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The object of research are models of optimal logic circuits based
on universal Peirce-Webb functions. The problem solved is the effi-
ciency of the technique for simplifying the Peirce-Webb functions.
The extension of the non-standard system to the simplification of
Peirce-Webb functions makes it possible to discover new rules of
equivalent transformations of Boolean functions, and to complete the
simplification procedure in one step. A feature of the simplification of
functions in the Peirce-Webb basis by a non-standard system is fixing
the digital project at the level of abstraction, followed by the applica-
tion of the mechanism of logical synthesis to generate the correspond-
ing equivalent at the level of gates of the logic circuit. The result of
the transformation of the terms of the binary matrix in the end is
some combinatorial system, metadata that can explain other data, for
example, determine the minimum function for another logical basis.

The interpretation of the result consists in the use of combinatori-
al properties of binary structures of functions in the Peirce-Webb basis
and binary structures of functions in the basic basis. These properties
do not depend on the selected logical basis, which makes it possible
to carry out equivalent transformations on binary matrices of Peirce-
Webb functions according to the rules of the algebra of the main basis.

Tt has been experimentally confirmed that a non-standard sys-
tem enables:

— to reduce the algorithmic complexity of simplifying the Peirce-
Webb functions;

—to increase the performance of the simplification of Peirce-
Webb functions by 200-300 %;

—to demonstrate the visibility of the process of simplifying
functions.

In terms of application, the non-standard system of simplifying
the Peirce-Webb functions could ensure the transfer of innovations
to material production: from conducting fundamental research, ex-
panding the capabilities of digital component design technology to
organizing serial or mass production of novelties.
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The object of research is a complex system of three subsystems,
which function independently of each other and are in a working or
failed state. There is a need to analytically model and manage the
Markov random process in the system, varying the intensity of their
development-restoration and degradation-destruction flows. In the
study, an analytical method for solving Kolmogorov equations of the
eighth order for an asymmetric Markov chain was devised.

The corresponding Kolmogorov equations of the eighth order
have an ordered transition probability matrix. The distribution of the
eight roots of this equation in the complex plane has central symmetry.

The results are analytical solutions for the probabilities of the
eight states of the Markov chain in time in the form of ordered deter-
minants with respect to the indices of the eight roots and the indices of
the eight states, including the column vector of the initial conditions.

Symmetry has been established in the distribution on the
complex plane of eight real, negative roots of the characteristic
Kolmogorov equation centered at the point defined as Re®d=-az/8,
where a7 is the coefficient of the characteristic equation of the eighth
degree at the seventh power. Formulas expressing eight roots of the
characteristic Kolmogorov equation have been heuristically derived,
one of which is zero, due to the intensities of failures and recovery
of three subsystems, the eight states of which in general make up an
asymmetric Markov chain.

For structures consisting of three independently functioning
processes, the random process of the transition of the structure
through eight possible states with a known initial state is determined
in time. An analytical solution to Kolmogorov differential equations
of the eighth order for an asymmetric state graph is proposed in
harmonic form for the purpose of analysis and synthesis of a random
Markov process in a triple system.

Keywords: state graph, state probabilities, simulation of random
processes, distribution of roots.
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The object of this study is the process of forming a training
dataset for diagnosing the technical condition of unmanned aerial
vehicles (UAVs) using machine-learning algorithms. UAV flights are
extremely important for various aspects of troop deployment. Com-
bat UAV flights are performed under the influence of negative factors
that cause flight special cases (FSC), which hinder the execution of
combat missions, lead to mission failures, and result in the aircraft
damage or loss. The available capabilities of autopilots are not
enough for control under complex conditions, and in certain situa-
tions, the human operator cannot timely recognize a flight special
case, including evaluation of the destructive impact of enemy’s elec-
tronic warfare systems on communication channels and operation
of UAV. Therefore, the urgent issue is the intellectualization of on-
board control systems, particularly towards recognizing the current
technical state of UAV using artificial intelligence methods. To de-
sign such systems, labeled datasets are required. The procedure for
forming datasets that consider the specificity of UAV construction
and their combat use under adversarial conditions is not defined,
necessitating the development of an appropriate method.

Based on the well-known CRISP-DM methodology, a method
for dataset formation has been proposed for subsequent use in artifi-
cial intelligence systems that use various machine-learning methods.

This method differs from existing ones by considering the spe-
cificity of combat mission execution under adversarial conditions,
which allowed for an 8.0 % increase in the accuracy of recognizing
special cases in UAV flights by the onboard system. It also enabled
timely detection of electronic warfare impacts on UAV and evalua-
tion of the effectiveness of radio signal receivers jamming.

Keywords: unmanned aerial vehicle, training dataset, machine
learning, jamming effectiveness evaluation.
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The object of this study is models for predicting students’ suc-
cess, constructed on the basis of machine learning methods. The
paper reports results of research into the problem of improving
their accuracy by expanding the data set for training the specified
models. The most available are data on student actions, which are
automatically collected by learning management systems. Entering
additional information about students’ work increases time and re-
sources but allows the improvement of the accuracy of the models.
In the study, information about students’ work with video materials,
particularly the number and duration of views, was entered into
the original data set. To automate the collection of this data, the
plugin for the Moodle system has been developed, which stores
information about user’s actions with the video player and the du-
ration of watching video materials in the database. Model training
was carried out using Naive Bayes (NB), logistic regression (LR),
random forest (RF), and neural networks (NN) algorithms with
and without video data. For the models using video viewing data,
accuracy increased by 10 %, balanced accuracy by 15 %, and overall
performance, expressed as area under the curve (AUC), increased
by 14 %. The highest prediction accuracy, with a difference of 1.8 %,
was obtained by models built using RF algorithms — 87.1 % and
NN - 85.3 %. At the same time, the accuracy of the models obtained
by the NB and LR algorithms was 70.7 % and 76.5 %. The increase
in accuracy for them was 2.3 % and 8.1 %, respectively. Analysis of
calculations confirms the assumption that students’ work with edu-
cational video materials is correlated with their success. The results
make it possible to find a reasonable compromise between model
development costs and its accuracy at the stage of data preparation
for model training.

