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1000+ INFOTELECOM NEWS

The main news for 2@22023 in the field of information and communication
technobgies are summarized. The main trends and development of key moderr
technologies are presented in Ukraine and the world. This material was prepare
for students, teachers and engineers.

Lddz 903%Ct dz@o ' Is' Ekwadlsd, WC dz¢Hd
s ) dzji sle® wdzls j tedzj sk, Onyj y' tjuy MisC

Y dlslsw, o ts dzq dzZOH O [s B4 L d3gj  dz Bts ) dzd
WistedgOy "' ' ¥, ' L dzOdzdzy dztsotsegts SO L BJ t
dzOH B Odz' . ¢ HEBsMlskz{ d' Mlis His Isj d&gPqts dzkdzdz

toj Mktcm' ©@ HOodes 9y MlsOdzO &' tod dztsdz L
tcj OGzo OIsd dz20 odSdzd¢d vyofmkz. 1 ddzOd ydzd:
fslstej BEZ' ftsmls' 2 dzse s Ctstcj Glzo Odzdg? toj G LIz
dztso " Isdzg' = ' HRtSH' ' otcOh t n Mikaiste | dxiimyL o BT &
" dzdzse Oyt 2.

{M¢ " d ¢d YO Batsdis ' dzmisdlskzlslz Isj dzj ¢
sl w " . we stew g4' Ctstem! C Gt Gz’ W
v dzj Sszdz SOy SO t©OH' Blsjnde O &q
sjd&zj cteOR QRO duv g j 8O &O MO’ 11 wus
MW jte' bkjdjSskezd SOy 2.

10 ojfm! Hjt' sH Mlsotstej dadz” detso d dz * daW
dzts © d dz.

I 20207 333y ' dzso ddzq, 4 880 2B6 & Bayji'té59
dzts o d dz.

1 syolSC kzi 28 2d@s dgcdfsd z

g zyomds Isj dzH j dzy ' esLodlsSk E Mme' s
ST OOClsjtedL ko Olsd w¢ fjtejn' H His ¢ d
'R S dBOy 2 dscts fsflststelz, ‘ Hdds® kdz W
MisOdzH Otcls ' o, 5B d3' dzikz " odeW ste dzZOdpY S BO Y P
Isj ndetsdzs G " 2 z o fy MW jtod Y dlslsw Mz my

25



s j dzj § ts3bidE jS Odgj ©B 5 H &ZO [ d3ts o° Gz fiplOshtistts jzdzdz
tesLodlstsC MEzyoOmded s ' deV Sted3OyY' 2 dzd » Is§ m dzts

CS BHddB L do28 ' d "do ftedS dzOH" o' Bzt
MlsGe t "¢ dajL zOdgdzetsmlis” [V deydWtsd, wed?2
stc OQdzmW stedkOyYy' v HtcOys " * ' H yYyofyp o 2dzd.

J Yy!' sz tetsy tetsL H' dzj d3ts detse d dzd ' daW¥
hiszyded 2 " delsd dzj €Is ((zlunalBOUsdES | tesdzjuls Mtezii dzida
ojdzdHOde (Big Data) OHXYJ VYd o4 deOM O

1 5o O d&OkESd fts oj d&dC' HOd WS¢ ¢
LOMissko Odzgdz? L O hlsOddz flstsd lsks% {todi
cdzdB ¢ j§ dzO 9 y O dzdz" |, sBtotsBC O fftodtotsH dats’

Hsotsdzd dzs LOwWodlsdmw dBOh ddzdes sz dzO 9 y O dzdz
B3d d&OLJo O dds hilskzydzdd3s * dalsj dzj Clstsd3, tsB dzf
sd, W& B fwLOys @3t IO 3y doj B,

ZIlszyded?2 * ‘dalsfpeEzge sy L Cdzt ysodnm Isj - dats
50 CtcO” dz My " BE ,90 dzOy digsGXstxlzO dzls d y dzd 2 O dz!
L Olse jtecHddzd o dzOfmdz' MlscOIsje'  twtsLoadlsSE
Mots” LOOHOddY 2 (' stedlsjlsd & y' 2 - MWy
Isj ndz' ydetsc ts -jIsCOs dgfdsdy] " \OHBS cdiids tesL 9 dIs€ Iz

v Me ' Is' oWzB8Ro B Bdgwtse " YydzO J o sdz¥ Y
shozse "delsy GOy’ T L OL dzOyJ dzd n  Is§ n dzts dzts
My Odz' dgtsg@ ts Y dlslsw., ANstodilz* st fw WOoCl
(kM dz Mlso ts 5.0), o dtetse dzd U ' dzO dzy ¥ >
" A flglstezC sktc® BRHEIS! BOLEZo Olsdmw dz©@ Zz
sLBtots' dg Mis! “ dalsjdzj ClskzOdz ded d&3d Isj ~ dats dzts ¢
ftcseo OHY § dedz? MiIsOdzlzls Ctedlsjtc’ * d&3 tetsL o
J Ssdesdz’ € . Il " Hitse ' Hdzs tde'de OB 6ztf ezy f bzls tc
CoOdz' W' CtsoOdgts’ tesByts’ Mddd, sB6‘ ClS'
GOl jt' Odzr degdm * W' &Odefmtsedn toj mMkztef' o,
Ckdz skztededn ©BO  Sl' & L OdzZjyOlddji o' H Ml
BOYOk' ' § sysymafo smls' bk MW jtt' tsLodlkSLl

" dgls j dzj S stz v "nd R f &Z0dz0n, Ctsdzyg ff
f' HCtjMmds Is!: Mw, (s SHictsdd LHSGS OV,
sdeseddylsots ‘ MjClktseOdd L dO28' & hd

HSf sdi3sGE s Z w.

vtewHd ofmM' mn CtO dz tetsL zd3" © Is! ftslsj dzy”
By zdotsec s ftesmizo Odzdzw mets’ n CtsdzC e dzl
fiosdizdmMzsco sfmis', O MltcOIlsjc' ' W twsLodlsCk N
By d&zd o ' Mmis! odCdsic d s @ dzdizy 2 t6“ L dff " HR SH " 9

26



Milse tstcj dzdzs ftosted o dzd n Isj m desdzts @ * 2 z fn
dzj 2tcsf sH Bdedm SCBRYFOEISjt6 89, MdMmisj &3 BON

[Isyd, odt"h jdedzg" ftotsBdzj d3 tetsL 9 dIlsCkz IsC
L dzO dz Z to' L dzd s H'OWdoz L dztfn Isdzs, H iy € tsfhe © H Y d
dzj 3 dIs* . f dztsh d dzg’ LOMistsmMize Odzdza? Mk yome
toj Odz' L e Is! MW dzO@ L OMOHOR hilskzydesets * dalsj
Mz yomdetsmlis * .

wdzls j todzj Isi HagrudgdRe. d 2 toetsL o dilstsC Isqd T gztizagdz
OCIsdo dzgsfmls* HisMis iz ytd) dz¥ dz¥D tiztc dg@ § ° odpt Iz t
"delsjtej HBs ftesBdzj 3 W jSIsdodesets o dC s
LOBJ LY jyjdede" s jtcOlsdodeséts Hisflskzflz HTs

10 HOdd?2 yoOfm fJtdmlstets’ | o T daj dzd h
h sH jdddatseo Yy dJIsC 2z, Odzj 2-Mgtchegetfjfidkiz) 5T tc
toj Uj?2 OSCSIdodets offtctso OHY " s’ fif e tsazd ) 'dats drdf -
' &z M Csets s sHOMmlse O, o' sj2dzz IO
ftedMmlstcts™ o |l oT M tcd yd dav dg d ddclsdz S dgdzo
L Oflstskze Odzdz”, j S M zzOOY' ~ O BjL§jSd
" Hedh jdzdzw OCIsdoe dztsmils-ts B ALY figldzlr $ 1© dzu tzd = «
f' " Hodhddzd " desjtejm HE HtsBdzj BB J W4 SIs
tej Mztem' o wdzla jGmdgjLldflzj Ugjdzdgy? S j cOlsd o dzsc s

Il sfzdvtcddd3sd M! setsHd MO Ils! IsOC L o
10 tcd $ dzOH, CGOHXYjId, wC° Lickzydes dzsmd s
dzj L dzOydzd cdgOsm iz d3ded 2 € 6 fs Histadgd@djStg d-1s & ey
cdzeky J CtcOdzd, O cttsL zdds BzHddS dé HOS®
MdMmlsj OB WEkdS y' sdelzo Odgdz?" B EZH' o dz' L O
BBtsB ' dz dzgdr Isj dzj Wisdz' 9, GYflsddBZzOdz dets o dlIlstcC
Mlse stos  fe ' Is® F d3ts®d dudelicdly Is dzts ai®@ 8 2 I8 €
pCdzs Yo' o MmjBj, Cto' &5 dzeddz " dzr sets5 wdzlsj t
2 whkksjtdzils twjguyd? (I nternet of Things,
Media, | oM), wdsjtdzgijls Mjtwea M" 9 (I nter

[ jls® HOSESE sdeazf dz *© * da Stodszo Odzda o
Isd m dz' ydzd ftcOy 9adzd ¢ o, h ts L O2 B3O Is!
ftes Clszo Odzgdzv 5 o B ZOMls' wdzlsjtedzj sk
sjndsdse' 2, O kOCKYy HA&Y ONf' ttOds' o
f dls Odzdzv B5q .

M 30 te dz' sB e ffda dedz” f totso ' H dad 7 -ffistday oG t©
sMsOdedz’ 7 S ' 0. Itsdd VYodvwel! MsBs
tcsL e tclsOdzdz’ tsBYdMdzt 9 Odzr ded = MdMilsj d3. md
HO9 dg dBBte * & ftes dzj MC ' dzyd dedets O fiff dldiss) =

27



sB yd mdzj dz' , hts HCBt' dadets L 3 ded dzs dzO™N
sB yd mdzj dz fjtcjHBOYO tglszfoz’ dg'j Mztcfrpdj L d3g
W rLdydede mMdmlsj &3, &O wedma Oyt §scet
Cstedmlszeoa OYO.
]l HOdtsHRz ttoidW' s j defpSotfisle o d L dztsy j Is g
CGsdzso dz' f dIs Odzdzv :
#4C" dz2 € HOdzdr d2OtOL " LBjte' cO' Is! Mw o
Mmlsts * dzO2B ' dz2 "ddz fteso O2H Jjtesdz n &3O ts dzd
[ dzv ytset dO2yomis ' hj oditstedMmistso zs s+ fr
CcSCd2?2 -wjOdgloOe *° @ dzG2B ' d2 "dd3 2 Me ' Is' ?
MBOB B dz' ydzg', ftedoeOlsdze yd ¢ BtedHddz
CcSEd?2 o' HMlBS CtRBfOd 2 LBjtt' O° ¢Ctsd
CSdd3 yddzsdy L tesMmisOdzdzy Isj 3 " 9 L Of tetso C
ted dzts€ ddute OfmlstczC Iszted ?
CS LA dzdoefmw Yssfdls &0 fwesWim' ", 906
CY?2 ofdzde dzO ~ dBZOtlkz HBO* hilskzyded?2 ' dzls
1 dzsC Y BdzdzO L Istej dzHtsodr Isj - detsdztse 2
9 " HCtdIlsd HOdZ 2 fttsHj Bsdzmistelzo Olsd, N ts
ftced y!' sz JtemsdzOdzr dz22 HOd Cttedmilskze Oy
wdzls jteg i Hts Is] n dzsdiaye ‘Is'-C taagftcXdaj j' 2 dds O (¢
By dzde tsmils® 7~ L OgbEMiEs GBdei) @ MHusd o d totsE
ststef stcOY*" W Microsof't tc ts-asa-§eovioe (BahI s G
&ZO MmMets” 2 -~ BOtdz 2 f zOLWisted3™ Azur e;
| BM L OfEmisddzO o dzOMmMdzz Baa$S otk 56 @ Q1
L "dhddi3d ftetsHESCISOR Ctd&f Odz ', IsO¢ d d3d
Systems, Mmdmilsji O " sk ydesidsty wogpigitz| Cdis z W
Bl ockchain Foundry ftdH' dzv° Csdztso d
Mdtco MO HdzW Mo tstej dedz? Heslstslsdf ™ & ° o
Bigchain DB ftsfsdkz' W&OMhIsOBB Odz"
Chain tjCdzOkz® § ZzOW tstedzlz BazsC yj 2 dz H
| BM Samsung ftOys s Is! dzOH Ctsdzyd
BdzcC yj2dz BkzH] odCBBtdmMlstsolzeo Olsdmw Hdzv W&
B4 ted ' (odugisigtcdr sz tj yd?. 1 dstyjda
H dzw o] MstcOyY"' ’ 3" dz' v toH ‘ods s dztsdfdigts tc s todd,dz
stcOdzL OCy' ° 9o MdMmlsjdd L btedte' oadzj o 8¢ 0Ofe
fdosdzE y' v 9 MWy te’ HOdzdr B EZdBBo dzj dzO
HOdzd -, dzjtsBm' Hdz Mis® "o LBjt' cOdzdg?y IO
o' H f§lsteiB SCttedMmiskze Oy'jazdzw M € s dzigd $ J dzts
HOdzd Bg.Data i yj Gsted L BSdzls Odz! dzts Z3OMh IsOB

28


https://www.it.ua/knowledge-base/technology-innovation/internet-veschej-internet-of-things-iot

sdCtedfissolk’ &OB'te &jlssHdS *  Isj o das

MstczC sztctso Odalz dzj MistczC lskztctso Odzlz ' daW t
Wsted3dzo Olsd o Hftseo HdEftelBOYLSd pHdw ¢
~nOttOSCIsjtdzeddsd ° Jowls! tsL dzOC:

volumei sBMwW e HOdzdr 9903 0° Is: mMw 9o j dzd € d d
fted tBtEKGEBBY' Y/ sets semMwelkz LOMsBOd3d Ists
HOdzedr (B 'dz2Nnj 1 HjlsOBO21Is) ;

velocityT h e dH ¢ " Mis! dadBrigts B dls twddz yd mdz' ,
yomi;

varietyi ' dzW stedzOy' v o jdzdSds BBMWGE' 9 HIE)Y
fJtcj oOydz 2 B' dz' h tsfls" odf OHEC " o L OG OC
MstczC skteso Odz" , SOC ' dzi MlstckzCIlskztctso Odz

veracity T L H Olsdz" fMmls sdhy Ydzdls S sted plzlz M C dzC
W st d3Oy 2 dzse s ¢ Zdikz e ;

valuei y ' dzdz' Mis! " deW stedgOy' ' odL dzOyoO’ H S
f 59 d dzdz’ HO9 OIlsd o Hftse " H' dZzO L OL HOdzj ¢
LOWO dzw e Ist MW L dztse 2.

Il sdzd odSEtstedmistso e stz s d dsdedh dzstdas ic tc ® m
SBtotsB dzf o Ols d dzj MistczC szt ts o Odzlz "W s te 5O
Odze sted Is Bz .

1 slsj dzy’ Odz, wed?2 o' HGCttdo OF Is! Is j ~ dzts dz
HOdzd -, odnrtsHdIs! LO ttOBRBEd Mkyomdzsets to
C sdzddzd & | Isj mn dztsdztsc * ydz Cslif Odz' sO¢ dn
Facebook IsO hj y'dzd?2 twH ojddStdr ¢ &Y

sz HCE2I] L O dzOhMdd3d deseo ddzOdzd IsO B¢
Is tc j dzHts & dzSulzs.

29



UbDC 621.38

SCINTILLATION DETECTORS BASED ON Nal:Tl
WITH 3% RESOLUTION IN CLASSIFICATION
TASKS USING NEURAL NETWORKS

Suzdal V.I., Tavrovskyi I.S.
KTH Roial Instinute Of Tehnology, Stockholm
E-mail: suzdall70478@gmail.com

AR URJ CAwBL w w1 8ftRrR 1¢ strRevd] w NAI: TL
1Ty weaud 1 10rdvom sfoerRAwWsOAwWW 1 B8LL1LRY

L tsBisIS' tesLcdzv dzgzlsts o d ¢ tsted fls O dada™
COMMgP ] SIstc” 9, hts ftedLotsHdIls! HEts fsCtOn j
SO L d3j dzh § dedev Yy OMmiz, dzj sBrn ' Hdztse s el C
Istsydz' Mmis! "HydzsdW ' COy" "’ Ly 9, hodi
dzi 9 BOCO' Hoolbbtedeses ftetsyj Mk totsL € dzOH

In the paper using of neural networks for processing gamma spectra leads t
an improvement in the processisdtope identification and a reduction in the time
required for analysis are considered. It allows for a higher accuracy in isotope
identification, faster and more automated, as it does not require the repetitive
process of spectrum decomposition and nstwiction.

Keywords: energy resolution, neural networks, nucleus.

Modern gamma spectroscopy provides unique opportunities for conducting
various studies in many areas of knowledge. The main task of spectroscopic
measurements is to determine the enenggnsity of discrete gamma lines from
various gamma sources, their identification, and localization. Such studies are
often carried out using scintillation detectors based on inorganic crystals such a:
Nal:Tl, Csl:Tl, and others. These detectors are lyidesed due to their high
sensitivity and good operational properties. However, the insufficiently high
energy resolution of scintillation detectors (SD) based on inorganic crystals (at bes
6-7% for gamma quanta with an energy of 662 keV) does not atibving many
of the abovementioned tasks to the fullest extent.

There are many ways and already implemented software products with
classical approaches for processing radiation spectra. However, a relevant an
actively developing issue today is the quastiof applying the paradigm of
artificial neural networks for this purpose [1].

A successful solution to the problem of isotope identification using neural
networks has been presented in the work of Ukrainian scientists A.V. Kochergin
and S.S. PivovarceR2]. Based on the recommendations of these authors, a method
of identifying radionuclides using a thrégeyer feedforward neural network was
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used. The authors [2] draw attention to the fact that the temporal constraints of the
measurement and identificatigorocedure lead to the fact that in most cases the
resulting gamma spectrum has a complex character with a significant number o
multiples. These multiples are difficult to identify at real count rate levels that are
only slightly higher than the detect®rbackground load. The number of
simultaneously identified isotopes cannot be large, so it is recommended to limit
the number of simultaneously identifiable nuclides. To overcome the-siates
problem, it was decided to use a mypléiss identificatiomprocedure with a Nal:Tl
crystal detector, and a neural network architecture using the Sequential class fror
Keras. To construct the neural network, one hidden layer of neurons was definec
and the activation function of the output layer with one neuronaistgmoid
activation function was determined. The model was compiled using a binary cross
entropy loss function, the Adam optimizer, and accuracy as the metric. The mode
was trined using the fitting method. We calculated the predictions. The output was
anarray of predicted probabilities for each input vector with values ranging from O
to 1. The developments were carried out in Python, using libraries for scientific
data processing, such as Keras, Theano, Tensorflow, and others.

An artificial neural netwik trained on the simple linear spectra showed
results close to 95% for identifying individual nuclides. However, identifying
nuclides with complex linear spectra yielded ambiguous results. To further develop
the identification method, it was decided te wsNal: Tl crystal detector spectrum
with 3% resolution and isolate the energy range of interest to build and train a
separate artificial neural network for it.

Figure 1 shows the radiation spectrum obtained by the crystal detector of
dimensions 25x25 mmTlhe energy resolution at the peak of full absorption is
8.6%. The processed spectrum is shown in Figure 2, with an energy resolution a
the peak of full absorption as 3.3%.
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To obtain the Nal:Tl crystal detector spewetr with 3% resolution, an
algorithm for obtaining and analyzing the fine structure of the detector's output
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pulses was proposed [3.4]. A mathematical model was assigned to eacl
scintillation pulse. The idea of further research was to decompose (clustsgtth

of pulses into groups based on the shape of each pulse. Similar events, such :
those with similar attenuation, combustion characteristics, maximum amplitude,
etc., were selected for each group. The mathematical measure of similarity was ;
norm, thechoice of which allows controlling the criterion for group formation.
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Fig.2. Gamma spectrum obtained on the crystal after processing.
The energy resolution at the peak of total absorption is 3.3%.

Using a neural network to identify the isotope Bala3da on the Nal:Tl
crystal detector spectrum with 3% resolution yielded results close to 100%.
Identifying nuclides with complex linear spectra showed results close to 40%.

