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This study has a research object, namely data transmission lines.
In this study, there are problems that must be solved related to the
optimization of network transmission routes that are dynamic and
adaptive to changes in real-time conditions, including latency factors,
connection stability, and algorithm integration that can accommodate
large-scale network needs efficiently in terms of transmission. The
results obtained from this study are in the form of a model that can
identify route management and optimize the border gateway protocol.
The results of the study show that the application of this method can
optimize the transmission path by considering network constraints
and real-time condition dynamics. This study has an interpretation
that the proposed model is proven to be effective in improving net-
work performance, with increased efficiency, reduced constraints,
and the ability to adapt to changes in network conditions. This is
evidenced by the accuracy in the form of quantitative effectiveness
by producing 95 % accuracy with the Reinforcement Learning model,
able to significantly increase efficiency and accuracy compared to
traditional methods in BGP routing optimization. The characteristics
contained in this study include the ability to manage and identify
transmission routes to improve network efficiency, reduce latency,
increase throughput, minimize the number of hops in managing
BGP transmission routes. There are limitations related to input data
processing that require deeper annotation. This study contributes to
BGP route optimization with machine learning algorithms that can be
applied in complex and dynamic networks.
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The object of this study is information systems within the Inter-
net of Things.

The task addressed involves devising an innovative method for
detecting and correcting multi-bit data transmission errors in the
Internet of Things networks based on Golay codes.

As the main result of the research, a method has been devised for
detecting and correcting multi-bit data transmission errors based on
Golay codes during byte-by-byte transmission of an information block.

The method devised is distinguished by its coding scheme, which
involves calculating 11 control bits and one parity bit for twelve bytes
of the original information message with subsequent mixing using
shift operations before transmission to the communication channel.

Thus, for twelve bytes of input information, an information block of
24 bytes is formed at the output of the encoder, and the bits of the bytes
belong to eight different code words of the extended Golay code (24, 12).

When transmitting an information block, one or more bits of the
transmitted byte may be distorted. But after performing the shift opera-
tions on the receiving side, the reverse of those performed before trans-

mission, it becomes possible to detect and correct transmission errors
using Golay code decoding methods. The transmission errors of a single
byte that are subject to detection and correction can reach eight. This is
possible because all the bits of a byte transmitted over a communica-
tion channel belong to different combinations of the Golay code — each
separate combination is formed by bits of different bytes that have the
same numbers.

Due to the fact that an information message of 24 bytes consists
of eight code combinations of the Golay code (24, 12), it is possible to
correct up to 24 bit errors in one message of 24 bytes.

Keywords: software engineering, correction codes, Golay codes,
Internet of Things, information system, information block.
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The object of this study is the process of managing overload at the
boundary layer of the geographically distributed Internet of Things.

The task addressed is reducing the number of losses of informa-
tion packets of the geographically distributed Internet of Things arriv-
ing at the boundary layer gateway. For this purpose, it was proposed
to use fast temporal horizontal scaling and stabilizing control over the
load formed in the gateway buffer.

In the process of conducting research, a temporal horizontal scal-
ing algorithm was developed for the boundary layer cluster gateway.
The evolutionary Firefly Algorithm with a fitness function based on
the Lorenz function was used in the development. This made it pos-

sible to speed up the search for a cluster node for operational temporal
scaling of the gateway for the period of gateway buffer overload.

The standard algorithm for intelligent queue management has
been modified. The modification is based on the proposed method for
stabilizing load control over the boundary layer cluster gateway of the
geographically distributed Internet of Things. The method takes into
account the features of the boundary layer architecture. The proposed
method made it possible, in case of reaching the upper threshold of
the queue, to scale the gateway until its buffer is filled. As a result,
the number of information packet losses arriving at the boundary
layer gateway was reduced. Studies of the proposed method showed
that the number of information packet losses is reduced compared to
existing methods. The research results can be explained by the use of
temporary horizontal scaling of the gateway and fixing the thresholds
of the information packet queue buffer. The method is effective at an
average load level on the cluster gateway from 0.2 to 1.2.

Keywords: Internet of Things, stabilizing control, information
packet, buffer overload, boundary calculations.
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The growth in the number of mobile users of electronic communi-
cations services leads to the exhaustion of the radio frequency resource,
which has made it urgent to find ways to reuse it. The use of methods
from the modern theory of multi-user detection allows simultaneous
transmission of a certain number of mutually non-orthogonal signals
with different power in a common channel resource. These methods
provide for the possibility of algorithms development for detecting and
separating two digital signals in the processes of information transmis-
sion in radio channels with mutually non-orthogonal digital signals,
which are the object of this study. Here, we propose a solution to the
problem of determining the potential noise immunity of separation-
demodulation of two mutually non-orthogonal BPSK signals, which
involves taking into account the intermittency of their radiation. For
this purpose, the results of the synthesis of the algorithm for detecting-
separating two mutually non-orthogonal intermittent BPSK signals,
optimal according to the criterion of minimum probability of error
in estimating their discrete information parameters, have been used
as initial data. This criterion is a necessary condition for solving this
problem. The characteristic differences of the represented methodol-
ogy for analyzing potential interference immunity are the absence of
restrictions on the energy characteristics of signals, the degree of their
non-orthogonality, and the probability of radiation.

