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Lightweight encryption algorithms are considered a relatively
new direction in the development of private key cryptography. This
need arose as a result of the emergence of a large number of devices
with little computing power and memory. Therefore, it became
necessary to develop algorithms that can provide a sufficient level
of security, with minimal use of resources. The paper presents a
new lightweight LBC encryption algorithm. LBC is a 64—bit sym-
metric block algorithm. Tt supports 80 bit secret key. The number
of rounds is 20. The algorithm has a Feistel network structure.
The developed lightweight algorithm has a simple implementation
scheme, and the transformations used in this algorithm have good
cryptographic properties. This was verified by studying the cryp-
tographic properties of the algorithm using the “avalanche effect”
and statistical tests. The avalanche property was checked for each
round when each bit of the source text was changed. Based on the
work carried out, it was found that the proposed encryption algo-
rithm is effective to ensure a good avalanche effect and the binary
sequence obtained after encryption is close to random. Its security
against linear and differential cryptanalysis is also evaluated. The
results of the research revealed good cryptographic properties of
this algorithm. The algorithm will be used for devices with small
hardware resources, in information and communication systems
where confidential information circulates, and it is also extremely
necessary to exchange information in a protected form in an opera-
tionally acceptable time.

Keywords: encryption algorithm, lightweight algorithm,
cryptographic transformations, avalanche effect, cryptographic
stability.
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The object of research is IEEE 802.11 (Wi-Fi) networks, which
are often the targets of a group of attacks called “evil twin”. Research
into this area is extremely important because Wi-Fi technology is a
very common method of connecting to a network and is usually the
first target of cybercriminals when they attack businesses. With the
help of a systematic analysis of the literature focused on counter-
ing attacks of the “evil twin” type, this work identifies the main
advantages of using artificial intelligence systems in the analysis of
network data and identification of intrusions in Wi-Fi networks.
To evaluate the effectiveness of intrusion detection and cybercrime
analysis, a number of experiments as close as possible to real attacks
on Wi-Fi networks were conducted.

As part of the research reported in this paper, a method is pro-
posed for detecting cybercrimes in IEEE 802.11 (Wi-Fi) wireless
networks using artificial intelligence, namely a model built on the
basis of the k-nearest neighbors method. This method is based on the
classification of previously collected data, namely the signal strength
from the access point, and then continuous comparison of the newly
collected data with the trained model.

A compact and energy-efficient prototype of a hardware and
software system has been designed for the implementation of moni-
toring, analysis of ethernet network packets and data storage based
on time series. In order to reduce the load on the computer network
and taking into account the limited computing power of the system,
amethod of data aggregation was proposed, which ensures fast trans-
fer of information.

The results, namely 100 % of test cases (more than 7 thousand),
were classified correctly, which indicates that the chosen method of
data analysis will significantly increase the security of information
and communication systems at the state and private levels.

Keywords: TEEE 802.11, Wi-Fi, evil twin, machine learning,
classification, triangulation, cyber security.
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The development of Internet technologies together with mobile
and computer technologies have formed smart technologies that
allow the formation of both cyber-physical and socio-cyber-physical



systems. The basis of smart technologies is the integration of
wireless channel standards with mobile and computer protocols.
4G/5G technologies are integrated with various web platforms,
taking into account the digitalization of services in cyberspace. But
the SSL/TLS protocol, based on the hybridization of symmetric
encryption algorithms with hashing algorithms (AEAD mode),
which is supposed to provide security services, is vulnerable to “Meet
in the middle”, POODLE, BEAST, CRIME, BREACH attacks.
In addition, with the advent of a full-scale quantum computer,
symmetric and asymmetric cryptography algorithms that provide
security services can also be hacked. To increase the level of security,
an improved protocol based on post-quantum algorithms — crypto-
code constructions is proposed, which will ensure not only resistance
to current attacks, but also stability in the post-quantum period. To
ensure the “hybridity” of services, it is proposed to use the McEliece
and Niederreiter crypto-code constructions (confidentiality and
integrity are ensured) and the improved UMAC algorithm on the
McEliece crypto-code construction. Taking into account the level of
“secrecy” of information, it is suggested to use various combinations
of crypto-code constructions on different algebraic geometric and/or
flawed codes. The use of crypto-code constructions not only prol
vides resistance to attacks, but also simplifies the formation of a
connection — the parameters of elliptic curves are used to transmit
a common key. This approach significantly reduces the connection
time of mobile gadgets and simplifies the procedure of agreement
before data transfer.

Keywords: improved SSL/TLS protocol, post-quantum
encryption algorithms, improved UMAC algorithm, algebraic
geometric codes, flawed codes.
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In connection with the global decarbonization program until
2050, the transition to clean green energy, the growth of the Internet

of Things (IoT) number, and energy distribution and control across
the load are being raised. The relevance of the work is confirmed
that there has been significant growth of the industrial ToT for
years, significantly changing the mechanism of industrial enterprise
management programs. The object of the research is the IoT device
control system for efficient energy distribution using a Queuing
Theory, namely the Teletraffic Theory. The novelty of the work
is that the Teletraffic Theory, which deals with the mathematical
modeling and analysis of traffic patterns in communication net-
works, can be explicitly applied to IoT device control. The authors
developed a mathematical model of ToT control using the Teletraf-
fic Theory and, based on it, created a simulation model of a network
router and a transition schedule in the “GPSS World” software.
The obtained results of the work were 16 states and a balance equa-
tion in which all probabilities were found. Probabilities were used
to calculate nodes and network characteristics. 100,000 requests
from ToT devices coming to two routers were simulated. The study
results showed that the first node’s load is 63.2 % with an average
processing time per transaction of M=1.436 sec., and the load of the
second node is 32 % with M=0.914 sec. The created network router
model worked with minimal losses during transactions. Accord-
ingly, the ToT control system developed in this study has shown its
effectiveness and is applicable for practical use in controlling ToT
devices in Smart Grid. It is planned to research the possibility of
using Teletraffic Theory in energy distribution control systems in
Smart Grids.

Keywords: teletraffic theory, queuing theory, IoT devices, nett
work router simulation model, GPSS world.
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The object of research is the process of clustering images from
space optical-electronic surveillance systems. The main hypothesis
of the study assumed that experimental studies would make it
possible to determine the number of clusters on images from space
optical-electronic surveillance systems when using the k-means
algorithm.

The method of clustering images from space optical-electronic
surveillance systems using the k-means algorithm, unlike the known
ones, implies:

— splitting the source image into Red-Green-Blue brightness
channels;

— determination of the Euclidean distance between pixels;

— distribution of the entire set of image pixels into clusters;

— recalculation of “centers” of each subset;

— reassignment of new “centers” of each cluster;

— minimization of the total intracluster variance.

