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VK 621.391.15:519.7
Aaroputm PQC CSIKE na nemukiiuanmx kpuBux Ensapaca / A.B. Beccamos, C.B. Aépamon //
KiGepuernka ta cucremunii amamis. 2023. Tom 59, Ne 6. C. 3-18.

AHoTauist. 3arpONOHOBAHO OPUTIHAIBHUIT alropuT™ nocTkBaHToBOI kpunrorpadii CSIKE sk mogudikanito
CSIDH, ane 3 oHUM BiIKPUTUM KIIFOYEM 3aMicTh J1BOX. OOIpyHTOBAaHO YMOBH OO iMILIEMEHTAIlIl Ha IBOX KJIacax
HeUMKIIYHUX KpuBKX EnBapsca. Po3risHyTo BIacTHBOCTI KBaJPATHYHHIX Ta CKPYYCHNX CYIICPCUHTYJIIPHAX KPUBUX
Exsapyca, 1110 yTBOPIOIOTH [IapH KBaJPAaTHYHOrO KPy4eHHs nopsaxy p + 1= 0 mod 8 nax npocrum nonem F,. Ha-
BezieHo mozudikanito anroputmy CSIDH i anropurm CSIKE, siki moOyoBaHi Ha i30reHisX IMX KPUBHX 3aMiCTh
TpaauLiiHOT apupMeTHKN KpHBHX y opmi MonTromepi. {yist i3orewiii cTynenis 3, 5, 7 po3paxoBaHo i Ta0yJI50BaHO
TIapaMeTpH 130TreHHUX JIAHIIOXKKIB HEIUKITIYHIX CyHepCHHTYIIPHIX KpuBHX EnBaprca, sixmio p = 839. Posrnyto
IMILIEMEHTAIIIF0 CXEMHU 1HKAICYIIALIT KIroua 3a yMOBH, 10 Ajica mmdpye ioro Biakputum Kimodem boba. 3amporo-
HOBaHO HOBHI paHnomizoBanuii anroputM CSIKE 3 BUNajkoBUM piBHONMOBIPHUM BHOOPOM KPUBOT 3 JIBOX KJIACiB
Ha KO)KHOMY KpOLIi JIAHIIFO)KKa i30reHiit. HaBeseHo owiHKy HMOBIpHOCTI yCminIHOI aTaky Mo0iYHOro KaHaly B paH-
JIOMi30BaHOMY aJITOPHTMi, Y SKOMY 3aIpOIIOHOBAHO MOXIIMBICT BiJIMOBH BiJl 0OUMCIICHHS i30reHHOT QYHKIT ¢(R)
BHITJKOBOI TOYKM R, IO iCTOTHO NPHUCKOPUTH QJITOPHUTM.

KumouoBi ciioBa: kpuBa B y3aranbHeHii ¢popmi Ensapaca, noBra kpuBa EnBaprca, ckpydena kpusa ExBapyca,
KBaJpaTHyHa KpuBa EjxBaprca, mopsaok KpUBOI, MOPSIOK TOUKH, i30MOpdi3M, 130TeHis], W-KOOPANHATH, KBa-
PaTHYHMI JIMIIOK, KBaJPaTHYHUH HEIUIIOK.

PQC CSIKE algorithm in non-cyclic Edwards curves / A.V. Bessalov, S.V. Abramov // Kibernetyka ta
Systemnyi Analiz. 2023. Vol. 59, N 6. P. 3-18.

Abstract. The original post-quantum cryptography algorithm CSIKE is proposed as a modification of
CSIDH but with one public key instead of two. The conditions for its implementation on two classes of
non-cyclic Edwards curves are substantiated. The properties of quadratic and twisted supersingular Edwards
curves that form pairs of quadratic twist of order p+ 1=0mod8 over a prime field F, are considered.
A modification of the CSIDH algorithm and the CSIKE algorithm are presented, which are generated on the
isogenies of these curves instead of the traditional arithmetic of curves in the Montgomery form. For isogenies
of degrees 3, 5, and 7, the parameters of isogenic chains of non-cyclic supersingular Edwards curves are
calculated and tabulated for p = 839. The implementation of the key encapsulation scheme with its encryption
by Alice with Bob’s public key is considered. A new randomized CSIKE algorithm with random equiprobable
selection of a curve from two classes at each step of the isogeny chain is proposed. An estimate of the
probability of a successful side-channel attack in a randomized algorithm is given. It is proposed to abandon the
calculation of the isogenic function ¢(R) of a random point R, which significantly speeds up the algorith

Keywords: curve in generalized Edwards form, complete Edwards curve, twisted Edwards curve, quadratic Edwards
curve, curve order, point order, isomorphism, isogeny, w-coordinates, quadratic residue, quadratic nonresidue.

VK 519.713.1

IoGyaoBa It MHOXKHMHM — W-CJHiB, 3a4aHOI — w-peryjsipHUM  BHpPa3oM, ii MaKCHMMAaJbHOI
npedikcHo-3aMkHyTOi miaMHOkUHH / A.M. YedorapboB // KiGepHernka Ta cucreMHuil aHami3. 2023.
Tom 59, Ne 6. C. 19-29.

AwnoTtauist. HaBesieHo MeTo/1 nmoOyI0BH JUIsi MHOKHHHA — (@ -CITiIB R , 33/IaHOT — @ -PETYJSIPHUM BHUpa3oM, ii
MAaKCUMAIIBHOI MpehiKCHO-3aMKHYTOI MAMHOKHUHM. Llei MeTos IpyHTyeThCsl Ha MOOYI0BI pO3MiueHOro rpady, Ha-
3BaHOTO Ipa)OoM eNeMEHTAPHUX IPOIOBKEHB, BEPIIMHAMH SIKOTO € IEsIKi — (@ -peryJIsIpHi HiIMHOXKUHH MHOXKHUHH R.
KosxHilf BepImHi [bOro rpady IOCTAaBICHO Y BiANOBINHICT JIiHIHE PIBHSHHS HaJ MHOXHHAMH — @ -ClIiB. OTxe,
rpa) eIeMEeHTapHUX MPOJIOBXKEHb BH3HAYAE CUCTEMY JIHIHHHX DIBHAHB. Y pPe3ysIbTaTi pO3B’S3aHHS i€l CHCTEMH
PIBHSIHB JUISl KOKHOI BEpIIMHU TIpady OTPUMYEMO MAKCHUMAIbHY MPE(IKCHO-3aMKHYTY BIJHOCHO R IIIMHOKHHY
MHOXKHHH — @ -CITiB, sIka BiANOBigac 1iif BepumHi rpady. OO’ €AHAHHS [UX MiAMHOXHH IS BCIX TOYaTKOBHX BEp-
e rpady, ToOTO BepIIHH, 3 SKUX MOYHHAIOTH MOOYIOBY rpady, € MaKCHMAaIbHOIO MpehikCHO-3aMKHYTOIO
ITIIMHO>KMHOIO 331aHOT MHO>KMHH R . 3aIIpONOHOBAHO METOJ OOYJO0BH Takoro rpady, sIKHid Ha3BaHO METOJOM He-
TIOBHUX MEPETHHIB, Ta CIIOCIO PO3B’sI3aHHS CUCTEMHU PIBHSHb, Ky BU3HAUYAE Tpad) eIEMEHTAPHUX ITPOJIOBKEHB.