The results allow developers to determine in practice the mini-
mum required differences in the instantaneous signal powers in
order to achieve maximum energy efficiency of radio channels under
the given requirements for the error probability. In particular, it has
been shown that the difference in such powers should reach at least
5+6 dB in the case when both signals are emitted continuously, and
with optimal detection and separation of intermittent signals, this
difference increases to 9+10 dB, depending on the degree of mutual
non-orthogonality between the signals.

Keywords: multi-user detection, mutually non-orthogonal digi-
tal signals, discrete parameter, potential noise immunity.
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The object of this study is the process of determining the coor-
dinates of an unmanned aerial vehicle. The main hypothesis of the
study assumed that the use of a network of three Software-Defined
Radio (SDR) receivers could improve the accuracy of determining the
coordinates of an unmanned aerial vehicle. The use of SDR receivers
in pairs would reduce the number of false bearings.

A method for determining the coordinates of an unmanned aerial
vehicle by a network of three SDR receivers when used in pairs has
been improved, which, unlike the known ones, involves:

- measuring bearings by each SDR receiver;

- determining the pairwise angles of intersection of bearings;

- determining the maximum of the pairwise angles of intersection;

- determining a pair of SDR receivers for further calculations;

- using the triangulation method for determining the coordinates
of an unmanned aerial vehicle.

The accuracy of determining the coordinates of an aerial object by
a network of two SDR receivers has been assessed. It was found that:

- the shape, orientation, and size of the error ellipses depend on
the relative location in space of the SDR receivers and the unmanned
aerial vehicle;

- the size of the scattering ellipses is reduced by (20-40) % due to
the use of information from the optimal pair;

- in some cases, false switching of SDR receiver pairs is noticeable;

— the pair (first SDR receiver - third SDR receiver) has the larg-
est base from the considered options, that is, starting from a certain
range, the angle of intersection of the bearings for this case is closest
to 90°, the area of the scattering ellipses of coordinate measurement
errors is minimal, which determines its choice;

- when moving the unmanned aerial vehicle beyond the network
coverage area of the SDR receiver pair, it is advisable to use another
pair, this involves the use of a “chain” of SDR receivers.

Keywords: unmanned aerial vehicle, paired use of SDR receiv-
ers, bearing intersection angle.
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The object of the study is the process of assessing the effective-
ness of technical systems’ computer dynamic simulators. The subject
of the study is methods for assessing the effectiveness of dynamic
simulators taking into account the criteria of economic efficiency
of training of those who study. The assessment of the effectiveness
of technical systems’ simulators is associated with the audit of the
skills of making correct management decisions in the conditions of a
complex information environment.

The advantage of this study is to assess the effectiveness of
technical systems’ computer dynamic simulators that use artificial
intelligence to improve training in the necessary skills in a short
time, taking into account the economic component. The essence of
the method is to use the proposed criteria to adequately assess the
effectiveness of simulator training. The method allows to compare
simulators with each other and justify ways of their development
and improvement. A feature of the developed method is the proposed
procedure for building and studying a simulation model that repro-
duces the real processes of the functioning of a technical system in a
simulator. A simulation model of a real technical system through the
use of the artificial intelligence function allows to improve the real-
ism of the simulator and reduce the training time by up to 30 %. This
is explained by the fact that the use of simulators with artificial intel-
ligence will allow to more realistically simulate the processes of the
functioning of a real technical system. The proposed method allows to
substantiate the potential possibilities of using the simulator system
in the process of practical training. The results of the study allow to
evaluate the simulators to improve the quality of practical training
of operators and to substantiate the directions of development and
modernization of simulators.

Keywords: simulation model, efficiency criteria, training, opera-
tor, practical training, technical system.
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The object of this study is the accuracy of announcer identifica-

tion based on short utterances.

To solve the task of speaker identification based on ultra-short

speech utterances, a phoneme-by-phoneme approach to constructing
voice models has been proposed within the framework of the study.
The validity of this approach is based on the fact that short utter-




ances usually contain a limited number of phonemes. In this regard,
a hypothesis was put forward assuming that in order to increase the
accuracy of announcer identification based on short utterances, it
is necessary to analyze the sound of specific phonemes by different
announcers.

The experiments involved speech recordings of monosyllabic
words with corresponding phonemes, on the basis of which, using the
ECAPA-TDNN neural network architecture, announcer voice models
were constructed. The experimental studies showed that voice models
constructed based on the sounds of only one model provide higher
announcer identification accuracy compared to generalized models
constructed based on all speech sounds.

It was also found that different phonemes provide different an-
nouncer identification accuracy. For example, with a speech signal
duration of 2-3 seconds, the accuracy of announcer identification by
the generalized model was 75 %. And the accuracy of announcer iden-
tification using a model built on the basis of only one phoneme “E”,
with the same input data, was 85 %, which is 10 percentage points
higher than that of the generalized model.