Keywords: success prediction, random forest, logistic regres-
sion, neural networks, naive Bayes.
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The object of this study is the processes related to the assess-
ment of the closeness of publication ties among scientists and taking
into account their productivity related to scientific activity. This
is necessary to increase the efficiency of management of research
projects. To this end, the PR, TWPR, TWPR-CI methods for calcu-
lating scientific productivity estimates of scientists were described.
In particular, the TWPR-CI method gives preference to those scien-
tists whose works were more intensively published and cited during
the last period of time, which is important for the formation of the
composition of the executors of scientific research projects. The
method for calculating the closeness of publication ties among sci-
entists or average asymmetric tie strength was also described. The
verification of dependence between the evaluation of the closeness
of publication ties among scientists and their scientific productivity
was carried out based on the analysis of the citation network of sci-
entific publications and the network of scientific cooperation. The
networks are built on the basis of the open access Citation Network
Dataset (ver. 14). The dataset contains information on more than
5 million scientific publications and more than 36 million citations
to them. The correlation analysis revealed the presence of a weak
inverse relationship between these estimates. However, the weak-
ness of the connection allows us to state that for this case there is no
established correlation between the assessment of scientific produc-
tivity and the assessment of the closeness of publication ties. That is,
the hypothesis that the weak connection between scientists makes
it possible to increase the productivity and innovativeness of their
publications was not confirmed. The results allow for a systematic
approach to the process of evaluation and planning of the results

of research projects, as well as the formation of the composition of
their executors.

Keywords: scientific productivity, closeness of publication ties,
scientific cooperation, PageRank, scientific research project.
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The object of this study is the process of determining the optimal
method for prototyping interactive virtual systems using the principle
of multi-criteria optimization. The paper addresses the task to design
tools for evaluating prototyping methods and introduces software de-
veloped to identify the best option according to priority criteria. The
optimal prototyping method was chosen based on the maximum value
of the membership function with indicators of 0.3, 0.7, and 1. Thus,
the best method for the given task is rapid prototyping, with a mem-
bership function value equal to 1. These results have made it possible
to solve the problem by evaluating fuzzy preference relations on a set
of alternatives. Additionally, a relation convolution was constructed,
from which a subset of non-dominated alternatives was identified.

The key features of the proposed approach are obtaining clear
quantitative evaluation parameters by processing descriptive, non-
unified, and non-formalized input data. The fuzzy preference rela-

tions for the set of alternatives are explained by the analysis of the
most common methods for prototyping interactive systems.

The developed information system could be used for managerial
decision-making regarding the selection of optimal prototyping
option from several possibilities, by comparing methods based on
predefined criteria with arbitrary weighting coefficients. The result
of the research is a universal system adaptable to specific user tasks.
The resulting data will contribute to improving the efficiency of
prototyping and, consequently, reducing costs.

Keywords: interactive system, computer game, multi-criteria
optimization method, fuzzy preference relation.
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The object of the study is hierarchical systems. The subject of
the study is the process of assessing the state of hierarchical systems
using the advanced antlion algorithm (ALA), an advanced genetic
algorithm and evolving artificial neural networks. The problem
solved in the study is to increase the efficiency of assessing the state
of hierarchical systems, regardless of the system hierarchy level. The
originality of the study is that:

— the initial setting of ALA is carried out taking into account
the type of uncertainty using appropriate correction factors for the
degree of awareness of anthill location (priority search directions);

— the initial velocity of each ALA is taken into account, which
allows determining the priority of search by each ALA in the speci-
fied search direction;

—the fitness of ALA hunting locations is determined, which
reduces the time for assessing the state of the hierarchical system;

— the use of the procedure of global restart of the algorithm,
which allows the algorithm to go beyond the current optimum and
improve the exploration ability of the algorithm, which reduces the
time for assessing the state of hierarchical systems;

— the possibility of clarifying the choice of an anthill at the
hunting stage due to ranking anthills by the level of ant pheromone;

— improved ability to select the best ALA in comparison with
random selection using an advanced genetic algorithm, which
improves the reliability of assessing the state of complex hierarchi-
cal systems.

The proposed methodical approach provides a 22—25 % increase
in the efficiency of assessing the state of hierarchical systems by
using additional advanced procedures. The proposed methodical
approach should be used to solve the problems of assessing the state
of complex hierarchical systems under uncertainty and risks charac-
terized by a high degree of complexity.

Keywords: complex hierarchical systems, genetic algorithm,
artificial neural networks, swarm algorithms.
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The study addresses the task to improve the accuracy of
clustering air raid danger levels by constructing a hybrid cluster-
ing algorithm.

A target air clustering algorithm has been developed, which
involves using a modified distance metric and integrates air danger
level assessments directly into the algorithm.

The reported features demonstrate superiority over existing
algorithms based on the Silhouette and Davies-Bouldin indices.
The proposed model yields a Silhouette index of 0.72306 compared
to 0.3481 for the existing model, and a Davies-Bouldin index of
0.3389 compared to 1.209. Models such as Random Forest Classifier
and Gradient Boosting Classifier, evaluated using the clusterizer,
exhibit higher accuracy, specifically 0.87 and 0.87, respectively, com-
pared to existing models with 0.48 and 0.49, respectively.

The distinctive feature of the clusterizer is the use of more
accurate input assessments, determined by the principle of inter-
action and linear scaling. The proposed algorithm involves using
a modified chi-square distance metric, which includes assessments of
state security indices. A notable feature of the proposed approach is
the more accurate determination of cluster centers using Kohonen
self-organizing maps. This helps solve the task of analyzing and
improving the accuracy of predicting air threat levels. The results
are explained by the use of more accurate input assessments and
a well-chosen distance metric between clusters in combination with
Kohonen self-organizing maps.

In practice, the results could be used for analyzing air danger
levels by a ground-based platform.

