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KIBEPHETHKA CYBERNETICS

YIK 519.712, 004.4°24
AaroputmivHi anaredpu IymkoBa Ta aBTOMaTH3allisg NPOEKTYBAHHS MNapajeJbHMX 00YHCiIeHb /
ILI. Aunpon, A.JO. lopomenko, II.A. IBanenko, O.A. SIluenko // KibepHeruka Ta cuctemuuii anamiz. 2023.
Tom 59, Ne 5. C. 3-15.

AHoTanis. BukianeHo orisa pesynbTaTiB, OTPUMAHKX i3 3aCTOCYBAHHSAM aireOpH airOpUTMIKH Ta 3a-
co0iB aBTOMaTH3aMii Po3poOJIECHHs NPOrpaM I MyJIbTHIPOLECOPHUX MIATHOPM. AJITOPUTMIKA TPYHTYEThCS
Ha Teopii aiaredp anropuTMiB Ta OpPiEHTOBAaHA HAa PO3B’A3aHHS IIMPOKOTo KOJa NPUKIIATHKX 3a1a4 i po3po0IieH-
HS IHCTPYMEHTapilo JUI aBTOMATU30BAHOTO NPOEKTYBAaHHS Ta CHHTE3y KIAciB alrOpHTMIiB i mporpam. 3a-
TAIBHICTh ANTOPUTMIKH 0a3yeThesl Ha PI3HOMAHITHOCTI IHTEpIpETaliif CXeM alrOpUTMIB i 3a0e3Hedye MOXKIIH-
BOCTI 3aCTOCYBAaHHSI alTOPUTMIKH Ta ii 3aco0iB U pO3B’S3yBaHHS 3a[ad 3 PI3HUX HPEIMETHHX Tamy3eil.
IToenHaHHs anrOPUTMIKM Ta TEXHIKM NPaBMWI MEPENHCYBAaHHS NAJ0 3MOTY PO3POOMTH METOaH 1 3acobw,
OpI€EHTOBaHi Ha aBTOMATH30BaHE MPOEKTYBaHHSA, MEPETBOPCHHS, CHHTE3 Ta HAJAIITOBYBAHHS HPOrpam JUIs
Ppi3HOMaHITHHX IUIaTGopM (OaraTosiepHi NpoLecopH, rpadidHi MPUCKOPIOBaYi, MPOrpaMoBaHi JOTIUHI iHTET-
panbHI cxemn).

Kuro4dosi ciioBa: anrebpa anroputmis, napasieibHi 00UHCICHHS, MPOEKTYBAHHSA Ta CHHTE3 MPOrpaM, aBTOMa-
THYHE HAJIAIITOBYBAHHS IPOTpPaM.

Glushkov’s algorithmic algebras and automated parallel computing design / P.J. Andon,
A.Yu. Doroshenko, P.A. Ivanenko, O.A. Yatsenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5.
P. 3-15.

Abstract. An overview of the results obtained within the algebra of algorithms and tools for the
automated development of programs for multiprocessor platforms is presented. Algorithmics is based on the
theory of algorithm algebras and is focused on solving a wide range of applied problems and developing
software tools for automated design and synthesis of classes of algorithms and programs. The generality of
algorithms is based on the variety of interpretations of algorithm schemes and provides the possibility of
applying algorithms and their tools for solving problems related to various subject domains. The combination of
algorithmics and rewriting rules technique made it possible to develop methods and tools aimed at automated
design, transformation, synthesis, and tuning of programs for various platforms (multicore processors, graphics
processing units, field-programmable gate arrays).

Keywords: algebra of algorithms, parallel computation, program design and synthesis, software auto-tuning.

YIK 519.217.2
HenoBnora apudmernkn 3 mnorusixy Teopii miopanroBux muoxmH / A.M. I'yman, O.A. Baric //
Kibepuernka ta cucremHuil amamis. 2023. Tom 59, Ne 5. C. 16-21.

Amnoraunis. [IpoananizoBano /liohaHTOBI MHOXHHH i IOKa3aHO, IO BCi PeKYPCUBHO NEpeTideHi MHOXKH-
uu € JliopanroBumu. Ha ocHOBI KnacuuHHX pe3ynbTaTiB 3 TeOpii peKypCUBHUX (YHKIIH HaBeAEHO IMPOCTHI
BapiaHT TEOPEMH PO HEMOBHOTY apU(METHKH: iCHY€E MONIHOM, SKHH He Ma€ IUTNX JAOJATHUX PO3B’SA3KIB i Uit
SIKOTO HE MOXHA JIOBECTH BIJCYTHICTh JOJATHHX KOpEHIB.

Korouosi cioBa: [liopantoBa MHOXHHA, PEKypCUBHO IEpeNideHi MHOXHHH, HETIOBHOTA apU(METHKH.

Incompleteness of arithmetic from the point of view of diophantine set theory / A.M. Gupal, O.A. Vagis //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 16-21.

Abstract. Analysis of Diophantine sets showed that all recursively enumerated sets are Diophantine.
Based on classical results in the theory of computable functions, a simple version of the theorem on the
incompleteness of arithmetic can be given: there is a polynomial that does not have positive integer solutions,
and for which it is impossible to prove the absence of positive roots.

Keywords: diophantine set, recursively enumerated sets, incompleteness of arithmetic.

YK 004.032.26
AJJaNITHBHA cHCTeMAa IJIMO0KOro HABYAHHSA ISl JOCJizKeHHs1 JaHuX 3arajbHoro tumy / C.O. JloBruii,
M.O. 3030k, 1.B. Kopomwok // Kibepuetnka Ta cucremumii anamiz. 2023. Tom 59, Ne 5. C. 22-31.

Amnorauis. [TpeacTaBieHo miaxia 10 aHali3y BEIUKOI KITBKOCTI TaHUX, MiIXK SKHMH HEMA€E 9iTKOTO 3B’sI3-
Ky. BiH ciyrye st Toro, o0 BCTAaHOBUTH HAsIBHICTh X04Ya O SIKOTOCh 3B’S13KY, 1 Y pa3i BCTAaHOBJICHHS HOTO Ha-
SIBHOCTI BU3HAUUTH TaKOX CTYIiHb I[bOTO 3B’s3Ky. IIpOeMOHCTPOBAHO MOXIIMBICTH ABTOMaTHYHOTO 00p0O0-
JICHHS JIJAaHUX Ta aBTOMATHYHOI 3MiHM MapaMeTpiB CHCTEM INIMOOKOro HaBYaHHS JUIs pOpMyBaHHS MIaTHOpMU
ranbOKOT0 HAaBYAHHSI Mif Yac aHai3y mapaMeTpiB gaHux. [IokaszaHo, sK 151 CHCTEMa 3aJ0BOJIBHITHME OTPeOH
(haxiBIiB B IHIINX ramy3sx, sKi HIKOIH 0e3IocepeHF0 He BUKOPUCTOBYBAIN CUCTEMH ITHOOKOr0 HaBYaHHS. 3a
JIOIOMOTOI0 BioMoro Habopy manux MNIST BcTaHOBIEHO, IO 3 BUKOPUCTAHHSAM OKPEMHX MapaMeTpiB IHX
JIAaHUX MOXKHA BHM3HAUMTH IXHIH BIUIMB HA TOYHICTH NEpei0adeHHs CHCTEMM TIIMOOKOrO HaBYaHHS.
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KurouoBi cioBa: HelipoHHA Mepexa, aBTOMaTHYHE OOpOOJICHHS NaHUX, 1H(pOPMATUBHICTh BHOIPKH, CHCTEMA
IIPOTHO3YBAHHS, METOTH OOpPOOICHHS.