Experimental studies were conducted on the clustering of the
original image using the k-means method at different values of k.
It was established that with an increase in the value of k, the visual
quality of clustering improves, and it is possible to visually determine
a larger number of clusters in the images.

To determine the number of clusters, the sum of clustering er-
rors of type 1 and 2 at different values of k was evaluated. It was
established that when the value of k increases, the sum of errors
of the 15t and 2 kind initially decreases exponentially. A further
increase in the value of k does not lead to a significant decrease in
errors of the 15t and 2" kind. Tt was established that for a typical im-
age from the space optical-electronic observation system, the value
of k in the clustering method based on the k-means algorithm should
be equal to 4. At the same time, the sum of errors of the 15t and 2"d
kind is 31.3 %.

Further research is directed to the development of clustering
methods that reduce the sum of errors of the 15 and 2" kind.

Keywords: image clustering, space observation system, k-means,
errors of the 13t and 24 kind, number of clusters.
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The object of research is the process of classifying objects in images.
The quality of classification refers to the ratio of correctly recognized
objects to the number of images. One of the options for improving the
quality of classification is to increase the depth of neural networks used.
The main difficulties along the way are the difficulty of training such
neural networks and a large amount of computing that makes it difficult
to use them on conventional computers in real time. An alternative way
to improve the quality of classification is to increase the width of the
neural networks used, by constructing ensemble classifiers with staking,
However, they require the use of classifiers at the first stage with differ-
ent structured processing of input images, characterized by high quality
classification and relatively low volume of calculations. The number of
known such architectures is limited. Therefore, the problem arises of in-
creasing the number of classifiers at the first stage of the ensemble clas-
sifier by modifying known architectures. It is proposed to use blocks of



rotation of images at different angles relative to the center of the image.

Tt is shown that as a result of structured image processing by the starting
classifier, processing of rotated image leads to redistribution of errors on
image set. This effect makes it possible to increase the number of classi-
fiers in the first stage of the ensemble classifier. Numerical experiments
have shown that adding two analogs of the MLP-Mixer algorithm to
known configurations of ensemble classifiers reduced the error from 1
to 11 % when working with the CIFAR-10 dataset. Similarly, for CCT,
the error reduction was between 2.1 and 10 %. In addition, it has been
shown that increasing the MLP-Mixer configuration in width gives
better results than increasing in depth. A prerequisite for the success of
using the proposed approach in practice is the structured image process-
ing by the starting classifier.

Keywords: multilayer perceptron, neural network, ensemble
classifier, weighting coefficients, classification of objects in images.
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The object of the study is the architecture of a hybrid neural
network for mine recognition using ultra-wideband radar data. The
work solves the problem of filtering reflected signals with interfer-
ence and recognizing mines detected by ultra-wideband (UWB)
radar. A hybrid neural network model in combination with the Adam
learning algorithm is proposed. Filtering of reflected signals from
mines is carried out using an MLP (multilayer perceptron) filter,
which selects low-amplitude parts of signals that carry information
about a hidden mine from the entire reflected signal. Mine recogni-
tion is carried out by a Hilbert block and an oscillatory neural net-
work, which are included in the structure of a hybrid neural network.
The peculiarity of the obtained results, which allowed to solve the
investigated problem, is the transformation of the signal frequency
by the Hilbert block and the recognition of mines by the oscillatory
neural network in the resonant mode. The three-layer MLP filter
effectively filters out the unwanted component in the total signal
reflected from the subsurface object, as the MSE (Mean Squared Er-
ror) of the MLP filter is 1-1075. If the frequency of the Hilbert signal
is equal to the natural frequency of oscillations of neurons QZ.H =y,
then the recognition of signals with a small amplitude from subsur-
face objects is carried out by an oscillatory neural network based
on the resonant amplitude, which is indicated by a small value
of cross-entropy. The proposed model of a hybrid neural network
provides amplification of useful signals due to resonance and
has higher performance compared to existing models of artificial
neural networks. The practical significance of the obtained results
lies in their application in the field of automated neural network
technologies for detection and recognition of subsurface objects of
various nature based on reflected radar signals with an amplitude
at the noise level.

Keywords: multilayer perceptron-filter, Hilbert block, oscilla-
tory neural network, resonance.
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Deep learning algorithms rely on digital pathology to classify
tissue tumors, where the whole tissue slides are digitized and im-
aged. The produced multi-resolution whole slide images (MWSIs)
are with high resolution that may range from about 100,000 to
200,000 pixels. MWSIs are often stored in a multi-resolution config-
uration to simplify the processing of images, navigation, and efficient
exposition. This work develops a network for classifying MWSIs
that require high memory employing a deep neural Inception-v3
architecture. This work employs the MWSIs from Camelyon16,
which is around 451 GB in size of Challenge dataset from two in-
dependent sources including 400 MW SIs as a total of lymph nodes.
The training dataset contains 111 MWSIs of tumor tissue and lymph
nodes and 159 WSIs of normal lymph nodes. The developed model
uses sample-based processing to train extensive MWSIs employing
the MATLAB platform. The model introduces transfer learning
techniques with an Inception-v3-based architecture to categorize
separate samples as a tumor or normal. Therefore, the main aim here
is to achieve two-classes binary segmentation containing normal and
tumor. This includes creating a new fully connected layer for the
Inception-v3 architecture with two classes and compensating new
layers instead of the original final fully-connected layers. The results
obtained demonstrated that the heatmap visualization can recognize
the boundary coordinates of ground truth as sketchy Region Of
Interest (ROI), where the green boundary represents the normal
regions and the tumor area with red boundaries. The proposed
Inception v3 Convolutional Neural Network (CNN) architecture
can achieve more than 92.8 % accuracy for such MWSIs dataset to
categorize brain tumors into normal and tumor tissue.

Keywords: convolutional neural network, deep learning, clas-
sification, Inception architecture, brain tumor.
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DISCRETE ELECTROCARDIOGRAM T AMPLITUDE
DETECTION BASED ON CYCLE DURATION (p. 94-105)
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In each cycle of the electrocardiogram wave there are P, Q, R,
S and T amplitudes. Many studies have been conducted to obtain
amplitude and QRS waves because they are related to ventricular
depolarization, but to obtain T amplitude values related to ven-
tricular repolarization are still rarely done, not even for the clinical
standard (12 leads). This study aims to obtain the amplitude T value
in each cycle and each electrocardiogram lead. Obtaining the am-
plitude T position on the reference lead will also find the amplitude
T value on the other lead. Each cycle duration obtained from the
duration RN to Ryuq is used to obtain the position of the endpoint
of each cycle. The maximum value between the amplitude S position
and the end point of the cycle is the amplitude T value. The results
of research on 10 Physionet sinus rhythm samples and 10 Saiful
Anwar Hospital Malang samples show that the duration of the cycle
was successful in obtaining the amplitude T value for each lead. All
samples can display a value. The amplitude in each cycle, where the
values obtained in each cycle are still in normal conditions. The am-
plitude T value obtained is certainly accurate because there is only
one positive value between the amplitude S position and the end of
the cycle position. The position of the amplitude integer T found in



a cycle in one lead will be the same as the position of the amplitude

integer T in the cycle for the other lead. This occurs because of the

simultaneous transmission of impulses that affect the atrial and ven-

tricular muscle cells. The position of the amplitude T for each cycle

can be found by filtering the maximum amplitude value between the

amplitude position S and the final position of the cycle. Practically,

this method can be programmed to be added to a digital electrocar-

diograph.

