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KIBEPHETHKA CYBERNETICS

YIK 51.681.3
CTHCHeHHs1 JaHUX 3 BHKOPHUCTAHHSM PEeBEPCHUX MYJbTHPO3AiILHUKOBHX KoiiB / A.B. Amicimos,
O.1. 3aBaacekmii, T.C. YynakoB // Kibepuernka Ta cucremuumii anams. 2024. Tom 60, Ne 1. C. 3-18.

AHoTamist. Y cTarTi JOCTIUKCHO OiHapHI peBepcHi MynbTHpO3aiibHUKOBI (PMP) cruckanbHi Komu.
PMP-kon MaroTh HHU3KY KOPHICHHX BJIACTHBOCTEH, SIK-OT: OJHO3HAYHA JEKOJOBHICTb, IOBHOTA, YHIBEpPCAIBHICTB,
CHHXPOHI30BHICTb, PO3IIi3HABAHHS 3a JOIOMOTOI0 CKIHUCHHOTO aBTOMATa, 8 TAKOK MOXKIIMBICTB MIBHAKOIO MOLTYKY
JIAHKX Y 3aK0J0BaHOMY (aitii. [T00ymoBaHO POCTE MOHOTOHHE BiIOOPA)KEHHS 3 MHOXKMHH LIUTMX HEBI €MHUX YH-
ceJl Ha MHOKMHY KOJIOBHX CIIiB, @ Ha HOTO OCHOBI — HIBHJKMIT 1100ATOBMIT ieKoyBasibHUN anroputM. Kowmit 'to-
TEepHI eKCIIEPUMEHTH IEMOHCTPYIOTh, 110 PMP-Ko1 MOXKHA JICKOYBaTH Maibke 3 TI€I0 CamMOIO IIBHAKICTIO, LIO i
kox SCDC ii y pasm mBumme, Hix kox PiboHaudi. SIKIO MOPIBHATH 3 BIIOMHMH KOJAMH TOJ[IOHOTO THITY,
PMP-koau 1eMOHCTPYIOTE Kpaluii KOe(ilieHT CTHCHEHHS! IPUPOTHOMOBHUX TEKCTiB (OUTBII HDK Y 4 pasu Oikde
10 enrporiiaoi Mexi, Hbk SCDC). Takok oImHMCaHO TEXHOJIOTiI0 nepefoOpoOIeHHs IPHPOIHOMOBHHX TEKCTIB, sKa
B MOEIHAHHI 3 KoAyBaHHAM PMP-komamu mizBuinye e(eKTHBHICTh TOTY)KHUX CYYaCHHX apXiBaTopiB.

Kuro4doBi cioBa: cTUCHEHHs, apXiBaTop, KOJ, MYyJIbTHPO3IUTBHUKOBHIA.

Natural-language text compression using reverse multi-delimiter codes / A.V. Anisimov, 1.O. Zavadskyi,
T.S. Chudakov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 3-18.

Abstract. We study a class of binary reverse multi-delimiter (RMD) data compression codes in
application to natural language text compression. The RMD-codewords start with delimiters, i.e., prefixes of the
form 01™0 that cannot occur in other places of the codeword. The position of the delimiter in an RMD
codeword differs from its position in “direct” multi-delimiter (MD) codes, where delimiters are codeword
suffixes. RMD and MD codes possess many useful properties, such as unique decodability, completeness,
universality, synchronizability, asymptotic densities, and finite automaton acceptability. For RMD-codes, we
construct a monotonic mapping from the set of natural numbers to the set of codewords. For original MD-codes,
hitherto, this was an open question. The discovered mapping and the byte quantification of a decoding automaton
allow us to develop very fast byte-aligned algorithms for decoding and direct Boyer-Moore style search in
compressed files. Compared with the known byte (SCDC) and Fibonacci codes, RMD codes demonstrate the best
compression ratio on natural language texts (more than four times closer to the entropy bound than that of SCDC).
Computer experiments demonstrate that RMD codes can be decoded almost as fast as SCDC and times faster than
Fibonacci codes. In natural language text compression, we also practiced the RMD-encoding as a preprocessing
tool, which improves the performance of the known modern powerful archivers.

Keywords: compression, archiver, code, multi-delimiter.

VK 007+004.8
Oco0611BOCTI CTBOPEHHSI IITYYHOI0 iHTe/IeKTy 3acodamu indopmatuku Ta kibepHeruxu / B.IL. Boion //
KibepHernka Ta cucremHumii anamiz. 2024. Tom 60, Ne 1. C. 19-31.

AnoTanis. BusHaueHO 0coOIMBOCTI i yTOUHEHO CepH 3aCTOCYBaHHS HAYKOBHX METOZIB iHPOPMAaTHKU
Ta KiOepHETHKH Ha OCHOBi Bu3HaueHoro B.M. I'IymkoBuM MOHATTS iH(popMamii, a TaKoXK 3a3HAYCHO, IIO IO-
HSTTS IITYYHUH {HTEICKT» HAJICKHUTh [[MM HAyKOBHM Taly3sM. J(OBeICHO HEMOXKINBICTh BUKOPHCTaHHS Tpa-
JIULIAHUX TEOPETHUYHUX 1 MPAKTUYHUX OCHOB JUCKPETH3allil, KBAHTYBaHHS il KOJyBaHHS CUTHAIIB y CHCTEMax
peanpHOro Yacy Ta HaroJoLICHO Ha MOTpebi y po3poliieHHI HOBUX TEOPETHYHHX OCHOB Ha 0a3i Mipu 3MiH AJIs
KiOEpPHETHYHHUX CHCTEM. 3alpOIIOHOBAHO CJIIIKYBaIbHY MOJEINb AHAJIOr0-iHKPEMEHTHOI'O NIEPETBOPEHHS Helle-
PEPBHUX CHTHAJIB 3 IPUPOCTAMH, KPATHUMU CTEHEHEBI 2, Ta METOAU IXHBOT'O Y3TOKEHHS 13 3acobamu 06pos-
nenHst iHpopmartii. HaronomeHo Ha JOMiIBHOCTI BUKOPUCTAHHS AMHAMIYHOI Teopil iHdopManii Ha OCHOBI O-€H-
Tpomii Ui BUIUICHHS KOPUCHOI (IuHaMiyHOT) iH(opMail i3 curHaiis, 300pakeHb, Bijieo, iTepalliiHuX mpo-
LeciB 1 B3araji 3 JaHMX NP0 3MiHM B €BOJIIOLIMHUX IpoLecax. 3armpornoHOBAHO MiAXOAU 0 CHHTE3Y HOBUX
TEXHIYHHUX DIlICHb HA OCHOBI METOJIY NPUPOCTIB 3HaHb. BH3HAYEHO OCOOIMBOCTI CTBOPEHHS IITYYHOTO iHTE-
JIGKTY METO/IaMH iH(pOPMATHKH 1 KiOEPHETHKHM Ta HEOOXiAHICTh iXHBOT CHHEPTIT 3 IHIIUMH TaTy3sMHU HayK.