An adaptive deep learning system for exploring general data / S. Dovgyi, M. Zoziuk, D. Koroliouk //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 22-31.

Abstract. The authors present an approach to the analysis of a large amount of data that have no clear
interconnection, but the nature of such a connection, if it exists, needs to be established. The possibility of
automatic data processing and automatic change of parameters of the deep learning system for the formation of
a deep learning platform during the analysis of data parameters is shown. It is also shown how such a system
solves the needs of specialists from other fields who have never used deep learning systems. With the help of
the well-known MNIST data set, it is established that with the use of individual parameters, it is possible to
change their influence on the accuracy of prediction.

Keywords: neural network, automatic data processing, sampling informativeness, forecasting system,
processing methods.

YK 007+004.8
IIlogo xonuenuii i crpaTerii cTBOpeHHs KiGepHeTHYHHX cHcTeM 3i MITy4HHM inTenextoMm / B.IL. Boon /
KiGepHernka ta cucremuuii anamis. 2023. Tom 59, Ne 5. C. 32-45.

Amnoranis. OmucaHo eTany CTBOPEHHS CUCTEM 31 IITYYHUM iHTeIeKTOM, (pyHKIIOHATbHI BUMOTH 0 HHX,
MIPUHININ OpraHi3amii apXiTeKTypH KiOepHeTHYHHX CHCTEM 31 MITYYHHM IHTEJICKTOM Ta MiAXOIH [0 peamizamii
CKJIaJIOBHX IUX CHCTEM. PO3IJISHYTO BUKOPHUCTAHHS CBPHCTHK, CBOJIFOLIHHOrO MiAXOAY, METOIB IUIAHYBAaHHS
EKCIIEPUMEHTIB, IIPUPOCTIB 3HAHb, OHTOJIOTIH /IS OMKUCY 1 BUIICHHS 3HAHB 13 TEKCTIB, CHCTEMHOIO aHATI3y JUIs
CTpyKTypu3auii npodnemu Tomo. [Tokazano ehekTHBHICTh BUKOPUCTAHHS MPUHIMITB KiJIbLEBOI Ta JIiHIHYaTOl
opraHi3auil pelenTHBHUX MOJIB HEHPOHIB, THIIOBHX PEXHMIB (DYHKLIIOHYBaHHS 30pOBOTO aHai3aTopa JIIOIH-
HU, IPHHIUIIB 1€PapXiqHOTO YIPABIiHHS B iHTEIEKTyalIbHUX KaHAIAX COPUHHATTS iHdopMmamii if 06pobaeHHs
11 B MO3Ky Ta iXHBOI B3a€MOJii, a TaKOX 3JaTHOCTI J0O HAaBYaHHS Ha JOCBiIl ¥ ajmamTaril.

KurouoBi ciioBa: mTy4Hui iHTEIEKT, KiOEpHETHYHA CHCTEMa, Mipa 3MiH, JUHaMiYHa iH(OPMALis, eBPUCTUKH,
IIPUPOCTH 3HAHb, CBOJIOIMHI IiAXOMH, OHTOJOTII, KilbIleBa OpraHi3alis HEHPOHIB, iepapXiduHe yNIpaBIiHHI,
3[aTHICTh 10 HABYaHHsS Ta aJalTalii.

On the concept and strategy of creating cybernetic systems with artificial intelligence / V.P. Boyun //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 32-45.

Abstract. The stages of creating systems with artificial intelligence, functional requirements for them,
principles of organizing the architecture of cybernetic systems with artificial intelligence, and approaches to the
implementation of the components of such a system are considered, in particular the use: of heuristics, of
evolutional approach, of the methods of planning experiments, of increments in knowledge, of ontologies for
describing and excretion of knowledge from texts, of system analysis for structuring problem, of principles of
ring and linear organization of receptive fields of neurons, of typical modes of functioning of the human visual
analyzer, of principles of hierarchical management in intellectual channels of perception of information and
processing in the brain and their interaction, ability to learn by experience and adaptation.

Keywords: artificial intelligence, cybernetic system, measure of change, dynamic information, heuristics,
knowledge gains, evolutionary approaches, ontologies, circular organization of neurons, hierarchical
management, ability to learn and adapt.

VK 004.855.5
MeTtoauka iHBepcHOro 6araTOBUMipHOTO INKAJIOBAHHS /Il CHHTe3y Moje/ell MAIIMHHOIO HABYAHHA /
10.B. Kpak, O.B. Bapmaxk // KibepHernka Ta cucremHuuii anami3z. 2023. Tom 59, Ne 5. C. 46-54.

AHoTauis. 3a HABEICHO METOMKOK 3alPONOHOBAHO TEXHIKY MPOEKTYBAHHS MEHTAJIbHOI MOAETI, OT-
pHMaHOi Ha OCHOBI Bi3yaJbHOI QHAITHKH, B IPOCTIP MAIIMHHOTO BUKOPHCTaHHs. EQeKTHBHICTh BUKOPUCTAHHSI
Bi3yalIbHOI aHAJITHKH MOJIAITae y BiToOpaXKeHHI 6araTOBUMiIpHOTO MPOCTOPY O3HAK Yy Bi3yasibHHMII IpOCTIp i Haj-
aHHI MexaHi3My a1 opmanizamii MeHTansHol Moeni. Lle nae 3Mory iHTerpyBaTH JIOJUHY B Ipoliec Gpopmy-
BaHHS | HABYAHHS MOJEJI MAILIMHHOrO HaB4YaHHs. HaBefeHO MpHKIAaN, M0 JEMOHCTPYIOTH €)eKTHBHICTH BH-
KOPUCTAHHS 3aMpOIIOHOBAHOI METOAMKM JUISl PO3B’S3aHHS MPAKTHYHHMX 3aad.

Kurodosi ciioBa: BizyanbHa aHalliTHKA, MAlIMHHE HaBYaHHsA, (pOpMyBaHHsS Moeli, (popMalbHa MOJIENb, MCH-
TaJbHa MOJENb, IHBEPCHE OaraToBUMIpHE IIKATIOBAHHS.

The technique of inverse multidimensional scaling for the synthesisof machine learning models /
Iu. Krak, O. Barmak // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 46-54.

Abstract. The created technique offers a technique of projecting a mental model obtained based on visual
analytics into the space of machine use. The effectiveness of the use of visual analytics consists in mapping the
multidimensional space of features into the visual space and providing a mechanism for formalizing the mental
model. This allows a person to be integrated into the process of formation and training a machine learning
model. Examples that demonstrate the effectiveness of using the proposed methodology for solving practical
problems are given.
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Keywords: visual analytics, machine learning, model formation, formal model, mental model, inverse
multidimensional scaling.