The multipass identification procedure method is a good approach for addressing
problems associated with a large number of multiplexes in the gamma spectrum
The binary crosentropy loss function and Adam optimizer are common choices
for training neural networks, as they show good results in most machine learning tasks.
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ANALYSIS OF POTENTIAL VULNERABILITIES AND THREATS IN 5G

Vulnerabilities of 5G networks and critical infrastructure are considered. The criticality
classification of 5G infrastructure assets is given.
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THE PROGRAM FOR ASSESSING THE CONNECTIVITY
OF NODES OF WIRELESS EPISODIC NETWORKS UNDER THE
CONDITION OF USING UAVs

The article describes the main problems of the duration of connectivity of
mobile subscribers (nodes) (MA) of a wireless episodic network (BENistmy
of MA and UAV) in conditions of direct radio visibility and taking into account
relaying. The obtained results can be used in the UAV network topology control
method
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SOFTWARE-CONFIGURED SATELLITE
INFRASTRUCTURE OF TH E INTERNET OF THINGS

Abstract. The state afse of the satellite component for Internet of Things systems operating
on the basis of the 5G ecosystem is considered. A-teuttl satellite infrastructure is proposed,
which is designed to support the functioning of Internet of Things systems andlescl
geostationary and lowrbital components. To support Internet of Things systems, the satellite
infrastructure includes computing power for the implementation of cloud, fog, and edge
computing. In order to improve data transmission management, itopoged to create a
softwareconfigured data transmission network as part of the satellite infrastructure of the
Internet of Things. The data transmission network combines geostationary armtblow
components. The use of softwarenfigured data transmiss network technology makes it
possible to simplify the operational adjustment of the-@bit component to the regional
characteristics of Internet of Things services and generated traffic.
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SWOT aHaniz Haykoeol ccepu

B CunbHi croponu (Strengths) Cnabki croponn (Weaknesses)
H PosranyxeHa, 3 WWPOKMM OXONMEHHAM nona HepoctatHe diHancyBanHa (piBeHb Kpaid
HayKOBUX JOCNI[KEHb, CTPYKTYPA HayKOBUX YCTaHOB Adpukn). Bpak Cy4acHOro Haykosoro obnaaHaHHs:,
y BenukniA Kaaposui noTeHuian sacTapina marepianbHo-TexHiyHa 6asa
T Tpvsani Haykosi Tpaauuii aﬂima CYCNINbHOMO NPECTUXY HayKoBol poboTu.
Yeniwsmi gocsin yyacTi y senmkux Mbksapoasmx  Macoeui Biannue AKICHUX HAyKOBMX Kaapie 3a KOpPAOH
P npoexrax (npvHaiMHi Ha AeAKUX HaNpAMKaXx) abo 8 iHwi cdepn aianbHOCTI
1 YenitwHum Aocsia B33EMOAN 3 OKPeMnMM HepocTarHiA piBeHb KOOpPAWHAUIT MDX OKpeMHUMK
BUCOKOTEXHONOMYHUMMA BUPODHWLITBAMM “ronoBHWMK rpaBuUAMK” Ha HayKOBOMY Nnoni
Ww ~ KoHCepBaTHBHICTD 3HAYHOI YaCTVHY HayKoBKX
eniT.
H HeBianosiaHICTL CTPYKTYpW Haykogol cepu
1 00’exTMBHUM noTpebamM pO3BUTKY EKOHOMIKK i
cycninscTea. Konanc ranyaesol Hayku, BiacyTHicTs
eeKTMBHOI IHHOBALLIMHOI cucTeMu.
3 Moxunmeocri (Opportunities) 3arposu (Threats)
0 IMnnemenrTauis nonoxert 3akoHy «lpo Haykosy i «CrapiHHA» HayKu, «<BUMMBAHHA» 3 HEl aKTUBHOI
HAYKOBO-TeXHIYHY AIANbHICTL» uono%l
= CreopeHHs HauloHanbHoi Paau 3 nuTaHb NPOAOBXEHHS IHepuiHoro cuexapiio —
PO3BUTKY HaYKu | TexHonorin Ha yoni 3 MNpem’ep- HEMUHYYe PYWHYBaHHA ynpoaosx 5-10 pokis
H MIHICTPOM, SIK KOOPAWHYIONOTrO OpraHy 3 (popMyBaHHA  BINbLWIOCTI HASBHUX HAYKOBUX WKIN, OCTaTONHE
1 1 peaniaaulil. BUKMAAHHA YKpaiuu 31 CBiTOBOI «BUWIOI HayKOBOT Nirn»
CreopeHHs HauloHanbHoro doHay aocninxeHb AK 03 WaHCe TaM NOHOBUTUCH
L} oprasy ana rpanHToBoro iHaHCyBaHHA NPIOPUTETHNX oiabraauxarbuoro cueHapiio «onTuMizauii»
HayKOBMX NPOeKTis HayK cepu, 3aKPUTTA 3HAUHOT YaCTUHK IHCTUTYTIB
H MposefeHHA aepxasHOI atecTaull HayKoBux AK «HEeDEKTUBHUX» - HEMUHYYE PYHHYBAHHS
] YCTaHoB Ta HayKogoi pobotn BH3, npuseseHHs pisHA  YNPOAOBX mma‘o nepiogly GinbLIOCTi HAABHNX
AepXaBHOl NIATPMMKY Y BIANOBIAHICTD A0 pe3ynbrartis ua');xoaux OCTATONHE BUKMAGHHA YKpaiHu 3i
arectaui. CBITOBOI «BUWLIOT HAYKOBOT Nird» 6E3 WAHCIB TaM
YeniwHa y4acTb Y MDKHAPOAHUX HayKosuX NOHOBUTUCA
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3acobu gna 34iMCHEHHA

STEM-HaBYaHHA:

BumiptoBanbHi KOMnaeKkcu Ta
Tpmcy'rumc 3HaHb [aTYNKK

MepepnoBa ocBiTa

EnekTpoHHi npucTpoi: 3D npuHTepw,
Komn”1oTepu, UMPpPOBi NPOEKTOPH,
NPOeKUiMHi eKpaHU Pi3HOMaHITHUX

mogenew, oBepxea-NpoOeKTopu, Koni-

AOLUKM, IHTEPAKTUBHI AOLWIKM, AOKYMEHT-

Kamepw, NPOEeKLiHi CTONUKM...

-

KoHkypeHTOCNpOMOXHa IHHOBaUiVHa
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E-mail: k.lisovskiy@ukr.net buglachoR003@mail.com

STUDENTS SCIENTIFIC ACTIVITY OF THE EDUCATIONAL
AND RESEARCH INSTITUTE OF TELECOMMUNICATION SYSTEMS IGOR
SIKORSKY KYIV POLITECHNICAL UNIVERSITY

This review will present the chronological order of the origin and development of the
student "scientific movenm," which is actively working on topical research tomtshe base of
the Educational and Scientific Institute of Telecommunication Systems of the National Technical
University of Ukraine "lhor Sikorskyi Kyiv Polytechnic Institute”.
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APPLICA TION OF GENETIC ALGORITHM
FOR SYNTHESIS OF OPTIMAL STRUCTURE OF TURBOCODE

The parameters of the target function and the algorithm for searching for the configuration
of the turbocode with the help of a genetic algorithm are determined in the work, wilich
ensure the best efficiency of the communication system under given limitations and conditions.
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NEW COMPOSITE BARKER CODES IN SYSTEMS
WITH DIRECT SPECTRUM SPREADING

Modeling in the MatLab software package showed the possibility of using new composite
Barker codes as code words in direct spread spectrum systems
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IMPROVED METHOD OF BUILDING MODELS FOR RELIABILITY
ASSESSMENT OF ELECTRONIC COMMUNICATION EQUIPMENT
OBJECTS WITH COMBINED TIME RESERVE

An improved method has been proposed that allows for the derivation of new analytical
formulas to evaluate the key reliability indicators of a system with a combined timeeseserv
which enables the consideration of various types of failures and malfunctions of technical and
software components of electronic communication equipment.
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STUDY OF THE INFLUENCE OF THE SELF -SIMILARITY
FACTOR ON THE FUNCTIONING OF THE QS.

One of the characteristics of modern telecommunications networks is trensiédfity
property, due to which load ripples occur in the network at different random time intervals,
which can lead to long delays and padksses. The paper compares the traditional QS model
with the Poisson distribution and QS with the Weibull distribution, which describes the self
similarity property. A quantitative assessment of the difference in the characteristics of the
models is givenand the importance of taking into account the-ssifilarity factor when
calculating QS quality indicators is shown.
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ESTIMATION OF POTENTIAL POSSIBILITIES
FOR 5G MOBILE NETWORKS RADIOCHANNELS

The report is devoted to results of studies such key indicators (KPI) of the 5G mobile
radio access network (IMZ020), as the bandwidth of radio channels, delay and spectral
efficiency. The 5G radio network uses thedem technologies such as OFDM with subcarrier
modulation from BPSK to QAM256, antenna systems based on the principle of massive MIMO
and with the function of beamforming in the direction of user concentration, interference
resistant coding and other tedues used in modern digital radio systems. The purpose of the
research was trying to find the potential possibilities of the 5G radio channel concerning
bandwidth, delay and spectral efficiency.

[ sftseo ' H! ftcdmowyj dzO tjL zdz SOlsO®OBL eztffdzd H f
B34 6 tcOH ' BHESMIskz £ GdME-2@2@Ects WiLo O i t€ jztf 25 ¢
tCOH' 5C0dzOdz" 9, LOBttd®@BECO SO M j CCPsddPmis s g & 4
sSOC " dzseo  Is dz'OFM¥VjL~ desiasedzw y "Wl tBPSKazjSKiAMA 5 6 s p Gedz'
mMdMmlsj &3d L O { tod dMOYIds@3 Ld3OMmMfdeSdag '~ ¢ W stcd3lz o O dzdaw
Codayj delstc Oy’ ° SCttedMmlskzoOy' 9, LOoOHBMI 2¢j ¢ tsH
) Mz yomdzed yqwttse dn tGOH‘tsfannlst3®:. [ d s
fslspdp]’ diisy dzd o sMis” ‘ feofpies off jdigjjtdf jloff € dBs L
SO My JjSteOdz dets™ JWJSIlsdo desils’

dlsoste] dzdz? tWOH 5 OdZOdz' 9 G adsjHIBIDP O dst3
tcOn zdzts 6 oS tstedMis Odedzy M kz y CORFOK B Omésgive dzts C
MIMO. EPC sflsddz’' L s Odz' Wted 2d3d IsO 9 HEMS
Yyomsednr toj Mbowrijike MBOCUPMX 2O M] Y4 o HEB
mMfdydw' oy’ tc@NR (G dadewtR@dio?2. Mz ua Htej H ¢ dz
fsCOLddS &9 WwWEBMmIs' tcOH' 5CO0dzOdz! 9 ff §j Gz M E
LOSd®BECO SO M JSlteOdzr d&zO JWJ SIsdoedz Mmis+ .
HdzwY ydr f5C0OLddSE 9.

Cc¢ ] Cd3j da tsoyOddsss yolzd 2 tBSL tcOnlzdes$
ZOf DNk B J ftesosHdIsdMm! L O Wisttdikzdtss

BW(f).u

N Byt

Ruse = 1076 Y1, (9,]) 0Y) x £ X Ry ippe X

Layers

2% (1— OHDY), (2)
HjiSld DelglcsoOdzdn S B sdzj dzls ded & dai

CsB ' dzOy "~ M Bl Rufd5O%RRENG2d3 D € ME[ )BO dz! 20 o
"o dHG fls! L OsOHBMIs' 20l g iskECdisGRzddO LS

72



fslstsC ' o 9 ' H fjtcj HOogOBR & dzO®Pictk o6 Iz fgls @
Cstedfls YOS B0k d' Mls' QA if ® dzwiy0,8; 0,75; 0,4
BOMh ISOB ¥ yd2 pS=tQ W:'2y31 descsj & MAkzed YO
f' Hdgj Myt i 15, 30, 60,
120 C1vy, oT'n4Re-Mmddjnd' ktdsOd Mmis: f

14x 2k
MBS OHE' o' HiBo' Hds HE desdsj o Vo dsk ¢

BOC Md isOdz dz® § ' dz' €' fylsH ] fkteded - B
sdCstedmlsso i YOMisE .0 fOME, wCO odlwOyO
WO ewiogividink. [1 = 0, 14 FRIEW 50'éGNOISBEH )
H dzw H' Of OL sdzkz FR2 (242506

52600 [ 1y).

s' dz €' fls: teJ Mztcmdzedn B dzZSEC ' 9, h 5 d3ts
Yyomkssis, LOdzj ydls: o' H f8SE Jubcareighkatnsl tsH
Spae) IsO L OcOdz dets™ MmMdskzed yYOMmlstsls [ 2] .

10 Whttehkzdss (1) odStsdOd L ttOR kzdzg
Hdzv B3OS fid &3O dz! dets’™ QAR IS diets Ly 'S Od3 sl Hslsdzve iz ™
o' Lddr Md3ze ' Hdzj Mz yts’ sO L Oc¢ Odz! dzd n
Bdted P sPpdLzsL tOAbkdzC ' 9 dzZOo jHjdz E o(

MaKcumanbHa NiKOBa WWBUAKICTb

15kly 30wy 60 KIY 120kl

300000
250000
200000
150000
100000

50000

0
5 25 50 100 200 400

tdm. 1.

1 Odzj
HADAM2 56 9o ' H

dz' Mis' &OCMmd@Odz! des”
¢ L

b Is
ffzed §° Hdz Mzyts™ O

[ OCMddizOdzr dzO@ ' Cts9 O haq’HQ'ﬁ]lsJI 1 J
shve @l gYCstedmnlsOdd hdeked §' Hdjhb

6 ' LOGCOd dz' 2 MmdkzL yomilstsls & 400 ,{114
1 OtcdBCO o HjtojHOY' HdzZw  f dztsh ddzd €t
sted 3¢ O ftod ¢ J toj HOyUseredDignehlr , d3'lsqts BdsNEB
dSJlesIzG)l{g‘gtjt@JSWIslz, Hs dBdid dzsz CStsdzd f t
O¢Cjls HisMisOo dzw ° fOCJils dO o jtnds 2
S:tst«so[fnls.lsaIzaG)de)fr]J| d3d stsH d ¢ O[3].Is Of twi3tsjHdE dz
LtcOnlzdzC 2 dz2O9 jHj d2O tdfm. 2.

Cts
(OXc O]

73



L. UE
tdfm. 2. [tHjd OlstdfditedL tORkdl bz L

1 Oted 3¢ © ME EZOHO' s Mw L BJLYBMJ e HA
HARQ (Hybrid Automatic Repeat Regques
sBtd3O BYOM IsO®dtcd &3¢ © HYtso ' Hds H 1S
odL &Z2Oydisd L O Wtstcdzzdzts® :

T =1 +p(Tp +13),
Hip -9 t©sG' Hd Mmlis! f 51 s t5ip dets tra Higristtsb Q" |
thB’tx:1nax(N2[2048+;44)*k»«2( Wit steqo O fls! 5BEsBCd
fmils O dzpp - YO M, dzj sBr' Hdzd2 HdzW o dtc' o dz¥ 8 Od
ZOMmMiszf dzse s H shykrzlinks cfipdztBslzy M HQ@Usj H Odz
tUE,rx—u(Dfn BBtGISBgd 3] UE.

[ " dg' i30dzt dzO L Olste 368 © ' 9 'L HOfiAg o 'JHs®* © ' H
f " Hdzd MEyts™ . (BLEOREZASd HOH ISISCIUO M ISIE {f d'
1, 8dsm; 1TB,09 EdRgmy;i 2 6 0 8 qz/y .

1 " Cts9 O M J ¢ Is tcd'ddh 1420 BE Yy § Isdeolzls d tc ts |
ZzOMmilszf detss W Stcdilz dzts® .

Ny = oo,

Hiv, i Ct500 hodHSamMBj Y it Has' »dS tiedl
©j MEBHifgBzec O yOmssls, "'t sdSsedmssak’ Is
{iLkd sOId niolsL ss'OE/kfgS | y dzOo jHj dz' o |

B3z @2 BDL[ |y g3z OG5 OL[ | y
" Of Ol zdtedds n,SISO np MIMO 1np SISO N MIMO
FR1 Y d S| (symo B jL u
0 Wz ( B MIMO) (8 f
15 5,7 45,5 5,8 46,2
30 5,6 44,5 5,7 45,5
60 5,3 42,5 5,6 44,5

[ " 5jtcOktO

1. 3GPP TS 38.306 version 15.15.0 Release 15. 5G; NR; User Equipment (UE) radio acces:
capabilities’ 2021

2. 3GPP TS 38.101 version 15.5.0 Release 15. 5G; NR; User Equipment (UE) radio
transmission andeceptioni 2019

3.3GPP TR 37.910 version 16.1.0 Release 16. 5G; Study eawsdlfation towards IMT2020
submissiori 202Q

74



uvrs 621. 39
st ULVsUBULUiI R [VJURYLIRM [ sAwE [ w ws
st dsovwl J el duv wy 1t o1 RY\OBNR wy wf ¢

Il JHdzed S B [ . [ .
Ludzfnlsq’lslzls s yoOazL etk IsO L O- dMls
AW BtedsOYy' T st w " 3. wetstew o' Cste
E-mail: 2507bom@gmail.com

OPTICAL SECTIONS LINEAR PATHS STRUCTURES
OF FOTS WDM WITH EXTREMELY MINIMAL OSNR

Improvement of the optical signal / noise ratio (OSNR) coefficient in eatbabpath
formed by the VOSP SU is possible due to the reduction of amplifiers of intermediate points of
the linear path. The results of long optical sections of OASs transformation that meet the
requirements of ITUI Rec. G.692 on the working attenuatiohamplification sections and the
sections length on which it is possible to obtain the minimum limit OSNR are provided.
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EXTENDING THE FUNC TIONALITY OF TUYA SMART
DEVICES USING THE PYTHON PROGRAMMING LANGUAGE

Prospects for the development of the Internet of Things industry are considered. Ways tc
expand the functionality of smart devices from the Tuya Smart company are also considered. It
addition, a solution to the practical use of 10T devices in the conditions of modern war in
Ukraine is proposed.
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ANALYSIS OF PROBLEMS IN THE IMPLEMENTATION
OF INDUSTRIAL INTERNET OF THINGS TECHNOLOGY

The article examines the essence and aspects that need to be taken into account whe
considering the Internet of Things, in particular, attentioraid po the importance of industrial
[loT. The main problems of 0T technologies are identified.
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IOT M2M PROTOCOLS RESEARCH TO
REDUCE ROAD ACCIDENT PROBABILITY

This report provides the use of adead Machingo-Machine (M2M) communication
technologies for the automotive industry. The report covers the latest developments in M2M
technologies such as 5G, which is expected to revolutionize the way cars communicate with eac
other and with the surrodimg infrastructure. Additionally, the report shows benefits of M2M
technologies for the automotive industry, specifically improved safety.
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DIGITAL SIGNATURES AND CERTIFICATES USING FOR
SECURE TRANSACTIONS AND CONFIRMATION OF THE ELECTRONIC
DOCUMENTS AUTHENTICITY

Analyzed features of digital signatures and certificates and the advaofapes use in
various areas of modern life, which allows safe transactions on the Internet and confirm the
authenticity of electronic documents

ltecsOdzOdz' L ts9 Odz' s dzd o sMils ydgWwtsedns ' H
9 d¢ sted fls O dzdz™ ) to' L dzd m MW jtcO~R mMzyomdetse 5 Y «
StcOdzL ©OCy'° o dited ' wdzlsjtwedzils SO §  HIsea jHY zo

AdWtctse f Iy fedsiff * €OIsd odCtstcdMmistso z5 I
dzOh ts@ s xqbbw ¢ Jd dzd dzj mg'Bdmm Hdzw b
HsC kR dzls' &9 IsO ydiWtwsesets " HfdME o v
HisC Izd3Js@lsoL1 dzj € Is tc ts dzdzd 2 Is@tsg]mc;ismisﬁslstbtx;o [ A
LW odSttedmlsOdedzy ydnr IS mdetsdzse’ 2 dz
O tOdz' hj dzsCHOEd.

AdWtctse d2 fodidmj dzj Clstesdzdzsets " HY d°

tcjLlzdz sOlstsdz CStedilstsctcOW ' ydesets f jto] Isots
wed2 HBHO' Is! MW HB VY!uscdd dz0B ts'icizdzO'Bl&s' fiyl
f' ' Hlse jtoHdIsd A6 ts Yy dz' mdz' mis Is © "H,
[ dzd Slstesdzdzd 2 ydWtsed?2 " Hfdm (A1) dzOC
Cdzte yo IO fjtejo' oW’ st Mmw LO HBH dBsc s
ygWwttseotsets §fOde® qizg@ k. O1.

NignvcaHHA aaHKux Bepudikauis /( d W tQ tS 9] q 1)

e ZOH O 5! fw L
fj©B® HCtod

s d 7 Mt d&

sBMdzeso 5 s

LOBj L Jyd dedav ,

odCstedMmlstso 2°

= MmM¢ &zOH OIs d .

