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VK 621.391.15:519.7
Oco0.MBi BJIACTMBOCTI 3aKOHY /I0laBaHHSI TOYOK HemmkiaiuHux kpuBux Ensapaca / A.B. Beccasos,
C.B. Adpamos // Kibepreruka Ta cuctemHuid anamis. 2022. Tom 58, Ne 6. C. 3-14.

Amnorauis. [IpoBeeHo aHaii3 0COONIMBUX BJIACTHBOCTEH JBOX KJIACIB KBAJPATHYHUX 1 CKPYUYEHHX KpH-
Bux EnBapica, 1o BpaxoByIOTh IXHIO HELHKIIIYHY CTPYKTYpY, @ TAKOXK HEHOBHOTY 3aKOHY JOJaBaHHs TOYOK.
O6wnyiBa KiacH KPUBHUX MICTATh OCOOJIHMBI TOUKH 2-T0 1 4-T0 MOPSJIKIB 32 OJIHIEI0 HECKIHYEHHOK KOOPIHHATOIO,
1110 MOPOJUKYIOTh TOUKH 3 HeBn3HadeHicTio 0/0 B OxHiil 3 KOOPAMHAT CyMH, SIKi HA3BaHO HEYITKUMH TOYKAMH.
CdopMyIIb0BaHO i I0BEAEHO 11’ ATh TEOPEM, IO JA0Th 3MOTY PO3B’A3aTH I1i HEBU3HAYCHOCTI 1 3a]1aTH YMOBH, 32
SKMMH 3aKOH J0/IaBaHHS TOYOK y TAKMX KJIacax KPUBUX € MOBHHUM.

KumiouoBi ciioBa: kpuBa B y3aranbHeHil ¢popmi Ensapaca, nosra kpuBa EnBaprca, ckpydena xpusa ExBapyca,
KBaJpaTH4YHa KpuBa ExBaprca, mopsoox KpuBoOi, MOPSIOK TOYKH, OCOOJIMBA TOUKA, HEUiTKAa TOUYKA, KOJIECO TO-
YOK, KBaJpaTUYHUH JIMIIOK, KBaJPaTUYHUI HENHUILOK.

Special properties of the points addition law of non-cyclic Edwards curves / A.V. Bessalov, S.V. Abramov
/I Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 3-14.

Abstract. The authors analyze the speclial properties of two classes of quadratic and twisted Edwards
curves over a prime field, related to their non-cyclic structure and the incompleteness of the points addition law.
Both classes of curves contain special points of 2nd and 4th orders with respect to one infinite coordinate,
which generate points with uncertainty 0/0 in one of the coordinates of the sum, called ambiguous points. Five
theorems are formulated and proved that allow resolving these uncertainties and proving the conditions
whereby the points addition law in these classes of curves is complete.

Keywords: generalized Edwards curve, complete Edwards curve, twisted Edwards curve, quadratic Edwards
curve, curve order, point order, special point, ambiguous point, wheel of points, quadratic residue, quadratic
non-residue.

VK 004.8

MinimMakcHi cTpaTerii MAalUMHHOI0 HABYAHHS i po3NizHaBaHHs 00pa3iBHA 0CHOBI KOPOTKHX HABYAJIBLHHX
Bubipok / M.I. Illne3inrep, €.B. Bogoaazcbkuii / Kibepueruka ta cuctemuuit anamnis. 2022. Tom 58, Ne 6.
C. 15-29.

AmnoTanis. Bukonano anani3 3amad po3mi3HaBaHHs 00pa3iB 1 MaNIMHHOTO HABYAHHS y BHUIAJKY, KOJIH
SIKICTB CTpATETiH ISt IXHBOTO PO3B’SI3aHHS BU3HAYAETHCS PU3UKOM I 4ac IXHBOrO BHKOpHCTaHHs. Cruparo-
YHCh HA MOHATTS 0AaraTOKPUTEPIHOI ONTHMI3allil, BU3HAYEHO KJIAC CTPATErii, HEMPUIATHUX IJISl PO3B’SA3aHHS
3a71a4, 1 BUBEJCHO 3arajbHU BHIJISAA YCiX 1HIIMX cTpareriii. [lokasaHo, 10 3acTOCYBaHHS OKPEMHX IIHPOKOB-
JKUBAHHX MIAXOMIB NPU3BOMTD JI0 HENPUIATHUX Y BH3HAYCHOMY CEHCI CTpaTeriil. 3okpeMa, 1ie cTpaTerii, 1o
IPYHTYIOTHCSI Ha HaWBIPOTiAHINIOMY OLIHIOBaHHI, OCOOJIMBO y pa3i BUKOPHCTAHHS HaBYaJIbHHUX BUOIPOK (ikco-
BaHOro 1 Manoro obcsry. ChopMynb0BaHO 3anadi pO3Mi3HABAHHS 1 HABYAHHS y €JUHIN yHiikoBaHiH dopmi,
sIKa OXOILUTIOE YBECh CIEKTP 00CATIB HaBYalIbHUX BHOIPOK, 1110 BKJIIOYa€E BUOIPKH HYIBOBOTO 00csry. JloBeneHo,
0 PO3B’s3aHHA 3a7a4 y HaBeJeHOMY (pOpMyIIFOBaHHI BHKIIIOYAE OTpUMaHHS HenpupaaTHoi crpaterii. Cop-
MYJIBOBAHO MOHATTS CTPATETiil PO3Mi3HABAHHS 1 HABYAHHS, IO MiHIMI3YIOTh MAKCHMAJIbHE BIAXUICHHS JOCAT-
HyTOI SIKOCTI BiJl OaXkaHOI, sika, MOKIIMBO, € HEAOCsHKHOW. HaBeneHo npukiiagy nodyjoBH TakKuX CTpaTeriii Ta
IXHBOT'O TIOPIBHSHHS 3 MINPOKOBXUBAHUMHU METOIAMH, IO IPYHTYIOTHCS Ha HAIBIPOTiIHIIIOMY OL[IHIOBAHHI.

KurouoBi csioBa: posmizHaBaHHA 00pa3iB, MalIMHHHE HAaBYaHHSA, KOPOTKI HaBYaibHI BUOIpKH.

Minimax deviation strategies for machine learning and pattern recognition with short learning samples /
MLL Schlesinger, E.V. Vodolazskiy // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 15-29.

Abstract. The article analyses risk-oriented formulation of pattern recognition and machine learning
problems. Based on arguments from multicriteria optimization, a class of improper strategies is defined that are
dominated by some other strategy. A general form of strategies that are not improper is derived. It is shown that
some widely used approaches are improper in the defined sense, including the maximum likelihood estimation
approach. This drawback is especially apparent when dealing with short learning samples of fixed length.
A unified formulation of pattern recognition and machine learning problems is presented that embraces the
whole range of sizes of the learning sample, including zero size. It is proven that solutions to problems in the
presented formulation are not improper. The concept of minimax deviation recognition and learning is
formulated, several examples of its implementation are presented and compared with the widely used methods
based on the maximal likelihood estimation.