Keywords: detect the amplitude T, cycle duration base, ecg dis-

crete, electrocardiogram.
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PO3POBKA HOBOTI'O JIETKOBATOBOTI'O AJITOPUTMY IU®PYBAHHA (c. 6-19)

Nursulu Kapalova, Kunbolat Algazy, Armanbek Haumen

AJITOPUTMU JIETKOBAroBOTO MIGPYBAHHS BBAKAIOTHCS BiITHOCHO HOBUM HANIPSIMOM Y PO3BUTKY Kpuntorpadii i3 3akputum kiaodeM. Taka
moTpeba BUHUKJIA BHACIIIOK MOSIBU BEJIMKOT KiJIbKOCTI MTPUCTPOIB 3 HEBEJIMKOIO 00UHCITIOBATBHOIO TTOTYKHICTIO Ta T1aM SITTio. ToMy 3'siBUjIach
HEOOXiIHICTb PO3POOKM aITOPUTMIB, 31aTHUX 3a0€3MeUNTH JOCTaTHIii piBeHb GE3IeKH, TPU MiHIMAJIbHOMY BUKOPHCTAHHI pecypciB. Y poboti
npejcTaBaeHo HOBUIA jierkoBarosuii anroput™ mudpysarns LBC. LBC — ue 64-6itoBuii cumerpudnuii 6;10k0B1iA airopurm. Bin mixrpumye
80 6uTnii cexpernuit kmou. Kimbkicts payuais — 20. Anropurm mae ctpyktypy Mepeski Deiictens. PospobieHuil JTerkoBaroBiil airopuT™
Mage TPOCTy CXeMy peaJiizallii, a mepeTBOPeHHs, 110 BUKOPUCTOBYIOTHCS B JIAHOMY aJTOPUTMI, MaioTh A00pi Kpurtorpadiuni Biractusocri. Ile
TIepeBipeHo MpHU JOCTIKEHHI KPUMTOTPa(hiuHNX BJIACTHBOCTEN AJITOPUTMY 32 JOTIOMOTOI0 «JTaBUHHOTO e(heKTy» Ta CTATUCTUYHHUX TECTiB.
TlepeBipka JTaBMHHOI BJIACTUBOCTI BUKOHYBAJIACS KOKHOTO PayHJLy TP 3MiHI KOKHOTO GiTa BuxigHoro Tekery. Ha mizcrasi npoBegeHux podit
BCTaHOBJIEHO, TIT0 3aMPOTTOHOBAHMIT AITOPUTM M PYBaHHs eDeKTHBHIN /7IsT 3abe3MeUeHHsI TapHOT0 JaBIHHHOTO eekTy Ta GiHapHa mocTi-
JIOBHICTB, OTpUMaHa micJist 3amudpysants, 61u3bKa 10 BUIaaKoBoi. Takoxk OIiHEHO HOTO 3aXUIIEHICTh Bijl JiHIHHOTO Ta AudepeHIiaabHOrO
KPUIITOaHai3y. Pe3ybrarit 1oc/iKeHb BUSBIIN 106pi KpuntorpadivHi BIaCTUBOCTI IAHOTO alrOpUTMY. AJITOPUTM OyIie 3aCTOCOBYBATHCS
TSI TIPUCTPOIB, 10 BOJIOMIIOTh MATMMU alapaTHUMH pecypcaMi, B iH(GOpPManiiHO-KOMYHIKAIIHHNIX CHCTEMAX, /ie IIPKYJIOI0Th BiZIOMOCTI
KOHMIEHIIITHOTO XapakTepy, a TAKOXK TIPU HEOOXIAHOCTI B ONEPATUBHO MPUIHATHI TepMiHU OOMIHIOBATUCS 1HMOPMAIEI B 3aXUIEHOMY
BUTJISII.

KmouoBi cioBa: asnroputym mmndpyBaHHs, JIETKOBATOBUN aJITOPUTM, KPUIITOTpadivyHi IIepeTBOPEHHS, IaBUHHUI e(heKT, KPUIITOCTIHKICTb.
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PO3POBKA METO/1Y BUSBJEHHS ATAK <«3JIUI1 ABIMHUK> HA MEPEKI CTAHJIAPTY IEEE 802.11 (WI-FI) 3A
JTOMOMOTOIO MOJIEJI KJIACUMIKAIIIL KNN (c. 20-32)

P. I. Banax, A. 3. Ilicko3y®, 1. P. Onipcbkuii

O6'exrom nocrimkenns sucrynaots IEEE 802.11 (Wi-Fi) mepexi, AKi 4acTo € misissMu rpynu aTak Il Ha3BOW «3iuil ABiltHUK>. [[o-
CJIJIKEHHS JAHO1 TEMU € HAJ3BUYANHO BAXKJIMBIM, OCKITBKU TexXHOIOTiss Wi-Fi € myske po3moBCio/pKeHUM METOIOM MiJIKITIOYEHHS /10 MepesKi
i 3a3BHYAll € MEPIIOIO /U0 KiGEP3TOUNHINB B aTakaX Ha MIIPUEMCTBA. 3a JOIIOMOTO0I0 CHCTEMATIYHOTO aHATI3Y JIITepaTypH 30CepPeKEHOT
Ha MPOTHU/IIIO aTakaM TUITY <3JUii ABIHHUK», JaHa poOOTa BU3HAYAE OCHOBHI MepeBark 3acTOCYBaHHs CUCTEM HITYYHOTO IHTEJIEKTY, y aHalisi
MepekeBHX JaHuX Ta igeHTudikaiii Broprierns B Mepeki Wi-Fi. [lyist oninky e(eKTHBHOCTI BUSIBJIEHHST BTOPIHEHb Ta aHali3y KiGep3aounHiB
MPOBEJICHO PSAJL €KCIIEPUMEHTIB MaKCUMa/IbHO HaOJIMAKEHNX JI0 peaibHuX aTak Ha Mepesxki Wi-Fi.

