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The object of this study is the process of recognizing intrusions
in computer networks. Network intrusion detection systems (NIDS)
have become an important area of research as they are used to
protect computer systems from hacker attacks. Deep learning is be-
coming increasingly popular for detecting and classifying malicious
network traffic, including for building NIDS.

In this paper, we propose a network intrusion detection model
CNN-BiGRU-Attention based on a time-based approach to deep
learning using the attention mechanism. The main goal of the study
is to build an effective combined deep learning model that can detect
various network cyber threats.

A 1D convolutional neural network is implemented to extract
high-level representations of intrusion information features. A bidi-
rectional gated recurrent unit (BiGRU) with an attention mecha-
nism for traffic data classification has been designed. The attention
mechanism plays a key role in the constructed model as it allows the
system to focus only on important aspects of network traffic and al-
lows the model to adapt to new types of threats.

The results of the study show that using a combination of
CNN and BiGRU with the attention mechanism speeds up and
improves the process of classifying network attacks. On the
NSL-KDD and UNSW-NB15 training datasets, the model shows
an accuracy of 99.81 % and 97.80 %. On the NSL-KDD and
UNSW-NB15 test datasets, the model demonstrates 82.16 % and
97.72 % accuracy.

The proposed NIDS model will be considered for implementa-
tion in a real-time corporate network security system.

In general, the results of the study provide a new perspective on
improving the performance of NIDS and are quite relevant in terms
of using attention mechanisms to classify network traffic.

Keywords: deep learning, combined model, network intrusion
detection systems, attention mechanism.
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The object of this study is the process of detecting threats and
vulnerabilities in hacker forums, which are a well-known source of
potential dangers for Internet users. However, the problem of analyz-
ing and classifying data from these forums is its complexity due to
such features of the participants’ language as specific slang, jargon,
etc., which requires the use of modern tools of their processing. This
paper explores the application of machine learning to devise an ef-
fective method for analyzing sentiment and trends in hacker forums
to identify potential threats and vulnerabilities in cyberspace. All
necessary stages of the process of detecting threats and vulner-
abilities have been developed, ranging from data collection and
preprocessing to the training of a model that is capable of processing
“raw” unstructured data from hacker forums. The implementation of
six popular machine learning algorithms, namely k Nearest Neigh-
bors (kNN), Random Forest, Naive Bayes, Logistic Regression, Sup-
port Vector Machines (SVM), and Decision Tree algorithms have
been studied with a view to determining their efficiency of threat
and vulnerability detection and classification. The experiments
have been conducted on real data (150,000 messengers). It has been
determined that the Random Forest algorithm coped with the task
the best (accuracy=0.89, recall=0.84, precision=0.91, F1-score=0.87
and ROC-AUC=0.89). The proposed tool based on machine learning
not only collects data that poses a potential threat but also processes
and classifies it according to the specified keywords. This allows
detecting threats and vulnerabilities at a high speed. The results of
the study make it possible to identify potential trends in threats and
vulnerabilities. This will contribute to the improvement of cyberse-
curity systems and ensure more reliable protection of information
resources.

Keywords: cybersecurity, hacker forum, threats identification,
data classification, machine learning.
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The object of the research is the channels of information trans-
mission during the control of the information-analytical decision-
making system. The development of high technologies and com-
puting capabilities ensures the evolutionary development of smart
technologies and socio-cyber-physical systems on the one hand.
On the other hand, it forms the integration of targeted (mixed)
attacks with the possibility of integration with social engineering
methods. In addition, mobile technologies significantly increase the
possibilities of data transmission speed. However, this only provides
the authentication service, which does not provide a full range
of security services. Under such conditions, an urgent task at the
decision-making stage is the use of auxiliary systems that ensure the
adequacy of decisions and the promptness of their adoption. The pro-
posed mathematical model of the information and analytical system
allows to calculate the main technical characteristics of information
transmission channels and identify their possible failures. The use of
an information and analytical system simplifies the decision-making
process, allows to increase the reliability of such decisions due to an
increase in the level of automation. Increasing the level of automa-



tion in the decision-making process removes subjective factors and
the decision depends on the availability of information. Therefore,
the reliability of the information transmission channels of the
information and analytical system significantly affects the quality
of the decisions made. The developed model allows to ensure the
required level of reliability of information transmission channels.
The obtained results are explained by determining the dependence
between the parameters of the information and analytical system
and their influence on the quality of information transmission
through channels. The results of the study can be used in practice
when considering systems with a limited number of states during
operation.

Keywords: decision adequacy, verification, failure, simulation
modeling, information, time matrix, model, Petri net, reliability.
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The object of this study is the process of determining the num-
ber of small-sized radars in the network when detecting stealth
unmanned aerial vehicles. The main hypothesis of the study assumed
that determining the optimal number of small-sized radars in the
network will make it possible not to waste unnecessary resources of
radars to detect stealth unmanned aerial vehicles.

The main stages of detection of a stealth unmanned aerial vehicle
by a network of small-sized radars are:

—reception of the signal reflected from a stealth unmanned
aerial vehicle by all small-sized radars of the network;

— coordinated filtering of incoming signals in each small-sized radar;

— compensation of phase shifts in each matched filter;

— coherent addition of output signals from each matched filter
at the output of the receivers of each of the N small-sized radars
performing reception;

— formation of a complex bypass at the output of the correspond-
ing Doppler channel in each small-sized radar of the network;

— coherent processing of signals from all elements of the network
of small-sized radars;

— detection of the output signal from the adder of coherent
signals. At the same time, compensation for the random initial phase
of signals reflected from a stealth unmanned aerial vehicle is also
performed.

It has been established that the increase in the elements of the
network of small-sized radars increases the value of the conditional
probability of correct detection. Such an increase is more significant
when the number of elements in the network of small-sized radars is
increased to two or three. The gain in the signal /noise ratio when
adding elements to the network of small-sized radars was evaluated.
It was established that the optimal number of small-sized radars in
a network with coherent signal processing when detecting stealth
unmanned aerial vehicles is 2-3 radars.