Keywords: pattern recognition, machine learning, short learning sample.
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YVIK 621.317+681.849

Meton inenTudikauii anaparypu uudposoro Bineosanucy ta undposux gporoanaparis / B.I. CoJioBiios,
0.B. Pubdanbcokuii, B.B. KypaBean, O.M. Illaoas, €.B. Tumko // KibepHeTrnka Ta CUCTEMHHUIl aHai3.
2022. Tom 58, Ne 6. C. 30-36.

AHortauis. Po3risiHyTo MeTon MOOYIOBH E€KCHEPTHOrO IHCTPYMEHTApI0 Ui KPUMIiHAJIICTUYHOI 1/1eH-
Tudikauii anapatypu uudpoBoro Bineozanucy Ta uudpoBux (oroamnapatiB. OOIpyHTOBAHO MOTPeOy y CTBO-
PEHHI [BOTO IHCTPYMEHTAPII0. 3alPOMOHOBAHO 3AICHIOBATH 1IEHTU(IKAIIII0 3a3HAYEHOT arapaTypH 3a CTaTHC-
TUYHUMU XapaKTEPUCTHKAMHU BJIACHUX IIYMIB, [0 BUAUIAIOTECS 3 HH(POBUX 300paXkeHb, 3aMMCAHUX 3 1 BUKO-
puctanHsM. ONUCaHO OCOOJMBOCTI Ta OCHOBHI JKepela BUHUKHEHHS IUX LIYMIiB y IU(PPOBHX 300paKCHHSIX.
Jlnst IXHBOTO BUJUIEHHS Ta 00pOOJICHHSI BHKOPHCTAHO BEHBIIET-aHaNi3, 00y 10BaHUH Ha OCHOBI BeliBiera Xaa-
pa. OcTaTouHuil pe3yabTaT CKIEPTU3H OTPHMAHO i3 3aCTOCYBaHHSM HEHPOHHHUX MEPEX IMOOKOr0 HaBYAHHS.
OpeprxaHi pe3ysIbTaTH 3aCTOCYBAHHS CTBOPEHOI CHCTeMH ifeHTUdiKalii anapatypu mokasaiu il BUCOKY e(ek-
THBHICTb.

KirouoBi ciioBa: amapatypa uppoBoro Bineosanucy, anaparypa mudposoi Gpororpadii, BelB- eT-aHaiui3, Beii-
BiIeT Xaapa, KpUMIHAITICTHYHA 1eHTHu(iKamis, HeHPOHHI Mepeski IIMO0KOro HaBYaHHs, BIACcHI IIyMu, HH(MPOBI
300paKeHHs, CKCIepTH3aA.

Method for identification of digital video recording equipment and digital cameras / V.I. Solovyov,
O.V. Rybalskiy, V.V. Zhuravel, O.M. Shablya, Ye.V. Tymko // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 6. P. 30-36.

Abstract. A method for constructing expert tools for forensic identification of digital video recording
equipment and digital cameras is considered. The necessity of creating such tools is substantiated. It is proposed
to carry out the identification of this equipment by the statistical characteristics of its own noise, extracted from
digital images recorded by such equipment. The features and main sources of such noise in digital images are
shown. For its selection and processing, wavelet analysis based on the Haar wavelet is used. The final result of
the examination is obtained by applying deep learning neural networks. The obtained results of the created
identification system for such equipment showed its high efficiency.

Keywords: digital video recording equipment, digital photography equipment, wavelet analysis, Haar wavelet,
forensic identification, deep learning neural networks, intrinsic noise, digital images, forensics.

YK 621.396.67, 629.7.077, 629.7.075

TexHoJIOTisi AaBTOHOMHOIO 3JIbOTY Ta MOCAAKH /Il CYYACHOr0 HABIrauiiiHO-NMiJIOTa}KHOr0 KOMILIEKCY
Oe3mizioTHOrO JiTansHoro anapara / O.€. Boikos, M.M. Komap, /I.A. PaukoBcbkuii, /{.0. Bosomeniok //
KibGepruetnka ta cuctemHuii anamiz. 2022. Tom 58, Ne 6. C. 37-44.

AmnoTanisi. Po3po0ieHo TEeXHOIOT1I0 aBTOHOMHOT'O 3JILOTY Ta IT0CaJKH OE3IIOTHOTO JIITAIIBHOTO amapa-
Ta. MeToro po6OTH € MifABUIIEHHS e(peKTUBHOCTI BUKOHAHHS 3aBIAaHb, SIKi CTOATH Iepel Oe3MiIOTHOIO aBiali€cro.
IToka3aHo, 1110 3aCTOCYBAHHS 3aIPOIOHOBAHOI TEXHOJIOTI AACTh 3MOT'Y 3HAYHO MiABUILUTH aBTOHOMHICTb BHKO-
HaHH 3]IbOTY Ta MOCAJKH 3 IIHPOKOT0 Aiara30Hy MOYaTKOBHX YMOB. IIpoaeMOHCTpOBaHO, 1110 PO3pobicHa TeX-
HOJIOTSI He Iepeadavac CKIaJHUX MaHEBPIB ISl OCAAKU OE3MiIOTHOrO JiTanbHOro anapara. llepeBaroro tex-
HOJIOTIi € 3JaTHICTH HPALIOBATH 3 MOIIMPEHUMU THUIIAMH CyYacHHX AaBTOIIJIOTIB.

Kiio4oBi ci10Ba: aBTOHOMHICTB, 3JIT, mocajka, Oe3minoTHUN nitaneHui amapat, ATOL, kepyBaHHS.

Technology of autonomous take-off and landing for the modern navigation and pilotage complex of the
unmanned aerial vehicle / O. Volkov, M. Komar, D. Rachkovskij, D. Volosheniuk // Kibernetyka ta
Systemnyi Analiz. 2022. Vol. 58, N 6. P. 37-44.

Abstract. A technology of autonomous take-off and landing of an unmanned aerial vehicle is developed.
The aim of the study is to increase the efficiency of the tasks that are faced by unmanned aerial vehicles. It is
shown that the application of the proposed technology will make it possible to significantly increase the
autonomy of take-off and landing from a wide range of initial conditions. It is demonstrated that the developed
technology does not involve complex maneuvers for landing an unmanned aerial vehicle. An advantage of the
technology is the ability to operate with common types of modern autopilots.

Keywords: autonomy, take-off, landing, unmanned aerial vehicle, ATOL, control.