Keywords: announcer recognition, ultra-short utterances, pho-
neme-by-phoneme recognition, ECAPA-TDNN, phonemes of the
Kazakh language.
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ONTHUMIBAIIA ITIPOTOKOJIY MAPIIPYTHU3AII IPUKOPJOHHOTI'O IILJTIO3Y 3 IHTETPAIIIEIO
MHOXXHHWKA JIATPAHKA TA TPAZIIEHTHOTI'O CIIYCKY JJIsI MEPEXKI (c. 6-13)

Ferry Fachrizal, Okvi Nugroho, Al-khowarizmi

O6’ext JocsipreHHs — JIiHil nepezaui aHux. ITpo6iema, 110 BUpPILTyBaIach, IOB>sI3aHa 3 ONTHUMI3aIli€l0 MepeXKeBUX MapILpyTiB Iepezadi, siki
€ IMHAMIiYHAMH Ta 3/IalITOBAHUMH JI0 3MiH YMOB PEaJbHOTO 4acy, BKTIOUAOuN KoedillieHTH 3aTPUMKH, CTabUIBHICT 3’€/[HAHHS Ta iHTerpariito
AJITOPUTMIB, SIKi MOXKyTh €()eKTHBHO 33/I0BOJIbHATH MOTPe6H BEJIMKOI Mepeki 3 TOUKH 30py Hepeadi. Pe3y/IbTaTi, OTpMMaHi B Pe3yJIbTaTi IIbOTo
JIOCTTi/IKEHH, ITpeficTaBeHi y opMi Mozesti, ika MoxXke ifleHTH(iKyBaTH KepyBaHHsI MapHIpyTaMU Ta ONTHMi3yBaTH IPOTOKOJ IPUKOPJOHHOTO
LUTIO3y. Pe3ysbTaTy JOCTiPKEHHs MOKa3yTh, IO 3aCTOCYBaHHS LIbOTO METOAY MOXKE OITHMMI3yBaTH ILLIAX Iepefadi, BPaXOBYOUU MepeXeBi
00Me)KeHHSI Ta IMHAMIKy CTaHy B pealbHOMY 4aci. Lle JocmipKeHHs Ma€e iHTepIIpeTariifo TOro, 10 3aIIPOIIOHOBAHA MOZIENb JOBeZeHa SIK e(DeKTHBHA
JUIS TOKPAIEHHS IPOYKTUBHOCTI MEPeXKi, 3 MiZIBUIIEHO0 e(peKTUBHICTIO0, SMEHIIIEHNMH 0OMEXeHHSIMH Ta 37IaTHICTIO a/[AlITyBaTUCS 10 3MiH YMOB
Mepexi. IIpo Lie CBiYMTh TOYHICTh Y BUIVISI/Ii KUIBKiCHOT e(heKTHBHOCTI, sIKa Jlocsirae 95 % TOYHOCT, 3a jorioMororo Mozeri Reinforcement Learning,
3/]aTHOI 3HAYHO IMTi/[BULIUTH ePeKTUBHICTb i TOUHICTh MOPiBHAHO 3 TPAAULIIHUMI MeTolaMy oNTTHMi3allii Mapipytusanii BGP. Xapakrepuctuku,
SIKi MICTSITBCSI B LIbOMY JIOCJTi/KEHHI, BKJIIOUAIOTh 3JaTHICTh KepyBaTH Ta ileHTH(iKyBaTH MapUIpyTH repeadi JJIs I ABUIeHHS e(peKTHBHOCTI Me-
Ppesxi, 3SMEHIIeHHsT 3aTPUMKH, 301/IbIIEHHST ITPOITYCKHOI 3[JATHOCTI, MiHIMi3aIlii KiJIbKOCTI ITepexofiiB ITi/] 9ac kepyBaHHs MapIIpyTamHy repezaadi BGP.
IcHyrOTh OOME)XeHHs, ITOB’s13aHi 3 06POOKOI0 BXiZIHNX JJAHMX, SIKi BUMAraroTh OLIBII ITIMOOKUX JJOCTi/HKeHb. Lle JoCTifipKeHHs CIIpHsIe ONnTHMi3ariil
MapipyTy BGP 3a 011oMororo aaropuTMiB MalllMHHOIO HaBYaHHS, IKi MO)KHA 3aCTOCOBYBATU B CKJIAZIHUX i JUHAMIYHUX MEpexXax.

KorrouoBi ciroBa: BGP, cTa6GinbHicTh 3’efHAHHS, MapLUIPyTH3allis, MallHHEe HaBYaHHS, MHOXKHUK Jlarpama, rpalieHTHUH CITyCK.
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PO3POBKA METOAY BUABJIEHHSA TA BUITPABJIEHHSA BATATOBITOBUX IIOMWJIOK ITEPEJAYI JTAHUX Y
CHUCTEMAX IHTEPHETY PEYEN HA OCHOBI KOJY T'OJIEA (c. 14-23)

B. B. CokonoBcekuii, E. B. 2Kapikos, C. ®. TexeHuk, Grzegorz Nowakowski, C. B. Ilonepemssk, M. M. MapuHeHKO

O6’exTOoM focipKkeHHs € iHdopMarliifini cucremu IHTepHETY pedeil.

IIpo6siema, 1[0 BUPILIyeTHCS, — PO3BUTOK iHHOBAIiITHOrO METOAY BHUSIBJIEHHS Ta KOPEKI[il 6araTo6iTOBMX MOMIJIOK Tepefadi JaHUX B
Meperxax IHTepHeTy pedeil Ha OCHOBI koziB I'oses.

OCHOBHUII pe3yJIbTaT OCTi/PKEHHS Y TOMY, 1110 PO3p00JICHO MeTO/, BUSIBJIEHHS Ta KOPEKIlii 6araro6iToBUX IIOMIJIOK IIepe/iadi JaHuX Ha
ocHOBI koziB l'osies iz yac mo6aiToBoi nepesadi iHopmMarniiiHoro 60xa.