Keywords: small-sized radar, aerial object detection, number of
network elements, conditional probability of correct detection.
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The object of this study is the modeling of radar portraits (RPs)
for intelligent recognition systems based on the use of faceted 3D
models. In order to solve the problems of target identification in
homing systems of high-precision missile weapons, a technology is
needed that could make it possible to efficiently and quickly generate
RPs of military objects of complex shape in the required quantity.

The research results are based on a combination of separate com-
ponent technologies, in particular: the devised technology of using
faceted 3D models — their construction and further processing with
invisible surfaces excluded from it for an arbitrary viewing angle.
The basic part of the work is the development of an algorithm and
technological procedures for the formation of a spatial tracing grid

for the current observation angle. A feature of the proposed technol-
ogy is the application of a facet selection algorithm using an array of
tracing facets and the application of the Huygens-Fresnel principle
to recognize objects of complex shape.

The RP database of military objects of complex shape was built.
The results of modeling faceted RP’s, in particular the armored boat
“Gyurza-M”, are given.

The results of the experimental study showed the ability to
recognize the type of military object of complex shape at the level
of 80-90 %, which makes the use of this technology appropriate for
recognizing military objects of complex shape.

The achieved high-speed and quality characteristics of RP gen-
eration of military objects of a complex shape makes it possible to
assume that the main prospective field of practical application is the
identification and visual interpretation of targets in homing systems
of high-precision missile weapons.

Keywords: radar signal, radar portraits of targets, intelligent
recognition, facet models, noises.
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The object of this study is the process of constructing a deci-
sion function by the optical-electronic system of technical vision
under the conditions of the influence of obstacles on the current
image, which is formed in the process of localization of a mobile
robot. The paper reports the results of solving the problem of con-
structing a decision function when reducing the signal-to-noise
ratio of the current image by using a set of informative features for
the selection of the binding object, namely, brightness, contrast,
and its area. The selection of the binding object is proposed to be
carried out by choosing the appropriate values of the quantization
thresholds of the current image for the selected informative fea-
tures, taking into account the signal-to-noise ratio, which provides
the necessary probability of object selection. The dependence of the
object selection probability on the selected values of the quantiza-
tion thresholds was established. The use of the results could enable
the construction of a unimodal decision function when localizing
mobile robots on imaging surfaces with weakly pronounced bright-
ness and contrast characteristics of objects, as well as with their
small geometric dimensions. By modeling, the probability of form-
ing a decision function was estimated depending on the degree of
noise of the current images. It is shown that the application of the
proposed approach allows selection of objects with a probability
ranging from 0.78 to 0.99 for the values of the signal-to-noise ratio
of images formed by the technical vision system under real condi-
tions. The method to construct a decision function under the influ-
ence of interference could be implemented in information process-
ing algorithms used in optical-electronic technical vision systems
for the navigation of unmanned aerial vehicles.

Keywords: mobile robot, decision function, informative fea-
tures, quantization thresholds, signal-to-noise ratio.
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The object of this study is the process of filtering astronomical
frames that contain images of potential objects in the Solar System.
To contour the image of each such object and recognize it in contrast
with the background of the frame, it is necessary to filter the image.
Most often, a variety of high-pass filters are used to determine the
high-frequency component of the image, which can be removed as a
coarse-grained component. Any image filtering is aimed at increas-
ing the signal-to-noise ratio and reducing the dynamic range of the
background image. However, the filtering process is quite resource-
and time-consuming. This is especially true for systems for parallel
processing of series of astronomical frames in real time (online).
Therefore, to solve the problem of lack of frame fragmentation, which
leads to high consumption of RAM, a procedure for fragmenting
astronomical frames has been proposed.

Owing to the introduction of a formal connection between the
values of frame pixels and fragments, as well as determining their
number, it was possible to reduce RAM utilization. Testing was
carried out using the following high-pass filters — ideal filter, But-
terworth filter, and Gaussian filter. Using the devised procedure for
fragmenting astronomical frames has made it possible to reduce the
utilization of RAM during filtering. As a result, with parallel process-
ing, this has also made it possible to speed up the high-frequency
filtering procedure itself.

The procedure devised for fragmenting astronomical frames was
tested in practice within the framework of the CoLiTec project. It
was implemented in the On-Line Data Analysis System (OLDAS)
of the Lemur software.

The study showed that when using the devised procedure, RAM
utilization was reduced by 7-10 times. And the speed of filtration
itself increased by 2-3 times. Accordingly, the processing time for
each astronomical frame was reduced by 2—3 times.

Keywords: frame fragmentation, multiprocessing, high-pass
filtering, ideal filter, Butterworth filter, Gaussian filter.
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The object of research is the reliability of information in
information-control systems. The work considers a solution to an
important scientific and practical problem — increasing the reli-
ability of information in real-time control systems, in particular in
positioning systems on road transport. To solve this task, the use of
information redundancy, in particular, parallel information redun-
dancy, is proposed. The paper studies the influence of the probability
of occurrence of a controlled event, the majority coefficient, as well
as the number and quality of information sensors on the reliability of
information in an information control system with parallel informa-
tion redundancy. For these dependences, the corresponding plots
were constructed. The paper shows that a change in the quality
of information sensors by 20 % can lead to an increase in the reli-
ability of information by more than 0.5. Also, the paper shows that
an increase in the majority index by 1 can lead to a change in the
reliability of information by more than 0.3. The paper investigates
parallel information redundancy systems with different structures
and defines formulas for calculating the probabilistic characteris-
tics of their operation. The mathematical modeling was carried out
taking into account the probability of occurrence of the controlled
event, which made it possible to determine the tendencies to build
information-control systems with parallel information redundancy
to control events with variable probability of occurrence. The results
obtained are based on the theory of probability. The results reported
in this work can be used in the construction of an information and
control system with a programmatically variable structure to control
the occurrence of an event with a variable probability of occurrence,
in particular in positioning systems on road transport.