CUCTEMHHUI AHAJII3 SYSTEMS ANALYSIS

YJIK 519.8
IlnanyBanHst JoricTuyHUX Miciii riopuanoi cucremn «bBnJIA+Tpancnopr» / B.II. TIopOyin,
JL.®. I'ynsuunskuii, I.B. Ceprienko // Kibeprernuxa ta cucremuuii anainis. 2023. Tom 59, Ne 5. C. 55-65.

Amnortanis. PosrsayTo nmpobiaeMy IutaHyBaHHS MiCil TiOpHIHUX TPAHCIOPTHUX CHCTEM — aBTOMOOLISL
9H {HIIOTO TPAHCIIOPTHOTO 3ac00y, IO MOXKEe MEepEeMillyBaTHCS BiJ MOYATKOBOTO MicIll 0a3yBaHHS JO IHIINX
3amaHuX Micub (6a3) Ha 3a7aHOMY MapIIPYTi, MalOYH Ha OOPTy OJUH O3MiIOTHUM JiTansHUi anapat (brJlIA).
3anponoHOBaHO 3MICTOBHY ITOCTAHOBKY Ta MaTEMaTHYHI MOJIEIi ONTUMI3aliHUX MpoOieM po3noaiity 00’ eKTiB
mo 6a3ax, Bubopy 6a3 Ta GopmyBanHs MapmpyTiB briJIA mixg yac oOGcTeXeHHsI M 0OCITyroBYBaHHS 3aJaHOl
MHOYXHHH 00’ €KTiB 32 HasIBHOCTI 0OMEKEeHb Ha MOJILOTHHI pecypc. Po3pobieHo Ta pealti3oBaHO alropuT™ po3-
B’s3yBaHHS CHOPMYIIBOBAHHX 3aJa4 KOMOIHATOPHOI onTHMi3amii, IKHi 0a3yeThcs Ha ONTHMI3ALi] MypaIIiHu-
MM KOJIOHisiMH. HaBeneHO pe3ynbraTv OOYHCIIFOBAIBHOIO EKCHEPHMEHTY.

KurouoBi cioBa: ruiaHyBaHHS JIOTICTUYHMX Micii, TUHAMiuHi 6a3W, ONTUMI3allisl MapIIPYTiB, TPAHCIOPTHHIA
3aci6, bnJIA, onrumisaris MypallMHAUMHU KOJOHISMH.

Planning of logistics missions of the «<UAV+Vehicle» hybrid system / V.P. Horbulin, L.F. Hulianytskyi,
LV. Sergienko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 55-65.

Abstract. This paper considers the planning of logistics missions for hybrid transport systems, which
include a car or other vehicle that can move from a base to other locations along a designated route, carrying
one unmanned aerial vehicle (UAV). A meaningful formulation and mathematical models of optimization
problems of distributing objects to bases, selecting bases, and generating UAV routes during the inspection or
maintenance of a given set of objects in the presence of flight resource constraints are proposed. We have
developed an algorithm based on ant colony optimization to solve the resulting combinatorial optimization
problems. We present the results of a computational experiment.

Keywords: logistics mission planning, dynamic bases, route optimization, vehicle, UAV, ant colony
optimization.

YJIK 519.6
Po3B’s13yBaHHsI HEKOPEKTHHX 3a/a4 Teopil NMPYKHOCTI HA BHCOKONPOAYKTHBHHUX O0YMCJIIOBAJbHHUX
cucremax / O.M. Ximiu, O.B. Ilonos // Ki6eprerrka ta cucremunii anaii3. 2023. Tom 59, Ne 5. C. 66-77.

AHoTanis. 3anponoHOBaHO METOAUKY €(EKTHBHOIO JOCIIDKEHHS 1 PO3B’SI3yBaHHS YMOBHO KOPEKTHHX
3ajad, SKi MalOTh €IUHHH PO3B’SI30K Ha miampocTropi. OOGIPyHTOBAaHO BHKOPHUCTAHHS IHCKPETHOI CKiHYEH-
HO-€JIEMEHTHOT MOJIeNi Ha BChOMY IIPOCTOpI JUIS OTPUMAHHS €IMHOrO PO3B’A3KY HAa HMiANPOCTOPi BHXIiIHOL
BapiawiiHoi 3anaui. [ 3HaX0KEHHSI HOPMAJILHOTO TICEBIOPO3B’A3KYy THCKPETHOI 3a1a4i (CHCTEeMH JIiHIHHUX
anreOpaluyHuX PIiBHSHB 3 PO3PI/PKEHOI0 CHMETPHYHOKO HAMiBBH3HAUCHOKI MATPHUIICIO) 3aIPONOHOBAHO METO
TpueTanHoi perymspusanii. Lleil MeTon 1ae 3Mory OTpEMAaTH HaOMIDKEHHS [0 IUX PO3B’S3KIB 3 Hamepesn 3aja-
HOIO TOYHicTIO. P03po0ieHo edeKTuBHI aJanTHBHI BUCOKONIPOIYKTHUBHI alTOPHTMH 3a3HAYEHOTO METOLY JULL
PO3B’s3yBaHHS HA CyJacHHX KOMII'IOTepax 3 MapajelbHOI0 OpTaHi3amiclo 0OYHCIeHb CHCTEM JIHIHHUX anre6-
paiuHUX PIiBHAHB 3 PO3PIVKCHUMH CHMETPUYHUMH HAIliBBU3HAUYCHUMH MATPHIIMHU.

Kio4oBi cjioBa: BUCOKONPOAYKTHBHI OOYHCIICHHS, 3MIiHHE KOMII'IOTEPHE CEPEIOBHUINE, METO]] CKiIHYCHHUX
€JIEMEHTIB, METOJl TPHETANHOI peryispusauii, mNepiia OCHOBHA 3ajada Teopii MpPYXKHOCTI.

Solving ill-posed problems of the theory of elasticity using high-performance computer systems /
A.N. Khimich, A.V. Popov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 66-77.

Abstract. A method of efficient analysis and solution of conditionally correct problems, which have a
unique solution in the subspace, is proposed. The use of a discrete finite-element model on the entire space to
obtain a unique solution on the subspace of the initial variational problem is justified. To find a normal
pseudo-solution (or a weighted normal pseudo-solution) of a discrete problem (a system of linear algebraic
equations with a sparse symmetric semidefinite matrix), a three-stage regularization method is proposed. This
method makes it possible to obtain approximations of these solutions with a predetermined accuracy. Efficient
adaptive high-performance algorithms of the specified method have been developed for solving systems of
linear algebraic equations with sparse symmetric semi-definite matrices using modern computers with parallel
computing.

Keywords: high-performance computing, finite element method, three-stage regularization method, sparse
symmetric semidefinite matrix, system of linear algebraic equations, first fundamental problem of elasticity
theory, variable computer environment.
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VK 519.8
O0’eaHAHHS ANTOPUTMIB ISl PO3B’SI3aHHS JUCKPeTHHX onTuMizaniiinux 3agau / LB. Ceprienko,
B.II. Mnio, B.O. Pommn // Kibepruetuka ta cuctemuuii anamiz. 2023. Tom 59, Ne 5. C. 78-88.