Po3po6iieHNIT MeTO/, BiIpi3HAETHCS CXEMOI0 KOZyBaHHS, sIKa Iepeidadae po3paxyHOK 11 KOHTpOJBHUX 6iTiB Ta offHOTrO 6iTa MapHOCTI
JUTS IBAHA/IIATH GaiiTiB BUXiZIHOTO iH(OpMAaIiliHOTO ITOBiJOMJIEHHS 3 TIOJAJIBIINM IIepeMilllyBaHHSIM 3a J[OIIOMOTOI0 OIIepalliil 3CyBy Iepes
nepefjauelo B kKaHasl 3B’I3KY.

TakuM YUHOM, /IS IBAaHAISATH 6aliTiB BXifHOI iH(opmanii Ha BUXOZi Kofiepa yTBOPIOEThCS iH(popMaLiitHuii 610K 3 24 6aiTiB, MpUIOMY
6iTi GaiiTiB HasIe)KaTh BOCBMH Pi3HUM KOJ[OBHUM CJIOBaM PO3IMINPEHOT0 Kofy Toses (24, 12).

IIpu nepepaui indopmaniiiHoro 6;10Ky Mo)ke GyTH CIIOTBOPEHUI OJ[1H, 260 KijbKa GiTiB 6aiiTy, 110 IlepefjaeThesl. AJIe MTicJIsl BAKOHAHHS Ha
TpuiloMHOMY 6OI11i Omepariii 3cyBy, 3BOPOTHUX THM, 10 BUKOHYBAJIMCh I1epe/| IIepeziavelo, 3’ sIBIsEThCS MOXUINBICTh BUSIBUTH Ta BUIIPABUTH
TIOMUJIKY Tiepefjadi 3aBASKA BUKOPHUCTAHHIO METOZIB JieKoAyBaHHsI Kofy Iosies. IToMUJIKM Ilepefiadi OoKpemoro GaiiTy, siki Hifisrarotb
BUSIBJIEHHIO Ta BUIIPABJIECHHIO, MOXYTb JJOCATaTH BOCBMMU. lle € MOXJIMBHUM, TOMy IO yci 6iTH 6aiiTy, 10 IMepefaeThCs M0 KaHaIy 3B’SI3KY,
HaJIeXKaTh Pi3HUM KOMOiHAIisiM Koy Tos1est — KookHy OKpeMy KOMOiHAIif0 yTBOPIOIOTh GiTH pi3HUX 6aifTiB, 110 MalOTh OJHAKOBi HOMepa.

3aBAsKy TOMY, 110 iHGopMaliiiHe MOBiOMIEHHS 3 24-X GaiTiB CKJIaJjaeThCs 3 BOCBMH KOZOBUX KOMOiHaIiil koxy Toses (24, 12), €
MOXJIUBIiCTh BUITPABJIATH A0 24 GiTOBUX MOMUJIOK B OJHOMY IOBiIOMJIEH] IOBXXHHO0 24 GafiTa.

KurrouoBi ciioBa: iHKeHepisl MporpaMHOTo 3a6e3TedeHHs, KOpUTytoui kofu, kogu Toses, [HTepHeT pedeit, iHpopMmariifina cucreMa, iHM
opmariitHuii 6J10K.
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PO3POBKA METOAY CTABLJII3YIOYOTI'O KEPYBAHHSA HABAHTAXXEHHAM IITIO3Y KJIACTEPA
TPAHUYHOTO IIIAPY IHTEPHETY PEUEM (c. 24-32)

I. A. Kyuyk, O. O. Moxaes, C. A. TrosreHeB, M. O. Moxxaes, H. I. Kyuyk, JI. II. TumoIuk, A. B. JIy6eniios, 0. B. I'Hycos,
C. I. KiiBenp, O. B. Kyienros

O6’eKTOM JJOCJTiZPKEHHSI € IIPOLIeC KePYBaHHS IlepeBaHTaXKeHHAMHU Ha TPAaHUYHOMY LIapi TEPUTOPiaIbHO PO3IO/iIEHOro IHTepHeTy pedeid.

BupinryBasach mpo6siemMa 3MeHIIeHHs KiJIbKOCTi BTpaT iHGopMaliliHuX MakeTiB TepUTOpiaabHO PO3MOAiJeHOro IHTepHeTy pedeil, 10
Ha/IXOJATH 10 ILJTI03y I'PAHUYHOTrO 1Iapy. J[JId I[bOT0 3aIIpOIIOHOBAHO BUKOPHUCTOBYBATH IIBH/IKE TUMYACOBE FOPU30HTaIbHE MACIITA0OyBaHHS
Ta cTabisisyloue kepyBaHHsS HaBaHTAXKEHH:M, 110 opMyeThes y Gydepi muto3y.




B mpoueci mpoBefieHHs JOCTI/DKEHb PO3POOIEHUH aarOpUTM THMYACOBOIO TOPU30HTAJIBHOIO MacIUTaGyBaHHS [ IIUIIO3y KJIacTepa
rpaHUYHOro mapy. IIpu po3po6ui BUkopucTanuii eosmoniitnuii Firefly Algorithm 3 ditHec-byHKuielo Ha 6a3i dyHkuiil Jopenma. Le fo03BoINIO
TIPUCKOPUTH 3HAXODKEHHs By3J/1a KJIacTepa JijIsl OTIepaTHBHOIO THMJACOBOTO MaclITabyBaHH: LILTIO3y Ha Mepio] mepeBaHTaKeHHs Oydepa LLT03y.