Keywords: information security, information sensors, informa-
tion reliability, information redundancy, positioning system.
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CTBOPEHHS CUCTEMU BUABJEHHA MEPEKEBUX BTOPTHEHD HA OCHOBI 3TOPTKOBOi HEMIPOHHOT
MEPEJKI TA IBOHAIIPABJIEHOI'O BEHTUJIBbHOTI'O PEKYPEHTHOTO BY3JIA 3 MEXAHI3MOM YBATH (c. 6-13)

A. O. Hikirenko, €. O. bamkos

O06’€KTOM IOCITI/UKEHHST € TIPOIIEC PO3ITI3HABAHHS BTOPTHEHD B KOMIT TOTEPHIX MepeskaX. CHcTeMu BUsIBIeHHsT MepeskeBrX BropraeHb (NIDS)
CTaJTH AKTYATBHOIO CHePOTo TOCTIPKEeHb, OCKITBbKI BOHU BUKOPHCTOBYIOTBCS /I7TsT 3aXUCTY KOMIT IOTEPHIX CHCTEM Bijl XaKEPChKIX atak. [mboke
HABYAHHA CTa€ BCe GLIBIIT TIOMYIAPHIM JIJIsE BUSIBJICHHS Ta KJaacuikalii HKiaIMBoro Mepeskesoro Tpadiky, B oMy umci i ast nodyaosu NIDS.

VY poboti IponoHy€eThest MoAe b BusiBJAeHHS MepesxkeBux Bropraenb CNN-BiGRU-Attention, 110 3acHOBaHa Ha 4aCOBOMY TIH/XO/ /10 TJIH-
6GOKOro HABYAHHSI 3 BUKOPUCTAHHAM MeXaHisMy yBaru. [o10BHa b goc/ikenHs:: mo0yayBati edekTHBHy KOMOIHOBaHY MOAEIb TIHOOKOTO
HaBYaHHsI, sIKa 3/laTHA BUSBJISATH PIBHOMAHITHI MepeskeBi Kibep3arposiu.

PearnizoBano 1D 3ropTkoBy HEIIPOHHY MepesKy /sl BUJIYUEHHs BUCOKOPIBHEBUX MIPEICTABJICHD O3HAK iH(opMallii Tpo Bropruenus. Pos-
pobiieHo ABoHANpaBIeHHNI BeHTuIbHIA pekypenThuii By30s1 (BiIGRU) 3 mexanizmom yBaru jyist kiacudikanii ganux tpadiky. Mexanism
YBarH IPa€ KJIOYOBY POJIb Y PO3POOJIEHIN MO, TaK SIK TO3BOJISIE CHCTEMI 30CEPEANTHCS JINIIE HA BAKJIMBIX aCIIEKTaX MEPEKEBOT0O Tpadiky
Ta JI03BOJISIE MOJIE/I Q/IallTyBaTUCA IO HOBUX BUJIIB 3aTPO3.

PesyibraTit 10CIZKEHHST TOKA3yI0Th, 1110 Bikopuctanis koMmGinaiii CNN ta BIGRU 3 MexaHisaMoM yBaru IpECKOPIOE Ta TIOKPAIILYE [TPOIIEC
xiacudikarii arak Ha Mepexxy. Ha tpenyBabHux Habopax gauux NSL-KDD ta UNSW-NB15 mozesns nokasye tounicts y 99.81 % ta 97.80 %.
Ha rtecryBanpanx Habopax ganux NSL-KDD ta UNSW-NB15 mozens nokasye tounicts y 82.16 % ta 97.72 %.

[Tpononosana Mozens NIDS posrisagatnMeTsest 11 BIPOBAIKEHHS B CHCTEMY 3aXUCTY KOPIIOPATHBHUX MePeX Y PeKIMI PeasbHOro dacy.

3araiom, pesyJabTaTi JOC/IiZKeHH AA0Th HOBUI MOTJIs Ha nokpaiients pobotu NIDS i € 10801 akTyaJlbHUME 3 TOYKH 30Py BUKOPHC-
TaHHS MeXaHi3MiB yBaru juist kiaacudikarii mepeskeBoro Tpadiky.

Kimouosi coBa: rimboke HaBYaHHsI, KOMOIHOBAHA MO/IEIIb, CHCTEMU BUSIBJICHHS MEPEKEBUX BTOPTHEHb, MEXaHi3M YBari.
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BUABJIEHHS TA KJIACU®DIKAILIA 3ATPO3 TA BPA3JIMBOCTEI HA XAKEPCHKHX ®OPYMAX HA OCHOBI
MAIIMHHOI'O HABYAHHH (c. 16-27)

S. Mambetov, Ye. Begimbayeva, O. I. T'ypko, I. O. [lopomenxko, S. Joldasbayev, O. A. ®piaman, B. Kulambayev, B. O. Ba6enxo,
I.T. Inere, C. M. Heponos