VK 519.816(045)

JexoMno3uuiiiHuii  mMeTox o004YMCIeHHSI BaroBux koediuieHTiB 0OiHapHOi HelipoHHOI Mepexi /
O.€. JlurBunenko, /L.Il. KyyepoB, M.M. I'mu6oBens // KiGepuernka ta cucreMuuii ananis. 2022. Tom 58,
Ne 6. C. 45-53.

AHoTanis. BukianeHo MeTo/1 004NCIIeHHs Baropux KoedilieHTiB 6iHapHOi HeHPOHHOT Mepexi Ha OCHOBI
i mexommo3nuii Ha exeMeHTapHi Moxyni. MeTon ae 3MOry oOYMCIIOBaTH BaroBi Koe(illieHTH BCIX 3B’SI3KiB
Mepexi Ha eTami i IPOEKTyBaHH:, B pe3yIbTaTi 40ro HeMae MOTpeOH y peaiisamnil TPyIOMICTKUX iTepalifHuX
ITOPUTMIB HAaBYAHHS Mepeki B mporieci ii ekcruryarauii. HaBeneHo alnroputm ta npukiiag OOYHUCICHHS Baro-
BUX KOe(illieHTiB.

KimouoBi ciioBa: OiHapHa HElfpoHHA Mepeska, BaroBi KOe(illieHTH, METO/1 OOUKCIICHHSI, ICKOMITO3HILIS, aJITOPUTM.
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Decomposition method of calculating the weight coeffitiens of a binary neural network / A. Litvinenko,
D. Kucherov, M. Glybovets / Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 45-53.

Abstract. A method for determining the weights of a binary neural network based on its decomposition
into elementary modules is presented. The approach allows tuning the weight coefficients of all the network
connections at the stage of its design, which has eliminated the need to implement time-consuming iterative
algorithms for learning the network during its operation. An algorithm and an example of calculating the
weights are given.

Keywords: binary neural network, weights, method of determination, decomposition, algorithm.

CUCTEMHU AHAJII3 SYSTEMS ANALYSIS

YIK 519.85
Moaugikanii aBoeranmHoi TpaHcmopTHoi 3axa4yi Ta ixHi 3acrocysanus / ILI. Creumiok, B.O. CroBoa,
C.C. Tpery6enko, O.M. Xom’sik // KibepHeTuka ta cucreMHuii anainiz. 2022. Tom 58, Ne 6. C. 54-70.

AHorauis. J{ocnimKeHo MaTeMaTH4HI MoJeni JiHiiiHOro Ta ByneBoro miHIffHOrO mporpamyBaHHS Ui
30aJ1aHCOBAHOT JIBOETANHOI TPAaHCHOPTHOT 3aaadi Ta aABox ii momudikariid. [epma momudikamis BpaxoBye
BEpXHI MEXi MPOMYCKHHX CIPOMOYKHOCTEH MPOMDKHHX ITyHKTIB, a Apyra MoAudikalis gae 3MOry BHOHpaTh
(hikcoBaHy KiNBKICTh MPOMIDKHHUX MYHKTIB, MCHIIY, HiXK iXHsI 3arajibHa KUIbKICTh. J{yis BCiX BHIIAJKIB OOIPYHTO-
BaHO HEOOXI/IHI Ta JOCTaTHI yMOBH CYMICHOCTI CHCTEM JiHIHHHX OOMEKEHb BIANOBITHUX 3a/1a4 MaTeMaTHIHO-
TO IporpaMyBaHHs. PO3IISIHYTO NpHUKIaan 3acTOCYBaHHS MOAM(IKamiil A1 ONTHMAIEHOTO PO3OUTTS MHOXH-
HHU, 3a/1a4i IO p-MeJiany rpady Ta ONTHUMaIbHOTO PO3MILIEHHS 33aH0i KUTBKOCTI ckiaaiB. HaBeneHo pesyiib-
TaTH OOYMCIIIOBAILHUX EKCIEPUMEHTIB 3 BUKOpUCTaHHAM cosiBepiB Gurobi Ta CPLEX Ta MOBHM MoOenmoBaHHS
AMPL.

KrouoBi cioBa: 1gBoeramHa TpaHCHOPTHA 3ajada, 3ajada JHIIHOro mporpamyBaHHs, 3agada byieBoro
niHiliHOTO Mporpamysanus, AMPL, Gurobi, CPLEX, ontumansHe po30UTTS MHOKUHH, p-MeiaHa rpady, me-
TOJ k-CcepeliHiX, MaTepialbHO-TEXHIUHE 3a0e3MeueHHs.

Two-stage transportation problem modifications and their applications / P.I. Stetsyuk, V.O. Stovba,
S.S. Tregubenko, O.M. Khomiak // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 54-70.

Abstract. Mathematical models of linear and Boolean linear programming for balanced two-stage
transportation problem and their two modifications are analyzed. The first modification takes into account upper
limits on the capacity of intermediate points, the second modification takes into account the possibility of
choosing a fixed number of intermediate points, less than their total number. For all the three cases, the
necessary and sufficient conditions for the consistency of the linear constraints systems of the corresponding
mathematical programming problems are justified. Examples of the application of the modifications for the
optimal set partitioning, the p-median graph problem, and the rational arrangement of the given number of
storages are considered. The results of computational experiments using Gurobi and CPLEX solvers and the
AMPL modeling language are presented.

Keywords: two-stage transportation problem, linear programming problem, Boolean linear programming
problem, AMPL, Gurobi, CPLEX, optimal set partition, p-median, k-means, material and technical support.

VIK 519.217.2
Po3p’si3nicts NP-noBuux 3agau / O.A. Baric, A.M. I'ynmaxn // KibepHetuka ta cucteMHuid anHaimiz. 2022.
Tom 58, Ne 6. C. 71-73.

AwHoTauisi. AHani3 Hepo3B’s3HocTi JliopaHTOBHX pIBHAHB MOKa3aB, LIO 3a7adi PO3IMI3HABAHHS BIACTH-
Bocteil kinacy NP e po3s’si3yBaHiMH, TOOTO HeJleTepMiHOBaHMIT aropuT™ abo MOBHHIT Iepedip Ha BXOI 3a1adi
JIa€ TO3UTHBHY UM HEraTHBHY BiJMOBiab. Jis nomiHomianbHuX Ji0aHTOBHUX PIBHSHB TAKOrO HEJETEPMiHOBA-
HOTO aJITOPUTMY He iCHYe. 3 Hepo3B SI3HOCTI Ni0()aHTOBUX PIBHIHb BUIUIMBAE NIPOCTHI BapiaHT Teopemu ['ene-
JsI PO HEMOBHOTY apH(METHKH.