MoaudikoBaHUI CTAHZAPTHUI aJTOPUTM iHTEJIEKTYaJbHOTO KepyBaHHs depramMu. Mopaudikariis 6asyeTbcsi Ha 3alpONIOHOBAHOMY
MeTozli cTabisizyrouoro kepyBaHHs HaBaHTAXKEHHSIM IIJTI03y KJIacTepa 'PaHUYHOro Inapy reorpadiuyHo po3HeceHoro IHTepHeTy peueiil. Meroy
BPAX0OBYE OCOOIMBOCT] apXiTeKTypH I'PAHUYHOrO LIapy. 3arIporIOHOBAaHUH METOZ I03BOJIUB Y BUIIAZIKY JOCSATHEHHSI BEPXHBOTO IIOPOTY Yepru
TIPOBECTU MacIITabyBaHH IILTIO3Y /0 MOMEHTY 3allOBHEHHs Horo 6ydepy. BHacifok 1jporo 6ys1a 3MeHIIIeHa KiIbKiCTh BTpaT iHhopMaIiifiHmx
TIaKeTiB, 1[0 HAZXOAATS JI0 LIUTF03Y TPAHIYHOTO 1Iapy. JoC/Ii/KeHHS 3aIIpOITIOHOBAHOT0 METOAY ITOKa3aJIH, 1[0 KiJTbKiCTh BTPAT iH(hOpMaIiitHux
TTaKeTiB 3MEHILIYEThCSA Y TIOPiBHAHHI 3 iCHYro4MMU MeTofiaMy. OTprUMaHi pe3y/JIbTaTh JOC/Ii/PKEHHS MOXXHA TIOAICHUTH 3a/liTHHAM TUMYacOBOTO
TOPU30HTAJILHOTO MacITaOyBaHHsI ILII03y Ta (ikcaniero moporis Oydepy uepru iHdopmauniiiHux nakeriB. Meton € edeKkTMBHUM IIpu
cepe/JHbOMY PiBHI HaBaHTaXKEHHs Ha ILII03 KJacTepa Bif 0,2 70 1,2.

KurrouoBi coBa: iHTepHeT pedeit, crabinisyrode KepyBaHHs, iHpOpMaIliiiHuit MaKeT, IepeBaHTaKeHHs Oydepa, FpaHIUYHI 06UNCIeHHS.
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BU3HAYEHHS IIOTEHIIMHOT 3ABAJIOCTIMKOCTI PO3ALIEHHA-IEMOAY/ISIII IBOX HIEPEPHUBYACTUX
B3AEMHO HEOPTOTOHAJIBHUX CUTHAJIIB BINARY PHASE-SHIFT KEYING (c. 33-40)

0. B. Bakysnenko, B. ®. €poxin

3pocTaHHs KiIbKOCTi MOOIIBHIX KOPUCTYBAYiB IOCJIYT €JIEKTPOHHUX KOMYHIKaIlill PU3BOAUTD 0 BUYEPIIaHHS PaZiodacTOTHOTO Pecypcy,
1110 06YMOBHMJIO aKTYaJIbHICTb MOIIYKY IIUISIXiB OT0 IIOBTOPHOTO BUKOPUCTAHHS. 3aIydeHHS METO/[iB Cy4acHOI Teopii 6araToKOpPHCTYBaIIbKOTO
JleTeKTyBaHHsI [J03BOJISIE B CIIIIBHOMY KaHAJIbHOMY pecypci3zabesIiedyBaTy 0fiHOYacHe ITepe/ilaBaHHS 1esIKOi KiJTIbKOCTi B3BAEMHO HEOPTOTOHAJIBHUX
CUTHAJIB, 1[0 PO3Pi3HAIOTHCS 3a MOTYXHicT0. 1i MeTozM repe16avyaroTh MOXUINBICTD OfIEPYKAHHS aJITOPUTMIB BUSIBIEHHSI-PO3/IiJIEHHS /[BOX
1 pOBUX CUTHAJIIB B ITpoliecax repegadi indopmariii B pagiokaHasax 3 B3aEMHO HEOPTOTOHAILHUMU I[HU(PPOBUMY CUTHAJIAMU, SIKi € 00’ €KTOM
JocuipkeHHs. TyT IIPOIIOHYETHCS PO3B’I3aHHS ITPO6GIeMH BU3HAUYSHHS ITOTeHIIIHOT 3aBa/I0CTIHKOCTI PO3/IiIeHHS-IeMOAYIIALIT [IBOX B3aEMHO
HEOPTOrOHAIbHUX cUrHaliB BPSK 3 TouHO BijoMumu HeiH(opMaIiifHIMU mapameTpaMy, 1o repei6adae BpaXyBaHHs IepepruBYacToCTi iX
BUIPOMiHIOBaHHS. [IJIsI IbOTO B SIKOCTI BUXIZIHMX JAaHUX 3aJy4eHi pe3yJbTaTy CHUHTe3y aJI'OPUTMY BUSIBJIEHHS-PO3/iJIEHHS BOX B3a€EMHO
HEOpPTOrOHAJIBPHUX MTepepuBUYACTHX cUrHasIiB BPSK, onTrManbHOro 3a KpuTepieM MiHIMyMy iMOBipHOCTI TOMMJIKM B OLIiHII TX iH(opMariiiHux
JIUCKPeTHMNX TapameTrpiB. Takuii KpuUTepiil € HeoOXiJHOI yMOBOIO PO3B’sI3aHHS 3a3HA4YeHOI MpobseMu. XapaKTepHUMH BiMiHHOCTSMU
TIpeZCTaBIeHOI METO/[MKY aHAJIi3y IIOTEHIiiTHOI 3aBa/I0CTIMKOCTI € BifICYTHICT 0OME)XXEHb Ha eHePreTUYHI XapaKTepUCTUKY CUTHAJIB, CTYIIiHb
X HeOpTOroHaabHOCTI i iMOBipHOCTI BUNIpoMiHIOBaHHS. OTpUMaHi pe3y/IbTaTH Aal0Th MOXKJIMBICTb PO3POOHMKAM Ha ITPAKTHILi BU3HAYATUCH 3
MiHiMaJIbHO HEOOXiTHUMH BiMiHAMU B MUTTEBHUX ITOTY)KHOCTSIX CUTHAJTIB 3 METOIO JOCSITHEHHST MAaKCUMAJIbHOI €HepreTHYHOI e(heKTUBHOCTI
BUKOPHCTAHHS PaZlioKaHaJIB 32 3aJaHUX BUMOT /10 IMOBipHOCTI MOMMJIKU. 30KpeMa, II0Ka3aHo, 110 BijMiHa B TAKMX IIOTY>KHOCTSIX IOBUHHA
csiraTW He MeHIle 5+6 AB y BUIMAZKy, KO 00M/iBa CUTHAIM BUIIPOMIHIOIOTHCS HEIlepepBHO, a IIPU ONTHMAJIbHOMY BUSIBJICHHI-PO3/IiIeHH]
TepepruBYaCTUX CUTHAJIIB Taka BifiMiHa 3pocTae 10 9+10 1B, B 3aJI€XKHOCTI Bif| CTYIIEHs B3a€MHOI HEOPTOIOHAJIBHOCTI Mi>k CUTHAJIaMMU.