Kurouosi ciioBa: inpopmatuka, kibepHeTHKa, iHpOpMALlis, IITYYHUI IHTENEKT, OOYUCIIIOBAIbHA TEXHIKa, CTaTHY-
Ha iHopMallis, IMHaMivHa iHpopMallist, Mipa 3MiH, O-eHTpOIIisl, iHGOPMATHBHICTb, IPUPOCTH 3HAHb, CBPUCTHKH.

Features of creation of artificial intelligence using informatics and cybernetics / V.P. Boyun // Kibernetyka
ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 19-31.

Abstract. Peculiarities are determined, and scopes of application of the methods of informatics and
cybernetics are specified based on V.M. Glushkov’s definition of the concept of information. The concept of
artificial intelligence is noted to belong to these branches of science. The impossibility of using the traditional
theoretical and practical foundations of discretization, quantization, and signal transmission in real-time systems
and the need to develop new theoretical foundations based on the measure of changes for cybernetic systems
have been proved. A tracking model of analog-incremental transformation of continuous signals with increments,
multiple of the degree of 2, and methods of their coordination with the information processing means are
proposed. The basis of the dynamic theory of information based on d-entropy is proposed for excreting useful
(dynamic) information from signals, images, videos, iterative processes and, in general, from the data on
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changes in evolutionary processes. Approaches to the synthesis of new technical solutions based on the method
of knowledge increments are proposed. The peculiarities of creating artificial intelligence by the methods of
informatics and cybernetics and the need for their synergy with other fields of science are determined.

Keywords: computer science, cybernetics, information, artificial intelligence, computational technique, statistic
information, dynamic information, measure of change, d-entropy, information, knowledge gain, heuristics.

VJK 51.681.3
AHaJli3 NPUPOIHOMOBHMX 3HAHb B YMOBAX HEBH3HAYEHOCTIi HA OCHOBi [eCKPMNTHBHMX JIOTiK /
C.JI. KpuBuii, I'.I. Torepuak // Kibepuernka Ta cucremuuii anami3. 2024. Tom 60, Ne 1. C. 32-47.

Awnoranis. [IpeacraieHo orJisi| 3aco0iB onucy Ta pOpMaIbHOrO aHali3y 3HaHb, JOOYTHX 3 PUPOJTHOMOB-
HOTO TEKCTY 3 MOIMBUMY HEBH3HAUCHOCTSIMH. PO3IIIIHYTO CiM’I0 KITACHYHUX aTPHOYTHBHUX MOB 1 JIOTIK, SIKi Ha
HUX I'PYHTYIOThCS, BIIACTHBOCTI IMX JIOTIK, TPOOJIEMH i CrIOcOOU TXHBOTO Po3B’si3aHHs. [IpecTaBieHo orsi npo-
MO3ULIHHUX 7-3HAYHUX JIOTIK 1 HEYITKMX JIOTIK, IXHBOI'O CHHTAKCHCY 1 CeMaHTHKH. Ha OCHOBI pO3IIIsSHYyTHX KO-
HCTPYKLIH [UX JIOTIK 3aIIPOIOHOBAHO CHHTAKCHC 1 TCOPETHKOMHOXKHHHY IHTEPIPETALIi0 TECKPUITHBHOIL 71-3HAY-
Hoi soriku ALCO,,, siKa OIKCYy€ BIACTHBOCTI KOHIIEITIB 3a J0IIOMOIOI0 OIlepalliii HepeTnHy, 00’ €IHaHHs, T0TOB-
HEHHSI Ta OOMEXEHHX KBAaHTODIB. PO3MISIHYTO 3aco0M pO3B’s3aHHS KIIOYOBHX NPOOJIEM Ui TaKUX JIOTIK:
BUKOHIHHICTb, PO3IINPEHHS, CKBIBAICHTHICTH Ta U3’ IOHKTHBHICTb. SIK alrOpUTM 1151 OOUHCICHHS CTYIICHS BUKO-
HyBaHOCTI 3aIIPONIOHOBAHO 3aCTOCYBATH PO3LIMPEHHIl alIrOPUTM CEMaHTHYHOTO TabIIo, SIKUH BUKOPHUCTOBYIOTH y
JIOTIL TPEIMKATIB MEPIIOro MOPAAKY I PO3B’A3aHHS MPOCTHX YUCIOBUX 0OMEkeHb. JJ0BEIeHO, 110 MPOMOHO-
BaHMIi AITOPUTM € TepPMiHAJIBHIM, OBHUM i HecynepeyHnM. HaBeaeHo npukiaam 3acTocyBaHHs Ui popMasbHO-
IO IPECTABJICHHS i 0OPOOICHHS IIPUPOTHOMOBHOIO TEKCTY, SIKI MICTATh €Ki pe3yIbTaTH MOJIENIeH MAIlInHHOTO
HAaBYaHHs, KOMOIHYBaHHS 3HaHb 3 0OaraTboX JUKepes i (OpMaJbHUI ONHMC CYMHIBHHX (DaKTiB.

KuiouoBi cioBa: 6aza 3HaHb, IECKPUNTHBHI JIOTiKH, HEUYITKI JIOTIKH, 7-3HAYHI JIOTiKH, 0OpOOICHHS IPHPOIHO-
MOBHHUX TEKCTIiB, J0OyBaHHs 3HaHb

Analyzing natural-language knowledge under uncertainty on the basis of description logic / S. Kryvyi,
H. Hoherchak // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 32-47.

Abstract. The article overviews the means for describing and formally analyzing natural-language text
knowledge under uncertainty. We consider a family of classic attribute languages and logics based on them,
their properties, problems, and solution tools. We also give an overview of propositional n-valued logics and
fuzzy logics, their syntax, and semantics. Based on the considered logical constructions, we propose syntax and
set-theoretic interpretation of n-valued description logic ALCO,, that provides means for describing concept
intersection, union, complement, value restrictions, and qualitative and quantitative constraints. We consider the
means for solving key problems of reasoning over such logics: executability, augmentation, equivalence, and
disjunctivity. As an algorithm for calculating executability degree, we consider an extension of the tableau
algorithm often used for first-order logic with solving simple numerical constraints. We prove that the
algorithm is finite, complete, and non-contradictory. We also provide several applications for the provided
formal representation in natural language processing, including extending results of machine learning models,
combining knowledge from multiple sources, and formally describing uncertain facts.

