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The object of this study is the process of optimizing digital mar-
keting for agro-industrial enterprises under conditions of multi-crite-
ria and uncertainty. A formal statement of the problem of optimizing
marketing strategies for agricultural production has been given by
using the genetic algorithm NSGA-III. A hybrid method was devised
to solve the task of multi-criteria optimization of marketing strategies
for agro-industrial enterprises. The method is based on the NSGA-III
algorithm in combination with the XGBoost software library and
adapted to industry constraints for marketing strategies in the agri-
cultural markets of Ukraine and Kazakhstan Republic. This allows
for the generation and interpretation of Pareto-optimal strategies
taking into account such criteria as efficiency, coverage, return on
investment (ROI), costs, and engagement.

A cluster analysis of solutions has been performed; three char-
acteristic scenarios were identified - balanced, cautious, and ag-
gressive. Empirical validation by regression analysis demonstrated
the high accuracy of the model, as well as its ability to extrapolate
new solutions. In particular, the mean square error on the test
sample was 0.0316 with the achieved coefficient of determination
of 0.9041. The results confirm the effectiveness of the devised meth-
od to support decision-making under conditions of multi-criteria
and limited resources.

The proposed method was used as the basis for the development
of software implemented in practice at enterprises of the agro-indus-
trial complex. However, the scope of method application also includes
the activities by other business entities that devise marketing strate-
gies to achieve the efficiency of their activities.
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Multicriteria evaluation offers undeniable advantages over sin-
gle-criterion assessment methods. The object of the study is hierar-
chical systems. The subject of the study is the process of multicriteria
evaluation of the state of hierarchical systems. A method for multicri-
teria evaluation of hierarchical systems is proposed. The originality of
the method lies in the application of additional advanced procedures
that allow for the following:

- verification of input data and refinement of inter-element con-
nections within the hierarchical system using an enhanced penguin
swarm algorithm. This minimizes the risk of errors resulting from
incorrect data input in the assessment of the operational military
(force) grouping;

- description of external and internal factors affecting the hier-
archical system subject to multicriteria evaluation through the use of
fuzzy cognitive models;

- adaptation to the type of hierarchical system via multilevel ad-
justment of the system of indicators and evaluation criteria;

- reduction of uncertainty through the use of interval-valued Py-
thagorean fuzzy sets, thereby improving the reliability of multicriteria
assessment of hierarchical system states;

- identification of the most vulnerable elements within the hier-
archical system using a fault tree analysis;

- adaptation of the membership function type depending on the
system’s available computational resources, which ensures compati-
bility with existing computational capacities.

An example of the method’s application is demonstrated through
the multicriteria evaluation of an operational military (force) grouping.
The proposed method provides an average improvement of 35% in
accuracy and efficiency, while ensuring a high convergence rate of
results at the level of 93.17%.

Keywords: system of indicators, vulnerability tree, penguin
swarm algorithm, destabilizing factors, military (force) grouping.
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The object of the study is the method of hierarchy analysis, as it
is more widely used for solving multicriteria decision-making prob-
lems (DM). The subject is the Saaty preference level scale and methods
for establishing normalized weight coefficients (NWC). The problem
is to increase the accuracy of multicriteria decisions, where the linear
defuzzification of linguistic preference indicators (PI), used to form
pairwise comparison matrices (PCM), does not correspond to the
peculiarities of human thinking. The essence of the results is that for
basic IPs (IPy, IP;, IPs, IP5, IP;) NWCs are established by the mathemat-
ical method of prioritization (MPM), adapted for the needs of research,
for intermediate IPs (IPg, IPs, IP4, IP,) — by multiplicative aggregation
of NWCs of neighboring PIs. The peculiarity is that it is established
that the application of the results of the II iteration of MoP with XII,
which are nonlinear, form a step scale, and provide the proper accura-
cy of priority measurements, is acceptable. The quantitative indicator
of sensitivity to the measurement of linguistic preferences increased
by 4.5 times compared to the linear scale. However, the average quan-
titative indicator of the establishment of false IP in the nonlinear scale
turned out to be 1.84 times higher than in the linear one. which places
additional requirements on the competence of experts, as well as the
need to control their attentiveness during the PCM formation.

The relative quantitative indicator corresponding to the increase in
the NWC of the Saaty scale terms, formed using the modifier "very" by
performing the fuzzy operation "concentration’, has increased almost
twice, "double concentration” - by a third. Which is more consistent with
the quantitative-qualitative logic of the relationship between the speci-
fied terms. The practical use of the obtained results will help prevent the
negative phenomenon of rank reversal in multi-criteria DM problems.