HEC Ed3j dzls d , 9

516 d Bl - i &

AKLLO 3HaUEHHA XeLLI-CyM OfHAKOBI - TO daHi H B g B %szmw ' 1{ G

e 3a3Ha/N M nig uac nepesaui. H B ) .B de ‘ IS G g

Mignwcani gami ; H J_ dZIS q, Wt g IZ o G lS

tdm. 1. wdz MsteOy' v ydwtst

87


mailto:olenagri@ukr.net

Hic&d @] Ctoy®B@GB d dz0 Mlsoa stes * Is+ Mw dzdh j o
i Otects dz- o dzOMmdzd ¢ O, wedds o' dz Sttedmisiz’ |
ydwtetsoad?2 ¢  HYdm Isdd sk iz e dzdhnize ®©6H d:

] OtcOdzls®° ydWttseotsets " " Hfidmk LOBj L

-polsj dalsd YdzHfile!j tcHy ' Is! My MHsB O, WO

A' dz' mdz'dsi) B)ils. dzg L3 dgj dets OBt dzj f' H
dz' sdsz f smisOo dzj des ydWtetsod?2 " HY dfm.

-1 dBsydzde ' Misd ' alsa ke g iz° Hdzw o f' &
f " HidMOdzets G 5 o 3’ unls zL Ofl]" tajdzis) odedizw Qo Iststct
ftodyJ Isdets s’ HE " HfdmMOdztsets o d3" Miskz.

-1 BlsOte’ Odz' dzgj 1L OMPH dRdj dzdzW.02 dzOF- , dzO
Wor d, Mi cr ossof Mi cBExcelf t OBPower Poi nt '
ZOH "' 2 detséts Mmjteo jte®O L dzOytse yofmkz L O
dzsls Otc' Odz! deséts L Ofmoe " H yJ dazdav .

g jtelsdWo SyQls ydWwtctse d2 HiC zd3j dzls, wed?2
"  Hiso jJtoHY j dzdz? MY cOo Xy detsfls’ Y d W s s dzls o ts o3

fjelsd¥ " COy" " ° & Misdl’ ' d ROy ¢ it
Bkzo Meottjdd2. wjtld¥' COk &@syj 8BRS
Mfe@oy detsMis’ O y' dz' Mdesfls' HOddr, W

9 " HfBo Hdzse s yYydWwttseossets " Hfdmiz.
Ao[wtsisaq’ MiexEdstcd Mistso 6 Is* MW  HdzW f J tc,
Besets Cstedmlskzeo OYO, O -IsOF sy =AM Is @id
detso dzj dzdz? L Oh W tctseo Odesets L ' * H dzO dadz™
ygwtwesed?2 MmMjlsdW ' €Ol d&'teHf sas'tsH R 56
disOlsd IO vLG®L dsmisg d3@ Hzj L Odzj X dzts o
dzd 2 X.509 MisOdzH Otelstsdz H dzv - daW
C key i nfrastructure) H&wWw CjtokzoC
2fshdtej d’ " f indsOdiozrd vyl etisteff =
W' COls"e (Alyw) Bk t'Lddr cOdkzizL WA
| Ydats® Okzlsj dzZlsdw ™ COy"* ° 4 dzj € Is tc s dzdz
HJ dzy' 2 dztsmlis’ Is © Yy oz' mdetsmis J dzj ¢
s dzOdzd ) , Bz " e e A dzlin i BB dkzdz' yd i (
- (Hd&zw "  HfdMmOdzdz? IsO B A3 dzz d3d H C
steOIsd o dzlz M J ez ¢ Zwdzlsy tzdz) Isf j 6] 8" ©€
" dzEfAd?’ s @i BISO L OmdMlskz SCStedMmlskzo Oy ¢
02 Mmlses O) , " delsj dzy SIszOdz! dzz 9 dzOMmdz' Mmis!
| dzls* o) .
1 0 tdf@ldd stcds' Hjtey Oodadn  sfdzzcd | wyq
ted &30Is d f smdzz ¢ d htsHis tsisted d30 dzdz” G
tcj Hdz2 BeGts B' L dzj Mz, 4 azj Chtedzuiddad 2 | &PB
B'dzils otsH' W Istshts [6].
1028 ' dzh fYshdtej ded &3 sted Odgislsd Is
Signature Algorithm DSA), RivestShamirAdleman RSA) ‘ EIll i pti
Digital Signature Algorithm ECDSA) . l m’ Isted Odze stcdIsd3d

flsas j dzdz O fjtejo ' ©€d vydWtss 0 &ddbe

cognxo

DRECURTE . TIC S0
mioF=v Noke

o0 O -

e S &S R Gy

=

NI HF S TenPIFTONOT T OO OHF
© "THFE AR
0

O— w

88



OMmdd3j Isted ydetse s Lh dai ez t©OpAge O dzdzw d3 © " H S tod Is
GJ daj sOYy" ° Cdze yo IsO fjtejo € d oddBOGC
C dzt o 'O& .5y BkdzO ftoj HMNIsOo dzj dzO® totsL o tefdety d
f vy dmkz KMSBS.dzfj WO BO fwewdlz MmjCtils
CodflstsOdzOdz' L2 'L odSCtsted MprPdedzy d3 ¢ 9 O dzls ts
b dzcstcdIlsds DSA BOLEZ' Is+ mw dzO < dzOH ¢
Zse OtdW d&3' o . [ sy dzdo sMmlis* OdzestcdIsdsz DS/
fjtcjo et yYydWttsetsets "  HfdMmk. RSA
Bsyd odStstdmissealkzeo Olsdmw dzi Is' dif SO d3q dzv
sSOCtsy Hdzw hdWtckzo Odzdzy f 59 ' H Sd3dzj dzdzv . C
wetsmils' f " HfdmMEz Hdv yYydWttseosets HBECEZAB] d
Hdzw mMdlskzOy' 2, Codzd St dcs oaddise " HY dMm
dzj sBm' Hdzj hj 2 hdW tepzdecOiimigvls df RS A ez iz
BOIsj BOIsdyded s € B sdzj dzls Or : BsHEZA& d' 2
ojdzdSdr y' dzd dmjd. ECDSA {tsfMmikzf tse

~ Y

odetstcdMmMlstsozo Olsd dzOB OGOIsts d3j dgh * oL A"
9d BOCOB gy der tsB' * B 9 tsBYdMdzj dz' , dz

1®HLaq’u®2dzts o0y dzdoddz ' odStted Mmils Odzdz
[ K1, BT T o' HMbkkd fls’ fedLoeBHdl! H
tcj Odz' Lzo Olsd [PIlsOUqd deg@o| AL Odes L tsfytse dzd
(A, HisA lzd34'dzls‘9, sited3" d2 H' wCdn §jted
sO¢ d A HISQIzd34dzls o Hjtjo W' Is! mMw Is' dz' Cc
HeCkdjdzals' @8 ° ftsHOYO jdzj Sltotsdzdes’™ L o' Isd

l jtojtcOR 5o Odz odhj htsBdzdstshmis' J dzj
JWiSIlsddeidsftadz di3j dzlstsdz L OB j L §f j ygj dedgy = dzW tstc 3
CdeW e OMistezS Iskzted MMy ' dz@ Mise O Is © HJ to)
sz;QIstsdedzisGB HsCEZd3] dzlstssB' 6z HEBSL 9 sdzv
f' ' Hited d@3Mlse L odtsBdd ylso O f @t Jotg by ,j dztizs
LOndMlskz HBOC"' dzdzw o tejL zdz' sOIs" .

[ " 5jtcOktO

1. 10Ct8dz VEtLO dzd ol W QR8BS jz) OBtctedzdz”™ 8BS 2 d3
HSCEZd3j dzlststsB ' G e
1 OCtsdz Ve O dzd ol "W ¢212tc ) 5j. d2j0C0IS3te tHaizdzd 28 5 d W to ts

https://support.miasoft.com/ukua/office/%D1%86%D0%B8%D1%84%D1%80%D0%BE

%D0%B2%D1%96%D0%BF%D1%96%D0%B4%D0%BF%D0%B8%D1%81%D0%B8

%D1%82%D0%B&%6D1%81%D0%B5%D1%80%D1%82%D0%B8%D1%84%D1%96%

D0%BA%D0%B0%D1%82%D0%B8186cd157ac4al168597%22bd163e8e96

4. https://online.dtkt.ua/2®@/20/50377

5. AdWtctse d2 4 dzj S/e tots| dpdpquzO  ff ‘j HiAfo§ dzt6Y/ j Hs' 1)) H .
Cdz.,ezjBBhEyd & B[ @ johadmu]C.tc O dzf! €O J dfyd Slzs i
1 O Q2.0 v 6: duc O 768Md ISBN 966749206-0.

6. https://pravokator.club/news/elektromtgyfrovyj-pidpysosoblyvostivykorystannya/

7.https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1288D 1%80%D0
%BE%D0%BD%D0%BD%D0%B8%D0%B9_%D1%86%D0%B8%D1%84%D1%80%D0
%BE%D0%B2%D0%B8%D0%B9_%D0%BF%D1%96%D0%B4%D0%BF%D0%B8%D1
%81

w N

89


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%A8%D0%B5%D0%BC%D1%88%D1%83%D1%87%D0%B5%D0%BD%D0%BA%D0%BE_%D0%AE%D1%80%D1%96%D0%B9_%D0%A1%D0%B5%D1%80%D0%B3%D1%96%D0%B9%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/%D0%95%D0%BD%D1%86%D0%B8%D0%BA%D0%BB%D0%BE%D0%BF%D0%B5%D0%B4%D0%B8%D1%87%D0%BD%D0%B5_%D0%B2%D0%B8%D0%B4%D0%B0%D0%B2%D0%BD%D0%B8%D1%86%D1%82%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%95%D0%BD%D1%86%D0%B8%D0%BA%D0%BB%D0%BE%D0%BF%D0%B5%D0%B4%D0%B8%D1%87%D0%BD%D0%B5_%D0%B2%D0%B8%D0%B4%D0%B0%D0%B2%D0%BD%D0%B8%D1%86%D1%82%D0%B2%D0%BE

urs 621

s{f1Awrrl1Awsl waeas? 161 RM wy Al s J vy
frtrereom w yoe[aRrR ww Yoy

Jtedetstej dgSts [ . 1., Bz [ . 4.

1 O yode Uase d2 " demisdisizls Isj dzy S sBzdz" ¢ O

mMdMmisj &3 st w " d3. wetskw o' CBtem! C56 15,
E-mail: olenagri@ukr.netsoupjhoneggmail.com

DATA CONFIDENTIALITY IN INFORMATION
COMMUNICATION NETWORKS AND MEANS OF ITS ENSURING

The current issue of data confidentiality in the network is considered and the main means
of its provision are analyzed. This contributes to the safe transmission, processing and storage
data in the facef@rowing potential threats in cyberspace
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Everincreasing demand for infocommunication services in very different
fields of modern business and social life leads to the development of new technica
conceps and solutionsAs people communicate in higtefinition video and gain
more user experience with virtual reality, cloud gaming etc., the need for more
bandwidth is growing. Higispeed, lowlatency deviceao-device (D2D) interaction
is also a very promieg trend, especially for industrial processes automation and
Internet of Things (loT). Newdigital realities strongly influence the ways of
learning, understanding and memorizing in different fields of science. It is
important to note the steadily increagirole of users in the I& Telecom market
development: now the user experience shapes the technologies for personalize
needs [1, 2].

On the other hand, new technical solutions should provide the sustainable
interaction with existing resources and prasss So the role of standardization in
the new technologies deployment is really important.

During the last decade the telecommunications development has been base
on the IMT (International Mobile Telecommunications) concept defining the
mobile broadbandystems and corresponding network infrastructure. It reflects the
everincreasing role of mobile communications in the modern world. The emerging
demand for new mobile services is one of the main driving factors&T€Elecom
now. IMT concept went througbeveral stages of development (IN2T00, IMT-
Advanced, IMF2020) and now the next stageMT-20307 is actively discussed.

So the development and standardization of {#0B0 deployment scenarios will
be in focus of telecom industry for the next years.e TIMT-2020/2030
standardization activities are coordinated by the corresponding International
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Communication Union sectoris ITU-R (radio technologies and interfaces) and
ITU-T (network architecture, transport network, synchronization).

The capabilities ofMT systems are being continuously updated in line with
user trends and technological developments. The curreri20Z0 concept (based
on 5G mobile telecommunications standards) has introduced some promising
technologies such enhanced mobile broadbandB@&Multrareliable lowlatency
communications (URLLC) and massive machigpe communications (mMMTC).
Besides significantly enhancing the data rate and mobility provided in IMT
Advanced, IMF2020 has introduced new advantages such as spectrum efficiency,
latency, reliability, connection density, energy efficiency etc. to support emerging
usage scenarios and applications.

IMT-2030 is expected to provide a revolutionary new user experience with
connection speeds in the Terabits/s range per user and a wdwlarmy of
sensory information such as touch, taste and smell. New services and applicatio
trends for IMT towards 2030 and beyond are summarized in [1] and includes:

i Enabling services that help to steer communities and countries towards
reachingtheUnt ed Nati onsd Sustai ndbs)e Devel
i Customization of user experience based on the-aesgric resource

orchestration models;

i Communitydriven networks and publiprivate partnerships as new models
for future service provisioning;

i Development of products and technologies that innovate to zero will be
promoted; for example, zemwaste and zeremission technologies.

i Increasing role of artificial intelligence (Al) in different industry and social
applications. The goal is to providiee access of Al to everyone, every business,
every service anywhere anytime.

I The trend towards higher data rates will continue: peak data rates may
approach Tera bits per second (Tbit/s) indoors, requiring large available
bandwidths giving rise to (stipbTera hertz (THz) communications.

The technical base for implementation of the abovementioned tasks is beinc
formed now. The three basic usage scenarios proposed fo20207 eMBB,
MMTC and URLLCi will still remain relevant. At the same time, new pisimg
use cases and applications (digital twin, cyber y s i c a | syst eims,
MR, industrial/service robots etc.) will require to develop and implement the
various new technologies and solutions.

For example, the different solutions are proghbde enhance the radio
interface such as advanced modulation, coding and multiple access scheme:
advanced antenna technologies (e-§/1lMO) and holographic radio [1].

Extreme MIMO (EMIMO) is further development of massive MIMO, which
Is widely deployedn IMT-2020 systems. It can be achieved by exploiting much
larger antenna array, using new materials, applying new deployments and nev
tools, etc.

Holographic radio (HRcan be applied in some promising use cases, such as
high-precision positioning and peeption, smart factory and immersive media. It
utilizes the spatially continuous electromagnetic aperture and interference

94



exploitation to enable spatial multiplexing and spectral multiplexing with pixelated
ultra-high resolution. HR can make use of alladable spatial dimensions to
achieve benefits in terms of flexibility, spectral efficiency, delay, power
consumption and complexity.

The important aspect of IM2020 (and future IMI2030) systems
deployment is the effective adaptation of the existingndpart network
infrastructure to new technical requirements [2, 3]. The main aspects of such
adaptation has been summarized in 4TU Recommendation G.8300
ACharacteristics of tr-2a068pbbGonkp8dWwowh

- Relationship of & network architecture to transport network architecture;

- Operations, administration, and maintenance (OAM) requirements;

- Timing performance and time/synchronization distribution architecture;

- Survivability mechanisms.

All these issues will remain levant as new solutions based on H030
concept are introduced. The use of data and algorithms such as artificial
intelligence (Al) will play an important role, and technological complementarities
are required to ensure that the technology innovatiomgpEment each other [1].

One of the most important aspects of new telecommunication technologies
deployment has traditionally been synchronization issues [2, 3]. The precise
synchronization will remain critical for many new application suchtiase-
sensitve networking for automated vehicles, controlling robots in smart factories,
high-precision positioning Industrial devices, processes and future haptic
applications will require strict timing synchronization with tight requirements for
jitter. It should le considered in the respective MUstandards and in the new
generations of synchronization equipment.

It is generally expected that IMZ030-based networks will connect many
devices, processes and humans to a global information grid cognitively, thereby
offering new opportunities for various verticals. Future applications could allow
users to feel material objects in holographic form, taste food samples in a kind of
virtual reality, and even smell samples thanks to innovative digital scent
technologies. Bt a lot of work should be done from the resedcatlevelopment to
standardization and deployment of new technical decisions. All these activities
should consider the need to adapt the new technologies, networks architectures :

well as management and OAfdols with the existing network infrastructure.
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Printed microstrip antennas are widely used in communication systems due tc
their small dimensions, low cost and possibility to integrate aanaat with the
device at the common printed circuit board (PCB). There is a large number of
smallsize antenna types and design techniques that can be used for their analys
and fabrication [1] [3]. Among the microstrip radiating structures, patch arasnn
are often used. However, these antennas are not omnidirectional and typically hav
gain of 6 &9To dbBin pmnidirectional directivity pattern, dipole or
monopole antenna structures should be used.

In this paper, a microstrip dipole antenna 24 GHz band is designed and
simulated using the finitelement method. The antenna to be designed shall
oper at e i nMH2 #eqQuereyRrdnge3 and have uniform directivity pattern
in one of the planes. The proposed antenna can be used in mobiléntiigtrial,
Scientific and Medical) band communication systems, such asiVBiluetooth or
Zigbee applications. Thus, the operating frequency of the antenna was chosen to &
fo=2442 MHz, which is the center frequency of the operating band.

As a substra for the antenna, FR4 laminate was used with the following
parameters: dielectric constdit 4.4; thicknes$ = 1.5 mm; thickness of the top
and bottom copper layets- 0.020mm; dissipation is defined by tar= 0.02.

The layout of the antenna is st in Fig.1. The antenna was designed so as
to be fed by microstrip line or coaxial cable using SMA (SubMiniature version A)
connector. Since a dipole antenna has balanced input, a balun is needed to conve
unbalanced coaxial or microstrip input to ba@ea input of the antenna. In the
presented antenna, tapered balun was used. Linear tapering was implemented d
to its simplicity and pertinent transmission characteristics. To provide impedance
matching, the dipole arms section, feed section and the batom designed to
have 50 q i nput I mpedance.
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Fig. 1. Dimensions of a microstrip dipole antenna. (a)
Antenna dimensions. (b) Side view of the antenna

The theory and design approach for the selected antenna type are considere
in [1] T [3]. The design procedure contained the following stages: analysis of the
printed dipole section in order to mi
input with minimum value of reactance; design of the feeding section so as to
provide impednce matching; design and optimization of the balun section; final
simulation and optimization of the antenna.

Fig. 2. Model of the antenna

As a result of the optimization process, the following values were obtained for
the antenna geometbym = 20 MM; Ligeq= 45 Mm; Lpaiun = 20 mm; Wy, = 1.5mm;
Wieed= 4.1 MM; Woaun = 20mm; w = 2.9 mm.

In Fig.3, the simulated results for the directivity diagram and the frequency
responses of the antenna are shown. As it could be seen, the return loss
RL=|S&-21d B at t he oper at i nfg=24GHz),ddnd I
RL=1IS4a-21. 9 dB at t he frb2a488@Hz), anRIg=HSH|a b o u |
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26.1dB at the center frequencly=2.442GHz. The gain of the antenna is

G

& 2 dBi. The polarization ofhe antenna is linear.

— T T S Parameter Plot 1 06_Dipole Ansys

7

E-Plane

- D — ;

(@) (b)

Fig.3. Characteristics of the antenna. (a) Directivity. (b) Return loss.

The antenna designed in the course of the present research isizethhnd

easily fabricated. VSWR value is legskan 1.2 within the operating band
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4 e 2 GHE.8tXan be noticed that the directivity pattern has some distortion
lative to the pattern of an ideal dipole antenna. This is caused by the impact o
e dielectric plate and feeding elements in the priayiof the radiating section of

e antenna.
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Printed microstrip antennas are widely usedadiscommunication systems
due to their small dimensions, low cost and possibility to be integrated at the
common PCB with the device. There is a large number of sizallantenna types
and design techniques that can be used for their analysis and fabr[@t [3].
Among the microstrip radiating structures, patch antennas are often used
However, these antennas are not omni
dB [4 1 7]. To obtain omnidirectional directivity pattern, dipole or monopole
antenna suctures should be used.

In this paper, a microstrip monopole antenna for 2.4 GHz band is designed
and simul ated. The antenna MHKzfrehQeesdy g n e
band. As a radiating element, a ring topology was used. Antennas with such layou
manifest ultrawideband operation. Therefore, even being optimized for 2.4 GHz
band, the proposed antenna can be used in larger frequency range. The antenna
be used in mobile ISM band communication systems, such d3,\Bluetooth or
Zigbee applicatins. As numeric technique for the simulation, finite element
method was used.

As a substrate for the antenna, FR4 laminate was used with the following
parameters: dielectric constdit 4.4; thicknes$ = 1.5 mm; thickness of the top
and bottom copper ye&rst = 0.018mm; dissipation is defined by tar= 0.02.