Keywords: knowledge bases, description logics, fuzzy logics, n-valued logics, natural language processing,
knowledge extraction.

VK 004.942, 519.177, 519.233.3
IIpo onmu kiaac BunaakoBux marpuub / O.JI. Kupuuenxo // KiGeprernka Ta cucremuumii anamis. 2024.
Tom 60, Ne 1. C. 48-54.

AHoTauist. Po3nIstHYTO METOIM OLIHIOBAaHHS PO3HOJLLY €IEMEHTIB CTOXaCTHYHOI MATPHIY 3 HNPUITYIEHHIM
PO eKCIOHEHIIANFHIN PO3MOAIT eIeMEeHTIB BiAMOBIAHOI MaTpuii cyMikHOCTI rpady. OmmcaHo 1Ba BHIAIKH,
B MEPIIOMY 3 SKUX 3pO0JICHO HPUITYLICHHS PO OJHOPIIHICTH YCiX BepMH rpady, a B Apyromy — Ipo He-
OJIHOPIIHICTh PO3MOJTy BEPUIMH 3 BINOBIIHUM OOYMCIICHHSM IIUIBHOCTEH eneMeHTiB. [l BIINOBIIHUX pO3-
TOJ1LJTiB CHOPMYIILOBAHO TECTU MEPEBIPKH TIMOTE3U PO HAJIEKHICTB ABOX BEPIIHH rpady TOMy CaMOMy KiacTepy.

Kuro4oBi cj10Ba: BUIaAKOBAa MATPUIL, LITYYHHH IHTEIEKT, AMCKPETHHMIA JaHIor MapkoBa, bootstrap-mero,
inpopmanis 3a Dimepom.

A class of random matrices / O.L. Kyrychenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1.
P. 48-54.

Abstract. The paper examines methods for assessing the distribution of elements in a stochastic matrix
assuming an exponential distribution of elements in the corresponding adjacency matrix of a graph. Two cases
are considered: the first assumes homogeneity of all graph vertices, while the second assumes heterogeneity in
the distribution of vertices with corresponding density calculations. Hypothesis testing tests are formulated for
the respective distributions to determine the membership of two graph vertices in the same cluster.

Keywords: random matrix, artificial intelligence, discrete Markov chain, bootstrap method, Fisher information.
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YIK 004.94.2
YaockoHalleHa MoOJedb NMApajieIbHOr0  aJIrOpUMTMYy COPTYBaHHsi 3 (opMyBaHHAM paHriB /
T.b. Maptunwok, b.1. KpykiBebkmii // Kibepueruka ta cucremuuii ananiz. 2024. Tom 60, Ne 1. C. 55-60.

AHoTanis. Y I0CKOHAICHO MOJEIb MapajelbHOr0 COPTYBAHHS MAaCUBY YHCEI 3 PAH)KYBaHHAM Ha 0a3i of1-
HOYACHOT'0 3aCTOCYBaHHsSI IIBHAKICHUX ONEpariil JeKpeMeHTY/IHKPEMEHTY BiNOBIHO 0 MAacHBY 4HCelN 1 Ma-
cuBy iXHIX paHriB. [IpHCKOPEHHS 3aIPOIIOHOBAHOTO AITOPHTMY JOCATAETHCS 3aBASKH (DIKCYBAHHIO pe3yIbTaTy
00OHyniHHA (n-1) eJEeMEHTIB MaCHBY YMCEN 3aMiCTh MMOBHOTO Horo oOHyniHHSA. HaBeaeHo onuc anroputMy napa-
JISIBHOTO COPTYBaHHS 3 ()OPMYBAHHSIM PAHTIB Y KOMIAKTHIN (pOpMi 3 BUKOPUCTaHHSAM 0a3UCy CUCTEMH ajro-
purmiunux anredp (CAA) Imyuikosa.

Kutio4oBi cj10Ba: cucTeMa alnropuTMidHHX anredp, mapaieabHe COPTYBaHHS, MAacKa, PaHT, IeKPEeMEeHT/IHKPEeMEHT.

Advanced model of parallel sorting algorithm with rank formation / T.B. Martyniuk, B.I. Krukivskyi //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 55-60.

Abstract. The model of parallel sorting of a number array with ranking based on the simultaneous application
of high-speed decrement/increment operations according to the array of numbers and the array of their ranks is
improved. Acceleration of the proposed algorithm is achieved by fixing the result of zeroing (n-1) elements of the
number array instead of its complete zeroing. The description of the algorithm of parallel sorting with the formation
of ranks in a compact form using the basis Glushkov’s system of algorithmic algebras (SAA) is given.

Keywords: system of algorithmic algebras, parallel sorting, mask, rank, decrement/increment.

CHUCTEMHHUA AHAJI3 SYSTEMS ANALYSIS

VIK 519.21

BusHaueHHs KyCKOBO-JiHii{HOTO TPeH1y HeCTAIOHAPHOIO YacOBOTO Psiy HA OCHOBI iHTEJIEKTYaJbHOI0
ananizy ganux. I. Omuc ta odrpynryBanns merony / II.C. Kuomos, A.C. Kopxin // Kibepuernka Ta
cucremuuii anamis. 2024. Tom 60, Ne 1. C. 61-72.

AHoTanis. 3anpornoHOBaHO PO3IVIAIATH TPEHJ HECTALliOHAPHOTO YacOBOIO sy SIK JIiHIilHY perpecito 3
HEBIZTOMHMH TOYKaMHU IepeMukaHHs. OIHCaHO Ta OOIPYHTOBAHO METOJ OLIHIOBAHHS TOUOK HNEPEMUKAHHS, 10
0a3yeTbCs Ha IHTENICKTYalbHOMY aHAli3i JaHHX 3 BUKOPUCTAHHSIM CTATHCTUYHUX KPUTEPIiiB.

KurouoBi ciroBa: miniiiHa perpecisi, aaroput™, 4aCOBHM psifl, TPEHI, METOAU, MaTEMAaTHYHE IIPOrPaMyBaHH.

Determining a piecewise linear trend of a nonstationary time series based on intelligent data analysis. 1.
Description and justification of the method / P.S. Knopov, A.S. Korkhin // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 1. P. 61-72.