Keywords: hierarchy analysis method, preference levels, linguis-
tic indicators, normalized weight coefficients.
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The object of this study is neural networks used for categorizing
objects in images. The task addressed in the work is to identify op-
tions for building a multilayer perceptron architecture that apply the
Kolmogorov-Arnold layer and are characterized by the best ratio of
classification quality and computational effort.

The paper proposes a modification to the multilayer percep-
tron (MLP) by replacing the first hidden layer with a Kolmogorov-Arnold
layer. This allowed the use of the approximating properties of neurons
and learning activation functions simultaneously. A feature of the de-
signed MLP-KAN neural network, unlike the classical KAN network, is
the use of only one activation function for each of the input elements.
The training of activation functions is carried out on the basis of invariant
radial basis functions, which are composed using learning weight coeffi-
cients. Such construction of the MLP-KAN neural network architecture
allowed the use of typical libraries and optimizers for its training. In this
case, unlike known analogs, there is no slowdown in the learning speed.

Experimental studies on the handwritten digit dataset (MNIST)
have shown that MLP-KAN could provide higher classification quali-
ty with less computational effort. In particular, to obtain classification
quality comparable to MLP, with the appropriate parameter setting,
MLP-KAN requires 3.63 times less computational effort than MLP.
This makes it possible to significantly improve the efficiency of image
object classification devices built on microprocessors operating under
an autonomous mode as part of robotic systems.

Keywords: multilayer perceptron, neural network, Kolmogorov-
Arnold network, weight coefficients, radial basis functions.
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This study addresses constructing Minimum Spanning Trees (MST)
in stochastic weighted distribution networks, where edge costs have
inherent uncertainties with known means and variances. Traditional
deterministic methods often fail, and existing stochastic approaches
are frequently unstable or computationally complex under high
uncertainty. A novel variance-based deterministic transformation
algorithm is proposed. Its core feature is transforming stochastic edge
costs into robust deterministic equivalents by computing an aggregate
variance term from the largest (n - 1) edge variances, enabling MST
construction via classical algorithms. This method fundamentally
enhances stability and ensures feasibility, particularly in high-vari-
ance scenarios, improving upon traditional confidence interval-based
techniques. The algorithm’s efficacy was rigorously validated. Its per-
formance was compared against a probabilistic Q;-based method un-
der moderate variance, demonstrating consistent and accurate MSTs.
It was then applied to a complex 21-edge distribution network with
high variance parameters. Results confirm the algorithm’s broad
applicability, precision, and capability to construct reliable spanning
trees under both moderate and substantial uncertainty. The algo-
rithm demonstrates significant computational efficiency (O(r log r)),
ensuring practicality and scalability across varying uncertainty levels.
Unlike iterative or constraint-heavy models, this algorithm simplifies
optimization while preserving uncertainty representation. This makes




it well-suited for large-scale networks and real-world systems where
cost variability is critical. Future research includes expanding this
approach to multi-objective optimization or dynamic networks.

Keywords: spanning tree, stochastic graph, variance-based algo-
rithm, deterministic transformation, uncertainty modeling, network
optimization.
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The object of this study is the process that improves the effi-
ciency of data transmission in monitoring systems that arrive from
low-power devices within the mobile high-density Internet of Things.



The task addressed was to reduce the average delay time of informa-
tion transmission through the transmitting station of the monitoring
system gateway. To this end, it was proposed to improve the multiple
output procedure and use the technique for building temporary dy-
namic clusters of dependent sources.

During the research, a model of a monitoring system with mul-
tiple node outputs was built. Its process involved the procedure for
constructing a temporary subset of active devices dependent on data.
That made it possible to reduce the redundancy of data coming to the
monitoring system gateway.

An approach has been proposed for finding the values of the
upper and lower limits of the average data transmission delay. The ap-
proach is based on simplifying calculations by switching to a one-di-
mensional Markov chain. The use of a uniform distribution of active
subscribers has made it possible to find an analytical expression for
the upper limit of the average delay. A feature of the lower bound cal-
culation process is the introduction of a fixed division of the receiving
zone of the transmitting station into equal sectors.

The algorithm developed for multiple node output is aimed at
reducing the average data transmission delay with a limited num-
ber of subscribers. A feature of the method is the limitation of the
number of transitions when forming a stationary distribution of the
Markov chain. As a result of using the method, the average delay is
reduced and the speed of data transmission increases. Studies of the
proposed method have shown that the speed of data transmission
increases in comparison with existing methods from 5 to 50%. The
research results are attributed to the use of the procedure of multiple
subscriber output.

