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PROBLEMS ARISING IN THE UAV RADIO CHANNELS

Abakumov V.
Radio Engineering Faculty, National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnik Institute ”
Kyiv, Ukraine

The development of robotics is experiencing quite a rise, which is
especially noticeable in the field of unmanned aerial vehicles. Every year,
drones are becoming more and more technological and can perform a wide
range of both civilian and military tasks. But the more technological the drone
become, the more attention needs to be paid to the problems that appears in
channels of drone control and information transmission.

Video and GPS

One of the main problems faced by drone developers and operators is
external interference and the mutual influence of radio channels on each other.
One of the most obvious examples is the GPS system and a video channel with a
frequency of 1.2-1.3 GHz. Their frequencies are very close to each other, which
leads to disruption of both links. That is, the loss of the image or its significant
deterioration at a long distance or the loss of the satellite signal, which will not
allow determining the location of the drone. Spreading the antennas over a
significant distance is not always an option, due to the limited size of the UAV.

One of the obvious solutions may be to spread the antennas in different
planes. That is, place the GPS in the upper hemisphere of the drone, and direct
the video antenna to the lower one. It is desirable to shield one of them from the
side of the plane where the other antenna is located. The drone itself or other
modules can act as a shielding. If we talk about shielding the antenna using
other means, then it will be more logical to protect the GPS antenna itself, due to
its dimensions, because patch antennas are usually used. For this, you can use a
metal plate that will protect the antenna from unwanted radiation. But the best
option would be a copper horn, where the antenna should be inserted, which will
provide shielding even when the UAV tilts. It must be grounded. In this case,
the GPS will be protected from civilian jammers and will even be able to work
in the range of military EW stations.

Sometimes you can observe an error of several meters when determining
the coordinates. This is due to the satellite's atomic clock. Even though this
clock is very accurate, its drift is about 8.5 to 17.5 ns per day. And if, in this
case, we talk about the distance, then we will get a drift of determining the
coordinates of 2.5-5 meters, which is the standard accuracy of GPS.

The most common frequencies of video transmission channels are 2.4 and
5.8 GHz, because a large number of equipment and antennas are manufactured
for these frequencies. Each has its advantages and disadvantages. 2.4 GHz has a

Mixcnapoona Haykoeo-mexHiuna Konghepenuis
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longer wavelength, which allows it to bypass more obstacles than 5.8 GHz, and
allows it to fly at a longer range. But in 5.8, a wider frequency band is available
to us, as well as less traffic in this range, as a result of which there are fewer
obstacles to the link operation. Plus, due to signal re-reflection, quadcopters,
when used for flights in high-rise buildings, can fly higher than with 2.4 GHz
transmitters, which can be used for search operations in collapsed buildings, or
military intelligence.

UAYV control

868 MHz and 915 MHz frequencies are standard for controlling drones. At
these frequencies, there are almost no problems, although there are several
nuances that must be taken into account. First, the control channel operates at
frequencies close to GSM 900, so if the equipment allows you to shift the
frequency, it is recommended to do so.

Secondly, there is a problem of harmonics of "neighboring™ signals. Here,
the solution can be simple and effective, namely the use of filters to remove
interference. In this case, we reduce the grid of frequencies available for
operation, but we will get higher immunity and more stable module operation. If
possible, it’s worth installing a backup 433 MHz communication channel.

Digital vs. Analog

Digital and analog signals have their pros and cons. If, for example, we
take a video transmission channel, then when using a digital signal, we will get a
higher speed of information transmission and processing, better image quality.
The higher transfer speed is both a major plus and a major disadvantage. The
downside is that, in military applications, when intercepting and decoding a
signal, the enemy can obtain a fairly significant amount of data in a short period
of time. As a result, this data can corrupt the operation, which can cause it to
fail. In fact, because of this, the US Army banned the use of Chinese DJI drones
because they were vulnerable to radio reconnaissance.

But the main problem is the operation of electronic warfare equipment,
which is a significant obstacle to the work of aerial reconnaissance units. For
this, you can have a backup analog channel that will allow you to continue the
flight and develop a signal processing algorithm that will allow you to decode
the signal, even with a high level of interference.

Of course, a specially designed signal processing algorithm for each
channel can solve all the problems listed above, but it is too expensive, due to
the amount of time and resources required for this.

Conclusions

Unfortunately, there are no tools and means that will help solve most of the
problems without worsening other UAV characteristics. The solution to each of
the listed problems must be approached taking into account the tasks for which
the drone is being purchased or developed, because each possible solution can
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significantly reduce the technical characteristics of the UAV, which will make
its use impossible.
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Aopamosuu A. O., k.m.n.; Iliooyonui B. O. , k.m.n., 0oyenm;
Bacunsee B. O. , macicmpanm
Hayionanvnuii mexniunut ynisepcumem Yxpainu
«Kuiscoxuii nonimexniunuu incmumym imeni leops Cikopcoko2o»
M. Kuis, Ykpaina

3ajada BU3HAUCHHS CKJIaJy METalleBUX 00’ €KTIB 0e3 iX (hi3WYHOTO MOIIKO-
JUKEHHST € JIOBOJII aKTyaJIbHOIO JUIsl PI3HMX rainy3ed rocnojaapctsa. s 1poro
MO>KHa BUKOpHUCTATU paaioTexHiuHy cucteMy (PC) moOynoBaHy Ha BUXpOCTpY-
MOBOMY TMPHUHIMII aHAI3y MeETally, 3 SIKOrO BUTOTOBJIEHO JOCIII)KYBaHUI
00’exT [1]. B ocHOBI poOOTH CHUCTEMHU JEXKHUTh SBUILE 30Y/KEHHS BHXPOBHUX
CTPYMIB Ha MOBEPXHI JOCHIIKYBAHOTO MeTasieBoro 00’ekty kKoHTposito (OK),
Kl BUHUKAIOTh MPU OMPOMIHEHHI MOTr0 30BHIIIHIM E€JIEKTPOMArHITHUM MOJIEM,
peecTpallisg CUTHaIy BIITYKY Ta HOTO aHali3 32 BCTAHOBJICHUMU 1H(OpMaLiiHU-
My mapamerpamMu. CHTHal BIATYKY CTBOPIOETHCS BTOPUHHUM EIICKTPOMArHIT-
HUM TIOJIEM, SIKE MPUHUMAETHCS aHTEHOIO CHUCTEMOIO, OOPOOIIIOETHCS €IEKTPOH-
HUM OJIOKOM 1 MEPEAETHCS HA THAUKATOPHUM MPUCTPIi, 3a MOKA3aHHSIMHU SKOTO
1IeHTU(DIKYIOTh METAJ.

Mertoto poOOTH € MiABUIICHHS JOCTOBIPHOCTI 17IeHTU(IKAIlIT MaTepiaity Me-
tajeBoro OK nuisxom 3acTocyBaHHs 06aleCiBCHKOIO MiaX01y 10 00poOku 1H]o-
pmartii orpumanoi PC mpu ogHOYaCHOMY BUKOPUCTAaHHI METOJIIB CIIEKTPATbHUX
TJIOMIMH Ta TpadiyHO-IIMPPOBUX 00pa3iB.

JlocimkenHs npoBoauiaucs Ha Maketi PC, sikuii onmcanuii B [1] Ta ckia-
TAETBCS 3 TMPUHAMAIILHO-TICPEIaBAIbHOT CUCTEMH, SKa TMPAIIOE HAa 4YacTOTi
6,6 x['11 1 BUMIPOMIHIOE €eKTpOMAarHiTHe ToJie, mpu B3aemozii sikoro 3 OK Bu-
HUKA€ BIATYK, KM B pI3HULI (Pa3 MK ONMPOMIHIOBAHUM Ta MPUWHATHM aHTeE-
HOIO CHUTHAJIaMH Hece 1HGOpMaIllo PO MeTaj, Ta MIKPOKOHTPOJEPHOTO OJIOKY
00poOKHU CUTHAITY, 110 32 BUOOPOM OIlepaTopa BUKOPUCTOBYE METOJ CIIEKTPaib-
HUX TUIOMIMH 4u TpadivuHo-1udpoBux odpasziB. [ligBUIIMTH UMOBIPHICTH 17€H-
Tadikaii MeTary MOYKHA IIJIIXOM ITOCIJOBHOTO BUKOPHUCTAHHS 000X METO/IIB
Ta TIOJIAJIBIIIO OOPOOKOI0 OTPUMAHUX PE3yJIbTaTiB 0al€CIBCBKUMH METOJaMHU
00poOKkH BUMaAKOBUX BeauunH [2]. Takuit nuisx 300paxenuit Ha puc. 1 [3].

Mixcnapoona naykoeo-mexuiuna Konghepenuis
«Padiomexniuni npooremu, cuzHaiu, anapamu ma CUCmemu 11



Paodiomexniuni cucmemu ma MikKpoxeuyib08a mexHika

CrexTpans- I'padigno-mmdporui
=il METOT METOT
A A
C
HS HM

J

AsmropuTM npuiiEaTIS

pimenss

Pucynox 1. [1Insax miaBuieHHs: KMOBIpHOCTI i1eHTH]iKallli MaTepialy METaJIeBOro 00’ €KTy
KOHTPOJTIO

PosrisitHemMo MOXIHMBICTH BUKOpPUCTaHHS MeToy baiteca. Hexail nam 3ana-
Hi rimore3u H;,i =1,_N [IIOJI0 MOJKJIMBUX THITIB MeTalliB, 3 AKkuX BukoHaHl OK.
Tonmi mpu crnekTpaJbHOMY METOJI MOXK€ OyTH NpHUMHSATE OJHE 3 pIlleHb
H jC, ] =1N a pu MeToai TpadigHO-IIMPPOBHX 00pa3iB — OJHE 3 Hlm,l =1 N.

) ) r

Ha ocHOB1 eKClIEpUMEHTAIBHO OTPUMAHUX PIIIEHB Hf Ta H, 1 Maemo amocre-
. . . . C ylra) : 1w - .

piopi #mosiprocrti rinores P(H;/Hj,H ™),i=LN i 3a xpurepiem makcu-

MyMY arocTepiopHOi KMOBIPHOCTI, MPUUMAEMO OCTATOYHE PIIICHHS II0JI0 THUITY
MeTaiy, 3 sikoro BuroronieHo OK.

S C Il
Hm—argmaxP(Hi/Hj,H, ) 1)
|
B Tabn. 1 HaBeneHO €KCEpUMEHTAIbHO OTPHMMAaHI 3HAYEHHS WMOBIPHOCTI
JOCTOBIPHOT 1AeHTH(IKALIT I CHEKTPaJIbHOro Ta rpadiuHo-IudpoBOro s
YOTUPHOX METaIIB (CTallb, MiJb, CBUHEIb Ta AIOPATIOMIHINA) MPU CIiBBITHOIICH-
HI CUTHaJIy BIATYKY 710 nmapa3uTHuX curHams B cucremi (C/II) 20 nb.

Tabmums 1

[Monis H |C/ H |Fu
I'noresa Hi - —

Crainbp Mine Cunens | Jlropamominii
Craip 0,92/0,91 | 0,03/0,02 0,02/0,04 | 0,03/0,03
Mias 0,01/0,03 | 0,95/0,92 0,02/0,03 | 0,02/0,02
CBuHeELb 0,03/0,02 | 0,04/0,0 ]0,91/0,93 | 0,02/0,02
Iropanrominiii  |0,01/0,03 | 0,02/0,02 |Ceuneus | 0,93/0,92

A B Tabm. 2 HaBeIeHI amocTepiopHi HMOBIPHOCTI P(HJC/ Hi) Ta

P(H;"/H))
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Tabnuus 2
IMoxist H |C/ H IFI_[
IMonii H (-:Ta
r . Hl Cranp H2 H3 H4 Jropamominiii
HI H Minb Caunenp
HE WM | 095092 | 001003 | 003/0,02 0,01/0,03
H2C HI® | 0,03/0,02 0,91/0,93 0,04/0,03 0,02/0,03
HS HI™ | 0020004 | 0020003 | 0,92/091 0.04/0,03
Hy HIY | 003/003 | 002/0,02 0,02/0,02 0,93/0,93

[TpuifHATTS OCTATOYHOTO PIlIEHHS BAOYBAETHCS 33 MAKCUMYMOM arpiop-
HUX UMOBIPHOCTEH pIllIEHb, SIK1 € AaIOCTEPIOPHUMHU WMOBIPHOCTSIMU JIJISI METOLY
CIEKTPAJIbHUX TUJIOIIMH Ta YMOBHHMX MMOBIpHOCTEH TpadiuHO-1IM(DPOBOro METO-

ay.
ArnoctepiopHi HWMOBIPHOCTI MPH IOE€THAHHI METO/IIB P(Hi IH jC, HIFLI)

OTpUMaHI 3 BUKOpUcCTaHHAM Bupasy (1) cknagarote 0,999 — nna crani, 0, 997 —
st Mijit, 0,997 — nns ceunIio Ta 0,998— muist mropaiatoMiHio.

Buxopucranns teopemu baileca, ska 103BoJiss€ BU3HAYUTH HMOBIPHICTh
MOJil 32 YMOBH, 1110 CTaJlacs 1HIIA CTATUCTUYHO HE3JIE’KHA 3 HEIO MO/I1sl, 103BO-
JIsi€ 3a TIOTIEPEIHIMHU OIIHKAMHM TIABUIIATA WMOBIPHICTH 1IeHTU(IKALII MeTamy
IpU TIOYEPrOBOMY BHKOPHUCTaHHI 000X MeToniB Onm3bko 20...25%. Ilepum
JUIs ineHTrdiKaii BUKOPUCTOBYBABCS METOJ CIIEKTPAIbHUX IIOIIMH a APYTHM
— rpadiyHO-IIUPPOBUIA.

BcranosneHo, 1110 pu CIiBBiIHOMIEHH] curHai/mym Oiibine 30 1b oOuaBa
METOJM MalOTh OJHAKOBY €(QEKTUBHICTh, MPU HOTO 3MEHIIEHHI CHEKTPaJIbHHIMA
METO/1 TIOYMHAE TMPAIIOBATH Tipiie, a rpadigyHo-Iu¢poBHil 30epirae cBor edex-
tuBHICTE 10 3HaueHs C/III 10 ab.

TakuMm YMHOM, MOXHA CKa3aTH, 110 MOEJHAHHS PE3yNbTATIB 1AeHTU(IKAIIT
MeTaiy, 3 skoro BurotoBieHo OK, oTpuMaHMX METOIaMH CHEKTPATbHUX TLIO-
e Ta rpadgiyHo-uu@poBux oOpasziB, npu oOpoodui ix merogom baiieca 3Mo-
XKYThb MIJBUIIMTU WMOBIPHICTH 1A€HTU(IKALI] B TOPIBHSAHHI 3 OKPEMHM BUKOPU-
CTaHHSM OJHOTO YW iHmoro metoxy. OMHAK HaJ OTPUMAHUMHU PE3yJIbTaTaMH
noTpiOHa moajkina podoTa 3 METOK OLIBIT YITKOTO PO3YMIHHS METOJIB 00pO-
OKHM CUTHAITy BIATYKY Ta PO3pOOKa aIropuTMy TaKoi 0OpOOKH.
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AHoOTALIA

Po3rnsHyTi nmuTaHHS MiABUIIEHHS JOCTOBIPHOCTI iAeHTU(IKAIl] MaTepialy MeTaleBUX
00’€KTiB IUIIXOM 0O0pOOKM HMOBipHICHIMU MeTofamu (Teopema baiieca) curHamy Binryky
BUXPOCTPYMOBOI PaJiOTEXHIYHOI cucTeMH. PO3risiHyTo 0cOOIMBOCTI 0OpOOKHM CUTHANY Bij-
TYKY.

KirouoBi ciioBa: BUXpOCTyMOBHI IPUHIIKI, Teopema baiieca.

Abstract

Considered issues of increasing the reliability of material identification of metal objects
by probabilistic processing (Bayes theorem) of the response signal of the eddy current radio
engineering system. Features of response signal processing are considered.

Keywords: vortex principle, Bayes theorem.
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MAJIOIITY MJISTUMIA TIIJICUJTIOBAY X-JTIATTA30OHY 3 PIN
JIOJJHUM 3AXUCTOM

benoax B. P., Bacunenxo /1. O.
Hayionanvnuii mexuiunuti ynieepcumem Yxpainu
«Kuiscoxuii nonimexniunuu incmumym imeni leopsa Cikopcoko2o»
m. Kuis, Ykpaina

[Totyxnicte GaN Tpan3ucTopiB B Aiana3oni X gocsrae 300 B, mo 103Bo-
Jsie€ Jierko OyayBaTH MiACHIIOBadl 13 BUXIIHOW TOTYykHicTI0O 500-600 Bt. [ns
3MEHIICHHS BTPaT IMiJICYMOBYBaHHS MOTY>KHOCTI JOIIJILHO POOUTH XBUJIEBII-
HUM CYyMaTopoM, a OTXeE 1 BECh TPaKT MoOy/1oBaHUi Ha XxBujeBol. [Ipu poboti
nepenaBaya i mpuitMada Ha OJIHY aHTEHY pO3B’s3Ka, SIK MPaBUIIO, 3A1HCHIOETHCS
HUAPKYJIATOpOM. THITOBE 3HaYEHHSI PO3B’A3KH Yepe3 HUPKyATop cknanae 20 nb.
A omxe, MIII, mo po3MilyeThCss Ha BXO1 MOTPEOYy€E A0/IaTKOBOTO 3axXuCTy. B
nanoMy nociimkeHHst 3axuct MIIIT 3pobneno 3a momomororw pin-aiona. Jlo
BUOOPY KOMIIOHEHTIB BHUCYBAJIMCS HACTYIHI BHMOTU: KOE(DILIEHT MIyMYy
MIIIT <1 nb, 3aTyxaHHsl iK€ BHOCHUTHCS J10JOM Y BiAKpuTOoMy cTaHi >201b,
BTpaTu y 3akpuToMmy ctaHl <0.4n1b, mMakcuManpHa KOMYTYIOYa IOTYKHICTb
>5 Bt. 3a pe3ynbraTaMu AOCTI/DKEHHS NMpUKMad MICTUTh XBHJIEBIIHO MIKpOC-
myxkoBuit nepexin (XMII), p-i-n mion MADP-011027-14150T ta MoHOJiTHA
iHTerpanbHa cxema MIIIT CMD319C3. B 3akputoMy ctadi oOpaHuil 110 Ma€e
BTpatu 0.3 1b, koedirient mymy mikpocxemu MIIIT 0.92 nb.