Abstract. The problem of identifying the trend of a non-stationary time series is often encountered in
various applications. In the article, this trend is proposed to be represented as a linear regression with unknown
switching points. Typically, such a regression is built using mathematical programming methods. Moreover, the
desired variables are mixed variables, which significantly complicates the problem’s solution. The article proposes
a different approach based on data mining using statistical criteria. The algorithms described in the article are used
to solve a number of problems, including one practical problem. The calculations showed satisfactory accuracy.

Keywords: linear regression, algorithm, time series, trend, methods, mathematical programming.

VIK 517.9: 519.6
Jesiki kpaiioBi 3amaui apoboBo-nudepenniiinoi ¢inbTpaniiinoi auHaMikum oo GimapadostivuHoi
MaTtemaTHaHoi Moeni / B.M. Bynasanbkwnii // Kibepreryka ta cucremnnii ananis. 2024. Tom 60, Ne 1. C. 73-86.

Anotanis. OJepxaHo 3aMKHEH] PO3B’SI3KM JCSIKMX OJHOBHMIPHHX KpailOBHX 3a1ad MOJCIIOBAHHS aHO-
MasibHOT (iNbTpalidiHOl JUHAMIKM B ILIAPyBaTOMY TI€ONOPUCTOMY CEpPEIOBHUILNI B Mexax JapoOoBo-aude-
PEHLIHOTO y3araJibHeHHs 0inapaboiYHOr0 eBOIIFOIIIMHOTO PIBHSHHS 3 YACTHHHUMH MOXITHUMHU 4-T0 TOPSAKY.
30KkpemMa, HaBEeICHO IIOCTAaHOBKM Ta pO3B’s3aHHA NpsAMOi 1 0OepHeHOI MOJENbHMX KpaloBUX 3a/ay
reodinbTpaniiiHoi JUHAMIKM Ha OCHOBI MaTeMaTHYHOI MOJENI 3 YMOBAMH CIPSDKCHHS Ta BH3HAYCHO YMOBU
ICHyBaHHS PEryJSIPHUX PO3B’S3KIB IMX 3ajad.

Kuo4oBi cjioBa: matemMaTnyHe MOJEIIOBAHHS, JpOOOBO-IudepeHiiiHa AuHaMika reoGuIbTpaiifHux —Mpo-
1ieciB, HEKJIACHYHI Mojeli, OimapaboliuHe eBOMIONIHHE PIBHAHHS, Apo0OBO-An(epeHIiiHuil aHanor Gimapa-
60JTiYHOrO EBOJIOLIMHOIO PIBHAHHS, HECTAIIOHAPHI KpaioBi 3a1adi Ha CKIHUEHHOMY MPOMDKKY, psiMa TO 00-
epHEeHa 3a/[a4i, yMOBH CIPSDKCHHs, 3aMKHEHI PO3B’SI3KH.

Some boundary-value problems of fractional differential filtration dynamics with regard to biparabolic
mathematical model / V.M. Bulavatsky // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 73-86.

Abstract. Closed-form solutions are obtained to some one-dimensional boundary-value problems for
modeling anomalous filtration dynamics in a layered geoporous medium, posed within the framework of the
fractional-differential generalization of the biparabolic evolutionary partial differential equation of the fourth
order. In particular, the formulation and solution of the direct and inverse model boundary-value problems of
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geofiltration dynamics based on the mathematical model with conjugation conditions are presented, and the
conditions of the existence of regular solutions to these problems are defined.

Keywords: mathematical modeling, fractional-differential dynamics of geofiltration processes, nonclassical
models, biparabolic evolutionary equation, fractional-differential analog of the biparabolic evolutionary
equation, nonstationary boundary-value problems on a finite interval, direct and inverse problems, conjugation
conditions, closed-form solutions.

VK 519.168; 519.854.3

MeTo10J10Tisi MATEMATHYHOTO MOJEJIOBAHHSI TNEPCHEKTHBHOIO PO3BHTKY BY3JiB i TpPaHCHOPTHHMX
MapupyTiB y OaratompoiykToBiii iepapxiumiii Mmepexi. i. 3amaui omrumizanii / B.O. Bacsanuin,
O.M. Tpopumuyk, JLII. Ymakosa // Kibeprernka ta cucremnuii ananiz. 2024. Tom 60, Ne 1. C. 87-101.

AHoTanis. 3anpornoHOBaHO METOOJIOTIF0 MATEMaTHYHOIO MOJICTIOBAHHS OCTAITHOTO PO3BUTKY BY3JIB 1
TPAHCIIOPTHHX MapIIPYTIiB B iepapXivHiil Mepexi 3 6araTonpoayKTOBHMH AUCKPETHUMH IIOTOKaMU KOPECIIOH-
neHmii. Ll MeTogoorist IpyHTY€eThCS Ha pO3B’si3aHHI 3a/1a4 ONTUMI3alii CTPYKTypH 3a3Ha4eHOI Mepexi Ta po3-
MOJIiTy TOTOKIB. SIK mpaBHJIO, TaKi MEPEKi CKIaJal0ThCs 3 ACHEHTPAII30BaHOT MariCTpaIbHOI MEPEXKi Ta MEPEK
Yy BHYTPILIHIX 30HaX OOCIyroBYyBaHHsS MariCTpajbHHX BY3JiB. Y 0araTonmpoJyKTOBill Mepexi KOXEH BY30J
MO)Ke OOMIHIOBATHCS KOPECHOHICHUISIMU (IPOIYKTaMH, TOBAPAMH, BaHTA)XAMH, MMOBITOMICHHSAMM) 3 1HIIHMA
By3/1aMH. KOpecIOH/ICHIIisl XapaKTepH3yeThCsl BY3JIOM-JDKEPEIIOM, BY3JIOM-CTOKOM Ta BEJIMYHHOIO, SKY JUIS Me-
pex mepeadi JaHUX 33/1aHO KUIbKICTIO OaiT, KijlobaiiT ToIlo, a sk TPAHCIIOPTHUX MEPEK — KiJIbKICTIO Tap-
HO-IITYYHHX BAaHTAXIB B YIAKOBII yHi(IKOBAaHOro po3Mipy. Y MaricTpaibHii Mepexi Bci KOPEeCTIOHIEHIIT me-
PEHAIOTHCS KaHAJIAMH 3B’5I3Ky a00 TPAHCIIOPTYIOTHCS TPAHCIIOPTHUMHE 3aC00aMH Y TPAHCIIOPTHHX OJIOKax 3aa-
HOro posMmipy (emHocTi, 00csary). Po3risHyTo OCHOBHI mocTynaTH 1OOYJOBH MaTreMaTHYHOI MOeni
HEePCIEKTUBHOIO PO3BUTKY MaricTpajibHiil MEpexi Ta HaBEIICHO METOJMKY MAaTeMaTHYHOIO MOJICITIOBAHHS IOe-
TaITHOTO PO3BUTKY BY3JiB i TPAHCIIOPTHUX MAapIIPYTIB, KA I KOKHOTO €Tarly PO3BUTKY BKJIIOYAE MPOTHO3Y-
BaHHs JaHHX 1 apaMeTpiB Mepexi, po3B’si3aHHs 33/adi MaKyBaHHS KOPECHOHIEHLIH 1 BUOIp CTPYKTypH Me-
pexi, po3B’si3aHHS 3a4adi PO3MOALTYy Ta MapIIpyTH3amii HOTOKIB TPAHCHOPTHHUX OJIOKIB.