Keywords: Internet of Things, Markov chain, high-density, ran-
dom multiple access system.
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BATATOKPHUTEPIAJIBHA OIITUMI3SANIA III®POBOI'O MAPKETHHIY VI HIAIIPUEMCTB ATPOIIPOMMCJIOBOI'O
KOMILIEKCY HA OCHOBI AJITOPUTMY NSGA-III TA MAIIMHHOI'O HABYAHHHI (c. 6-17)

0. B. KpuBopyuko, Zhansaya Abildaeva, B. A. JIaxxo, M. I. ITromropa, C. B. Ilromtopa, A. M. Xapuenko, M. I. Koix6acin

OG’eKT [OCTi/HKEHHSI — IpoIlec ONTHUMI3alii I[1(ppPOBOro MapKeTUHTY AJIS IMiJNPHUEMCTB arpolpoOMUCIOBOTO KOMILIEKCY B YMOBax
6araTOKpUTEPiaJbHOCTI Ta HEBU3HAYEHOCTI. 3/1ilicHeHO (hopMasIbHy IIOCTAHOBKY 33/1a4i ONTHMi3allil MapKeTHHIOBUX CTpaTeriil st arpo-
BUPOGHUIITBA i3 BUKOPUCTAHHAM IreHeTHYHOro aaropurmy NSGA-III. Po3po6sieHo TiGpuHuil MeToA AJIsi pO3B’sI3aHH 3a/a4ui 6araTokpu-
TepiasbHOI ONTUMI3allil MApKEeTUHTOBUX CTPATETi MiAIPUEMCTB arpoIpoOMHUCIOBOT0 KOMILIEKCY. MeToz 6a3yeThest Ha anroputmi NSGA-III
y TOeAHAHHI 3 IporpaMHoo 6i6ioTexkoto XGBoost i ajjanToBaHuil 10 Tajly3eBUX 0OMEXeHb JJIsl MAPKETUHIOBUX CTpaTeTiii Ha arpapHUX
prHKax Ykpainu Ta Pecmy6siku Kazaxcrany. Lle mo3Bosisie 3a6e3meynTy reHepariiio Ta iHTeprperariio [lapeTo-onTUMaabHUX CTpaTeriii
3 ypaxyBaHHSIM TaKUX KPUTEPiiB, K e(eKTHBHICTh, OXOILJICHHS, IIOKa3HUKa peHTabespHOCTi iHBecTHIiil (ROI), BUTpaTH Ta 3aTydyeHHS.
ITpoBesieHO KJIaCTepHUM aHaJIi3 pillleHb, BHOKpEeMJIEHO TPU XapaKTepHi cijeHapil — 36ajaHcoBaHUM, o6epesxHUi i arpecuBHUi. EMnipudHa
BaJliJjallid 3a perpeciiiHuM aHasi30M IIPOAEMOHCTPYBaJIa BUCOKY TOUHICTb MOJEJi, a TaKOXK 11 3JaTHICTh /10 €KCTPAIOJIALil HOBUX pillleHb.
30kpeMma, cepeJHbOKBA[pPaTHYHA IIOMUJIKA HA TeCTOBil BUGipui ckuiaia 0,0316 npu focarHyroMy KoedinieHTi gerepminarii 0,9041. OTpu-
MaHi pe3y/bTaTH IiJTBEPKYIOTh €(heKTUBHICTb pOo3p0OO6IEHOT0 METOAY ISl MiATPUMKY IIPUIHSTTS pillleHb B yMOBaxX 6araToKpUTepiasb-
HOCTi Ta 0OMEXXEHHX PecypciB.

3anpornoHoBaHui MeToZ OyB MOKJIaJileHUl B OCHOBY PO3POOKH IPOIPaMHOI0 IIPOAYKTY, BIIPOBA/KEHOI0 Ha MPAKTHUIli B MiJIIPUEMCTBAX
arpoIpoOMHMCIIOBOTO KOMILTEKCY. IIpoTe, ccheporo BUKOPHCTAaHHS METOy MOXKe OyTH JIisSUTbHICTD # iHIINX Cy6’€KTiB TOCIIOAapIOBAHHS, SIKi 3/iil-
CHIOIOTH PO3PO0GJIEHHSI MAPKETUHIOBUX CTPATETiil ISl JOCATHEHHs eeKTUBHOCTI CBOET JisIbHOCTI.