Keywords: danger clustering, linear scaling, unsupervised learn-
ing, composite indicator, artificial intelligence, air danger.
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BIIPOBAJ[KEHHS HECTAH/IAPTHOT CUCTEMM JIJIS1 CIIPOIIEHHS ®YHKIIII MIPCA-BEBBA (c. 6-32)

M. T. Coaomko, II. O. Taxees, M. C. Auroniok, ¥0. A. Mana, C. M. Ba6uuy, 4. I. Iamyxk

O6’eKTOM JIOCTIIKEHHS € MOJIeJIi OIITUMAIbHUX JIOTTYHIX CXeM Ha OCHOBI YHiBepcaJbHUX (DYHKIL ITipca-Be66a. ITpobaema, mio BUpilLy-
BaJiacst, moJisira€ B ehekTuBHOCTI criocoby cnporenns ¢ynkiii [Tipca-Be66a. TlomupenHs HecTaHAapTHOT CHCTEMU Ha CIIPOIECHHST (DYHKITIH
TTipca-Be66a sae 3MOry BUSBIISATH HOBi IPaBUJIa PIBHOCUJIBHUX [EPETBOPEHb OyieBuX (MYHKIIl, MPOTeLypy CIPOIIEHHS 3aBepUIyBaTH 32
onnu kpok. OcobausicTh cripomientst GyHKIii y 6asuci ITipca-Be66a HecTaHAapTHOIO crCTEMOO Nostae y (ikcartii udpoBoro mpoexTy
Ha piBHI abCTpaKIlil, 3 HACTYITHIM 3aCTOCYBaHHAM MEXaHi3My JIOTIYHOIO CUHTE3Y JIJIsi TeHepallii BiIIOBIAHOTO eKBiBaJICHTY Ha PiBHI BEHTHIIIB
JIoriuHol cxemu. Pe3yJbraTtom 1epeTBopeHHst TepMiB GiHapHOI MATPUIL Y HiICYMKY € Jesika KoMGiHATOpHA CHCTEeMa, MEeTa/aHi, 110 MOXKYTh
MOSICHIOBATHY THIIN JIai, HATPUKJIAJ, BU3HAYATH MiHIMaIbHY (DYHKINIO U1 IHITOTO JIOTIYHOTO Gasucy.

Tureprperaitis pesysibraty MoJsArac y BUKOPUCTAHHI KOMOIHATOPHUX BJACTUBOCTE GiHApHUX CTPYKTYp (yHKILii y Gasuci [Tipca-Beb6a
Ta GiHapHUX CTPYKTYP GYHKIIN ocHOBHOTO Oasucy. LI BiacTuBOCTI He 3aeKarh B/l 00PaAHOTo JOTIYHOTO Ha3uCy, 10 A€ 3MOTY TPOBOAUTH
PiBHOCHJIbHI ITepeTBOpenHs Ha Ginapiux Matpuisx ¢ynkiiii [Tipca-Be66a 3a npasuiamu anredpu 0OCHOBHOTO Hasucy.

ExcriepuMeHTasIbHO MIATBEP/KEHO, 1[0 HeCTaH[apTHA CUCTEMa JIa€ 3MOTY:

— 3MEHIIUTH AJITOPUTMIYHY CKAAAHICTD criporenst ¢pynkiiiii [Tipca-Be66a;

— 30UIBIINTH IPOYKTUBHICTD cripoinents dyukiiii [lipca-Be66a na 200—300 %;

— ZIEMOHCTPYBATH HAOUHICTH TIPOIECY CIIPOIIEHHS (QYHKITIT.

Y npukIaiHOMYy BiIHOIIEHH] HeCTaHAapTHA cucteMa crpoiienns dyukiiit [Tlipca-Be66a 3abesneunTs TpaHchepT HOBOBBEIEHD Yy Mare-
piasbHe BUPOOHUIITBO: Bifl MPOBEAEHHs (HYHIAMEHTATBHUX JOC/IZKEHb, PO3UIMPEHHS MOKIMBOCTEN TEXHOJIOTIT MPOEKTYBaHHST N(PPOBUX
KOMIOHEHTIB JI0 Opraizailii cepiiiHoro 4u MacoBoro BUpOOHUIITBA HOBHHOK.

Kmouosi cnosa: cnpoutenns JTHD, dyuxuis [Tipca-Be66a, Gasuc ipca-Be66a, HecTanaapTHa crcTema, JoriuHa cxema, Bentui [I-HE,
ABO-HE.
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PO3POBKA AHAJIITUYHOI'O METO/1Y PO3B’I3AHHA PIBHAHDb KOJIMOT'OPOBA BOCBMOTO ITIOPA/IKY
JJIA ACUMETPUYHOTO JIAHITIOTA MAPKOBA (c. 33-41)

B. B. Kpagen, M. I. Kanina, 1. B. /lomancekuii, Bi. B. Kpasen, T. C. Ipumeukina, C. O. 3akypaaii

OO0’eKTOM IOCTIPKEHHST € KOMIIIEKCHA CHCTEMa TPBOX IACHCTEM, SIKi (DYHKIIOHYIOTh HE3AJIEKHO OZHA Bif APYroi Ta mepeGyBaioTh
B IIparfe3laTHOMy ab0 BifIMOBHOMY cTaHi. BuHnkae HeOOXiIHICTD aHAIITHYHO MOJIEJTIOBATH Ta KEPYBATH MAPKOBCHKIM BHITAJIKOBIM IIPOIIECOM
y CHCTEMi, Bapiioioun iHTeHCUBHICTD 1X MMOTOKIB PO3BUTKY-BIJIHOBJICHHST Ta JICrpajlaitii-pyiHyBaH s, Y HOCITiKEHHI po3pOOICHO aHAII THYHII
MEeTO/] pO3B’sI3aHH: PiBHAHD KosMoroposa BOCbMOTO TIOPSKY /TS aCHMETPUYHOTO JIaHIiora Mapkosa.