KiiouoBi cioBa: 6araTonmpoJyKTOBI i€papXidHi Mepei, HUCKPETHI IOTOKH, 3aj1adi KOMOiHAaTOpHOT
ONTHMI3allii, MaTEeMaTHYHI MOJENi, KOMII'IOTEPHE MOJIETIOBAHHS

Methodology of the mathematical modeling for perspective development of nodes and transport routes in
a multicommodity hierarchical network. 1. Optimization problems / V.A. Vasyanin, O.M. Trofymchuk,
L.P. Ushakova // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 87-101.

Abstract. The paper proposes a methodology for mathematical modeling of the step-by-step development
of nodes and transport routes in a hierarchical network with multicommodity discrete flows of correspondence
based on solving the problems of optimizing its structure and distribution of flows. As a rule, such networks
consist of a decentralized trunk network and networks in the internal service areas of trunk nodes. In a
multicommodity network, each node can exchange correspondence (products, goods, cargo, messages) with
other nodes. Correspondence is characterized by a source node, a sink node, and a quantity, which for data
transmission networks is given by the number of bytes, kilobytes, etc., and for transport networks by the
number of cargo units in a package of uniform size. In the trunk network, all correspondence is transmitted via
communication channels or transported in vehicles in transport blocks of a given size (capacity, volume). The
authors considered the main postulates of generating a mathematical model of the perspective development of
the trunk network and gave a method of mathematical modeling of the step-by-step development of nodes and
transport routes, which includes, for each stage of development, the forecasting of data and network parameters,
solving the problem of packing correspondence and choosing the structure of the network, solving the problem
of distribution and routing of flows of transport blocks.

Keywords: multicommodity hierarchical networks, discrete flows, combinatorial optimization problems,
mathematical models, computer simulation.

YIK 519.21
Hesiki moneni onrumizauii piBHsi 3amaciB y Joricruunux npouecax / O.A. Boiina // KibGepuernka ta
cucremuuii amamiz. 2024. Tom 60, Ne 1. C. 102-117.

AHoTanis. Po3risiHyTO 3a/1a4i ONTHMANBHOIO KepyBaHHs 3alacaMy B YMOBaX HEBH3HAYCHOCTI Ta 3aIpo-
MMOHOBAHO MiAXOAM JI0 MOOYIOBU CTpaTeriid, OMU3bKUX 10 ONTUMAJIBHUX, Y MOJEISX i3 30BHIIIHIM MOCTa4aH-
HSIM pecypciB. Po3risiHyTO, 30KpeMa, HOKPOKOBE y3araJlbHeHHs BIAINOBIIHUX JETEPMIHOBAHUX 33124 BBE/ICH-
HSIM 10 HUX €JIEMEHTIB HeBU3HaueHOCTI. Ha npukiiaziax KOHKPETHUX MPOLIECIB 3aMacaHHs B JOTICTUYHHX CUCTE-
Max, U0 XapaKTepU3YIOThCS HASBHICTIO MOMEHTIB  pereHepauii, HpPOUIIOCTPOBAHO  METOJOJIOTI0
AHAITHKO-KOMIT FOTEPHOT0 MOJICTIOBAHHS Ta AITOPUTMHU 3HAXOKEHHS ONTHMAJIbHHUX PO3B’S3KIB.

Kui104oBi ci10Ba: JIOTiCTUYHI HpOLECH, KEPYBAHHS 3alacamMu, pOo3B’I3KH B YMOBaX HEBH3HAYCHOCTI, 30BHIIIHE
[IOCTAa4aHHs, ONTHMAlbHA CTPATETis, KOMIIIOTCPHE MOJICITIOBAHHS.

Some models of inventory level optimization in logistics processes / O.A. Voina // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 1. P. 102-117.

Abstract. The problems of optimal inventory control under uncertainty are considered. The approaches to
the construction of nearly optimal strategies in models with external support of resources are proposed. The
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examples of stockpiling processes in logistics systems, which are characterized by the existence of moments of
regeneration, illustrate the methodology of analytical computer modeling and algorithms for finding optimal solutions.

Keywords: logistics processes, inventory control, decisions under uncertainty, external supply, optimal
strategy, computer modeling.

VK 519.7

Onrumizania ynpasiinnsa cBitopolo ®EC Ta xoperyBanns ii [uHamMiku 3 ypaxyBaHHsM (iHaHCOBHX
NMOTOKIB JeuenTpaiizopanux Bamort / B.B. Xuienko // Kibepuetuka ta cuctemuuii ananis. 2024. Tom 60,
Ne 1. C. 118-124.

AHoTauis. 3anporoHOBAaHO KOPET'YBaHHS Ta JOCIIPKEHO MIiHJIMBICTh MaTEMaTUYHUX MOJIENCH TUMHAMIKI
cBiTOBOI (hiHancoBo-exoHoMmiuHoOi cuctemu (PEC), cipuunHeHoi (piHAHCOBUMHU MOTOKAMH PyXy KariTamy e-
LEHTpai30BaHuX BaoT. Taki Mozesni mo0y10BaHO 32 MATPHLCIO IEPEXPECHOI0 TPAHCKOPAOHHOTO MepeMilieH-
HA KamiTany. IX BHUKOPHCTOBYIOTH Uil BU3HAUYEHHS KEPyBaJIbHHX BIUIMBIB PEryisTOpiB, HANpPABICHHX Ha
onTUMi3allio ynpasiiHas cBitoBoro @EC st 3axucty Bix kpu3. JlocmipkeHo MaTeMaTHYHI 3a/1a4i, 0B sI3aHi 3
0COOIHMBOCTSIMHU Ta KOPEKIIi€ro Mojeneit. HaBeneHo po3paxyHKH 3MiHH BIACHHX 3HAYCHB MOJCIBHUX MATPHIlh
32 yMOB TEPEMILCHHS, pyXy KamiTaay ICUCHTPai30BaHUX BaJIOT.