KorrouoBi croBa: riGpugHMi MeTOZ, IUGPOBUI MapKEeTHHT, 6araTOKpUTepiabHa ONTUMI3aris, aroput™ NSGA-III, kacTepHUiT aHai3.
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PO3POBKA METO/TY BATATOKPUTEPIAJIBHOT OIITHKU IEPAPXIYHUX CUCTEM (c. 18-24)

0. 5. Coga, O. JI. CranoBcbkuii, T. I. I'ypcekuii, B. B. Onbirancekuii, O. B. Boikos, C. B. Ilocrak, B. M. Besyrmii, I. M. TixoHoB,
0. €. YaiikoBcbKa, JI. B. Pa3aproHOB

BararokpurepiasbHa OI[iHKa Mae Oe33allepedHi MepeBaru Iepef OAHOKPUTEPiaIbHUMHU METOZAMH OLiHKH. O6’€KTOM [OCTiKeHHS
€ iepapxiuHi cucremu. ITpeMeTOM JJOCIII/KEHHS € TIpoliec 6araTOKpHUTepiaJbHOrO OLiHIOBAaHHS CTaHy iepapXiYHMX CHCTeM. 3aIIpOIIOHOBaHO
MeToj;, 6araToKpUTepiaJbHOI OI[iHKM iepapxXiuHuX cucTeM. OpUTiHAJBHICTE METOAy IOJIATA€ y BUKOPUCTAHHI JOJATKOBUX Y/IOCKOHAJIEHUX
MpOLEAYP, SIKi JO3BOJIAIOTh:

- 371ilicHIOBaTH BepuQiKallito BBeIEHUX JJaHMX Ta YTOYHEHHs 3B’A3KiB MiX eJleMeHTaMM iepapxiuHoi CMCTEMHU 3a JJ0IIOMOTr0 Y/[0OCKOHaJIe-
HOTO aJITOPUTMY 3rpai MiHTBiHIB. 3a3Ha4eHe /103BoJIse€ MiHIMi3yBaTH MOXHUOKY BBe/IeHHS He KOPEKTHUX JIaHUX /11 po6OTH TIPO CTaH omepa-
THUBHOT'O yI'PYIIOBaHHS BiiChK (CHUI);

— OIIMCaTH 30BHIIIHI Ta BHYTPilIHi (hakTOpH sIKi BITMBAIOThH Ha iepapxidyHy CHCTeMy, 1[0 MiJJIsarae 6araToKpruTepiaIbHOMY OIiHIOBAHHIO
3a JJOIIOMOI'0X0 HEYiTKMX KOTHiITUBHUX MOZeJIel;

— IIPOBECTHU aJATITALIiIO TTiJi TUII iepapXiqHOi CUCTEMH 3a paxyHOK 6araTopiBHeBOI ajlanTallii CCTeMU ITOKa3HUKiB Ta KpUTEPIiiB OlliHIOBaHHS;

— 3HU3WUTU HEBU3HAYEHICTD 32 JJOIIOMOTOI0 iHTepBAJILHOI ITi(haropilicbkoi HeUiTKOi MHOYKHMHU, IUM JOCSITAETHCS Ti[BUIIIEHHST JOCTOBipHO-
cTi 6araTokpUTepiaJbHOro OL[iHIOBAaHHS CTaHY i€papXiYHUX CUCTEM;

— BU3HAUNUTU HalOIbILI Bpa3JInBi eJIeMEeHTH iepapxidHOi CCTEMH 3a JIOTIOMOT'0I0 JiepeBa BiIMOB;

- aJ]anTyBaTH BUZ, (DYyHKIIi HAJIKHOCTI B 3aJIEXKHOCTI Bifi HASIBHUX 0OUMC/TIOBAIBHUX PECYPCiB CUCTEMH, UM 3a0€3I1eUyeThCs afamTallis
11 HasiBHI 0GYMCIIIOBAJIBHI PeCypCH.

TIpuBeieHMIT TPUKJIA/] BUKOPHCTAHHS 3aIIPOIIOHOBAHOTO METOAY IS 6araTOKPUTEePiaIbHOI OI[iHKM OTIePATUBHOTO YTPYITOBAHHS BilICBK
(cuur). 3anponoHOBaHU MeToy 3a6e3Ieyye MiJBUIeHHS TOYHOCT] Ta OIIepaTHBHOCTI B CepefHbOMY Ha 35%, IIpH 3a0e31e4eHH] BUCOKOT 301K-
HOCTi OTpPUMaHMX pe3y/IbTaTiB Ha piBHI 93.17%.