JleTanpHOMY JOCHIIKEHHIO TiIsAraB KokeH 0J10K. B poOoTi nmpencraBiaeHo
JuIIe Jeski pe3yiabratd. Benmuka yBara Oyna mpucBsiueHa BUOOpY matepialy,
noTpiOHO OyJI0 3HANWTU KOMIIpOMIC Mk BTpaTamu y XMII, BruiimBoM Ha napame-
TPU KOMIIOHEHTIB Ta OPCTKICTIO MaTepiany. Bigzomo mo ROS5880 ue marepian
3 HaJ3BUYAHO HU3BKUMM BTpAaTaMH, JOCTATHHO M SATKWUW, a TPH TOBILHMHI
254 MKM JyXe€ THYYKHH BIANOBIIHO Ma€ HHU3BKY KOPCTiKicTh. Martepian
RO4350 mae npemio Ounbli BTpaTH, ajie Mae OUIbIITY >KOPCTIKICTb. ToMy CTOSIB
BuOIp Mk 254 mxm Ta 508 Mkm matepiary RO4350. Ilpuknaa TecToBoi miatu
TOBHJ;I/IHO}O 254 MKM 115t I[OCJIII[)KeHHSI Koe(bluleHTy rymy 300paskeHo Ha puc.l.
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Pucynok 1. Tomosnoris TecroBoi ruratu MILII 6e3 p-i-n gioay (3:1iBa) Ta 3 p-i-n giogoM
(cipaBa)

JlocmimKeHHsT MPOBOAMIIOCS 3 BpaXyBaHHSAM BTPAT B PO3’€MI Ta MIKPOCMY-
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’KKOBIH JIiHIT 3 CTOPOHM BXOAY. Pe3ynbTaT eKCriepruMEeHTaIbHOTO JOCHIKEHHS
MpeCTaBJIeHI Ha pHC. 2.
Sk BUIHO 3 OTpUMa-

22 | |

5 4 || = NF 0.254 without diode HUX PE3YJIbTATIB TOBIIH-
: — NF 0.508 without diode :
U NE 0254 it oo Ha TH/KIATMHKE Ha KOE
—— NF 0.508 with diode ¢bimient mymy MIIII
e
19 = IPAKTUYHO HE BILIMBAE,
e — /"""----/_/ b .
31-8 /_a»'\/ aJie B IO€JHAHH1 3 J10-
217 JIOM pe3yibTaTH BiApi3-
< 16 HAIOTHCS, PI3HULS JOXO-

Tk 1o 0.3 nb. Tob6to
napaMeTpH 104y CHIBHO
3aJIe)KaTh BlJ TOBIIUHHU

1.3 /“"‘-~-~-..__—'-'-''''‘‘''-~-...,.__,,.—-""~-~--..--'-’/--_j < :
——— MIAKJIQJUHKH, 4 CaM€ BlJ]
1.2 i -

8 8.5 9 9.5 10 10.5 11 HH’IPHHH MIKPOCMYIKKO
Freq [GHz] BOT JIiHIT i3 XapakTepuc-
Pucynok 2. Tonosnoris tecroBoi rtatu MILII 6e3 p-i-n giony THYHHM OIIOPOM 50 Om
(3:iBa) Ta 3 p-i-n miomom (crpasa) Ha BxoJi pin-mioga. Koe-

GbIlieHT TIyMy TOTOBOTO
MILII B pobouiit cmy3i 9—10 I'T'y konmuBaeTses Bix 1.4 mo 1.45 nb, cepenHiii
koedimient macwieHas 21 nb puc. 3.
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Pucynok 3. XapakTepucTUKu KOe)illieHTy IIyMy Ta MiJICHJICHHS BiJl YaCTOTH

3oBHiIHIA BUTIsa po3podsenoro MIIIIT 300paxeno Ha puc. 4. Jlocmi-
JOKEHHS PI3HUX THIIB MEPEX0/IiB MOKa3ajo 10 BUKOPUCTAHHS Tepexoay “bow-
tie” [1] 3abe3nedye HU3BKUI KOCPIIIEHT BiIOUTTS B IMIUPOKiK cMy3i. OTpuMaHe
3HaYeHHs BTpar s AaHoro nepexoay 0.2 nb mpu BUKOpHCTaHHI MaTepiaiy
RO4350 254mkm. Koedirient Bigoutts po3podiaeHoro MIIII we ripmie -14 1b
B poOouiit cmy3i puc. 4.
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Reflection coefficient

. /T N\ /
N/
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[GHz]

Pucynok 4. Bxinnuii koeditieHT BigOUTTS (3111Ba), 30BHiMIHIM Burisa miaatu MILIIT (cnpasa)

BucHoBok: B pocnipkeHHI BCTAaHOBJIEHO, IO BUKOPHUCTAHHS MaTepiary
RO4350B mys mooymosu MIIII i3 xBUIEBITHUM BXOJOM Ha OCHOBI 1HTETpash-
HOT MIKPOCXEMH 13 3aXUCTOM Y BUTJISAII PIN-Ti01a T03BOJISE TOCITTH KOe(DIilieHT
mymy He ripie 1.45 ab 1 koedinient miacuieHHs He mexie 20 1b B mianaszoHi
gacTtoT 9-10 I'T11.

IepeJik mocujiann

1. Ruei-Ying Fang, Chun-Long Wang Miniaturized Microstrip-to-Waveguide Transition
Using Capacitance-Compensated Broadside-Coupled Microstrip Line // IEEE Transactions on
components, packaging and manufacturing technology, vol. 3, no. 9, september 2013. C.
1588—1596.

AHoTalisA

B po6orti mpencraBieHo pe3ynbTaTd po3poOKu Manomrymisiaoro miacumtoada (MIIT)
X-/iana3ony 13 pin-Al0JHUM 3aXHUCTOM 3 BUKOPUCTAHHSAM BUKJIIOYHO MOHOJIITHUX 1HTETpalib-
Hux Mikpocxem. MIIIT mae xBunesigauii Bxix WR-90 i SMPM Buxin i 3a6e3neuye koedilri-
€HT wymy He ripuie 1.45 b 1 koedinieHnT niacuneHHs He Mexie 20 n1b B aiana3zoHi 4acTot 9-
10 I'Tu.

Kitouosi coa: MIIIII, koeditieHT 11yMy, MOHOJITHI IHTETPAJIbHI CXEMHU.

Abstract

The abstracts The paper presents the results of the development of an X-band low-noise
amplifier (LNA) with pin-diode protection using exclusively monolithic integrated circuits.
The LNA has a WR-90 waveguide input and an SMPM output and provides a noise factor of
no worse than 1.45 dB and a gain factor of no less than 20 dB in the frequency range of 9-10
GHz.

Keywords: LNA, noise factor, MMIC.
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PATIOJIOKAIIAHE CYITPOBOKEHHS JITAKIB 3
BUKOPUCTAHHSIM JAHUX ADS-B

Bacunvee B.M., 0.m.n., npogh.

Kagheopa padiomexniunux cucmem, padiomexuivnuii ghaxynomem,
Hayionanvnuii mexniunut ynisepcumem Ykpainu
«Kuiscokuii nonimexniunuu incmumym imeni leops Cikopcbko2o»
m. Kuis, Ykpaina

B anroputrmax OIIIHKH 1 MPOTHO3YBaHHS MapaMeTpiB TPAEKTOPIN MOJIBOTY
noBiTpsiHux cynaeH (I1C) 3a nanuMu paaiogoKaiiHOTO CIOCTEPEKEHHS, SIKI BU-
KOPHUCTOBYIOTHCSI B @aBTOMaTHU30BaHUX CUCTEMAX KEPYBaHHS MOBITPSHUM PyXOM
(AC KIIP), nepenbavaeThCs HasIBHICTh 1X ajanTailii 1 30€peKeHHs CTIHKOCTI
CYNPOBO>KEHHSI JIITAKIB TP X MAHEBPYBAHHI.

3 METO0 MIJBUILEHHA TOYHOCTI OLIHKK TpaekTopiil mosupoty IIC 1 momimn-
IICHHSI SIKOCTI KOHTPOJIO MOBITPSHOTO PYyXY PO3TIISTHEMO aJIrOPUTM BHUSBICHHS
MaHEBpY JIITAKa 3 BUKOPUCTAHHSIM 1H(pOpMAaIlil, 110 MOKE HaJJaBATUCSI CHCTEMOIO
ABTOMATHYHOTO 3JIKHOTO crioctepekeHHss (ADS) 13 BUKOpPHCTaHHSIM PO3IIH-
penoro ckBittepa ES ADS-B [1], mo BrirOuae 30kpeMa KOOPAUHATH HACTYITHOT
TOYKH MApUIPYTy, a TAKOXK HIBUAKICTh MOJbOTY. Ll 1HpopMalis 103BoJIsI€ BU-

3HAYMTH OUiKyBaHY 3MiHy Kypcy monsoty P~ Kz - Kl, ne K; — morounmii Kypc;
K> — HoBuil. Takoxx MOXxHa po3paxyBaTH Micue (4ac tp) moyarky MOBOPOTY
L = Rtg(¢/2)— niniiine momepemkenHs po3Bopoty (JIIIP) 3a ymoBu, mo Jjitak

VY
3MIHIOE KypC 3 TIOCTIHHOO MIBUAKICTIO V 10 Ty31 pajiycy R=V*/(g1gvs) , e '3
— 3aJIaHUH KyT KPeHy; ( — MPUCKOPEHHS BUIBHOTO MaIiHHs (IuB. puc.l).
biune BiaXuneHHs JiiTa-
T Pr : _
. . Ka rmpu 3MiHu Kypey (t =0 —

. w7 | 0YaTOK TIOBOPOTY):
N ey | S z(t)=R(l—cos(Vt/R)), (1)
T D INE RN
0 1 5 Yepes HaBirauiiHi mo-

XHOKH MOMEHT TIOYaTKy
MOBOPOTY Ha OOpTy JiTaka
BH3HAYAETHCS 3 IIOMMIIKOIO.
B AC KIIP konTtpons mo-
noxxenHs IIC 1 BigmoBimgHO
Pucynok 1. Bu3HaueHHs MOYaTKy IIOBOPOTY KOHTpOJIb pocsirHenHs JITIP
MPOBOJUTHLCS 3 MOXUOKaMU

ANTOPUTMY 3TJIAJKYBAHHS PaJi0JOKAIIMHUX BUMIpIB. TakuM 4MHOM, 3MiHA KY-
PCy MOKE CTaTUCS B OYyJIb-sIKMI MOMEHT Ha JAESKOMY 1HTepBall 4Yacy 7y, 110 Bi-
nnoBijnae HeBu3HaueHocTi JIIIP. 3a3naueHi moXxuOKu MOKHA TPEACTABUTH SIK

-
L4
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2
BUIMAJKOBY BEIMUMHY 3 HOPMAILHIM 3aKOHOM PO3MOiTy i gucmepcicio °L, ska

BU3HAYAETHCS XapaKTEePUCTUKAMU OOPTOBOTO HABITALITHOTO KOMILIEKCY 1 TOY-
HICTIO aJITOPUTMY 3IUIaJKyBaHHs. L{e 103BoJIsIE BU3HAYMTH 1HTEpBa HAWOLIBII

o . +
BIPOTIJHOTO ITIOYaTKy MaHEBPY, 110 TOPIBHIOE 3o,

[Tpu 3miHi Kypcy 30inbiryeTbes Oiune BiaxwieHHs Z(t) (1), ske MoxHa BU-
MIPATH 3a JOTIOMOTOIO PajiiojoKaTopa 3 MOXHOKOIO Ny

X(t) =Az(t)+n,, (2)

e A — ImapaMmeTp, sSIKUM mpuiiMae 3HaueHHs 1, SKII0 A1MCHO Ma€ Miclie TOBOPOT
(rimote3a A = 1), a6o 0, sxm1o moBopoty HeMae (rirmote3a A = 0).
3amava BUSBJICHHS MaHEBPY MOKe OyTH BHpIIICHa B paMKaX TeOpii cTaTuc-
TUYHUX PIIIEHD 13 3aCTOCYBAHHSIM KPUTEPIiB, 0 aHANI3YIOTh BIIHOLIEHHS PYyH-
Kiii npaBaomnoaioHocti [2]:
_ p(xp\':l)>h’ (3)
p(x|A=0)

e p(x[A=1) _ YMOBHA IIUIBHICTh WMOBIPHOCTI, KOJIU Ma€ MicCIle TTOBOPOT;

p(x|2=0) _ KOJIM TTOBOPOTY HeMae; N — mopir BUSBJICHHS.

AmpiopHI JiaHl, HaJlaHl BUIIE, H03BOJISIOTH MOJIATH 3a7a4y BUSIBICHHS MaHEBPY
K 3a7la4y BHSIBJIICHHS JeTepMiHOBaHOTO curHany Z(t) Ha TJ1i BUIIAJKOBOT 3aBajIu
TUIY «OUTHH TITyM» 71z (2) TIpH BiIOMIH IIUTBHOCTI HMOBIPHOCTI PL. MOSIBH «KOPH-
cHoro» curHany (1). ¥V 11poMy BUIAIKy BiIHOLICHHS MpaBaonoaioHocTi (3) mis
JTMCKPETHOI BUOIpKM nipuiimae Buf [2]:

ZX(I)Z(I)>— Inh + Zz (i) |/c?|, a6o C>H, (4)
i=0
2

ne K —uucmo BUOIpOK; ~Z — aucnepcis NOXHUOKKA BUMIPIOBaHHI.

JIist anropuT™My CyNpOBOKEHHS BOXKJIMBO BU3HAYUTH HE TIJIBKU (aKT Has-
BHOCTI TIOBOPOTY, aji¢ 1 MOMEHT HOoro mo4arky. Tomy npOHOHyeTLc;I KOB3HA
nporeaypa ans (hikCOBaHOTO IHTEpBaTy 4acy crnoctepekeHHs ("'BikHa" mepeBip-
kn) Tw=kT, ne T — nepion orysimy pamionokaropa (Ha pucyHky K = 2). s dik-
coBaHoro "BikHa" I' cyma JIeBiil YaCTUHU HEPIBHOCTI (4) 3aMHUCY€ETHCS K

0

cr:ix(n+r+i)z(i), r=012, ()

Je N — HOMEep OCTAHHBOT'O BUMIPIOBAHHS, MICIIA AKOTO "YBIMKHYBCS'" IE€TEKTOP.
[Iparayun BpaxyBaTH BCIO HasiBHY amnpiopHy iHGOpMAIii0 MpUAMEMO B

SKOCTI KPUTEPIIO OLIIHKK MIHIMYM HMOBIPHOCTI 3arajibHOI MMOMMJIKH BHUSIBJICHHS

minQ = pgo.+ P, me P1, Po — AMOBIPHICTD MOSIBU 1 BiACYTHOCTI HOBOPOTY
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BIJIMIOB1THO (P + P :1); o 1 3 — yMOBHI KIMOBIPHOCTI XHOHOT TPUBOTH 1 TIPOITY-

CKy BiamoBigHo. Lle BifmoBigae MakcuMyMy aroctepiopHoi WMoBipHOCTI [2] (kpu-

tepiii Konmoroposa-3urepra), npu oMy h=po/ PiaH y (4) nns "BikHA" T A0-
PIBHIOE

G Y K 2 2

H, =—2|In=2"+q |, q=| > z°(i) |/ o%.

(6)
[Ipu peamnizariii anropuTMy CIiJI MPUITYCTUTH, IO JIO 3MIHU KYpCY JIITaK Mir
JICTITH 3 BIAXWICHHSAM. B IbOMy BUIAJIKy CHTHAJ JIokaTopa (2) MOXHA 3alucaTu

(7)

X(t)=Az(t) + Z, +n,y + 1,

Z

. . . n .
ne “r— ouinka 6i4HOro BigXuneHHs; 2? — moxuOKa alIropUTMy OLIHKH.
Mosnaunmo y (7) X'(t)=x(t)-Z,; n;=n,, +n,. [pu Takiii nocranosui

dopmynu s aerekropa ManeBpy (5), (6) 3amuinarThCcs, HEOOXITHO TITBKU 3a-
2 2 _ 2, 2
: Gy =05+0C
MiHUTH °Z Ha 2 2 U2 g x(t)ma x’(t).
Yucno Bubipok K B "BikHI" mepeBipky MOKHA BU3HAYMTH TI0 TaK 3BaHil Xa-
paxtepuctuii BusBieHHs Q = Q(q). 3agar0unch TOMyCTUMHIM 3HAYCHHSAM HMOBIp-

HOCTI 3arajIbHOi IIOMMIIKHA Qjon , BUBHAYAETHCS (pon, @ 3BIJICK 3HAXOAUTHCS TIOTYK-
k

01T

. . 2 ,-
HICTb curHany E == o2 Oyon- Ockimekm E, = > 7°(i), TO MOXKHA BU3HAYUTH
i=0

(¢

: . : k . e
HEOOXIJTHY KIIbKICTh BUOIPOK A9 | I10 TapaHTY€ 3aJjaHy UMOBIPHICTH TTIOMUJIKH.
OcCo0JIMBICTIO 3aMPOIIOHOBAHOTO AJITOPUTMY € BpaxyBaHHs 1H(popMmariii ADS-
B, moxuboxk paionokaiifHoro CocTepexeHHs 1 00pPTOBUX HABITAIIHIX CUCTEM.

IlepeJtik nocujianb

1. ICAO Doc 9871. Technical Provisions for Mode S Services and Extended Squitter.
Edition 2, 2012. — 352 c.

2. Topbanp LI. Teopis IMOBipHOCTEH 1 MaTeMaTH4Ha CTATUCTHKA JUIl HAyKOBUX
npauiBHUKIB Ta iHxeHepiB / L.I. Topbans. — Kuis, 2003. — 244 c.

AHoTAaLA

3anpornoHOBaHO aJIFOPUTM BUSBIEHHS 3MIHHM KypCy JIiTaka IpH paaioyIoKaliiHOMY CTe-
’KEHHI 3 BUKOPUCTAHHSM JIaHUX aBTOMATHYHOTO 3aJIEKHOTO CIIOCTEPEKEHHS.

KirouoBi cnoBa: miTak, TpaekTopis, padiojioKallisi, aBTOMaTU4YHE 3aJIeKHE CIocTepe-
’KECHH$1, BUSIBHUK MaHEBPIB

Abstract

The aircraft maneuvering detection algorithm using automatic dependent surveillance
data for radar tracking is proposed.