Korro4oBi cs10Ba: 6araToKOpHCTyBallbKe eTeKTyBaHHs, B3AEMHO HEOPTOTOHAIbHI TG POBi CUTHAIIH, JUCKPETHUI ITapaMeTp, IIOTeHIIiiiHa
3aBaI0CTiMKiCTB.
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PO3POBKA METOAY BUSHAYEHHA KOOPAWHAT BE3SIIIJIOTHOTI'O JIITAJIBHOTO AIIAPATY MEPEXKEIO
TPHOX SOFTWARE-DEFINED RADIO ITPUMMAYIB ITPH iX IIOITAPHOMY BUKOPHUCTAHHI (c. 41-49)

I. B. Xynos, A. A. I'puso, B. C. Komapos, K. I. sInenko, O. M. MakoBeiiuyk, P. I. XyzoB, II. €. Munko, O. O. ToHYapeHKo,
0. B. CanpHuK, B. B. Biaciok

OG6’eKTOM OCTiZPKEHHS € IIpoljec BU3HAUYSHHS KOOPAMHAT Ge3ITiJIOTHOTO JIiTaIbHOTO arapary. OCHOBHA riltoTesa JoC/Ii/KeHHs MoJsraia
B TOMY, 110 BUKOPUCTaHHS Mepexi Tppox Software-Defined Radio (SDR) npuiitmayiB 03BOJIUTE MiZIBULITUTY TOYHICTh BUBHAYEHHST KOOPAMHAT
6e3MiJIoTHOrO JiTabHOTrO anaparty. [TorapHe BUKopucTaHHS SDR mpuiiMayiB 03BOIUTH 3MEHIIUTU KiJIbKICTh XOHUX II€JIEHTB.

VIocKOHAZIEHO METO/, BU3HAUeHHsS KOOPAWHAT Ge3MiJIOTHOrO JIiTaJbHOTO amapaTy Mepexero Tpbox SDR mpuiiMadiB MpH iX MomapHOMy
BUKOPHCTAHHI, SIKWIi, Ha BiIMiHY BiJ| BioOMUX, ITepef6avae:

- BUMIipIOBaHHA IeJIeHTiB KoXkHUM SDR npuiiMauem;

— BA3HAYEHHS IIOIIaDHUX KYyTiB IIEPETHUHY II€JIEHTB;

— BU3HAYEHHs MAKCUMAaJIbHOTO 3 ITOIIAPHUX KyTiB IIEPETUHY;

- BU3HAueHHd 1apu SDR npuiiMadiB i NOofaJIbIINX PO3PAXyHKIB;

— BUKOPHUCTAHHS TPiaHTYJISLiHOTO METOJy BU3HAYEeHHS KOOP/AMHAT G€3ITiJIOTHOTO JIiTaJIbHOTO artapary.