Kiti040Bi ci10Ba: MaTteMaTH4HE MOJEITIOBAHHS, CBiTOBa (IN100aIbHA) (hIHAHCOBO-EKOHOMIYHA CHCTEMa, ONTHMI3aLis
YIIPaBIHHS, MATPULL TPAHCKOPIOHHOTO NEPEMIIIeHHS KaMiTally, YACeIbHI METOIH, IeCHTPAIi30BaH] BAIIOTH.

Optimizing the management of the world FES and adjusting its dynamics, taking into account the
financial flows of decentralized currencies / V. Khilenko // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60,
N 1. P. 118-124.

Abstract. The author proposes an adjustment and analyzes the variability of the mathematical models of
the dynamics of the world financial and economic system (FES) caused by financial flows of capital movements
of decentralized currencies. These models are generated based on the matrix of cross-border movement of
capital and are used to calculate the governing influences of regulators, aimed at optimizing the management of
the world FES for anti-crisis protection. Computational problems related to the mathematical features and
correction of models are analyzed. Calculations of changes in the eigenvalues of the model matrices during
capital flows of decentralized currencies are given.

Keywords: mathematical modeling, world (global) financial and economic system, management optimization,
cross-border capital movement matrix, numerical methods, decentralized currencies.

YK 519.6
3agaya MOJeJI0OBaHHS PyXy IeTepOreHHHMX MOTOKIB JIofeli sIK 32Ja4a TreOMEeTPHYHOr0 NPOEKTYBAHHSA /
B.M. Komsik, B.B. Komsik, K.T. Ks3imoB // Kibeprernka ta cucremunii anamis. 2024. Tom 60, Ne 1. C. 125-133.

Anorauis. [TokaszaHo, 110 OJHI€I0 3 aKTyaTbHUX MPUKJIAJHUX 33/a4 KJIacy TEOMETPHYHOTO IIPOEKTYBAH-
HsI € 33/1a4a MOJICIIIOBAHHSI PyXy '€TePOreHHHX ITOTOKIB JTI0/ICH. 3alpONOHOBAHO MATEMATHYHY MOJICIIb, METO/IH
Ta aJIrOPUTMHU MOJEIIIOBaHHS PYXy I'€TEPOTreHHHX MOTOKIB JIIOJCH, 0 IPYHTYIOThCS Ha 3aCTOCYBAaHHI METOAIB
JIOKaJIBbHOT ONTHMI3aLil MepeMillleHHs] TeOMETPUYHUX 00 €KTIB 3 ypaxyBaHHIM 3MiHH iXHBOI IPOCTOPOBOI (op-
MH Ta METPHYHHX XapakrepucTHk. Lli amroputmu 6a3yroThCsi Ha aHAIITUYHOMY OIKMCI YMOB HEIEPETHHY
00’€KTIB 3 ypaXyBaHHSM IXHIX HENEpepBHHX TPAHCILILIH Ta 0OepTaHsb.

KumiouoBi ciioBa: xoHdirypamiiiauii npoctip, y3arajbHeHi 3MiHHI, PO3MIILEHHS, MOJCIIOBAHHS PyXy ITOTOKIB
mojieif, MaTeMaTHYHa MOJEIb.

Modeling the movement of heterogeneous flows of people as a geometric design problem / V.M. Komyak,
V.V. Komyak, K.T. Kyazimov // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 125-133.

Abstract. The problem of modeling the movement of heterogeneous flows of people is shown to be one
of the topical applied problems of the class of geometric design. The paper proposes a mathematical model,
methods, and algorithms for modeling the movement of heterogeneous flows of people based on local
optimization methods for the movement of geometric objects, taking into account changes in their spatial shape
and metric characteristics. These algorithms are based on an analytical description of the conditions for
non-intersection of objects, taking into account their continuous translations and rotations.

Keywords: configuration space, generalized variables, placement, modeling of the movement of human flows,
mathematical model.

MMPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE SYSTEMS

YK 004.89
OCHOBH MeTOJy KOMIUIEKCHOT0 BHKOPHMCTAHHSI HelpoMepe:KeBOI Ta OHTOJIHrBiCTHYHOI mapaaurm /
O.B. Ianarin, B.B. KaBepuncbkuii, K.C. Manaxos, M.I'. Ilerpenko // KibepHerrka Ta cCHCTeMHHI aHai3.
2024. Tom 60, Ne 1. C. 134-149.

AnoTanis. OnucaHo KOMIUIGKCHHMI MiaXia, skuil nepexdavae BHKOPHUCTAHHS HEHPOMEPEKeBOi Ta
OHTOJIIHTBICTUYHOI mapaaurM. Po3po0iieHuii MeTOoi BKIFOYae METOOJIOTIuHI 3acajy, iH(popMaLiiiHy TexXHO-
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norito ta cucreMy MedRehabBot, siki cykynHO peani3yroTh OCHOBOIOJIOXXHI MPUHLUIN METaHABYAHHS, CTPYK-
TYpOBaHHMX IMiJKA30K Ta MiIBHIILYIOTH ¢)eKTHBHICTD B3aeMOIil iH(OPMAIIIHOT CHCTEMH 3 4aT-00TaMH 1 MOIIYKY
indopmarii Ha 0cHOBI OHTONOTIH. MeTos 3a0e3mneuye MOXKIHBICTh agantyBanus cucremu MedRehabBot 1o Bu-
KopucTanHa B pisHuX LLM-cucremax.

Kuro4oBi ciioBa: TpaHCAMCUMIUTIHAPHI HAYKOBI JIOCHIIPKEHHS, OHTOJIOTISI, OHTOJIOTIYHUIN 1HKMHIPUHT, OHTOJIO-
ro-kepoBana indopmariiina cucrema, LLM-cucrema, ChatGPT, MedRehabBot, irkuHipHHT MTiKa30K, 4aT-00T.

Fundamentals of the integrated use of neural network and ontolinguistic paradigms: A comprehensive
approach / O. Palagin, V. Kaverinskiy, K. Malakhov, M. Petrenko // Kibernetyka ta Systemnyi Analiz.
2024. Vol. 60, N 1. P. 134-149.