KiiouoBi ciioBa: — @ -Cj10B0, — @ -peryJisipHUi BHpa3, NpedikCHO-3aMKHYTA IMIAMHOXHHA — (@ -CJiB, Ipad ene-
MEHTAPHUX TIPOJIOBKEHB, JIHIIHE PIBHAHHSA HAJ — @ -PEryJIIPHUMU MHOXHHAMH.

Constructing the maximum prefix-closed subset for a set of —w-words defined by a —w-regular
expression / A.N. Chebotarev // Kibepuernka ta cucremuuii anamis. 2023. Tom 59, Ne 6. C. 19-29.
Abstract. We present a method for constructing the maximum prefix-closed subset of a set of — w -words R

defined by a — w-regular expression. This method is based on constructing a labeled graph, called a graph of
elementary extensions, whose vertices are some — w -regular subsets of the set R. We associate every vertex of this
graph with a linear equation over sets of —w-words. Thus, the graph of elementary extensions determines
a system of linear equations. As a result of its solution, for each vertex of the graph, we obtain the maximum
prefix-closed (with respect to R) subset of the set of — w-words corresponding to this vertex. The union of such
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subsets that correspond to all initial vertices of the graph, i.e., the vertices from which constructing the graph
starts, is the maximum prefix-closed subset of the given set R. We propose a method for constructing such
a graph, called the method of incomplete intersections, and propose how to solve the system of equations
determined by the graph of elementary extensions.

Keywords: — o -word, — w -regular expression, prefix-closed set of — w-words, graph of elementary extensions,
linear equations over — w-regular sets.

VK 681.3
Ipo onun miaxix M0 3HAXOMKeHHSI OWIHOK /JOCTOBIPHOCTI 3a yYMOB He4YiTKOro MojeJIOBaHHA /
O.L. IIposorap, O.II. Inpkyn // Kibepuernka Ta cucremuumii amami3. 2023. Tom 59, Ne 6. C. 30-39.

AHoTauis. 3anpONOHOBAHO MMJIXi/] 10 3HAXOKCHHS YUCEIbHUX OIL[IHOK IOCTOBIPHOCTI HEHITKUX 3HAHB Y
CHCTEMaxX HEYITKOro JIOTIYHOrO BHBeJICHHs. MOJenb CHCTEMH THIly «BXiJ-BHXiI» MoOyI0BaHO 3acobamu
HediTKOi J1oriky. 3a mpaBuioM MamjiaHi 3HalICHO BUXIJ TaKOT CUCTEMH Y BHIUIJII HEUITKMX 3HAHb 3 MOJajlb-
UM OOYHCIICHHSIM IXHBOI JOCTOBIpHOCTI. )11 0OUHCIICHHS JOCTOBIPHOCTI HEUITKUX 3HAHb BUKOPUCTAHO elie-
MEHTH Teopii iiMoBipHOCTel HewiTkuX Moiil. HaBeneHno nmpuxian 0OYUCICHHS JOCTOBIPHOCT] HEUITKUX 3HAHB.

KurouoBi cjioBa: HewiTka MHOXXHHA, YMOBHA HMOBIPHICTB HEWITKOI MOJii, HEYiTKE MPaBUIIO.

An approach to finding credibility estimates in fuzzy modeling / O.I. Provotar, O.P. Ilkun // Kibernetyka
ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 30-39.

Abstract. The author proposes an approach to finding numerical estimates of the credibility of fuzzy
knowledge in fuzzy logical inference systems. The “input—output” type system is modeled by means of fuzzy
logic. According to Mamdani’s rule, the output of the system is found in the form of fuzzy knowledge with
subsequent calculation of its credibility. Elements of the probability theory of fuzzy events are used to calculate
the credibility of fuzzy knowledge. An example of calculating the credibility of fuzzy knowledge is given.

Keywords: fuzzy set, conditional probability of a fuzzy event, fuzzy rule.

VJIK 336.144.36, 519.216.3, 519.254
Onue y3araabHeHHss ARIMA-moaeni Ha HeniHiiinmii Ta HenepepBuuii Bunaaku / M.S. Kywmmnip,
K.A. ToxapeBa // Kibepuernka ta cucremuuii anams. 2023. Tom 59, Ne 6. C. 40-50.

Amnorauis. HaBeneno oxun meron posmmpenHs kiacuuHux ARIMA- ta GARCH-mozeneit Ha Henepep-
BHUI Ta HeNiHIMHUA Bunmaaku. SIK  pO3IMIMpPEeHi MojeNi PO3MISHYTO CTOXAacTHuHI JudepeHiiaib-
HO-()YHKIIOHAIBHI PIBHSHHS, SIKi € IPUPOAHUM y3aralbHCHHSIM CYM HE3aJIOKHUX BHIIAJKOBHX BEJIMYHH. 3arl-
POTIOHOBAHO HOBY MOJIEIb i BIJINIOBIHY ONTHMi3aliiHy 3a/1a4y OIiHIOBAHHS MMapaMeTpiB MOJIEII, IPHIOMY He-
napaMeTpHYHy 3ajady 3BeJEHO J0 mapamerpuuHoi. HoBy Mozjenb NpoTEeCTOBaHO HAa pealbHHUX JIAHHX Ta
3po0JICHO MOPIBHSUIBHUN aHAi3 Pe3yJIbTaTiB IPOTHO3YBAHHS 1 KIACHUHUX MOJENeil.

Kurodosi cioBa: croxacTuuni audepeHiaibHO-(yHKIIOHAIBHI PIBHAHHS, TeHSTHYHUIT aTOPUTM, IIPOTHO3Y-
BaHHS (DIHAHCOBUX IIPOLIECIB, CTOXACTHYHA ONTHUMi3allis.

A generalization of the ARIMA model to the nonlinear and continuous cases / M. Kushnir, K. Tokarieva
// Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 40-50.

Abstract. A method of extending the classical ARIMA and GARCH models to the continuous and
nonlinear cases is considered. Stochastic functional differential equations, which are a natural generalization of
the sums of independent random variables, are considered extended models. Along with the new model, a
relevant optimization problem for estimating model parameters is considered, and the non-parametric problem
is reduced to a parametric one. The new model was tested on real data, and the forecast results were compared
with classical models.

Keywords: stochastic functional differential equations, genetic algorithm, forecasting of financial processes,
stochastic optimization.

YK 004.8, 004.62

Apnantanist Texnosorii Neural Radiance Fields (NERF) nusa 3agaui 3D-pekoHcTpyKuii clieHHM B yMOBax
auHamiyHoro ocitiennsi / B.B. Cagin, O.0. Kosoasxna // KiGepHernka ta cucteMHuid anamis. 2023.
Tom 59, Ne 6. C. 51-61.