Keywords: aircraft, trajectory, radar, automatic dependent surveillance, maneuver
detector.
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HIMPOKOCMYTI'OBA CMY’KKOBA AHTEHA 3 KOJIOBOIO
IMOJIAPU3ALICIO UJIA CYITYTHUKOBOT O 3B'AA3KY

I'epzins €. €.; Cywko O. IO., PhD
Hayionanvnuii mexuiunuii ynigepcumem Yxpainu
«Kuiscoxuii nonimexuiunuu incmumym imeni I12ops Cikopcvko2o»
m. Kuis, YVkpaina

CydacHa pafloTexHiKa BHCYBa€ BC€ OUIbII BUMOTJIIMBI KpUTEPil NI aH-
teH. Cepesl IMX BUMOT, yIbTPAIIUPOKa cMyra poOOYUX 4acTOT, HU3bKI BTPATH,
HU3bKI PIBHI KPOCHOJIApU3AIlii, TEXHOJOT1YHITh BUTOTOBJIEHHS, MOXJIUBICTh Ma-
cirTabyBaHHs ISl TOJANBIIOr0 BUPOOHHUIITBA, Ta HU3bKAa BapTicTh. YacTo om-
TUMAJIBHUM PIIICHHSIM, 1110 HAUTIOBHIIIE 33I0BUTRHSIE BKa3aHl KPHUTEPIi € CMYXK-
koBi aHTeHH. OJHWM i3 OCHOBHHX HEJOJIIKIB CMYXKOBHX aHTEH € ix poOoua
CMyTa 4acToT, sSKa CKJIaJIa€ KiJIbKa BIJICOTKIB, IO HE 3aJI0OBLIBHSE CyYacHi IMOT-
pebu. Ilpore, BuKopucTanHsi 6araTomapoBUX CMYKXKOBUX aHTEH, JI03BOJISIE PO-
3MIUPUTH POOOUY CMYTY TaKHX aHTEH 1 MPUBECTH Y BIAMOBIAHICTD 13 MOpTEOaMH
Cy4acHHX TelieKoMyHikanidaux cucreMm [1]. TIpore Taki aHTEHM YacTO MarOTh
3Ha4YHI BTpaTH (3a paxyHOK BTpaT B MAICNEKTPHKY), 1 MAarOTh KOHCTPYKTHBHI
ckiagHom [2] y BuroTsieHHi (baratomapoBi APyKOBaHI IJIaTH € CKJIaJHIITMMU
y BUTOTOBJICHHI Ta HaOIp TOBIIMH AICJIEKTPUKIB € CTPOTO OOMEKEHUM, IO
YCKJIQJIHIOE OTITUMI3AIl1F0 KOHCTPYKIIIi ).

B naniit po60oTi MPONOHYETHhCSI KOHCTYPKIIiSI AHTEHHU, SIKa BUPIIIY€E BUIIE-
nepepaxoBaHi HeZoiku. [laHa aTeHa po3paxoBaHa Ha poOOTY B Jllalla30H1 CyITy-
THUKOBOTO 3B 513Ky 10.7-12.75 I'T'11 (y3romkenns He ripiie -15 ab) 1 Mmae KoJoBy
TOJISIPHU3AILIIO, KA JOCATAETHCA 3a PAXyHOK OCOOJIMBOCTEH JKUBIICHHS IIi€1 aHTe-

HU.
s
J
a o

Pucynok 1. KoHCTpyKIIisi MIKPOCMYKKOBOT aHTEHM; @ — HUD)KHS APYKOBaHa Ij1ata (BUIJISA
3BepXy); O — BepXHs JpyKOBaHa IuiaTa (BUIJISLA 3BepXY); B — BUIIIAL 3 O0Ky; I — 3D mMozaens
MIKPOCMY>KKOBOT aHTEHU

—r—
—

r

['onoBHMMU TepeBaraMu € Te, 110 aHTEHa CKJIAJA€ThCS 3 ABOX OKPEMHX
JIBOILIAPOBUX JIPYKOBAaHUX ILJIAT, 3’ €ITHAHUX KOPCKUMU MPOBIIHUKAMH, 32 paxy-
HOK BUKOPHCTAHHS MOBITPOIO 3a30py 3aMICTh J1€JIeKTPUKa 3MEHIIYIOThCS BTpa-
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TH Yy aHTEHI, JOCSATAEThCS MIMPIIA cMyra podounx 4actot [3], Ta € MOXKIUBICTb
BapilOBaHHA MOBITPSHOTO 3a30py MPHU MOJEIIOBAHHI aHTEHHU, 10 POOUTH JaHy
KOHCTPYKIIIIO OLIBII TPUIATHOIO JIJISI ONITUMI3aLlli.

— Axial Ratio

ab

o (10.7,5.0026 )
9, (12.75, 4.6092 )

sl crozasonny oo M
o, (12.75,-15.489 )

4
3
1
0

9 10 11 12 13 14 15 10 10.5 11 11.5 12 12.5 13
Tactota, ITn Yacrtora, [T

a o

Pucynok 2. JIocsrHyTi XapaKTEpUCTHUKNA CMYXKOBOT aHTCHH; a - YACTOTHA 3AJICKHICTh Koedi-
LI€HTY BIAOUTTS S11; 6 - 4aCTOTHA 3aJI€KHICTh KOE(IIIEHTY TINTUYHOCTI

I3 puc. 2a BugHO, 1110 IaHHA aHTE€HA Y3TO/KEeHa 1o piBHIO -15 nb B mmpo-
kit cmy3i yactot Big 10.7 mo 14.7 I'T'u. Jlns 3a6e3nedeHHs HaAIMHOCTI KaHATY
3B’SI3KY JUTSI TeJIEKOMYHIKallidHuX cucteM (B Tomy umcii Starlink [4]) Bukopuc-
TOBYETHCS KOJIOBA mojsipu3anida. ToMy B gaHii poOOTI OKPEMOIO BUMOIOIO KPIM
Y3TrOKEHHS € TaKOXK 3a0€3MeUEeHHS KOJIOBOI MOJIApU3allii B IIUPOKOMY Jl1arna3o-
HI KYTIB.

Jlanuii KoeilieHT eNNTUYHOCTI JOCSTHYTO 3a JOMOMOIOK ONTHUMI3AIlil
CTPYKTYpPH 1 Ma€ MicLe IJisl KyTiB Jiarpamu cupsimoBaHocTi BiJ -40 no +40 rpa-
TyCiB.

OCK1UIbKH MPU BUTOTOBJICHHI JIaHOI aHTETH JIOTPUMAHHS BIJIITOBIAHOTO TI0-
BITPSIHOTO 3a30py € HAaWMEHII TOYHUM MapamMeTpoM, MPOBEJICHO TOCIIIKEHHS
HOTO BIJTMBY HA Y3TO)KCHHS aHTCHH.

0
-5
210 e
-15

Sl (har22)| | el RSN
-20 -

—S1.1 (h an=2.3)
254 — L

1B S1.1 (h air=2.4)

-30
-354{|—S1.1 (h_an=2.6) \J
40 {|— SL1 (h_air=2.7)
a5l S1.1 (h an=2.8)

=—S1,1 (h an=2.9)
-50 .

—S1.1 (h_an=3)
-55

9 10 11 12 13 "

Yacrorta, [T

Pucynoxk 3. CimMelicTBO YaCTOTHHX 3aJIe)KHOCTEH Koe(ilieHTY BIIOUTTS S11 JUTS PI3HUX TOB-
IIVH TTOBITPSHOTO 3a30py

3 puCyHKY 3 BHIHO, 10 KOE(IMIEHT BIAOUTTS €1ab0 3aJI€KUTH Bij TOB-
IIIUHU TTOBITPSHOTO 3a30pY, IO B CBOIO YEPry 3MEHIIKYE BUMOTH J0 BUTOTOB-
JICHHS aHTEHHU.
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BucnoBku

B naniit poOOTi BUKOHAHO €NEKTPOJUHAMIYHE MOJICTIOBAHHS Ta ONTHUMI3a-
i aHTEHU AJIs1 CYNyTHUKOBOTO 3B’s3Ky. IlepeBaramu maHoi aHTeHU € Mali
BTpary, a came 0.3 a1b (BTpatu Ha BiIOUTTS BiJ BXOAY Ta IICJIEKTPUYHI BTPATH)
Ta MPOCTOTa BUTOTOBJICHHs. B pe3ynpTati cmyra pobounx yactoT ckiama 10.7
— 12.75 I'Tn, Ta xoedilieHT ETNTHYHOCTI HE OLTbIIe 5 b B MEXax KYTIB -
40...+40°.

Ilepenik nocuaanb

1. T'eprins €. €., Cymko O. 0., MozaenoBaHHS IIUPOKOCMYTOBUX CMYXKOBHUX aHTEH
Ku-gianazony ajis CylmyTHHKOBOTO 3B’SI3KY.

2.Y.Jia, Y. Liu, and S. Gong, “Slot-coupled broadband patch antenna,” Electron. Lett.,
vol. 51, no. 6, pp. 445-447, 2015.

3. Gildas P. Gauthier, Alan Courtay, and Gabriel M. Rebeiz, MICROSTRIP
ANTENNAS ON SYNTHESIZED LOW DIELECTRIC-CONSTANT SUBSTRATES; IEEE
TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 45, NO. 8, AUGUST
1997

4. Elham Baladi, Min Yin Xu, Nicolas Faria, Jeff Nicholls and Sean V. Hum, Dual-
Band Circularly Polarized Fully Reconfigurable Reflectarray Antenna for Satellite
Applications in the Ku Band, DOI 10.1109/TAP.2021.3090577, IEEE

AHoOTAaLlIA

B naniii cTaTTi NpOBEACHO E€ICKTPOJMHAMIYHE MOJEIIOBAHHS Ta ONTHUMI3alis Oararo-
[IapOBOI CMYXKOBOI aHTEHH 3 KOJIOBOIO TOJISIpU3aIli€to, A AiarnazoHy 4arot 10.7 — 12.75
[T (y3romkenHs kpaie 3a -15 a1b mo mapametrpy S11 cnocrepiraerbes B cmy3i Bin 10.7 no
14.7 I'T1). Orpumanuii KoedimieHT eTNTUIHOCTI He OubIne 5 1b B poOoUiil CMy3i 4acTOT B
nianma3oHi KyTiB -40...+40°.

KitrouoBi ciioBa: cMy»KOBa aHTeHA, IMPOKa cMyra podounx vactor, Ku-mianazoH.

Abstract

In this paper, the electrodynamic simulation and optimization of a multilayer strip an-
tenna with circular polarization for the chat range of 10.7 - 12.75 GHz (matching better than -
15 dB on the parameter S11 is observed in the band from 10.7 to 14.7 GHz). The obtained
ellipticity factor is not more than 5 dB in the operating frequency band in the range of angles -
40...+40°.

Keywords: strip antenna, wide operating frequency band, Ku-band.
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OYHKHIOHAJIBHO-KOHCTPYKTHUBHI OCOBJINBOCTI
I'EPMETHNYHOI'O ITO30B’KHBO-CIIIBBICHOI'O XBUJIEBO/IHO-
MIKPOCMYKKOI'O 3’€/IHYBAYA

I'nywmeuenko E.M.
IIpAT «HBII « Camypuy
03148, 2. Kuis, npocnexm Jlecs Kypoaca, 2-b

men. (044) 407-92-18, E-mail. gen-nto@ukr.net

Beryn

['epMeTHUHUN  MO3A0BKHBO-CIIBBICHUI  XBHJIEBOJHO-MIKPOCMY>KKOBHIA
3’eqnyBau (ITICXM3) — ne tunosuii 3’enqnyBanbauit HBY npuctpiii komOiHO-
BAHOT'O THUITY, y SIKOTO OJIHIEI0 KOHTAaKTHOIO CTPYKTYpPOIO € XBUJIEBOJHUM ia-
HEllb, & JPYrOl0 KOHTAKTHOIO CTPYKTYPOIO CIIY>KUTh IIEHTPAILHUN CTPYMOIIPO-
BIJIHMM MPOBIIHUK KOAKCialy 3 JIIaMeTPOM JIJIsi O€3M0CePeTHBOTO I IKITFOYCHHS
1o mikpocmyskkoBoi JiiHii (MCJI) dynkuionansnoro HBY npuctporo y iHTerpa-
apHOMY BHUKOHaHHI. ToOto I'TICXM3 ciyxuth meperBoproBau€M OCHOBHOTO
tunty Hip enexrpomarnitHoi xBuii (EMX) perynispHOro XBUJIEBOAY B XBHIIIO
TpaHcBepcanbHOo-enekTpoMardiTHoro ( TEM) tumy koakcianpHoi niHii. [lpu
bOMY Y3TOJKeHHs (KoedimieHT cTosiuoi XxBuil 3a Hanpyroro — KCXH) ta MiHi-
MaJbHI BTpaTH € OCHOBHUMH €JICKTPUIHUMH TIapaMeTPaMU TaKHuX 3'€THyBadiB.

CyTHicTh

Cnip 3a3HaunTH, mo Meroro crtBopeHHs HBY 3'ennyBaua Oyab-sSkoro
tuny, 1 ['TICXM3 B Tomy uucihi, € peanizalis y MAaKCUMAJIbHO IIMPOKIA CMY3i
4acTOT MaKCUMaJbHO MOXJIMBOTO y3rojkeHHs (KCXH) 3 miHiManbHUMU BTpa-
tamu. 11106 takuit [ TICXM3 peanizyBaTu, HEOOX1THO ONEPEIHBO CPOpMyBaTH
OCHOBHI BUMOTH JJI oro (h)yHKIIOHYBaHHA. A JJIs IIbOTO TpoIiecH (PyHKITIOHA-
npHUX niepeTBopenb y [ICXM3 Haii3pyuHilne po3riissHyTH Ha BiIOMiA KOHKpET-
HIi KOHCTPYKIIII CIIBBICHOTO XBHJIEBOJIHO-KOAKCIAJILHOTO 3'€IHYyBaya, MO3/I0B-
KHIH pO3pi3 TKOro HaBeJeHO Ha puc. 1.
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Pucynox 1. CriiBBICHUM XBUJIEBOJHO-KOAKCIATBbHUHN 3'€THYBAY

CriBBiCHHI XBWJIEBOJHO-KOAKCIabHUM 3'enHyBay [1] mMicTuUTh Biapi3ok 1
OPSIMOKYTHOTO XBUJIEBOAY, SIKMM 3aKOpPOUYEHUM TOPLEBOIO CTiHKOO 2. Yepes
OTBIp Y T'€OMETPUYHOMY IEHTPl TOPLEBOI CTIHKU O XBUJIEBONY IiIKIIOYECHHM
B1JIp130K 3 KoakcianbHOI JiHii. [lepeTBoproBanbHa cuctema 4 I'-moaioHo1 dop-
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MU, PO3MIIIEHa B TOPOKHWHI XBUJICBOMIY, € MPOJOBXKEHHSM IEHTPAIHHOTO
CTPYMOIIPOBIIHOTO MPOBITHUKA 5 BiJpi3ka 3 KOAKCIaNbHOI JIiHII 1 CKIaIa€ThCS 3
akciajabHOi 6 1 30HI0BOI 7 yacTuH. [Ipu 1IbOMY 30H/I0Ba YacTHHA 3aKpiIjicHa B
IMIMPOKIiH CTIHIN & Bifpi3ka | XBUIEBOY.

AKkcianbHa yacTuHa 6 MepeTBOPIOI0YO0i cucteMu 4 3 OOKY 30HJ0BOI YacCTH-
HU 7 He 3a(ikcoBaHa B IJIOININHI, SIKA TPOXOJAUTH YEPE3 MO3/I0OBKHIO BICh XBUJIE-
BOJy 1 mapajielibHa MOro By3bKHM CTIHKaM. AKciaiabHa 6 4yacTHHA NMEPETBOPIOIO-
401 CUCTEMHU Ma€ JIOBKUHY O1bie uBepTi qoBKMHU TEM XBuiti B Koakciaii, a ii
BXIJIHUM (XBUJILOBUM) OMIp MAa€ PEaKTHUBHY CKJIQJOBY 1HIYKTUBHOIO XapaKTepy.
[Ipu 1bOMY 30HJI0Ba YaCTUHA 7 TIEPETBOPIOIOYOI CUCTEMHU MPH 1i BIAXHICHH] Bij
3raJIaHol BUINE MO3/I0BXKHBOI IUIOIMIMHUA CTBOPIOE PEAKTUBHICTH €MHICHOTO Xa-
pakTepy. 3MiHa TIOJIOKEHHS (KyTa BIIXWICHHS) 30H10B0i yacTuHu 7 ['-momiOHo1
MEePETBOPIOIOYOI CUCTEMU 4 BiJ O3/I0BXKHbO-BICKOBOI IIJIOIIMHN BUKJIMKAE 3Mi-
HY pO3TalllyBaHHS ii aKClaJbHOI YAaCTUHU 6, IO CTBOPIOE MOMKJIMUBICTh PETYIIIO-
BaHHs (KOMIIeHcallii) (a3oBOro 3CyBy, IO BHOCHTBCS TaKUM 3'€THyBAYEM Y
XBWJIEBOJHHUM TPAKT.

Posrnsnytuil BapiaHT 3'€elHyBada Ma€ JOCHUThH MPOCTY KOHCTPYKIIIO, IO
3a0e3neuye i MPUUHATHI OCHOBHI €NeKTpuYHi napamerpu. OgHaK y Takomy
3'enqnyBadi gocsarHeHHs HeoOxinmuux HBY mapamerpiB moTpeOye 1HIUBIIyalb-
HOTO HAJAIITYBaHHS, TOB'SA3aHOTO 31 CKJIQIHICTIO iX BIITBOPECHHSI.

HeoOximHicTh TOTpUMaHHS TOYHOI JOBXHUHH ['-1010HOT TIEpeTBOPIOIOYOi
CUCTEMHU Ta AKOCTI i KPIMJIEHHS 10 IIUPOKOI CTIHKM XBUJIEBOJY, CITIBBITHOIIICH-
HS MK JIOBKMHAMH 11 aKciaJbHOI Ta 30HJOBOI YacTWH, KyTa MK HHUMH Ta iX
OpIi€HTAIlis 100 MO3/I0BXKHbO-BICKOBOI IIONTMHU XBUJIEBOAY — BCI 111 HEJIOIIKU
PO3MIISTHYTOrO 3'€/IHYBayda JO3BOJIAIOTH OAYUTH B HbOMY TUIBKHM aHajor (IpoTo-
THUIT) JIJIs1 peaji3aliii HOBUX 3'€IHyBayiB KOMOIHOBAHOIO THITY , HAIIpUKiamd, [2],
SAKUWA BIAPI3HIETHCA TUM, IO MOTO mepeTBoproroya (y3rojiKyroua) cUcTemMa, 10
SKOI MIJKJIIOUYEHUN [IEHTPATbHUNA MPOBIIHUK BiIpI3Ka KOAKCIANBHOT JIiHIi, BUKO-
HaHa y BUMIISIAL peOPUCTO-CXOAMHKOBOT KOHCTPYKIli, PO3TAIIOBAHOI B MO3/10B-
YKHbO-BICHOBIH IIOIMHI XBUJICBOTY.