OO0’eKTOM JIOCTIIPKEHHST € TIPOIeC BUSIBJICHHS 3arPO3 Ta BPA3IMBOCTEH Ha XaKePChKHX (hOPYMaXx, 110 € BIIOMUM [ZKEPEJIOM TOTEHIIHIX He-
Gesriek juist kopucrysauis Inreprery. Onak mpobeMoro anaisy Ta Kiacudikaitii Jannx 3 1ux (GopyMiB € HOro CKIaHicTh BHACIIOK TAKKX 0CO-
6MBOCTEl MOBHU YYACHUKIB, SIK CHICIM(DIYHUN CJICHT, KaproH TOIIO, 10 BUMAra€ 3aCTOCYBaHHS Cy4aCHUX IHCTPYMEHTIB 110 iX 00poOku. Y pobGoTi
POSIVISIAETCST 3aCTOCYBAHHST MAIIMHHOTO HABYAHHST /IS AHAJI3Y HACTPOIB 1 TEH/ICHIII HA XaKepChKUX (HOpPyMax /Uit BUSIBJICHHS TTOTEHINIHNIX
3arpo3 1 BpasBocTeii y Kibeprpoctopi. PospobiieHo Bei HeoOXi/iHi eTary mporecy BUSBICHHS 3arpo3 Ta BPa3JMBOCTEH, TIOYMHAIOYHN 31 300py Ta
norepeiHboi 0OPOOKK JaHKX 1 3aKIHIYIOYM HAaBYAHHSIM MOJIEJ, 31aTHOI 0OPOOJIATH «CHpPi» HECTPYKTYpOBaHi AaHi 3 Xakepchkux (opymis. Jlocsi-
JUKEHO 3aCTOCYBaHHSI IIECTH MOIYJISIPHIX aJIFOPUTMIB MAIIMHHOTO HaBYaHHs: K Haitbmkuunx cycinis (KNN), Buragkosoro Jlicy, Haisnoro Baiieca,
Jlorictuunoi Perpecii, Onopanx Bexropis (SVM) ta [lepesa Pinerib 3 MeToI0 BudHaueHHsT iXHBOT €(heKTUBHOCTI /IJIsT BUSIBJICHHST Ta Kacubikariii
3arpo3 ta BpasnuBocTeil. Excriepumentn mpoBoamuicst Ha peanbinx gannx (150000 mecen/pkepis). Busnadeno, 1o Haiikpaiie 3 3aBJaHHIM BIIO-
pascst anroput™M Bunaakosoro Jlicy (accuracy=0,89, recall=0,84, precision=0,91, F1-score=0,87 ta ROC-AUC=0.89). 3anpornoHoBanmuii iHcTpy-
MEHT Ha OCHOBI MAllIMHHOTO HABYAHHS He Jiuiie 30UPa€E [[aHi, 10 CTAHOBJISATD MOTEHIIIIHY 3arposy, ajie it 06pobJiste Ta Kiacudikye iX 3a 3aaHIMu
KJIIOYOBUMHU cjioBaMu. Lle 7103BosIsie BUSIBIIATI 3arpo3n Ta BPAa3JIMBOCTI 3 BUCOKOIO MIBUKICTIO. Pe3yssraTi 10C/IiKeH s J03BOISIIOTh BUABUTI
TEHJICHTIIT PO3BUTKY TIOTEHIIIHIX 3arpo3 Ta BpasmBocTeil. Ile cripusiTimMe BIOCKOHAIEHHIO cUCTeM KibGepOe3rekH Ta 3a6e31mednTh OiJTbIin Ha i iHi
3axMCT indopMariitnux pecypcis.

Kimouosi caoBa: kibepbesieka, xakepebkuii hopym, izenrudikaiisa sarpos, kiaacudikallist JaHuX, MalTMHHE HaBYAHHSL.
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PO3POBKA MOJIEJI IHOOPMAIIAHO-AHAJITUYHOI CACTEMU IPUITHATTA PIIIEHD 1110/10 BUABJEHHSA
BIZIMOB KAHAJIIB ITEPEJIAYI IHOOPMAIIIT (c. 28-36)

O. B. IlImaTtko, C. II. €Bcees, O. B. Minos, K. B. Cnopumes, I. P. Onipcokuii, C. I. I'myxos, €. I'. Pyaenxo, A. /[. Hanusaiixo,
C. 10. [Takos, O. M. Cammip

O06’eKTOM JIOCTIIKEHHS € KaHasu nepeaadi indopMartii mpu KOHTpoJIi iHGOPMaIiiHO-aHATI TUYHOI CUCTEMU TIPUITHATTS pilieHb. Po3su-
TOK BUCOKHUX TEXHOJIOTiiT Ta 00YNCITIOBATLHIX MOJKIMBOCTEH 3abe31edy€e eBOOIHHUIA PO3BUTOK CMAPT-TEXHOJIOTIH Ta coniokiGepdisninnx
cHcTeM 3 OfHOTO GOKY. 3 iHMIOro — hopMy€e KOMILTIEKCYBAHHS I[IIbOBUX (3MIIIAHNX) aTak 3 MOKJINBICTIO KOMIIJIEKCYBAHHS 3 METOIAMH CO-
wianbHoi inkenepii. KpiM 11b0ro, MOGLIbHI TeXHOJIOTIT CyTTEBO 30LIbIIYIOTH MOKIMBOCTI Y MIBUAKOCTI 1epeaadi ganux. OaHaK npu boMy



3a6e3Meuy€eThCs TIIBKH OCTYTa aBTEHTHYHOCTI, 110 He 3a0e31euy€e MOBHUI CIEKTP MOCIyT Ge3ieki. B Takux yMOBaX aKTyalbHIM 3aBIaHHIM
Ha eTart IPUITHATTS PillleHb € BUKOPUCTAHHS IOIIOMIKHIX CUCTEM, SIKi 3a0€311e4y10Th a/leKBaTHICTD PillleHb Ta OMEPATUBHICTD X MPUITHATTSI.
3armporionoBaHa MaTeMaTH4Ha MOJIeJb iHMDOPMAIiTHO-aHATITHYHOI CUCTEMH J03BOJISIE PO3PAXOBYBATH OCHOBHI TEXHIUHI XapaKTepUCTUKU
KaHaJIiB Tepeiavi inpopmallii Ta BUSBJISTH X MOKJINBI BiiMoBH. Bukopucranis indopmartiiino-aHa i THIHO1 CHCTEMU CIIPOTILY€E TIPOIIEC MTPH-
WHATTS PillleHb, J03BOJISAE MABUIIATH JOCTOBIPHICTH TAKKMX PillleHb 3a paxXyHOK 301bIIeHHsA PIBHA aBTOMaTH3allii. 301IbIICHHS PIBHI aBTO-
MaTusaiii y mporeci puitHATTS pinters npubupae cyd eKTuBHI GakTopu i pillleHHs 3aMeKUTh Bifl HasBHOCTI iHbopMartil. Tomy HailiHICTh
dynxiionysannsa Kanasais nepegadi indopmartii indopmariiino-aHaIiTHIHOI CHCTEMM iCTOTHO BIVIMBAE Ha SIKICTh TPUHHATHX pintenb. Po3po-
GJieHa MOJIEITb JI03BOJISIE 3abe3TedrTH HeoOX AN piBeHb HaiHHOCT] KaHaiB epeaavi indopmaitii. OTpuMani pesyasraTi MosiCHIOIOTHCS BU-
3HAUCHHIM 3aJIeKHOCTI MijK TTapameTpamMu indopMaIiitHo-aHaaiTHIHOI CHCTEMU Ta iX BILIMBOM HA SIKicTh niepesavi indopmairii kananamu. Pe-
3YJIBTATH JOCIIIPKEHHS MOKYTh OyTU BUKOPHCTAaHI Ha MPAKTHIL TIPU PO3TJISIIL CUCTEM 13 0OMEKEHOIO KIIbKICTIO CTaHiB pu (QYHKITIOHYBAHHI.