KUIro4oBi c10Ba: cricTeMM IIOKa3HUKIB, lepeBO BPa3/IMBOCTEH, aJITOPUTM 3rpal IiHTBiHIB, iecTabii3ytoui hakTopH, yrpyrnoBaHHS BifichK (CHUT).
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3AIMCHEHHSA HEJIHIMHOT JE@A3ZUOIKALIT ITHIBICTUYHUX IHANKATOPIB IIEPEBAT B METOJI AHAJIIZY
IEPAPXIH CAATI (c. 25-33)

O. M. PeBa, B. B. Kamumus, C. II. Bopcyk, II. II. Mamenko, K. B. Kupuuenko, JI. A. CaraHOBCbKa

OG6’eKTOM JIOCJIi/PKEHHS € METO/, aHaJTi3y iepapXiii, SIK GiJIbII 3aCTOCOBYBAHUM IS BUPILIIEHHS MYJIBTUKPUTEPiaIbHUX 3a/1ad IPUHHSTTS
pimens (ITP). IlpeameroM — mikasa piBHIB mepesar Caati Ta METOAM BCTAHOBJICHHsS HOPMOBAaHUX BaroBux koedinientis (HBK). ITpo6iema
TI0JISITAE y TIIBUINEHHI TOYHOCTI MYJIBTUKPHUTEpiaTbHUX pillleHb, Ae JiHifiHa [edasudikaris giHrBicTHYHMX iHAMKaTopiB mepesar (III),
3aCTOCOBYBaHa JyIst (POpMyBaHHS MaTpULb onapHUX nopiBHsHb (MIIII), He BiIOBi/ja€ 0COOIMBOCTSIM JIIO/ICHKOTO MUCJIeHHS. CyTh pe3ysib-
TaTiB — 7151 6a30Bux 11 (IPy, IP;, IPs, IP3, IP;) HBK BCcTaHOBJIEHI MaTeMaTHYHUM METOJOM po3cTaHOBKHU mnpiopureriB (MPII), ajantoBaHuM
JUTs IOTpe6 AOCTipKeHb, 11 TPOMDKHUX (IPg, IPg, IP4, IP;) — My/bTUILTIKaTHBHOIO arperariero HBK cycignix ITI. Oco6mBicTb — BCTAHOBJIEHO
TIPUIHATHUM 3acTocyBaHHA pesyabraTi II iTeparii MPII 3 XII, mio € HesniHiiiHUMEU, GOPMYIOTh CTyII€HEBY IIKaTy, 3a6e311e4yl0Th HaJIEXKHY
TOYHICTh BUMIpiB IpiopureTiB. KiJIbKiCHMIA IMOKa3HUK YyTJIHUBOCTI 0 BUMIpy JIIHTBICTUMHUX IlepeBar 3pic 4,5 pasu MOPiBHAHO 3 JIiHiITHOIO



mrkastoro. OffHaK CepeHii MOKa3HUK KiTbKiCHOI OLiHKM BCTAHOBJIEHHS ITOMUIIKOBOTO II1 B HestiHiitHiH mKkasi BusBuBcs y 1,84 pas3u 6inbmmmM,
HDX y JIiHIHHIH. 10 BUCYBa€ JOaTKOBI BUMOTH 10 KOMIIETEHTHOCTI €KCIIEPTIB, a TAKOXK HeoOXi[HOCTi KOHTPOJIIO TX YBa)KHOCTI ITiz yac ¢op-
myBaHHsA MIIII.

BigHOCHMIT KiIBKICHMI ITOKa3HUK, 11O BiAmoBigae 36impmenHo HBK tepmiB mkasm Caati, yTBOpeHHM 3a ZJOIIOMOror0 MopudikaTopa
«JIy>Ke» IUISIXOM 3/1iiCHEHHSI HEeUiTKOI omepartii «KOHIeHTpalisi», 3pic Maiie y/Biui, «II0BiifHOI KOHI[eHTpalli» — Ha TpeTuHY. Lle GiybIIo0
MipoIo BiNIOBifa€ KiJIbKiCHO-SIKiCHIM JIOTilli CIiBBiJHOLIEHHS 3a3Ha4YeHUX TepMiB. IIpakTH4YHe BHUKOPHUCTaHHS OTPUMAaHUX pe3YyJbTATiB
CIpUsTHME 3a1100iraHHI0 HETaTHBHOMY SIBUIIlY PEBEpPCy PaHTiB y MyJIBTUKpUTEpiaIbHUX 3a7a4ax I1P.