AHoTanisi. Po3risiHyTo 06’ €nHanHs (mopTdeni i KOMaHAN) ONTHMI3aLiHUX aNrOpPUTMIB, TXHI XapakTe-
PHMCTHKH Ta BIUIUB Ha NPUCKOPEHHS Mpolecy onTuMizanii. JlociipkeHo 3acTocyBaHHs 00’ €AHAHb AITOPHTMIB
I7100aIbHOTO PIBHOBAKHOTO MOIIYKY IO OKPEMHUX 337ad JUCKPETHOI ONTHMI3alii, pi3Hi cxemH oOMiHy iH(Op-
MaIli€}0 B KOMaH/aX aJirOPUTMIB. 3HAYHY YBary NpUIJICHO CKCICPUMEHTAIBHOMY JTOCIIKEHHIO PO3POOICHHX
noptdeiB i KOMaH] aITOPUTMIB, IIPOBEACHOMY SIK y PEXXHMI PeaTbHOro Jacy, Tak i 3 BUKOPUCTaHHAM OaraTorm-
porecopHoro obuncoBansHoro kommiekey CKIT-4 Incruryty kibepuernku iMm. B.M. I'mymkxosa HAH VYkpai-
HH, Ta TXHOMY MOPIBHAIEHOMY aHamizy. OTpHUMaHO OLIHKM e(pEeKTHBHOCTI 00’€qHAHb AITOPUTMIB, 3riTHO 3
SIKHMH KOMaHIHUH MiIXiJ Ma€ 3HauHi MepeBard Haj MOPTQETIMH aarOPUTMIB.

KorouoBi cioBa: 06’exnanns (moprdeni i KOMaHAW) alrOPHTMIB, JHCKPETHA ONTHUMi3amis, oOMiH iHdOp-
Mali€ro, eKCIepUMEHTANbHI JOCIIUKEHHs, eEeKTUBHICT 00’€HAHb ANTOPHTMIB.

Algorithm unions for solving discrete optimization problems / 1.V. Sergienko, V.P. Shylo, V.O. Roshchyn
/I Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 78-88.

Abstract. The algorithm unions (portfolios and teams) of optimization algorithms, their properties, and their
impact on the acceleration of the optimization process are considered. The global equilibrium search applications
in algorithm unions to individual discrete optimization problems and various information exchange schemes in
algorithm teams are researched. Significant emphasis is placed on the experimental research and analysis of the
developed algorithm portfolios and teams, conducted sequentially and using the multiprocessor computing
complex SCIT-4 of the V.M. Glushkov Institute of Cybernetics of the NAS of Ukraine. The resulting efficiency
of algorithm unions shows that the team approach has significant advantages over algorithm portfolios.

Keywords: algorithm unions (portfolios and teams), discrete optimization, information exchange, experimental
research, algorithm unions efficiency.

VK 004.81
®dopmaiizanis MeroaiB mo0yJoBH aBTOHOMHHX cCHCTeM WITy4HOro inreaexkry / M.3. 3rypoBcbkuii,
I1.0. KacesinoB, JL.B. JleBenuyk // KibepHernka Ta cucreMuuii ananis. 2023. Tom 59, Ne 5. C. 89-99.

Anoranis. Po3B’s13aHo 3a/1a4y popmanisariii moOGyI0BH aBTOHOMHHX CUCTEM IITYYHOTO iHTENEKTY, MaTe-
MAaTHYHI MOJIeN SIKMX MOXYTh OyTH CKJIaJHUMH a00 HEiNCHTU(IKOBAaHUMH. 3a TOMOMOIOI0 METOY HMOCIiZIOB-
HHUX HaOMwKeHb il Q-GyHKIiH BUHArOpOJ PO3pOOICHO METOOJIOTiI0 MOOYIOBH HAOMKEHUX 32 3aJaHOI0
TOYHICTIO €-ONTUMAJIBHUX CTpaTeriifl. PesynpraTty 1aroTh 3MOry BH3HAYUTH KiIacu (30KpeMa, MOJBIHHOIO MpH-
3HA4YEHHS), IS SKMX MOXKHA Ha CyJacHOMY PiBHI MaTeMaTHYHOI CTPOrOCTi OOIPyHTOBaHO OyIyBaTH ONTH-
MajbHI Ta e-ONTHMAaNbHI CTpaTerii HaBiTH y BUMAAKaX, KOIH MOJEII ieHTU]IKYIOThCS, ale OOUHCIIOBAIbHA
CKJIAZHICTh CTAHJAPTHHUX aJITOPUTMIB JMHAMIYHOTO IPOrPaMyBaHHs MOXe He OyTH CTPOTo MOJIIHOMiaIbHOIO.

Ki11040Bi c/10Ba: aBTOHOMHI CHCTEMH IITYYHOTO iHTEIEKTY, MAPKOBCHKI NMIPOLECH IPUHHATTS PillleHb, €-ONTH-
MalbHI cTparerii.

Formalization of methods for the development of autonomous artificial intelligence systems /
M.Z. Zgurovsky, P.O. Kasyanov, L.B. Levenchuk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5.
P. 89-99.

Abstract. This paper explores the problem of formalizing the development of autonomous artificial
intelligence systems (AAIS), whose mathematical models may be complex or non-identifiable. Using the
value-iterations method for Q-functions of rewards, a methodology for constructing of e-optimal strategies with
a given accuracy has been developed. The results allow us to outline classes (including dual-use), for which it is
possible to rigorously justify the construction of optimal and e-optimal strategies even in cases where the
models are identifiable but the computational complexity of standard dynamic programming algorithms may not
be strictly polynomial.

Keywords: autonomous artificial intelligence systems, Markov decision processes, e-optimal strategies.

YK 004.7.056.5

BescurHatypHe BH3HAY€HHSI AHOMAJIbHOI NOBeAiHKHM B iHpopMmauiiiHux cucremax / B.M. Tkau,
A.M. Kynin, B.K. 3anipaka, I.B. llIBinuenxo // Ki6epHernka Ta cucremuuii anamiz. 2023. Tom 59, Ne 5.
C. 100-112.

Amnorauis. OnHi€lo 3 HalfakTyalbHIIIKX 33/1a4 KiOepOe3IeKH € CBOeYacHe BUSBICHHS Kibep3arpo3 B yMo-
Bax ajaNTHBHOTO JI0 CUCTEMH XapakTtepy Kibepartak. Lls 3amaya TiCHO I0B’s3aHa 3 BU3HAYCHHSIM HOPMAIBHOTO
Ta aHOMAJIBHOTO CTaHIB, a TAKOXK MOBEIIHKH Pi3HHUX MpOLEciB B iHGopMaLiiiHuX cucTeMax. YacTo 10AaTKOBOO
YMOBOIO € BIICYTHICTb IIA0JIOHIB, CHTHATYp a00 MPaBWJI HOPMaJIbHOT MOBEIHKH, sIKi 6 Jaiu 3MOTy 3aCTOCYBaTH
CydYacHi CTaTHCTUYHI a00 iHIII BiZIOMi METOJM aHAI3y AAaHUX. Y CTAaTTi HABEICHO aHAJI3 HAsIBHUX METOIB BH-
SIBJICHHS] aHOMAJIGHOI MOBEAIHKY. 3alIPOIIOHOBAHO HOBHil METOJ ii BHSBICHHS 0C3 BUKOPHUCTAHHS CHTHATYp HA
OCHOBI MOJIeNi KiHIIeBOTO aBTOMATa if CHCTeMH yIpaBiiHHSA iHpopMamni€io Ta HoxisIMH iHGOpMaIiifHOI Ge3HeKu.