The layout of the antenna is shown in Hig.The antenna was designed so as
to be fed by 50 q microstrip |ine o
antenna of the selected type is ultrawideband has pertinent performance in the
frequency range that covers a few gigahertz higher 2 GHz frequency. As soon as
was designed primarily of 2.4 GHz band, its parameters were optimized to have the
| owest return | oss valwuagein 2400¢é2483
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Fig.1. Dimensions of a microstrip dipole antenna. (a)
Antenna dimensions. (b) Side view of the antenna

The theory and design approach for the selected antenna type are considere
in [1] 7 [3]. The design procedure camed the following stages: rough estimation
of the geometry parameters according to general principles of the design of
monopole antennas; analysis of the impactLgf parameter on the antenna
characteristics; optimization procedure over the two param&g, Ryt

As a result of the optimization process, the following values were obtained for
the antenna geometryyoung=30mm; Ly =1 mm; w=2.9mm; R, =19.7mm;
Rout = 28.1mm. The model of the antenna is shown in Fig. 2 (a), and Fig. 2 (b)
shows the return loss of the antenna. It can be seen that the return loss is smalle
than-20 dB in the operating band.

S Parameter Plot 1 03_Ring_optimized Ansys

00000

—
5 50 tmm)

4000 T T
100 150 200 250
FreqiGHz]

Fig.2. (a) Model of the antenna. (b) Return loss of the antenna.

The antenna with a ring shape of monopole has -semidirectional
directivity pattern. The maximum radiation is observed not in the azimuthal plane,
but is inclined for about 45 degrees. In Fig. 3, the radiation pattern of the antenna i
presented. The observed gain istve4d d
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which is observed fog =46A. The distortion of the
the dielectric layer of PCB and the ring shape of the radiating element.

T n\ T g

sl

R B

(a) (b)
Fig.3. Directivity pattern of the antenna. (aplne. (b) Hplane.

The antenna designed in the course of the present research isizethhnd
easily fabricated. VSWR value is less than 1.2 within the operating bandwidth
2. 4e2GHM83 The antenna gain in the max
Themain | obe is inclined for about 4 5
makes this solution weluited for being mounted at considerable height for
providing wide coverage area.
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SDN NETWORK SIMULATION USING ONOS
OPEN NETWORK OPERATING SYSTEM

This artcle demonstrates how to modify the parameters of network components and
communication channels while describing network topology, as well as test the capabilities of a
network that is subordinated to ONOS controller with specified network parametersasuch
bandwidth and maximum quesee.
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ef multiControllerNet():

net = Mininet( controller=RemoteController, switch=0VSSwitch, link=TCLink )

<1 = RemoteContreoller( 'cl', ip='172.17.0.6', port=6653 )

516 = net.addSwitch( 's18', dpid='000000G0EEOC0G018", mac='00:00:00:00:5W:168" )

h1l = net.addHost( 'hll', ip='190.2.98.11/24', mac='00:90:02:00:0H:11" )
net.addLink( s1@, s28, bw=188)

net.start()
cl.start()
sl@.start( [ e1 1)

—— * main
etloglevel( 'info ) # for CLI output
ultiControllerNe t()
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INTEGRATION OF THE IMS
ARCHITECTURE IN THE 5G NETWORK

With the advent of the 5G network, the Internet of Things (IoT) and the increased use of
mobile devices, mobile operators are forced to improve the quality of their networks and ensure
a stable connection of users to the Internet and other services. In this regamtegiaion of
the IMS (IP Multimedia Subsystem) architecture in the 5G network is becoming more and more
relevant.

IMS is a standard architecture that provides the ability to transmit voice information and
services using IP protocols. IMS provides a regtion to the world of the Internet and the
traditional telephony network. The integration of IMS into the 5G network ensures excellent
guality of services and improves the efficiency of using network resources.
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ADDITIONAL NETWORK I NTERCONNECTION IN KU BERNETES

Containerization of applications and their deployment in a cloud environment is a key
factor in ensuring the scalability, elasticity and availability of network applications. Kubernetes,
a stateof-the-art container management platform, provides many capabilities for automatically
scaling resources to ensure high availability and applicatioforp@gance. However, there are
limitations that lead to the need to improve the mechanisms of network interaction, especially in
conditions of uncertainty and variability of the environment.
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Winding machine for manufacturing of fiber -optic gyro coils

Winding machine for manufacturing of fibeptic gyro coilsis presented. Structure of the
machine hardware part and its software is shown, and main functions of the machine are
described.
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SDN NETWORK MANAGEMENT
USING Ryu CONTROLLER

The concept of softwardefined networking (SDN) fundamentally changes the way
networks operate and how they are managed. In the rapidly changing modern world, it is the dat
transmission networks that have been called the "thin link" that lthetgrowth of application
performance as the number of mobile users grows, virtual environments scale, and clusters at
formed for Big Data. In SDN networks, traffic switching tasks and control tasks are strictly
separated. All control logic is centralizadd transferred to the controller.
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USE OF LI-FI IN MEDICINE

Currently, information technologies (IT) are implemented in virtually all areas of health
care. That is why, medicine has acquired completely new features toekaiyisLa technology
for transmitting data using light, which can be used in medicine ta@owepthe quality of
diagnosis and treatment.
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Visible light
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Lower energy Higher energy
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QUALITY OF SERVICE BASED ON SIP

Analysis, optimization and control of quality of service (QoS) parameters such as delay,
jitter, packet loss rate and throughput for-$H3ed communicatioservices.
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COMPARATIVE ANALYSIS OF THE PRODUCTIVITY OF
MODERN SOFTWARE SWITCHES

In recent years, Network Function Virtualization (NFV) has become increasingly popular
as a way to replace proprietary hardware appliances with Virtual Network Functions (VNFs)
implemented in software. To effectively route traffic between VNRE physical Network
Interface Cards (NICs), it is essential to compare the performance of different software switch
designs and architectures. This paper proposes a comprehensive methodology for thi
comparison, exploring the design spaces of four-sthtee-art software switches and evaluating
their performance under four representative test scenarios.

19duO2dzed?2 Ol Ofisasdanlses’ 2, wWCd2 HBG

Bjtejnjo' fdibies ' o HiwOodvwild djts
l tsGtcOBdz Stz OlstedzOB BIOL ' f tots ¢ te O Rzt
HELotsdY ' f§jkjlsostedlsd LoaduoO2dd2 fjte,
sfdse' o' HCtedldh foskssCod o &jeiy' .
' L des5Odz lsdzd 5 5B ZOH &zOdzdz" &5 SO ftoisc tcO
Cokls Oty j §KOOd d2 H©O2ojted, WC' HEL

WL dyded s d3d ted ydeodd3d Codalsjtew j2MOBI, O
LOBJ LY Jykz’ sBtetsBCkz ILteOW' Sk IsO fJjto] HO
HSLoaBdYE Is! JleseOBdisdz SRz OkBlktzic i @
L HBHOLSCtoddid dBsy dzdeotsmiswdizd SCtdW ' cktcOyY

i sLedzWdzi B3 IsO fste' o dgW ' s yBdsGlickgd f
OVSDPDK, Snablbstds® d¥PROdAEZdmnwY Modj y' ¢ B
‘ ftcd HNIsOo dzd ¢ O 3dts tof ta igdSnls o' Ghded'H 90" taHs 2 O
w g odSiBtcdMmilstso zt Is+ Mw ) tsB d&zOMls o' tols
fsfkdwtcdzddzsd SO hdtesits adCstedmistseo BA.Is+

ste' di3 sets, CwyJdz L yYydrms CBRBzISOIStsE’ 9
f g ded mMyd dzOte’ v o odCstcd Mis Odzdz" . l ste' o
LieL 2d3' Isd, w g f ' HatsHd HB s Clskzo OC
JWiSbdodzddsd o ' Ldzedrs MyJ dzOtc’ W a o d S Ste
f" " HaBHWH J2 CiikzlsOls st Hdzw W . C tsiizEic § ldzttzdzg
s dzdetsMmils® HJIlOdz dz2' " § :

FasClick - yJ fttsctcOdzdzd? SCtdBi3kzlsOlts, wed?2
Bsolz fesctcOdRzo Odzdz?y C++ HizW Miso Stej dzda”
wed?2 feOys &zO0 to' o dz WHicO s jteOy" 2«
ftotsc tc @izllg@dy czlsdL Oy ¢, W' dz2 IstcOyYy' ¢ IsO

126



J Yy oOodz dets’ dtsod  totsc tc OgEl O dedew . {f 5[dhy dB=E
EQQBMB‘ SO ftesctO®rs Odetsmis ™ . i SL tetSE
| n s dztse ' ydesets T dzmisdlskzlskz ROd?P? e d3OPr ag0
syOlsC k2 ttsL tetsB dzj dzd 2 Hdzw f§tBERZHEBSOd Mt
BzlsOlstste® 9, Odzj o© fHOd hsd3kz BERZo OHC
jtcjHtseadh O [ 3] .

OVSDPDK -y ftesctcO®RBdzd? SCthiZ3zlsOlsste dzO

oS tcdmMimo 7| alhaee Devel opment Kit ( DPD
B tod N J otse s IsDFRINK Cazd € O/PSistso z° tetsL f BH
HisSL 8 tsdzv oditsdzzo Olsd WEkdS y' CBRBzIsOls &
LOBJ LY jykoOlsd odmMstlk f§totst zMmCidakL te ts BOdR jozk
V Mwa r éinulsfundationmtf j y' Odz! dets Hdzv o dSEtsted MisC
mMittjHsadh O s {ON odMmMsCk ftosHEzCIsde dz'
Data Plane Development Kit (DPDK) [4].

() Ssecurity: VLAN ) Monitoring: Netflow,

\

IS isolation, traffic filtering 5 sFlow, SPAN, RSPAN

QoS: traffic queuin Automated Control:
traffi o 'u' $ OpenFlow, OVSDB
and traffic shaping
~  mgmt. protocol

tdim. 1 st @ASEDPOKS tsts

Snabb- yj] ftesctcORddd,? Y EdklsOks totsL tots
zv o dCBtedmMisOdzdz © odd@iscdzdod~ L OMissMm
e sdzlz” 9 HGtdlskz Otcrn ' s SIsktolz H dzw t
dSstedmMlsOdzdzy diseo f eisG e Odzz © O dzdz” IsOC d -
Coizz @it y! sz HtsMdz' Hy j dzdz' |, Snabb
tctse d Is 2tsets 9" HA3 dzdd3 o dBBstetsdy H dzw L O
L Olsted d&3¢ (. { HdzOC , Snabb ®&O° By dz" 2 -f t6ts
DPDK. | BLttsBdz 20 HBsBtotso sdz' yw d3ds dzp dzacbh a
B sts¥ LOBJLYJyddedzw odmMsSCsftesHiEzCIsd o dztsa
BONddz, Odzj dBBYJ BERISd LOMtMmtse Odzj H dzw
[5, 7].

VPP-9dSCstcdmistse z° o HG qbz Otcn " IsJ S Iskz
O zOh Is z 9 O dzdzw B@mmg&ﬁ@@ BYyHNJjosets IstcOW
HOIs

odmMstk s zmt diz dz’ m . SO dedL ' €|
todzh d d3d QB%BBGBB&O%d E y! sk HBsMdz' Hy J d
sBtesB ¢ Bitedjotsets IStcOW " Ckz. {t SL tetsB dz

127



backel dzO0 GMdzeso Isj mn desdztsg * Vector Pa
BOMh sOB s Odz' Mis! dBBjtejy, VPP Lydbkz' dzO2
tc' o dz d3d toJ o hastEHskz . 0 o 1s@Idg’ M ls stsG 5, h B
SCtej i3 5 oMmM! sz GcOW » die dttc Alz! Cotgjdf ookzjL
" fteshssonlkz’ "R YdtejL eobkzLtsdz cttOWkRZ, f
1 sl dg €4 N "demlstczC Yy 2 OHOfIkEZ'Is! MW HB
sBtotsBdzw s Is! qw A j hoadHhj LOoOHWECd tOdz h
oJClsstcdzE s f OCj s

s Jddz L fiosctcORRdzdr SCtBRBzlsOBK 9 d3O
L Odzj ) desfyls* 9 ' H CtodeS toj Isdets G s LOMmMissmize
HsMWedzzlsd dBOSC fid GO dz! dzts”’ ftotsf MG dats”’ L H
9 Otclsts o d ¢ tstcd RS Kz o @dste, S\OR/F; {dzjsts By © H dz0 |
YO SCtsdW ekzteOyYy' ' v IsO dzOdzOh Iskz 9 Odzdz” ,
b . ste' BB Ists@ts, odB ' tc ftSEicOBdsAt
Clsjtedmlsds tBYdMmdzt 0 Odz! dedr toj Mzte’
tcdmlssolz' Is! Mw .
sty jdz CtodislsQdsjitCialz’ L so Odzed?2 o HtotsctoOd
Istc " 2 H dzw Isj Miszo Odzda” (DUT) , sY'
Otc" W d3d : W' Ldyded2 NI C Hts W' Lduydsetsa
stctso Ods de@lssif. HOdzedr 2 Myj dzOte’ ¢

o == ® 11 Q

0ges 205g
nE N

FIgs _GFOO

N

W'Lrduyuded?2 HB W' Lduydesets: Bk y!

NI C, sisted i3z ftodMmiste® 2 H dzw

C. l dd3' tcs 9 Odzdz? ftetsotsHWIS! MW

, YtLO ftedMmistets’ dis "Hhdzgv2 Isly jirffitsldzte eOfiac
, "t feOyssls: E o tclskzOdz detsdzlz i

ofMm' 7 flsctORdedn Stz Oltsts’ o .

(v2v) virtuatto-v i rt ual : v 9adyfOHCE v2Vv (0O¢,

VNF IO 99tsHWIs: v 9o ftedMmistc t@] frnddd?© * Is jiffrids

ftod2 30y VNF H&v odd3 tct o Odzadzv . Aj2 My

ftodMmMistets” © htsHis f jtoj MddzOdedew IStcOW " C &

p2p EEE— v2v

8o
L&

-

I W«
H_Q—oa_ -
Z

Q—'QQ_C
ST

S N jr/\& ® G O
=z
T ©

5 2

1 I " telszOdz! dzO
B | HsL o sdzv° BOC
dzOH M d izOIlsd 14
4 ¢ 1 fQUs" & dzgO Mg ¢
fOCjls" o totsL o

Packet processing rate [Mpps]
oo

FastClick OVS-DPDK  snabb VPP

128



tdLlzdz IsOIsd HIBOdas ify.j dRz2vf s5C OL OdzO fsH dz
LHOIdz Mils' L edzvdkzlsdr ftotsctcOdided = ¢ 53l
CS BB dhsy jdis §sBOYdisd, YBHJdz2 fteseatcO
tosLdzEdyd s Myj 2Ot wa. 1 O0ftedSC dzOH Snabb o
sM¢"  dz ¢d 2tets-utsje@dz'L @Y 'd™ hv hjVsjtC Isd o dzts
By o tlskzOdz! dzgd d3d dBBZO" d dzO d3( .

1 0 tshdse® tjLEzdz IsOIs' 9 HtsMdz' H Spatikdzw
BO* dz02 C tc Qfislrf & dz'tefiplaz M j toj H Zm" A f totsat

9 wlskzOdz' L Oy’ WeEdeCy' 2 dij tog " . lteslsj
HijWGCdr HBSH-DBODKo Bs®PYS Bzlsd CtoOh d &3sdedf B
BlzH EzIs! tcSLGdzZWHOIsdmMw d3j ted X ° ‘L w oL duyd
dsfed Y . stc" di3 IstsG ts, o0y dzdots otcOntsolzo O

ftosHEkCIsdo detsls ' .

t "L dg f " HatsHd HB ftosjClszoOdadza? o ' to
odtc" hzoa Olsd to' L dg L O9 H O dzda ) sB dzOMls
FastClickl3gtsy § B Eklsd ¢ tstcdspdeq ddzdar dziis j dg@&dzs®@af = MM
OVSDPDK sy j§ LOBJLY juydlsd eodmtsCkz ftotsi
9 J dzd € 5° ¢ dz CsMils stcOW ' C Iz. Snabb &gy
Isjdzj SsdBzdz" C Oy"' 2 dzd = BB o y O, IStsH ' w ¢
o dCtstedMisOdzlzy My teg BBBd O SO di3j toj 3 O ' d

[ ' 5jtcOkO

1. H. Song, X. Zuo, and L. Liu, "A Comprehensive Survey on Softiefened Networking,"
Journal of Network and Computer Applications, vol. 135, pp3232019.

2. N. K. Yaday, P. Patil, R. Poddar,daR. Buyya, "Performance Benchmarking of Staft¢he
Art Software Switches for NFV," IEEE Access, vol. 8, pp. 3737390, 2020.

3. The Click Modular Routehnttps://github.com/kohler/click

4. Open vSwitch Project, "Open vSwitch,"” [Online]. Available: tittpyw.openvswitch.org.

5. Snabbhttps://github.com/snabbco/snabb

6. "Performance Comparison of OVS and VPP on HRghformance Networking" by Hyunwoo
Nam, Eunji Lee, Sangwon Hyun, and Taesoo Kwon, published in the IEEE Access Journal in
2019.

7.t sd3Odztseo [ . w., wodH w.l., ststedz ‘' dzSts 1. w.

Codzlstesdzj tesdzO SBMNOL ONOS/ / t OH "20I2j2-,dz' -1 , 1 8 8
DOI:10.30837/rt.2022.3.210.16

8. Romanov, O., Nesterenko,M., Mankivskyi, V., Zhuk, O. Principles of Building Modular
Control Plane in SoftwarBefined Network/Lecture Notes in Networks and Syster823,
548, pp. 33B355,D0I: 10.1007/9783-031-163685_17
https://link.springer.com/chapter/10.1007/93®31-163685_ 17

129


https://www.scopus.com/authid/detail.uri?authorId=57197188333
https://www.scopus.com/authid/detail.uri?authorId=57200283656
https://www.scopus.com/authid/detail.uri?authorId=57216484463
https://www.scopus.com/authid/detail.uri?authorId=57226483267
https://www.scopus.com/record/display.uri?eid=2-s2.0-85144985139&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85144985139&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/21100901469?origin=resultslist
https://doi.org/10.1007/978-3-031-16368-5_17

uvrs 621. 395

lrtrdodrr YLt ofdad sdf¥frswv
bt mwus sUBUVi1R] 1Touvur-EFFECBIPDEI STI O

[ Ode € " ofyr €2 1.1 ., [ dyddgjte . [ .
1 O yodz®O dAsts o d 2 wdzmlsdIskzls ls;dzgclsd;slzdz €Oy

sltw ' swEseMm! Csets, VSO dO
E-mail: v.b.mankivskiy@gmail.com , minzinernina@gmail.com

ADVANTAGES OF THE SOFTWARE COMPLEX WITH SIDE -EFFECT
ARCHITECTURAL PATTERN BASED ON ISTIO

This article examines the software complex for managing the network of sertsces, i
advantages and disadvantages. The-sftiet architectural complex used in ISTIO to separate
functions is described.
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ONOS CLUSTER DEPLOYMENT FOR EMULATION OF CUSTOM SDN NETWORK

This article outlines the process of building a custom network based on an ONOS cluster,
which involves deploying ONOSontrollers and installing them on cluster nodes, creating a
virtual user network, configuring and managing network services and traffic on ONOS using a
graphical interface or API, collecting and analyzing network data to verify network operation.
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FEATURES OF THE CONSTRUCTION DISTRIBUTED
NETWORK OPERATING SYSTEM ONOS

This article discusses the ONOS distributed network operating system, which provides a
softwaredefined appach to network management, enabling a more flexible and efficient
approach to managing network resources. Key features of ONOS are analyzed, such as traff
management, event processing, monitoring and analysis of network data, network topology
construcion, and management of network services.
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SDN NETWORK SIMULATION ON THE END -USER SIDE

Enduser SDN modeling is the process of argata virtual SDN network on a local
computer for network testing and analysis. This process provides an opportunity to determine the
optimal parameters of the network and to investigate its operation in different conditions.
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HARDWARE AND SOFTWARE COMPLEX FOR RESEARCHING THE
PARAMETERS OF SATELLITE TELEVISION BROADCASTING
SIGNALS
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The article describeghe developmenibf a complexfor the studyof satellitetelevision
broadcastingsignalsusinga combinedhardwareand softwaremethod.The laboratorytestingof
the createddevelopmentwas carried out, and the hypothesisof combining hardwareand
softwaremethodsfor measuringthe paramegrs of satellitetelevisionbroadcastingsignalswas
confirmed.
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Whispering gallery microresonators have uniquely higfa€ors, which has
led to their wide application as elements of various frequsegctive devices in
infrared aml optical communication systemsi . Thanks to active research
carried out in recent decades, the design of filters based on microresonators he
reached a high level of development [4]. However, along with the indicated
advantage, this type of resonat@iso has a weknown limitation - a quasi
periodic spectrum of frequencies of natural oscillations. To compare the spectral
parameters of the resonators, the concept of the frequency distance betwee
neighboring resonant peaks was introduced: FSRee spectral range. The
frequency distance between adjacent resonant peaks for ring microresonators |
inversely proportional to their radius.

The presence of a periodic sequence of natural frequencies in microresonator
with whispering gallery oscillations akes it possible to use their structure, built as
a bandstop filter, to obtain the frequency characteristics of scattering as for
bandpass filters. In this report, we consider the possibility of implementing
bandpass filters on the structure of bandsttiprfiby optimizing the number of
microresonators and directional changes in their FSR.