B pamkax J0CIIZKEHHS, [0 OMUCAHO B JAHIIl CTATTi, 3aIIPOIIOHOBAHO METO/I BUSIBJIEHHS KiOEP3I0YNHIB y GE3POTOBUX MepeKax CTaH-
napry IEEE 802.11 (Wi-Fi) 3a 10moMOroio ITy4HOTO iHTETEKTY, a came Moziesli o0y noBanol Ha 6asi Metony k-Haitbmkanx cycinis. lanwmit
MeTo/l 3aCHOBaHUI Ha Kiacugikallii momnepeHbo 3i6paHuX AaHKUX, a caMe TOTYKHOCTI CHIHALY BiJl TOUKH JIOCTYILY, @ MOTiM Ge3lepepBHOMY
TOPIBHSAHHIO HOBO3IOPAHIX JaHNX i3 HATPEHOBAHOIO MOJIETLITIO.

P03po6iieHo0 KOMIAKTHUI Ta eHeproedeKTUBHUIT MPOTOTUII AIAPATHO-TIPOrPAMHOTO KOMILIEKCY Il peasisallii MOHITOPUHTY, aHaIi3y
MepeKeBHX TakeTiB edipi Ta 30epeskeHHst JaHnX Ha OCHOBI YaCOBMX PAAIB. 3a/jisl 3MEHIICHHsT HaBaHTaKEHHsI Ha KOMITTOTEPHY Mepexy, i,
3BaXKAIOUM Ha 0OMEKEHY OOUMCIIOBAIBHY 3aTHICTH KOMILIEKCY, OYJI0 3allPOIIOHOBAHO METO/ arperaiiii JaHux, SKuil 3a0e3neuye MBuIKY
nepenavy irdopmartii.

Orpumani pesysbrari, a came 100 % TectoBux Bumazakis (6imbine 7 Tucsd), 6yn0 kracidikoBaHo TPABHUJIBHO, 10 BKa3y€e Ha Te, 1Mo 06-
paHuil METO/I aHAJI3Y AHUX TO3BOJUTH 3HAUHO MIABUIIUTU Oe3IeKy iHPOpMAaIiiiHO-KOMYHIKAIIHIX CUCTEMAX JIEP/KABHOTO Ta TIPUBATHOTO
piBHIB.

Kimouosi caosa: IEEE 802.11, Wi-Fi, evil twin, mammune napuyannst, Kiaacudikartis, Tpianryssitis, kibepbesneka.
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PO3POBKA YIOCKOHAJIEHOI'O ITPOTOKOJIY SSL/TLS HA IIOCTKBAHTOBUX AJITOPUTMAX (c. 33-48)

C. II. €EBcees, A. A. Tagpunosa, C. B. Minescokuii, 1. II. Cininun, B. B. Yananko, I. 10. ykin, B. M. I'peGentok, M. A. Jlenos,
Lala Bekirova, O. I. Illnax

P0O3BUTOK iHTEPHET-TEXHOJIOTIIT Pa3oM i3 MOGITBHIME, KOMITIOTEPHUME TEXHOJIOTIIME C(HOPMYBAIN CMAPT-TEXHOJIOTI, SIKi 103BOJIAIOTh

dopmyBati gk Kibepdisuuni, Tak i coriokibepdiznui cuctemu. OCHOBOIO CMapT-TEXHOJIOTIH € KOMILIEKCYBaHHsI CTaHAapTIiB O€3POTOBUX



KaHAJIiB i3 MOGLIBHIMU Ta KOMITTOTepHUMH T1poToKoJIamu. Texuosorii 4G/5G KoMIUIEKeyIOTD i3 pisHuMU BebG-1uaTdopMaMu 3 ypaxyBaH-
HaM nudposisatii mocsyr y Kibeprpoctopi. Ase iporokon SSL/TLS, sacHoBanuii Ha riGpuansanii CAMETPUYHUX aJrOPUTMIB IH(pPYBaHHS
3 anropurMamu remryBanis (pexkum AEAD), sikuii noBuHeH 3a6e31ednTn Tocayr Oe3neku MiIAEThesl atakaM «3yCTpiu Ha ceperHi»,
POODLE, BEAST, CRIME, BREACH. Kpiwm 116010, 3 I0SIBOK0 TOBHOMACIITAOHOTO KBAHTOBOTO KOMITIOTEPA MOKYTh OYTH 3JIaMaHi TaKOK
AJITOPUTMH CUMETPUYHOI Ta HecuMeTpuuHoi Kpurrorpadii, siki 3abesnedyorsh nocayry Gesieku. [is miaBuIeH s piBHsI GE3IeKN MPOIo-
HYETHCSI BIOCKOHAJICHUIT TPOTOKOJI HA OCHOBI MOCTKBAHTOBHUX AJTOPUTMIB — KPHUIITO-KOJOBUX KOHCTPYKILIH, 110 J03BOJUTH 3a0€3MCUNUTH HE
JIMIIIE IPOTH/III0 YMHHAM aTtakaM, a i CTIfiKicTh y mocTKBaHTOBUIT 1epioz. [l 3a6esieuents «riOpuaHOCTI» TTOCIYT POIIOHYETHCA BUKOPHC-
TOBYBATH KPHUITO-KOMOBI KOHCTPYKINi Mak-Esica Ta Higeppaiitepa (3a6esnedyerbest KOH(DIEHITIHHICTD Ta MITICHICTh) Ta BAOCKOHATEHUH
anroputM UMAC Ha xpunTo-koz108iil koHerpykiii Mak-Emica. 3 ypaxyBaHHSIM PiBHS «CeKpeTHOCTi» iH(opMaltii MporoHy€eTbcsi BUKOPHC-
TOBYBaTH Pi3Hi KOMOIHAIT KPUIITO-KOAOBUX KOHCTPYKINN Ha PI3HUX KOJIaX alreGporeoMeTpuIHuX, Ta/abo 30MTKOBUX Kogax. Bukopucrans
KPHMITO-KOJOBUX KOHCTPYKIII He Jmine 3a0esmedye CTIHKICTh 0 aTak, a i crpornye hopMyBaHHs 3'€THAHHS — JUIs TIepeiadi 3aralbHOTO
KJII0Ya BUKOPUCTOBYIOTCSI APAMETPH eIINTUYHUX KPUBUX. Takuil MiAXiz CyTTEBO 3HMKYE Yac 3'€AHaHHA MOOIIBHUX TajKeTiB Ta CIIPOILY€e
TIPOIIE/LYPY Y3TO/KEHH: 1epe/ Tiepeiadero JaHux.