KuiouoBi cioBa: BusiBICHHS aHoManiif, kiHueBuii aBromar, SIEM, uacoBuii psa, kiGepOesmeka.
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Signatureless anomalous behavior detection in information systems / V. Tkach, A. Kudin, V. Zadiraka,
1. Shvidchenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 100-112.

Abstract. The early detection of cyber threats with cyber-attacks adapted to the nature of information
systems is a crucial cybersecurity problem. This problem and the task of recognizing normal and abnormal
states and behavior of various processes in information systems are closely related. An additional condition is
often the absence of templates, signatures, or rules of normal behavior that would allow using existing statistical
or other known methods of data analysis. We analyze the existing and propose a new method for detecting
abnormal behavior without the use of signatures based on the finite state machine (FSM) model and the
Security Information and Events Management (SIEM) system.

Keywords: anomaly detection, finite state machine, SIEM, time series, cybersecurity.

YIK 519.85
VYHipikoBaHe npeacraBjieHHs KJacu4yHoro meroay eiincoigis / ILI. Cremok, A. ®@imep, O.M. Xom’sik //
Kibepuernka Ta cucremuuil amamis. 2023. Tom 59, Ne 5. C. 113-123.

AHoTauis. Po3rsiHyTO mapaMeTpuyuHy BEpCi0 METOY eITIINCOiAiB 3 MacIITabyBaHHSAM IPOCTOPY 3a CKa-
JpHEM apamerpoM A >0. Jlis IeBHUX 3HaYeHb napaMerpa A BOHA 3BOAMTHCS JI0 BiIOMHX BapiaHTIB METOLy
enincoiniB llopa, Xauiszna, HemupoBcekoro ta FOnina. OOrpyHTOBaHO BIACTHBOCTI JBOX AJTOPUTMIYHUX
peanizauiii mapameTpr30BaHOro Meroay einincoinis. [lepumii anroputm 6a3yeTbes Ha OHOBIICHHI HECUMETPUY-
HOI MaTpHli B, a Apyruil OHOBIIOE CHMETPUYHY MaTpumio H = BB". Ommcano 3aCTOCYBAHHS AITOPUTMIB IS
PO3B’sI3aHHS 3a/1a4 OIYKJIOr0 IIPOrpaMyBaHHs Ta [T 3HAXOKEHHS C1/UTOBOT TOYKHU OIMYyKJIO-YBIrHYTOI (DyHKIIII.

KurodoBi cioBa: Meto enincoifiB, po3TATHEHHs NPOCTOPY, OMyKJE MPOrpaMyBaHHA, CiJJIoBa TOYKA.

Unified presentation of the classical ellipsoid method / P.I. Stetsyuk, A. Fischer, O.M. Khomiak //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 113-123.

Abstract. A parametric version of the ellipsoid method with space scaling by a scalar parameter A >0 is

considered. For certain values of the parameter 4, it is reduced to the available versions of the ellipsoid method,
namely the Shor, Khachiyan, Nemirovsky, and Yudin ones. The properties of two algorithmic implementations
of the parameterized ellipsoid method are proved. The first algorithm is based on updating the asymmetric
matrix B, and the second one updates the symmetric matrix H = BBT. The applications of the algorithms for
solving convex programming problems and for finding the saddle point of a convex-concave function are
described.

Keywords: ellipsoid method, space dilation, convex programming, saddle point.

YK 519.872

IIpuckopeHe MojeJIOBAHHS CTALiOHAPHOI iiMOBIpHOCTI 0/I0KYBaHHSI BHUKJIMKIB Yy /JBOXKAHAJIbHIl
cuctemi 3 moporoBumu crparerisivu odcayropysanns / ML.IO. Ky3nenos, A.A. Illymenka // Kibepuernka
Ta cucteMHuii anamis. 2023. Tom 59, Ne 5. C. 124-134.

Anoranis. J{ocipKyeTbess MOZIETb CHCTEMH, 10 CKJIAJaeThCs 3 ABOX KaHANIB 0OCIYTrOBYBaHHS, 10 KOX-
HOTO 3 AKHX HaJXOAATh ACKiibKa pisHOTHIHHUX [TyacoHOBHMX MOTOKIB BHUKIMKIB. BHKIIMK KOXXHOTO TOTOKY IO-
Tpebye NMEBHOTO pecypey JUlst CBOTO 00CIyroByBaHHs. Bi3HaueHO OPOroBi cTpaterii oOCIyroByBaHHs, sSKi Jja-
0T 3MOT'Y IEPCHANPABHTH BHKJIMK 3 OJJHOTO KaHAILy 10 iHIIOro. BlIOKyBaHHS BHKJIMKIB [IEBHOTO IIOTOKY BifOy-
BA€THCS 32 YMOBH BiICYTHOCTI TOCTAaTHIX PECypCiB y KOXHOMY KaHaii. HaX0KeHHs BUKIIMKY 32 TAKOTO CTaHy
KaHaJIiB 00CITyroOBYBaHHS IIPU3BOAUTH O HOTO BTpaTH. [l OIiHIOBaHHS CTAlliOHApHOI HMOBIPHOCTI OIOKyBaH-
HsI BUKJIIKIB IIEBHOTO MOTOKY 3aIpOIIOHOBAHO METO]] IPHCKOPEHOTO MO/ICIIFOBaHHs, €)EKTUBHICTB SIKOTO iMTI0C-
TPYEThCS YUCIIOBUMH NpUKIagaMu. J{OCHiIKy€eTbCs MOXKIIMBICTh iHBapiaHTHOCTI i€l IMOBIPHOCTI CTOCOBHO
BUIy GYHKLII po3noniny yacy oOCIyroByBaHHs 3a (iKCOBAHOI CEepelHbOi TPHBAIOCTI OOCIYroByBaHHS.

KirouoBi cioBa: cucrema 0OCIyroByBaHHS, CTaH OJOKYBaHHS, pPecypc, CTalliOHapHA HMOBIPHICTH, METO[
Monte—Kapno, Merox posmapoBaHOi BHOIPKH, NMPHCKOPEHE MOACIIOBAHHS, AMCIEPCIS OLIHKH.

Fast simulation of steady-state call blocking probability in a two-channel system with threshold service
strategies / M.Yu. Kuznetsov, A.A. Shumska // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5.
P. 124-134.

Abstract. A model of a queueing system consisting of two service channels is considered. Each channel
receives calls from several Poisson flows of different types. A call of each flow requires a certain resource for
its service. Threshold service strategies are defined that make it possible to redirect a call from one channel to
another. Blocking of calls of a certain flow occurs if each channel does not have sufficient service resources.
All calls coming in a system-blocking state are lost. To evaluate the steady-state probability of blocking calls of
a certain flow, a fast simulation method is proposed. The accuracy of the estimates is illustrated by numerical
examples. The possibility of the insensitivity of the steady-state blocking probabilities with respect to the form
of service time distributions by fixed means is investigated.