Abstract. This article presents an integrated approach that combines neural-network and ontolinguistic
paradigms. The method encompasses methodological underpinnings, information technology, and the
MedRehabBot system. Collectively, they embody the core principles of meta-learning and structured prompts,
ultimately enhancing the efficiency of information system interaction with Chatbots and information retrieval
rooted in ontologies. The method also offers the flexibility to adapt the MedRehabBot system for utilization
within different Large Language Model (LLM) systems.

Keywords: transdisciplinary scientific research, ontology, ontological engineering, ontology-driven
information system, LLM-system, ChatGPT, MedRehabBot, prompt engineering, Chatbot.

VK 682.32+537.8

IIporpamHo-anapaTHHii KOMILIEKC /Isi 0e3KOHTAKTHHUX JOCHiIKeHb 3pa3KiB TBepPAUX HNPUPOAHHX
BYIUIeBOAHIB: monepenni ekciepumentn / ML.A. Ilpimin, O.B. Bypuak, 1.B. Henaiiona, O.K. Bananaes //
KiGepuernka Ta cucremuunii anams. 2024. Tom 60, Ne 1. C. 150-162.

Anortanisa. CTBOPEHO HAJYYTIMBUI MAarHiTOMETPUYHMN KOMIUICKC Ha OCHOBI HHU3BKOTEMIIEPATYPHHX
CKBI/ st 6e3KOHTaKTHHX JTOCII/DKeHb MAarHiTHUX BJIACTHBOCTEH TBEPAMX BYIJIeBOAHIB. Po3pobiieHO TexHO-
Jorito peecrparii, 00poOJIeHHs Ta aHali3y JaHUX MarHiTOMETPHYHHX BUMiproBaHb. HaBeieHO pe3ysbTaTh ek-
CIICPUMEHTAIIBHHUX JOCII/DKEHb MarHiTHHX BIACTHBOCTEH 3pa3KiB BYTUIBHOI PEYOBHHH.

KumouoBi cioBa: CKBI/I-cencop, MarHiToMeTpr4Ha CHCTEMa, iH(pOpMAalliiiHa TeXHOJIOTIsI, BYTiibHA PEYOBHHA,
TIPUPOJIHI BYTJICBOJIHI.

Software and hardware complex for non-contact investigation of samples of solid natural hydrocarbons:
Preliminary experiments / M. Primin, O. Burchak, I. Nedayvoda, O. Balalaev // Kibernetyka ta Systemnyi
Analiz. 2024. Vol. 60, N 1. P. 150-162.

Abstract. An ultrasensitive magnetometric complex, based on low-temperature SQUIDs, has been
created for non-contact studies of the magnetic properties of solid hydrocarbons. A technology for data
recording, processing, and analyzing from magnetometric measurements has been developed. The results of
experimental studies of the magnetic properties of coal samples are presented.

Keywords: SQUID sensor, magnetometric system, information technology, coal substance, natural hydrocarbons.

VK 53.088.3+53.088.7
Onrumizanisi aIropuTMy nakerHoi BeiiBiaer-¢inbrpauii curnanis / F0.K. Tapanenxo, O.1O. Ouiiinuk //
KiGepuernka ta cucremuuii anams. 2024. Tom 60, Ne 1. C. 163-174.

AHoTauisi. Po3po0s1eHO alropuTM nakeTHoi BelBieT-(puIbTpallii, SKuil BKIOYa€e MepeMileHHs M0 TiIKax
JiepeBa BeifBIIeT-MakeTa 3 00MEXEHHIM Ha KOXKHIN Tl KoedilieHTiB anmpokcuMarii Ta aetaiizarii 10 MOMEH-
Ty JDOCSITHEHHSI MIHIMAJIBHOI CepeaHbOKBAAPATHIHOI MOXUOKH 33 ONTHMAIBHHUX IIAPAMETPIB BEHBIICT-IOpora Ta
noporoBoi ¢yHkuii. Jlyist 00UHCIeHHsT cepeHbOKBAAPATHIHOI MOXUOKH (iIbTpamii Mmicis KOKHOTO LUKy 00-
poOeHHs Koe(ilieHTIB BeHBIIET-JEKOMIIO3UIIIT BUKOHY€ETHCS PEKOHCTPYKILis y GindiabTpoBaHuil CUTHANI B Ya-
coBiit 00macTi. OTpUMaHU CUTHAN Y HACTYITHOMY LIMKII HiJUIArae JeKOMITO3UIT Ha KoedillieHTH anpokcumanii
Ta JeTaiizauii 10 JOCATHEHHS CepeJHbOKBAIPATUYHOK MOXHOKOI MIHIMYMY /ISl BCIX MOMKJIMBHX 3Ha4YeHb Oa-
30BOro BeiiBieT-riopora ta noporosoi ¢yskuii. IIpoBeneno mocmipkenHs 20 HaiGiIbII BHKOPHCTOBYBAHUX
CHTHAIIIB, CepeJl AKMX CHTHAIIM 3 JIIHIIHOIO Ta HEJIHIHOI YaCTOTHUMHU MOMYJISLISIMH, a TAKOXK CyMHU CHHYCOI-
JTJIBHUX CUTHAIIB Pi3HUX yacToT. Jiis miaTBepakeHHs e)eKTHBHOCTI MaKeTHOI BeliBieT-(inpTparii 3p00iaeHo
MOPIBHSUILHUI aHAII3 BIZIOMUX METO/IIB Ha OCHOBI 3arajbHOr0 mopora KoeilieHTiB qeTaii3aiii Ha BCiX piBHSAX
BEHBIICT-ICKOMIIO3HILT.

KutiouoBi ci10Ba: BeiiBier-anaii3, makeTHa BeHBIeT-QUIBTpaLis, eHTPOIIis, HIOPOroBa (HYHKIS, TPEIIOJIAUHT.

Optimizing the algorithm of the wavelet packet signal filtering / Yu.K. Taranenko, O.Yu. Oliinyk //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 163-174.

Abstract. A wavelet packet filtering algorithm has been developed, which includes cyclic movement along
the branches of the wavelet packet tree with a constraint on each branch of the approximation and detail
coefficients until the minimum root-mean-square error is attained, with the optimal parameters of the wavelet
threshold and threshold function. To calculate the root-mean-square error of filtering, after each cycle of
processing the wavelet decomposition coefficients, the signal is reconstructed in the time domain. In the next
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cycle, the received signal is decomposed into approximation and detail coefficients until the root-mean-square
error reaches a minimum for all possible values of the basic wavelet-threshold and the threshold function. The
study was conducted with twenty of the most commonly used signals, including signals with linear and non-linear
frequencies. To confirm the efficiency of packet wavelet filtering, a comparative analysis with the known methods
based on a common threshold of detail coefficients at all levels of wavelet decomposition is given.