KmouoBi cioBa: ajiekBaTHICTB pillleHb, Bepudikaltis, BiMoBa, iMiTaIlifine MozieioBanHs, iHGopMaltis, yacoBa MaTPHUILS, MOJIEJIb, MepesKa

[Tetpi, HaxiitHicTp.
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BU3HAYEHH KIVIBKOCTI MAJIOTABAPUTHUX PAJIAPIB B MEPEJKI 3 KOTEPEHTHOIO OBPOBKOIO
CHUTHAJIIB ITPU BUSIBJIEHHI MAJIOIIOMITHUX ITOBITPAHUNX OB’E€KTIB (c. 37-45)

I'. B. Xynos, O. M. Makogeiiuyk, I. M. Byrko, M. B. Mypain, A. A. 3BoHko, A. A. Anamenko, /[. B. Banmucekuii, O. B. Caiphuk,
A. M. Humyxk, B. I'. Xynos

OG6’eKTOM JOCIIKEHHS € TIPOLeC BU3HAYEHHS KiJIbKOCTI MaJIorabapUTHUX pailapiB B MEPEsKi IPU BUSIBJICHHI MaJOMOMITHUX TOBITPSAHUX
o0’exriB. OCHOBHA TiNoOTe3a MOCTI/IFKEHHS MOJISITada B TOMY, 110 BU3HAYEHHS ONTUMAILHOI KIIBKOCTI MasorabapuTHUX pajapiB B Mepexi
JIO3BOJINTH HE BUTPAYATH 3aiiBUIT pecypc paapis JUist BUSBICHHS MAJONOMITHUX MOBITPSIHUX 00 €KTIB.

OCHOBHIMI eTallaMi BUSIBJIEHHST MAJIOTIOMITHOTO TIOBITPSTHOTO 00’EKTY Mepeskelo MaIoTabapiTHUX PaIapis €:

— TIpUIMaHHs BiAOKTOrO Bi/i MAJIOTIOMITHOTO TIOBITPAHOTO 00’€KTa CUrHAIY BCiMa MasorabapuTHUMK PajapaMi MepesKi;

— y3ropKeHa (ibTpallist BXIIHUX CUTHAMIIB B KOKHOMY MaJiorabapuTHOMY pajiapi;

— KOMIIeHcarlis (ha3oBUX 3CyBiB B KOKHOMY y3TO/UKeHOMY (BisbTpi;

— KOTepENTHe /I0/[aBaHisl BUXIAHIX CUTHAIIB 3 KOKHOTO Y3TOKEHOTO (ilbTpa Ha BUXOMAI MPHHMadiB KOXKHOTO 3 N MamorabapuTHux
paziapis, 10 3/ HCHIOIOTH TPUITMAHHST;

— bopMyBaHHST KOMILIEKCHOT OOBIIHOI HA BUXO/I Bi/IIOBIHOTO MOIIEPIBCHKOIO KAHATY B KOKHOMY MAJIOrabapuTHOMY pajiapy Mepeski;

— KOrepeHTHa 0Opo0Ka CUTHAJIIB Bijl BCIX eJIEMEHTIB Mepeski MasorabapuTHUX paiapis;

— JIETeKTYBAaHHs BUXIJHOTO CHUTHAJIY 3 CyMaTopa KOTepeHTHHX cUTHamiB. IIpu 1iboMy TakoX MPOBOIUTHCS KOMITEHCAIliS BHUIAAKOBOI
MoYaTKOBOI (hasu BIAGUTUX BiJl MAJIOIOMITHOTO MOBITPSIHOTO 00’ €KTY CUTHAJIB.

BeraHoBIIeHO, 1110 301/IbIIEHHS €JIEMEHTIB MePEsKi MaTOrabapiTHUX PAIAPIB MiIBUIILY€ 3HAYCHHST YMOBHOI IMOBIPHOCTI IPABUIILHOTO BUSIBJIEHHSI.
Take miaBHIIEHHs OLTbII CYTTEBO TIPY TIiIBUIEHHI KiTbKOCTI €JIEMEHTIB B MEPEsKi MATOrabapuTHUX PaapiB 110 BOX, 10 TPhoX. [[POBEIEHO OIHKY
BUTPAIIY y BiZIHOIIEHHI CHIHAJ/IITyM MPH JOaBaHHi eJIEMEHTIB B MEpesky MajoraGapuTHUX pajiapiB. BeraHoB/IEHO, MO ONTUMAIbHA KiJIbKICTh
MasiorabapuTHUX PajiapiB B MEPEKi 3 KOrepeHTHOI0 0OPOOKOIO0 CHIHAJIB TIPU BUSIBJICHHI MaJIOTIOMITHUX MOBITPSIHUX 00'€KTIB CKJIagae 2—3 pagapi.