Kmouosi cnoBa: Biockonasennii mporokos SSL/TLS, nocrkBanTosi anroput™n mundpysanss, Brockonantenuii anroputm UMAC, ai-
rebpoOreoMeTpUYHI KOJIH, 36U TKOBI KON,
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OLIHKA EOEKTHBHOCTI KEPYBAHHS ITIPMCTPOSIMU IHTEPHETY PEYEI1 3A TEOPIEIO TEJIETPADIKY
(c. 49-59)

Madina Konyrova, Saule Kumyzbayeva, Teodor Iliev, Katipa Chezhimbayeva

V 3B’13Ky 3 T71006aIbHOTO TIPOTPaMolo Aekapboizaltii 10 2050 poky miAHIMAIOTHCA HACTYITHI MUTAHHST: TIEPEXi/| 10 YUCTOI 3eJIeHO0i eHeprii,
3pocTtanHs KimbkocTi [HTepHeTy peueii (IP), a TakoK pPOBIOALNT eHepril Ta KOHTPOJIb 3a HABAHTAKEHHSM. AKTYaJbHICTh pOOOTH TiATBEp-
JKY€ETBCSI THM, 110 IPOTATOM 6AraThoX POKIB CIIOCTEPIra€ThCS 3HAUHE 3POCTAHHS TTPOMUCIOBOTO P, 1110 iCTOTHO 3MiHIOE MeXaHi3M mporpam
YIPaBJIiHHS TPOMUCAOBUMH THiAnpreMcTBaMu. O6'€KTOM JIOCIKEHHS € CHCTeMa KepyBaHHs TPUCTPoeM TP uist eheKTHBHOTO PO3IOIiIY
€Heprii 3 BUKOPUCTaHHIM TeOpii MacoBOT0 06CIyrOBYBaHHsL, a came Teopii Teserpadiky. OcobauBicTb POGOTH TIOJISTAE B TOMY, IO TEOPist Tesie-
Tpadiky, sika 3aiiMacThCs MaTeMaTHYHIM MOJIETIOBAHHSIM Ta aHaMi30M MabioHiB Tpadiky B Mepekax 383Ky, MOKe OyTH sIBHO 3aCTOCOBAHA
1o kepyBamst ipuctposivu [P. ABTopr po3pobuiii MareMaTuyiy Mojiesib yipasiinis 1P 3 Bukopucranusim teopii teserpadixy Ta Ha ii ocHoBi
CTBOPHJIY IMITAIIHY MOJIEIb MEPEKEBOTO MapiipyTusaropa ta rpadik mnepexois y nporpaMomy sabesneuerni «GPSS World». Orpuma-
HUMH pesyJisratamu pobotn Gy 16 cranis i piBHAHHS OaaHcy, B sstkomy OyJii 3Haiizeni Bci iMOBIpHOCTI. IMOBIPHOCTI BUKOPHCTOBYBAIHCS
U1 PO3PaxXyHKY BY3JIB i XapakTepucTuk mMepesxi. Byso samozesnpbosano 100 000 sanutis Bix npuctpois 1P, 1o HagxoasTh 10 ABOX Mapuipy-
TH3aTOPiB. Pe3ysbraTi H0C/iIPKEHHS TOKA3aJIH, 1110 3aBAHTAKEHHST IEPIIOTO BY3J1a CTAHOBUTH 63,2 % 13 cepenHiM 4acoM 0OpOOKIT TpaH3aKIIii
M=1,436 c, a 3aBaHTa’keHHs APyroro By3ia cranoButh 32 % 3 M=0,914 c. CtBopena Mo/ieib MePEREBOr0 MapIIPyTU3aTOPa TIpalioBaia 3
MiHIMaJIBHUMU BTpaTaMy TIijl yac TpaHsakitiii. Bianosiano, pospobiena B 1bOMY A0CAIKeHHI crcTeMa yripasinis [P mokasana cBoio eex-
TUBHICTD 1 MPUAATHA IS IPAKTUYHOTO BUKOPHCTAHHs B yripasinni npuctposimu [P B Smart Grid. Ilnamyerbest 10CTiKeH st MOKIUBOCTI
BUKOPUCTAHHS Teopil Teserpadiky B cucTeMax yrnpasJiHHs PO3noiiom eneprii B Smart Grids.

KiouoBi caoBa: Teopist esierpadiky, Teopisi MacoBoro o6ciyropysantist, mpuctpoi 10T, imiTariiina Moesb MepeskeBoro MapIipy TH3aTo-
pa, cit GPSS.
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BU3HAYEHH KIVIbKOCTI KJIACTEPIB HA 30BPAKEHHAX 3 KOCMIYHUX OIITUKO-EJNEKTPOHHUX
CHUCTEM CIIOCTEPEKEHH ITP1 BUKOPUCTAHHI AJITOPUTMY K-MEANS (c. 60-69)

I'. B. Xynos, O. M. Makoseiiuyk, B. C. Komapos, B. I'. Xyzos, I. A. Xmwkusk, B. I'. Bamuncekuii, C. B. Creuis, €. €. /lynap,
A. B. Pyauii, M. I'. Byrepa

OG’'eKTOM JIOCTIKEHHS € TIPollec Kiacrepisailii 306pakeHb 3 KOCMIUHUX ONTUKO-EJEKTPOHHUX CHCTeM criocTepeskerts. OcHOBHA Ti-
moTe3a JOCI/UKEHHS MOJIsraia B TOMY, 110 eKCIIEPUMEHTAIbHI TOCIIKEHHST J03BOJISITh BU3HAYNTH KIJIbKICTh KJIACTEPiB Ha 300paskeHHsIX 3
KOCMIUHUX ONTUKO-€JEKTPOHHUX CHCTEM CIIOCTEPEKEHHST TIPU BUKOPHUCTAHHI anroputMy k-means.

Mertoz kmacrepisaiii 300pakeHb 3 KOCMIYHIX ONTHKO-EJ€KTPOHHUX CHCTEM CIIOCTEPEKEHHS TIPU BUKOPUCTAHHI alropuT™My k-means, ra
BizMiHY BiJl Bijtomux, nepeabavac:

— po36uTTs BUXigHOrO 3006paxkenns Ha Red-Green-Blue kananu sickpaBocri;

— BU3HAYEHHS e€BKJII0BOI BiZicTaHi MIXK IiKCeISIMU;

— PO3IOI yciel MHOKUHU MIKCEiB 300paskeHHs Ha KJIACTEPH;

— TIepepaxyHoK «IeHTPiB» KOXKHOI MTi/IMHOKNH;

— Tepenpu3HauYeHHsI HOBUX <IIEHTPiB» KOXKHOTO KJIACTEPY;

— MiHiMi3aIlis TOBHOI BHYTPIilTHBOKJIACTEPHOI IUCIIEPCIi.