Kurro4oBi c1oBa: MeTof, aHaIi3y iepapxiii, piBHi mepesar, JiHTBICTHYHI iHAWKAaTOPU, HOPMOBaHi Barosi koedirjieHTH.
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MLP-KAN: PEAJII3AIIIA ITAPY KOJIMOT'OPOBA-APHOJIBJIA Y BATATOIIIAPOBOMY IIEPCEIITPOHI (c. 34-41)

0. M. I'asruonukos, Oleksii Baranov, O. B. Macios, M. 1. Ba6uu, 1. O. BacbkoB

OG6’eKTOM JOCTiZIPKEHHS € HeIPOHHI Mepesxi, sIki BUKOPUCTOBYIOThCS JyIsl kutacudikanii 06’exTiB Ha 306pakeHHsX. [Ipobsema, 110 BUpi-
LIyeTHCST B pOOOTi, IOJISATAE Y BUSIBJIECHHS BapiaHTiB MOOY[0BU apXiTeKTypH 6araToIapoBOro IepcenTpoHa, 0 BUKOPUCTOBYIOTH map Kosmo-
ropoBa-ApHOJIBbA Ta BiJ[pi3HAIOTECS HAHKpAILIMM CITiBBiJHOIIEHHSIM SIKOCTi Klacudikanii Ta 06’eMy o64uCIeHb. Y po6OTi 3aIIpOIIOHOBaHO
Moaudikariro 6ararorrapoBoro mepcentpoHa (MLP) 3a paxyHOK 3aMiHM TIEPLIOTrO IPHUXOBAHOIO Inapy Ha map KosmoropoBa-ApHOsbaa.
Ile 103BOJIMJIO OJJHOYACHO BMKOPHICTOBYBATH ANIPOKCHMYIOUi BJIACTMBOCTI HEHpPOHIB i (pyHKIill akTHBAIii, 0 HaB4aOThCsA. OCOOGIMBICTIO
po3po6seHoi HeitpoHHOT Mepexxi MLP-KAN Ha BigmiHy Bij ki1acuunol Mepexxi KAN € BUKOpUCTaHHS TiJIbKY OfiHIET (QyHKIT akTUBaIil A7t
KO)KHOTO 3 BXiJHUX eJieMeHTiB. HaBuanHs QyHKI[ili akTUBaIii IpOBOAUTHCS HAa OCHOBI HE3MiHHUX pajialbHUX 6a30BUX (DYHKIiH, sKi CKJIa-
JTAIOTBCS 3 BUKOPUCTAHHSIM BaroBUX KoedillieHTiB, 110 HaBYaroThCs. Taka mobyzoBa apxiTekTypu HeiipoHHOI Mepexxi MLP-KAN nosBosmiia
BUKOPHUCTOBYBATH /151 11 HaBYaHHsI TUIIOBI 6i61ioTexu Ta ontumizaTopu. IIpu 11boMy, Ha BiIMiHY BiJ] BiZJOMUX aHAJIOTiB, HEMA€E YIIOBIIbLHEHHS
LIBUZKOCTI HaBUYaHH:. [IpoBezieHi eKcrieprMeHTaIbHi JOCIIpKeHHs Ha 6a3i Habopy gaHuX pykorvcHUX nudp (MNIST) nokasany, mo MLP-KAN
MO>Ke 3a6e31edyBaTy GLIbII BUCOKY SIKiCTb Kiachbikallil 32 MEHIIOro o6csAry 06YMCIeHb. 30KpeMa, JIst OTPUMAaHHS TaKoi stkocTi K1acudika-
11ii, K rmopiBHIOBaHa MLP, 1pu BifmioBijHOMY 3aBiaHHi mapameTpiB MLP-KAN BuMarae B 3,63 pasiB MeHIINi 06¢sT 069ncaeHb, Hix y MLP.
Ile 103BOJIsIE CYTTEBO MiIBUIINTH e)eKTHUBHICTh IIPUCTPOIB Kiacudikalii 06’eKTiB Ha 300pa)keHHSIX, IT00y/I0BaHNX Ha MiKpOIIPOLiecopax, 10
TIPAIfIOIOTh B @aBTOHOMHOMY PEXUMI y CKJIaZli pOOOTH30BaHUX KOMILIEKCIB.

KurrouoBi cyroBa: 6araToriapoBHil IepcenTpoH, HelfpoHHA Meperka, Meperxka KosmmoropoBa-ApHOJIb/[a, Barosi koedilieHTH, pasiiaabHo-6a-
3UCHI QyHKILT.
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PO3POBKA JETEPMIHICTUYHOI'O AJITOPUTMY HA OCHOBI BAPIAIIM JIJIs1 CTOXACTUYHUX MIHIMAJIBHUX
KICTAKOBHUX JEPEB Y PO3IIOAIIBHUX MEPEXKAX (c. 42-51)