To carry out numerical studies, we have developed an electrodynamic mode!
of a bandstop filter based on perturbation theory [5]. To reduce the coupling
between adjacenhicrocavities, it was assumed that the filter has the form of a
linear array of ring microresonators with degenerate oscillations (Fig. 1, a).
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Fig. 1.Bandstop filter built on a linear array of ring microcavities (a). Scattering chesticte
of bandstop filters (a) on 2 (b, c), 4 (d, €) microresonators (center freqlier@p0 THz).

It was also assumed that neighboring microresonators are located on differen
sides of the transmission line at a distake® €s 1p /Z (s-integer) and are

made of the same dielectricG(is the wave numberpDz 3z, z,|; z is the

longitudinal coordinate of the-th resonator).

First, the scattering characteristics of structures optimized as bandstop filters
were studied. (fig. 1, be).

At the second stage, by varying the FSR, the coupling coefficients, and the
number of microresonators, we tuned and optimthedransmission parameters to
the characteristic of bandpass filters (fig. 2).

As a result, we obtained the following data:

The frequency response of the first bandpass filter (fig. 2,da has such
parameters:

center frequency, =199,88( THz;

minimum loss in the passbart4 dB; - 3 dB bandwidth: 560 GHz;

squareness frequency response (ratk30fdB bandwidth te3 dB bandwidth) 3,7.

The frequency response of the second bandpass filter (fig.l9),ie chaacterized by
the following parameters:

center frequency 199,885 THz;

minimum loss in the passbar@9 dB;- 3 dB bandwidth: 50 GHz;

squareness of frequency response 8.

Interestingly, the narrowing of the bandwidth of the secfiter did not lead
to an increase in losses.

The phasdrequency dependence of both filters in the passband is close to
linear (fig. 2, d, h).
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Fig. 2. Scattering characteristics of a bandpass filter based on an optimized linear array
of 8 microresonators (ad) (N =8; f, =199,880 THz; FSR: Df 10 THz;);

of 14 microresonators (eh) (N =14; f, =199,885THz; FSR:Df 9,6 THz).

Thus, the obtained simulation results demonstrate the possibility of
implementing a wide class bandpass filters based on barrier structures, using
microresonators with whispering gallery oscillations. The proposed new type of
filters can find practicahpplication in multiplexers, amplifiers, lasers and other
devices of infrared and optical communication systems.
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Today, spherical dielectric resonators (DRs) are considered as one of the mail
elements of various devices in the infrared and optical rangds Respie the
fact that the fields of this type of resonators are described by relatively simple
analytical expressions, the calculation of more complex structures, based on then
faces significant computational difficulties. At the same time, obtaining exact
andytical solutions usually leads to cumbersome computational structures [5].
Analytical modeling using perturbation theory also makes a number of difficulties
arising from the high sensitivity of the output parameters to the relative frequencies
of partialresonators, as well as the uncertainty in the choice of basis functions for a
spherical DRs. At the same time, the construction of electromagnetic models of
such structures provides valuable information about the behavior of systems of
various shapes laties under different scattering conditions.

In this report, we considered the problem of scattering of plane waves on
various onedimensional lattices of spherical DRs with fundamental magnetic
oscillations of partial resonator,,, (m=0, ). On the basis of perturbation

theory [6], an electromagnetic model of scattering ondinensional and quasi
onedimensional ring lattices is constructed, taking into account the excitation of
degenerate oscillations of the maype in the system of resonators. Various
particular cases of wave scattering are considered, which are of interest for the
development of antenna field spatial converters for access points of optical anc
infrared communication systems.
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Fig. 1. Linear lattice of spherical DRs. Angular dependences of the squared modulus of
scattering amplitudef (q,, j,| q)ﬁ for kd=1/4;j, =:;09. =/2 (b,c);q, 3 I (d e)

for p scattering (b, d); for s-scattering €, €. (Straight lines show the direction of the incident
wave, and the dots show the spatial arrangement of the resonators)

Expanding the scattered field of the lattice in terms of naturallaigms of
the system of resonators [6], we took into account the coupling coefficients of all

types of oscillationsH,,, (m=0, ) [7], differing from each other by the field
rotation, near the lowest resonanafrencyf,, .

Fig. 2. Angulardependencesf the squared modulus of scattering amplitddek,d=1; j, = ;
a. = /@, (a, b)andor q = (a, c) forp scattering (a) for s-scattering (b, c).
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The noted relationship between degenerate oscillations with different values of
azimuthal indices in the spatial structures of spherical DRs redistributes the lattice
field in most cases, having a noticeable effect on its characteristics (see, fol
example, fig. 3, e). At the same time, the maximum spatial symmetry of spherical
DRs makes lattices, built on their basis, as responsive as possible for differen
directions of icidence for waves of different polarizations, which is especially
attractive for building access points in communication systems.

CR

0.5 —

Fig. 3. Ring lattice of 16 Spherical DR (a). Angular dependences of the squared modulus
of scattering amfiude for k,R,=p; j, =;0d. = (b);q 3 P (c,e); g =/2 (d,7);
for p scattering (b - d) for sscattering (e f).
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The constructed modehade it possible to calculate and analyze the scattering
features of p and s type plane waves for different angles of incidence. Or3fig. 1
points show the conditional spatial arrangement of the lattices. The direction of
propagation of the incident wave shown by a solid lineJefined by wave vector

Ko-
It was assumed that all resonators are made of a dielectrieaywit!36.

As follows from the calculations, in the case efcattering, the incident plane
wave is transformed by a linear grating into a uniformly distributed wave in
azimuth (fig. 1, c; fig. 2, b) compressed in the vertical direction. In the case of p
scattering, the incident wave is scattered in directions determined by its
polarization with repect to the spatial arrangement of the lattice (fig. 1, b, d; fig. 2,
a; fig. 3, b- d). Interestingly, in the case ofggattering on a linear lattice with
k,d=1, the theory predicts the same distribution of the field for two differe

directions of the incident wave}, 9;andq, =.

Thus, the data obtained show that linear and ring lattices based on spherical DR
have a more complex field structure associated with the excitation of sgys=sl
of degenerate oscillations of these type resonators. The considered structures are
practical interest for use in access and transmission systems of optical and infrare
communication systems.

References

1. Molet P., GitHerrera L. K., GarcidPomar J. L., Caselli N., Blanco B.,ez C., Mihi A.
Large area metasurfaces made with sphei&kton resonators Manophotonics. 2020; 9(4):
pp. 943 951. https://doi.org/10.1515/nanc@B20-0035

2. Dey U., Hesselbarth $pherical Dielectric ResonatéintennaOperating at 180 GHZ IEEE
Antennasand Wireless Propagation Letters, Vol. 19, No. 8, August 2020. Pp.i 13884.

3. Astratov V. N. Ch. Fundamentals and Applications of Microsphere Resonator Circuits.
PhotonicMicroresonatoiResearch and Apgiations. Springer. 2010. pp. 4237.

4. HongS, LeeY. J, MoonK., Kim Y., ShinE., Kwon S-H. FarField Analysis on Reflecting
Colors of DielectridNanosphere MetasurfadeHindawi Journal of Nanomaterials. Vol. 2019,
Article ID 6532967, 8 pages. httf/sloi.org/10.1155/2019/6532967

5. Mackowsky D. W., Mishenko M. I. Calculation of the T matrix and the scattering matrix for
ensembles adphereg/ J. Opt. Soc. Am. / 1996. Vol. 13, No. 11. pp. 22@R278.

6. A.A. Trubin Lattices of Dielectric ResonatorSpringer International Publishing Switzerland
T 20167 171 p.https://doi.org/10.1007/978-319-251486

7. Trubin A.A. Couplingcoefficientsof the Spherical dielectric microresonators with whispering
gallery modes // VisnykNTUU "KPI" ser. Radiotechnige, Radioaparatus Building.
2015N.62,pp. 49-61. https://doi.org/10.20535/RADAP.2015.62-62

158



giCy'uvj 3ftcsomcHtse ' Isjifdsdse’ ', gl

vrs 621. 3

BROADBAND WIRELESS COMMUNICATION
IN THE TERAHERTZ RANGE: THE KEY TO THE
SUSTAINABILIT Y OF THE DIGITAL ECONOMY

'Oliinyk D.1., ?Nizhnyi D.A.,
National Institute for Strategic Studies
National Technical University of Ukraine
Al gor Si korsky Kyiv Polytechr
E-mail: olijnukd@i.ua nizhnyi.danyil@Ill.kpi.ua

zrUIs{ewfuovygflre spartfuoflre 71 crds 1 vrt

rwoé? 671w @ 101 [tuvsd sovwssJaovovw ARALT ] [u
v MIsOIsls’® dzOos sHWIS! MW dztso " Isdz' IsjdzH j dzy' T L
Hdzlseo stej dzdzw detse " Isdz2' = Mls' 2¢€dm BJLHEGISISE drd Ml
dzOMmis z 4 dzd ~ fsCtsdz dg w e HSLOsdzw 8 Is! RBOBBdz] h

' HCdzs yj dedz? ftedMmistets’ o 50 BjLYfSAGLCE]®] O
L H' d dess h GO kOREE §j yj dedz?y Mmls' 2Csmis® YdWts
Memf " & fmise O.

The article focuses on the latest trends in using terahertz band frequencies t
create sustainable negéneration wireless telecommunications technologies and
systems. These technologies and systems enable increased informatio
transmissan, mass device connectivity, and secure data transmission. Additionally,
they can sense higiesolution objects for a sustainable digital transformation of
the future economy.

The shared digital future of society depends on the growing number of
devices, services, and products in the limited radio frequency spectrum. In
Ukraine, identifying and agreeing on the availability of spectrum is crucial for
achieving coseffective deployment of communication services. Increased
coverage and bandwidth are crucialthin the framework of the World
Radiocommunication Conference, ITU WRX3 [1]. This conference regulates the
use of radio frequency spectrum, as well as geostationary satellite and non
geostationary satellite orbits.

The terahertz (THz) electromagnetipestrum lies between the mwave
(mmWavg and farinfrared (IR) bands and provides much higher bandwidth
compared to themmWaveband and more favorable propagation conditions
compared to the IR band. THz frequencies promise to provide a wide spectrum
data transfer rates of more than a hundred gigabits per second (Gbps), mas:
connectivity, denser networks and highly secure data transmission. The U.S.
Defense Advanced Research Projects AgenbARPA has identified THz
technology as one of four major resdar@reas. It is also considered a major
component of the next phase of telecommunications. This technology may have :
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greater impact on society than the Internet itself.

Among the main areas of application of the terahertz band, the International
Telecommurcation Union (TU) has identified several main areas, namely: mobile
broadband expansioeNIBB, machinetype communicationniMTC) and mobile
broadband expansioreIBB. mMTC communications and ultneeliable low
latency communicationsiRLLO are definedo support a wide range of traditional
and emerging applications and services anytime, anywhere [2]. MfiikVave
communication becoming an industrial standard |EteE ComSotas emerged as
a key communication platform. Given this trend, there is a grgweed to explore
new wireless technologies that operate in the THz range, which is the next frontier
beyondmmWavd3].

By 2030, 6G networks are expected to be a key enabler of the intelligent
information society, providing higher performance than 5Gpace, air, land, and
underwater networks. These networks will enable ubiquitous and unlimited
wireless communication, based on the integration of various promising radio
access technologies for the 6G ecosystem, including THz communipgtion

The largebandwidth available at terahertz frequencies can offload low
frequency bands and provide speeds in the fgidabit range for future wireless
systems, enabling unprecedented levels of data transfer, including massive
multicore wireless networks on a chiperabitpersecond wireless personal
networks, broadband transit for Internet access in rural areas andpagt inter
satellite connections.

In connection with the growth of the number of telecommunication systems
that use electromagnetic radiationwarious frequency ranges, there is a need to
create new sustainable wireless telecommunication technologies and systems. The
should allow for an increase in the amount of information transmitted while
maintaining an environmentally safe level of radidiation. Already, American
scientists from NASA's Jet Propulsion Laboratory (JPL) are engaged in the
development and integration of aerospace warfare technologies. They have manage
to achieve terahertz signal transmission at a speed of 2 Gbps oveneed@ta.03
km without a bit error rate (BER). This achievement is expected to contribute to the
development of 6G and the sustainability of the digital ecosystem [5].

For the 6G ecosystem and wireless communication networks of the next
generation, in thescientific literature, scientists consider the need to use
subterahertz and terahertz frequency ranges from 100 GHz to 10 THz. This is
necessary to provide mukilometer and multgigabitsecond sulterahertz
communication for wireless transit prograrg$. [

The need to provide higher wireless data rates for the-ieeeyasing
number of devices connected to a wireless network is driving the search for &
spectrum of radio frequency resources that is not yet in use. The Government o
Ukraine has taken thargt steps to carry out the conversion of the radio frequency
resource of Ukraine [7] This is aimed at improving access to the mobile Internet in
the radio frequency bands of 780 MHz and the conditions for the compatible
functioning of the radieelectonic means of special users of the radio frequency
resource with the radielectronic means of mobile communication networks.
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These efforts have made it possible to conduct research on innovative
communication applications in the terahertz range [8].

Howewer, there are many technological innovations that have yet to be
explored. For example, the use of machine learning algorithms in wireless
networks is a promising area of research that could greatly improve network
performance and efficiency. Additionallythe implementation of advanced
modulation schemes, such as orthogonal frequency division multiplexing (OFDM)
and filter bank multicarrier (FBMC), could provide higher spectral efficiency and
better resistance to interference. Further exploration of gnred@ther innovations
could lead to significant improvements in the design and operation of future
wireless systems. The prospect of large contiguous bandwidths in the
communications industry is a key research area for 6G wireless communication.
This is de to the need to meet the demand for thigh data rates in the Thit/s
range with low latency while ensuring robustammmunication and radar sensing.

THz waves are promising for use in many applications in spectroscopy and
high-resolution imaging, sire many forms of condensed matter, molecular
compounds, vapours, and gases have different physical properties that resona
with THz waves [9]. Terahertz waves allow for ro@structive control of products
and do not have an ionizing effect.

Also emerging 3 a concept that uses wireless frequencies for both
communication and sensing capabilities, namely joint communication and sensing
Terahertz frequencies would not just transmit data, but could work like a high
precision radar system to detect objects. sSThlHz sensing can provide high
resolution maps of the environment and positioning and location information with
centimeter and subcentimeter accuracy.
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FEATURES AND TRENDS OF TROPOSPHERIC COMMUNICATION SYSTEMS

It is substantiated that the most relevant for application in the Armed Forces of Ukraine
and other military formations for the construction of digital telecommunication systems and
specialpurpose networks are stations and compexrd tropospheric communication The
analysis of digital tropospheric systems of the American company Comtech Systems, which is
one of the world's leading leaders in the field of tropospheric communication, and tropospheric
stations, which are in service twithe Armed Forces of Ukraine, has been carried out. The
directions of further improvement, digitalization and development of means of tropospheric
communication, in particular their noise immunity, multifunctionality, mafition and capacity
increaseare consideredt is shown that the introduction of digital signal processing and the use
of digital antenna arrays and spdtee processing mechanisms are the most acceptable in the
context of the prospects for the use of tropospheric communicationtivetinexpediency of
increasing the mass and size indicators of tropospheric stations and transmitter signal power.
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DEVELOPMENT OF A MODEL FOR RESEARCH
RECEIVERS OF SATELLITE NAVI GATION SYSTEMS

A version of the layout project for the study of radio receivers of satellite navigation
systems is presented, which is supposed to be developed on the basis of SDR technologies f
the educational process of the Institute of Telecommuait&ystems. The thesis is of interest
to specialists in the field of satellite radio navigation.
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ANALYSIS OF INTERFERENCE RESISTANCE OF THE ALGORITHM
OF ENTERING INTO SYNCHRONISM RADIO LINE WITH FHSS
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sequence phase determination, which allows to optimize the timeteringnsynchronization
with the given requirements of the probability of entering synchronization, or to solve the inverse
problem of selection number of frequencies required for entering synchronization and generatol
register length of the pseudandom squence (PRS).

gdMmlsj s ©WOH ' sLoO6WLCLk (gt) f sfyls " :
MC zOHdz' 2 w©OH' ts5jdzj Clstetsdgdz 2 BBMISOdaso y* ,
dz0o 3 Mdzd &3d L O OH O], hts H' ¥ ls! o C O
BjstsH' @ LORdMIskz wtR ‘o' ad Wdte ddyli@aidy L O
MdecdzOdz' @ L fMjoHtsoadfOHSCtSoaddz jtej dzOdzOM

[Me  d €d fted2tcd3 IsO tsBtsBS O "N dqtotsC s
Is sy dzts Mddzmtesdz' L Oy"' °’ a3 S stcdats® s
fsMdz Hiso desMIs®@ BFftcd 2 dkQde!, dzd2 Mststesdz o
Hdzv MY of OHOdzdz" Ek YOfp' Gfttds O {ts
MsOdk [ 1

v tcsB SIS ftoctse j H ] dats OdzOdz' L Odze s tc (
GOH Bdz' dz° L Yity, ht “wkdlsk‘ sfmw
fsfdz' Hiso dz' MUs? IS wlzH SOC s s slsd dzO
OB tst' & fof BigzL Esddatsmls' , MkzkO fMmd ko sd'
tj G Miste® ¢ jdzj eOltsted® 111 [3].

] BBj stss LOBJ L Jyd dedzv 3stsy dzd o sfils” (

omtSHY Jdzdg?" © Mddemtetsdz L d3 tcOH' sdz' dz' L
CtcOWEZ MisOdz o, Hi obkLdzd cwOWO ~OtOCIs,
tcOH " Bdz' dz2' ° L JiMWisH, O ] teisBEsHsd , W E f (&

MlsOdz" @ ftesyj Mk o~-tsHY pdatlztz’ o Und tzk o s dz'HL
Cj¢' ARSI ¢ d Csfls’ YoMl sls ko (ssidfij.dzddy) .

10 oy i 28BS kd fMls 50C IS0 t5°
1 2% 1 '8 1 1% 1 '8 1 1% 1 8
pal=Epoa§él P Q pa2=Epoa% P o pas=Epoa% P g
i=1C - i=2C - i=3C -

168



/ \
/ \
t%sT 5./ t%l\ G, | 1%

21 32 @4 & @ @ @ @

- \\\\\\\\' i }i % & E
> - \:Q\ @\

tc

oW MlsOdz' @ ftetsyj Mz o - BHYJ dedgWw

tdfm. 1. |

vlsOdzlz 1 CtceOW O o ' HitsO' ' HO' MisOdz 1
fjtcjHOaOYO (fjtehj My o f@H @ dzap? ts PO,MIs ©
ftcOQoddz! dets’™ IOSItsots’ Mddemtetsdz' L Oy' ) .

ulsOdzOds 2.2, 3.3, 4.5, 5.7, 6.6 9'H
WeEsRE fOR Wik fsyjMseO LOfsede ‘ s mw

4 Is O dzd 2. 1, 3. 2, 4 . 2, 4. 44, 6.5 .6A4,
nOtcOCIsjtedL kz¥ Is! dzj fted2dzgv Islsvw fd e dzOdzlz &
CcOh 2 YOtk

wlsOded 3.1, 4.3, 5,5 NOLOCljtedL zt Is!
fO® wis! fesy) MO LOfcede 5! fw dgj &
uBBISt d3° Sq‘QHdBNdMCﬁSHCf)(Uﬁ!IGJGdBszlsOdsc{ o qvac
dzj © " HsBBdr (dzj fted2dewisdr) Mk dzj d3d dzls’ o .

ulkkOdz 8 RNOEOCkjtdLk' Ywoodsy L O Sodaj
ftod 2 5B &zOB st M sfipjdd B jsdelsisanls ', fMEzBO fks j
Hsoydded tojc' MistcO® ¢ j dzgj tOIsstcO® 1 11 .,

tOLtsdE L yddz fted ttsLcOnbkzdllkz 2 B3P tod

HtS t©OH' Bdz' dzg' ° L 11ty BRkdd eodmkzdkzls®

169



Gj dzj 6OIlstsmeB; 91 1C " dzr €' Mls! yYOMmistsls &ESSHY J
C'dz ¢ Ml BOCk' o o ANsH5 Y dzdz? o35 0 Mg el fig ks ok
fd dzn te ts d ={0®10.999.

{jLzd Osd tsL©OREZdS @ Bldd {§tojH
L Odzj 3 @sfig,) § ted WO ddiAs oL dz® 1 jedbdgy R 2 f)( N)lsi @izw
W CMte Oded By, Liz@yn=@&( tsdfm. 3) .