Kmouosi caoBa: manoraGapuTHUil pajap, BUABJICHHS ITOBITPAHOTO 06'€KTY, KIJBKICTb €JEMEHTIB Mepeki, yMOBHA iMOBIpHIiCTH

IIPaBUJIbHOTO BUABJICHHA.
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PO3POBKA TEXHOJIOTTi MOJAEJTIOBAHHS PAIIOJIOKAIIIMHUX IIOPTPETIB OB’E€KTIB CKJIATHOI ®OPMU
JJI1 CUCTEM IHTEJIEKTYAJIBHOTI'O PO3ITII3HABAHHA (c. 46—-59)

M. M. Komap, A. K. Cepe6psikos, P. M. Tumuumun, C. O. Bonnap

O6’eKTOM OCTIFKEHHS € MOJIe/IIOBaHHs pajtionokaiiitaux noprperis (P/IIT) 1is cucteM iHTENIEKTyalIbHOTO PO3II3HABAHHSI, 10 Ga3yI0ThCS
Ha BUKopucTanti darernnx 3D-mozeeit. [[71st Bupirmers sagad izentidikarii mieil B cHcTeMax caMOHABEIEHHST BHCOKOTOYHOI pakeTHOT 36poi
HeoOXi/IHa TEXHOJIOTIS 110 03BOIUTH e(heKTHBHO Ta MBUAKO renepyBatu PJITT BilicbkoBrX 00’€KTiB CKIaAHO0i (hopMU Y HEOOXIAHIN KiJIbKOCTI.

OtpumMani pesyJbraTi AOCIIKEHHsT TPYHTYIOTbCA Ha TOEAHAHHI OKPEMUX CKJIAJOBMX TEXHOJOTIH, 30KpeMa: po3pobJIeHH] TeXHOIOTi
BuKopuctants (areraux 3D-mozmesneit — ix moOyzoBu i mOAAIBIIOT OOPOOKK 3 BUKJIIOUECHUMU 3 HUX HEBUIUMUMU MOBEPXHSMU 3 JIOBLIBHOIO
pakypcy criocrepeskentst. BazoBoio 4acTHHOIO POOOTH € PO3POOJIECHHSI AJITOPUTMY Ta TEXHOJIOTTYHUX MTPOTIE/LYP (hOPMYBAHHS IIPOCTOPOBOI PEITITKI
TPaCyBaHHsI JI7IsT TIOTOYHOTO PaKypcy crocrepeskertst. OCoOMMBICTIO 3aPOMIOHOBAHOI TEXHOJIOTII € 3aCTOCYBAHHST TIPOIIELYPH Bibopy dareTis i3
BUKOPHUCTaHHSIM MacuBy (arleTiB TpacyBaHHs Ta 3acToCyBaHHs npuHIIy [toiirenca-MDpenesns juist posnisHaBarHst 06’ €KTIB CKIAMHOT HOPMIL

Bysio cdopmosano Gasy manux PJIII BilickkoBux 00’ekTiB ckiaaHoi dopmu. HasepeHo pesynbsratu mozmenoBanHs ¢amernux PJIII,
30Kpema OponboBaHOrO Katepy «ltopsa-M». Haseneno npoueaypu ix 06poGKm.

PesyubraTi eKerepruMeHTaIbHOTO AOCTIKEHHST TOKA3ald MOKJIUBICTD PO3II3HABATH THII BiiicbKOBOTO 00’€KTY CKJIaAHOT (hopMu Ha PiBHI
80-90 %, 1110 pOOUTH 3aCTOCYBAHH I[i€T TEXHOJIOTIT AOIIILHUM /I PO3Ii3HABAHHS BIiCbKOBUX 00'€KTiB CKJIanHol (hopMu.

JlocsarHyTi mWBUAKICHI Ta skicHI Xapaktepuctuku reHepysantst PJIII BilicbKoBUX 00’€KTiB CKIanHOI (DOPMU TO3BOJISIE TIPUITYCTUTH SIK
TOJIOBHY IEPCIEKTHBHY cepy MPaKTHIHOTO 3aCTOCYBAHH: ifeHTN(IKAI0 Ta 06pasHy iHTEepIpeTaIiio IiTeil B cHcTeMax CaMOHABEICHHS
BHUCOKOTOYHOI pakeTHOi 30poi.

KmouoBi ciioBa: pajiioJioKaIiiiHuii curHasl, paiioJIOKaIliiiHi TOPTPETH IiiJieil, iHTeJieKTyabHe Po3iisHaBaHHs, (hareTHi MO/IeJ, 3aBaJIH.
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BUKOPUCTAHHS CYKYITHOCTI IHOOPMAIIIITHIX O3HAK OB’€KTA ITIPUB’ I3KU /1JIsI ®OPMYBAHHSA
BHUPIIIAJIBHOI ®VHKIIIi CHCTEMOIO TEXHIYHOT'O 30PY IIPU MICIEBU3HAYEHHI MOBLIBHUX POBOTIB
(c. 60-69)

0. M. Cortnikos, B. YO. Twopina, K. E. Ilerpos, B. A. JIyk’snosa, O. @. Jlanosuii, 0. M. Ouuenxo, 0. B. I'nycos, C. B. Ilerpos,
O. 1. Boiiyenxo, II. II. Bpeyc