Keywords: queueing system, blocking state, resource, steady-state probability, Monte-Carlo method, stratified
sampling, fast simulation, variance of estimate.
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VIK 517.9, 517.6
OnrumalibHe 30cepelkeHe KepyBaHHsI NepeHeceHHsIM BoJIOTH B mopHcTux cepeposumiax / JLA. Kmommn,
C.L JIsmko, H.L. JIsimko, A.A. Tumomenko / Kibeprerrka ta cucremMunii anaii3. 2023. Tom 59, Ne 5. C. 135-143.

AHoTanis. Y poOOTi 3arpornoHOBaHO aArOPUTM 3HAXOKEHHS ONTHMAJIBHOI MOTY)KHOCTI JUKEpEN I JIBO-
BUMIpHOT0 KBa3iniHiiiHOTO piBHSAHHA Pivapnca y npsiMokyTHIiH obmacti. Bukopucrano nepersopenns Kipxroda 3
MaciuTabyBaHHSIM KOOP/MHAT Ta MOTY)XHOCTEH 3aHYPEHHX JUKEpEN, L0 Ja€ 3Mory c(opMyJIroBaTtH 6e3po3MipHy
3amady. OOIpyHTOBAHO iCHyBaHHS PO3B’SI3Ky JUIS 3aJadi ONTHMi3alil BOJIOTOIEPEHECEHHS B HCHACHICHOMY II0-
pHCTOMY Cepe/IOBHILL. 3aBIaHHAM LIOTO JOCIIPKEHHS € TOIIYK TaKOi HOTYKHOCTI XKEPell, 3aHyPCHUX Y HOpUCTE
CEepe/IOBHILE, 110 y KIHIIEBUI MOMEHT 4Yacy PO3MOiI BOJOrocTi Oyae ONU3BKUM A0 33JaHUX [OKA3HUKIB abo
1ib0BOI (pyHKIIT. UncenbHUI PO3B’SI30K NPU3BOAUTH IO HAONMKEHHS ONTHMAIBHUX 3HAUCHB JUKEpEI.

KurouoBi cioBa: piBusuHEs Pivapzaca, kepyBaHHS, ONTHMI3AIlis, HOPUCTE CEPEIOBHINE, IEPCHECCHHS BOJIOTH.

Optimal lumped control of water transport in porous media / D.A. Klyushin, S.I. Lyashko, N.I. Lyashko,
A.A. Tymoshenko // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 135-143.

Abstract. An algorithm for finding the optimal source power for the two-dimensional quasi-linear
Richards equation for a rectangular region is proposed. The Kirchhoff transformation with scaling of
coordinates and powers of buried sources is used, which allows formulating a dimensionless problem. The
existence of the solution for the problem of optimizing moisture transfer in an unsaturated porous medium is
substantiated. The task of this study is to find the power of sources buried in a porous medium — such that at
the final moment of time the distribution of humidity will be close to the given indicators or the objective
function. The numerical solution leads to an approximation of the optimal malues of the sources.

Keywords: Richards equation, control, optimization, porous medium, moisture transfer.

YIK 517.977
Ilpsimmii  MeTox po3B’si3aHHsl irpoBHX 3aja4 30.1MuKeHHsl KepoBaHHX o0’ekrtiB / A.O. Ymkpiii,
U.C. Pannonopr // Kibepuernka ta cucremuuit anamiz. 2023. Tom 59, Ne 5. C. 144-153.

Awnotanisi. JlocmimpkeHo npobieMy 30IMKSHHST KepOBaHHUX 00’ €KTIB y irpoBUX 3a7avax JuHaMiku. OTpH-
MaHO JIOCTaTHI YMOBH 3aBEPLICHHS I'DH 3a CKiHYCHHMII TapaHTOBAHMI 4Yac y BHIIAJKY, KOJH HE BUKOHYETHCS
kinacuyHa ymoBa IToHTpsrina. 3amicTs cenekropa [ToHTpsriHA, IKOTO HE iCHYE, PO3IIIANAETHCS AesKa (yHKILis
3CYBY, 3a JOIIOMOTOIO SIKOi BBOAUTHCS CIeIianbHe OaraTo3Ha4yHe BiTOOPaKECHHS, 110 TCHEPYE HIDKHIO PO3B’s3y-
BanbHY (yHKIi0. OCTaHHS Biflirpae KIIOYOBY POIb y (GOpPMYIIOBaHHI pe3yNIbTaTy i Aa€ 3MOTY peani3yBaTHd IIO-
OynoBy KepyBaHHS Ha OCHOBI TeopeM tumy diminnmoBa—Kacrena. 3ampononoBano MoaudikoBaHy cxeMmy Hep-
IIOTO TpsAMOro Metoxy IloHTpsriHa, sika rapaHTye YCIINIHE 3aBEepIICHHS KOH(IIKTHO-KEPOBAHOTO MPOLECY B
KJ1aci KOHTpKepyBaHb. JUJIsi MOpIBHSAHHSA rapaHTOBAHUX 4YaciB BBEJICHO BEPXHIO PO3B’S3yBallbHY (YHKIIIO Ta
HOJIaHO BiANIOBIZHY CXeMy MeToxay. TeopeTHdHi pe3yJbTaTH MPOULIIOCTPOBAHO HAa MOJICIBHOMY HPHKIIA.

KurouoBi cioBa: kBasininiiiHa qudepeHianbHa rpa, 6araTo3HauHe BiTOOpaKEHHs, BUMIPHUH CEIEKTOp, CTPO-
OOCKOITiUHA CTpaTerisi, po3B’si3yBalbHa (YHKIIS.

Direct method for solving game problems of approach of controlled objects / A.A Chikrii, I.S. Rappoport
/I Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 144-153.

Abstract. The issue of approaching controlled objects in game problems of dynamics is analyzed. The
sufficient conditions for the game termination in a finite guaranteed time are obtained in the case where the
classical Pontryagin condition is not satisfied. Instead of the Pontryagin selection, which does not exist, some
shift function is considered. With its help, special set-valued mapping is introduced, which generates a lower
resolving function. The latter plays a decisive role in the formulation of the result and allows realizing a control
construction based on theorems of the Filippov—Castaing kind. A modified scheme of Pontryagin’s first direct
method is proposed, which ensures the successful completion of the conflict-controlled process in the class of
counter-controls. To compare the guaranteed times, the upper resolving function is introduced and the
corresponding scheme of the method is presented. The theoretical results are illustrated with a model example.

Keywords: quasilinear differential game, multi-valued mapping, measurable selector, stroboscopic strategy,
resolving function.

MNPOTPAMHO-TEXHIYHI KOMILJIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 682.32+537.8
AJropuTMH aHATITHYHOTO PO3B’SI3aHHS 00epPHEHOI 3aJa4i MATHITOCTATHKHU VISl JUKepesa CUTHAJY AMIOJIBLHOL
mozeni / MLA. Tlpimin, I.B. HenaiiBona / KidepreTtuka ta cucremnnii aHamiz. 2023. Tom 59, Ne 5. C. 154-165.