[Ipu cTBOpEeHHI HOBUX CEPIMHO-TIPUIATHUX IO3/0BKHBO-CITIBBICHUX XBHU-
JICBOIHO-KOAKCIaIbHUX 200 XBWJIEBOJIHO-MIKPOCMY>KKOBHUX 3'€THYBadiB 13 3aj1a-
numMu HBY mapamerpamu 000B'SI3KOBO CITi/1 BpaXOBYBAaTH HACTYIHE — KOHCTPY-
KIIisl TIOBUHHA PEali30BYBATHCS HA OCHOBI HU3bKOOMHOTO XBWJIEBOJY Ta MAaTH
HE MEHIIIE JBOX KOHCTPYKTHBHUX €JIEMEHTIB, SIKl Y XBHJIOBOMY OIOP1 3'€/IHY-
Baya J03BOJISIIOTh KOPUTYBATH PEAKTUBHY KOMIIOHEHTY SIK 1HIyKTUBHOTO, TaK i
€EMHICHOT'O XapaKkTepy.

3a3HauyeHUM BUMOTaM BiAMoBigae Hu3bkooMHuM [3] H-moaiOHmit XBUaeBia,
SAKUU MICTUTH JIBa pedpa, 110 SBJISIIOTh COO0I0 Y3TOKYIOUHMM Ta KOPUTYHOUHIA
eJeMeHTH 3'eHyBaua. L{I 1Ba KOHCTPYKTUBHI €JIEMEHTH PO3MIIIYIOThCS BEPTH-
KaJIbHO OJIMH HaJl OJHUM Y MO3/I0BKHbO-BICHOBIH IJIONIMHI XBUJIEBOY Ta 1CHY-
10Th A1 3a0e3nedeHHs neperBopeHHs EMX tuny Hig xBUieBogy Ha KBasi-
xBuno TEM Tumy koakciamy Ta Il KOpUTYBaHHsI apaMeTpiB 3'ennyBauva. Ca-
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M€ B 30HI BEPTHKAJILHOI IMIITUHU MK iX TOPIIMU 3HAXOMUTHCS TTEPIECHIUKYIISI-
PHO OpIEHTOBAHUU 10 HUX MaKCUMYyM BeKkTopa E HampyxkeHOCTi elekTpomarHi-
THOTO TIOJIS.

Bci po3risHyT1 BUllle BUMOTH Ta OCOOTUBOCTI BAAJIOCS peaizyBaTH y KOH-
CTPYKIIISIX T03JI0BXKHBO-CITIBICHUX 3'€IHYBadiB — XBHUJIEBOJIHO-KOAKCIAJIbHOTO
[4] Ta TEpPMETUYHOTO XBHUJIE- BOJHO-MIKPOCMYKKOBOTO [5]. Ajie micis ImpoBe-
JICHHS! TIOPIBHSUIBHOTO aHajli3y 3alpONOHOBAHUX TEXHIUYHUX PIIIEHb CTa€ OdYe-
BUJIHMM, II0 KOHCTPYKTHBHO Il 3'€THyBaul MailKe 1eHTU4YHI. XBHUJIEBOIHO-
KOaKClaJJbHUM TIpUCTpi [4], y sSIKOro Bipi30K KOAKCiaJbHOTO Kalelo 3aMiHe-
Hul cepiitHuM HBY koMImoHeHTOM — 300pa)keHOI0 Ha pUC. 2 TEPMETHIHOIO KOoa-
KC1aJIbHOIO BCTaBKOIO, (PaKTUYHO € MPOTOTUIIOM XBUJIEBOJHO-MIKPOCMY>KKOBOTO
npuctpoto [5]. [To3moBkHBO-BicbOBHIA po3pi3 mboro [ICXM?3 HaBeaeHO Ha puc.
2.a, a Ha puc. 2.0 - BUIJIA 3'€AHYBava 3 OOKY BIIKPUTOTO TOPIISI XBUJICBOY.

N

3 _ | 28] g
— - — — /I.ZI
TR |
WA e e S = . s
11/, /| / "l f /_i/” - ! 7
14 1v0 "A12 "115 '44 ‘|| 6 _,--;/ _j 4
a) 0)
Pucynok 2. [10310BKHBO-BICHOBUI pO3pi3 TE€PMETHUHOTO XBUIEBOIHO-MIKPOCMYKKOBOTO
3'emHyBava

3o0paxennii Ha puc.3 repmernynuil [ICXM3 MicTuTh, 32 aHAJIOTIEIO 3 PO3-
[JISHYTUM BHIIE CITIBBICHHUM 3'€IHYBau€M-TIPOTOTUIIOM, BiAPi30K 1 MPsSMOKYT-
Horo H-momiOHOrO XBUIIEBOAY, KWW 3aKOPOYEHUHN TOPIIEBOIO CTiHKOWO 2. [lpu
IbOMY TE€pEeTBOPEeHHA OCHOBHOTO Hip Timy EMX perynspHOro xBuieBoay y
TEM-XBHITIIOKOAKCIaTBbHOT JTiHIT 3 XBUJILOBUM omopoM (immegancom) Zg = 50 Om
3a0e3neuye 1HAYKTUBHO-EMHICHA CUCTEMA €JIEMEHTIB, PO3TAIIOBAHUX Ta OpI€H-
TOBaHUX, SIK OYEBUIHO 3 pUC.3.0, Y TO30BKHBO-BICHOBI IJIOLIMHI XBUJIEBOIY.

[ 1HAYKTUBHO-EMHICHA TIEPETBOPIOIOYA CUCTEMA MICTUTh TEPMETHYHY KO-
aKclaJibHy BCTaBKY 3, sfKa 3aMiHWJa BIJIPI30K KOAKClaJbHOI JIIHII 3'€IHyBaya-
IPOTOTHUITY, a TAKOXK Y3TOJKYIOUY CTPYKTYpY 4, sIKa € aHaJOTrOM aKcCialabHOI Ya-
CTHHHM 3'€THyBaua-TPOTOTHUITY, 1 KOPUTYIOUY CTPYKTYpPY 5, 110 3aMiHWIAa 30H/I0-
BY YaCTHHY 3'€THyBaya-IpOTOTHUITY.

VY3romkyroua cTpykTypa 4 peanizoBaHa y (Gopmi peOpHUCTO-CTymiHYACTOI
CTPYKTYpPH 1 po3MillleHa Ha JEsIKii BiACTaH1 Bl 3aKOpOUyr0u0i cTiHKH 2. HukHs
MOBEPXHS Y3rO/UKYI0UOi CTPYKTypU 4 HEPO3PHUBHO 3'€lHAHA 3 LUIMPOKOI HUXK-
HBOIO CTIHKOIO 6 XBWJIEBONY, @ y CTIHIIl BEPXHBOI CXOJIMHKU Y3rOKYIOUOI
CTPYKTYpH 4 CHIBBICHO 3 TEOMETPUYHUM LIEHTPOM Y 3aKOPOUYIOUiii CTiHIII 2 BH-
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KOHAHO OTBIp 15 /i1 HEPO3PUBHOTO 3'€IHAHHS 3 KOAKCIaIbHOIO BCTABKOIO 3.

VY3romkyrounii eneMeHT 4 (PyHKITIOHATBPHO aHAJIOTIYHUN aKCladbHINA YacTH-
Hi CIIBBICBHOTO 3'€IHYBa4a-MPOTOTHILY 1, BiAMOBIAHO, BHOCUTH Y XBUJIHOBHIl
OTip TEPETBOPIOIOYOI CUCTEMH PEAKTUBHY CKJIAJIOBY 1HIYKTHBHOTO XapakTepy.
[Tpu npomy BiH 00'€qHAHUI 3 T€PMETHUYHOIO KOAKCIAIbHOIO BCTAaBKOIO 3 3a J10-
IIOMOT'O0 BUIBHOTO KiHIIS 12 HEHTpaIbHOro CTPYMOIIPOBIHOTO MpoBigHUKa 10
11€1 KOaKClaJbHOI BCTABKU 3, KU 3aKpIiIUICHUN B OTBOP1 15, BUKOHAHMM Y CTi-
HIl BEPXHbOI YaCTUHU Y3TOJKYIUOr0 €JIEMEHTY 4 CIIBBICHO 3 T€OMETPUYHUM
LEHTPOM 3aKOPOUYIOUOi TOPLIEBOI CTIHKH 2.

VY SKOCTI aHaJIOTy 30HA0BOI YaCTHHU CIIBBICHHOIO 3'€IHYyBada-pOTOTHUITY
BUKOHAHUIN KOPUTYIOUHI €JeMEHT 5, sSIKUW Ma€ BUTIIAL Mapaesemninena, po3Mi-
IICHOTO CUMETPUYHO Y MO3/I0BXHbO-BICHOBIN TUIOMIKHI Bifpi3ka 1 XBHIEBOAY i
PIBHOBIJITAJIEHOTO Bl MOr0 BY3bKHX OIYHHMX CTIHOK. | (32 aHanoriero 13 30H10-
BOIO YACTHHOIO CITIBBICBHOTO 3'€JHYBa4a-MPOTOTHUITY) Y XBUJIBOBHUI OMIp MEpET-
BOPIOIOYOT CUCTEMU BiH BHOCUTbH PEAKTUBHY CKJIAJOBY EMHICHOTO XapaKTepy.

Kopuryrounii enemMeHT 5 opi€eHTOBaHUM MEPIEHIUKYISIPHO K 1O TOPLIEBOL
3aKOpOYYIOUOi CTIHKH, TaK 1 10 MIMPOKOI BEPXHBOI CTIHKH 7 XBUJIEBOAY. Topelb
KOPUT'YIOUOT'O €JIEMEHTa 5, 3BepHEHUH 10 3aKOPOUYYIOUOi CTIHKU 2, HEPO3PUBHO
3'€JTHAaHUM 3 TOPLIEBOIO CTIHKOIO 2, @ HOro BEpXHs MOBEPXHS HEPO3PUBHO 3'€]l-
HaHa 3 IIUPOKOIO0 BEPXHBOIO CTIHKOIO 7 XBUJIEBONY. [Ipy IbOMY HMKHS MTOBEpX-
HSl KOPUTYIOUOI'O €JIEMEHTa 5 3HaXOUTHCS Ha JEsKIN BIICTaHI Bl BEPXHBOI MO-
BEPXHI peOpUCTO-CTYMIHYATOICTPYKTYPH Y3rOJKYIOUOro eleMeHTa 4, yTBOpIO-
04U TIPU 1IbOMY (K II€ BUAHO 3 pHUC. 3) MUIMHY MK peOpamu H-momioHOTO
XBUJIEBOAY, B SIKIM Ma€ MiCLE€ MAaKCUMYM HAIPY>KEHOCTI €JIEKTPOMAarHiTHOrO
MOJISL.

I'epmeTnyHa BcTaBKa 3, MO3/I0BXKHBO-BICKOBUM PO3pi3 sIKOT 300pa’keHO HA
puc. 3, Mmae XBUJIbOBHUH omip Ta (PyHKIIOHAIbHE MPU3HAYECHHS BIJIpi3Ka KOAKCia-
JILHOT JIIHII 3'€JHYBa4a-MpOTOTHUITY.

I[Ipy ©pOMYy repMeTHyHa

13 . o
8 —F 14 BCTaBKa MICTHTh METAJCBHI KO-
Sy nyc 8, ob'eqHaHWM MeTanoc-
9 R piy ’ a8 .
1 — — — = KJISIHAM ~ CITA€M 3 130JTF0I0YO0I0
‘ rj\i\\\\\\\\\\\\\\\\\\\ \ BTYJIKOIO 9, y SIKY CITIBBICHHO 4e-
NSRRI NSNS e o
11 s 10 12 pe3 ii reOMeTpUYHMIA LIEHTp BHa-
STHUA LEHTPAIIbHUU CTPYMOIIPO-
Pucynok 3. 'epmeTrdHa KoakciaabHa BCTaBKa BifHMH mpoBinHUK 10 Koakcia-

JIbHO1 BCTaBKH 3.

Opnun BiTbHUH KiHENb 11 HEHTpabHOTO CTPYMOITPOBIAHOTO MpOBigHUKA 10
KOaKcianbHOI BCTaBkU 3 3a0e3neuye abo miakmodeHHs 10 MCJI ¢pyHkuioHamb-
HuX npuctpoiB ADT, abo (yHKIIOHYE SIK CTPYMONPOBIAHUI €1€EMEHT KOoakKcia-
apHOTO 3'enHyBada Tuny M3PI'. Tomy giamerp mposigauka 10 3a3ganerias Bu-
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3Ha4aeThes mupuHoo peryisapaoi MCJI abo koucTpykitiero M3PI.

ToBmmHa peGPUCTO-CTYMIHYATOICTPYKTYPH Y3TOIKYIO0 HOTO eleMeHTa 4
noBUHHA OyTH OlnblIe AiaMeTpa oTBOpY 15, BUKOHAHOTO B Hiif, 1 TOMy Oe3mnoce-
PEIHBO BU3HAYAETHCS BEIIMYMHOIO JiaMeTpa IEHTPAIbHOTO MpoBigHuka 10 Bu-
KOPUCTOBYBAHOI KoOakciaJibHOi BcTaBku 3. Came mapameTpu pedpucro-
CTYIIHYATOI CTPYKTYPHU Y3TOKYIOUOTO eJIeMEHTa 4 1 KOPUTYIOUOTO eJIeMeHTa 5
MIePETBOPIOUOI CUCTEMHU BU3HAYAIOTh PIBEHb Y3TOJKEHHS IMIIC/IaHCIB B1API3KiB
XBUJICBOJIy Ta KOAKCIaJIbHOI JIIHIT MO3/I0BXKHBO-CITIBBICHOTO 3'eHYBada. [lpwu
IIbOMY Ta0apuTHI PO3MIPH (JIOBXKHHH) y3T0JKYIOYOr0 Ta KOPUTYIOUOTO €JIEMEH-
TiB [TICXM3 MokHa HajaBaTH JMIINE y 3HA4eHHAX AC - MoBkuMHM EMX Ha
HEHTPaJIbHIN 9acTOTi poO0UOT CMYTH YaCTOT KOHKPETHOTO MPHUCTPOIO, OCKLUIBKU
pPO3MIpH IMX EJIEMEHTIB 3'€IHyBada MOXYTh 3MIHIOBAaTHCS Y 3aJI€KHOCTI Bif
KOHKPETHOI 4YaCTOTH.

[lepeTBOpEHHS IMIIENAHCIB BlJ BUCOKOOMHOI'O PETYJIIPHOTO XBHJIEBOIY 110
HU3bKOOMHOI KOAKCI1aJIbHOI JIIHIT 3[1IHCHIOETHCS 3aBASKHA 3alPOINIOHOBAHIA OpH-
riHaJbHIM KOHCTPYKIIi MO3/10BKHBO-CHIBBICKHOTO 3'eiHyBayva. [Ipu nbomy ene-
KTpPOMAar"iTHa XBWJISI OCHOBHOTO TUITY Hip peryaspHOro mpsMoOKyTHOTO XBHJIE-
BOJAY B TO370BXKHBO-CITIBBICLHOMY 3'€IHYBaul MPOXOJUTh, TIOCIIJOBHO PO3IO-
BCIOJIDKYIOUHCH 1 OJIHOYACHO mepeTBopioounch Ha TEM-XBuiI0 KoakciaabHOI
JiHIi, Yepe3 JeKUIbKa JUISHOK 3 PI3HUMHU XBHJIBOBUMH ONOpPAMU: PETYIISIPHUIMA
xBusieBia, II-momiOumit xBunesin, H-nmoniOHuMiI XBUIEBIT 3 KOPOTKMM HUKHIM
rpedeneM, H-moaiOHMIT XBUIIEB1T 3 BUCOKMM HUKHIM IpeOeHEM 1, HapemITi, Koa-
Kciall 13 XBWJIBOBUM 0mopoM Zoy = 50 Om.

Po3risitHyTHii BapiaHT TEXHIYHOrO PIIEHHS T€PMETUYHOrO MO3/10BKHbBO-
CIIIBBICHOTO XBUJIEBOJIHO-MIKPOCMYKKOBOTO 3'€/lHyBaua OyB peaji3oBaHUN Ta
€KCIIEpUMEHTAJILHO alpoOOBaHUN y HIIMPOKOMY YaCTOTHOMY Aiana3oHi. J[ns wmi-
JIOTO Py TUIOPO3MIPIB XBUJIEBOIIB OYJIO JOCHIIKEHO Ta MIATBEPKEHO Ha-
ctynHi noka3zHuku y3romkeHHs (KCXH) ta piBas Brpat (G) y cMyrax 4acTorT:

- y xBuwieBoja 3 nepepizom (58 x 25) mm — KCXH < 1,06 Ta G <0.1 nb y
cMmy3i yactot 400 MI1r;

- y xBuieBojia 3 nepepizom (48 x 24) Mm — KCXH < 1,10taG<0.1 nb y
cMmy3i yactot 500 MI'1;

- y xBuseBoza 3 nepepizom (23 x 10) mm — KCXH < 1,151a G <0.2nb y
cMmy3i yactot 1200 MI'1;

- y xBuieBoja 3 nepepizom (23 x 5) mm — KCXH < 1,15 ta G <0.21b y
cmy3i gyactot 600 MI 1.

BucHoBkn

HaBeneHni Buiie mapameTpu MiATBEPIKYIOTh €(PEKTUBHICTH 3alPOIIOHOBA-
HOTO BapiaHTa TEXHIYHOTO PINICHHS TEPMETHYHOIO I03/I0BXKHBO-CIIBBICHOTO
XBUJIEBOJAHO-MIKPOCMY>KKOBOTO 3’€/IHyBaya. A Hajli3 pe3yibTaTiB MPOBEIECHUX
BUIIPOOYBaHb J103BOJISIE MIATBEPKYBATH, 110 3aIIPOONOTIBaHI PILIEHHS HAl1iHI
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Abstract

Using the example of the well-known coaxial connector, which is the basic analogue for
new waveguide-coaxial devices, the principles of the functioning of such structures were
formed. The proposed design of a modern hermetic longitudinal-coaxial waveguide-
microstrip coupler is considered.