Kuarodosi cinosa: NP-noBHi 3anaui, niopaHTOBI MHOKHMHHU, HEIETEPMiHOBAHMH aIrOPUTM.

Solvability of NP-complete problems / A.A. Vagis, A.M. Gupal // Kibernetyka ta Systemnyi Analiz. 2022.
Vol. 58, N 6. P. 71-73.

Abstract. An analysis of the unsolvability of Diophantine equations showed that problems of recognition
of properties of the NP class are solvable, i.e., a non-deterministic algorithm or exhaustive search at the input of
the problem gives a positive or negative answer. For polynomial Diophantine equations, such a non-
deterministic algorithm does not exist. A simple version of Godel’s theorem on the incompleteness of arithmetic
follows from the unsolvability of Diophantine equations.

Keywords: NP-complete problems, Diophantine equations, non-deterministic algorithm.

ISSN 1019-5262. Kubepuetrka u cucteMHbIi ananu3, 2022, Tom 58, Ne 6 3



VK 311
HoBuii ™metox ontumizamii HagiiiHocTi B KiIacuuHiii mocraHoBui 3amadi / B.A. Tlenensies,
O.M. I'osionikoB, H.O. T'oonikoBa // KibepHerrka ta cucreMuuii anaiis. 2022. Tom 58, Ne 6. C. 74-79.

Anorauis. PosrisaHyto 3agady MiHiMizawii HaxiiiHoCTi. [IpoBeieHO aHami3 OHOTO i3 ICHYIOUUX MiJXO0IB
10 po3B’s13aHHs i€l 3amadi, a came: bPOE. BusHaueHo nmepeBard i HeAOMIKY HBOTO MiAXOLY. 3a3Ha4eHO, LIO pe-
3yJbTaTH MiHIMi3aLii HMOBIPHOCTI BiMOB y KJIacH4Hii moctaHoBi i Minimizauii bPOE mMoxyTh Bigpi3HATHCS.
3anponoHOBaHO HOBHMI METOJ] ONTHMI3allil HaAiifHOCTI y KiacH4HIN mocTaHoBIi 3anaui. [IpoBeseHo mopiBHSIIB-
HHH aHai3 pe3yJbTaTiB MiHiMi3awii HaxiftHOCTI 3 BuKopuctanusaM bPOE i3 pesynbraTamu, OTpEMaHHMHE 3a11po-
[IOHOBAHUM METOJIOM.

KmouoBi caoBa: bPOE, VaR, wminimizauis #MOBIpHOCTI BiZMOB, HaJilHICTh, XBicT (yHKUii posmoximy,
(yHKIis BTpAT, IOPIr.

A new method of reliability optimization in the classical problem statement / V.A. Pepelyaev,
A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 74-79.

Abstract. The problem of reliability minimization is considered. An analysis of one of the available
approaches to solving this problem, namely bPOE, is carried out. The advantages and disadvantages of this
approach are determined. It is noted that the results of minimizing the probability of failures in the classical
setting and minimizing bPOE may differ. A new method of reliability optimization in the classical formulation
of the problem is proposed. A comparative analysis of the results of reliability minimization using bPOE and
the results obtained by the proposed method is carried out.

Keywords: bPOE, VaR, failure probability minimization, reliability, tail distribution function, loss function,
threshold.

VK 519.8
Bnme TexnoJoriii Ta ¢pakropis kKonduiikTy Ha piBHoBaxkHi cranu / B.M. I'opbdauyk, B.A. 3aciaBcbkuii,
II.C. Knonos // Kibepneruka Ta cucremuuii anamiz. 2022. Tom 58, Ne 6. C. 80-94.

AnoTanis. Po3riasHyTO MOXIIMBOCTI 3aCTOCYBAaHHSI MOJeledl Ta METOAIB Teopii NMPUHHATTS pillleHb Ta
Teopii irop AJst po3B’si3aHHs MPoOJIEM, SKi BUHUKAIOTH y MPOLEC] TOCIIHKEHHS PI3HOMaHITHIX KOH(IIIKTIB Ta
ixHix HacniakiB. [IpoaHamnizoBaHo jkepena KOHQIIKTIB MK CTOPOHAMHU B €KOHOMIUHIN Ta colianbHii chepax,
BOEHHI MPOTHCHOSHHS Ta MPOOJEMH PO3MOALTY OOMEKEHHX pecypciB. 3a3HayeHo, o mix dac (opmyBaH-
HSl TOJITHYHUX PILIeHb 1 il 3AIHCHIOEThCS arperawis pillieHb Ta MPONO3HLiH CTOPiH 111 HOPMyBaHHS PIBHO-
BAKHHX BapiaHTIB NPUIHATTS pilllcHb y KOH(IIiKTaX. 3HAauHy yBary NpWJIiJIEHO aHAi3y cTpaTeriii uist 3abesre-
YeHHS MUY Ta CTPHMYBAHHS II€PEpOCTaHHS KOHQIIKTY y BilHY.

KumouoBi ciioBa: mepeBard, COpHIHATTS, 00JAacTh MOTCHUIMHUX paliOHATbHUX YpEryJIoBaHb, BUPOOHHYA
¢dynkuis Kooda—/lyriaca, 3ycuiuis Ha IpOAyKTHBHE MIANPUEMHHIITBO 1 Ha BOEHHI JIii, KpuBi peakii 3a KypHo.

Influence of technologies and conflict factors on equilibrium states / V. Gorbachuk, V. Zaslavskyi,
P. Knopov // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 80-94.

Abstract. The possibilities of applying models and methods of decision-making theory and game theory
to solve problems that arise in the analysis of various conflicts and their consequences are considered. The
sources of conflicts between the parties in the economic and social spheres, military confrontations, and
problems of distribution of limited resources are analyzed. When generating political decisions and actions,
decisions and proposals of the parties are aggregated in order to form balanced versions of decisions in the
conflicts. Considerable attention is paid to the analysis of strategies for ensuring peace and deterring wars in
conflicts.

Keywords: advantages, perceptions, potential settlement region, Cobb—Douglas production function, efforts at
productive enterprises and military actions, Cournot reaction curves.

VK 517.977
Monmugikauii ymoBn J.c. mMOHTpsirina y mpodsemi 30.1mAkeHHs] KOHQIKTHO KepoBaHMX 006’€KTiB /
A.O. Yukpiii, U.C. Pannonopr // Kibepueruka ta cucremuuii ananiz. 2022. Tom 58, Ne 6. C. 95-105.