AHoTanis. 3amporoOHOBaHO YOTHPH BapiaHTH aIrOPUTMIB aHAITHYHOIO PO3B’sA3aHHS 0OepHEHOI 3amaui
MarHiTOCTaTUKHM JUISl JKepela 1o JunoibHoi Mojeni. Lli arropuT™u IpyHTYIOTbCS Ha BUKOPHCTAHHI BJIaCTH-
BOCTEH TEH30piB MepIIMX Ta APYTHX MPOCTOPOBUX MOXITHHX BEKTOpa MarHiTHOI iHmykmii. Ha ocHOBI MeTomy
PO3B’s3aHHA 3aJadi 3ampONOHOBAHO BapiaHTH MPOCTOPOBUX KOHGIrypamiii IeperBOpIOBadiB IIOTOKY
CKBI/I-MarHiTOMeTpHYIHHIX CHCTEM Ta IXHE MOXIIMBE PO3TAIILYBaHHS y IpocTopi. I Beix BapiaHTIB BHMipro-
BaJbHUX CHCTEM HABEICHO Pe3yJIbTaTH YHCEIBHOTO MOJCIIOBAHHS PO3B’sI3aHHS 3ajadi JIOKani3allii y npocTopi
JpKepella MarHiTHOTO CHUTHATy IMITOJNBHOI MOZEI.
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KurouoBi cioBa: obeprena 3amaua, Marmitoctatuka, CKBIJI-cencop, marmiToMerpudHa cucTeMa, iHMOp-
MalliifHa TEXHOJIOTIsI.

Algorithms for the analytical solution of the magnetostatics inverse problem for the signal source of the
dipole model / M. Primin, I. Nedayvoda // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 154-165.

Abstract. Four variants of algorithms of the analytical solution of the magnetostatics inverse problem for
the dipolar model of field source are proposed. The solution algorithms are based on the properties of the tensors
of the first and second spatial derivatives of the magnetic induction vector. Based on the method of solving the
problem, variants of spatial configurations of flux transformers of SQUID magnetometric systems and their
possible spatial location are proposed. For all variants of measuring systems, the results of numerical simulation of
the solution to the problem of spatial localization of the dipolar source of the magnetic signal are presented.

Keywords: magnetostatic, inverse problem, magnetostatic, SQUID sensor, magnetometric system, information
technology.

HOBI 3ACOBU KIBEPHETHUKH, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKH, OBYUCJIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS
V]IK 681.3.06

Texnoaoris PARCS: koHuenuisi, peanizauii, BnpoBajkeHHs / A.B. Amnicimo, O.B. [lepeBsiHueHKO,
ILII. Kyas6xo, O.M. ®@enopyc // KibepHetuka Ta cuctemunii anamis. 2023. Tom 59, Ne 5. C. 166-179.

Amnoranis. HaseneHo ormin pospobnens 3a Texnomorieto PARCS (Parallel Asynchronous Recursive
Control Space). Po3riasHyTo KOHIENIIIO KePyBaIbHOTO IIPOCTOPY — MOJEIBHOTO amapary, Ha OCHOBi SIKOTO
OIICYEThCS JIOTIYHA CTPYKTYpa JOCHIIKYBaHOI 3amadi (CHCTEeMH) i BioOpa)KalOThCsl AMHAMIYHI 3MiHM B Hill.
3anpononoBano PARCS-Mo/enb, 3aCTOCYBaHHS SKOi HaJla€ MOXKIIMBICTD THYUYKOI Ta yHi(ikoBaHOi aganranii 10
TexHoJoriii mnporpamyBaHHs. PosriasHyro PARCS-posmmpenHs MoB mnporpamysanus: PASCAL, C,
FORTRAN, MODULA?2, Java, CUDA, OpenCL, PYTHON, .NET, GO/PYTHON.

KumrouoBi ciioBa: kepyBanbuuii npoctip, VPS, PARCS, po3nogineHi cucremu, napajiesibHe NporpaMyBaHHS,
XMapHi OOYHCIICHHS.

PARCS technology: concept and implementations / A.V. Anisimov, O.V. Derevianchenko, P.P. Kuliabko,
O.M. Fedorus // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 166-179.

Abstract. An overview of PARCS (Parallel Asynchronous Recursive Control Space) technology
developments is provided. The concept of the control space — a model apparatus, based on which the logical
structure of the investigated problem (system) is described and dynamic changes in it are reflected, is
considered. The PARCS model is proposed, whose application leads to flexible and unified adaptation to
emerging programming technologies. PARCS-extension of programming languages is considered: PASCAL, C,
FORTRAN, MODULA2, JAVA, CUDA, OpenCL, PYTHON, .NET, GO/PYTHON.

Keywords: CS, VPS, PARCS, distributed systems, parallel programming, programming languages, cloud
computing.

VK 330.115

HoBa napiiiHa cTpykTypa Meramojesi JJisi MPOrHO3YBaHHS po3nofiny iiMoBipHocTi BpoxkaiiHocTi 3
BHKOPHCTAHHSAM JaHUX i3 6aratbox mxepen / T. Epmonnesa, I1. 'apauk, A. Jlecca-/lepci-AyrycTuHuuk,
E. Bop, C. ®pank, T. Kaxia, I'. Baur, 10. Baakosuuy, P. Ckanbcbki, K. ®oa6ept, H. Komenaanrosa,
I1.C. Knonos // Kibepuernka Ta cucremuuii anamis. 2023. Tom 59, Ne 5. C. 180-195.