Binnosiani piBHsiHHa KosMoroposa BocbMOro IMOPSIIKY MAIOTh YIIOPSI/IKOBAHY MAaTPHIIO MepexiHuX itMoBipHOCTeil. Po3mosin BocbMu
KOPEHiB I[bOTO PIBHSHHS B KOMIJIEKCHIN TIJTOTINHI MA€ IEHTPAJIbHY CHMETPIIO.

PesyzisraTamul € aHaJITUYHI pillleHHs /1T HMOBIPHOCTEI BOCbMU CTaHiB J1aHIiora Mapkosa B yaci y (hopmi yrnopsiikoBaHUX BUSHAYHUKIB
Bi/THOCHO 1H/IEKCIB BOCBMH KOPEHIB Ta iHIEKCIB BOCBMHU CTAHIB, BKIIOYAIOYH BEKTOP-CTOBIIEIIb ITOYATKOBUX YMOB.

BcranoBrena ciMeTpist B pO3MOJIiJIi Ha KOMIIJIEKCHII TIJIOMKWHI BOCBMU /IiHCHUX, BiJl EMHUX KOPEHIB XapaKTePUCTUIHOTO piBHAHHS KoJ-
MOTOpOBa 3 IIEHTPOM Y TOUIli, BU3HaueHiil sik: Re O =—ay/8, ne a; — xoedillieHT XapaKTepHCTHYHOTO PIBHAHHS BOCBMOTO CTYIEHS IIPH CbOMOMY
cryneni. EBpuctiuno 3uaiizeno hopmMysin, o BUPakaloTh BiCiM KOPEHiB XapaKTepUCTHYHOTO PiBHAHHA KosMOropoBa, 0iuH i3 SIKIX € HyJIbO-
BUM, Yepe3 iHTEHCUBHOCTI BiJIMOB 1 Bi/IHOBJIEeHb TPbOX IIiJICCTEM, BICIM CTaHIB SIKUX 3arajloM CKJIJIal0Th acCUMeTpUYHuUi janior Mapkosa.

JL1st CTPYKTYP, IO CKIAAAI0THCST 3 TPHOX HE3aIEKHO (DYHKIIOHYIOUNX MPOIECiB, BUSHAYAETHCS Y Yaci BUMAIKOBUN TIPOIEC TIEPEXO/LY
CTPYKTYPH 4epe3 BiciM MOKJIMBUX CTaHIB 32 Bi/[OMOTO IMOYATKOBOTO CTAaHY. 3alIPONIOHOBAHO B rapMOHilTHIN (hopMi aHaTiTUYHE PO3B’I3aHH
mudepeniianbHUX piBHSAHD KoIMOropoBa BOCBMOTO HOPSIIKY /TSI aCUMETPUYHOTO rpada cTaHiB 3 METOI0 aHAJi3y Ta CMHTE3y BUIA/KOBOTO
MPOIIeCY MapKOBCHKOTO B triple system.

Kmoyosi cioBa: rpad craHis, IMOBIPHOCTI CTaHiB, MOJIEIIOBAHHS BUIIA/KOBUX IIPOLECIB, PO3MO/IiJ KOPEHIB.
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PO3POBKA METOJY KOMIIJIEKCHOTO ®OPMYBAHH{ BUBIPKU 1 BUBOPY MOJEJII AJId PO3IIISBHABAHHSA
TEXHIYHOT'O CTAHY BE3IIJIOTHOTIO JIITAJIbHOTI'O ATIAPATY (c. 42-51)

O. M. Ileperyaa, A. B. Poxionos, /1. JI. @exopuyk, C. B. Kypascokuii, M. I. Konsicap, T. B. Bosmueup, B. B. /lanuxk,
M. A. 3akanan, C. A. IluGyas, T. B. TpucHiok

OG6’exTOM JIOCIIDKEH ST € Tporiec (hOPMYBaHHS HABYAIBHOT BUOIPKU JUIS JIATHOCTYBAHHS TEXHIYHOrO CTaHy Oe3MiJIOTHOTO JTaJbHOTO
anapary (bnJIA) 3 BUKopucTaHHSIM alrOPUTMIB MammnHHoro Hapyanns. [Tomboru BriJIA € Bkpail BaskmBUME 7151 PI3HUX ACIIEKTIB 3aCTOCY-
BanHs Bificok (cuur). Boitosi nosboti BiiJTA BUKOHYIOTHCS B yMOBAX BILIMBY HEeraTHMBHUX (DAKTOPIB, sIKi CHPUYMHSIOTH OCOOIMBI BUIIAJAKI
y noaiboti (OBI), sIKi TIepenko/pKaoTh BUKOHAHHIO O0MOBUX 3aB/IaHb, TIPU3BOAATD /10 X 3PHMBIB, 10 BUAJIKIB MOIIKOKEHHS JTITAJBHUX ara-
pariB abo ix BrpaTu. HagBHUX MOKIMBOCTEN aBTONIIOTY HEAOCTATHHO JJis 3AIHCHEHH KEPYyBaHHs B CKJIAJHUX YMOBaX. B eBHUX cuTyaisax
JIIOJIITHA-0TIEPATOp He MOKe cBoedacHo poamisaari OBII un oiHUTH IeCTPYKTUBHIUIT BILTHB 3ac001B paiioeIeKTPOHHOI 60pOTHON IPOTHBHI-
Ka Ha indopmaiiiini kanaau ta po6ory csoro BriJIA. Biarak, akTyaqbHUM TIHTaHHIM € iHTeJeKTyasisailis GOPTOBUX CHCTEM YIIPaBJIiHH,



30KpeMa B HAIPSIMKY PO3ITi3HABAHHST TOTOYHOTO TEXHIYHOTO cTaHy BriJIA 3 BUKOPHCTAHHSM METO/IB MITYYHOTO iHTeTeKTY. [l/1st pO3pobIeHHs
TaKuX CUCTeM HeoOXiaHi posmiveni Bubipku. [Topsiiok hopmyBaHHs BUOIPOK 3 ypaxyBaHHsIM ocobmBocTeii 1o0ynosn BrJIA ta ix 6oiioBoro
3aCTOCYBaHHS B YMOBaX IPOTH/IT He BU3HAYEHUIT, TOMY BiIIIOBIZAHIIT METO/L i/IsATA€ PO3POOIIECHHIO.