Keywords: microwave, connector, harmonization, losses
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ALIGNMENT AND TESTING OF THE PHASED ARRAY ANTENNAS.
STATISTICAL APPROACH

Markov V.1., PhD
KVANT RADAR SYS LLC, Kyiv, Ukraine

In spite of the recent advances in development and manufacturing of the
phased array antennas (PAA) its alignment, calibration and fully testing in gen-
eral are still major challenges. A variety of errors, both random and spatially
correlated, are introduced across the array of imperfect components and signal
distribution networks, and these reduce the precision of the array excitation. An
array illumination, designed to produce very low sidelobes (SL) without errors,
may result in only modest SL in the presence of phase and amplitude errors [1].

Characterization of the PAA, active PAA (APAA) and digital PAA
(DPAA) performance is a significant cost item. These costs are particularly high
in the case of modern PAA testing with an improved performance and low side
lobe level (SLL), because large amount of data are required for their full and ad-
equate evaluation. The number of antenna patterns (AP) that may be realized
depends on the types of beams and the number of channels, the quantity of the
beam positions in space (which are determined by scanning angles and its steps),
the number of frequencies, the adaptability to changing environmental condi-
tions (for adaptive antennas, the patterns changes with the incident angle of the
jamming signal for its suppression), all in the transmit (Tx) and receive (Rx)
modes of operation and so on. Usually such set may consist of 10°+10%° patterns.
The possibility to measure and analyze full set of PAA patterns using traditional
approach and methods of antennas measurement does not seem realistic [2, 3].

So for the PAA, in which the electronic beam steering is based on phase ad-
justments (and amplitude to a lesser degree), antenna element phase calibration
is critical. Due of the nature of the electronic components and their behavior un-
der different environmental conditions, such as temperature and high frequen-
cies used for signal transmission and reception, it can be expected that the am-
plitude and phases of the signal sent to the antenna elements for transmission, or
received by them, will be distorted and need corrections in order to obtain the
desired beam steering. [1].

The fulfillment of the requirements to increase the productivity of labor and
time reduction for development and implementation of the modern antennas,
providing optimization of its performance, high accuracy and completeness of
monitoring of PAA characteristics, requires using the special automated com-
plexes which unite integration of modeling, designing and evaluation of the
PAA parameters for further aligning and conducting of acceptance tests and
field trials, taking into account constructive peculiarities and restrictions [2-4].
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Antenna testing and validation are vital in any stage of PAA development
from R&D through full system integration and production to ensure the best per-
formance and functionality. Speed and precision are considered major factors
during the measurement process. Recently the challenge of fully testing the high
number of multi beam antennas embarked on future satellite systems has re-
ceived considerable attention. Based on conventional antenna measurement
techniques this testing would lead to unacceptable cost and duration. The use of
fast probe array technologies to replace the spatial dimension of the measure-
ments is a proven solution to drastically reduce the measurement time compared
to conventional single probe test systems. Another solution to reduce the overall
measurement time consists in measuring several beams simultaneously instead
of sequentially at the same time. The solution is applicable to both the receive
and the transmit modes. But especially for active PAA testing it's not enough.

For comprehensive evaluation of the PAA technical state it is necessary to
use statistical approach combining diagnostics, measurements and simulation so
a significant revision of the methods and techniques for determining antenna pa-
rameters, the composition of measuring equipment (original, not standard) and
procedures, as well as a corresponding update of the testing software and record-
ing of testing results ought to be carried out. Since the main parameters of the
PAA, APAA and DPAA depend on the errors of the amplitude-phase distribu-
tion (APD) on the aperture and mutual coupling of radiating elements, the main
attention when tuning the arrays was paid to the CTS [4, 5].

Special software and hardware complexes integrating the processes of
modeling, designing and evaluation of the arrays parameters for conducting of
acceptance tests need to be used. For comprehensive evaluation of multifunction
PAA technical state and its parameters it is necessary to use statistical approach
combining diagnostic results and simulation during initial alignment of multi
channel PAA, taking into account its structure, constructive peculiarities and
various types of restrictions.

It is obvious that at the first step for comprehensive characterization of
PAA it is necessary to evaluate technical conditions of all elements in its chan-
nels (performance monitoring at the element level) and with the minimal volume
of measurements to reveal malfunctions, technological defects, and, to a certain
degree, mutual coupling and interference between the radiating elements [4, 5].

The next step ought to be the mathematical modeling (using model of PAA
structure and data obtained at the first step) for finding statistical characteristics
and evaluation of the integrated characteristics and a technical conditions of
PAA as a whole (performance monitoring at the system level), excluding influ-
ence of the radome, using statistical methods, and only then it is reasonable to
confirm obtained results experimentally for restricted numbers of patterns and
accumulate the results in a database.

We propose a new measurement method by which amplitude/phase devia-
tion in operation can be detected and able to evaluate the amplitude and phase
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value of the element to high accuracy, by considering the influence of the phase
shifter error, in the modernized REV method that used the amplitude and phase
value of the composite field.

The proposed methodology has been demonstrated and tested on several ar-
rays for validation. The effectiveness and performance of the statistical method
have been verified; hence it can serve as a complementary tool to accelerate the
calibration process of phased antenna arrays.

Conclusion. For the comprehensive evaluation of multifunction phased-
array antenna (PAA) parameters it is necessary to use statistical approach during
initial alignment and calibration of multi channel PAA combining built-in diag-
nostics, simulation and antenna measurements. Special software and hardware
complexes, which allow integrating the processes of modeling, designing, auto-
mated evaluation of the PAA parameters ought to be used for further aligning,
conducting of acceptance tests and field calibration.
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AHoTAaNIisA

PosrnsiayTi mutanHs texHosorii HamamTyBaHHS Ta KTC ckinamHuX aHTEHHUX CHCTEM 3
ypaxyBaHHSM TEXHIYHUX OCOOJIMBOCTEH BHPOOIB MOB'SI3aHUX 3 1X amapaTypHOIO peai3alli€ro
Ta BUSBJICHUMH CTATHCTUYHUMHU 3AJICKHOCTSIMHU.

KntouoBi cnoBa: ADAP, ammiTy1HO-(ha30BUI po3MoALT Ha anepTypi, BOyJOBaHa CHUC-
TeMa KOHTPOJTIO Ta KaJiOpyBaHHsI, TEXHOJIOT1Sl HAArOXKEHHS Ta BUTTPOOYBaHb.

Abstract

There are considered questions of the calibration of phased arrays that take into account
features, related to their hardware realization and conditions of exploitation. The main atten-
tion is paid to technical state diagnosis, procedures of calibration of phased array and to reali-
zation of amplitude and phase distribution on the aperture during exploitation. Technical
characteristics of the hardware and software built-in control and calibration system for phased
arrays are considered.

Keywords: active phased array antenna, amplitude and phase alignment, built-in monitoring
system, adjustment and test technologies.
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ITPOBEJEHHSA BUITPOBYBAHDB CKJIA/THUX AHTEHHUX CUCTEM

Mapkoe B.1., k.m.Hn.
TOB "H/[I PC "KBAHT-PA/[IOJIOKAL]IA", Kuis, Ykpaina

IupokoMy 3aCTOCYBAaHHIO CKJIAHUX aHTEHHUX CUCTEM — IIU(PPOBUX Ta aK-
TUBHUX (ha3oBaHUX aHTeHHUX pemnTok (LIAP, ADAP) 3aBakae BUCOKa BapTICTh
Ta 301LJIBIISHHS CKJIQJIHOCTI 1 TPYAOMICTKOCTI POOIT, SIKi TPOBOAATHCS 3 KOKHUM
3pa3koM BHUPOOiB, 1110 0OYMOBJICHO MIJBUIICHHSIM TEXHIYHUX BUMOT JIO IMapame-
TpiB, BIJIMOBIJIHUM 3POCTAaHHSAM YHCIA MpUMaIbHO-TIEpeaBaIbHUX MOJIYJIIB
(ITIIM), 3amexxHICTIO TTapaMeTpiB Bij TemmepaTypu, poO04YO0i 4acTOTH Ta KyTa
CKaHyBaHHsI, B3A€EMHHMM BILTMBOM BUIIPOMIHIOBAYiB Ha anepTypi, YCKIaAHEHHIM
CXEMHHUX Ta TEXHIUYHUX PIIICHh aHTEH Ta BUMOT JO CHUCTEMH OXOJOKECHHS |-
4]. B miTepatypl NpakTU4HO BIACYTHS 1HQOpMALIs PO METOAN KOHTPOIIIO TEX-
HiyHoro ctany (KTC) peanbuux 3paskiB PAP, AOAP ta LIAP, oco0auBo B pasi
HEMO>KJIMBOCTI BUKOPUCTAHHS CTAHJAPTHOI amapaTypu (BIACYTHI Micus A ii
MIJKIFOYEHHS T4 BUKOPUCTAHHA MPU pOOOTI TUIBKH CHELAIbHUX CKIIAJHUX 1M-
MyJBCHUX CHUTHATIB), METOAMKAM MPOBEICHHS MPUIMAaIbHO-3/JaBAIbHUX BUIIPO-
oyBanb (II3B), a oIiHIOETHCS TUIBKU CKOPOYEHHS Yacy MPOBEACHHS BUMPOOY-
BaHb [1[1M 3a paxyHOK MiJBUILEHHS MIBUAKO/II BUMIPIOBAJILHOI anapaTypu 6e3
ypaxyBaHHS 4acy YCTAHOBJIEHHS Ta TEXHIYHUX OCOOJIMBOCTEW KEpyBaHHS aMIl-
miTyaHO-(a3oBuM posmnoiiom (ADP) Ha anepTypi ADAP a6o LIAP [1, 2].

Ha nignpuemctsi npu po3po6ii, npoBeaendi KTC, nanamryBanni ta [13B
Py KOHKPETHUX BUPOOIB OyB MPOBEACHUM ICTOTHUI MEPErJisi]i METOIIB 1 Me-
TOJWK BU3HAYEHHS MapaMeTpiB aHTEH, CKIaJy BUMIPIOBAIBHOTO OOJIafHAHHS, a
TaKOX BIAMOBIIHA JOPOOKa MPOrpaMHOro 3a0e3IeueHHs] BUIIPOOyBaHb Ta 00JIi-
Ky pesyabtaTiB [I13B [3, 5-7]. Ockinbku ocHoBHI napametpu @AP, ADAP Tta
AP 3anexats BiJ moXuOOK amIuTiTy1HO-(pazoBoro posnoainy (ADP) na anep-
Typi, TO OCHOBHA yBara npu HajamryBanHi anteH npuaiusuiacs KTC [8, 9].

byna 3a0e3neyeHa NpakTUYHO MOBHA aBTOMATH3alllsl MPOBEACHHS BUMIPIO-
BaHb Ta aBTOMAaTH4YHA KOH(Irypauis eJIeKTPUYHOI CXEMHU BUMIPIOBAHb 3TIAHO 3
IPOrpamoro, BUKIIOUEHO pyuyHe nepexintodeHHs: CBY kaberniB 1 By3:1iB IpH 3MiHi
3a/1ay BUIMPOOYBaHb, 110 3a0€3MEeUYUII0 MMiIBUIICHHS MIBUIKOCTi, THYYKOCTI, MO~
BTOPIOBAHOCTI TMapameTpiB TPaKTIB, TOUHOCTI BuUMiptoBaHb ADP, BuKiIIOYeH1
MOMUJIKH MIEPCOHAITY, a TaKOK cKopodyeHui yac npoeaeHHsa KTC ta I13B.

[Ipu nanamryBanHi ADP na aneprypi ADAP pospaxoByBanmuchk (pa3osi i
aMIUTITYTHI TIOTPABKH, IO 3aJIeKaTh BiJl YaCTOTH Ta HOPMYIOYH KOEQIIIEHTH
1u1st BOyzoBaHoi cucteMu KoHTpouro Ta kaniopyBanas (BCKK), e ictotHo 36i-
JBIINIIO Yac Ta oOcsr mpoBeneHHs poOitT. [IpuB'sa3ka KoopuHAT BUIIPOMIHIOBA-
YiB aHTEH JI0 CUCTEMH KOOpPJMHAT CKaHepa 3IHCHIOBAJIACh 3a PaXyHOK BBEJICH-
HSl B KOHCTPYKIIiIO BUPOOIB penepiB, KOOPIMHATH SIKUX HKOPCTKO MOB'sI3aH1 3 KO-
OpAMHATaMHU BUIIPOMIHIOBAYiB Ha anepTypi, 1O Jal0 MOXJIUBICTh TOYHO IPUB'-
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A3yBaTH KOOPJIAMHATH BUIIPOMIHIOBAUIB 3aKPUTUX OOTIYHHUKOM JJISl IEpEpaxyHKy
BUMIPSHOTO 30HAOM ckaHepa ADP Ha amepTypy Ta po3paxoByBaTH IMOMPABKU
1o icaytouoro A®P. Jlngs BCKK Bu3Hauanuchk HOpMyIOUd KOE(IIiEHTH AT PO-
3paxyHKky ADP Ha ameptypi 3a pesynbraramu KTC. Ilpu nposenenni KTC B
pexumax ITEPEJIAYA ta IIPUIOM BpaxoBysamm cTpyktypy IITIM Ta ADAP
B IIJIOMY, TTOOYIOBY Ta OCOOIMBOCTI MpUCTporo KepyBaHHs mpomeHeM (IIKII).
Busznauanace penpeseHTaTUBHA KUIbKICTh Aiarpam crpsimoBanocTi ([C) ta 3a-
naBanuck napametpu JC miis npoBeneHHs koutpoito ta [13B.

B pexumi IIEPEJJAYA TIIIM AD®AP MoxXyTh mpaitoBaTi TUILKU B IMITY-
JBCHOMY PEKHMI, SIK MPABUIIO, 3 HEPETYJIbOBAHUM MAaKCHUMAaJIbHUM PIBHEM BH-
MPOMIHIOBAHOI TOTY>KHOCTI Ta CHEUiaJbHUMH THUIAMH MOMIYJISIII, MOXKIJIMBA
TPUBANICTD 1 MIUTMHHICTh BUMPOMIHIOBAHUX IMITYJIbCIB BU3HAYAIOTHCS CTPYKTY-
poro IIIIM, reneparopHuM O0O0NaAHAHHSAM, TEXHIYHUMU XapaKTEPUCTUKaAMU
[IKII ta nporokonamu ooMiny nanumu I11IM 3 TIKII, ToMy MOXIJIHUBICTH BUKO-
pUCTaHHS CTaHJIAPTHOI BUMIPIOBAJIbHOI anapaTypu Oyia BiACYTHsS. Y 3B'SI3Ky 3
icToTHOMO 3anexHicTio ADP ADAP Bin Temneparypu sl 3MEHIICHHS 3arajib-
HOT'O 4acy TECTYBAaHHS 1 IMIJIBUILIEHHS PEaJbHOI TOUHOCTI OTPUMAHUX pe3yibTa-
TiB BuMipioBaHHs A®P mnpoBoAUIUCh TPU HOMIHAIBHOMY pPEXHMI POOOTH
ADAP (nepenaua/mpuiiom, Bce [IIIM BkitoueHi, poOOUl TPUBATIOCTI BUIIPOMI-
HIOBAHUX IMMYJbCIB, HIIJIUHHICTG 1 T.J.), B OJHOMY ITMKJII BUMIPIOBaHb, a HE
po3auibHe npoBeneHHs BuMmiproBanHa ADP B pexxumax Tinbku [IEPEJIAYA a6o
[IPUIIOM, o MOPYILIYBaJO TEMIIEPATYPHUN pekuM. JUIsI CKOPOYEHHs 4acy
BUMIpIOBaHHS amIutipazoMeTpuaHuM MetogoM ADP nns rpyn kaHamiB, MOJ0-
EHb MPOMEHIB B MPOCTOPi 1 PI3HUX POOOUYMX YACTOT MPOBOJUIUCH B OJTHOMY
IIUKJII BUMIPIOBaHb METOJIOM 3MillleHUX MaTpuilh [6, 7]. s vanamryBanas J1C
ADAP, po3paxoBaHux micis BumiptoBanHsd A®P, BU3HayanucCh 1HAUBIIyallbHI
(a30Bi Ta aMIUTITY/IHI ONPABKHU.

[Tpu npoBenenHi KTC oTpumyBaiach MakCUMajabHO MOBHA OLIIHKA TEXHIY-
Horo cTtany kaHaiiB [1TIM, BUSBIsUIMCH peaibHI TapaMeTpy aTEHI0ATOPIB 1 ¢a-
3000epTauiB (PO), BimMoBH 1 TexHosoriuHi aedextn B ADAP, omiHoBaBCS
B3a€EMHUI 3B'SI30K BUIPOMIHIOIOYMX E€JIEMEHTIB Ta BU3HAYAIUCh peaibHI BEJH-
YUHU 3araca”fs 1 (a30BoOro 3cyBy, 10 BHOCUIUCH KOXHHUM PO Bcix [ITIM B
pexuMi [TPUMOM MpY BKJIIOYEHHI KOXKHOT 1-1 koMOiHatii guckperiB PO, oiri-
HIOBaBCsl T€XHIUHUM cTaH ateHroaTopiB [I1IM, BenuuuHu 3aracanss 1 pa3zoBoro
3CYBY, 1110 BHOCWJIMCH MPU BKJIIOYEHHI KOXKHOTO Ta yCiX KOMOIHAIN TUCKPETIB
aTEHIOATOPIB, PO3PAaXOBYBAINCH MAaTeMAaTHYHE OYIKYBAaHHS 1 JUCIIEPCIsS IS
A®P. byno BUSBIEHO, 110 KOMYTAaIllMHUM METOJ 3 BUMIPIOBaHHSIM (a3zu aae
Kpaui pe3yiabTaTH Hix aMIuiiTyaHi meroau REV, a po3pobiene nporpamue 3a-
Oe3reyeHHs 103BOJIMIIO BPaxOBYBAaTH BIAXWICHHS MapaMeTpiB aT€HI0ATOPIB Ta
dazoobepTayiB BiJ TEOPETUUHUX MIPHU MEPEKIIFOUEHH] TUCKPETIB, 110 MiABUIITUIO
TOYHICTh OTPUMAHUX pe3yibTariB [8, 9].

