYJISIPHI IHTErpajibHi PIBHSAHHS, YUCEIbHUN EKCIIEPUMEHT,
CTaTUYHMIl 3TiH, HACKPI3HI OTBOPH.
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A skew-symmetric boundary value problem for a layer weakened by two through holes with sliding
sealing of the ends / B.E. Panchenko, Yu.D. Kovalev, A.O. Chepok, L.M. Bukata // Kibernetyka ta
Systemnyi Analiz. 2025. Vol. 61, N 1. P. 190-196.

Abstract. The paper presents a new mathematical model for solving a static skew-symmetric
boundary-value problem for a layer weakened by two through holes with sliding sealing of its ends. A new
method based on a system of six singular integral equations has been developed and tested numerically. As
a result of a high-precision numerical study, it was found that with a decrease in the center-to-center distance or
Poisson’s ratio, an increase in the relative circumferential stress occurs. And with an increase in the Poisson’s
ratio, the maximum relative circumferential stress shifts from the bases of the layer to its depth. Under certain
combinations of parameters, the effect of the presence of the second hole in the layer ceases to affect. The
corresponding values are given. The paper presents the respective dependency graphs.

Keywords: three-dimensional boundary-value problems, singular integral equations, numerical experiment,
static bending, through holes.
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