Keywords: wavelet analysis, packet wavelet filtering, entropy, threshold function, threshholding.

HOBI 3ACOBHU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKH, OBUYUCJIIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS

VJIK 004.93:004.89
BararopiBHeBa cucrema posnizHaBaHHsA 00.myysi / B.M. Onanacenxo, II.X. ®a3uios, C.C. Paxxados,
HI.C. Kaxapos // Kibepuetuka ta cucremuuii anamiz. 2024. Tom 60, Ne 1. C. 175-181.

Anorauis. PosrisHyTo npoGnemy OiomerpuuHoi ineHTH(iIKaIii 0coOM Ha OCHOBI MOKOMIIOHEHTHOT'O
posmizHaBaHHs o0mmuds. [loka3aHo, IO CHCTEMY PO3IMMi3HABAHHS OOIMYYS MOYXKHA YSBHTH SIK 1€PAPXiITHO
oprani3oBaHy 0araTopiBHEBY CHCTEMY, B sIKiif aHCAMOJIb JIOKAIbHUX KiIacu(pikaTopiB GopMye «M’sKi» pillieHHs
PO HAJICKHICTH 300paXKEHb OKPEMUX KOMIIOHEHTIB 0COOM 3aaHMM KJacaMm, a IOTIM Ha OCHOBI iHTerpamii mux
pimeHs 31iHCHIOETECS (POPMYBAHHS OCTATOYHOTO PILICHHS PO HAJICKHICTH PO3MI3HABAHHS 0OINYYS OHOMY i3
3amanux kaaciB. CHopMynpoBaHO Ta Po3B’sI3aHO 3a4ady IHOOYZOBH MOAEII JOKaNbHHX KiacudikaTopis, a Ta-
KOXX BHOOpY iHTErparopa MpOMDKHUX PO3B’S3KIB JIOKaJbHUX KiIacH(]ikaTopis.

KarouoBi cioBa: posmisHaBaHHs 00pasiB, OararopiBHEBa CHCTEMa pO3Ii3HaBaHHs, aHCaMOJIb Kiacu(ikaTtopis,
IpaBWIO KOMOIHYBaHHS KJIAcHU(IKaTOPiB, MPUHHATTA PIillICHS.

Multilevel face recognition system / V.M. Opanasenko, Sh.Kh. Fazilov, S.S. Radjabov, Sh.S. Kakharov //
Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 175-181.

Abstract. The problem of biometric person identification based on component-based face recognition is
considered. It is shown that the face recognition system can be represented as a hierarchically organized
multilevel system in which an ensemble of local classifiers forms «soft» decisions about the belonging of
images of individual components of the face to given classes. Then, based on the integration of these decisions,
the formation of the final decision on whether the recognized face belongs to one of the given classes is
realized. The problems of constructing a model of a local classifier, as well as choosing an integrator of
intermediate solutions of local classifiers, are formulated and solved.

Keywords: pattern recognition, multilevel recognition system, classifier ensemble, classifier combination rule,
decision making.

VK 519.6, 539.3
MartemMaTH4YHe MOJEJIOBAHHSI B CTATHYHHX TPHBHMIPHHX KpaioBHX 3agayaXx — KOCOCHMETPHYHA
3agavya ISl LIapy, M[0CIa0/IeHOr0 HACKPi3HMM OTBOPOM i KOB3HHM 3alleMJICHHSIM ToOpuiB /
B.€. llanuenko, }0./1. KoBaabos, T.O. KaJjinina, I.M. Caiiko, J.M. Bykara // KibepHeTnka Ta CHCTeMHUI
anamis. 2024. Tom 60, Ne 1. C. 182-195.

AmnoTauist. HaBeseHO orisi po3B’si3aHHs IPOCTOPOBHUX CTATHYHHUX KPaHOBHX 3a]ad MaTeMaTHIHOI (i3HKH
ULt mapy. 3ajady 3 HeKpyroBUM I HAPHYHEM HACKPI3HHM OTBOPOM PO3B’SI3aHO METOJOM CHUHTYJIIPHUX 1HTET-
panbhux piBHsHB (CIP). [ToOynoBaHO HOBY MaTeMaTH4HY MOJEJb, a CaMe PO3pPOOJICHO Ta BUIPOOYBAHO HOBHUIl
MeToJI, OCHOBaHMii Ha cucteMi Tpbox CIP. YHACHIIOK BUCOKOTOYHOTO YHCEIBHOTO AOCIIPKEHHS BUSBIICHO, IO 31
30UTBIICHHSIM TOBIIMHH LIAPy BiIHOCHE OKPY)KHE HAMpPYXKEHHs 3pocTae. Y BHIIAAKY KPYrOBOTO OTBOPY CIIOC-
TepiracTbCsl 3MILICHHS MaKCUMYMy BiTHOCHOTO OKPY)KHOTO HAIpY>KCHHsS BiJ TOPLIB Yy TIHOUHY Iiapy.

Kuo4oBi ci1oBa: TpuBHMIpHI KpaifoBi 3ajadi, CHHTYJISIPHI IHTErpajibHi PIBHSHHS, YUCEIbHUN EKCIIEPUMEHT,
CTATUYHMUH 3TMH, HACKPI3HUH OTBIp.

Mathematical modeling in static three-dimensional boundary-value problems: A skew-symmetric problem
for a layer weakened by a through hole with sliding sealing of its ends / B.E. Panchenko, Yu.D. Kovalev,
T.O. Kalinina, I.N. Saiko, L.M. Bukata // Kibernetyka ta Systemnyi Analiz. 2024. Vol. 60, N 1. P. 182-195.

Abstract. Spatial static boundary-value problems of mathematical physics for a layer with a non-circular
cylindrical through hole have hardly been solved using the method of singular integral equations (SIE) despite
the fact that numerous fundamental theoretical issues have been developed. Methods for the calculation of
spectral characteristics are also absent. The paper provides an overview of the methods for solving these
problems. A new mathematical model has been constructed, and a new method based on a system of three SIEs
has been developed and tested numerically. As a result of a high-precision numerical study, it was found that
with an increase in the thickness of the layer, an increase in the relative circumferential stress occurs. In the case
of a circular hole, a shift of the maximum relative circumferential stress from the ends to the depth of the layer
is observed. In the case of an elliptical hole, with a decrease in one of the radii, an increase in the relative
circumferential stress is also observed.

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