Ha ocHosi Binomoi metonosorii CRISP-DM po3pobiieHo metos hopMyBaHHs BUGIPKU IS IOAAIBIIOTO 3ACTOCYBAHHS B CUCTEMAX 3 €Jie-
MEHTaMU TITYYHOTO iHTETEKTY, SIKi BHKOPHCTOBYIOTh Pi3Hi METOAN MAITMHHOTO HABYAHHSL.

Mertos BifipisHAETbCS Bifl BIIOMUX ypaxyBaHHAM creliu(iku BUKOHAHHSA OOHOBUX 3aBJaHb B yMOBaX IPOTH/Il MPOTHBHUKA, IO
J03BOJIMJIO HiABUIUTH TOYHicTh posnizuaBanus OBII BiiJTA Goprosoio cructeMoio B cepeabomy Ha 8,0 %, B TOMY YMCJI HAZAL0 MOSKJIH-
BICTh CBOEYACHO BUSIBJISATH (DaKT BILUIMBY 3ac00iB pajioesnekTportoi 6oporsdu ra BriJIA i oninioBaTi eheKTHBHICTD PajiionofaBiIeHHs Horo
npuiiMauiB pajgiocurHaIis.

KiouoBi cioBa: Ge3misioTHuil JliTalbHUi anapar, HaByaabHa BUOIpKa, MAIIMHHE HABYAHHST, OIIHIOBAHHS e(heKTHBHOCTI PaionoIaBIeHHSL.
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BU3HAYEHHS BILTUBY JAHUX PO POBOTY 3 BITEOMATEPIAJTAMU HA TOYHICTH MOJIEJIEN TIPOTHO3YBAHHS
YCHIITHOCTI CTYAEHTIB (c. 52-62)

B. I. IImimnenko, B. B. Craneunxko, T. £. Bina, /1. B. Cranenko

OO6’eKTOM IOCTIUKEHHS € MOJIeJIi IPOTHO3YBAHHST YCIIITHOCTI CTY/IEHTIB, 1110 CTBOPEHI Ha OCHOBI METO/IB MAIIMHHOTO HABYAHHST. Y CTaTTi
TIPEJICTABJIEH] Pe3yIBTaTH AOCTIKEHHST TPOOIEMH T ABHIEHHST IX TOYHOCTI 38 PAXYHOK PO3IIMPEHHs HAG0PY AAHUX ISl HABYAHHSI 3a3HAUEHIX
Moziesteil. HaiiGiibin JocTyHUMK € faHi 1po Ail CTYAEHTIB, sIKi aBTOMaTHYHO 30MPAIOTh CUCTEMHU YIIPABIHHS HABYaHHAM. BBegenus gonar-
KOBOI iH(opMaltii mpo poboTy CTyAeHTIB 30iIbIIYE BUTPATH Yacy Ta PecypciBs, ajie JA03BOJISE TABUIIUTH TOUYHICTb Moeeil. Y A0CiKeH ]
y BUXifHUIT HAGIp ZaHUX BBeAECHO iH(MOPMAIIiI PO POOOTY CTYIEHTIB 3 Bileomarepiajamu, 30KpeMa, KIJIbKICTb Ta TPUBAIICT MEPEIJISIiB.
Jlist aBromarusaitii 360py 1ux AaHux po3pobieHo miarin st cucremu Moodle, sikuii 36epirae B 6asi ganux irndopmartito mpo il KopucryBadya
3 BizleonporpaBavyeM Ta HaKTUYHY TPUBATICTD MEPErJis/iiB BigeomarepiaiiB. TpenyBanus Mo/iesieil 3/1iiiCHIOBAIOCH 32 AJITOPUTMAMU HAiBHOTO
Baiteca (NB), sorictimanoi perpecii (LR), Bunaaxosoro micy (RF) ta Hefiporanx mepesk (NN) 3 manuMu mpo po6oTy 3 Bifeomarepianamu ta
6e3 Hux. [[J1s1 MozIeeld, 1110 BUKOPHUCTOBYBAIH JIaHi TIPO TIEPETIIS BilleoMaTepiaiB, IpupicT ToqHoCTi ckiaa 10 %, 36amaHcoBaHoi TOYHOCTI —
15 %, a 3arasibna e(heKTUBHICTD, BipakeHa 1iotero i kprsoio (AUC), 36iibinnack na 14 %. HaiiBuiy To4HiCTb IPOrHO3YBaHHS 3 PI3HULIEIO
B 1,8 % orpumaiu Mozt mobynoBani 3a anroputmamu RF — 87,1 % ta NN — 85,3 %. Toii ik TO4HiCTh MOJIETIeiT OTPUMAHNUX 32 aJITOPHUTMAMU
NB ta LR cxmnamna 70,7 % Tta 76,5 %. Ilpupict Tounocti st Hux ckias 2,3 % Ta 8,1 % BiAnoBiaHo. AHAJII3 PO3PAXyHKIB ITi/ITBEP/UKYE TIPUILY-
HIEHHS TIPO Te, M0 PodOTa CTYAEHTIB 3 HABYAIBHUMH BijlcoMarepialaMu KOPETIOEThes 3 iX yemimuicTio. OTpuMani pesysisraTi 03BOJISIIOTh
Ha eTari MIroToOBKM JaHkX JUIsk HaBYaHHS MoJeJiell 3HaiiTi 06rpyHTOBaHUIT KOMIIPOMIC MK BUTpataMu Ha po3poOKy Mojesieil Ta ii TouHicTio.