ITpoBe/ieHO OLIiHIOBaHHS TOYHOCTi BU3HAYEHHs KOOP/IMHAT MOBITPSHOr0 06’eKTy Mepexero 1Box SDR nmpuiimadis. BcraHossieHo, 110:

- ¢hopMma, opieHTaIlisl Ta PO3MIp €JIITCiB MOXNOOK 3aIEXKUTH Biff B3AEMHOTO pO3TaIlyBaHH: y rmpocTopi SDR mpuitmauiB Ta 6€3MiJI0THOTO
JIiTaJIbHOrO arapary;

- po3Mipu estinciB po3citoBaHHS 3MEHILYIOThCS Ha (20-40) % 3a paxyHOK BUKOPUCTaHHS iH(popMalil onTUMabHOI napu;

-y AeAKUX BUIA/KaX MOMiTHI Xu6Hi nepeMukanHs rnap SDR npuiimauis;



- mapa (mepmmit SDR mpuiimad — tpetiit SDR npuiiMau) Mae Haitbinpury 6a3y 3 po3IITHYTHX BapiaHTiB, TOOTO, IIOYMHAIOYH 3 ITEBHOI
JAJIHOCTI KyT IePeTHHY IeJIeHTiB /ISl IIbOT0 BUIAJKY € HalGIKIUM o 900, IIoma esinciB po3ciloBaHHs MOXMOOK BUMIpYy KOOpPAMHAT
MiHiMasbHa, 1110 i 06yMoBIIOE T1 BUOip;

- TIpH niepeMilljeHHi 6e3MTiJI0THOTO JTiTaIbHOTO armapary 3a Mexi 30HH Jiii Meperxi mapu SDR mpuiiMadiB JOI[LIbHO BUKOPUCTOBYBATH iHIILY
apy, e repesbadae BUKOPUCTAHHS «JIAHIFOXKKY» SDR mpuiimadis.

KurrouoBi cyroBa: 6e3IisIoTHUIT JiTaIbHUIM arapart, nornapHe BUKOpUcTaHHs: SDR npuiiMauis, KyT NepeTHHY IeJIeHTiB.
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PO3POBKA METOAY OITHIOBAHHA EOEKTHBHOCTI KOMITIOTEPHUX TUHAMIYHUX TPEHAXKEPIB
TEXHIYHHUX CUCTEM (c. 50-61)

0. B. IlImarko, C. B. 'epacumos, C. B. MineBcbkuii, H. C. Baxinskuii, C. C. IToraciii, M. M. Anekcees, 1. O. Biacos,
€. O. Menenri, 10. B. KoBasenko, €. B. Ilexemox

OG6’eKTOM JIOCJIi/IXKEHHA € TIPOIieC OliHIOBaHHA e(eKTUBHOCTI KOMITIOTEPHUX JUHAMIUYHUX TPeHaXXepiB TexHiuHuX cucteM. IIpeamerom
JIOCTI/KEHHST € METO/IU OL[iHIOBaHHS e(eKTUBHOCTI AMHAMIYHUX TpeHaXXepiB i3 ypaXyBaHHSIM KpUTepiiB eKOHOMITHOI e()eKTHBHOCTI ITiATo-
TOBKM THX, XTO HaB4aeThcs. OLiHIOBaHHS e(eKTUBHOCTI TPEeHAXKePiB TEXHIYHMX CHCTEM II0B’S3aHO 3 ay/JUTOM HaBHYOK IIPABUJIBHOTO ITPH-
WHATTS yIIpaBIiHCHKUX PillleHb B yMOBaX CKJIa/{HOI 06CTAHOBKY iH(OpMAaIiiiHOro cepeoBHIIA.

ITepeBara JJaHOTO JJOC/IKEHHS IIOJISITAE Y OLiHIOBAaHHI e(peKTUBHOCTI KOMII IOTePHUX AUHAMIUHUX TpPeHa)KepiB TeXHIYHUX CHUCTeM, SIKi
BUKOPHCTOBYIOTH IITYYHUI iHTEJIEKT AJIsI OKpAIleHHs HaBYaHHSI IOTPiOHIM HaBUUYKaM Y CTHUCIi TEPMiHU 3 ypaxyBaHHSIM €KOHOMITHOI CKJIa-
n1oBoi. CyTh METO/Iy TIOJIATa€ Y BUKOPHMCTAHHI 3aITPOIIOHOBAHUX KPUTEPIIB /IS TIPOBE/ICHHS a/|eKBaTHOTO OIiHIOBAaHHS €()eKTHUBHOCT] TpeHa-
JKEPHOI HiZroTOBKU. MeToz 103BOJIsIE€ IIPOBO/IUTH ITOPiBHSHHS TPEHAXKEPiB MK COG0I0 Ta 06T PYHTYBATH LIISIXU TX PO3BUTKY Ta Y/{OCKOHAJIEH-
Hst. OCOBIUBICTIO PO3PO6JIEHOTO METOAY € 3aIIPOIIOHOBAaHUI MOPSIOK MOOYI0BY i JoCIi/KeHHS iMiTalliifiHOi MOgiesi, sika BiITBOPIOE peasbHi
nporiecu (yHKIIIOHYBAaHHS TEXHIYHOI CUCTeMH B TpeHakepi. IMmiTaniliHa Mofenb peasbHOI TeXHIUHOI CHCTEMHU 32 PaXyHOK BUKOPHUCTAHHS
(yHKIIi MITYyIHOTO iHTEIEKTY [J03BOJISIE TIOKPAIATH PEaiCTUYHICTh TpeHAXKePy Ta 3MEHIINUTH Yac Ha MigrotoBKy A0 30 %. Ile TOsICHIOEThCS
THM, 1[0 BUKOPUCTAHHS TPEHAXKEPIB i3 IITyYHUM iHTEJIeKTOM /{03BOJIUTH GBI peaslicTUYHO iMiTyBaTH mporiecy (GyHKI[iOHYBaHHS peabHOl
TEXHIYHOI cHCcTeMU. 3aIIPOIIOHOBAHMI METO/, ZI03BOJIsiE OOIPYHTYBATH MOTEHIiMHI MOXJIMBOCTI BUKOPUCTaHHSI CUCTEMH TPEHaXKepiB y Ipo-
1eci MPaKTUYHOI MiATOTOBKU. Pe3ysIbTaTH AOCIIPKEHHS 03BOJIAIOTh OLIiHIOBATU TPEHAXKEPH IS TTiABUILIEHHS AKOCTI IPAKTUYHOI ITiIFOTOBKNA
or1epaTopiB i 06I'PYHTOBYBATH HAIIPSIMKY PO3BUTKY Ta MOZIEPHi3aIlil TpeHaXXepiB.