O6’ekToM JlocITiKeH s € Tipotiec (GOPMYBaHHsI BUPIIIATBHOI (DYHKIIT ONTHKO-EJIEKTPOHHOK CUCTEMOIO TEXHIYHOIO 30PYy B YMOBAX BILIMBY
3aBa/l Ha MOTOYHE 300pakeHHs, M0 (GOPMYETHCS B MPOIECi MICIIEBUZHAYEHHS MOGLIBHOrO poGoTy. B CTaTTi HaBeACHO pe3yJIBTaTh BUPINIEHHS
mpobsiemu (hopMyBaHHS BUPIMIAIBHOT (DYHKII MPU 3HUKEHHI BIIHOMIEHHSI CUTHAJ-TIIYM MOTOYHOTO 300PAKEHHS IMIJISIXOM BHKOPUCTAHHS
CYKYIHOCTI iH(DOPMAaTUBHUX O3HAK /ISt 3/iICHEHHST cesieKilil 06'eKTa TPUB'SI3KH, a caMe, sICKpaBOCTi, KOHTpacTy Ta iioro miomt. Cesexiiio
06'eKTa MPUB'SIBKN 3aMPOIIOHOBAHO 3/[IHCHIOBATU IIIXOM BUOOPY BIANOBIHUX 3HAYEHb TOPOriB KBAHTYBAHHS MOTOYHOTO 300DKEHHS LIS
o6paHnx iHPOPMATUBHUX O3HAK 3 YPAXYBAHHSM BIZHOIIECHHS] CUTHAJI-TIYM, TIPH IKOMY 3a0e311euyr0Thcs HeoOXiIHa HMOBIPHICTB cesieKIlii 06'eKTa.
Beranopiena 3a1exHiCTh IMOBIPHOCTI cestekilil 00'ekTa Biji 00paHUX 3HAYEHb BEIMYMHHU TIOPOTIB KBAHTYBAHHS. BHKOPMCTAHHS OTPUMAHUX
pesyasrartis 3abe3neunThb (hopMyBaHHsT YHIMOAAIBHOI BUPIIIAIBHOT (DYHKIL MpH 3ificHeH ] MicIieBUBHAYEHHsT MOOLIBHIX POOOTIB Ha MOBEPXHSAX
Bi3yBaHHS 31 CJIAOKO BUPKEHUMI SICKPABICHIMU Ta KOHTPACTHUMHE XaPAKTEPUCTHKAMU 00 €KTIB, & TAKOXK MPU iX MAIMX FEOMETPUYHIX PO3MIpaX.
TI1sxX0M MOJIEIIOBAHHS OIIHEHO HMOBIPHICTH (hOPMYBaHHsT BUPIIIAIBHOI (DYHKIIT B 3aIEKHOCTI Bi/I CTYIICHS 3aIyMJICHOCTI IIOTOUHUX 300PaKeHb.
TTokasaHo, 10 3aCTOCYBAHHSI 3AIIPOIIOHOBAHOTO TIH/IXO/Y BIAOBIAHO /I03BOJISIE 3/IHCHIOBATH CEMEKII0 06 €KTIB 3 IMOBIpHiCTIO B Meskax Bizx 0.78
710 0,99 1151 3HAYEHD BiTHOIIEHHSI CHTHAJI-TITYM 300paskeHb, 10 GOPMYIOTHCS CHCTEMOIO TEXHIYHOTO 30y B PEAbHIX YMOBax. MeToz hopmyBaHHs
BUpimanbHOT (DYHKINT B yMOBaX BIUIMBY 3aBaji MOKe OyTH peaslizoBaHuii B airoputMax oOpoOKH iHGopMallii, 110 BAKOPUCTOBYIOTHCS B ONITHKO-
€JIEKTPOHHUX CUCTEMaX TeXHIYHOIO 30py /I 3/[iiiCHeHH: HaBiranii 6e3IIIOTHIX JTITATBHUX allapaTiB.

Kmouosi cioBa: Mo6inpHmit poboT, Bupinransaa GyHKIis, inbopManiiiHi 03HaKH, MOPOTH KBAHTYBAHHS, BiIHOIIEHHS CHTHAJ-IIYM.
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PO3POBKA IIPOIEJTYPU ®PATMEHTYBAHHSI ACTPOHOMIUYHUX KAJIPIB JIJISI IPUCKOPEHHS
BICOKOYACTOTHOI ®LIbTPAILI (c. 70-77)

B. II. Biacenko, C. B. Xnamos, B. €. Casanesuuy, T. O. TpyHosa, JK. B. [leiineko, I. C. TaGakosa

OG6'eKTOM J0CTIIZKEHHS € TIpotiec (hiapTpaltii acTPOHOMIYHUX KaJPiB, AKi MiCTATH 300pakeHHs MoTeHIiiHnX 00'ckTiB COHAYHOI CHCTEeMN.
JIJ1s1 BUKOHAHHSI OKOHTYPIOBAHHSI 300paskKeHHST KOKHOTO TAKOTO 00'€KTa Ta PO3IMIZHABAHHS OT0 HA KOHTPACTI 3 (DOHOBOIO TH/IKIAIKOIO KaApy
HeoOXi/Ho mpoBoAuTH (ibrpaltiio 3o6paxens. Haiiyacrie BUKOPHCTOBYIOTHCS PIBHOMAHITHI BUCOKOYACTOTHI (DiIBTPH JJIsl BU3HAYEHHS
BUCOKOYACTOTHOI KOMIIOHEHTU 300pasKeHHs, SIKa MOke OyTH BUIaJieHa sIK BEIMKOCTPYKTYPHA CKJIaloBa. Byzib-sika (iabrpaiis 300paskeHHs
CTIPsAMOBaHa Ha IBUIIEHHS BiHONIEHHS CUTHAJI/IIYM Ta 3MEHIIEHHS AMHAMIYHOTO [ianasoHy (HOHOBOI migkmaaku 300paxenns. OxHak
nporiec Ginbrpanii 1ocuTh pecypco- i yacopurpathuii. OcobaMBO 1€ BiYYyBAEThCs Y CHCTEMAX MapaiebHol 0OpoOKU cepiif acTpOHOMIYHUX
KajIpiB y peasbioMy yaci (ormaiin). Tomy st BUpiteHts mpobjaeMu 3 BiCYyTHICTIO (hparMeHTyBaHHs KajpiB, 0 MPU3BOAUTD J0 BEJUKOTO
CIIOKUBAHHST ONIEPATUBHOI Mam'siTi, 6yJI0 3aIPONIOHOBAHO MIPOIEAYPY (DParMEeHTYBaHHS ACTPOHOMIYHUX KaJIPiB.

3aB/siKK BBE/ICHHIO (hOPMAJIbHOTO 3B'SI3KYy 3HAY€Hb IIKCEJIiB Kajpy Ta (DparMeHTiB, a TAKOXK BU3HAYEHHS 1X KiJIBKOCTI /[ajl0 MOKJIUBICTD
3MEHIIUTH CIIOKUBAHHS ONepaTUBHOI MaM 'ATi. TecTyBaHHSA NPOXOANJIO 3 BUKOPHCTAHHSAM TaKUX BUCOKOYACTOTHUX (DIBTPIB — imeanmbHnmit
Diasrp, diasrp BarrepBopra ta diasrp Tayca. Bukopucranis po3pobiienoi mpoiepypu pparMenTyBaHHs acCTPOHOMIYHUX KaJPiB A03BOJIIIO
BHUBUTH CHIOKUBAHHSA ONEPATUBHOI T1aM'aTi i/ yac (insrpaiii. Sk Hacai oK, Tpy napaseibHiil 06pobIl e A03BOMUI0 TAKOK IPUCKOPUTH
camy Ipole/lypy BHCOKOUACTOTHOI (hisbrpartii.