AHorauis. PosrnsgHyro mpoGnemMy CHHTE3y HOBUX 300paKeHb CIEHM 3 BHUKOPUCTAHHSM TEXHOJOTIT
Neural Radiance Fields (NeRF) st cepenoBuiia 3 auHamidauM ocBiTineHHsM. J{ist HaBuanus NeRF moznerneit
BHKOPUCTAaHO (DOTOMETPUYHY (DYHKIIIO BTpaT, TOOTO MOIIKCENbHY Pi3HMIIO MiK 3HAYEHHSAMH iHTEHCHBHOCTI
300pakeHb CLEHM Ta 300pa)keHb, 3reHepoBaHMX 3a jgornoMororo NeRF. J[ns BiZOMBHUX MOBEPXOHb IHTCH-
CHBHICTb 300pa’KeHHS 3aJISKHUTh BiJ KyTa crocTepekeHHs. Lleit edexT BpaxoBaHO IUIIXOM BHKOPUCTAHHS Ha-
MPSMKY OPOMEHs SIK BXigHOro mapamerpa mozeini NeRF. [l cueH 31 AMHAMIYHUM OCBITJICHHSM IHTCHCUBHICTD
300paKEHHS 3aJICKUTh HE JIMIIE BiJ MO3MILi Ta HANIPSMKY CIOCTEPEKEHHS, a i Bix 4yacy. [TokazaHo, 1o 3MiHa
ocBiTJIeHHs BIUIMBae Ha HaB4yaHHs NeRF i3 cranmapTHOIO (HOTOMETPHUYHOIO (DYHKIIEIO BTPAT i 3yMOBIIIOE 3HH-
XKEHHs SIKOCTI OTPUMaHHUX 300paxkeHb Ta KapT rianbuH. 11{o6 momonaru 1o npodiaemy, 3aIpornoHOBaHO BBECTH
4ac sIK JOJAAaTKOBHUI BXiqHMi aprymeHT 10 moneiti NeRF. ExkcriepuMenTy, nposeieHi Ha Habopi nqanux ScanNet,
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cBiquats npo Te, mo NeRF 3i 3MiHeHHM BXOJOM IepeBeplIy€e OpPUTiHANBHY BEPCilo MOJENTi Ta FeHepye OinbIn
nocnizoBHi i ninicHi 3D-ctpykrypu. PesynbraTit 11bOro DOCTIKEHHS MOKHA BUKOPUCTATH JISl TOKPALICHHS
SIKOCTI ayrMEHTallll HaBYaIbHUX JAaHHUX JUI1 HaBUYAHHS MOJeJIed nepenOaueHHs BifcTaHl (HanpuKIiIaa, Mojenei
depth-from-stereo, sixi 3a6e3nedyroTh nepeadavueHHs! IITMONHN/BIACTaHI Ha OCHOBI CTEPEOIaHNX) IS CLCH 3 He-
CTaTHYHHM OCBITICHHSIM.

KuarouoBi ciioBa: xomn ' totepHuii 3ip, Texnonoris Neural Radiance Fields, nunamiune ocBiTiIeHHs, CUHTE3 Jla-
HUX, 3D-peKOHCTPYKIs CLEHH.

Adapting Neural Radiance Fields (NERF) for 3D scene reconstruction under dynamic illumination
conditions / V. Savin, O. Kolodiazhna // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 51-61.

Abstract. We address the problem of novel view synthesis using Neural Radiance Fields (NeRF) for
scenes with dynamic illumination. NeRF training utilizes photometric consistency loss that is pixel-wise
consistency between a set of scene images and intensity values rendered by NeRF. For reflective surfaces,
image intensity depends on the viewing angle, and this effect is taken into account by using ray direction as the
NeRF input. For scenes with dynamic illumination, image intensity depends not only on the position and
viewing direction but also on time. We show that this factor affects NeRF training with standard photometric
loss function and decreases the quality of both image and depth rendering. To cope with this problem, we
propose to add time as additional NeRF input. Experiments on ScanNet dataset demonstrate that NeRF with
modified input outperforms the original model version and renders more consistent 3D structures. The results of
this study could be used to improve the quality of training data augmentation for depth prediction models (e.g.,
depth-from-stereo models) for scenes with non-static illumination.

Keywords: computer vision, neural radiance fields, dynamic illumination, view synthesis, 3D scene
reconstruction.

VK 519.8: 004.934

Metoauka aHajizy OiTOBMX NOTOKIB Ha OCHOBI BHKOpUcCTaHHsI Biacrani /lamepay-Jlepenmreiina Ta
inmux merpuk / A.M. Humyk, C.M. Hikos1aes, O.M. Pomanos // KibepHeTuka Ta cuctemuuii anamnis. 2023.
Tom 59, Ne 6. C. 62-71.

Anoranis. IIposesieHo aHaniz ocoOnMBOCTEH PI3HUX BifcTaHel (METPHK) IIij 4ac po3B’s3aHHA 3a1ad
HOPiBHAHHS 0iTOBUX MOTOKIB. Ha MpUKiTaji po3riisiHyTO 3aCTOCYBaHH 3aIPOIIOHOBAHOT METOAMKH JUIS PO3B’s-
3aHHA 33/1a4i ineHTH(iKanil 6iTOBHX IOTOKIB HU(POBOro KOIyBaHHS MOBICHHS. [Ioka3aHo, 0 y IbOMY BHIIAM-
Ky Haibinpm edexTuBHOO € Merpuka Jlamepay—JleBeHmTeiina.

KorouoBi cioBa: 6iToBMH NOTIK, BiJcTaHb, METPHKa, HU(POBE KOITYyBAHHS MOBJICHHS.

Techniques for analyzing bitstreams based on the use of Damerau-Levenshtein distance and other
metrics / A. Nyshchuk, S. Nikolaev, O. Romanov // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6.
P. 62-71.

Abstract. The analysis of the features of various distances (metrics) in solving the problems of
comparing bitstreams was carried out. The application of the proposed method for solving the problem of
identification of bitstreams of digital speech coding is considered as an example. The greatest effectiveness of
the Damerau-Levenshtein metric in this case is shown.

Keywords: bitstream, distance, metric, digital speech encoding.

CUCTEMHUI AHAJII3 SYSTEMS ANALYSIS

YIK 519. 21
Jesiki 0araToHOMEHKJIATYPHi MojeJli KepyBaHHs 3amacaMM /Il KpPUTepilo 3 mepeoninkorw /
II.C. Kuomnos, T.B. IleneasieBa // Kibepueruxa Ta cuctemuuil anamiz. 2023. Tom 59, Ne 6. C. 72-78.

AwHoTauisi. Po3risHyTO 6aroTOHOMEHKIATypHY MOJENb KEpyBaHHS 3amacamu. J{oCimkeHo 3a1ady 3HaXom-
JKEHHSI ONTHMAJIBHUX Y KJIACi CTAliOHAPHUX JICTEPMIHOBAHMX MApKIBCBKUX CTpaTeriil. J|OBeeHO TBEPKEHHS, 1110
JIa€ 3MOT'Y 3BOJIUTH 3HAXOJUKCHHS ONTUMAIIBHUX CTPATETii 0 3a/1a4i 3HaX0/PKEHHs ONITHMaJIbHUX HapaMeTpiB.

KirouoBi c10Ba: MapKiBChKi IPOIECH, KePyBaHHS 3amacaMy, (s, S )-CTpaTeris, KpUTepil ONTHMAaIbHOCTI, OITH-
MajbHa CTpaTeris.

Some multi-product inventory control models for criterion with re-evaluation / P.S. Knopov,
T.V. Pepelyaeva // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 72-78.

Abstract. The multi-task model of the inventory theory is considered. The problem of finding the optimal
in the class of deterministic stationary Markov strategies is investigated. The theorems for finding the optimal
strategies for the problem of finding optimal parameters are proved.

Keywords: Markov processes, inventory control, (s,S )-strategy, optimality criterion, optimal strategy.
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YIK 519.85

Hudppoa Momeab NPUPOIHUX KEPHIB i3 3aCTOCYBaHHSIM METOMIB reOMETPHYHOr0 NPOEKTYBaHHS /
IO.I'. Crosin, T.€. PomanoBa, O.B. KpaBuenko, I''M. flcbkoB, A.M. UYyraii, /I.0. Beairoubkuii //
KibGepuetnka ta cuctemuuii anamiz. 2023. Tom 59, Ne 6. C. 79-88.