PCAA PC A
10 N=50 10 FPy=0,99
’ — N=40 ’ —— —
N=30 S A | +——T T Ps~=09
Y v ;/ / N=20 / /// L o — P=0.7
/ N=15 S
0,8 / /, / 0,8 / //
[/ / 1
[/ e HH- R0
0.6 I/ /1] ST A/
1171/ / 171/
- HHAH—
N=5
04 [ / AT 1/ 1/ P=0,3
WiV / Tini AN
11/ / W/
02 / // 1/ / 0.2 Il / / / / //
' /A S SV AV
/i // pd 11/ )z Po=0,1
W AA /A L
. o — —1 | —
0O- (0]
0,2 04 06 08 1,0 Po 10 20 30 40 50 N

{dBL oW ¢d LRef(pples (dB©eON" ¢ d L Raf(N)des

bdzOdz' L tojL lzdz' IsOIs' 9  §3tc jHHtdlsoCmdd] ‘ dzad ff Is aod
h ts5:

HiSfW ¢ dzj dzdzV B0, dzO P elz! Is! 1 edfO ug jatial G § L
LB dz' hjdedzw C' dz' Csfyls' yOlndgjs lsd3s >k dadi 9y jj ;dzdzv
odCtsted MBOBRAY ted p,=[0,9;0,99 dzgj HisY' dz' dats,
ftedL osHdIs! HiS 16 sdzyhj datilzy oy Offjdzdzr totsdz’ L «

LB ' dzf Rj dzdz

L d3j dzh j dedz? HBoydded toj ¢ hfPK ol todh jdalzj t€ Golg
3) n=8&( dzdy dz' Ctedoe' tedpff[0,930)99 Hzdz" ¥ ts dzO B s ezv
L dzOydetsGts L B' dz/Al.J dzdg" L dzOyJ dzdz?

[ " 5jtcOktO

1.jisfnj l. 1., 1tesumcoOw . 1., ststeyxds 1. R .
mMd e dzOdzts o .{ OfHE[fES 9O M &8+ o 22 4.

29 dtedH j dzS 5 o . wdzd L[Cnpdtdo  § tdipd dfntteds] d3 Hd MG tej Is
gowL 11974, 4 144.

3.1 Omddzj dz2§ 5 w . 1. dbdzestedIlsds o -tsHY J dz 9 fMmdc
aq’L dzOQszdZWISW]dZLE[BbJijfmIISJQISqaq’ lssz ﬂ3®ﬂ3l;dz O &y
[ ") dzOte:ls jBQAES .GHdW.0," Is11 2022 . sd o : sl w '
106 108.

170



urs 621. 382

J1Jcr oy RMm uvrmy J] f1 ws
ARAt LI J1 L vrJrdwywey J4 L L1

sdm"  dz2 ¢. 1., o¢eoH" " dftt . |
1 ©O9 yOdz® Asts o d 2 ‘dzfr]lscflslzls ls;dz;ledz,lz
mMdMmilsy &3 sl w ° . we@'tedzO ¢ " ¢ stefms €
E-mail: linka.kisel2002@gmail.com

OVERVIEW OF MODERN TECHNOLOGIES
OF DIGITAL TELEVISION BROADCAST

A brief overview of modern standards and technologies of digital television broadcasting is
presented: DVB, HbbTV, ATSC, IPTV, OTT.
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PROBLEMS OF DESIGNING ARCHITECTURE FOR
WIRELESS SENSOR NETWORK

The article dscusses the importance of designing an effective architecture for wireless sensor
networks that can be used for data collection in various fields such as environmental monitoring
or medical diagnostics. The article focuses on key issues that arise whgnindesuch a
network. The authors examine each of the problems in detail and propose possible solutions t
address them.
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METHODS OF ENERGY SAVING BASED ON
ENERGY-EFFICIENT CLUSTERING FOR WSN

The article discusses methods of energy saving based on -@fiecggnt clustering for
wireless sensor networks. The article providewerview of several methods that can be used

for efficient energy management in WSNSs.
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ANALYSIS OF DIRECTIONS FOR BUILDING A RATIONAL
5G NETWORK ARCHITECTURE BASED ON EXISTING 4G NETWORKS

The migration scenario from LTE to 5G networks is presented. Options for choosing the
level of integration are offered
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DRONE ID OPEN ARCHITECTURE AND
REMOTE DRONE IDENTIFICATION PROTOCOL

This paper reviews a selection of open source projects used in drones, reviews open sourc
systems for flight surveillance, including unmanneaffic management (UTM), flight control,
flight safety and authorization, and mainly remote identification.
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TECHNOLOGIES AND SYSTEMS FOR
COUNTERING THREATS FROM SMALL DRONES

Technologies to counter drones (drone swarms) can have different purposes, but at the san
time play an important role in ensuring security. All systems for countering drone threats can be
divided into two broad categories: Monitoring Equipment and Countermeasures.

Ujmdesdzse ' ' ftotslsdH' W HiotsdzOdz (tesWwd3 Hts
Odzj fted Yy ' sz 9 ' H' GtcOoOIsd 90y dzdekz tfs
yofm Isjrdtsdztse fteslsdH "’ HictsdzOdz L Ofplst
ftso lstcwdzsets f tosfmisstcHzdde@ s ¢ tsdets * Ctisd Is d  diah
ojdzd¢dr LORBH' 9, sO¢dms WwWC Jjdzgitec ] Isdyc
WiMmlsde Odz' O Is0OC 5y Hdzw L OrdMmlskz fjod
fteslsdH' ' YESdCBERZBLOBOdZH] o9 o' Iste' .
Isj esdedgdffr OlsOC) sO¢ Isj m dzsdzts G o d¢ 1
¢ dzOH ' 9, fsdz' etsdz’ o, o' 2! Csoadrn CBtcOB
Ud mdzbdztse " fteslsdH " H te t5 dz0O d3, H dzw tcj C
dzj sH dzste” H dz2' M J dzin wikdis d3izn dirfipldsi’ dggiry Jtidzdzs 2 H i
BOGOItSjIsOfdzddsd syl mMOd3d, hts o ¢Cdzs yOs
mMdMmlsj &3/ sB' ' CIs' o/ Mmj deMtstc’ o, 0] IsO¢C 5
sf jtcOlststetsdy ( dz® Hd dzts® OBLS]. hIszydedds ' dzlsj d

v MdMmlsj 3d itz L OCttsL QHY HESd 8 j
COljeste’ " @ 5B &ZOH dzOdzdzy Bsdz' Issteddze 2 s O
and Countermeasures).

d
[ B d&zZOH dzOdzdz? Hd&zW B dz Issteddzcz Htcsdz 8 &
fecsmMizkrtsozo Odzdzgv ) OBt OCIsdoedzdd3 (o df
' odisdzzo Olsd IsOC " VN 74K 0 7A S ¥ R odw e dzj
'LdzO9 Odzdzv ) ; i shEC IsO o' HMmIsj ¥ j dadgw
h " Mmis! ZmlsOls O dzdz" dzd MY tots 3t N dal
' ] W Yy, s cgkzdodf OH
sdz Issteddze iz f 5o d dzdz’ odw e dzw
HY J ‘ 9 HMIsj Y ko Olsd Hicdz,
s oadCttcedmlstsolz’ Is: Mw fnd deMtste
B OH ' tdtsdlOufyw ) ¢ f jdisHaite ] fi) da
i demtstc O 3, sO¢C d d3 w ¢
"2dz jdz d&3d dzsd, PhtsB f ' H
O dj flOntsd) , O IsOCBYy ofd
dzdg" a3 M J eheezs . § J sy dzdz” M dzfyts
dzdz?" HEBSHOILSBots’™ " daWtstedgOy' =~ ff tot

o)
&

r
S

"o FZFGIS
ssgHogoc
Q—
&
®
o
Q—
NR
g-N'
N o

§ STTge 2% §,0
SgRFSTC n-

I -0 O3S H .7

Or-&2/F2&F~ &

T X
0=~ "og-

I oI
E.UT

192



dzO 3’ tc. 1 Of ted & dzOH , O H]JBCOMR tcO® sy | t
dzOo Odzls O Fdgdzlr, L B tots’ dzdzv .

Tlzdalskze ydm  dzO0  C dey SzigORT & W Rls jf
s JtOlsste & HEXY] BGB®RBINI B2 YyOMm &BO° z -
zO odwe dzj dzd 2 H tc t5 dz. K d dzj

110

L

~dMmiskz, shtseBdzdots o

s dzj dzde H tc s dzlz L @
‘ " H

1 d§ &zOH , f smMOHC
toj 1 d 3z ctf so j tcdzj dzda
, ? 56 Lfdsohdgjdzdayd yoOfMmis¢C s

¢ dmilsj dz3d dc3ts dz' Is ts tc d dzeulin dzlrstelds'dz” 6 O °
‘ Iz dz' o : tcOH' s5YyOMmists

ttOH' tsYOMmistsls
odweoedzj dzdgv €
ld y!' sdi3sz Hj
MAC-OHtej fd WwW¢ Hictsdz

tesBBIsd o H-FOf OLusdiz" © W
fsdztsy j dgdg? HictsdzO IsO 2 s
tcOH ' SBSHEZA o, L & " j dz
g dMmlsj 5O L OCkMmls

dz' o, w g 9 dzts
'B w

FENIIG

L, PORET
SGF F= 0

GO QF

0X 02g @
7 =

fg J¢ d2hg3g teedf | BOlstedy" ) d31ts
OB Hj dedesects Mo ' lsdzO, IsOE
‘ L 5BtOY jdzdzy HtesBdZO IsO 2 ts
Osls' odMsSd2 t' ojd@ § tsdsd dzC ts¢

sEzBOdz kO ' dhdn Ol s
ke’ 2 odStstedMmlstsekz o)
&zt Mde Ok ' slteddiz: o
Ny ,

f O¢C

<=t

(7]

o,

o

I&g:
Q.
3]

G I—O
= o _~0F
SO gT
5 o Q9%

ol e T

o)
IEQ &
gmn
T s

O

S &o

: (f sdztsy J dzdz" )
GOz & odedzwH'
tso Odz' sO¢, h B
N 4 dzdzv 9 J drdst il IstOEC'd . €
ddMmisj &8d Hdzv { teuslsajdif OH SHitc BIAADUIS H d 5
tetsL H' dzdlsd dzO: W' L duydaj L dedh j dadaw, dzj
sB ZOH dzOdzdzv ftetslsdH '’ HictsdzOd3 o " Hdztsfw Is
Spoofer, High Power Microwave (HPM) devices, Nets and Guns, -elgngy
lasers, Birds of Prey.

]l BHO iz OO Y yYyOMmistsls OBB tOH' t5YOMmissisdzd
Jammers) yj MlsOy' sdzOtcdzd?2 OBt  stclsOlsd o dzd 2

OFE OO
Q-
n
©
o
s
0
PR
s
0
o

¢ 9 ’

193



tcOH' 5C0dzOdz 9 jdzdcd2 fls' ¢ jdzgjtec" Z B
vsOCO H'Ww disyy ftwdrLejMmMlsd HSOWBECH sSMHOIB!
fclsydetsdzz ff sdztsy j dzdz' | ftso jtelsO' Is! Mw o
BJLSCSdstcsdz! dzgts f OHO dzO0 L j d3dz® OB ts dzj I
fticdmstets™ dsykzls! fHftwodLoeojMmisd HEs dzgj f jtoj HB
tcOH B jtojh CtsHdntsBddz{ d3 tcOH " 5L O

GPSsh £2C Odzy’ f fmddzOsIls! e 2 desead?2 Mmdc
mMefElsdzd S O3d GPS, w gt odCtstedmistso zs s+ M
ctsBd&3Odzs ‘ Is Mw e sO ilsted Biz*° HJLBt' ‘-dzls ©
CosstcHddzOIsd o toj yddi tc B de’ dts coEs ) Y O fifias dzl
f sdztsy § dzdz¥ H tetsdzlz. cS I dzr €d EftcOoe dz' dzd
My cw diztseo Odzd 2 , ZzOf ted ¢ dzOH , £ cftslstc’ B datsd
sOCdr HtdMmlstets & B M 3 j des dBOdzts® H O dz
(cdzizh " dzdgv ) ' dzhaf'rw L ONtsB ' 8 tOH' 5L

[ " Ctesroddz! tso fticdmMstets’ odMmMC it
jdzj ClstctsdzOC dz' Is dzd 2 Bfzdz' i (f w) , L HOIs
ftod Mistets ([ w Mo tstes * fjtejhCtsHd o 0
e j &3qd Hictsdz o Q' sOUSY dz'g i G igts tizs z
Hisfmw Yy desfyls * ) . Oz ftedmistets Bsy zlst  j W
Odzj otdzd Mmlsotstes 8 Is! todL ¢ dzj dzOo dzd mdats @
Cdgh d A J dzj € Is tc ts dzdzd ~ ftcdMmlstets’ o £ L tsdz
BJLSCBdstetsdz! dgts f OHO' dzO L j d3dzs .

g sCd SO LBtotsW. glste’ dzv dzgd d&zO© M IS¢ Od3qd
M"k¢Cd L Htosdtdh adEdzdSO' 286t LEfdqdk
Bsyj BRI tjOd LtsoeOdzO "L 7 j d3dz L HOdz
Hsf sdidtse st " Ho ' Mdets® segmisj 3 * , MY Q' Oz ezt
H tc ts dzlz .

l M sjdej e jIsdyds dzOL jted * § tslslzy dad o
hts odttss dzv ° HEyd Mddzr des MW sCEMse Odzd 2
[ OLjte otOy O’ H tc 5 dz, tcz?2 dzlze yd MstekzCIlsiz
o d Ms@tizls ‘'efmils: , tdL d¢ B Ydats hCtsHd IO

[ 5 jtcOkO

1. Advanced in the telecommunications 2019: monograph / by edike&d lichenko, S.O.
Kravchuk, Kyiv, 2019, 336 gISBN 978617-773412-2).

2. Kaidenko, M., Kravchuk, S. (2023). Principles ofn€oucting Communication and Control
Systems Protected from the Effects of Jamming Attacks for SSimdd Unmanned Aerial
Vehicles. In: lichenko, M., Uryvsky, L., Globa, L. (eds) Progress in Advanced Information
and Communication Technology and System€&€iM2021. Lecture Notes in Networks and
Systems, vol 548. Springer, Cham. (ISSN23870, EISSN2367%3389) 1 pp. 399418,
https://doi.org/10.1007/9%78-031-163685_20

3. Kaidenko M., Kravchuk S. Protection against the effect of different classes of atitaloks/
control channels // Information and Telecommunication SciericeNo. 1 (2022) i tc. - 3 5
43, DOI: https://doi.org/10.20535/242B76.12022.35!3

194



wy uv[(f[rsul
.

[

Cotef! C G tS,

It oy rfwr Rm
g

Y Iz B
wdzmlsdlskzls Isj dzj € tsdBlz dz' S «

CIAL INTELLIGENCE

zwPi
. [ .
Cas. WG tstew

e v 1 dhrenucdf

oot funuf Jul 1 wuy
E-mail:sakravchul@ukr.net

stcOo ykz ¢
1 ©O9 YOdz® BASts 9 d 2
MdMmisj B s w

396.

621.
With the release of the new law of Ukraine "On Electronic Communications", with the

trYuvf ?2Uv¢UR
syl vy ws oA ws
THE RESULTS OF THE ANALYSIS OF TERMINOLOGY IN THE FIELD OF
ELECTRONIC COMMUNICATIONS USING ARTIFI

ur s

= 8opa L,oP FB0. . RLT co_p SHe SE T4
s N O up el T mu g Q7 B g EgEB
ES G [Py C T o SSWQOGBO.JB ~G Y0
8o d]@osgomhMa 2°T_ 0 T oY H _ BNlieBy
0D I U\kunmmu .LC c -0 LC_. nn%(n@ quannmumu.Bbo
~ < Qp8au.,; Q0eIg:™ oEe- L8 ©
T o = N9 8 M - .D..% Ty T
%= 858 © Qg - - i § BeCa. .m.? N
S £9-gcf azepEel 05 T80 Ezie
/_M\W o N n%eKUC er 4] Qt-m.mu Sbarq.GH.B H.crﬂmUuU..mOn:G
w.m 8 — Hm.w,/ ,.m.%u.gw w- 1) LU Uﬁsma.m.uqmb@ .%B
S - oToe— 00y BPS8e UBILDI00-R, 88
c S 1%)] . v/I,GH nn-% O] © vy _“

) : . > e
i 8 5 YunSagaeBoy suyEuF,TIRL T
= - a8 _ =8 w [C 2.
S8 ueLe o TEbasay H3 HLBUNLFD LG
E oC- NOQcyp 08, Ba g o o oo
£y Saou98-§LIBv=p- 8 g * m,c%dmwwm
= O] 1) = .- -
= 9 1% v -~ . T
.Mm AW‘.WO.QW.Z%T.J LM& Brrg @ .w”% - .%MU”%”%BMIM..QJW
© £ o - - = oy I - . = T
€5 8 8o o Bq, 8 ,Maww.ﬂm,‘wﬂs@- @mwm
o - ¢ N 8O- - . = == 1%
mm m.% .mbt.dvmmg.w%.%.mﬂs- % Bo- oo .JBM@- =
R=I7 e % o © 9 T - .%.Buegunmm ,Gumu
0 o OB nn.%mh o ® .%ia. . 8= (OB S k=40 Buu,iomw - CC
55 o2UgelEEC T TRe. st e ssuy GEs
mw 5 B - ) Ju,;w@w‘ _m,O O - Ly, ..wa_:”..mbr.m .
D O o o2 pm g B.m 8 -0 BB T [c =2
Sz 9B . BoeTl s eoF B anBBNs BN - TO
°g  g=878vo H@deBb N TBE. . B Ba® 88y
B558 5 L0-+go:0B8ue”Belal ouv Lo pne_Oo.
ey LBsBrBoBs0T TooPBu™Bun wuBsuF2.s
EoS pluloNO—wd. oS8 Fol o= s8oBua _0O. =
SETY E2:008T8uT o298 o= qu.%.mvg.lauu,mio.%YLaia
£8z ~oBB8po-8oolg. TxBTx 00upBoT o=
533 En el ouood. mU @. : BA: T ot . =&

195



o aAoE N8B - 9S8 e 5 8. THR Ao [ & HFH o - e
anv> nmq Ia.labwlaac_. mqylnmunm.a.g(rm‘ Gw- mggt ) .BBnn I%L.B
- = B.m ® o T 5 @ [c = Sem=l -
8. 8% MNOMB%JhmMm!BM w2 zol 2o+ §E g°8uv Yo
LPES Ny _aegssozd wJMQMWMMm . 258.8..2 o5 oTos O
2009 T~ .4 ® I == m 1] N - - T 4 20
o) . o .%%B.Z.z Bum ] .mvs‘ — Ot Urm_”& NG = 5% mw;
S, o N o+ Baud, oy I = @ B
4 B - @ Bb.mvua A, WE 7 N TR .mw.% p8oe -
e S Logm N ITo o w.JJu,B“WJ £ ~ “ o
NEEBLS N BOBB gnC<zgBog TNTHE 1" n 0o Yoz B
.%.mv 2 ®0 3: H.m..mvbnn.%.., DEDLLJYS | - S.mL (L =0 _ m
u”mvg?dH 0 - Sg. ° 20. .Wa..B .@B od o .@E U;G&B -
o =20 o - T N L 7. 3O N~ 0N %G o 13 L z
T~ Be CON 0 Rz EERapY L now 8. S8
.%;Smc_. M rq.& wH; uUJQSMdB u-%. ‘,G-%D_.@ -.WV.Z.MD u..mryl..mL .W.. B.B.B .&uu..q Q.M.U.
0 L. “ < =z O]
M [ ® MJJ.&U. Tu oo £ UB- BwQMU@nn.JBHOq BM = 9 [c o9
Wa@d% 422 0g° E= % O@m TAR o A Svagg £,9 8 3P mqm
878-o¥ jo TRoo T T a7grobd om-smmwwa 5 437 §oo
: = - g . - —5 O N - I =
v ot -
w% ngav,lla.m.% <0 4 .Wa.n.mJWB - M.%Mnn : N ey Biarq o = BL.w%
e S E o 8 N—5O g 2 P JWaBN%B.NG 8 5 o Y 728 g
£ o) nmg n@.B -@ oot T ) -
- oz ORUE S B £ 94, , NSy g n NNz m
BMDJ — w T = EY) % £ B: B 20 2]
BB ¥ 90, PO o ~- =z ®S.LN b.ﬁoﬂ, Sou NY @ icm., ~8.,0
TP 0wy v g 0 ugB@xmpan BT a n- U8 el L.
8 mn - a8 N OB.%OQB%Q..QUL&J SN la.w%w b ) 5s O.ZB .%s.mvu.m N
..m,.mv.z w N O - U.qSB.B.%} N J.@.-%- .&.mulonnbnm ..m.rqlo-m.%n)_. Bm.—b N @.Ia.B.%.
.muw ® . ® N GBB O Bo3F, 88 .. iawBB.m.m,‘ - e BHG - & wvE
Bo.. o8 S-zop . TN mw&Hw--sz e S R Y L
Boo-uabB0-»£ bj%$B,%GJ-ww, Su - TE 07,0 vy vvgpls
o282 OFEs G 80 PDENS. HoBO0T —z- O J%QLO&Q UDS,S,S.m.,S- By
. 2T Vo o mBR vougET Bourw gt 72 B c0l858c80 0 g
Bjmwmngwmﬂ SR 08 . sB%ﬁwde:@d ~> Bs Bzplusspz gy

J
dz

© FoB v
Tw rqg_”an,S
a8 B—op—" 8o 80O
w4y

ot '=Y 0 Y U

v . B.@.Iarqr o .