AmnoTanis. PosrisiHyTo npodnemy 301HmKeHHS KepOBaHUX 00’ €KTiB y irpoBux 3ajmadax auHamiku. Cgop-
MYJIbOBaHO MOAM(IKOBaHI JOCTATHI YMOBH 3aKiHYCHHS I'PH 32 KiHIICBUI rapaHTOBAHHI Yac y pasi, KOJIH yMOBa
ITonTpsirina He BUKOHY€ThCs. 3amicThb cenekTopa [ToHTpsriHa, IKOro He iCHYE, PO3IIISAAIOTHCS NesdKi QyHKIIT
3CYBY, @ 3 IXHBOIO JIOTIOMOTOIO BBOJIATHCS CICLialbHi Oararo3Ha4yHi BinoOpaxeHHs. BOHH MOPOIKYIOTh BEpXHI
1 HIDKHI pO3B’s3yBajIbHI (DYHKLIT CrieniaJbHOrO TUIy 1 Ha IXHiff OCHOBI 3aIPONOHOBAHO MOIHM(DIKOBaHI CXEeMHU
nepmoro Meroxy IloHTpsriHa Ta MeTOQy pO3B’S3yBaIbHUX (YHKWIH, IM0 3a0e3medye 3aBepLICHHS
KOH(JIIKTHO-KEPOBAHOTO IPOLECY B KJIaci KBa3icTpaTeriil 1 KoHTpKepyBaHb. HOBITHI TeopeTHuHi pe3ynbTaTu
MPOITFOCTPOBAHO HAa KOHTPOJILHOMY Hpukiani [ToHTpsAriHa 3 OJHOTHITHUMH 00’ €KTaMH.

KutrouoBi cioBa: kBasiniHiiiHa qudepenniaibHa rpa, 6araTo3HauyHe BiloOpakeHHsl, BAMIPHUI CEIEKTOp, CTPO-
OOCKoITliYHa CTpaTeris, po3B’s3yBalbHA (YHKILS.
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Modifications of the Pontryagin conditions in the problem of approach of conflict-controlled objects /
A.A Chikrii, I.S. Rappoport // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 95-105.

Abstract. The problem of approach of controlled objects in dynamic game problems is considered.
Modified sufficient conditions for the game termination in a finite guaranteed time are formulated in the case
where the Pontryagin condition is not satisfied. Instead of the Pontryagin selector, which does not exist, some
shift functions are considered and used to introduce special multivalued mappings. They generate the upper and
lower resolving functions of special type, and based on them, modified schemes of the first Pontryagin’s
method and of the method of resolving functions are proposed, which ensures the completion of the
conflict-controlled process in the class of quasi-strategies and counter-controls. The new theoretical results are
illustrated by the control Pontryagin’s example of with objects of the same type.

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

VK 519-7/339.9

3acTocyBaHHS AJATOPUTMIB JAEKOMIO3MIII /ISl NMPUCKOPEHHS] 00pOOJIeHHS] BeJIMKHUX MACHUBIB JaHUX
y reoindopmauniiiniii cncremi / I. Koryasik, B.B. Xunenko, P.M. Bacapa6, M. Piic // KibepHetnka Ta
cucremunii anami3. 2022. Tom 58, Ne 6. C. 106-113.

AHoTanis. 3anpoNOHOBAHO TEXHOJOTII0 Ta JEKOMIIO3HIINHUH aarOpUTM HPHCKOPEHHS OOpOOICHHS
reoiH()OpMaIiiHUX TaHUX Ha OCHOBI MOALTY BUOIPOK JMHAMIYHUX Ta KBA3ICTATUYHUX JAHHUX 3 BUKOPHCTAHHIM
aHaJIi3y BJIACHUX YMCEJ MATPHIlb, OTPUMAHUX 32 JOIMOMOTOI0 iTepalliifHOro 00UMCICHHS 3a METOJIOM XMIICHKA.
AJITOPUTM HAIpsIMIICHO Ha ONpALIIOBaHHs MAacHBIB reoiHdOpMaLiifHUX JaHUX Benukol po3mipHocti. HaBeneHo
MOPIBHSUIBHI PE3YJIbTaTH MOJEIBHHX OOYHMCICHb Ul BHKOPHCTAHHS BITOMHX OOYHCIIOBaJBHHX METOIB.

KurouoBi ciioBa: reoindopmariiini gani, 0OpoOIeHHs CyIyTHUKOBUX 300pakeHb, JIEKOMIIO3ULIs, iTepaliiiHe
OOYMCIICHHS BJIACHUX YHCEN MaTpullb, MeToJ XMWIICHKA.

Application of decomposition algorithms to speed up processing of large data sets in GIS / I. Kotuliak,
V.V. Khilenko, R.M. Basarab, M. Ries // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 106-113.

Abstract. The authors propose a technology and a decomposition algorithm for speeding up the
processing of geoinformation data based on the division of dynamic and quasi-static data samples using the
analysis of eigenvalues of matrices obtained by means of iterative calculation by the Khilenko method. The
algorithm is aimed at processing large geoinformation data arrays. Comparative results of the model
calculations using known computational methods are presented.

Keywords: geoinformation data, satellite image processing, big data, decomposition, iterative calculation of
matrix eigenvalues, Khilenko’s method.

VIK 519.21
3anaya Kowi s croxacTu4yHoro napadosivHoro piBHsiHHSA 3 BigxuiieHHsiM aprymenty / I'.M. Ilepyn,
B.K. Slcuncbkmii / KiGepHernka Ta cucremuunii anami3. 2022. Tom 58, Ne 6. C. 114-119.

AmnoTauist. Po3risiHyro 3agady Komni juist cTOXaCTHYHOrO HEHIMHOTO PIiBHSHHS HapaOoJidHOrO THUILY i3
3aImi3HeHHAM. 3a Joromororo ¢yHkuii ['pina oTpuMano GopMyIry UL 3HAXODKSHHS PO3B’S3Ky 3aadi METOIOM
KpOKiB. ICHyBaHHS PO3B’SI3Ky BCTAHOBIIOETHCS 3 IMOBIPHICTIO | 1 OLIIHIOETHCS 32 CIIELiaIbHO BBEICHO HOPMOIO.

KumouoBi ciroBa: 3amaua Kouwri, croxactudne napabonivuHe piBHSHHS, METOJ KpPOKIB, neperBopeHHs Dyp’e,
¢ynxuis I'pina.

The Cauchy problem for a stochastic parabolic equation with a deviation of the argument / G. Perun,
V. Yasynskyy // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 114-119.

Abstract. The Cauchy problem for a stochastic nonlinear equation of parabolic type with delay is
considered. Using Green’s function, a formula is derived for finding the solution of the problem by the method
of steps. The existence of a solution is established with probability 1 and the solution is estimated according to
a specially introduced norm.

Keywords: Cauchy problem, stochastic parabolic equation, method of steps, Fourier transform, Green’s function.