TIpoBeieHO eKCTIepUMEHTATbHI OCITIKEHHS MO0 KIacTepisalii BUXiHOTO 300pakeHHs METOIOM Ha OCHOBI k-means npu pisHuX 3Ha-
yennsax k. Beranossieno, 1o 3i 36iibleHsM Beqnunin kK BizyanbHa AKicTh KaacTepisallii MOKpaIyeThes Ta BidyaJbHO MOKHA BU3HAUUTH
OiJIbIITY KiJIBKICT KJIACTEPIB HA 300PasKeHHSIX.

Jliist BUBHAYEHHS KiJIbKOCTI KJTacTepiB MPOBe/IeHa OI[iHKA CyMH TOMUJIOK KJactepisaitii 1 ta 2 poy npu pisHux sHaueHHsx k. Beranosiie-
HO, 1110 TIpH 361IbIIeH T 3HaueHHs K cyma moMusIok 1 Ta 2 pofy CrioyaTKy 3MEHIIYEThCS 3a eKCIOHEHIIaNIbHOIO 3aseskHicTio. [Topasbiie 36i1b-
NIEHHS BeJIMYMHY k He IPUBOANTS 10 CYyTTEBOTO 3MEHIIEHHS MOMIJIOK 1 Ta 2 poxy. BecTaHOBIEHO, O UIST THTIOBOTO 300pakKeHHST 3 KOCMIUHOI
OITUKO-EJIEKTPOHHOI CHCTEMH CIIOCTEPEKEHHS 3HaUeHHsT K B MeTo/Ii KiiacTepisaliii Ha OCHOBI ajropuT™y k-means OBHHHO JOPIBHIOBATH 4.
[Ipu npomy cyma momuiiok 1 ta 2 pony ckaamae 31,3 %.

[Topaublini oCIIiPKeHHsT HATTpaBJieHi Ta po3poOKy METO/IB KJaacTepisaitii, 1o 3HIKYIOTh cymy oMusiok 1 ta 2 popuy.

KiiouoBi cioBa: kiacrepizailist 306paskeHis, KocMiuHa ciucTeMa croctepeskers, k-means, momuiaku 1 ta 2 pojy, KiJIbKicTh KacTepis.
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NIABUIIEHHA SKOCTI KIIACU®IKAIIT OB €KTIB HA 30BPAKEHHAX AHCAMBJIEBUMU
KIACUPIKATOPAMMI 31 CTEKIHTOM (c. 70-77)

0. M. l'anuonkos, Oleksii Baranov, Mykola Babych, B. I. Kysaesa, 0. I. BaGuu

O6'ekTOM JI0CIIKEH S € Tipoliec Kiacudikaltii 06'exTis Ha 300paskenusx. [Tix sxicTio kaacudikaiiii posyMieTbest BIIHOMIEHHST TPaBUIIb-
HO PO3Mi3HAHKUX 00'EKTIB 10 KiIbKOCTI 306pakenb. OHNM 3 BapiaHTIB MiABUINCHH AKOCTI Kiacuikallil € miBUIIeHHA IIMOMHI HEHPOHHNX
MepEeK, M0 BUKOPUCTOBYIOThCsS. OCHOBHUMH TPYAHOIAMHE Ha IIbOMY TIISIXY € CKJIAIHICTh HABYAHHS TAKMX HEMPOHHUX MePeX 1 BeJUKMii 06-
¢sIT 0GYUCIIEHB, M0 YTPYAHIOTH iX BUKOPICTAHHS Ha 3BUYAHNX KOMIT I0TEPaX Y PeasbHOMY Yaci. AJBTepHATHBHIIM BapiaHTOM ITi IBUIIEHHS
stkocTi Kiracudikalii € 361IbIIeHHs IUPUHU HEHPOHHUX MEPEK, 110 BUKOPUCTOBYIOTHCS, 32 PAXYHOK CIOPY/UKEHHsT aHcaMOJIeBuX Kiacudi-
KaTopis 3i crexinrom. OiHaK BOHM BUMAraloTh BUKOPHCTAHHS Ha TIEPIIOMY CTYIEH] KIacu(pikaTopiB 3 PI3HOIO CTPYKTYPOBAHOIO 06POOKOI0
BXIZIHUX 300paskeHb, 0 BiJIPI3HIIOTHCS BUCOKOIO SIKICTIO Kracuikallii Ta BiZIHOCHO HU3BKUM 00csiroM oburcienb, KinbKicTh BiioMIx Taknx
apxitekTyp obmekerna. Tomy BUHUKAE 3aBaants 301IbIIEHHSA KiIbKOCTI Kaacu(ikaTopiB Ha MepuioMy cTyreHi ancambeBoro kiacudikaropa
3a paxyHOK MOMIKaIlil BITOMUX apXiTeKTyp. 3anpornoHOBaHO BAKOPUCTOBYBATH GJIOKH MOBOPOTY 300pakeHb Ha Pi3Hi Ky TH 100 IIEHTPY 30-
6pakentst. [TokazaHo, 110 B Pe3yJIbTaTi CTPYKTYPOBAHOCTI 0GPOOKHN 300paskeHb iCXOMHIM KacudikatopoM 06poOKa MOBEPHYTOTO 300paskeH-
HsT TIPUBBOJIMTH JI0 TIEPEPO3TIOIIIY MOMUIIOK Ha Habopi 306paskenb. 1leit edext 103B0JIsIE 361TBITYBATH KiJIBKICTh KIacH(pIKaTOPiB y MEpHIOMy
cTyneni ancam6eBoro Kaacudikatopa. Uuca0Bi eKCrIepUMEHTH MOKa3aJy, 10 I0AaBaHHsT IBOX aHAIOTiB anroputmy MLP-Mixer 1o Bigzomux
koHdirypartiii ancambiieBux KiacudikaTopis 3abe3mneunsio aMeHIeHHst momusiku Bix 1 1o 11 % mix yac po6ortu 3 Habopom pannx CIFAR-10.
Anasnoriuno gst CCT 3amennentst noMusiku cranosuio Bix 2,1 1o 10 %. Kpim 1iporo nmokasaro, 1o 36iibiensst kongiryparii MLP-Mixer B
HMIMPUHY JIa€ Kpallll pe3yJsraTd, Hix 36inbienns B ranbuny. OG0B S3K0BOI0 YMOBOIO YCIHIIHOCTI BUKOPUCTAHHS! 3alIPOIOHOBAHOIO MIAXO/LY
Ha NPAKTHUILl € CTPYKTYPOBaHICTh 06POOKH 300pakeHb ICXOAHUM Kaacu(hiKaTopoM.