Amnotanis. CtBopeHo mudpoBy MOJEIb KEPHIB IOPiA-KOIEKTOPIB i3 3aCTOCYBAHHSAM 3aJadi MaKyBaHHSI
c(hepryHMX YaCTHHOK y LMIIHAPUYHOMY KOHTEHHEpi. 3anponoHOBaHO HOBUIl MiAXIJ A0 MaTEMaTH4YHOT'O MOJIe-
JIFOBAHHS CTPYKTYPHU IOPOAU-KOJICKTOpa Ta 004MCcIeHHs 1i nopucrocti. [100y10BaHO MaTeMaTH4Hy MOJIENb 3a-
a4l po3MILIEHHs MaKCHUMAIbHOI KIBKOCTI KyJb Pi3HOrO giaMeTpy B LITIHAPUYHOMY KOHTEHHEpI SIK 3amady
3MIIIAHOTO [IOYMCIIOBOI0 MporpamMyBaHHs. Po3po0ieHo alropuT™ po3B’si3aHHs, KU IPYHTYETBCS Ha 3aCTO-
CyBaHHI METOJy ONTHMi3alii 3a rpyrnaMu 3MiHHUX Ta CTpaTerii IpardacTol AeKOMIO3uLil. Buxinaumu nannmun
JUISL MOJICITIOBAHHS € PE3YJIbTATH CKCICPUMEHTAIBHUX IIETPOQI3UYHHUX TOCIIKEHb PEalIbHIX KCPHIB CBEPAIIO-
BHH. Pe3ybTaTi MOZICIIOBAHHS JAl0Th TapHE HAOIMKEHHs aOCOMIOTHOT MTOPUCTOCTI 0 MPHPOIHOTO MPOTOTH-
1my. 3aCTOCYBaHHs LHOTO IXO0AY AaCTh 3MOTY BIOCKOHAIUTH TEXHOJIOTII BUIOOYTKY BYTJICBOIHIB 1 301TbIINTH
e(EeKTHBHICTh iXHBOI'O BIIPOBA/DKCHHS.

KaiouoBi ciioBa: reoMeTpuyHE NPOEKTYBaHHS, IM(POBa MOJEIb, KEpH, NaKyBaHHsS, KyJ, HeliHiliHa
onTHUMi3alis.

Digital model of natural cores using geometric design / Yu. Stoyan, T. Romanova, O. Kravchenko,
G. Yaskov, A. Chuhai, D. Veligotskyi // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 79-88.

Abstract. The article aims to create a digital model of rock-collector cores using the problem of packing
spherical particles in a cylindrical container. A new approach to the mathematical modeling of the rock-collector
structure is proposed. The computation of its porosity is provided. A mathematical model of the problem of
placing the maximum number of spheres with different diameters in a cylindrical container is presented. A
solution algorithm is developed based on the optimization by groups of variables and a lattice decomposition
strategy. The results of experimental petrophysical studies of real well cores are used as input data. The modeling
results provide a good approximation of the absolute porosity of the natural prototype. The application of this
approach will help improve hydrocarbon extraction technologies and increase their efficiency.

Keywords: geometric design, digital model, kern, packing, spheres, nonlinear optimization.

VK 519.6

HenoxpamyBani omiHkM mMBHIKOCTI 30iKHOCTI  MeTOAy NepeTBOPeHHS Keldi ISl HAOJIMIKEHHS
onepaTopHoi ekcrioneHTH B [inb6epToBomy mpocrtopi / B. JI. Makapos, H. B. Maiiko, B. JI. Psa6iues //
KiGepuernka ta cucremuumii anams. 2023. Tom 59, Ne 6. C. 89-95.

AnoTanisi. Onep)kaHO IHTErpalbHy OLIHKY TOYHOCTI METOXy IepeTBOpeHHs Keini po3B’s3yBaHHS
abcrpakTHOI 3amaui Komn it mudepeHmiarbHOro piBHAHHS 1-ro mOpSAKy 3 HEOOMEKEHHM OIEepaTOPHHM
koedinienrom y I'inpbeproBoMy mpocropi. OmiHKa CBITYMTH, IO LEH METOJ Ma€ CTEIEHEBY IIBHAKICTH
30KHOCTI, HOPSAAOK SKOi aBTOMATHYHO 3aJICKHUTh B/ ITIAJIKOCTI IIOYATKOBOTO BEKTOPA, @ OTXKE, BiH € METOIOM
0e3 HacH4eHHs TOYHOCTI. JIOBEICHO TaK0oXX HEMOKPAIlyBaHICTh OLIHKHM 3a HopsakoM N (mapamerp JUCKpeTH-
3amii N XapakTtepusye KiTbKICTb DOJAaHKIB YaCTHHHOI CyMH B ampOKCHMAL(i HAOIMKEHOrO pPO3B’S3KY).

KuarouoBi ciioBa: nudepeHuiansHe piBHAHHSA, 3a1a4a Ko, onepatopHa ekcroHeHTa, [in0epTiB mpocTip, me-
perBopennst Keni, ominka nmoxuOku.

Unimprovable error estimates of the cayley transform method for the operator exponential function in
a Hilbert space / V. L. Makarov, N. V. Mayko, V. L. Ryabichev // Kibernetyka ta Systemnyi Analiz. 2023.
Vol. 59, N 6. P. 89-95.

Abstract. We obtain the error estimate of the Cayley transform method for solving the abstract Cauchy
problem for the first-order differential equation with an unbounded operator coefficient in a Hilbert space. The
estimate indicates that our method has a power rate of convergence which automatically depends on the
smoothness of the initial data (i.e.. our method is a method without saturation of accuracy). Moreover, we
substantiate that the estimate is unimprovable in the order of N (the discretization parameter N characterizes the
number of summands in the partial sum for the approximate solution).

Keywords: differential equation, Cauchy problem, operator exponential function, Hilbert space, Cayley
transformation, error estimate.

VIK 519.863

MopeaoBaHHsl BIUIMBY KJIMATHYHHUX 3MiH Ha BPOXKAMHICTH CiIBLCHLKOrOCHOJAPCHKUX KYJIbTYP /
B.A. Ilenensie, O.M. T'onognikos, H.O. I'ostoanikoBa // Kibepuernka Ta cucreMunii anamis. 2023. Tom 59,
Ne 6. C. 96-103.