YIK 519.8
IeperBopennst dyp’e mincymoByBanbHoi ¢pynkuii Adens—Ilyaccona / T.B. Kuramano, ¥0.1I. Xapkesuu //
Kibepuetuka ta cucremuuii anamiz. 2022. Tom 58, Ne 6. C. 120-129.

AHoTauis. Po3risHyTo akTyaibHI MPOOJIEMH TEOpii ONTUMAIBHUX PIlICHb, a CaMe JAOCII/DKEHHS acuM-
NTOTHYHUX BIACTUBOCTEH meperBopents Dyp’e migcymoByBaibHol GyHKiii Abens—Ilyaccona. OnucaHo mepe-
TBOpeHHs! Pyp’e, 1110 MOOYA0BAHO HA IPYHTI PO3B’ 3Ky KIIACHYHOrO PiBHsHHSA Jlamiaca B MOMSIPHUX KOOPANHA-
Tax (y cepeyHi OMMHIYHOTO Kpyra) 3 BiANOBIAHUMHU KpailoBuMu yMoBamu. Lle neperBopenus @yp’e migcymo-
ByBasbHOI (yHKIIT AGems—IlyaccoHa o3HaueHe Ha Kiacax (QYHKLIH 3 npoGoBumu mnoximammu. OTpHMaHO
ACHMIITOTHYHI OILIHKHU U IbOro HepeTBopeHHs Dyp’e, MO € BaXIUBHM €IEMEHTOM pO3B’SI3aHHS 0araTbox
MPUKJIAJHUX ONTHMI3aliiHUX 3a]1ady.

Ki1r040Bi ¢;10Ba: TEOpist ONTUMAIBHUX PillIeHb, OIITUMI3ALIiNHI 3a/1a4i, eperBopeHHst Dyp’e, aCUMITTOTHYHI BIIACTHBOCTI.
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Fourier transform of the summing Abel-Poisson function / T.V. Zhyhallo, Yu.l. Kharkevych //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 120-129.

Abstract: The work is devoted to the current issues of the theory of optimal solutions, namely the
analysis of the asymptotic properties of the Fourier transformation of the summing Abel-Poisson function. The
Fourier transformation considered in the paper is based on the solution of the classical Laplace’s equation in
polar coordinates (in the middle of the single circle) with the corresponding boundary conditions. Moreover,
this Fourier transformation of the summing Abel-Poisson function is denoted by classes of functions with
fractional derivatives. Therefore, the asymptotic estimates obtained in the paper for this Fourier transformation
are an important element in solving many applied optimization problems.

Keywords: the theory of optimal solutions, optimization problems, Fourier transformation, asymptotic
properties.

VK 519.168; 519.854.3

3agaya mapmpyTusanii 30ipHHX BaHTaxkiB y 0araTonmpoaykToBiii TpaHcnmopTHiii Mepexi i3 3agaHumu
Tapudamu i odMexeHHssIMH Ha 4ac goctaBku / B.O. Bacsmin, O.M. Tpodumuyk, JLII. Ymaxosa //
KiGepuernka ta cucremuunii amams. 2022. Tom 58, Ne 6. C. 130-142.

AnoTauist. Po3risiHyTo MepexeBe (HOpMyITIOBaHHS 3a1adi ONTHMIi3auil MapIIpyTH3auii HOTOKIB 30IpHUX
BaHTAXIB y TPAHCIIOPTHIH Mepexi i3 3agaHuMu TapudaMy Ha TPAHCIIOPTYBaHHS i 0OpOOIEHHS MOTOKIB Ta 0OMe-
JKEHHSIMH Ha IIPOITYCKHI CIIPOMOKHOCTI JyT, BY3JiB 1 4ac JOCTaBKH OKPEMUX BAaHTAXIB oziepikyBauy. st pospa-
XYHKY 4acCy JIOCTaBKH 3allPOIIOHOBAHO croci0 (opMyBaHHs JOBIJKOBOI MaTpHIl 00’€IHAHHS TOTOKIB OKPEMUX
BaHTaXIB 1 e)EKTUBHI AITOPUTMH, 1110 JAIOTH 3MOTY BU3HAYaTH BY3JIM 00’ €IHAHHA Ta 00 €IHaHI IIOTOKH JUIS BCIX
ap, 110 KOPECHOHIYIOTbCsI B GaraTonpoyKkToBiii Mepexi. JloBeneHo, 1o 3axa4y 3 TapudaMu B MEpexeBiil mo-
CTAHOBIII MO)KHA 3a MOJIHOMIAILHUI Yac MEPEeTBOPHTH Yy 3ajady LLIOYHCIOBOIO JIHIHHOrO MpOrpaMyBaHHS 3
OJIOYHOIO CTPYKTYPOIO Ta 3B’SI3yBAILHIMH 0OMeKeHHsIMH. HaBeneHo 0coOIMBOCTI PO3B’sI3aHHS epeTBOPEHOT 3a-
J1adi 3 BUKOPHCTAHHSIM BIZIOMUX METO/IB LIJIOYMCIIOBOTO MPOrPaMyBaHHsI Ta AKETIiB MPHUKIIAHUX IPOrPaM.

Kuro4dosi c1oBa: MaTeMaTH4HI MOJIENi PO3MOALTY Ta MapIIPyTH3aLil MOTOKIB y 6araTtonpoayKTOBHX Mepexax,
3a/1a4i oNTHMi3auii 3 JUCKPETHHMH IOTOKAMH Ta IapaMeTpaMH.

The problem of groupage cargo routing in a multicommodity transport network with given tariffs and
delivery time constraints / V.A. Vasyanin, O.M. Trofymchuk, L.P. Ushakova // Kibernetyka ta Systemnyi
Analiz. 2022. Vol. 58, N 6. P. 130-142.

Abstract. The paper considers a network formulation of the problem of optimizing the routing of
groupage cargo flows in a transport network with given tariffs for the transportation and processing of flows
and restrictions on the throughput of arcs, nodes and the time of delivery of individual goods to the recipient.
To calculate the delivery time, a method is proposed for generating a reference matrix for combining the flows
of individual cargoes and efficient algorithms that allow one to determine the nodes of the union and the
combined flows for all corresponding pairs in a multi-commodity network. It is proved that the problem with
tariffs in a network setting can be transformed in polynomial time to an integer linear programming problem
with a block structure and binding constraints. Peculiarities of solving the transformed problem with the use of
well-known methods of integer programming and application software packages are presented.

Keywords: mathematical models of flow distribution and routing in multicommodity networks, optimization
problems with discrete flows and parameters.

VK 519.85
AJITOPUTMH BHYTPIlIHIX TOYOK: iCTOPisi CTBOPEHHs, Pe3y/IbTATH J0CJIi’KeHb, 3ACTOCYHKH Ta NepPCleKTHBY /
T.B. Beanx, B.I. 3opkanbues // Kibepuernka Ta cucremumii axamiz. 2022. Tom 58, Ne 6. C. 143-148.