Komo4oBi ciioBa: 1porHo3yBaHHs YCIIIIHOCTI, BUIIA/IKOBHUIL JIiC, JIOTICTUYHA perpecisi, HeiipoHHi Mepesxi, HaiBuuit Baitec.
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BUABJIEHHA TICHOTU MY BJIKAIIAHOTIO 3B’A3KY B HAYKOBIi CIIBIIPAIIl 3 BPAXYBAHHAM HAYKOBOI
MMPOAYKTHUBHOCTI HA OCHOBI TIME-WEIGHTED PAGERANK METHOD WITH CITATION INTENSITY (c. 63-70)

A. O. Binomuupkuii, O. 0. Kyuyaucekuii, ¥0. B. Angpamko, Aidos Mukhatayev, Sapar Toxanov, Adil Faizullin, H. B. IOpuenko

OG6’eKTOM JOCTIKEHHST € IPOIIECH, AKi TT0B’A3aHi 3 OI[IHIOBAHHAM TICHOTH 11y6jlixauiﬂﬁoro 3B'513Ky HayKOBIIIB Ta BPaxyBaHHs iX IIPOJLYK-
THUBHOCTI HAYKOBOI HisIbHOCTI [loCmiKy€eThes 3a/1aua BCTAHOBIEHHST HASIBHOCTI 3aJI€KHOCTI MIXK HAYKOBOIO ITPOAYKTUBHICTIO Ta OIIHKOIO Tic-
HOTH TTyGJIiKaIiHOTO 3B’s13Ky MiK HayKoBIsiMuU. 1le HeoOXiHO /ISt MmiaBHIeH S e(eKTUBHOCTI YIIPABJIiHHS HAYKOBO-IOCIIIHIMU TPOEKTAMMU.
Jl1s1 11bOT0O GYJI0 OTMCAHO METO/M PO3PAXYHKY OIIIHOK HayKOBOI mpomykTusHoCTi Haykosiis PR, TWPR, TWPR-CI. 3okpema metox TWPR-CI
Ha/[a€ repeBary OLIHI THM HAYKOBIAM, sIKi GLIbIN IHTEHCUBHO TYOJMIKYBaJUCh i IUTYBAJIKCh TPOTSITOM OCTAHHBOTO IEPioy dacy, IIo
BKJIMBO /ISt (DOPMYBAHHS CKJIA/y BUKOHABI[B HAYKOBO-IOC/IIHUX MPOEKTIB. Takok GyJIO OMUCAHO METOJ PO3PaXyHKY OI[HKU TiCHOTH
myGJTKaIiiinoro 3B’sI3Ky MiK HayKOBISIMU abo average asymmetric tie strength. TIposezena Bepudikartist 3a1€;KHOCTI MiZK OIIHKOIO TICHOTH
myGJKaIiiiHOTO 3B'93Ky HAyKOBIIIB Ta IX HAYKOBOIO IPOAYKTHBHICTIO Ha OCHOBI aHaJIi3y MepeKi IIUTYBaHHsI HAYKOBUX MyOJIiKaIiii Ta Mepesxi
HayKoBOI criBrparii. Mepesxi moGynoBani na ocHosi gatacery Citation Network Dataset (ver. 14) 3 Bigkputum gocrynom. Jatacet Mictuth
indopmaitito 1po Oibl, HiK 5 MITbHOHIB HaykoBUX My6Jikaliil Ta 6igbire 36 MisbiioHiB nuTyBab Ha HEUX. [IpoBeaenunii KopeasaiiHmit
aHaJIi3 OKa3aB HAABHICTH CTA0KOT 0OEPHEHOT 3aIEKHOCTI MiK TaHUMU OIiHKamMu. [IpoTe c1abKicTh 3B13KY I03BOJISIE CTBEPUKYBATH, IO IS
JAHOTO BUITAJIKy HEMAE BCTAHOBJIEHOT KOPEJISIIIHOI 3a/Ie;KHOCTI MiZK OI[IHKOIO HAYKOBOT POAYKTUBHOCTI Ta OI[IHKOIO TICHOTH Iy OJIiKaIiiHo-
TO 3B'SI3KY. ToGro rinoresa mpo Te, Mo ciabka TicHoTa 3B'S13Ky Mi’K HayKOBISIMH JI03BOJISIE III/IBUIIIUTH ITPO/LYKTUBHICTD Ta IHHOBAIIHICTD IX
my6JriKartiii, ve miaTBepsKyeThest. OTpUMaHi pe3yIbTaT I03BOJISIIOTH CHCTEMHO AT /10 TIPOTIecy OIiHIOBAHHSI Ta TJIAHYBaHHS Pe3yJIbTaTiB
HAYKOBO-/[OCJITHUX TIPOEKTIB, a TAKOK (DOPMYBAHHS CKJIA/Y iX BHKOHABIIIB.

KiiouoBi citoBa: HayKoBa IIPO/yKTHBHICTD, TICHOTA TTyOJIiKaniiinoro 38’s13Ky, HaykoBa criBrpaiist, PageRank, HayKoBo-1ocmiiHMil TPOEKT.
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ONIHIOBAHHA METO/IB ITPOTOTUIIYBAHH IHTEPAKTUBHHUX BIPTYAJIbHUX CUCTEM HA OCHOBI HEYITKOI'O
BIJHOINEHHA HEPEBATH (c. 71-81)

A. B. Kyapsimosa, 1. B. Ilix, B. M. CenskiBcbkuii, 10. 0. Mepenny

O0’eKTOM JIOCTIUKEHHST € TPOIIEC BUSHAYECHHSI ONTUMAIBHOTO METOJY CTBOPEHHSI IIPOTOTHUIIB IHTEPAKTUBHUX BIPTyalbHUX CUCTEM 32
MPUHIUIIOM GaraTopuTepiaibHOl onTuMizallii. PosrisgmyTo BupimeHns mpodieMu po3podJeHHs 3aco0iB OIIHIOBAHHS METOAIB MPOTOTHITY-
BaHHS Ta CTBOPEHO IIPOrPAMHMII NPOAYKT /IS BU3HAUYCHHS HANKPAILIOrO BapiaHTy 3a NpiopuTeTHUMHU Kpurtepisimu. ONTHMAIbHUIL METOJ
MPOTOTUITYBAHHS OOPaHUil Ha OCHOBI MAKCUMAJILHOTO 3HaueHHs (hyHKIT HasmekHoCTi 3 mokasHukamu 0,3; 0,7; 1. Takum 4nHOM HalKparmm
LTS TIOCTABJIEHOT 33/1a4i € METOJI MIBUIKOTO MTPOTOTUITYBAHHS, [IJIsI SIKOTO 3HAYEHHs DYHKITIT HaleKHOCTI opiBHIoE 1. 3a3HaveHi pe3yasraTu