74

PO =0 I8N . pONn: 88 - -
=N QwaQ&U.@.@thBLU.@Q- B iaY,m,amLBQ Tu S
OQooitBo-"008Bud o coBO0E " clan. OOONO -
a0, a7 Uuw. O3NU: e Ve E=OU8_ VY0t

w s
2 5
a3
tc

v J

196



By sdzj dzls’ o, OSdn WCIsjogliey 5dzdz’ § | fgd O
wdzls § tedzj Is Istsh 5.

sy’ Odz' dz' d3d toj X shtsf dzj dz' IsJ ted3’ dzO d3
Coiidzdz? COBY' Odz' dz B3 t6d By 20 99 Oy Ols
Csdszdz” SOy 2, sMm¢ " dz € d 9 ts dzd HiSL 8 tsdzw !
f 5o ' HBd3dds @zdzW ) ts & Cda stedsOYy "t C B YdtejL
" j dzj € Istcts dzdz’ Cs3kdz" COy' " j 9 HBBtOY
Bjtejy W WJjdesd3j dzlz, sM¢"  dz2 ¢d My’ O0dz'
Bsy dzdeo sfmils® Hd&Y Mlsotste] dadew MY * dz! etetfn IS¢
tdeht WkdCyr T, WO dzg o' WL Odz BJ LG

[ dzj € Is tc s dzdz' CslBzdz SOy’ Is © Isj dzj €
dW sC sRBRduOOYy' J dzj Clstesdedz’ Ctsd3zdz COy'
Vv sCsdszdz’ S Oy’ 2 -ywddW b sz 2Az2 6 Bgds'fddzs * v Q
wed?2 sB d3' dz deW stedzsOy " ' ¥, h ts ® HBEkoO
Isj - dzsdzts e ' 2, 9 Cdztg yOs yd J dzj € Is tc s dzdz’ ¢
[ dzj € Is tc ts dzdz' CsRBzdz COy"' o JCtstedMmistso 28 Is
Hstf st ts8 J dzj € Is te s dzdzd n L GAdA®B ‘s h SIOQC d
f so' Hddzj dzdzv , 9 HJtL9' WL ¢ stsh ts. U J
CdeW stedzsOy " LO HGBYfth@tsets djte] N L o' Wy !
fjtejHOY' HOdzd r , Mk zlsdzd C 59 ° B3 o
Csdgzdz" COy' @ " " Isj dzj ¢ BBESABOC O ¢ 5dzs o dzd
tdet s sRBEzd SOyt 2.

c ¢S fsowL Odg Is j te 3" dzd Jd dzj € Is?e 5 L) MeLdys &«
"jdzj ClstesL g wL BE" Isj dzj S sd3zdz" SOy
sfdmizs Is! fJjtejHOYk deW stedzOy " zO o' H
md dzOdz' o . J Hd2O ¢, sjtedz" dz " jdzi SlstesL ' W
odetstedmMlstsolz’ Is+ Mw H dzw sfdmiz stcOHdy" 2
CdeW st dzOyY T zO o' HMlsOdz , sO¢da Ww¢ Is j
tcOH' sodftotsdy’ daj dedzv , O IOC y Glelkzddg SO L
B' dzi h hqesCddz IO dz' 9 j e Odz' dzd d3, '
"Jjdzj CSlstesL o' WL 5€C wWe sHddz L 2tets OMf j ¢

[ " jOlktO
1. wd yjdeSs [ . 5., stOQoayks dsf: wpvoHEHL € &6&kzdk GC

2. Advancedin the telecommunication®2019: monograph/ by edited M.Y. llchenkg S.O.
Kravchuk Kyiv, 2019, 336. (ISBN 978617-773412-2).

3. stcOQo ykz¢ g. [ . Uy tste’ W md mis & &g Isiztsigdz@iz! @b m
[ [ dzd SIstetsdaded 2 tj MizteMm] : dzOo yoOodz' dzd?2 s’ ®Odzd &
COH' ' BIsjrdz COé / w. [ . s tcOudziSs s tesEddadz® dis J Sulipld
w02 dz: 18, 17V sqd B2 1Is)s.l w C 3. we steW 68 3¢ sfp.fn:
https://ela.kpi.ua/handle/123456789/53198.

4 . 1 tod € dzOH dz' Ofmf JCIsd Mdllsg GBuese B O&OTOH sl

o] SRBI dZHOY' ~ HEts odStdzOdedzy §t6OCIsdydeda L Odaw
flskH. Mfjy' Od detsfls' 172 cujdzjStshzd COy'

ECd&zOH. : w. [. stOoayk$¢, I[.. wu. jfdl]jjSdsthds dzdd’ . Isy
H Odz' (1 WOo2ddsdl,ed 8 [s104 Is) d3. we e 6. C st
OolststeM' o OwCkh ' a: 2. 3-06240CMta OEBEEES
) od &' toded S O H O dzts H S B' Bz t5lsjCd k

https://ela.kpi.ua/handle/123456789/41977.

197



U $520.6.05

g}l Jews lwrlrzr11C¢c s{frAwAw|l1uvd

VP R 11 YUEREBIBDFPTUALOLI O] P L1
{1 oérvérrc sd¥roJuv 7y locrsv 1 rtd
ce mw J.4., [dMjdSt [. w., 14
1 O yOdz! dets dzOEZSCtsod2 " demisdlsizls Isj «
mMdMmilsjug ‘s d3. we tstew o' CteMm! C 565,

E-mail: yavisya42@gmail.com

THE METHOD OF INCREASING THE AMPLIFICATION
COEFFICIENT OF THE RECEIVING AND TRANSMITTING EQUIPMENT
OF THE COMMUNICATION CHANNEL WITH DRONES

When ugng drones, it is necessary to ensure the transmission of a large amount of data
with a given bandwidth and bit error probability. For this, it is necessary to provide measures
that allow to ensure the required energy level of the transmitted signala$ask can be solved
by using directional antennas both on the ground control complex and on board the drone.

10 HEfS®Rsets Ked sdCtfilsjteddn Hietd
flsOdz ®e' ' Cls' 9, T B i
Oj oW BIstsL dz' di3Odzdzv H dzW
Bllsd tsf)dats i dz

dzj 5B = ' H dzfs

¢
s
W Adzs [ o " s
£®EL' ftesy 21
(]

S

OXUF_FFQg agan_IOg—Q
OF HFE P
@ Qa1

Q_D'OQ_ -

h )
BdzdL+ €8 30 HB, Nt o sdzw
H dzv s OB flas s U dedsdsef Bedsgf d o ¢
dzdz QAM32 dz0 eorntsH' Hted?2 3OYO
B3 dzO ' o dz 18 HB [2]. l 6 O~A
O (M sets BdzdL ! §ts 3 HB) ,cHEIsC
so ddzdzO®O BEZISd LB' dz' M j 2O, W
mMde dz0dzz 2 o § dzd oi zdzOdzj "dzO o €3
i sLe' WL Olsd sO¢ Jj L Oo HOdz
Is
dz

O]
ot
5
O
L)
&
O]
I

Fo-g oo

WSO P O
G- Fo-00 #FOO0
» foog-gH
"SCFEOIOS
ToggNoO ==

74
Odzd » Odelsj dz V¢ dzO dzO( Y szozs BBz
c s

By 20 o9 dEtstedMmlsOIsd ff OtcOB s
i tc 20 "Odcfdsrdzd O cftsC OL ded € " o ( ff
OHj dzgj B dzrhj 19 HB. 1 tHOM
jdzff * L O tORkdsS¢ LB dz N jdadav i
sd Hd&zvw dtshdddes 1 sv. 1 etsL 2 d3°

No)
I -

N
- &
[vs)
N
TE_ R
c
CD.%D
S

§GO =
Q—-m“‘
S

=
(o]
(0]


mailto:yavisya42@gmail.com

f HodMjdd2 ¢’ L LOfOMBEe fode ddL ds do
Vi 0o dz' dzdz" RO tew BE 5B BOC M BOd detse

B j LH'2Md £GP fisfits e Ed [ 2] : bkMlsO
fsocslsdsd ftedmlsts’ : odSstdhlsOdadzy B
Cj o Odzs® H' OCLOERSY MW dss Odgsfls' ; ¢

fje gdC O lss mw.
t 4 Odz" L Oy w fjteh et M smMse Iz dzlis L o
MstesMf eWw Bso Odzz Odzlsj dzg Hdzv B j L f Jtoj oo
: lted EMlsOdzse y' -f Oedistg siix(dztsdglr i oty th)deztk
Btj dzdz?" tBjtelssotsets §jtejntsHiz. | do dst
H Odzls j dats it mdzv ¥; HMddgds Oyt teffj s
gqdzs o Oyj &3 tf slskzy detsfyls 2 Odzlsj datse |
) dets s 2 Odzls j &20 totsL dg' " IsJ fpw  dz
sStsC OOz dzgd?2 tsBjtelssad?2

1 Oc¢ Odz' dzd oz dz; H s Ardz@2® d3tf 6 B & Ezis
0] Otels' Mis! B Jjistsa 5

¢ ) G
etsL &g " j dedz e tsilstcsh]cy
dzts d3 Iz h
Is fr]w

ftedmistets’ B ' dz 0

dzj o S sted Mls Odzts ®

©oh g dzdzv Odzls § dzad o CetedL tsdzls Odz
yjdzstc 906d HEsdkz, O Is

Iz ©
te d
tsie
s
31
O]

ot
G'Q—

e

2§78 -
%ﬁ_&-

aquabq f slskz

Odz' L Oy HiclzG
H' OGCtOdtst m
tcjh'"sCO. 1 O

d ﬁjl]’tsWd3159®dz

q jh' s

dzsfls® dzO tetsB
¢t MY Sfgfdplslz d3
BW Eso Odas s

Qq C'dzr yjo' 2
OcOdBd, "E¢'

5
O
5 &

77}
-=Rm-—‘<

=

H

oI g%
CE- &
x&@
NOgOo
wOg

)
H
¢
m

T
-§&
©)
N

_WIGQ-I

q_
O
7]

qd .

f smd dzj dzdzv ¢ dz

Olsd ydfadzts GJDGZGQGBJI dzlsizd
deIsdzts Hdzw Bz dz Isd¢ s
Is O dz
s
74

X 11

Odzdz" B OCOIstsj dzfnikj dz
o dzj dzdz? TS &ZOH ded 7
tc

o0F "GF, OO0 & _

55 @+
;Ew&Q—-w
BQo. B 13
ﬁﬂawﬁ T

2 JHBOYO odCsted f
O¢lsi Mw, ' feshssese’  dOY
1Y LB dz N dzatgvds Chdisjjide Y m dalsd fg
| C s’ Q‘dzJQtSfr]ls O dzl
2 BOME efy' ‘"’  Odgsj dedzts’  fdMls
‘“fded?2 totsL o' wL ¢, hts LOBjLY Jyk'
s dz™s.B d3j N J
6jOdz LOY' (e sdkz s fw
fz crRodd sod?2 S@®RE@EJ]Is ] O
y'w SHd ' Odelsjdzed BEH] ME dzOHC
J dzj d@3j dzls' 9 Odzlsj dzd o b L,dz0O Q O sf
o= 0BMp Oldagtdl dzj C Istste  dzj L dzO YRizsA; B‘ C
dzj L dzODczts dpj' defyls Rdse 3" ¥ o W dzj
sd3 '1=02icj Sflsdtcs BB OB ts YOS

©®I Q@ O ONEIIS SQUFG WHFON
. 0Tg o00d -
UJS‘UT'_F&W_‘Q&I_ s g
&0 [71'5”_. BIG G-
ornolrgRes o
W[HQ&.N'UT -
O
8. g &
2> Q
233
&
g
=
©
Q—
&
QO

199



A=01258, Iktsd@kz SH&O Odlsj kO &O° ¢OBOtdld
' h

L iJMlsd Odzlsjdz o d Mz IsRy fg Rl + bsin & & 19 nwizcz’ O
’ 9060 M dzOH J BdzdL' €5 120 G tcO. s ts

Odzlsjdzd Isdf k2 ¢ rbH,dd8 e 2] X]0.dz0 dzé

l1ted dzOw o detsfls' Hy S dzt €s” Odalsj dz2 dzO
odBtstclz Odzlsj dzd , M oW dstso Odats’ ' ¢ 1svL.
f sH" B dats”’ mMdMmilsj d3d : fJtej disd ¢ Odzdzw 9 dn SH
Odzlsj 2O (tsSHddz § jtej HOO Oy, SHddzC O ' Oy
fjtej BJCOdzgdz" odratHEZ fjtejHOOOYO d3' 3 |
(sHddz fjtejHO9 Oy, C'dz2 €O MY tsdzzyj ded =
fjtej BdC Odzdz?" MdcecdzOdzz 5" ¥ ¢ jtcj HO0 OYOdzd
fslskzy dztsmils® HBte )odzék ' ydmdzz Odzlsj dz

lted Hjtehtsddz o0t Odzls® o dr " Hdzd 2 md
CsBzlsdtelz Is! mw d3' Hy C' dzt EsdBO Odzlsj dzC
odetstedMmMlsOdedzy ‘ Hddzsets §f jtoj HOO Odz! dzese 5 d
tesBBlsd dz2O €' dz2 €O Odelsj dzdzed = {f tc d fig ldstect®O’Isa]
CBzlskzs ysdsz ftedmistots’™ .

lted Htokzetsd@idz o Ot' Odzls’ ydmdzs §° HMd dzo
O dzls § dz. [5 dgjHBSdZ' €9 IsOCtséts "  HatsHLE
f " HiMddze o0y @ fBlskydshmis', w¢' L 02 BO s

stejls' 2 Is o @tgf'dfidz O 9 d¢ sted fls O dzdaw H dzw
fjtcjHOaOYO 2 ' HiMddzt 8 OYoO 1 Blskzy detsmls”® .
odetsdzz’ s+ Mw dzO ' o dz ydqWtctse ts° ztse * €
9 ' Hdzgj Misd odMmMtsCkz dzOH" " 2 dz' Mlis mMdmisj &d .
odMmMsC O o 0Otls' Mis+ .

L ud 9 dH dzts, h ts H dzw Hictsdz o CicBsg @3 s
fjtej BdC Odedz?" odrtsHE ' HMddze o Oyo ¢ tslskzy d

s O¢Cdd3 yd dzts d3, ftcd odC ttod mlsOdzdzs L Of
O dzls j dzdzts ’ mMd Mmisj d&3d L Oc Odz! da 4 teffj sifippch ddjdaizd

5B dzOH dzOdzdz? COdZOdzEZ Lob6wWLCE L H to 5 dzO dzd

LOBj LY jydls! Bsy dzd 9 * Mls LH" 2Mdzj dedgv o d

AW stedzOy’ T 2O L dzOydz' o " HMIsOdz' L dedL ! €
[ " IsjtcOlktO

1. Lysenko, O., Romaniuk, V.,dRaniuk, A., Novikov, V., Yavisya, V., Sushyn, I. (2023). The
Method of Using a Telecommunication Air Platform as a Flying-éommunication Robots.
In: lichenko, M., Uryvsky, L., Globa, L. (eds) Progress in Advanced Information and
Communication Technofty and Systems. MCIiT 2021. Lecture Notes in Networks and
Systems, vol 548. pp 3b376. Springer, Chamhttps://doi.org/10.1007/978-031-16368
5 18. ISSN 236:837Q

2 . co'fmw 1 .wa., [dMmjdS s . w. sfsfm'"B " Headh
YytslsdtedzOH ywIsO a3’ ) dzO e B Hzlz®Q dz0 dzOk Stz o j dzy * W
Isj dzj SsdBzdz COYy' 2&. [-Blsj tc'sQdad ' Sdfs deWujetpedryCe '.C
281-284. ISSN (print663502X, ISSN (online) 2668057.

200


https://doi.org/10.1007/978-3-031-16368-5_18.%20%20ISSN%202367-3370
https://doi.org/10.1007/978-3-031-16368-5_18.%20%20ISSN%202367-3370

L $621.396
gReU[( [ ¢ wuvrtrrvu tryrs 196 167w |

[ " desyS " dz r.¢., [Oyss ..

1 O yodz®AStseo d2 * dzmisdlskzls Isj dzj € sz
mMdmsj &3 st w " 3. wesstew o' ¢ s ©

E-mail: dmytro.minochkin@gmail.com, elinka@@gmail.com

SYSTEM OF INTERNET OF THINGS BASED ON 5G NETWORK

Due to increasing customer demands, the current architecture of 10T will not be reliable
and responsive enough to accommodate-gereration 10T applications and future services.
This documenproposes the nexgeneration architecture of 10T based on new technologies that
take into account the requirements of future programs, services, and generated data. Specificall
this architecture benefits from new technologies such as D&viDevice (2D)
communication, 580T, MachineType Communication (MTC), Wireless Network Function
Virtualization (WNFV), Wireless SoftwarBefined Networks (WSDN), Mobile Edge
Computing (MEC), and Mobile Cloud Computing (MCC). This combination of technologies is
camble of meeting the requirements of new applications. The proposed new architecture is
modular, efficient, flexible, scalable, simple, and capable of handling large amounts of data anc
application requirements.

In this official document, we explore the pab digital transformation with 5G support.

This journey will take several years as 5G networks and capabilities gradually become available
while previous generations of networks are phased out.

sjo'de hIstsdz ftedfzmisde, hts L citsH dyg dids GO yifpats
BkH] ydWttsed?2 Heo' 2ddC, =~ 9o ' tllkzOdz dagJj ftej HMIs

| dzsB Odz! dad 2 sB MW@ H Odzd fsMmls" 2dets LB dz# b
dzi sBr  Hdzd 3 ' dzj gddzzyd dz W OSIssd3. 1 dzOfmdz' HBC IS C
MjteiHdy sMisEESBHd " ¢ JjIgdekzs ' Isj ndsdzse '’ B ' dz’
mMe "Iskz | oT.

5G 1 oT odatHdIls! zZO dsead2?2 t' o j dz 2 efm' A~
Bjtej ' dBO HsMWeOIsd 20 ¢ ' c¢cOB'Is dO MmjCkdHliE,
Bsy 20 BEZH | OoOXlssy HIQdE ] HO iy dd3 toj Odz? detsets YO
BtsB " dz dzgdr ftedMmlstets’ 8 k of! sd3k Mo ' Is' BEHEI! |
' HGdzs yjdedz? ftedBdzdL des BHdz i3 dz 2tsdz ftedMmistets
deso O Isj m des dgtS dc'OW j AN Is L of WL CEZ ' H YyoOfm tkmak,
zOB OGOIsts MlsOB " dz' dz' hts¥ Hts hoadHCBMIS 500 ¢€°'c
fjtejoOcecd, thMtsedzdets H&W CtedMmMlskzo Oy o d&jtej ' ,

Y chocoeo ~eo 5GilTo._¢ ten ! IShOQUOWOO Isfh v L o tsfy! d3q
MtsBtss hOte'"a L dBsydzde Miss HotMmMiststosdads SEts 5B«
h Ot f' wilsd?2 hOte ME dzOH OB Is! Mw L Ho s Is tc
fsCtedo O eofm' " dgh" to' odz .J didzv Nhd@A]C to@f BHCS O diftstc tH
SHdsyOmdets  * Histcd dszo Olsd dsHEZAd dz' Mis! Otn ' Isj Cls

201



1. t'ejdz W' Ldqudzsets ftedMmistetss .

Aj?2 t'oajdd MEEZOHO' Is! MW L BJLHEtsSskBadr HOIs

ctej yodzdeé 1 oT. A" Ldqudz fodmEstctds ] CilszicO@& O dz'v dz
BO*E s Bzlsd od¢tstedMmlsOdz ftedmMistets”’ dzj o j dzd C s 5
sBydmdzt o Odz' dziz fslskzy dz' Mmis ‘ L d3d dz" dIsd fslskz:
odsBdvIlsd o jdzdtk ¢' d ¢' Mmis f syOlstwsoBi csBRESB
OdzOdz' Isqydesdslz 6" 9adz" (6" ©jde@ 5) .

PiBeHE Ge3mern 2 t‘aJdZJ LSIWLC
Pigens coiempani Ta

' £j2 "ot MS doHcC

R —— ’ f'HhOWL" 9. 19" WL ts
IpukiaIHui piBeHs u’ ¢ H (; dzg -LLJ dZdZW .