AHoTanis. 3a3HaueHO, 10 € HarajabHa NOTpeda y KpamoMy po3yMiHHI Ta IPOTHO3YBaHHI BIUIMBY IIOTOA-
HEX SIBHII (30KpeMa, eKCTPEMAIBHOTO XapakKTepy, SIK-0T, CIIBHUX ONajiB, IOCYX Ta TCIUIOBUX XBHIIb) Ha BPO-
KaKWHICTh CLIBCHKOTOCIOAPCHKUX KylbTyp. Lle macTh 3Mory mokpamuTH MaifOyTHI IPOTHO3M BUPOOHHITBA
CIIIbCBKOTOCIIOIaPCHKUX KYJIBTYp B yMOBaX MIHJIMBOCTI IOTOM, EKCTPEMabHUX SBHII Ta 3MiHH Kiimary. Po3-
pOOJIEHO KBaHTWIIBHI perpeciiiHi MoJemi i OLIHIOBaHHS PO3MOALTY HMOBIPHOCTI BPOXXKAMHOCTI CLIbCHKOrOC-
[OAPCHKUX KYJIBTYP 3aJI€XKHO Bi/l MICSYHUX 3HAUYCHb TEMIICPATyPH Ta OIA/IB Ta SKICHUX XapaKTEPHCTHK IPYH-
Ty, SKi MOXYTh OyTH JOCTYIHI UL Pi3HUX IIPOTHO3IB 3MiHH KIiMaTy. BpoxaiHicTb CiIbCHKOTOCTIONAPCHKHX
KyJIBTYp, ICTOpHYHY Ta cuHTe30BaHy Moaemtio EPIC, aHani3yioTs Ta po3pi3HAIOTH BIAMOBIIHO 0 IXHIX PIBHIB,
TOOTO Cepe/HIX Ta KPUTUYHUX KBAaHTHIIB. Jlani KBaHTHII BPOXKAMHOCTI CilIbCBKOTOCHONAPCHKUX KYIBTYP afl-
POKCHMYIOTb, HAJIAIITOBYIOYM OKpeMi MoJieli perpecii Ha OCHOBI KBaHTHIIIB. Po3po0ieHa cratucTHiHa MeTaMo-
JIeTb BPOXKAMHOCTI CLIbCHKOTOCIIONAPCHKUX KyJIBTYP Ja€ 3MOTY aHalli3yBaTH BPOXKAHHICTh CUILCHKOTOCHOJa-
PCBKHX KYJBTYP 3aJIKHO BiJ] TAKUX €K30TCHHHUX [IAPAMETPIB, SIK TEMIIEpaTypa Ta OMajH, a TAKOXK CHIOTCHHUX
napaMeTpiB (HaIpUKIax, XapaKTepPUCTUK IPYHTY), SIKi MOXYTb 3MIHIOBATHCS y PE3YJbTaTi MPAKTHK 3EMIICKO-
puctyBanHs. CTaTHCTHYHI Ta MAIIMHHI MOJE/I HABYAHHS MOJKHA BUKOPHCTOBYBATH SIK TEHEPATOPU CLCHAPIiB
3MEHILICHOI PO3MIPHOCTI Ta CTPYKTYpHU (METaMOJeNi) CTOXaCTHYHUX MOJiH (CLeHapiiB), K MaMoeb OuIbII
CKJIaJHUX MOJeJei, HampHKiIaa, Monedi iHrerposanoi ouinku (IAM) GLOBIOM.

KurouoBi cioBa: excrpemanbHi mofii, 3MiHa KIiMaTy, IpOAOBOIbYA Oe3leKa, IIPOTHO3M BPOXKANHOCTI, Po3-

TIOZILT IMOBIPHOCTEH, KBaHTHIIBHI perpecii, HagiliHa OI[iHKa Ta MAIlMHHE HABYAHHs, ABOCTAIHA 3a]a4ya CTOXac-
THuHOI onrruMizarii (STO).
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A novel robust meta-model framework for predicting crop yield probability distributions using
multisource data / T. Ermolieva, P. Havlik, A. Lessa-Derci-Augustynczik, E. Boere, S. Frank, T. Kahil,
G. Wang, J. Balkovic, R. Skalsky, C. Folberth, N. Komendantova, P.S. Knopov // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 5. P. 180-195.

Abstract. There is an urgent need to better understand and predict crop yield responses to weather
disturbances, in particular, of extreme nature, such as heavy precipitation events, droughts, and heat waves, to
improve future crop production projections under weather variability, extreme events, and climate change. In
this paper, we develop quantile regression models for estimating crop yield probability distributions depending
on monthly temperature and precipitation values and soil quality characteristics, which can be made available
for different climate change projections. Crop yields, historical and those simulated by the EPIC model, are
analyzed and distinguished according to their levels, i.e., mean and critical quantiles. Then, the crop yield
quantiles are approximated by fitting separate quantile-based regression models. The developed statistical crop
yield meta-model enables the analysis of crop yields and respective probabilities of their occurrence as a
function of the exogenous parameters such as temperature and precipitation and endogenous, in general,
decision-dependent parameters (such as soil characteristics), which can be altered by land use practices.
Statistical and machine learning models can be used as reduced form scenario generators (meta-models) of
stochastic events (scenarios), as a submodel of more complex models, e.g., Integrated Assessment model (IAM)
GLOBIOM.

Keywords: extreme events, climate change, food security, crop yield projections, probability distributions,
quantile regressions, robust estimation and machine learning, two-stage STO.

VK 004.8, 519.7
KorniTuBHi Mepe:ki, ixHi BJIaCTHBOCTI Ta 3aCTOCYBAHHSY CHCTeMAaX BHSIBJICHHS Ta 3aM00iraHHs aTakam /
0.0. JlernueBchkuii // Kibepuetnka ta cuctemuuid anamis. 2023. Tom 59, Ne 5. C. 196-204.

AHoTanis. Po3risHyTo MeToaM BUSBIICHHS KiOepaTak y pealbHOMY 4Yaci, IO IPYHTYIOTbCS Ha anrebpai-
YHOMY MiJIX0J1i. 3aCTOCOBAaHO METOJ anrebpaivHOro 3iCTAaBIICHHS, B OCHOBY SKOTO MOKIIAJCHO METOJM PO3B’s-
3aHHS TIOBEAIHKOBHX PIBHSHB Ta anreOpaidtHOTro MoAeoBaHHs. Boanowac Juist migBUIEHHS e(eKTUBHOCTI BH-
SIBJICHHS Ta 3aM00iraHHs 3aIPOIIOHOBAHO BUKOPHCTOBYBATH KOMIIO3UIIII0 HEHPOHHOT Mepexi I Kaacudikarii
aTaKk Ta METOAY anrebpaidHoro 3icraBieHHs. L0 KOHCTPYKIIO HAa3WBAIOTh KOTHITHBHOK MEPEIKEIO, MOHSATTS
sikoi Brepie 0yio chopmynboBano y 2005 p. Po3risHyTo Taki BIaCTHBOCTI KOTHITUBHOI MEpexi, K HOJBiiHA
KiIacuikallis Ta caMoHaBUaHHs. [IpecTaBIeHO TEXHOIOTIUHY JIHIIO JUIsl BUSBICHHS KibepaTak 3 BUKOPHCTAH-
HSM KOTHITUBHHX MEPEXK.

Kuro4oBi cioBa: mty4Huil iHTENeKT, HeffpoHHA Mepeska, IIMOOKe MAIIMHHE HaBYaHH, anredpa MOBEAIHOK,
HEHPOCHMBOIBHUN MiJXin, anreOpaiyHe MOJEIIOBaHHsI, IHCEpLiiiHE MOJCTIOBAHH.

Cognitive networks, their properties, and applications in attack detection and prevention systems /
O. Letychevskyi // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 5. P. 196-204.

Abstract. Methods of real-time cyberattack detection, based on an algebraic approach, are considered.
The method of algebraic matching is used, which is based on the methods of solving behavioral equations and
algebraic modeling. At the same time, to increase the efficiency of cyberattack detection and prevention, it is
suggested to use the composition of a neural network for the classification of attacks and the method of
algebraic matching. This construction is called a cognitive system, whose concept was first formulated in 2005.
The properties of the cognitive network, such as double classification and self-learning, are considered, and the
technological line for detecting cyberattacks using cognitive networks is presented.

Keywords: artificial intelligence, neuron network, deep machine learning, behavior algebra, neuro-symbolic
approach, algebraic modeling, insertion modeling.

8 ISSN 1019-5262. KubepHeruka u cucteMHblii ananus, 2023, Tom 59, Ne 5