KorrouoBi cioBa: imitaniiina Mojiesib, KpUTepii e(heKTUBHOCTI, HABYAHHSI, ONIEPATOP, MPAKTUYHA ITiITOTOBKA, TEXHIYHA CHCTEMA.
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PO3III3HABAHHA I'OBOPSYO0TI'0O 3A HAJKOPOTKHMHY BUCJIOBJIIOBAHHAMM (c. 62-69)

Bekbolat Medetov, Aigul Nurlankyzy, Timur Namazbayev, Ainur Akhmediyarova, Kairatbek Zhetpisbayev, Ainur Zhetpisbayeva,
Aliya Kargulova

OG6’eKTOM JIOCJTi/PKEHHSI € TOYHICTb iZieHTUdiKaIil JUKTOPiB 32 KOPOTKUMHU BUCJIOBJIIOBAHHSIMU.

Jl1s1 po3B’s13aHHs IIpobsieMHu ifeHTUdiKalii MOBLS 32 HAZZKOPOTKUMU MOBJIEHHEBUMH BHCJIOBJIIOBAHHSIMU B MeXax JOCJIi/KeHHs OyB 3a-
MIPOITIOHOBAHU TOGOHEMHUH MiAXif 10 TOOGYAOBY I0JI0COBUX Mojiesiell. OGIPYHTOBAaHICTh LIHOTO MiAX0AY 6a3yeThCsl Ha TOMY, 1J0 B KOPOTKUX
BHCJIOB/IIOBAHHSIX 3a3BUYAll IIPUCYTHSI 0OMe)KeHa KiyIbKicTh (poHeM. Y 3B’513Ky 3 I[M y po06OTi Gy/1a BUCYHyTa TilloTe3a Mpo Te, IO /I MiBH-
LIeHHS TOYHOCTI ifieHTHdiKanii ANKTOPIiB 32 KOPOTKMMHU BHCJIOBJIIOBAHHAMM IIOTPiOGHO aHAJII3yBaTH 3ByYaHHS KOHKPETHUX (POHEM pi3sHUMHU
JUKTOPaMU.

V ekcrieprMeHTaX BUKOPHCTOBYBAJIMCSI MOBJICHHEBI 3aIIMCH OZHOCKJIAOBUX CJIiB i3 BiAMOBiAHUME (hoHEMaMH, Ha OCHOBI SIKHX 3a ZI0I0-
Mororo HeiipoMepeskeBoi apxiTektypr ECAPA-TDNN Gysin mo6yfoBaHi ro1ocoBi MoziesTi AUKTOPiB. IIpoBezieHi eKCIieprMeHTaIbHI A0CTipKeH-
HsI TIOKa3JIH, 1110 TOJI0COBi MOZiesTi, OOY/[0BaHi Ha OCHOBI 3BYKiB jiviIe ofHiel (hoHeMH, 3a6e31euyIoTh BUIIly TOUHICTb ileHTHdiKkanii AUKTOpiB
TTOPIiBHSHO 3 y3araJlkHeHUMH MOJIEJISIMU, IT00Y/[0BaHUMU 32 BciMa MOBJICHHEBUMH 3ByKaMU.

Taxo>x 6y/10 BCTAaHOBJIEHO, 1110 pi3Hi (hoHeMU 3a6e311euytoTh Pi3HY TOUHICTb iieHTHdiKaii fukTOpiB. Hanpukiaz, mpu TpUBaJIOCTi MOBHO-
TO CUTHAJY 2-3 CeKyH/IM TOUHICTb iZileHTH(IKaIil AUKTOPIB 3a O0MTOMOTOI0 y3araabHEeHOI Mojiesli ckiana 75 %, TOAi SIK TOYHICTb ifeHTndikarii
3a MOJIEJUTIO, TTOOY/{0BAaHO0 Ha OCHOBI jiniie (hoHeMu «E», 32 THX caMUX BXiJJHUX JaHUX CKJIaaa 85 %, 10 Ha 10 IPOLIEHTHUX ITyHKTIB BUIIE,
HDK y 3araJIbHOI MOZIeJIi.

Korro4oBi cyioBa: po3mizHaBaHHS AUKTOPA, HAJKOPOTKI BUCJIOBJIIOBAaHHS, ITooHeMHe po3nizHaBaHHs, ECAPA-TDNN, dboHeMu kaszax-
CBKOI MOBH.