Anna Angela Sitinjak, Saib Suwilo, Mardiningsih Mardiningsih, Sutarman Sutarman

Lle moci/pKeHHS CTOCY€EThCS TOOYL0BY MiHIMaIbHUX KicTsKOBUX ZiepeB (MKJ/I) y CTOXaCTUYHUX 3BaYKEHUX PO3IIOJIIBHUX MepexKax, /ie
BUTpPATU Ha pe6pa MAIOTh HEBiZl eMHi HEBU3HAYEHOCTI 3 BiJlOMUMU cepeAHIMU 3HAYeHHSIMU Ta Aucnepcismu. TpaauniitHi gerepmiHoBaHi
METO/IM 9acTo JJAl0Th 36iii, a iCHyr04i CTOXaCTHYHI MiZIXOZAY YacTo € HeCTaGIbBHUMH 260 06YMCIIIOBAIBHO CKJIQJIHIMU 32 BUCOKOI HEBHU3Ha-
4EeHOCTI. 3aIPONOHOBAHO HOBUIl A/ITOPUTM JIeTepPMiHiCTUYHOTO MepeTBOPEHHs Ha OCHOBI AucIepcii. loro oCHOBHOI 0COGIMBICTIO € Me-
PETBOpPEHHSI CTOXaCTUYHUX BUTPAT HA peOpa B HAiMHI leTepMiHOBaHiI €KBiBaJIEHTHU HLISIXOM OOUHCJIEHHS arperoBaHOrO WieHa JAucrepcii
3 HallGinbmuX (n — 1) Aucnepciit pedep, 110 Ko3BosIste mobyayBatr MK/ 3a 101IOMOror0 KJIacCUYHUX aIropuT™MiB. Lleit MeToz MpUHIUIIOBO
MiZBUIYe CTabiNbHICTD i 3a6e3nedye [OIiTbHICTD, 0COGIMBO Y CI[eHAPisX 3 BUCOKOK JUCIEPCiero, MOKPAIlyoun TPAAUIIiiiHI MeToAn Ha
OCHOBI JIoBipunx iHTepBasiB. EGeKTUBHICTL alropuT™My GyJa PeTebHO nepeBipena. Foro mpojlyKTHBHICTb MOPIBHIOBAIM 3 HMOBIpHiCHUM
METOJ/[OM Ha OCHOBi Q; 3a MOMipHOI Jucnepcii, eMoHCTpyroun mocioBHi Ta Touni MK/, ITorim foro 6y/10 3aCTOCOBAHO JI0 CKJIaJHOI
21-peGepHOI pO3MOAINEIO0] Mepexi 3 BUCOKMMU MTapaMeTpaMHU AucIiepcii. Pe3ysbraTty mifATBep/pKyI0Th IIMPOKY 3aCTOCOBHICTh, TOYHICTh Ta
3/1aTHICTh aJITOpUTMY Oy/yBaTH HaJiliHi KicTAKOBI /lepeBa K 3a IOMipHOI, TaK i 32 3HAYHOI HEBU3HAYEHOCTi. AJITOPUTM JIeMOHCTPY€E 3Ha4-
Hy o6unciroBanbHy edexTuBHicTb (O(r log r)), mo 3a6e3redye MPaKTUYHICTh Ta MACIITA60BAHICTh MPH Pi3HUX PiBHAX HEBU3HAYEHOCTI.
Ha BigmiHy Bif iTepaTmBHUX a60 Mojesieil 3 BAXKKMMH OOMEXEHHSIMH, Ieil aJIfOPUTM CHPOILIye ONTHUMIi3aliito, 36epiratour mpu oMy
TIpe/icTaBJeHHs HeBU3Ha4YeHOCTi. Ile po6HUTh iforo o6pe MpUAATHUM /IS BETMKOMACIITAOHUX MEPEeXX Ta PeabHUX CHCTEM, /Ie MiHIUBIiCTh
BapTOCTi € KPUTUYHO BXUIMBOI. MaiiOyTHI ZOCIIi/PKEHHST BKJIIOUAIOTh PO3LIMPEHHS I[bOT0 IMiZXOAY A0 6araTolijpoBoi onTuMisarii a6o
JUHAMIYHUX MEpex.

KUrro4oBi c1oBa: KiCTsIKOBe JlepeBo, CTOXaCTUYHHI rpad), aITOpUTM Ha OCHOBI AUCIIepcil, AeTepMiHiCTUYHE ITepeTBOPEHHSI, MOJIe/IIOBaH-
HsI HEBU3HAYEHOCTI, ONTUMI3alis Mepexi.