BukopucToBytoun peanbHi JaHi OTPUMaHI NMPU BUMIPIOBAHHI B PEKUMAX
[IEPEJJAYA i IIPUIMIOM, 3a ZOHOMOIrOK0 MAaTeMaTHYHOTO MOMCTIOBAHHS po-
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BOAMIIACH MepBUHHA HacTpoiika ADAP, oniHioBaBcs HEOOXiIHUN 0OCsT penpe-
3eHTaTHBHIN KibkocTi JIC, po3paxoBanux 3a BumipssauM A®DP ta pesynprata-
mu KTC, nna nposeaennst [13B ta 3a6e3neuenns He0OXiIHOT CTATUCTUYHOIL J10-
CTOBIPHOCTI OTPUMAaHMX pPe3yNbTaTiB. [ aBTOMAaTUYHOTO KOHTPOJIIO MapaMeT-
pu pospaxoBanux JIC NpuUBOAWINCH 0 HEHTPAIbHOI YAaCTOTH Ta TOJIOKEHHS
MIPOMEHSI HOPMAJIBHOTO JI0 anepTypH.

BucnoBku. bynu po3po06iieHi Ta nepeBipeHi Ha MPaKTHUIll METOJIUKHU Ta MPo-
rpaMu JJis OLIHKHU Ta HanamTyBaHHs napameTpiB ADAP 3a pesynbraramu KTC
Ta MaTEMaTUYHOTO MOJIENIOBaHHS, 1110 JO3BOJIMIIO CKOPOTUTH Yac 1 oOcsAr mpo-
BeJICHHs POOIT. 3amporoHOBaHa TEXHOJIOTIS ONTHMI3yBaja MPOIeC HaJallTy-
BanHs Ta [13B 3a sxicTio Ta yacom.
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AHoTalisA

PosrnsinyTi mutannsa TexHounorii HajamTyBaHHs Ta KTC ckiagHuX aHTEHHHUX CHCTEM 3
ypaxyBaHHSIM T€XHIYHMX 0COOIMBOCTEN BUPOOIB MOB'SI3aHKX 3 iX alapaTypHOIO peati3alli€ero 1
BukopuctanusimM BCKK.

Kitouosi cnoa: ADAP, ammutityiHO-(ha30BUil po3MmoAil Ha anepTypi, BOyJoBaHa CHC-
TeMa KOHTPOJIIO Ta KaJTiOpyBaHHS, TEXHOJIOT1SI HAJIATO/KEHHSI Ta BUITPOOYBaHb.

Abstract

Questions of production engineering of active phased array antennas, its factory align-
ment and conducting of adjustment of the built-in monitoring and calibration system, taking
into account the particularities connected with hardware implementation and service condi-
tions, are considered.

Keywords: active phased array antenna, amplitude and phase alignment, built-in moni-
toring system, mutual interactions, adjustment and test technologies.
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EKCIIEPUMEHTAJIBHE JOCJI)KEHHA FMCW PAJIAPA EHF

Maxno K.M., Pomanenko T.B., Capamoe €E.M. Manenuux T.B.,
Heyiimin O.C., K.m.H.
KIII im. leopa Cikopcokoeo, m. Kuis, Yxpaina

Frequency modulated continuous wave (FMCW) pamapu HImpoko 3acToco-
BYIOTBCS B PI3HUX cepax KUTTEMISUIBHOCTI JIOJIUHNA. B TPAHCIIOPTHHUX 3ac00ax,
3a/1a4aX HEIHBA31MHOTO BUMIPIOBAHHS, MOHITOPUHTY IOBITPSHOTO IIPOCTOPY,
npuOepexHii HaBiraiii, Tomo [1].

Buxopucranus FMCW panapa Mae ps repeBar nepej 3BudaiHuMu (iMiry-
JBCHUMH, IMITYJIbCHO-JOMIUIEPIBCBKUMU) pajiapamMu, a caMe: HU3bKYy WMOBIp-
HICTb XUOHO1 TPUBOTH [ 1], HEBUCOKY LIIHY, HU3bKY MOTY>KHICTh BUIIPOMIHIOBAH-
Hsl, BUCOKY PO3AUIbHY 3JaTHICTh MO JAJBHOCTI Ta pallalibHIA MIBUAKOCTI, MOX-
JUBICTh BUMIPIOBATH BIJICTaHI O L1l 3 TOYHICTIO, IO CHIBCTaBHA 3 JOBXHHOIO
XBHJII, BAKOHAHHS 0OpOOJICHHS CHTHAITY Ha IpoMixkHil vactoTi [2]. o Hemomi-
KiB TaKUX CUCTEM BapTO BIIHECTU HEBEJIMKY NAJIbHICTh POOOTH.

BianoBiiHO CTBOPEHHs pajapy 3 BHKOPHCTAHHSIM MPOrpaMHOro 3abesme-
YyeHHs Ha 0a3l mporpamoBaHuX JoriyHux iHterpanbHux cxeM (IIJIIC) 3 mopis-
HSHO MEHIIIOIO BapTICTIO, IMIABUINEHOI HAIIMHICTIO Ta IIBHUIKOJIIO € aKTyallb-
HOIO 33/1a4€l0.

B po6orti npeacrasnennit FMCW panap aianazony (30 — 300) I'T'1y Ha 6a3i
[TJTIC (XC7Z2020-1CLG484C [3]). Bin ckiagaerbes 3 MPUAMaIbHOI aHTCHH, T1e-
penaBaibHOI aHTEHHU, TeHEepaTopa, SKU (HOpMYy€e 30HIYIOUNI CUTHAJ, ITiJICHUITIO-
Baua panioyactotu (ITPY), smimryBaua, ®HY, 1114 ta ALII (puc. 1).

XapakTEepUCTUKU CTBOpE-
l'eseparop  Mlimesi moyaocTi lepezaanttia anTer HOTO pajapa HaBeJCHI B
Ny »— Tabm 1.
=" 30H1y0UHit JIUM
-3dB CUTHAJ, II0YaTKOBA YacToTa
sskoro cta"HoButh 33.51TT,
HETIEPEPBHO BHIIPOMIHIOETHCS
y mpoctip. BinOutumii Bifg
JOCITIIKYBaHOTO 00’€KTYy
CUTHAJI MOTpAaIuIsie y

I> A o 3MimyBay, e (GopMmyeTbes
D CUTHAJI 3 YacTOTOI OWTTS,
1y AT SIKHAM TTiCIIsS dHY

oL (PPOBYETHCS Ta
Pucynok 1. Ctpykrypua cxema FMCW panapa HaKOIIUYYETHCS.

PHY Ly

3nviurveau [Ipuiimansua
aurena

¥
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Tabmmg 1
[TapameTp MiH. 3Ha4. | TunoBe | Makc. 3Hau. | OguHUI
AT yactoTa BUOipok 80 Maub/c
Cwmyra npoIycKaHHs 0.5 I'To
YacToTHUA aialia3oH 335 34 34.1 I'To
[lepion JIUM 50 MKC
CW BuXiJHA TOTYXKHICTh 10 MBT
Po3ainbHa 34aTHICTE IO JaJbHOCTI 0.6 M
Po3ainbpHa 31aTHICTE 10 MIBUIKOCTI 0.3 m/c

YacToTa OUTTA € mpsIMO TIPOTOPIIIMHOIO BIJICTAHI IO 1T 1 BA3BHAYAETHCS 3a
dbopmyoro (1).
cTf
R=—mo-, 1)
2B

ne f —npomixna gacrorta (IT4), ¢ — mBHUAKICTH CBiTIIA, T — MEPioj 30HIYIOYOTO
CUTHay, B — cMyTa NpoIyCcKaHHS.

JUist orpumaHHs 1HQOpMaIli PO AaNbHICTh Ta pajlalibHy IIBUIKICTH J10C-
J)KYBAaHOTO 00’€KTY BUKOPUCTOBYETHCS alITOPUTM JBOMIPHOTO HIBUIKOIO Te-
perBopeHHst Dyp’e. B sKkoCTi 00°€KTIB JTOCHIHKEHHS OYyJ10 00paHO JABI MeTaJeBi
wiactuHu po3Mipamu 30 Ha 30 cm. Ha puc.2 a 300pakeHO CHEKTp MOTY>KHOCTI

CUTHAJIy MO JAJBHOCTI, HA SKOMY BHJHO CHUTHAJIM BiJ 2X 00’€KTIB Ha BIJCTaHI
161 cm 1a 219 cm.

A
3

IotyxHicts, 46
TToTyxHicTh, 16
\
\

3
5
5

s

m m
Binotann, M LsuakicTs, M/c

a) 0)
Pucynok 2. CiekTp noTy>KHOCTI CUTHAITY 10 1aJbHOCTI 1 IO IIBUIKOCTI

Ha puc.3 a npoaeMoHCTpOBaHO NalIbHICHO-AOMIUIEPIBCHKY MATPHUIlIO. 3 Hel
BUJTHO, 110 2 00’ €KTH € HEPYXOMHUMHU.

Takox Oyn0 mpoBeleHO Ja0OpaTOPHUN EKCIEPUMEHT 3 BUMIPIOBAHHS pa-
JaJbHOI IMBUAKOCTI AOCTIIHKYBaHUX 00’ €KTiB. [Ipy IboMy MIBUAKICTH pO3paxo-
ByeThCs 3a (hopMyioro (2)

v % i )
2 foNT
ne fo — IT4, Ns — KiJIbKICTh 30HIyFOUMX CHTHAIIIB, | — HOMEP KOMIPKH MaTpHIli B
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Ky IOTPANUB 00’ €KT.

TloTyxuicTB, MBT
TMoryiicts, MB1

[IeuaKIcTR, M/e

HIpmAKicTE, M/c

25 3
g BifcTank, M
Bincrans, M

a) 0)

Pucynoxk 3. JlanbHicHO-gONTIEpiBCbKA MATPHUIIS

Ha puc.2 6 300pakeH0 CIEKTp CUrHajidy Mo mBUAKOCTI. Ha pucyHKy BUIHO
CUTHAJIA BiJl 2X JOCHIPKYBaHUX OO0 €KTIB, OJIMH 3 SIKMX CTaTUYHWM, a PYTrui
Mae pajiaibHy MBHIKICT -1.5 M/c. 3HaK MiHYC, TOBOPUTH PO Te€, MO 00’ €KT
pyXaBcsl y HapsIMKY 710 pajaapy.

Puc.3 6 neMoHCTpye nambHICHO-AOMIUIEPIBCHKY MATPHUIIO 13 CTAaTUYHUM
00’ekTOoM Ha BifcTaHi 161 cM Ta IOCIIHKYBaHUM 00’ €KTOM, IO HAOIHKAETHCS
710 pajapy 31 mBHAKICTIO 1.5 M/c, Ha BijcTaHi 2.5 M.

Pe3ynpTaTi eKCieprMEeHTIB IEMOHCTPYIOTh 3[IaTHICTh pajapy MpaImioBaTh 3
JEeKUIbKOMa 00’ €KTaMH, BU3HAYATH 1X JAIBHICTh Ta pajlaibHy IIBUJIKICTH. Pe-
3yJbTaTH BHUSIBJICHHS B MOJAJIBIIOMY MOXKYTh OyTH TOKpAIICHI 32 paxyHOK 3a-
crocyBaHHs anroputmy CFAR.

Ilepesik nocujiann

1 N. F. M. Ariffin, F. N. M. Isa and A. F. Ismail, "FMCW Radar for Slow Moving Tar-
get Detection: Design and Performance Analysis,” 2016 International Conference on Com-
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3. Zyng-7000 SoC Data Sheet.

AHoOTALIA

B po6oTi npencrasneHo xapakrepuctuku crBopeHoro FMCW panapy EHF. Bukonano
MOro JOCHIKEHHSI Ha CTAaTUYHUX Ta PYXOMHUX OO’€KTax, a caMe: BUMIPSHO NaJbHICTh /0
00’€KTiB, iX paJialbHy HIBUAKICTh Ta MOOYI0BAHO JAJIbHICHO-JONIUIEPIBChKI MATPHIIL.

Kirouosi coBa: FMCW panap, EHF, nanpaicHO-nmonmnepiBcska matpuist, [JIIC.

Abstract

Characteristics of the created FMCW EHF radar were presented. The research was con-
ducted on static and moving targets, namely: targets range and radial velocity were measured.
Range-Doppler maps were constructed.

Keywords: FMCW, radar, EHF, range doppler map, FPGA.
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JTOCJIUKEHHS XAPAKTEPMCTHK JITH3W POTMAHA KU-
JIATIA30OHY

Menvnux T. H., Cywro O. FO., PhD
Paoiomexniunuii paxynomem, Hayionanonuii mexniunuii ynieepcumem Ykpainu
«Kuiscoxuii nonimexniunuu incmumym imeni leops Cikopcoko2o,
m. Kuis, Ykpaina

B naniii cTaTTi po3risaeThCs TOCTIIKEHHS BIUIMBY KOHCTPYKTUBHUX OCO-
ommuBocTedt niH3M PoTmana 1 (QopMyBaHHS OaraTOmpOMEHEBOI Jlarpamu
CIpsIMOBAHOCTI 0€3 BUKOpHUCTaHHS (Pa3zoo0epTauiB. 3a paXyHOK MPOCTOTH BUTO-
TOBJICHHSI 1 TPAKTUYHOCTI, TaKl JIIH3W BUKOPUCTOBYIOTH Y PaJIl0JIOKaIlIMHUX CHUC-
TeMax. BapTicTh Ta epeKTUBHICTD JIIH3U BU3HAYAETHCSI B OCHOBHOMY JII€TIEKTPH-
YHOIO MI1AKIAJKOIO.

VY cratTi [1] po3rasHyTo niH3y PoTmana 3 cmyramu B X ta C — niama3oHax
3 KyToM ckaHyBaHHs 50°. /lieeKTpu4Ha MPOHUKHICTh MIAKIAIKH — 2.5, BUCOTa
1.6 mM. ¥V craTTi [2] mapameTpu JiH3A pO3pOOJICHOT B MPOTPAMHOMY CEPEIOBH-
i Rotman Lens 3 nianazonom vactot 32 — 38 I'T'11 1 kyToMm ckanyBaHHs 90° Ha
nienextpuuHii migkmaakm Rogers RO4003 3 mpoHUKHICTIO 3.5 Ta TOBIIMHOIO
0.5 mm. Jlinza Pormana 11x15 na mienektpuuHii migkiaagini Rogers5880 3 ToB-
mHo0 (0.5 MM Ta AieeKTpUYHOI0 MPOHUKHICTIO 2.2 [3]. MakcuMallbHE MOK-
puTTs ckanyBaHHsS 45° Ha vactoTi 15 ['Tu. Po3risiHyTi po6oTH MiKpECTIO0Th
aKTyaJIbHICTh PO3POOKM TAaKUX JIIH3 Mij] crenudiuyHl 3aCTOCYBaHHSI, HANIPUKIIA]
TakKi sIK pajiapHi CUCTEMU 3B’SI3KY.

Ha puc. 1 nokazana Mmo-

Bxiwi Brximi neap mH3M  Pormama Ku-
S s Jllana3oHy 13 40THpMa BXOJaMHU
vl B ’ ;//;/4:: IO Ta BUXOJIAMH, IO .306pa>KeHi
Y BIJIMTOBITHO JIIBOPYY 1 IPaBOpyd

ey mu3u.  CropoekroBaHa  JIiH3a
_ad Pormana po3paxoBaHa Takum
Sy YUHOM, II00 MaKCHUMaJILHUU
. U CEeKTOp CKaHYBaHHS IPOMEHIB
S __,j&// \\:k Jl0cAraB +20°, mpoBa Mi)}( Cy-
Nenee B n0et CIIHIMHU TEJIOCTKAMHU JiarpaMu

CIIPSIMOBAHOCTI HE TEPEBUIILY-

BaB 3 nb npu miacunenui 19 nb

JUTST MIKPOCMY>KKOBOI TIaT4 aH-
Pucynok 1. Jlinza Pormana TCHHU.

2 noprE——

3 mopT——=

B sikocTi BUXITHUX JAHUX ISl TPOCKTYBAHHS BUKOPUCTOBYETHCS JI1€JICKT-
puuHa miakiaagka FR-4 topmunaamu 0.5, 0.7 Ta 0.9 MM 13 BiTHOCHOO J1€JIEKTPHU-
YHOIO MPOHUKHICTIO 4.3. ToBIIMHA MiAHOT MeTalli3allli CTAHOBUTh 35 MIKPOMET-
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piB. BijicTanp Mk eleMEeHTaMu PENITKY (BUXITHUMHU TIOpTaMu) OyJi0 BHOpaHO
10 mm. Bxinnuit omnip nopTiB Bubpano piBHuM 50 Om.

B mporpamuomy cepenoBumii CST Studio po3paxoBaHo mapaMeTpu y3ro-
JDKEHHS BX1HHUX TOPTIB (puc. 2) B poboyomMy nianaszoni yactot 10.7 — 12.7 I'T'w.
VY3romkeHHs BCiX BXIIHMX MOPTIB cTaHOBUTH <—10 ab, 1110 € npuitHATHUM. ¥ 3-
roJDKeHHS KpaiHix nopTiB (1 Ta 4) CyTTEBO Kpallle HI’K IIEHTPaIbHUX MOPTIB (2
Ta 3).

[Ticns onTuMmizariii mapaMeTpiB JIIH3U MPHU MOJIa4l CUTHATY Ha TMEPIIUi mopT
¢da30B1 3CyBU MK BUXITHUMHU MOpPTaMH NpUOIM3HO piBHI — 90 rpaayciB Ha 4Ya-
croti 11.7 I'Tt puc. 3. Tobto Mixk 5 Ta 6 mopramu 101.5°, mixk 6 Ta 7 mopramu
85.6°, mixx 7 Ta 8 mopramu 89.1°. [laHi 3cyBu (a3 3a0e3medyioTb CKaHyBaHHS
npocTtopy B aiana3zoni 40 rpamycis.

S-Parameters [Magnitude

8 25 - 8

~0 S1,1:-23.107913

-35 $2,2 :-10.326711
3. 3:-

4o §3,3 : -10.326711 A
54,4 : -23.107913f| 117

-45 - ;

10.6 10.8 11 11.2 114 116 11.8 12 122 124 126 128

Frequency / GHz
Pucynok 2. Y3romxeHHs: BXiIHUX MOPTIB JiiH3u PoTmaHa

110

105 S —
100
o5 ;——/
00 o
85
80
75
o | | | |
10.5 11 11.5 12 12.5 1

— Mix 1D —Mix 1D_1 — Mix 1D_2
Pucynoxk 3. Pizauui ¢a3 npu 30y/KeHHi1 3 mepIoro nopra

JInst mopiBHSAHHA 3MOAenboBaHO Tpu JIiH3u PoTMaHa 13 pi3HUMHU KUIBKOC-
TAMH BX1JIHUX Ta BUXIAHUX IPOMEHIB pHC. 4.