Kao4oBi caoBa: GaratomapoBuil mepcenTpoH, HeiipoHHa Mepeska, aHcambieBnii Kiaacudikatop, Barosi koedimienTn, knacudikaris

00’eKTiB Ha 300pasKEHHSIX.
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PO3POBKA MOJIEJII TTBPUAHOI HEIPOHHOI MEPEKI 1)1 PO3II3HABAHHSA MIH 3 BUKOPUCTAHHSIM
JAHUX HAJIITPOKOCMYTOBOTIO PAJIAPY (c. 78-85)

B. B. Jlutsuy, 1. P. Ilenemaxk, P. M. Ileaemax, O. O. Meznsaxos, II. f. Ilykau

OG6’eKTOM JIOCIIIKEHHST € apXiTeKTypa TiOpUAHOT HelipOHHOT MepexKi I PO3II3HABAHHA MiH 3 BUKOPUCTAHHAM AaHUX HAAUIMPOKOCMY-
roBoro pagapy. ¥ po6oti Bupimmeno mpobaemy (hinbrpartii BigGUTHX CUTHAIB 13 3aBa/laMM Ta PO3Ti3HABAHHST MiH, BUSBJIEHUX HAIINPOKOCMY-
rosum (UWB (Ultra-Wide-Band)) pazapom. 3aponoHoBaHO MOjieJb riGpUAHOI HEHPOHHOT MEPEsKi y MOEIHAHHI 3 AITOPUTMOM HABYAHHS
Apnam. @isbrpartis BiAOMTHX CUTHAIB B/l MiH 3/iiicHioeTbest 3a fonomoroio MLP (multilayer perceptron) ¢isnsrpy, sikuii 3i BCboro Bigbutoro
CUTHAJTY BU/IIJISIE MAJIOAMILTITY/THI YaCTHHM CUTHAJIB, 110 HECYTh iH(OPMAIL0 PO MPUXOBaHy MiHy. Po3misHaBaHHs MiH 3ilCHIOETBCS OJI0-
koM Tisbbepra Ta OCIUIISITOPHOIO HEHPOHHOIO MEPEKEIO, 110 BXOAATH Y CTPYKTYPY TiOpUAHOT HelpoHHOT Mepeski. OcobIMBICTIO OTPUMaHNX
PE3YJIBTATIB, MO A03BOJIMIN BUPIIIATH TOCTIKYBaHy TTpoOJeMy, € TpaHchOopMallist 4acToTh curHasiB 60koM [iapbepTa i posmisHaBaHHS MiH
OCIUJIITOPHOIO HEIIPOHHOIO MepPeskero B pe3oHaHCHOMY peskiMi. Tpummaposuit MLP dinbsrp epektnBHO BihinsTpOBY€E HEKOPUCHY CKIIAIOBY
y TIOBHOMY CHTHAJI, BiT6HTOMY Bif{ MiATOBepXHeBoro 06’ekTa, ockiapkn MSE (Mean Squared Error) MLP disrpa cranosuts 1-107. ko

. . ‘o . o s o . . .
JacToTa FlJ'[b6CpTOBOI‘O CUTHAJIy PI1BHA BJIACHIN YaCTOTI KOJIMBAHb HCUPOHIB Qi =0 TO PO3IMI3HABAHHA CUTHAJIB 3 MaJIOI0 aMILIITy/1010

ij!
B/l iZAOBEPXHEBUX 00'EKTIB 3/1IiICHIOETHCS OCIUIATOPHOIO HEHPOHHOIO MEPEKEI0 Ha OCHOBI PE30HAHCHOI aMILTITY/H, HA 110 BKa3ye Majie
3HAYEHHS KPOC-€HTPOIIT. 3armpornoHoBaHa Mo/eIb MiOPUAHOI HEHPOHHOI Mepeski 3a0e3reuye MiACHIeHHs KOPUCHUX CUTHAJIB 32 PaXyHOK
PEe30HAHCY 1 Ma€ BUIILY IIPOAYKTUBHICTD IIOPIBHAHO 3 ICHYIOUNMU MOZEJISIMU IITYYHUX HEHPOHHUX Mepesk. [IpakTuune 3HaueHHS OTPUMAHUX
pe3yJIbTaTiB MmoJiATae y iX 3acTocyBani y cepi aBTOMATH30BAHUX HepOMepPeKeBUX TEXHOJOTI /I7IsT BUSBJIEHHS Ta PO3TMi3HABANHS MiAIIO-

BEPXHEBUX 00’€KTIB Pi3HOI IPUPO/IH HAa OCHOBI BiIGUTUX Pa/i0JMOKAIINHUX CUTHAIIIB 3 aMILTITY/I010 Ha PiBHI 1IyMYy.

Kimouosi cioBa: Garatomaposuii reprerpos-dinsrp, 60k inbbepra, ocIuIsiTopHa HeHPOHHA MEPEKa, PE3OHAHC.
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PO3POBKA 3rOPTKOBOI HEIPOHHOI MEPEKI JIJII KIACUDIKAIIL 306PAKEHD ITYXJIAH 3A
JOIIOMOTOIO INCEPTION V3 (c. 86-93)