AmnoTanisi. Po3risiHyTo 3a1ady MOZEIIIOBaHHS BIUIMBY MailOyTHHOr0 KJIIMaTy Ha BPOXKAHHICTB CLIBCHKO-
TOCHOApPCHKUX KYJNBTYp (Ha mpukiaafi sipoi mmenuni). [IpoananizoBano mxepena KIIMaTHYHUX JAHUX Ta 3Ha-
YEeHb arpoOMETEOPOJIOTIYHUX 1HIMKATOPIB IS MUHYJIMX 1 MailOyTHIX mepioniB. Po3pobieHo MareMaTH4yHy Mo-
JIeJTb 3a7IeKHOCTI Mestiann (PyHKIIT po3noAiiny BpOXKaiHOCTI Apol MIIEHMI Bif KJIIMAaTUYHUX 3MiH 3 BUKOPHC-
TAHHSIM arpoKJiMaTHYHUX 1HIUKATOpiB. IIpoBeneHO PpO3paxyHKH 3a ILH€I0 MOJCIUII0 Ta MPOAHAII30BaHO
OTpUMaHi pe3yJbTaTU. AHANI3 OTPHUMAHHX PE3yJIbTATiB CBIIYUTH IPO 3HAYHE 3POCTAHHS PIBHSA BPOXKAHHOCTI
sipoi nmrenni y 2030-2040 pp. Ta miIBUINEHHS PU3HKY BTPAT ii BpOXKAHHOCTI BITHOCHO iCTOPHYHUX TaHHUX.
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KurouoBi ciroBa: xiiMaTH4HI TapaMeTpH, BPOXKAHHICT, KBAaHTIIIBHA PErPecis, peaHaiis, arpoMeTeopoIOriuHl
IHIMKATOPH, CTATHCTHYHA BUOIpKa.

Simulating the impact of climate change on the yield of agricultural crops / V.A. Pepelyaeyv,
A.N. Golodnikov, N.A. Golodnikova // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 96-103.

Abstract. The problem of modeling the impact of the future climate on the yield of agricultural crops (on
the example of spring wheat) is considered. The sources of climatic data and values of agrometeorological
indicators for past and future periods were analyzed. A mathematical model of the dependence of the median of
the spring wheat yield distribution function on climatic changes was developed using agroclimatic parameters.
The calculations were carried out according to this model, and the obtained results were analyzed. The analysis
of the results indicates a significant increase in the yield level of spring wheat in 2030-2040 and an increase in
the risk of losses of its yield in relation to historical data.

Keywords: climatic parameters, crop capacity, quantile regression, reanalysis, agrometeorological indicators,
statistical sampling.

VK 519.21
M-ouiHKH: OrJIslI TAa 3aCTOCYBAHHSl /UIs NPHIAHATTA pilleHb 32 YMOB HeBH3HauyeHoOCTi /
M.C. JlynaeBcohkmii // KibepHernka Ta cucremHunii anamiz. 2023. Tom 59, Ne 6. C. 104-115.

AnoTanis. Po3MISHYTO €BOMIONII0 METORy pOOACTHHX OIIHOK, 30KpeMa OCHOBHI KOHIEMIIl METOXIB
M-o1LiHOK Ta iXHi IepeBary miJ yac poOOTH 3 JaHUMH, 10 MICTATh CTATUCTHYHI BUKUIH. [IpOBEICHO MOPIBHIHHS
meroziB M-ouinok XyOepa, Xammena Ta mMerony OikBagparHuX Bar ThIOKI Ha pealbHUX €KOHOMIYHHMX JAQHHX
perioniB Ykpainu. OTpUMaHO eMIipUYHE MiATBEP/UKCHHS e()EKTHBHOCTI IXHBOrO 3aCTOCYyBaHHs. Pesymbratu
MOPIBHSIHHS BCIX MOOYIOBaHUX MOJENICH CBIYaTh PO CYTTEBE 3MILICHHS OLIHOK apaMeTpiB y pasi 3acToCyBaH-
HSI IAXO/y «HAIBHOTO» BUJAJICHHS CTATHCTHYHHX BUKHAIB. Ha 0CHOBI 0OYyHOBaHHX pOOACTHHX MOJENIeH MOXKHA
3 OLIBIIOI0 TOYHICTIO HOPIBHATU PErioHU KpaiHW 3a e(eKTUBHICTIO (pakTOpiB mpami Ta KamiTamy, Ta BiANOBITHO
BU3HAYUTH NPIOPUTETHICTH IHBECTHLIIH, SKi OUTBLIOI MiPOO CTUMYJTIOBATUMYTh EKOHOMIYHHN PO3BUTOK PETIOHY.

KarouoBi ciioBa: jeneHTpaisais, IPUAHSTTS pilieHb, M-OLIHKH, PerioHaIbHUN PO3BUTOK, pOOACTHICTb, He-
BU3HAYCHICTD.

M-estimates: a review and application for decision-making under uncertainty / M.S. Dunaievskyi //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 104-115.

Abstract. A brief overview of the evolution of the robust estimate methods is presented, in particular, the
main concepts of m-estimation methods and their advantages when working with data containing statistical
outliers. The comparison of the results of the methods of M-estimates by P. Huber, F. Hampel, and the method
of biquadratic weights by J. Tukey was held on real economic data of the regions of Ukraine. We have got
empirical confirmation of the efficiency of using M-estimates. The comparison of all the generated models
indicates a significant shift in parameter estimates, in case, the approach of naive removal of statistical outliers
has been applied. Based on the constructed robust models, we can more accurately compare the regions of the
country in terms of the labor and capital factors efficiency, and accordingly determine the priority of
investments that will stimulate the economic development of the region to a greater extent.

Keywords: decentralization, decision-making, M-estimates, regional development, robustness, uncertainty.

YK 338.2:338.3:338.4:330.5

MojaenoBaHHsl MiKrajay3eBoi €KOHOMIKM sIK KPUTHYHOI iHQpacTpyKTypu: po3po0JieHHsl CleHapiiB
PO3BUTKY €KOHOMIKH YKpaiHM B ymMoBax BiiiHu Ta miciasiBoenHoro BinHoBienHs / B.B. Kyuamk //
KiGepuernka ta cucremuuii anams. 2023. Tom 59, Ne 6. C. 116-136.

AHoTauisi. PO3NISIHYTO CXeMy «BHUTPATH-BUITYCK» Y 3aCTOCYHKY [UISl TOCIIKCHHS MIKIQITy3€BOTO BiATBOPCH-
HS CKOHOMIKM YKpalHM SIK KPUTHYHOI iH(pacTpyKTypy B yMOBaxX BiiiHM Ta MIC/ISIBOEHHOro dyacy. Po3pobneno
WMOBIPHHMII CLIeHApii PO3BUTKY eKOHOMIKM Ykpainu B 2022 p. [IpoaHani3oBaHO Yy TJIMBICTb €IEMEHTIB KiHLIEBHX CIIO-
JKUBYKX BUTPAT 70 3MiH Ha 1 %. 3armporioHOBaHO METOIMKY PO3POOIICHHS! CLIEHAPIIB eKOHOMIYHOIO PO3BUTKY B YMO-
BaX BIlfHM Ta MiC/IABOEHHOTO BiJHOBIICHHS 3 ypaXyBaHHSM JIiHIHHOCTI Mojeni JICOHTbEBA, YyTIIMBOCTI €IEMEHTIB
KIHIICBHX CIIOXKMBYHX BUTPAT IO 3MiH Ta CTPYKTYPU MDKTATy3¢BHX €KOHOMIUHHX 3B’S3KiB B Ykpaini y 2019 p.

Ku1iouoBi cs10Ba: MOZEIIOBaHHS MDKrady3eBHX 3B’S3KiB, TaOJHIS «BHTPATH—BHUITYCK», CKOHOMIKa YKpaiHH,
BHUJIM €KOHOMIYHOI JIisIbHOCTI, KPUTHYHA iH(QpPacTpyKTypa, CHCTEMHHMi aHali3, (JOpMyBaHHS CIEHapIiB eKo-
HOMIYHOTO PO3BHTKY, MOJICIIOBAHHS KPHTHYHUX CHUTYalliii B €KOHOMIlli, KiHIIEBE CIOXMBAHHS, BUITYCK.