BianosigHo puc 4, nepia jiH3a mae 6 BXIIHUX Ta 4 BUXIJIHHX, Apyra 4
BX1JIHI Ta 6 BUXIJHI, TpETSA 6 BXIAHUX Ta BUXIAHMX MOPTiB. [Ipu moxayi curnamy
Ha TIepII MOPTH, KOKHOI JIH3HW, OTpUMaHO (Pa3oBi 3CyBH MK BUXITHUMH TOP-
tamu puc. (5 — 7). Ilpu 3011bII€HH] KUTBKOCTI BX1AHUX TOPTIB Pi3HUIA (a3 Mixk
BUXITHUMU TIOPTAMHU CTAIOTh HECTAOUTHLHUMH 1 IOTPEOYE T0AATKOBOT ONMTUMI3a-
mii. Ha gactori 11.7 I'T'11 3H4TI HaCTymHI XapaKTePUCTUKH.

[Tpu mecTy BXigHUX Ta YOTUPHOX BUXIJHUX MOPTAX MK 7 Ta 8 mopTamu
123°, mixk 8 Ta 9 mopramu 58°, mixk 9 Ta 10 mopramu 77°.
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[Tpu 9OTHPHOX BXITHUX Ta MIECTH
BUXIJHUX MOPTaxX MK 5 Ta 6 mopTamu
94°, mix 6 Ta 7 mopramu 66°, Mixk 7
ta 8 mopramu 83°, Mk 8 Ta 9 mopra-
mu 72°, Mk 9 Ta 10 moptamu 73°.

[Ipn miectd BXIAHUX Ta IIECTU
BUXIJIHMX MOPTax MK 7 Ta 8 mopTamMu

120°, mixx 8 Ta 9 mopramu 58°, mixk 9 ta 10 mopramu 91°, mixk 10 ta 11 nmopra-

Mu 66°, Mk 11 Ta 12 mopramu 74°.

[Tpu 301bIICHH] KIJTBKOCTI MOPTIB JIIH3U (h)a30Bl 3CYBH MOPTIB HE MAalOTh
cTallnpHUX 3HaueHb (a3u. Bubpane 3Hauenns ¢aszu 90°. Cepenne 3Ha4eHHS Bi-
JTXWJICHHS Bl HOPMH CTaHOBHTH 26° juist JiH3M 6x4, 15° mnsa min3u 4x6 ta 20°

U1 11H3U 6X6.

140
130 |
120
110 -
100 {--
90
80 s
701
60—
50

10.5 11 11.5 12 12,5 13
—Mix1D —Mix1D_1 — Mix 1D_2

Pucynox 4. Jlin3u Pormana 13 pi3HUMH KiJIb-
KOCTSIMU TIOPTiB

Pucynok 5. Piznuni ¢a3 npu 30ymkenHi nin3u Pormana 6x4 3
MIEPIIIOTO TOPTa

105
100
95
90
85
80
70
65
60
55
10.5 11 11.5 12 12,5 13
—Mix1D —Mix1D_1 —Mix1D_2 —Mix1D 3 —Mix1D_4
Pucynoxk 6. Pisnuui a3 npu 30ypkenHi Jin3u Pormana 4x6 3

MEpILOro NopTa

130
120
110
100 ~
90 yd
80
-0 %
60 e I —
50

10.5 11 11.5 12 12.5 13
— Mix 1D —Mix 1D_1 —Mix 1D_2 — Mix 1D_3 —Mix 1D_4

Pucynoxk 7. Pizauui a3 npu 30ymkenHi giH3u Pormana 6x6 3
NEPLIOTO MopTa

Mixcnapoona naykoeo-mexuiuna Konghepenuis
«Padiomexniuni npooremu, cuzHaiu, anapamu ma CUCmemu 41



Paodiomexniuni cucmemu ma MikKpoxeuyib08a mexHika

JlocmimxeHo 3MiHy (pa3 B 3aJI€’KHOCTI BiJl TOYHOCTI BUTOTOBJICHHS J1€TIEKT-
PUYHOI MIIKIAIKA, a caMe ii ToBIMHA. Pa30Bi 3CYyBU HA BUXITHHUX TOPTaX MpHU
TOBIMHI mienekTpudHoi migkmaaku 0.7 MM Ta 0.9 MM B cepeTHbOMY 3MIHUIINCH
Ha 2°, a 1Mo BiIHOIIEHH!O 10 ()a30BUX 3CYBIB Ha BUXIJIHUX MOPTaX MpPU TOBIIUHI
nienekTpuyuHoi miakiaaaky 0.5 mm Ha 14°.

3a I0MOMOTOI0 €NEeKTPOJUHAMIYHOTO MOJICITIOBAHHS TPOBEIACHO aHai3
BIUIUBY KIJBKOCTI IPOMEHIB JIIH3W Ta TOBIIMHHU Ji€JIEKTPUYHOI MIJAKIAAKA HA
XapaKTepuCTUKU (da3zyBaHHS BUXIJIHHUX MOPTIB JiH3U Pormana. [Ipu momayi cur-
HaJy Ha TEepIIui BXITHUM MOPT KOKHOI 3 JIiH3 pi3HUIIA (Da3 Ha BUXIAHUX MOPTax
KOJIMBA€EThCS B Jiana3zoHi £20° BigHOCcHO 90° npu 3MiHI KIJIBKOCTI MOPTIB. Mak-
CUMaJIbHUN KYT CKaHyBaHHS 3MIHIOE€THCS, IPOMEHI HAKIAJAIOTHCS a00 MpoBal
M1 IPOMEHSIMH 30UTBIIYETHCS.

Ilepesik nocujiann
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AHoOTALA

[IpoBeneHo enekTpoauHaMivHe MOJICITIOBaHHS JTiH3 PoTMaHa 1 mpoaHani3oBaHO 3aje-
KHICTH po3M0/1iy (a3 BiJl TOYHOCTI BUTOTOBJICHHS Ta BIUIMB K1JIHKOCTI BXITHUX Ta BUX1THUX
MOPTIB HA XapaKTEePUCTUKH JIiH3. BusBieHo, 1110 npu 30UIbIIEHHI KUJIBKOCTI IOPTIB JIIH3H (a-
30Bi 3CYBU MOPTiB HE MAaIOTh CTa0ILHUX 3HaYeHb (Pa3u. CepeqHe 3HAUCHHS BIIXUICHHS Bif
3a/1aHOi pi3HMII a3 cTaHOBUTH 6° 11t miH3U 4x4, 26° 17 miH3u 6x4, 15° nns miH3u 4x6 Ta
20° mus nin3u 6x6. da30Bi 3cyBU HA BUXIIHUX MOPTaxX MpPY TOBIIWHI Ai€NIEKTPUYHOT MiAKIA-
ku 0.7 mm Ta 0.9 MM B cepeTHbOMY 3MIHIIIMCH Ha 14° 10 BITHOIICHHIO O TOBIIUHU J1CJIEKT-
puuHoi miakmaaku 0.5 M.

KirouoBi croBa: nin3za Pormana; dazosuii 3cyB; Ku-miamna3oH.

Abstract

In this article, electrodynamic modeling of Rothman lenses was carried out and the
dependence of the phase distribution on the manufacturing accuracy and the influence of the
number of input and output ports on the characteristics of the lenses were analyzed. It was
found that when the number of lens ports increases, the phase shifts of the ports do not have
stable phase values. The average deviation from the specified phase difference is 6° for the
4x4 lens, 26° for the 6x4 lens, 15° for the 4x6 lens, and 20° for the 6x6 lens. The phase shifts
at the output ports with a dielectric substrate thickness of 0.7 mm and 0.9 mm changed on
average by 14° in relation to a dielectric substrate thickness of 0.5 mm.

Keywords: Rothman lens; phase shift; Ku-band.
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DETECTION OF OBJECTS ON VIDEO SEQUENCES

Pertsov V.M., Master’s student; Vyshnevyi S.V., Cand. Sc. (Technology)
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine

The need to detect objects according to certain criteria may arise in com-
puter vision systems for the implementation of a wide range of tasks that arise in
various fields of activity. Considering that the images or video sequences that
are available for processing may differ significantly from the shooting condi-
tions or the features of the analysis scene, it is very often necessary to create or
adjust the corresponding algorithms that would satisfy the needs of the operation
of the corresponding computer vision system.

Given that a number of digital image processing methods are characterized
by significant computational complexity, there is a need to choose an appropri-
ate hardware platform that would allow for effective data processing for a given
operating mode of the corresponding system. Thus, the selection of appropriate
methods and algorithms may require trade-offs when the speed of the algorithm,
I.e., the speed of data processing, and the accuracy of data processing results are
in a corresponding interdependence. This leads to the fact that optimal methods
are often impossible or impractical to implement in practice, and quasi-optimal
methods or heuristic methods can be characterized by lower accuracy of pro-
cessing results. In addition, it should be taken into account that digital images or
video sequences can be in color or in grayscale, which can also affect the choice
of appropriate approaches to their analysis.

One of the approaches that can be used when detecting objects by a certain
feature is a method that involves the use of color filtering. Color acts as the main
feature of the detection object. A similar approach can be used when selecting
objects that are significantly different in color from other objects and from the
background. Processing algorithm for highlighting colored objects in the image:

1. Receiving a frame for processing.

2. Conversion of the received RGB frame to HSV [1]:

Max = max(R,G, B);

Min =min(R,G,B);
undefined, Max = Min
), Max=R, G=B,
(Max —Min)+ 360, Max=R, G<B,
(Max — Min)+120, Max =G,
)+ 240, Max = B,
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0, Max=0,

S= i
1- w, otherwise,
Max

V = Max.

3. Set the required threshold and perform threshold processing.

4. Binarize the frame by color.

5. Get a frame with selected objects.

6. Perform noise suppression.

7. Search for the object by contours.

Another approach that can be used to highlight objects involves the detec-
tion of moving objects in a video sequence. This approach can be successfully
used for the case when the video camera performing image registration is sta-
tionary. At the same time, it is important to determine the background of the
analysis scene in advance, so that such an assessment is carried out without the
influence of moving objects. A significant drawback of this method is that when
the camera moves, as well as when the background is dynamic, it is quite diffi-
cult or impossible to detect the object of interest. Thus, this imposes certain
limitations on the real application of such an approach in computer vision sys-
tems. The algorithm itself for detecting moving objects can be described using
the following steps [2]:

1. Perform sequence registration from two frames of the analysis scene.

2. If the camera allows you to receive a color image, convert it into a gray-
scale image and save it in the appropriate matrix.

3. Perform a pixel-by-pixel calculation of the difference between two ma-
trices containing pixel values in grayscale:

do (X, y) =k (X y)=ka(XY).

4. The calculated difference matrix%(*¥) is compared with the specified
threshold T , resulting in a binary mask:

o 0T

1, otherwise.

5. The resulting binary mask is processed by the method of mathematical
morphology.

6. The object of interest is searched by the method of contour analysis of
the binarized image.

One of the approaches to detecting an object of interest in a frame is to
search for it according to an existing standard. Having the original image of the
object (i.e., its reference), it is possible to compare it with each received frame
from the video stream. The area of the frame that coincides with the image
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standard and has the corresponding signs of similarity is considered searched.

There are many methods that allow you to search for objects by their stand-
ards. Among the following, we can single out methods that are aimed at finding
special points. The FAST algorithm (Features from Accelerated Segment Test)
[3] is used to find special points. The FAST method is not invariant to turns,
which can complicate the analysis of images in which the object of interest may
be placed in different positions during its movement or execution of a maneuver.
The appropriate descriptor BRIEF (Binary Robust Independent Elementary Fea-
tures) [4] is used to describe special points. The use of the descriptor should en-
sure the detection of the object in different angles.

The use of appropriate object detection methods in technical vision systems
generally depends on the nature of the analysis scenes and the areas of applica-
tion of the respective systems. Since the features of the images and the objects
presented on them can directly affect which method among the available meth-
ods will give acceptable results for detecting moving or stationary objects when
processing video sequences.
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AHoTalisA

PosrnsiHyTo MeTonu Ta MiAXOIH, SIKi JO3BOJSIOTH BUSBUTH 00 €KTH Ha BiJE€OMOCIIIOB-
HOCTSIX 1 MUGPPOBHUX 300paKCHHIX. 31MCHEHO aHalli3 0COOIMBOCTEN (PYHKIIIOHYBaHHS OKpe-
MHUX METOJIB, IKI MOKYTb OYTH 3aCTOCOBaH1 Ha PAKTHUIL.

KirouoBi cioBa: BusiBIEHHS OO'€KTIB Ha BiJIE0300paK€HHI, OCOOJIMBI TOYKH,
KOMIT FOTE€pHUH 31p, KOJIIpHA MOJIENb.

Abstract

Methods and approaches that allow detecting objects on video sequences and digital im-
ages are considered. An analysis of the features of the functioning of individual methods
which can be applied in practice was carried out.

Keywords: detection of objects on a video image, special points, computer vision, color
model.
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BU3HAYEHHS ITPOCTOPOBUX KOOPAUHAT PYXOMOI'O
OB’EKTY 3 BUKOPUCTAHHAM CUCTEMM ITAPU BIIEOJIABAYIB

Cokonoe K. A., acnipanm; /Kyk C. 4., 0.m.n., npoghecop
KIII im. Ieopa Cikopcbkoco, PT®,
Kuis, Ykpaina

Oco0MuBO TOCTPOIO Ta aKTYallbHOIO TEMOIO ChOTOJICHHSI € HEOOXIIHICTh
KOHTPOJIIO MOBITPSIHOTO MpocTopy. Ha mepiie miciie BUXOAUTH 3ajlaya 3 BUSIB-
JeHHs 6e3nuIoTHUX JiTanbHux anapatiB (BIIJIA) y moBiTpi came y BIHCBHKOBIM
ctepi. IcHye moTpeda B MOOUTBHUX MPOCTUX CUCTEMAax, sIKi O IIBHUIKO pO3ropTa-
JIUCS 1 MpAIfOBAIM Y peaJbHOMY 4Yaci 1 He nmoTpedyBanu 6 3HauHuX 3aTtpar. He
CHIJ BIAKUAATH 1 KOPUCTh TAHOI CUCTEMHU JJIsl IIUBUIBHUX MOTPEO Ta MOXKIIUBICTD
il aJanTUBHOIO 3aCTOCYBAHHS Ui PI3HUX pyXoMuX 00’€KTiB. OCHOBHOIO mepe-
Barolo JIaHO1 CUCTEMH € Te, 1110 BOHA MTaCHUBHA.

[locTae 3aBgaHHS 3a JOMOMOIOKD CHCTEMH Kamep (IKCYyBaTH OO0 €KT y
TPHOXBUMIPHOMY MPOCTOP1 3 MOXKJIMBICTIO MOAANIBIIOIO MOrO 3aXOIUIEHHS, CYy-
MIPOBOJIKEHHS, Ta MOOYIOBU TPAEKTOPIi y PEXKUMI PEAIbHOTO Yacy 3 MIHIMallb-
HOIO 3aTpuMKolo. [leporo 3amadyero € BU3HAYCHHS KOOPIMHAT BAaroBOi TOYKHU
— YMOBHOI'O LEHTPY O0’€KTY, 110 pyXaeThecs y mnpoctopi. PakTUYHO, JaHE 3a-
BJaHHS MOKHa pO30UTH Ha HACTYIHI KPOKH: BBEJCHHS MOJEIl Kamepu
(npuB’si3ka 10 CTaHJAPTHOI CUCTEMHU KOOPJUHAT, PO3IJIsil BHYTPIIIHIX TTapame-
TPiB KaMepH), BBEJCHHSI CUCTEMH JIBOX KaMmep (B3a€MO3B’S30K JBOX CTaHIAPT-
HUX CHCTEM KOOPIMHAT) Ta BUXIJl Ha TIOOAIbHY cucTemMy KoopauHar [1]. Ocki-
JBKH, JaHa OTepallisi BAKOHYEThCS Ha Mapil KaapiB 3 BOX BiJICOMOTOKIB (IO Of-
HOMY 3 KO>KHOI KaMepH), TO MPUITYCKAEMO, 10 KaJIIOpyBaHHS Kamep 31HCHEHO,
4K 11X CHHXPOHI3all1s.

PosrisitHemo Mozenbs kamepu peectpauii. BBegemMo opToroHanbHy HpaBy
cuctemy koopauHaT OXYZ, moyaToK KOOpIWHAT SKOi CITIBMNAZAE 3 ONTHYHHUM
1eHTpom, a Bick OZ — 3 ONTHYHOKO BicClO Kamepu. Taka cucTemMa KOOpAMHAT
(CK) Ha3uBa€ThCs CTaHAAPTHOK CHUCTEMOIO KOOpAWHAT kamepu. llapanenbHo
ocsim OX ta OY Ha (dokycHiii BigcTani f mpoBeaeMo IJIONMIMHY Y SKIH 3a1amMo
CUCTEMY KOOPAMHAT SIK TTOKa3aHo Ha puc. 1.

Toxi Touka M (X, Y, Z) mae BianmoBiany Touky m (X, y) [1], ans skux BUKO-
HY€TbCS CIiBBiTHOIICHHS (1)

x=FfX1Z,y=1Y1/Z (1)

3a Takoi MpUB’SA3KM Yy IUIOLIMHI 300pa’K€HHS KaMepu 3HAXOAMUTHCS (POTO-

npuiiMad. ¥ 3arajJbHOMY BXKUTKY HalyacTillle BUKOPUCTOBYIOTh MATPUIIl BUTO-

ToBJieH1 32 CMOS TexHOJIOT1€10 TaK, K BOHU JICIIEBIIN, Ta MAaIOTh MEHIIIE eHep-
TOCIOXHUBaHHS [2].

TouHICTh BU3HAUCHHS KOOPJAMHAT B 3HAYHIN MIpi 3aJICKHUTh BiJ PO3IUIBHOI
3JIaTHOCTI, a OTXeE 1 BiJ] pO3MIipiB MaTPHUIlb, Ta KUIbKICTI PEECTPYIOUUX €JIEMEHTIB

Mixcnapoona Haykoeo-mexHiuna Konghepenuis
46 «PadiomexHiuHi npoonaemu, CUZHAIU, ANAPAMU MA CUCHEMU)



Paodiomexniuni cucmemu ma MikKpoxeujib08a mexHika

(TrikcemniB).

. [Ilo6 He 3BakaTW HAa MIXKIIIK-
y // Y CEJIbHY MAacKy, 3a3BHYail OMEPYIOTh
A X BIICTAHHIO MDK IIEHTpamH IiKce-

aiB. ToMy mpocTo AiISATH MIHUPUHY
; 5 Ha KUIbKICTh yichIiB Yy panky Ta
i // | BUCOTY Ha KINBKICTh y CTOBIIIL.
12 7 ML) TOQTO MArOuH PO3IIBHY 31aTHICTh
[/ 1 pizuyni PO3MIpH MATpHILi MOKHA
M%) BU3HAYMUTH BIJICTAaHb MK IIEHTPAMHU

MIKCEJTiB.