Pisemiza’mk'\r I AJ ' H tQ‘ 9 CJ' dz,l lj- tG W d3

’ Pi.::nf_:;z;x:ﬂﬁu UtGdfr]lStGISWdZ,d (DZD

Tligpisess 3B’ 43Ky MK h L B t dZJ h J ddeB B

e e fslsky ds@ls ' dzlsj dzj ¢k
| fwdhmbes’e (eokLd e
o ZOMdzkz ' W j dals d ydz'

TligpiReHE 38" T2KY

i i By 2ls! Mlseo sty 8 Olsd
' f' Hodh j dadgw jwjc
OfumcmoBans it piBers mmﬁsmu}. d3 5 ) o q. o 15 fr] s loT fl’] q
f so d dzdz' Wsttdilze Ols

Pinerm, 36epiranma 3 e Y (Het Net)
o . sHddz L S H ded 3. 1 (

—_ odiBtedMmistso 28 Is+ Mw
L9OWLGCE BJLHEBISEBY
tdfm. 1. o¢teniloBj ¢ szt (wsN).

l L dzd Btsy kzls! Mmlseo stes 9 Olsd € zOMisjtced OBt dzOo
9 ' Hftseo Hds' d@jtiy' . JHd "¢ LCtdVBLOIs'dzdgj 2 d§F°
Yyd mmWave (B d'sdpj sictosetrhoddd ) y! sddz ' Hic' o dz
sj ndesdzise ' W, WO LHOIdRO {ftCttOhdlsd D2D Mmf' o
COdZHdHOIs Hdzw LOBJ LT Jjyddzdzy ' HG dzt yjogigdzy orjti sk
hodHSCBMIS' TJjttjHOY" HOdMdR~ I[sOPluisldgtNet 9 Oy dzdo d - W

tesLedzYHO' Is! Mw wC Mmddz dzgj I mdesdzse® ydaj te ",

Otcrn " Isj Gllsdzs,” WNWWGCO LOBjLYjuyk' ddL*' Sk L Olsted 3¢

Al His' 9 dz L' wL Clz. 1 0 W us@gds ! fifwH teH © da) J dldd
sO¢drs wE BOLB' MOdy' . st &3 Istsets, otded
YUdtedL ' HEC dzzlgipdatizdz Bt dgiddcd 3 HiS Bd&sCk LBt
f " Htc' 9 jdz 10T dBBO' HJjodz HtesBdzj Bd: dBsy dzO Bt
ftedMmlstets” 8; £k ftosectcORBOR, kOSdAr W< 0o lstdsts d3dz
sdf " © HOdedr~ ‘dfgv ;L Cemjlsaadifshdz * lsB MW 6 H Odzd » dzOo toW H
tcj Odz detse s yoOmkz yjtdr ojddék LOteddZclkz LodwL(
LdzOydelz jotsdzse y'v86 O y' sk "  Hte' oadzg'" o Mmjdefm’® d

wdzh 5 Isjrdesdztsc® beew y! scAslvghewed SSI M. 1 O
ftoed Mistets”’ |l oT Blted Blze Is! ctsy dzd o * Mis odeBtelz o

202



HsMisOIlsdz' 5 dedL ! Sddsd f jtejh CsHOBBd. 1 OMftcOo " d
Bsy dzd o sMisj 2 M " dz2 dese s dadd € tisfipdith)ds'O dzde's ¢ dg'f lg f dsde
" Hitc' o j dz , tesL tetsBdzy dzd?2 © Oten IsjCklztc' L OB J
f " Histedd3¢ 2 to' Ldzedr Isdf ' ®© HOdz] .

3. [Bydmdzt 9o Odz ded?2 tc' @9 jdzr Edge (Fog).

10 Yy!' sz t' odz’ HOdZ BB dYE S22 @wisiszL O
tc'" odz' Edge. 1 ftweots Isjradtsdate' ' 56 ' ttsLodl
sjrdsdzce' W MEC MmMlsOdzj B ' dz' W ftslskydes Hdzv f St
ZzO0 y!' sz t' o dz' .

4. t'o9jd¢ LBjte' ¢Odzdz" HOdzd A

L2 ' ojdd WY Misdlg'tc' @ Eazdz HOdzd n , £ wednr
slsted 3OdZ0 o' H BBtesBSd fjtedWjtor ™ W' Lduydedm ¢ too
fslstcj BIZ® sMsBdzdoatsets L OAdMlskz L ssyscd Ltk
9 jJ dzdyjLded?2 BMWcB HIOMI~ ff tctsdctOBBR.C d&ZO?2

5. t'eojd¢ Mmakzyed $jtkzo Odadzw .

L1222 ' oajdg MEEZOHO ' s Mw L Iste! sn ' Hic' o dz o.

A" Hte' 9 jdz Cjtezo Odadzy Bjtejnj®. uvitOo dz' daede
By fwdmhsteswdid SO yjdzlsteOdzd tsBtetsB S d HOdzd - .
Yy! sdite'fsdz’, ‘° WNFV. WNFV ®gts)yj BGHoEsYyOmdts fd
ftoslssCtsdz’ © LoOVW-LOE, Oz®Of B O, 56dz" § sCtcOh j
wdzh s CtedMmdatse Isjrdesdzse’ ' ¥ dzg@ yY! sdBz " Hic' o
HiSL & Bdzw ° Ldgh dzs B @B K tsd3j toj Y ° LOB Mmls! stc OH d y
f " Hodh jdedgw ftesHEZGCIsdo datsfyls” .

Al Hi' 9 da n 30t dzd A sBydmdzj dz . 10 vy’ sk
fJtedWjte" 2dzdm B Yd Mdzj dz (fsolststcdzets) ©BtosB dzW &
sMisOltsydizz s B e B lzgzcOy ' ¢ . 1 Qo HWCd off tctso OH Y j dadzs

By klst o dSBsdzo OlIsd yjd2 Isdfy BYdmdzj dz2, wE&d2
v O0¢dd3 ud dztsdz, s jteOy"’ ’ sBtctsB ¢ BzHEIs! tots L
f OtcOdzj dz' dats, hsagz LicsBdBY dzZifid Mg § J SIsd o dets® mls"
hodHh s .

A" Hte' 9 jdz OdeOdz' Lk HOddR. 10 yY! sz ' Hic' ¢
HOdzd " [ 9] Hdzw Mlseotste dedgw ' dzdetsmils® (" dzW stedBOY"
1 2wiCj o HBMC thaa®uzd dzdgv o Q9 j dzd S = HOdzd R § sCtcOf g
f " Hic' adz". 1 0OMftcOoaH' tosdzr Y!' et HBHR dlz¥s yoO Lk
L BtoOdzets® ' dsWitstedgOy' LB ' dzt hdls' MW L OeaHWEd ' dzls

6. 1tdC dzOHdzd2 to' 9 j dz

10 y! sz ' o dz'f jfugitsBde'O dpdejO ‘Ld@BH]'L" L § 5§ jte] !
we' fitejBlkzoOsls! E MlsOd Mistts, Itz dj B3O
[ SHOIGCd L HOIs dzg' tcjotdzt y' tsdz' L o Ofisteflstcg p tfls d CCOjd
ftesctcOBOBd, oJtelsd S OdetseePiBE OFP dzBkeB s dz§ &4 RBE O ©
ANOCIsdydets, HtodS zOHdzd2 to' 9 j dz HSL & sSdzv * B' L dzj
yom L f§oilste’ Bdzd d3d H Odzd d3d .

7. t('edjd M efttOy’ IsO ftesyifm' o

tdMmlsj BO | oT O " dWstedzOYy" v, hts dzOdzr sHY BN

203



otsded dzgj Mot sls! OCI. [sHd oadStttdMmistsolzs Is!
o zOMdzd 7 YtsltejB. wdsH' C'd SO0 M'e odCtstdf
1 OMftce@oaH" dzs Hd f s d dadz BOIsd hisy dzde " Mils+ My
loTf tcd HOIlsdzed d3 Hdzw BeMdZzEE 59O 2O Odaddz™ .

8. t('ojdz@ BJLYJS(

Aj2 t'ojd 99000 s v Ctej BJdE. | OfMf tcOo H
fsfjtejHds hOotwd, Odj Styjd ttsLH' &z (ksysco

WldCy' BdOd dz Mlst . o jdn BjCEESd § PEEBE W
WedSy 2 BjLYjCd, oCd® yoryd "dUtke Odzdz? HOdz]:
Hsflskfz HBt &itejy' kO LORdMls RdOwd [3]. st

fjejHBOYO" dajBjLijSd O C'  BEGEOBORGY o §ths P
kO ' fsLoLSd.

I ddzsa®§. sjClkted, L Ofdiso Odz dz® Isj - dzsdzs@
odh joCOLOd oddscd kO LOBjLijudlsd sOC' IOt

BwBsy dzd o ' Mls toj Csde¥ ' czteOyL f J Cdo d ML GR] IS ® j dz
dzj Mf Qo detsMmisj 2, hdess] §folCtdlslsw, ddL' 0O o Otsl
Yy!' sz HBC EZzdgj dzls LOBJ LY jyk’ dzdL ! €k L OIted 3¢

D2D, O IOCtsy dzOH' 2dz' MIs'-Net 6 HdzOdz' L Qo HwCd MT
stc' &3 btsets, o ' dz f  Hsteddiz® 'L dz Isdfd HOdz]
"desjecttOy’’ 5G IsO 1 oT BOEOs "' dhdr Isjndsdksc'
9 Otrn ' sjSlkzteOR | 0T dOMmMskzy dsects ¢ tsd dadzv . |
ficostedlsd B'dz# " Ctsdl3f dzj SMmdzz MstckzSCkztekz, wWCO o
ZOMszf dese s f ¢ sdz' dzdzw .
] " jtcOlkztcO

1. 1 O yodzr dzd?2 ' BdedS cuvjmdatsdztse '~ T wdzlsy.tcdg
retcOC s M €d2, wif .t dygdgds o Hsiiskzl iz H S
https://ela.kpi.ua/bitstream/123456789/42078/1/Zhurakovskyi B_Zeniv_Tehnologii_internet_r
echey.pdf

2. Comprehensive Survey of Key Technologiestiing 5GIoT [Electronic resource]l Mode of
accesshttps://www.researchgate.net/publication/332407851_Comprehensive_Survey of Key
Technologies_Enabling_5®T

3. M. Conti, A. Dehghant anha, K. Franke, a
forensics: Challenges and opportunities. o

4. 5G and loT: What can 5G do for loT business? [Electronic resourtédde of access:
https://iot.telenor.com/iot-insights/5gand-iot/

5. 10 Ways Machine Learning Is Revolutionizing Manufacturing
http://www.forbes.com/sites/louiscolumbus/2016/06/264Hysmachindearningis-
revolutionizingmanufacturing/#57d0ec792d7f Retrieved: Oct, 2016

6. 5G IoT: What does 5G mean for loT? [Electronic resourceMode of access:
https://www.avsystem.com/blog/5¢got/

204


https://ela.kpi.ua/bitstream/123456789/42078/1/Zhurakovskyi_B_Zeniv_Tehnologii_internet_rechey.pdf
https://ela.kpi.ua/bitstream/123456789/42078/1/Zhurakovskyi_B_Zeniv_Tehnologii_internet_rechey.pdf
https://www.researchgate.net/publication/332407851_Comprehensive_Survey_of_Key_%20Technologies_Enabling_5G-IoT
https://www.researchgate.net/publication/332407851_Comprehensive_Survey_of_Key_%20Technologies_Enabling_5G-IoT
https://iot.telenor.com/iot-insights/5g-and-iot/
https://www.avsystem.com/blog/5g-iot/

uvrs 621. 39

JAwr s¢d 1ouvs I J1d 1vo¥tcfvuv rfefwrr
L{dfJdefIrm I fefuoy v LftY M BALC 1O
JerJlw zovoy1 1] wWCHATGRTs v v

l jlssh Cts w. 1.
1 O yodz® EAStso d2 wdzmisdlslzls Isj dzj ¢ sz
mMdMmlsj &3 s1 w ' d3. we stew w ' Ctstefms €
E-mail: ivan.vetoshko@ukr.net

EVALUATION OF THE SCIENTIFIC DIRECTION OF VOICE
SERVICES RESEARCH IN 5TH GENERATION NETWORKS
BASED ON ARTIFICIAL INTELLIGENCE CHATGPT

In the course of the work, an assessment of the scientific direction of research on voice
services in 5th generation mairks based on artificial intelligence ChatGPT was considered. The
results of an empirical study of ChatGPT and its potential contribution to science are presented

| "mH' toetlsd BYdks b chk@HY it dz0f bW &L
sz @F -Ftfiss sd dd' &0 IihdhatGPT Istz dazs € jsdz
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toj Odz' L Oy' ' & tdzsts 66 &t fs T ozGfotEsfdszidisjoy O -
Ots 3y ', s dO fjthd?2 {§ftsedvH & d
Hisfpdz' H Y § dz ‘ Ctedlsjte'’ WwWCsMmls'  dzOSGO dzdz
BB ' dz' desEts Lo OKRIf P& stbBBe d j 6FHOY' G

sftosB ' BB LCOGEAFILd of dz sy dzs dzO Iz
Hisfpdz' HY j da@ Cctdzsiso dens fftsifdelazr  dixzvd3 j( dejdfie A

ChatGPT, sk TV OUIHIOEW HAayKOBUIA HaNpsAM AOC/iAXKEeHb FONIOCOBMX MOCAYT y Mepexax 5-ro
MOKONIHHA?

K WTYYHWI IHTENEKT, A MOXY CKa3aTy, WO HayKOBMIA HaNpAM AOCIAXEHb FONOCOBUX NOCAYT Y

Mepexax 5G € 40CUTb BaXJ/IMBMM Ta NepcnekTMBHUM. 3aBAAKu 3 OCTa)'OUm LIBMW, KOCTi Ta
pexex5G ¢4 P o p ’ tdM{yldCo "k

MPONYCKHii 34aTHOCTI Mepex 5G, 3'ABNAETLCA MOXK/MUBICTb BUKOPMCTOBYBATW Ginlblu CKAaAHI

¢ .
anropuTtMu Ta Mo,qeni ansa pO3ﬂi3HaBaHHﬂ MOBW, NOKpauLyo4n TOYHICTb Ta AKICTb FOJOCOBMX dzls J’ &gmtﬁ ET®O IZ g 13 8
— ROf tew sz H s fdz' H Y
OKpiM LbOro, AOC/IAKEHHA Y LibOMY HanpAMKY MOKe AOTIOMOrTY BUPILLWTK Barato npobaem, U s fr] dzz G |Z 'ijs- tgm 15I g(m

MOB'A3aHMX 3 rOJIOCOBUMM nocnyramu, Taknmu sk npoﬁneMM 3 pOSﬂi3HaBaHHﬂM MOBU B
LYMHOMY CEPeACBHLLI, HEAOCTATHA LUBMAKICTE PO3Mi3HaBaHHA Ta 06POBKK roNIOCOBMX AaHuX, Ta

6araro iHLWKX.

OTKe, MOXHa CKa3aTy, WO HAYKOBWIA HaNpAM JOCNiAXKeHb FONOCOBUX NOCAYT Y Mepexax 5G

Ma€ BeNVKUiA n0TeHuian Ta MOXe BHeCTH BaroMWIA BHECOK y FIOJla.ﬂbLUVIl\;I [PO3BUTOK rO/NIOCOBNX

TEXHOOTIN.

cS odHdes L 9 ' HYGatGRT, p ' dr ts H 'd2Om dA®
9 Oy dzd o' MmlsH Hisfdz' HY j dg HOdzts Is j d&3d , tc
ftssjdzy Odz adte’ h jozdgw  jodedn ftetsBdzj d@3 Iz
BkdzO d&zOHOdZO HtMmdIs! zO¢ sdz' ydzO, ftotsls j
sOCtsy yY' CO0ots CH' LhdsHdsyfdEsc tsH Zdelzls j dzj Clskz L
Hisfpdz' Hf jedetlgy to* " &8 W CtsMlis”® dzOH Odzdzv GG dzts f
BtsB " dz detscts L o 0 KPIY IO tclOEj dssdecitse f j metg H OY "
(edfm. 2).

ChatGPT, noscHW BaxkIMBICTE AOCAIAXKEHb KPUTEpPIiE AKOCTI HaAaHHA rONOCOBWX MOCAYT Y
Mepexax 5-ro nokoniHHA mobinbHoro 2BAasky Ta Bumorm Ao KPl-napametpie nepeaayi
ronocoBoro Tpadpiky

JocnigxeHHA KpUTepiiB AKOCTI HagaHHA TOJIOCOBMX MOCYT ¥ Mepexax 5G € ay>Ke BaXJ/IVBUM, t d fr] J 'LI 2 CIZQ o h Is
ocKinbkM 3abeaneyeHHA AKICHOrO Ta HaAIHOTO rOA0COBOro 3B'A3KY € OCHOBHO (yHKUIED . .
MOBiNbHUX Mepedxx. BaxnusicTe LMX AOCNif>KeHb NOAArae B TOMY, WO BOHW JAO3BONAIOTH dZIS J. d2$f%ts ETd3
PO2pobnTH Ta BU3HAYWTK CTAHAAPTHM Ta BMMOTM A0 AKOCTI TOA0COBMX Nocayr, Aki 3abesneuytors 9 G) dzq' 8 13 fH I.2 L d}‘jz
MaKCMManbHWi Kom$popT Ta 3a40BONIEHHA KOPUCTYBadiB. >i J'

Ctdlsjte’ "o Wt
Kpim Toro, aocniazkeHHa kpuTepile AKOCTI HagaHHA rOA0COBUX MNOCAYT AO3BOAAKTL BUABAATH "
npobnemu y Mepexkax Ta BAOCKOHaNOBATH ix. Hanpuknaa, A0CniakeHHA MOXKYTe BUABUTH G B dZB fl'] B 9 q r U‘ B fl'] |
npobaemu 3i 3aTPUMKOO CUTHaNY, WYMOM, BTPaTo NakKeTis, 1o A03BOAUTL BUPILLYBaTH L SG d3.B B t dZJ dZB G- tS
npobaemu Ta NoKpallyBaTM AKICTE NOCAYT.

ts GCKPI-fH@S O o

Bumoru go KPl-napameTpie nepepaui ronocoBoro Tpadiky TakoxX € Ay>Ke BakKAUBUMK ANA 9 i q d3 . H
3abeaneyeHHA AKOCTI ronocosux nocayr. Lii napaMeTpmn BKAOYaOTL TaKi XapakTepUcTMKK AK U J_ tG J_ H o -I_L G B dzts 1
MaKCMManbHa 2aTPUMKa, LWBWAKICTE NMepesadi AaHuX, BiICOTOK BTpaueHuX NnakeTie Ta iHLwli.

Bumorm 40 uuvx NapameTpie AonomMaraioTb BU3HAYMTW CTaHAAPTK AKOCTI nocayr Ta 3abesneuutn

BUCOKY AKICTb FOAIOCOBOro 3B'A3KY ANA KOPUCTyBadiB.

Omxke, gocniaxeHHa KpUTepiiB skocTi Ta Bumoru Ao KPl-napametpie nepeaadi ronocoeoro

Tpadiky € Ba>KIMEUMU eNeMeHTaMK y 2abezneueHHi AKOCTI TON0COBUX MOCAYT ¥ Mepexax 5G,

L0 AOTICMaraTh NoKpallyBaTy AKICTb NOCIYT Ta 3ai0BO/AGHHA KOPUCTYBayiB.
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USING CHAT GPT TO TROUBLESHOOT VIDEO
SIGNAL TRANSMISSION THROUGH IOT DEVICES

The object of the study was th@oblems of video signal transmission through 0T
devices using a distributed network, and the sought answer is a way to modernize the network t
improve video signal transmission.
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CHALLENGES OF END -TO-END TESTING OF TELECOMMUNICATION SYSTEMS

Endto-end (E2E) network testing is critical for service providers, it helps to identify bugs
early in software development process but also presents some major challenges. Testing triangl
challenges and solutions forenoservices testing are presented.
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COMPARISON OF TRADITIONAL FRAUD
DETECTION MODEL WITH MACHINE LEARNING

The article analyzes machine learning, its methods, advantages and disadvantag
combating fraud
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The article describes the Zigbee pipeline and the XBee library, which is used to develop a
Java applicatin for device monitoring.
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ONTOLOGICAL MODELING OF
TECHNOLOGICAL PROCESSES FOR THE PRODUCTION OF
DETAILS OF COMPLEX FORM

The research proposes an original approach to the design and storage of data an
knowledge regarding objects of technological process forpenducton preparation (parts,
equipment, materials, design procedures, etc.). It is involved to use ontological model for
modelling the technology of manufacturing complex details.
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DEVELOPMENT OF A METHOD OF DYNAMIC MANAGEMENT
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The main directions of the principle of operation of the hypervisor in SDN are summarized.
The results of the analysis of ensuring the criteria for the functioning of the information and
communication network for existing hypervisor solutions are given.
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