PospobJiena niporiesypa (hparMeHTyBaHHST aCTPOHOMIYHIX KazipiB OyJia arpoboBana npakTiudHo B pamkax npoekty CoLiTec. Bona Gyaa
Brposapkera B On-Line Data Analysis System (OLDAS) nporpamuoro 3aGesiedents Lemur.

JlocmiuKkeH s OKa3aJio, 110 [PK 3aCTOCYBaHHI pO3POOIEHOT MPOIEAYPHU CIIOKUBAHHST OllePaTHBHOL IaM AT OyJ10 3HIsKeHO Yy 7—10 pasis. A
BUAKICTH camoi dissrpartii Oyia 36iibinena y 2—3 pasu. BianosinHo, i yac 06poOKU KOKHOTO aCTPOHOMIYHOTO Kajlpy CKOPOTHUBCS B 2—3 pasu.

KiiouoBi cioBa: (hparMeHTyBaHHs KaJ[piB, 6araTonpoiecopHicTh, BUCOKOYACTOTHA (histbTpartist, ixeanbuuii hinsrp, pinsrp Barrepsopra,
dimsrp layca.
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HIABUIIEHHA JIOCTOBIPHOCTI IH@OPMAIIIT B CHCTEMAX ITO3UIMIOHYBAHHS HA ABTOMOBLJIbHOMY
TPAHCIIOPTI IIUIAXOM 3ACTOCYBAHHS ITAPAJIEJIBHOTO IHOOPMAIIITHOTO PE3EPBYBAHHH (c. 78-92)

A. H. Ans-Ammopi, B. C. Xapyra, A. €. Knouan, O. I1. lllkypko, X. A. Anp-AMMopi

OG6’exTOM JIOCIIIKEHHST € 0CTOBIpHiCTh iHdopMalii B iHdopMariiino-kepyiounx cucremMax. PoboTa IprcBsiuera BUPIIIEHHIO BaKJIMBO]
HAyKOBO-TIPAKTUYHOI MPOGJIeMI — TBUINEHHIO I0CTOBIpHOCTI iH(OpMAIli B CHCTEMax KOHTPOJIIO B PEKUMI PEATbHOr0 4acy, 30Kpema
B CHCTEMax MO3UIIOHYBAHHS Ha aBTOMOOIIBHOMY TpaHCHOPTi. JIJis BUPINICHHS MOCTABJICHOI TIPOOJIEMU 3aMPONIOHOBAHE 3aCTOCYBAaHHS
indopmariiitnoro pesepByBaHHs, 30KpeMa MapaeibHOrO iH(OpMaIiiiHOro pesepByBatHs. B poboTi NpoBeaeHe AOCHTIKCHHST BIUIUBY
IMOBIPHOCTI TOSIBU KOHTPOJIBOBAHOI MO/i1, KOeiliEHTy MaskOPUTAPHOCTI, @ TAKOK KIJIBKOCTI 1 IKOCTi AaTYNKiB iHdopmaitii Ha 10CTOBIpHICTDH




indopmaitii B indopmarliiino-kepyiouiii cucremi 3 mapasenbHuM iHGOPMaIIHHIUM pesepByBaHHAM. J[JIs 3a3HaYeHUX 3a/eKHOCTE B poOOTI
noOynoBani Bianosiaui rpadiku. B po6oti GyJo mokasaHo, 1Mo 3MiHa SKOCTI AaTyukiB iHdopmarnii Ha 20 % Mo Ke BECTH 0 MiJABUIIECHHS
nocroBiprocTi iHdopmartii na monaz 0,5. Takok B poOOTI TIOKa3aHo, 110 3pOCTAHHST MOKA3HIKa MaKOPUTAPHOCTI Ha 1 MOXKe BECTH /10 3MiHU
nocroBiprocTi irndopmartii va monaz 0,3. B poboTi mposesiere JOCIZKEHHs CHCTEM MapasieIbHOTO iHhOpPMaIiiiHOro pesepByBaHHs 3 Pi3HOO
CTPYKTYPOIO Ta BUsHaueHi hOpMyJIH ISl PO3PAXYHKY HMOBIPHICHUX XapaKTEPUCTUK iX poGoTu. MaremaTuuHe MOJIENIOBaHHs TIPOBEIEHE 3
BpaxyBaHHAM IIMOBIPHOCTI OSIBU KOHTPOJILOBAHOI IO/, 110 I03BOJIUJIO BUBHAYUTHU TEH/ICHIIIT 110 MO0y 0B iHDOPMAIifIHO-KePYIOUNX CUCTEM
3 TapaseIbHuM iHhOPMAIiHIM pe3epByBaHHAM /7T KOHTPOJIO MOJIii 31 3MIHHOIO MOBIpHiCTIO osgBr. OTpUMaHi pe3yabTaTi ITPYHTYIOThCS
Ha Teopii iiMoBipHocTi. OTpumani B poGoTi pesysbraTé MOKYTh OyTH BHKOpPHCTaHi Mpu moOyaoBi indopMaiiiHo-Kepyioduoi cucreMu 3
IIPOTPAMHO 3MiHHOIO CTPYKTYPOIO, /LI KOHTPOJIIO OIBU 1O/iT 31 3MIHHOIO IIMOBIPHICTIO 1I0SBU, 30KpeMa B CUCTeMax I[M03UI[IOHYBAaHHS Ha
aBTOMOOIJIBHOMY TPAHCIIOPTI.

Kimouosi caoBa: Gesneka indopmaii, gatunku indopmarii, foctosipaicts indopmaiti, indopmaiiiine pesepByBaHHs1, cucTeMa MO3UIL-

OHYBaHH:A.