DOI 10.15587/1729-4061.2025.330644
PO3POBKA METOAY IIIIBUINEHHA OITIEPATHUBHOCTI IIEPEJAYI JAHHNX B CHCTEMAX MOHITOPHUHI'Y HA BA3I1
MOBLIBHOTI'O BUCOKOIILIBHOT'O IHTEPHETY PEYEM (c. 52-61)

I. A. Kyuyk, O. O. Moxxaes, C. A. TrosieHes, M. O. Moxkaes, H. I. Kyuyk, JI. II. Tumornuk, A. B. JIy6eniios, 0. M. OHHIIIEHKO,
10. B. ’'nycos, M. B. IlypaHos

O6’eKTOM JIOCTIKEHHSI € IIPOoLiec MiJIBUIIEHHS OIIepaTUBHOCTI ITepejadi JaHUX B CUCTeMaX MOHITOPHHTY, sIKi HAXOJSATD 3 MAJIOTIOTY)KHHUX
MIPUCTPOIB MOGLIIBHOIO BHCOKOIUIBHOrO [HTEpHETY pedeil. BupimryBasace mpo6iemMa 3MEHIIEHHsI Cepe/{HbOr0 Yacy 3aTPUMKH Iepejadi iH-
¢opmarnii yepes nepesaBasbHy CTAHIIiO IIJII03y CUCTEMU MOHITOPHHTY. [IJIs IIbOT0O 3aIIPOIIOHOBAHO YIOCKOHAJIUTHU IIPOLielypy MHOXKMHHOTO
BUXOZly Ta BUKOPHCTOBYBATH CITOCi6 (hOpMyBaHHS TUMYACOBUX AMHAMIYHHX KJIACTEPiB 3aJIKHUX PKEPEIT.



IIpu mpoBezieHHI AOCTiZKeHb po3pobIeHa MOJiesIb CCTEMHU MOHITOPHHTY i3 MHOXXHHHUM BHXOJIOM BY3JiB. IIpy po3po61ii BUKOpHCTaHa
npoleAypa no0yAoBY TUMYACOBOI IiIMHOKMHYN aKTUBHUX IIPUCTPOIB, 3aJI©KHUX 32 AaHUMU. 1e 03B0JIM/I0 3MEHIINUTH HaJJIUIIKOBICTh Ja-
HMX, 1110 HAJXOJAT JI0 LIJII03y CUCTEMH MOHITOPHHTY.

3anponoHOBaHUH Mi/Xi/| /17151 3HAXOPKEHHS 3Ha4eHb BEPXHBOI Ta HIDKHBOI I'PAaHUIIb CEePeHbOI 3aTPUMKH Itepeziadi ganux. [Tigxin 6asy-
€ThCsl Ha CIIPOIIEHH] PO3PAaXyHKIB LIAXOM IIEPEXOAY 10 OAHOBUMIpHOr0 MapKiBCHKOTIO JIAHIIIOTY. 3aCTOCYBaHHS PIBHOMIPHOI'O PO3IIO/iTY aK-
TUBHMX a00HEHTIB O3BOJIMJIO 3HANUTH aHAJITUIHUI BUpa3 /JIs1 BEPXHBOI I'PAHMUII] cCepeHbOl 3aTpUMKH. OCOGINBICTIO TIPOIecy 06GUNCIEHHS
HIDKHBOI TPaHUIli € BBeJIeHHd (DiKCOBAaHOTO PO3OMTTS 30HU ITPUIOMY Iepe/jaBajbHOI CTaHIlii Ha PiBHi CEKTOPHU.

Po3po6sieHNit aITOPUTM MHOXKHHHOTO BUXO/y BY3J1iB OPi€HTOBaHMI Ha 3MEHIIEHHS cepe[HbOI 3aTPUMKH TIepefiadi JaHNX ITPU oOMexe-
Hill KisIbKoCTi a60HeHTiB. OCOGINBICTIO METOY € 06MeXKeHHs! KiJIbKOCTi IlepexoziiB IpH (hOpMyBaHHI CTaIliOHAPHOTO PO3MOALTY MapKiBCbKOr0o
JIaHIfora. BHACIIiZIOK 3aCTOCYBAaHHSA METO/Y 3MEHIIYEThCS CEPeiHs 3aTPHMMKa Ta ITi/|BUILLYEThCS ONIEPAaTUBHICTD MepeAadi JaHux. JJocaipKeHHd
3aIIPOIIOHOBAHOI0 METOAY ITOKa3ajIu, 110 OIePaTUBHICTb Nepeadi JaHUX MiJBULIYETHCS Y IOPiBHAHHI 3 iCHYIOUMMU METOAaMU Bif 5 10 50%.
OTpuMaHi pe3yJIbTaTh JTOCTiZPKEHHS] MOYKHA ITOSICHUTH 3a/J{sTHHSIM TIPOLielyp! MHO)KMHHOTO BUXO/ly aOOHEHTIB.

Kurrouogi coBa: IHnTepHeT peueil, MapKiBCbKUII JIAHITIOT, BUCOKA IUTBHICTD, CHCTEMU BUIIAIKOBOTO MHOKMHHOTO JIOCTYILY.