AHoTanis. Po3risiHyTO HU3KY alrOPUTMIB BHYTPILIHIX TOYOK s PO3B’sI3aHHsI 3a/1a4 JIHIHHOTO mporpa-
MyBaHHs. HaBeneHO pesynbraTé IXHBOTO TEOPETHYHOTO OOIPYHTYBAaHHS. BHOKPEMIICHO MiAMHOKHHH alro-
PUTMIB, L0 MalOTh JIiHIMHY, aCHMTOTHYHO HE3AJICKHY Bl MapaMeTpiB pO3B’sA3yBaHOI 3a/adi HIBUAKICTH
30KHOCTI, MIZIMHOKUHY aJITOPUTMIB, 110 NPUBOJASATH J0 BIJIHOCHO BHYTPIIIHIX TOYOK MHOKHHHU ONTHMalIbHUX
Po3B’s3KiB. BukiageHo icTopito cTBOpEeHHs Ta PO3BUTKY anroputMiB. HaBeneHno HoBi Moaudikamii aaroputmis
BHYTPIIIHIX TOYOK, IIO0 MICTATh SIK OKPEeMHH BHIIAJOK PO3pOOJICHI paHille alropuTMH.

KuaiouoBi csioBa: iiniliHe mporpamMyBaHHS, JIHIHHI HEPIBHOCTI, QITOPUTMH BHYTPILIHIX TOYOK.

Interior point algorithms: history, research results, applications, and prospects / T.V. Belykh,
V.. Zorkaltsev // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 143-148.

Abstract. A family of interior point algorithms for solving linear programming problems is considered.
The results of their theoretical substantiation are given. Subsets of algorithms that have a linear, asymptotically
independent of the parameters of the problem being solved rate of convergence, and a subset of algorithms that
lead to relatively internal points of the set of optimal solutions are identified. The history of the creation and
development of algorithms is described. New modifications of interior point algorithms are presented, which
contain as a special case the previously developed algorithms.

Keywords: linear programming, linear inequalities, interior point algorithms.
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MNPOIPAMHO-TEXHIYHI KOMILUIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 004.9
Indopmaniiina TexHoJiorisi s BHSIBJICHHSI NPOKTOPOM NopymieHb mia 4ac icmury / JI. Myparyiu,
H.®. [enicoBa, F0.B. Kpak // Kibepuetuka Ta cucremuuii anamiz. 2022. Tom 58, Ne 6. C. 149-157.

AHoTanis. Po3nisHyTO akTyanbHy npo0ieMy CIHCYBAaHHS CTYACHTAMH BHINVX HaBYAIBHUX 3aKJIaiB i
yac icnuty. JIOCHiUKEHO NpeAMETHY O0IacTh Ta IPEACTaBICHO PE3yIbTaTH TCOPETHYHOTO Ta EMIIIPHIHOTO
JIOCIIIJPKEHHS CIICYBaHHS SIK O/iHI€T 3 ()OpM aKaJeMi4HOTO IIaxpaiicTBa y BUIIMX HaBYAIBHHX 3aKianax. Hase-
JICHO CTATHCTHYHI JIaHi NOPYLICHb Iijl 4ac ICIUTY Ta BUSBICHO OCHOBHI 3aKOHOMIPHOCTI MOPYIIECHb y Hepiof
JUCTaHLIHOT opmu HaBuaHHs. OTpUMaHi Pe3yJIbTATH JOCIIKCHHS JOIIOMOXYTh BU3HAYUTH, Y SIKHI 11epios
ITiICYMKOBOI aTecTralii CTyASHTH 4YacTillle MOPYIIYIOTh HpaBmiia akaJeMiuHOi JOOPOYECHOCTI.

KuiouoBi ciioBa: nucraHuiiiHe HaBYaHHS, TEPMiHM MOPYLICHHS, €K3aMEHalliifHa Cecis, KiacTepu3allisi, puii-
HSITTS PIiLICHb.

Information technology for the proctor to detect violations during the exam / D. Muratuly,
N.F. Denissova, Iu.V. Krak // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 149-157.

Abstract. This article discusses the current problem of cheating students of higher educational
institutions during the exam. The subject area is investigated and the results of theoretical and empirical
research of cheating as one of the forms of academic fraud of students of higher educational institutions are
presented. Statistical data of violations during the exam are shown and the main patterns of violations during
the period of distance learning are revealed. The results of the study will help to determine in what period of the
final certification students violate the rules of academic honesty more often.

Keywords: distance learning, timing of violations, examination session, clustering, decision making.

HOBI 3ACObU KIBEPHETHUKHMU, . NEW TOOLS IN CYBERNETICS,
IH®OPMATHUKH, OBYUC/IIOBAJIBHOI COMPUTER SCIENCE, AND SYSTEM
TEXHIKH I CUCTEMHOI'O AHAJII3Y ANALYSIS
VK 519.6

IMapaneabHi MeToM NpeacTaB/ICHHS YHceJ 1/ TecTyBaHHs onepauiii 6araropospsaHoi apudpmeruxku /
B.K. 3axgipaka, A.M. Tepemenxo // Kibeprernka ta cucremunii anaiis. 2022. Tom 58, Ne 6. C. 158-176.

AmnoTauis. 3aponoHOBaHO METOAH peai3amii onepanii IpeAcTaBIeHHs 6araTopO3psAHOTO YHCIA Y CHC-
TEMi YHMCIICHHS 3 1HIIOK OCHOBOIO, MOTPiOHI AJISI TECTYBaHHS apu(METHYHMX Olepaliil y pa3i BUKOPHCTAHHS
HapaJelbHUX MPOLEecOopiB. PO3IIISIHYTO MPEACTaBICHHS YHCIa y CHCTEMax YMCIICHHS Ha OCHOBI GaraTopospsii-
HHX OIepauiil [iIeHHs Ta BifHIMaHHs a00 6araTopo3psIHUX ONepaliii MHOKSHHs Ta J0AaBaHHs. AJIOPHTM 3
PO3OUTTSM UKCIIa Ha TPy LUAP Jae 3MOTY BPaXOBYBaTH JOBKHHY MAIIMHHOIO CJIOBA Ta PO3MOIUIATH 00UHC-
JICHHSI MiX Tiporiecopamu. [TpoaHasi3oBaHO CKIIaHICTh 3a KiJIBKICTIO orepaiiif, 00Csr H01aTKOBOT mamMsi’Ti st
ITOPUTMIB Ha OCHOBI iTepamiffHOro Ta PEeKypCHBHOTO METOJIB.