JIO3BOJIUIIN BUPIIITATH TPOGIEMY 3aBISIKI OI[IHIOBAHHIO HEYITKIX Bi[HOIIEHD MIepeBaru Ha MHOKWHI anbrepHartis. KpiM Toro, mobymosano
3rOPTKY BIJIHOIIEHD, HAa OCHOBI $IKOI 3HAIJIEHO HIAMHOKHHY HeJOMiHOBaHUX ajabrepHartvB. OcoOMMBOCTIMU 3alPONIOHOBAHOTO METO/LY
€ OTPUMAaHHS YiTKUX KiJbKICHHX MapaMeTpiB OIiHIOBAHHS HA OCHOBI OTPAIlIOBAHHS ONMCOBHUX, HeyHi(ikoBaHux Ta HeGopMaTi3oBaHUX
BxijHux saHnx. ChopmMoBaHi HEUiTKI BiIHOIIEHHS IepeBaru MHOKUHU aJIbTEPHATHUB IOSICHIOITHCS MIPOBEICHUM aHaIi30M HaHIOMNpe-
HIIIMX METO/IB IPOTOTUITYBAHHS IHTEPAKTUBHUX CHCTEM.

Pospobiiena indopmaiiiiina cucremMa Moke OYyTH BUKOPHCTAHA ISl IPUIHATTS YIIPABIIHCHKUX PillleHb 1040 BUOOPY ONTHMAIBHOIO
BapiaHTy IPOTOTHUILYBAHHS CePefl KiIbKOX MOSKJIMBUX IIVISIXOM TTOPIBHAHHS METO/IB 32 BU3HAUCHIMM KPUTEPisSIMU 3 JTOBITBHUMU BaroBUMHU
koedirientamu. To6To, pe3yIbraToM AOCTIKEHHsT € po3pobiiena yHiBepcagbHa CHCTeMa, aflaliToBaHa i/l KOHKPETHI 3ajiaui KOprCTyBayiB.
OtTpumani jani CIpusgTHMYTh Hi/IBUIEHHIO e()eKTUBHOCT] IPOTOTUITYBAHHS T4, BiAIIOBIZIHO, 3MEHIIIEHHIO BUTPAT.

KiiouoBi ciioBa: iHTepakTUBHA CHCTEMa, KOMITIOTEPHA Tpa, MeTO/ OaraTOKpUTEPiaabHOI ONTHMI3allii, HediTKe BiZAHONIEHHS MepeBark.
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METOIMYHUI NIIXIJT 3 OLIHKU CTAHY IEPAPXIYHUX CUCTEM 3 BUKOPUCTAHHAM METAEBPUCTUYHOTO
AJITOPUTMY (c. 82-88)

A. B. llnmaupkuii, C. O. Kamkesuy, I. I. Kupuuenko, 0. A. Xaxmok, B. O. Kyopak, A. O. Kosaab, O. A. Kosaab, H. M. IIporac,
B. B. Crpurys, €. I. Ky3pminos

O6’exToM Jrocaipkents € iepapxiyni cucremu. [IpeamMeToM JOCIIKEHHS € TIPOIleC OIIHKN CTaHy i€papXiuHuX CHCTEM 3a JIO0TIOMOTOIO
Y/IOCKOHAJIEHOTO aJITOPUTMY MyparnHiux JjieBiB (AMJI), yI0CKOHAJIEHOr0 FeHeTHYHOTO AJITOPUTMY Ta ITYYHUX HEHPOHHIX MEPEK, 110 €BO-
morionyioTs. [Tpo6iema, ika BUPIIIYEThCST B JOC/I/KEHH], € MIBUIEHHST ONIEPATUBHOCTI OIIHKK CTaHy i€papXiuHUX CUCTEM, HE3aJIesKHO Bijl
piBH: iepapxiunocti cuctemu. OpPUTiHATIBHICTD JIOCIPKEHHS TIOJIATA€ B TOMY, 1110:

— nmovartkoBe nosoxkenns AMJI 3xificHoeTbCs 3 ypaxyBaHHSIM THUIY HEBU3HAYEHOCTI 32 pAXyHOK BUKOPHCTAHHS BiIIOBITHIX KOPETYBAJIb-
HUX KOeilli€HTIB HA CTYTHb iH(OPMOBAHOCTI TIPO PO3MIIIIEHHST MYPAITHUKIB (IPIOPUTETHI HAPSIMKU TIOIIYKY );

— BPaxXOBYETHCS MMOYATKOBA MIBHU/KICTh KOkHOrO AMJI, 1110 103BOJIsIE BUBHAYNTH TIPiOpUTETHICTH NOMYKy KokHUM AMJI y BU3HaueHOMY
HANPSIMKY MOIIYKY;

— BU3HAYAETHCS [IPUJIATHICTD Micilb 1oJiroBaHHsas AMJI, 4unM 3MEHIIYEThCS Yac OIiHIOBAHHS CTAHy i€papXidHoOi cucTeMy;

— BUKOPHUCTAHHS TIPOI[EY PU TII06AIBHOTO TEPESAITYCKY AITOPUTMY, UMM JTOCSITAETHCST 3AATHICTD AJITOPUTMY BIXOANTH 38 MEKi TIOTOYHOTO
ONTUMYMY Ta MOKPAIUTH JIOCJIJHUIIBKY 3/IaTHICTb JITOPUTMY, YNM JIOCATAETbCS CKOPOYEHHS 4acy Ha OIIHKY CTaHy i€papXi4HUX CHUCTEM;

— MOJKJIMBICTD YTOYHEHHS Ha €Talll MOoJI0BaHHs BUOOPY MypallHUKA 32 PAXYHOK PaHKyBaHHS MYPAIHUKIB 32 piBHEM (hepOMOHY Mypax;

— TIOKpaleHa MoKJIMBicTh BiagGopy kpauwx AMJI y nopiBHAHHI 3 BUIIAQJAKOBUM BiIOOPOM 3a PaXyHOK BUKOPHCTAHHS YAOCKOHAJIEHOTO
TeHETUYHOTO AJITOPUTMY, IO 03BOJISIE IIOKPAIUTH JOCTOBIPHICTD OIIHKU CTAHY CKJIA[HUX I€PAPXIUHUX CHCTEM.