Modeling the inter-industry economy as a critical infrastructure: generating the scenarios for the
development of the economy of Ukraine during the war and in the post-war recovery / V.V. Kulyk //
Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 116-136.

Abstract. The input-output scheme is considered as applied to the analysis of the cross-industry
reproduction of the economy of Ukraine as a critical infrastructure in the conditions of war and post-war
recovery. A probable scenario of the development of Ukraine’s economy in 2022 has been prepared. The
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hypothesis of the scenario is that the military economy significantly changes the structure of final consumer
spending, which makes it possible to forecast inter-industry relationships, in particular, final spending and
output, using the input-output model (Leontief model). An analysis of the sensitivity of elements of final
consumer spending was carried out. The methodology for developing scenarios of economic development in the
conditions of war and post-war recovery is proposed, taking into account the linearity of the Leontief model, the
sensitivity of elements of final consumer spending and the interindustry relationship structure of the Ukraine’s
economy in 2019. Prepared materials can be used for scientific and educational purposes to generate various
scenarios of final consumer spending in the conditions of war and post-war reconstruction.

Keywords: modeling of inter-industry relations, input-output table, economy of Ukraine, types of economic
activity, critical infrastructure, system analysis, formation of economic development scenarios, modeling of
critical situations in the economy, final consumption, output.

YK 519.2

Touni ouiHkM HMOBIPHOCTI MOMAa/JaHHSI BUNAJKOBOI BeJIMYMHM B 32/laHMii iHTepBaJ B OJHOMY KJiaci
yHiMonansHux posnoginis / JI.C. CroiikoBa, B.€. Ueapaun // Kibepnernka ta cucremuuii anamiz. 2023.
Tom 59, Ne 6. C. 137-149.

AnoTanis. Po3risiHyTo Ki1ac 4 yHIMOTAIbHHX (YHKIIH po3mominy F' 11 (X) Takux, 1mo BIZIOMO JIMIIIE [BA

IXHI mepiri MOMEHTH 1 Moja m, sika CHIBNAJAE 3 MEpPIIUM MOMEHTOM. Y Kiaci A 3HaiiJIeHO TOYHI OLIHKH
IMOBIpHOCTI IOIa/|aHHs BUNAJAKOBOI BeauuHy 4 B inTepsan (0, 2m). BusHaueHo 101aTKOBI MapamMeTpu ., i
@ > K1, 3MIHIOIOUHCB Bift 0 110 %0 , CKEPOBYIOTb YBECh IIPOLIEC PO3B’SI3aHHS 3a1aUi: 3HAXONATECS CKCTPEMANIbHI
(yHKIIT po3Mmoiy, IO JAIOTh TOYHI OLIHKY BIANOBIJHOMY (PyHKIIOHAJy; BU3HAYAIOTHCS OOJACTI iCHYBaHHS
excTpeManbHUX  (PyHKUIH. 3aady po3B’sI3aHO LI KOKHOIO (ikcoBaHOro 3HaueHHs: 0, € (0, ) — cepeanbo-
TO KBaJPaTHYHOTO BIIXUICHHS BUIAAKOBOI BEIMYHHH M Bil Moau. 3HaieHO B SIBHOMY BHTJLII YHIMOAAIbHI
excrpeManbHi QyHKUIT posnoziny F (x) i3 Kiacy 4, Ha SIKUX JOCATAIOTHCS TOYHI OLIHKI HMOBIPHOCTI IOIIa(aH-
HSl BUIAAKOBOI BenumyuHd u B intepsan (0, 2m).

KorouoBi cioBa: TouHi OLIHKYM, TiHIHHI (QyHKIIOHANM, KJIACH YHIMOZAIbHHX (YHKHIH po3momimy.

Accurate estimates of the probability of a random variable falling into a given interval in one class of
unimodal distributions / L.S. Stoikova, V.E. Chevardin // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59,
N 6. P. 137-149.

Abstract. A class 4 of unimodal distribution functions is considered, for which only the first two
moments and the mode m, which coincides with the first moment, are known. In this class, accurate estimates of
the probability of a random variable u falling into the interval (0,2m) are found. Defined supplemental
parameters ¢y and o, changing from 0 to o, guide the entire process of solving the problem: extremal
distribution functions are found that give accurate estimates to the corresponding functional; highlighting the
areas of existence of these distribution functions with numbers; the problem turns out to be solved for all
possible values of the mean square deviations ¢, of the random variable u. Unimodal extremal distribution
functions from class 4 were found in an explicit form.

Keywords: Exact estimates, linear functionals, classes of unimodal distribution functions.

VK 519.8
Bararoxkpurepiiini 3agaui omrumizanii 3 BEeKTOPHMMH HEOJHOPITHUMM 3rOPTKAMM KpHUTepiiB /
A.JO. Bpuaa // Kibeprernka Ta cuctemuuid anamis. 2023. Tom 59, Ne 6. C. 150-157.

AHoTanisi. Po3risiHyTo GaraTokpuTepiiiHi 3aga4i NIPUAHATTS PIlICHb 3 KPUTCPIHHUMH TOPSIAKAMH HaJl-
QHHsI [IePEBark, 110 € 3rOpPTKaMK 3ropToK. J{OCII/PKEHO BUIIa/IKH, KOJIM Ha MHOKHHI BEKTOPHHX KPHTEPIiB 3a/1a-
HO CyOOpIMHAIiI0 PIBHOI BaXKINBOCTI 200 CyOOpAMHALIIIO CTPOroro pamkyBaHHS. B 000X BHIAnKax 3ropTKU B
MEXKax CKJIAJZOBHX BCKTOPHHUX KPUTEPIiB MOXYTh OyTn HeoaHOPiqHUMH. JI0OBEICHO EKBIBAJICHTHICTD PO3IISLY-
BaHMX 3a/]a4 BiIIOBIIHMM OaraTOKpUTEPIHHUM 3a/1a4aM 3 OJHOPIAHUM (OJHAKOBHUM) PAaH)KYBAaHHSAM y MEXax
JaCTKOBUX BEKTOPHUX KPUTEPiiB.

KurouoBi ciioBa: OaratokpurepiiiHa 3ajada ONTHMI3aLil, 3rOPTKH KPUTEPiiB, 3rOPTKU 3rOPTOK, BEKTOPHI KpH-
Tepii, HEOTHOPIAHI 3TOPTKH KPUTEPIiB.

Multicriteria optimization problems with vector convolutions of non-homogeneous convolutions of
criteria / A.Yu. Bryla // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 150-157.

Abstract. Multicriteria decision-making problems are considered. Advantage orders are determined by
criterial orders, which are convolutions of convolutions. The cases are analyzed where the subordination of
equal importance or strict ranking subordination is specified on the set of vector criteria. In both cases, the
convolutions within each of the partial vector criteria can be heterogeneous. The equivalence of the considered
problems to the corresponding multicriteria decision-making problems with homogeneous (same) ranking
within partial vector criteria is proved.

Keywords: multicriteria optimization problem, convolutions of criteria, convolutions of convolutions, vector
criteria, heterogeneous convolutions of criteria.
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YK 519.21
AJITOPUTM OLIHIOBAHHS HEBIZIOMOr0 MapameTpa ri66coBCHKOr0 po3nojiijiy Ha 0CHOBI METOY CTOXACTHYHHX
kBasirpagienTis / O.C. CamocroHok // KibepHneruka Ta cucremnuii anaiis. 2023. Tom 59, Ne 6. C. 158-162.