Kurodosi cioBa: cuctema ymcieHHs, 6araTopospsjHa apupMeTHKa, 6araTopo3psHe A0AaBaHHs, 6araTopos-
psijiHE MHOXEHHSI, lapajiejibHa MOJelb O0YHCIICHb.

Parallel methods of representing multidigit numbers in numeral systems for testing multidigit operations
/ V.K. Zadiraka, A.M. Tereshchenko // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 158-176.

Abstract. The paper proposes methods for representing a multidigit number in a numeral system with
a different base when using parallel processors. Representation of numbers in numeral systems based on multidigit
operations of division and subtraction or multidigit operations of multiplication and addition is considered. The
algorithm with the split of multidigit numbers into groups of digits, taking into account the length of the machine
word, allows calculations involving parallel processors. The complexity by the number of operations and the
amount of additional memory for the algorithms based on the iterative and recursive methods are analyzed.

Keywords: numeral system, multidigit arithmetic, multidigit addition, multidigit multiplication, parallel
computing model.

YIK 004.8, 004.62

Orasa MeToAiB IMIMOMHHOIO HABYAHHS y NMPUKJIATHUX 32/1a4aX eKOHOMIYHOI0 MOHITOPMHIY Ha OCHOBI
reonpocropoBux aanux / M.C. Jlappeniok, JI.JI. lllymino, B.5. Slitiumos, H.M. Kyceyab // KiGepueruka
Ta cucteMHui anamiz. 2022. Tom 58, Ne 6. C. 177-192.

AHoTauis. PO3BUTOK Cy4aCHHUX TEXHOJIOTIH CIIOCTEPEXKEHHs 3eMili, 30UIbIICHHST 00CATY BIIKPUTHX Ja-
HHUX Ta PO3pOOJICHHS HOBHX IiJXOMIB 10 IXHBOrO OOPOOJICHHS BiAKPHUBAIOTH HOBI MOXKIMBOCTI y HPOBEACHHI
HPHKIJIATHUX TOCIIPKEHb eKOHOMIYHOI aKTHBHOCTI JitoacTBa. OCHOBHHM IiIXOI0OM Yy LM Traiy3i € 3aCToCyBaH-
HSl METO/IiB IIIMOMHHOTO HaBYaHHS Yy Mpolecax 00poOIeHHs JaHUX Ta aHali3y TXHIX YacOBMX psaiB. Y il po-
60Ti BUKOHAHO 0TI/ 6a3UCHUX PO3/LNIB INIMOMHHOTO HAaBYAHHs (3 MOIJISY F€ONPOCTOPOBOTO aHai3y): MiJ(BU-
IIEHHs PiBHS PO3pi3HEHHs rpadIYHUX TaHMWX, BUKOPHCTAHHS TpaHC(epHOro HaBuaHHs (transfer learning) s
ONTHMI3allii MPOIEeCiB HaBYaHHs, MaclTa0yBaHHs INTMOOKUX HEHPOHHO-MEPEKEBUX MOJIEIICH Ta aHalli3y Yaco-
BUX DPAIB 32 JOMNOMOTOK PEKYPEHTHHUX HEHPOHHHX MEpEexK.

KuiouoBi ciioBa: rnbuuHe HaBYaHHs, TpaHcdepHe HaBuaHHA (transfer learning), cymyTHHKOBI JaHi, reonpoc-
TOpPOBi [JaHi, pEeKYpeHTHI HEHpOHHI Mepexi.
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Review of deep learning methods in applied problems of economic monitoring based on geospatial data /
M. Lavreniuk, L. Shumilo, B. Yailymov, N. Kussul // Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6.
P. 177-192.

Abstract. Development of modern observation technologies, increase in open data, and development of
new approaches open new opportunities in carrying out applied research in economic activity of people. The
central approach in this field is the use of deep learning methods in data processing and analysis of their time
series. In this paper, we review the basic (in terms of geospatial analysis) sections of deep learning: increasing
the resolution of graphical data, using transfer learning for optimization of learning processes and deep neural
network models, and time series analysis using recurrent neural networks.

Keywords: deep learning, transfer learning, satellite data, geospatial data, recurrent neural networks.

JUCKYCIAHI TMMOBIIOMJIHHS DISCUSSIONS

VK 517.946+517.948+612.821.6
MartemaTnuHa Mozaeab ¢yHkuionyBannst ymoBHuxX peduiekciB / B.I'. IIncapenko, 10.B. Ilucapenxo //
KiGepuernka ta cucremuumii amam3. 2022. Tom 58, Ne 6. C. 193-198.

AHoTanis. 3anpornoHOBaHO Ta MPOAHAII30BaHO 0a30Bi MPHHIUIY Ta IMIIXOIH IO MaTEMAaTHIHOTO MOJe-
JIFOBAHHS YMOBHHX pe(IIeKCiB JIIOMHMHE a00 TBAPHHU HAa OCHOBI PO3pOOIEHOr0 MaTeMaTHYHOTO amapary aude-
PEHLIHUX PIBHSHB 13 3ai3HIOBAILHUM apryMeHTOM. LI MoJienb SIBHO BpaxoBy€e YIOBUIbHEHY B3a€MOJIIO IPy-
M B32€EMOIIOB SI3aHUX HEHPOHIB Ta LTIOCTPYE 3aNCKHICTh MBHAKOCTI MPUAHSTTS PIlICHb Y PEATbHUX TUIIOBUX
CHTYallisiX BiJl BEJIMYMHH 3aIli3HEHHs Npoxo/pkeHHs Heiipocurnany B [IHC. Haseneno dasu mexanizmy popmy-
BaHHS HU3KH 0araToJaHKOBHX yYMOBHUX pPe(IeKCiB.

Kuaro4oBi cjioBa: MaTteMaTndHe MOJEITIOBAHHS, 0araToJIaHKOBI YMOBHI peIeKcH, 3ari3HeHHS B3aeMOJii Hell-
POHIB, XKHBa HeipoMeperka, MEXaHi3M 3aram SITOBYBaHHS.

Matematical model of the functioning of conditioned reflexes / V.G. Pisarenko, Yu.V. Pisarenko //
Kibernetyka ta Systemnyi Analiz. 2022. Vol. 58, N 6. P. 193-198.

Abstract. The basic principles and approaches to mathematical modeling of conditioned reflexes in
a human or animal on the basis of the developed mathematical apparatus of differential equations with
a delayed argument are proposed and analyzed. This model clearly takes into account the slow interaction of
a group of interconnected neurons and illustrates the dependence of the decision-making speed in real typical
situations on the magnitude of the delay in the passage of a neuro signal in the CNS. The mechanism of
generating a number of conditioned reflexes, the so-called multi-link conditioned reflexes, is shown.

Keywords: mathematical modeling, multilevel conditioned reflexes, delayed interaction of neurons, living
neural network, memory mechanism.
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