3anponoHoBaHUI METOMIHUI Mi/IXi/ 3abe31euye miABUIIEHHS e(eKTHBHOCTI OMEepPaTMBHOCTI OIIHKU CTaHy i€papXiuHIX CHCTEM Ha PiBHI
22-25 % 3a paxyHOK BUKOPUCTAHHS [I0/[ATKOBUX YIOCKOHATIECHUX IIPOIIE/LYP. 3aPONOHOBAHUN METOAMYHII Ii/IXi/l AOIJIbHO BUKOPUCTOBY-
BaTH JIJISI BUPIIIEHHST 3aBaHb OIIHKN CTAHY CKJIQJHUX 1€PAPXIUHIX CHCTEM B YMOBAX HEBU3HAUEHOCTI Ta PU3MKIB, 10 XapaKTePHU3YIOThCS
BHMCOKHM CTYIIEHeM CKJIaIHOCTI.

KomouoBi cioBa: ckiia/iHi iepapxiyfi ccTeMy, FeHeTHYHIIT aJITOPUTM, IITYYHI HEHPOHHI Mepeki, pOHOBi aJropuTMu.
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[IEHTU®IKAIIA MOBITPHUX IIIJIENA 3A JOIIOMOIOIO TTBPUTHOTO AJITOPUTMY KJIACTEPUBAILIT (c. 89-95)

0. I. JIakrionos, A. C. fIuxo, H. M. Ileguenko

JlocmiIKy€eThest TPOIIeC CTBOPEHHSI KITacTepu3aTopa piBHs HeGe3IMeKH TTOBITPSTHOT TPUBOTHL.

VY pocaimpkeHHi BUpinTyeThest mpobieMa MmiIBUIIEHHs] TOYHOCTI KJIacTepr3allii OiHOK piBHs HeGe3MeKn TOBITPSHOT TPUBOIHU 3a PaXyHOK
CTBOPEHHSI TIOPHUAHOTO AJITOPHTMY KJIACTEPH3ATOPA.

TTo6ynoBaHo KaacTepusaTop MOBITPSHUX Iiijieid, 10 nepeadadac BUKOPUCTaHHS MOAN(DIKOBAHOI METPUKU BUSHAYCHHS BijcTaHi Ta 06’e-
HYE OIiHKY PiBHS MOBITPSIHOI HEOEIIEKH TIPSIMO Y AJTOPUTMI.

Bxasani 0co6IMBOCTI IeMOHCTPYIOTD HepeBary Ha/l iCHYIOUMMH aJlTOPUTMaMU 3a KpUTEpPisAMHU iHaekciB cuayery Ta lesica- Boszina. 3anpo-
HIOHOBaHa MOJIeJib leMOHCTpYe inekc cuiyery 0,72306, a icuyroua — 0,3481, a inzexce [lesica-Bounina cranosuts 0,3389; 1,209 BignosiaHo.

Moueni Random Forest Classifier, Gradient Boosting Classifier Ha oninkax BUSHa4eHUX KJIACTEPU3ATOPOM XaPaKTEePUIYIOThCs GiIIBIIOI0
ToyHicTio, 30kpema 0,87; 0,87 Binnosigxo, a icHytounx 0,48; 0,49 BixnosinHo.

OcobMBICTIO KJIacTepU3aTOpa € BUKOPUCTAHHS TOYHITINX OIIHOK, 110 TIOJIAI0THCST HA BXijl, sIKi BUBHAYAIOTHCS 32 IPUHITUIIOM B3a€MO/Iii
Ta JiHiiiHoro MacitabyBaHHs. 3alPOIIOHOBAHUI alIrOPUTM Tlepedayac BUKOPUCTaAHHSA MOANU(DIKOBAHOI METPUKHU Xi-KBaJpar, 110 BKJIIOYAE
OILIHKM 1H/EKCIB Oesmexn nepkasu. BiIMIHHOI PHCO0 3aIPOIIOHOBAHOTO MXOMY € BUKOPUCTaHHS TOUHIIE BU3HAYECHHS IIEHTIB KJIacTepiB
METOJIOM camoopraHisariiinmx kapt Koxperna.

Ile no3Bousie BupimTH MPOGIEMY aHANI3y I MIBUIIEHHS TOYHOCTI IPOTHO3YBAHHs PiBHS MOBITPsiHUX 3arpo3. OTpuMaHni pesysibraTu
MOSICHIOIOTHCS BUKOPUCTAHHIM TOYHIIINX BXIIHUX OIHOK U BAAJIO MiAiGpaHiil MeTPHIli BU3HAYEHHSI BIZICTAH] MiJK KJTacTepaMy y MOEIHAHH]
3 Kapramu camoopranizaiii Koxpena.

Ha npaktuni orpuMani pe3yJisraT MoKy Th OyTH BUKOPUCTAHI IIPU aHATi3i piBHSA NOBITPsIHOI HeGe3IeKH Ha3eMHOIO 1IaT(hOPMOIO.

KiouoBi ciioBa: kiacrepusaltist Hebe3neku, JiHiiine MaciitabyBamHs, HaBYaHHS 6e3 BUUTE/Is, KOMIIEKCHUIN TIOKa3HUK, INTYYHUN iHTe-
JIEKT, MOBiTpsAHa Hebesneka.