Ali A. Mahmood, Sadeer Sadeq, Yaser Issam Hamodi Aljanabi, Ahmad H. Sabry

AJroput™u TIG0KOTO HABYAHHSI CIIUPAIOTHCST Ha IINGPOBY MATOJIOTIO /st Kaacudikariii myXJIiMH TKaHIUH, KOJIU i cJIaiiin TKaHuH orud-
POBYIOTBCST Ta BidyasmizyioTbest. OTprMaHi MOBHOCIAN0BI 300paKeHHsI 31 BMIHHOIO po3/iibHoI0 37aTHicTIo (MW SI) MaioTh BUCOKY PO3/IBHY
3IATHICTh, IKa MOsKe KosmrBarucs mpubmusto sig 100 000 xo 200 000 nikcesis. [[ust cripomiettst 00poOKu 300paskeHb, HaBiraiii Ta eheKTUBHOI
excnoauiii MWSI yacto 36epiraiorbest B KoHMIrypartii 3i 3MiHHOIO po3iIbHOIO 31aTHicTIO. Y Aaniii poboTi 3 BUKOPUCTAHHSM TIHOOKOT HelipoH-
HoI apxiTektypr Inception-v3 pospobieHa mepesxka i knacudikarii MW ST, mo nmotpe6yiors Bemnkoro obesary mam'sati. Y po6oTi BUKOPHCTO-
Bytotbest MWSI 3 Camelyon16, poamip sikoro cranosuts 6iusbko 451 I'B nabopy manux Challenge 3 180X He3asmeKHUX [KEPET, BKIIOYAOUN
400 MWST pist simparimanux Byssis. Hapuanbhuii wabip ganux micturs 111 MWSI nyxsmnnol tTkanunu i giMmbarrnanux Bysuis ta 159 WSI
HOPMaJIbHUX JIM(DATHUHUX BY3JIiB. Y po3poliieHiii Mo/esi BUKOPHCTOBYEThCS 0OPOOKa Ha OCHOBI 3pasKiB /st HaBuaHHs Besmkrnx MWSI 3a
nonomoroio maardopmu MATLAB. Y mozeni pencraBieni Mmetoiu TpancdepHOTO HABYAHHS 3 apXiTEKTYPOIO Ha OcHOBI Inception-v3 st kia-
cuikartii OKpeMuX 3pasKiB K myXauHu a6o HopMu. TAaKMM YMHOM, OCHOBHOIO METOIO € JOCSTHEeHHsT GiHapHOi CerMeHTallii 3a JBOMa KJIacamu,
BKJIIOUAIOUM HOPMY Ta yxJuHy. [le nepegdauae cTBOPEHHsI HOBOTO TOBHO3B'SI3AHOTO Mapy Uist apxiTektypu Inception-v3 3 1BoMa Kiacamu
Ta KOMITEHCAIII0 HOBUX ITApiB 3aMiCTh BUXiTHUX KiHI[EBUX TTOBHO3B sI3HUX MIapiB. OTpuMani pe3ysIsTaTH TTOKA3aJH, 110 Bidyasli3allis TerIoBoi
KapTH JIO3BOJISIE PO3MI3HABATH TPAHUYHI KOOPMHATH OCHOBHOI iCTHHU sIK cxematnyry obsactsb intepecy (ROI), ne 3esiena mesxa mpeacraBisie
HOpMaJIbHi 06J1acTi, a 4epBOHI Meski — 00JacTh MyXJIMHK. 3alpOIOHOBaHa apXiTeKTypa 3ropTKoBoi Helipornoi Mepesxki (3HM) Inception v3
JI03BOJISIE IOCSITTH TOYHOCTI moHax 92,8 % st Takoro nabopy mannx MWSI st kracudikarii myxamH roJIoBHOTO MO3KY Ha HOPMAJTbHY Ta
MYXJIMHHY TKaHUHU.

KiiouoBi cioBa: 3ropTkoBa HelipoiHa Mepexka, TIMOoKe HaBvamHst, Kiaackdikariis, apxitekrypa Inception, myxJiiHa roJoBHOTO MO3KY.

DOI: 10.15587,/1729-4061.2023.282759
BU3HAYEHHSI AMILTITY IU JUCKPETHOI EJJEKTPOKAP/IIOTPAMU HA OCHOBI TPUBAJIOCTI LIUKJIY
(c. 94-105)

Sabar Setiawidayat

VY koxkHOMY IIMKJI XBUJI estekTpokapaiorpamu € ammutityau P, Q, R, S i T. Byzio npoBezieno 6arato JOC/i/KEHb ISl OTPUMAHHST aMIl-
aityan ta xsuiai QRS, ockisnbky BOHN 1TOB’sI3aHi 3 JICMOJISIPU3ALIEI0 MIJIYHOUKIB, ajie /i OTPUMaHHS 3HaYeHb aMIuIiTyn T, oB’s3annx i3
PEToJISIPU3AIIi€Io MITYHOUKIB, BCE 1€ PiZIKO TPOBOIATHCS HABITD [ KIiHidyHoro cranaapty (12 Binsemens). Lle mocmimkenus mae Ha mMeti
OTPUMATH 3HAYEHHST aMIUTI Ty T Y KOXKHOMY IIMKJII Ta KO;KHOMY Bi/iBe/ieHHi eslekTpokapiorpamu. OTpuMaHHs moioKkeHHs amiutityau T Ha
KOHTPOJIbHOMY BiJ[Be/IeHHI TaKOK 3Halijie 3HaYeHHsT aMIuTiTyiu T Ha inimoMy BiziBeenHi. KoskHa TpuBasIicTh UKy, OTPUMAHA Bijl TPUBAIOCTI
RN 1o RN+1, BUKOPHCTOBYETBCS AT OTPUMAHHS TTOJIOKEHHST KiHIIeBOI TOUKH KOKHOTO 1KY, Makcnmasibie 3Ha9eHHsT MiXK TOJIOKEHHSIM
aMIUITyzn S i KiHIIEBOK TOYKOIO UKy € 3HaYeHHAM amiutityau T. Pesyabratu pocimxkenss 10 3paskis cunycosoro putmy Physionet i
10 3paskis Saiful Anwar Hospital Malang noka3syiorb, 1o TpuBaJgicTh MUKy OyJa YCIiMHO© A OTPUMAHHS 3HaueHHs aMmiutityau T st
KOJKHOTO BiZIBE/ICHHSI. YCi 3pa3Kit MOKYTh BifloOpakaTh 3HAYCHHS. AMIITITY/Ia B KOKHOMY IIMKJI, /I 3HAYCHHST, OTPUMAHI B KOKHOMY ITHKJI,
BCe IIIe 3HAXOAATLCS B HOPMaIbHUX yMoBax. OTprMane 3HaueHHs aMIuiiTy i T, 6e3yMOBHO, € TOYHUM, OCKIJIBKU MisK TI0JI0KEHHAM aMILI TN
S i moJIOKEHHAM KiHIIST IUKJTY € JINIIe ofiHe gonaTHe 3Havens. [lomoxkerms mimoro yncna amMmaityan T, 3HaiiIeHOTo B UK B OTHOMY Bijl-
BeJICHHI, Oy/le TAKUM CaMKM, SIK 1 OJIOKEHHST 111010 yncsa amitityau T y nuksi a7ist inuoro Biasenerts. 1e BinGyBaeTbest uepes oHOYACHY
repeavyy iMITyJIbCiB, sIKi BIUINBAIOTH HA M'sI30Bi KIITUHU TIepeicepb i murynodkis. [Tomosxkers ammurityu T 11 KOSKHOTO IIUKJTY MOJKHA 3Ha-
WTH MIIXoM (DisbTpaltii MAaKCHMaIBHOTO 3HAUEHHST aMILTITY/I Mi’K MTOJIOKEHHSIM aMILITYAN S 1 KiHIIeBUM HOJI0KeHHIM nukiy. [Ipaktmano
11l METO/I MOKHA 3AIPOrPAMYBATH [IJIs1 I0JIABAHHS /10 II(MPOBOTO esieKTpoKapaiorpada.

Kimouosi caoBa: serexryBarnst amiutityau T, 6aza tpusasocti ukiy, quckperia EKT, esekrpokapiorpama.