AHoTauis. Po3risiHyTO NpakTUYHUKA aJrOpUTM OLIHIOBAHHS HEBIZIOMOTO IapamMerpa MaTeMaTH4HOI MO-
Jieli MapKOBCBHKOTO MPOLECY 3 JIOKAIBHOIO B3a€EMOJIEI0 HA OCHOBI 1100COBCHKOTO PO3MOALTY. 3alPOIIOHOBAHO
3aCTOCYBAaTH METO/] CTOXaCTUYHUX KBA3irpaieHTiB 10 (yHKII MaKCHUMaIbHOI BIpOTiAHOCTI, 1110 OOy 10BaHa 3a
CIIOCTEePEIKCHHAMH pealtizawniil 1i60coBcpkoro moist. OTpUMaHO pe3yJNbTaTH, SKi MAOTh IIHPOKY HMPHKIATHY
cdepy 3aCTOCYBaHHS OIS MOJENIOBAHHS CTOXAaCTHYHHX IIPOLECIB.

KurouoBi ciioBa: riG6COBCHKUIT PO3MO/iN, METOA MaKCHMAIbHOI BIPOTiAHOCTI, MApKOBCHKI BHIIAJKOBI IOJIA,
CTOXAaCTUYHUI KBa3irpaJicHTHHUII METOJ, OLIHIOBAHHS IapaMeTpiB.

An algorithm for estimating the unknown parameter of the Gibbs distribution based on the method of
stochastic quasi-gradients / O.S. Samosonok // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 158-162.

Abstract. The author considers a practical algorithm for estimating an unknown parameter of
a mathematical model of a Markov process with local interaction based on the Gibbs distribution. It is proposed
to apply the method of stochastic quasi-gradients to the maximum likelihood function, which is constructed
from the observations of the implementations of the Gibbs field. The obtained results have a wide application in
the modeling of stochastic processes.

Keywords: Gibbs distribution, Maximum Likelihood Estimation, Markov random fields, stochastic
quasigradient method, parameter estimation.

MMPOI'PAMHO-TEXHIYHI KOMIIJIEKCH SOFTWARE-HARDWARE SYSTEMS

VK 519.63; 519.64

BucokonpoayKTHBHI MeTOaW MOJeJI0BaHHsI HaHoajxcopOuii Ta audysii 3i 3BopoTHMMH 3B’sI3KAMH
B HEOJHOPIIHMX UWIIHAPHYHHUX (AaraTOKOMIIOHEHTHHUX HaHomopucTux cepegoumax / M.P. Ilerpuk,
L.B. Boiixo, O.M. Ximiu, B.A. Cugopyk // KibepHernka ta cucremuuit anaiis. 2023. Tom 59, Ne 6. C. 163-178.

AHoTanisi. Po3po06iieHO HOBI BUCOKOIPOIYKTHBHI aHATITHYHI METOM MOJICIIOBAHHS TIOMIB KOHIICHTPALIIN i~
(yHIOBaHMX Ta3iB y BHYTPIlIIHBO- Ta MIXKYACTHHKOBOMY TIPOCTOPAX Y HEOIHOPIHNX IMIHAPUYHNX n-CKJIAJI0BUX Ha-
HOIOPHCTHX CEPEIOBUIAX 3 BUKOPHCTAHHAM oreparliiinoro meromy I'eicaiina ta marpuie rumBy Ko i me-
OIHOPITHHX KpaifOBHX 3a1ad afcopOmii U1l CHCTeM PIBHSHD Y YaCTHHHUX ITOXITHUX 31 3BOPOTHHMHU 3B’ SI3KAMH.

KuiouoBi ciioBa: Mozens 6araToKOMIOHEHTHOT HaHOaacopOLii Ta audys3ii, 6araTOKOMIOHEHTHI HEOHOPIAHI
HaHOIIOPHCTI CepenoBHINa, onepariiiauii Metox I'eBicaiina.

High-performance methods of modeling the nano-adsorption and diffusion with feedback in
heterogeneous cylindrical multicomponent nanoporous media / M.R. Petryk, I.V. Boyko, O.M. Khimich,
V.A. Sydoruk // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 163-178.

Abstract. New high-performance analytical methods are developed for modeling the fields of diffused
gas concentrations in intra- and interparticle spaces in inhomogeneous cylindrical n-component nanoporous
media. The proposed approach is based on the Heaviside operational method and Cauchy influence matrices for
inhomogeneous adsorption boundary-value problems arising from systems of partial differential equations.

Keywords: multicomponent nanoadsorption and diffusion model, heterogeneous nanoporous media, Heaviside
operational method.

YIK 621.396, 681.2

Be3poroBi cencopHi Mepexi 1iisi nudpoBoro 3emiiepodcTBa, 3aXMCTy JOBKILIA Ta OXOPOHH 3/10POB’st /
B.O. Pomanos, L.b. I'asenoka, B.M. I'pyma, O.B. Boponenko, O.B. KosupnoBa, I'.B. AHTOHOBA,
A.B. Kemnu // Kibepreruka ta cuctemuuii anamis. 2023. Tom 59, Ne 6. C. 178-187.

Anoranis. HaBeneHo pesynbraTd pO3pOOJICHHS Ta CTBOPCHHS OC3JPOTOBHX CEHCOPHHX MEPEXK UL
CLIBCHKOTO TOCHOIAPCTBA Ta MEAMIMHU, OTPUMaHi KOJEKTUBOM aBTOPIB MPOTATOM OCTaHHIX IT'SITH POKiB. Po3-
TISIHYTO CEHCOPHI MEPEsKi UTs OLIHIOBAHHS CTAHY POCIHH METOIOM iHAYKIIT duyopecueHntii ximopodiny Ha Be-
JIMKUX IUIOIIAX CUIBCHKOrOCIOAaPChKHX yrigh. Mepeki MaloTh y CBOEMY CKJIaZi OPUriHAIBHI PO3YMHI CEHCOPH,
1o0yI0BaHi 3a THYUYKOIO apXiTEKTYpOIO, SIKi MICTSThH €IEMEHTH IITYYHOTO IHTEJICKTY Ha 06a3i HeHpPOHHUX Me-
pex. e migBuinye ixHIO eEeKTHUBHICTD i) 4aC BU3HAYCHHS il CTPECOBUX YMHHHUKIB PI3HOTO MOXO/KeHHs. Ha
OCHOBI 6€3/1POTOBOI CEHCOPHOT MepeKi 100y J0BAaHO PO3YMHY CHCTEMY AMUCTAHLIHHOIO MEJIMYHOIO MOHITOPHH-
Iy, sfika BUKOPUCTOBYE KiJIbKa MPOTOKOIIB 0OE31pOTOBOr0 OOMiHY HaHUMH. J[jis OLIHIOBaHHS SKOCTI JKUTTS i
CIIEKTPa CHMIITOMIB, [OB’SI3aHUX i3 3aXBOPIOBAHHAM 1/a00 JIIKYBaHHSIM, CTBOPEHO MiarHOCTHYHY CHCTEMY, SKa
BH3HAYa€ CTaH XBOPOTO 32 JOIIOMOIOI0 MKHAPOJHHUX Ta HAlllOHAJIbHUX ONMMTYBAaJIbHUKIB. B ocHOBY poboTu 3a-
NIPOIIOHOBAHUX PO3YMHHX BHMIPIOBAIBHUX NPUCTPOIB Ta CHCTEM IOKJIAJCHO 0a30BaHI HAa 3HAHHSX MPUHININ
00poOIeHHsT Ta aHaNi3y JaHUX BHMIPIOBAHHS U BUPOOJICHHS YIPABIIHCBKHX PillleHb Ta PEKOMEHJAIlii.
Binpuiicth OTPUMaHHUX PE3YJIBTATIB JOBEJCHO 10 CEPIHHOrO0 BUPOOHMITBA.

KutrouoBi ciioBa: 6e31poToBa ceHCOpHA Mepexka, CHcTeMa 300py AaHuX, iHpopManiiiHO-KOMyHIKaIiiHa TeXHO-
JIorist, UQpPOBE CIIbCbKE T'OCHOAAPCTBO, OL[HIOBAHHS SIKOCTI JKUTTSI.
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Wireless sensor networks for digital agriculture,environmental protection, and healthcare /
V.O. Romanov, I.B. Galelyuka, V.M. Hrusha, O.V. Voronenko, O.V. Kovyrova, H.V. Antonova,
A.V. Kedych // Kibernetyka ta Systemnyi Analiz. 2023. Vol. 59, N 6. P. 178-187.

Abstract. The article presents the results of the development and creation of wireless sensor networks for
agriculture and medicine, obtained by the team of authors during the past five years. Wireless sensor networks
for estimating the state of plants by the method of chlorophyll fluorescence induction on large areas of
agricultural lands are considered. These networks include original smart sensors, built according to flexible
architecture and which contain elements of artificial intelligence based on neural networks, which increases
their effectiveness in determining the effect of stress factors of different origins. On the basis of the wireless
sensor network, a smart remote medical monitoring system has been built, which uses several wireless data
exchange protocols. To assess the quality of life and the spectrum of symptoms, associated with the diseases
and/or treatment, a diagnostic system was created, which determines the patient’s state using international and
national questionnaires. The basis of the operation of proposed smart measuring devices and systems is the
knowledge-based principles of processing and analyzing the measuring data for making managerial decisions
and giving recommendations to users. Most of the obtained results have been brought to serial production.

Keywords: wireless sensor network, data acquisition system, information and communication technology,
digital agriculture, quality of life assessment.

VK 621.317+681.849

Metoq moOyaoBH cHCTeMH BHSIBJIEHHS Ta Jokajlidamii Touoxk MoHTaxy nudppoBux Bizeorpam /
B.I. CouoBiioB, O.B. Pudanncebkmii, B.B. Kypaseas, O.M. Illaéas, €.B. Tumko // KiGepueruka Ta
cucremuuii anamis. 2023. Tom 59, Ne 6. C. 188-194.

AmnoTanis. Po3risiHyTO Ta 3arpornoHoBaHo 0a30BUI Mi/IXi 10 CTBOPEHHS CUCTEMH BHSIBJICHHSI MOHTXY Y LH(-
POBHUX BijeorpamMax Ta BiJIOBIHHIT METOJI. 3alpONOHOBAHMIA MIIX1/T IPYHTYETCS Ha JTOCIIDKCHHSX 3 1MeHTH(iKaIlil
anapaTypy 3anucy 1udpoBHX 300pakeHb 3a il BIaCHUMHU ItyMamy, 3a(ikCOBaHMMH Ha IU(poBHUX HOCIAX. BeraHoie-
HO, I110 OCHOBOIO METOy BHSIBJICHHSI Ta JIOKaJIi3allii TOYOK MOHTaXYy y Bileorpamax Mae OyTH BHKOPUCTAHHS (YHKIIH,
SIKI ONHCYIOTh JUHAMIKY TOMIJIOK 1IeHTH(IKALIl CYCITHIX KaJpiB Ta JUHAMIKY (YHKIIl MOyl PI3HULI PIiBHIB CHI-
HAJIB KOJIBOPIB JIBOX KaJpiB NepeBiproBaHol Bifeorpamu. [lyist oTpUMaHHs X (QyHKIIN 3aIIpOOHOBAHO 3aCTOCYBATH
JICKOMITO3HLIIF0 CUTHAJIIB 3 BUKOPHUCTAaHHSM Belipiera Xaapa. [Toka3aHo, 10 peai3alliro CUCTEMH CIIijl 3/1iHCHIOBATH
Ha HEHMPOHHMX MepeXax I[IHOOKOro HaBYaHHS, IO 3a0C3ICYMTh BHUCOKY JOCTOBIPHICTB CGKCIIEPTH3MU.

Kurodosi cioBa: anaparypa 3anucy uudpoBux 300pakeHb, BEHBIETH, Bigeorpama, JCKOMIIO3HIIsS CHUTHAIY,
ineHTHdikamiss, MaTpHIL, HEHPOHHI Mepexi MIMOOKOro HaBYAHHS, BJIACHI IMYMH, KPHMiHAJiCTHKA.

A method for constructing a system for detecting and localizing the places for editing digital videograms /
V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel, A.N. Shablya, Y.V. Tymko // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 6. P. 188-194.

Abstract. The basic approach and method for creating a system for detecting montage in digital videograms
are considered and proposed. The proposed approach is based on the identification studies of digital image recording
equipment by its own noise recorded on digital media. It has been established that the method for detecting traces
and localizing edit points in videograms should be based on the use of the functions of the dynamics of errors in the
identification of adjacent frames and the dynamics of the change in the function of the modulus of the difference in
the levels of chrominance signals of two frames of the videogram being checked. To obtain these functions, it is
proposed to apply signal decomposition using the Haar wavelet. It is shown that the implementation of the system
should be carried out on deep learning neural networks, which will ensure high reliability of the examination.

Keywords: digital image recording equipment, wavelets, videogram, signal decomposition, identification,
matrix, deep learning neural networks, intrinsic noise, forensics.
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ACHMIOTOTHYHI BJIACTHBOCTI 0JHOro KJjacy mnepiogorpamuux ominok / I'.Jl. Bima, O.II. Kunomnos //
Kibepnetnka ta cuctemuuii anamiz. 2023. Tom 59, Ne 6. C. 195-200.

AHoTauis. Po3missHyTO Kiac mepiofiorpaMHUX OIIHOK HEBIZIOMHUX MapaMeTpiB HemiHiitHOT Moneni per-
pecii «curHai miroc mym». JJoBeeHo IXHI0 aCUMITOTHYHY HOPMAJIBHICTh 32 YMOBH, 1110 (DYHKLis perpecii mai-
Ke MepiofuyHa, a myM € (GyHKIIOHAIOM Bix ['ayCOBOro BHIIAJKOBOTO MPOILECY i3 CHIBHOIO 3aJICXKHICTIO.

KurouoBi ci10Ba: cunbHa 3anexHicTs, ['ayciB mrym, nepionorpamMHa OIiHKa, aCHMIITOTHYHA HOPMAIbHICTb.

Asymptotic properties of a class of periodic estimates / G.D. Bila, O.P. Knopov // Kibernetyka ta Systemnyi
Analiz. 2023. Vol. 59, N 6. P. 195-200.

Abstract. In this article, one class of periodogram estimates of unknown parameters of the nonlinear
regression model “signal plus noise” is considered. The asymptotic normality is proved, provided that the regression
function is almost periodic, and the noise is a functional of a strongly dependent Gaussian random process.

Keywords: long-range dependence, Gaussian noise, periodogram estimation, asymptotic normality.
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