[ns moBHOrO omnmcy Kamepu
IPEICTaBUMO KOOPAMHATH TOYKH M
B 3BUYHUX OJWHHUISX (POTOmpHiA-
Maya (2).

u=x/w+uy, v=y/h+vy (2)

Y HOBIil cuCTeMi KOOpJHUHAT

HpOGKI_[i.l. TOYKHW M MAaArOTb BUIJIA]
Pucynok 1. Cuctema KoopIuHAT KaMEpH peeCT- (3):
pauii (Bepx.), cucTeMa ABOX Kamep (HUKH.)
_ X fY

U—E‘FUO’V:E‘FVO (3)

JI1st moAanbIIoro BBEAEMO TPHOXBUMIPHUNU BEKTOP M =(x,Y,z)T, 10 Bij-

. . . o T . . .
nosigae Touni M, Ta TBOBMMIpHMH BEKTOp m=(X,y) , IO BiANOBiAa€ TOYL M.

3a3Hauumo, mo W ta h — macmradbu B370BXk ocell 0X Ta OY (BiacTaHb Mix
[EHTpaMH MiKceNiB). | BBeIeMO BEKTOP OJHOPIMHUX BHYTPIIMIHIX KOOPAUHAT

KaMepu V = (u,v,l)T . Ta otpumaemo (3) y MaTpuaHOMY BUJI:

Zv=AM, (3)
fiw 0 u . :
ne — MaTpULs BHYTPIIIHIX TAPAMETPIB KAMEPH
A=| 0 f/h v,
0 0 1

PosrnsaemMo B3aeMHe po3TalllyBaHHS JIBOX KaMep, Ta MPOEKINI TOYKH Ha
IJIOIIMHM PEECTpaIlii 300pakeHHs. 3aBIaHHS CTEPE030PY 3BOIUTHCS 10 BHU3HA-
YCHHSI TYIMOMHU (Z), 1 BHUPINIYETHCS METOJAMHU CMIMoNIsIpHOi reometpii [3, 4].
s koxHOT Kamepu BBOAUTHCS cBosi ctanaaptHa CK (O'XYZ', O"X'Y"Z") 1
Touka M XapakTepusyeThcst BeKTOpamMu M’ =(X',Y',Z')', M"=(X"Y",z")" Bixrmo-
BimHO (puc. 1). Ilepexin Bix rmobansHoi CK mo crangapranx CK koxHOT 3 Ka-
Mep BiIOYBA€THCS 3a TOMOMOTor0 nepetBopeHb M"=R'M +t" Ta M"=R'M +1".
3B's130k Mk BekTopamu M’ ta M"3amaeThest CriBBIHOMICHHSIM

M”"=RM’ +t (4)
ne R=R'RT, t=—R'RTt +t"
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Marpuiio R ta Bektop t mpuiiHsITO HA3UBATH 30BHIIIHIMU MapaMeTpaMu
CUCTEMH peecTpallii (CIOJU BXOASTh MATpPHII, 10 OMUCYIOTh TOBOPOTH CTaHJIa-
PTHHUX CHCTEM KOOPJIMHAT BITHOCHO IIOOATBHOT Ta BEKTOPH 3MIIIEHHS KOOPIU-
HATHOTO IEHTPY IJI00aTBHOI CUCTEMH BIJIHOCHO IIEHTPIB CTAaHAAPTHUX).

Buxoasuu 3 (3) Ta (4) OTpMy€eEMO CHIBBIAHOMICHHS CIPSKEHUX TOUOK

Z'"AN =ZRAMNV +t (5)

KoMnoHeHTH BEKTOpiB MOXYTh MaTH y co0l MOMIIKY ToMy (4) mpuiimae

BUTJISI
Z'"AN - ZRANYV —t=¢e (6)
JlaHe piBHSAHHSA BUPIIIY€THCS METOJOM HaliMeHIIUX KBaapaTis mono Z',Z"

-1
|:ZI:| ~ V!T AIT AI].VI V/T AIT RT AElV” V!T AIT RT
Z" VIAIT RTAEIVN V”TAETAE:LV” V”TAET

(7)

Busznauusmm Z moxeMo nosepHyTtucs 10 (1) ta Buznauntu X ta Y

Jlana cucrema moke OyTH TOKpalleHa 3 JoaaBaHHsAM [Y-pexumy oTpu-
MaHHS 300pa’K€Hb, 110 MOKPALUTh i1 (PYHKIIOHYBaHHS y CKJIAIHUX MOTOJHUX
ymoBax. KpiMm Toro, Taka cucreMa Moke IpaloBaTh y KOMILIEKCI 3 pajiiooKa-
LIAHOI0 CUCTEMOIO, 1110 33 PaXyHOK KOMJIEKCYBAHHS TO3BOJIUTH IMOKPAUIUTH TO-
YHOCTI Ta (DYHKIIIOHAJIbHI XapaKTEPUCTUKU KOMILJIEKCY 3arajioM.
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AHoOTALIA

Ornucano noOyIoBY BIIEOCUCTEMHU BU3HAUYCHHSI MOJIOKEHHS PYXOMOT0 00’ €KTY y Tpoc-
TOpi. 3a3Ha4€HO OCHOBHI 3aca/u (PYHKIIIOHYBAHHS TaKOi CUCTEMH Ta PO3TJISTHYTO MaTeMaTH4-
HY MO/JIeJIb BU3HAUYEHHS KOOPJUHAT TOYKH Y IIPOCTOPI.

KirouoBi cnoBa: crepeosip, Bi1e0300pakeHHs, BU3HAYEHHSI KOOPJIMHAT, PyXOMa LiJIb.

Abstract

The paper describes construction of a video system for determining the position of a tar-
get in space is. The basic principles of the functioning of such a system are indicated and the
mathematical model of determining the coordinates of a point in space is considered.

Keywords: stereo vision, video, coordinate determination, moving target.
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DETECTION OF MOVING OBJECTS IN VIDEO SEQUENCES USING
METHOD OF INTER-FRAME DIFFERENCES

Tykhomyrov M.S., Master’s student; Vyshnevyi S.V., Cand. Sc. (Technology)
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”’, Kyiv, Ukraine

Technical vision systems are increasingly used in various fields in which
information is presented in the form of digital images or video sequences. The
fields of use where it is necessary to process video sequences or a series of digi-
tal images include the field of surveillance and protection, as well as the field of
access control to a certain object which involves not only control of access to the
perimeter of the object but also control airspace in order to prevent different ob-
jects from entering to controlled space [1]. Different artificial moving objects
that equipped with digital cameras can be used for industrial espionage and per-
form unauthorized photo or video recording of an object of interest and can be
used for the purpose of invading a person's private life as well as for surveillance
and data collection [2]. A significant progress in the development of technolo-
gies in recent decades has allowed the creation of small-sized digital cameras
belonging to the class of consumer electronics which can be installed in different
moving objects that can be used for illegal activity.

This leads to the need to create appropriate systems that would allow con-
trol of the space within the respective object which is under guard or where it is
necessary to control areas from invading unauthorized moving objects.

Usually, systems aimed for detection and countering the illegal movement
of moving objects that could even be the products of consumer electronics in-
dustry such as small-sized remotely-controlled moving objects with digital cam-
eras within the relevant space are installed or within adjacent to the relevant ob-
jects and such systems may use different types of sensors to detect the vehicles
or other types of moving objects to detect them in the relevant sector of view. In
such systems radar methods of target detection can be used to survey remotely-
controlled moving objects using for that purposes control signals and telemetry
signals that are transmitted to the control panel of the human operator that oper-
ates such remote vehicle in the corresponding frequency band. In addition,
sound sensors can also be used which must record the noise created by the en-
gines of the vehicle. The integration of measurements allows expanding the
range and nature of the received data, which can be used to increase the accura-
cy of detection of moving objects [3, 4].

Optical sensors for detecting moving objects can act as the main and auxil-
lary source of information in object detection systems. There are a number of
factors that can negatively affect the operation of the optical system for detect-
ing moving objects [5]. These factors include:
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— the influence of stationary objects which do not belong to objects of in-
terest and can affect the level of accuracy of the system of detecting moving ob-
jects. Such stationary objects include clouds and trees which can significantly
complicate the assessment of the background of the analytic scene;

— the influence of moving objects, for example, birds, cars, people as well
as airplanes and helicopters which may be at a significant distance from the ob-
ject or territory under protection, and where a suitable optical system for the de-
tection of moving objects is installed, but when they are registered on a digital
Image such moving distant objects can be commensurate with the images of a
moving object that violates access rules and this leads to the increasing of erro-
neous decision.

The functioning of the optical system for the detection of moving objects is
based on the implementation of the following steps:

1. Evaluation of the background of the observation scene.

2. Detection of moving objects in a series of digital images and video se-
quences.

3. Classification of moving objects.

4. Notification of the operator about the probability of the appearance of a
moving object in the field of view of the optical detection system.

Background estimation is the initial and one of the key stages of the opera-
tion of the optical detection system. The background estimate can be built by ac-
cumulating a series of digital images and their subsequent averaging in order to
reduce the impact of minor variations in ambient brightness and image noise.
The background estimate can be described by the following expression:

(k1) (k1) +...+ 11 (k1)
T
where B(k,1) — estimated background; k=1,K, I =1L, where KxL —
frame sizes of a video sequence or a single digital image; T — the total number
of frames of the video sequence or digital images used to form the background
estimate B(K,I).
Detection of moving objects within a frame of a video sequence can be

performed using the inter-frame difference method in which the previously es-
timated background is subtracted from the current frame:

D(k.1)=[s(k.1)-B(k.I),
where D(k,l) — difference image that may contain pixels that refer to a mov-

ing object in the image; S(k,l) — analysis scene; é(k,l) — pre-estimated
background.

After obtaining the difference image it must be subjected to threshold pro-
cessing in order to display only those pixels related to the moving object on the
resulting binary image. After that, the selected area with a moving object should
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be subjected to the next stage of processing — classification. This step can be
performed, for example, using correlation analysis or using neural networks or
other approaches [4]. The integration of sensor measurements can be used to re-
duce the probability of a false alarm and improve the functioning of such sys-
tems. Methods for detecting and classifying moving objects may require the
availability of a suitable database with samples of images of the objects of inter-
est.
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AHoTalisA

Po3risiHyT0 MOKJIMBICTH 3aCTOCYBAaHHS METOAY MIXKKAIPOBOI PI3HMIN Ul BHUSBIICHHS
pyxoMmux 00’€KTIB Ha OCHOBI aHaJli3y cepii H(poBUX 300paxkeHb a00 BiAEOMOCIHIIJOBHOCTEH 3
METOIO BUSBJICHHS 00’ €KTIB IHTEpPECY B CUCTEMaX MOHITOPHHTY Ta KOHTPOJIO 32 TEPUTOPIEIO
CIIOCTEPEXKEHHS, 1110 3HAXOAUTHCS MiJ oXopoHow. HaBeneHo Kpoku oOpoOKH BiJle0JJaHUX B
MOAIOHUX CHCTeMaX BI1JEOCTIOCTEPEKECHHS, K1 HEOOX1IHO BUKOHYBATH IS peajtizallii mpoiie-
Cy BUSIBJICHHSI PyXOMHUX 00’ €KTIB.

KittouoBi croBa: nugpose 300pakeHHs, MIXXKKaJpoBa pi3HULI, PyXOMHH 00’ €KT.

Abstract

The possibility of using the inter-frame difference method to detect moving objects
based on the analysis of a series of digital images or video sequences for the purpose of de-
tecting objects of interest in monitoring and control systems for the surveillance territory un-
der guard is considered. The steps of processing video data in video surveillance systems
which must be performed to implement the process of detection of moving objects are given.

Keywords: digital image, inter-frame difference, moving object.
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®EPUTOBUI XBUJIEBIJTHUHA BEHTWUJIb TA IIUPKYJIATOP JJIs
JIAITA3OHY YACTOT 2.0-3.0 ITHH

Dinooouenxo €.B., J/lyykeeuu B.A., JIyukeeuu Boa A.,
Hineman C.1., k.m.H., 0ooyenm; bByrawenxko A.B.
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

EdexTuBHe O6araTokaHajgbHe MEpPeMHUKaHHS Ta (OPMYBaHHS MTPOMEHS B aH-
TEHHUX PEIITKaxX Ta PajioJIOKAMIMHUX MPUCTPOSIX BUKOHYETHCS HEB3a€EMHUMHU
XBUJIEBITHUMU KoMroHeHTaMu [1-5]. CydacHi ¢azoobepradi [6], HUPKYIATOPH
[7], monspuzatopu [8, 9] Ta Bentwm [10] 3acHoBaHI Ha (epUTOBHUX BCTABKAX
a00 HaBaHTaXEHHSIX B XBUJIEBOJAX Ta 00'eMHUX pe3oHaropax. OTike, 3aCTOCy-
BAaHHS HEB3a€EMHHUX (PI3MYHHUX e€(PEKTIB y (pepurax s po3poOKHA XBHIEBOJHUX
KOMIIOHEHTIB JI03BOJISIE CTBOPIOBATH BUCOKOS(MEKTHUBHI paIOTEXHIYHI, pai10JI0-
KallliiHi, BUMIPIOBAJIbHI Ta TEJIEKOMYHIKAI[IHHI CHCTEMHU 3 MOHOIMITYJIbCHOIO 200
OJIHOAHTEHHOIO POOOTOIO.

3a 1ONOMOror NPOrpaMH MOJEIIOBAHHS Oylid pPO3pOoO0JeHl KOHCTPYKIIIi
BEHTWJISI Ta IUPKYJIATOpa. PO3paxyHKOBI XapaKTEpUCTUKNA BEHTUJISI HABEACHO Ha
puc. 1 nnsa nianazony vactot 2,7-3,0 I'T.
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Puc. 1. YacToTi XapakTepUCTUKH BEHTHJIS
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Takum 4yrHOM, PO3B’A3Ka PO3pOOIEHOrO MPUCTPOI0 mepeBuinye 23 nb y
pobouomy mianazoni yactoT 2,8-2,9 I'Tu. Koediuientn BigoUTTs 060X MOPTIB
MmeHte - 23 ab. Y pobodomy miana3zoHi KoedilieHT CTIHHOI XBHIII 32 HAIPYTOIO
kpamie HiX 1,2. Baeceni Brpatu Bentuis menie -0,2 n1b. Po3pobnenuii mpuct-
piif MOoxe OyTH BUKOPHUCTAHUM JJIS 130JIS111 XBUJIICBOAHUX KaHAIIB B TEJIEKOMY-
HIKAIlIMHUX CUCTEMAaXx 3B’SI3KY.

XBUJICBITHUM (PEPUTOBUI 130JIITOP € y3roPKCHUN HEB3a€EMHMM JIBOIOPTO-
BUI MIPUCTPIH, KU HE CTBOPIOE 3HAYHOTO 3aracaHHs JJisl XBWJI1, IO MOUIUPIO-
€TBCS IO JIIHIT TIepeaadi B ogHOMY (MPSIMOMY) HANPSIMKY, ajie BHOCUTh BEIIMKE
3aracaHHs JJig 1HIIMK (3BOPOTHMI) HANPSAMOK MOIIMPEHHS €JIEKTPOMAarHiTHOI
ereprii. L{upkynarop € HeB3aeMHUII 0araTonopTOBUM MPHUCTPIH, B AKOMY MOTIK
eHeprii Mk CyCITHIMU BX1THUMH TIOPTaMH BiJJOYBa€ThCS y IEBHOMY HAIPSIMKY,
110 3aJIeKUTh BiJl Opi€HTAIlli 30BHIIIHBOIO MAar”HiTHOTO MOJs, 0 HaMarHiyye
bepur.

Po3paxyHKOBI XapaKTepUCTUKH (PEPUTOBOTO XBUIIEBOIHOTO ITUPKYIS TOpa
HaBEJICHI Ha pHC. 2.
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Puc. 2. YacToTHI XapaKTePUCTHKH IIUPKYIIATOPA

MopentoBanHs nmpoBoawiIn B mianma3zoHi yactoT 1,0-3,0 I'T. CnpoekToBa-
HUW TIPHUCTPIN 3a0e3medye XOpoIry 3BOPOTHY 130JIAIIIF0 BCIX MOPTIB, MO CTaHO-
BUTh Oubiie 17 nb B poGouomy miamazoni 1,5-2,5 I'T'. [Ipu nbomy Bci koedi-
IIEHTH BIAOWTTS nupkysitopa meniie -18 a1b. Bueceni Brpatu menme -0,4 nb.
Po3pobnennii UpKyasSsTOp MOKHA BUKOPHUCTOBYBATH B MIKPOXBHJIBOBHUX paja-
pax 1 TeNEKOMYHIKaIlITHMX CHUCTEMaX.
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Taxum yrHOM, pO3p0o0JIeHI MPUCTPOT 3a0e3MeuyoTh e(hEeKTUBHY 3BOPOTHY
PO3B’sI3Ky Ta BIAMNOBIIHY MPOAYKTUBHICTh. Po3B’s13ka Bumie 17 nb. ¥V pobounx
Jiama3oHax KOe(iIlieHT CTiMHOI XBWJI 3a Hampyroio kpamie 1,2. Po3pobneni
XBUJIEBITHI KOMIIOHEHTH OYyIyTh 3aCTOCOBaHI B Cy4aCHHX pajapax Ta TEJeKO-
MYHIKalIHHUX CHCTeMax 3B’ 3Ky HIMPOKOTO MPU3HAYCHHSI.
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AHoOTALIA

[Ipencraieni pe3ynbTaTd po3poOKkHu (HEPUTOBUX XBUIIEBIIHUX LIUPKYIATOPIB Ta 130J15-
topiB B miana3oHi Bix 2.0 [T go 3.0 I'T.
Kiro4oBi croBa: 13051TOp, HUPKYIATOP, XBUIEBOI.

Abstract

The results of the development of ferrite waveguide circulators and insulators are pre-
sented in the range from 2.0 GHz to 3.0 GHz.
Keywords: isolator, circulator, waveguide.
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OCOBJIMBOCTI BUKOPUCTAHHSA HINPOKOITIOJIOCHUX
CHUI'HAJIIB JIYM B PJIC 3 TU®POBUMU AHTEHHUMHA
PEIIITKAMUA

Umenvos B. O. k. m. H., 0oouenm, Kamin ILIO k. m. H., Ooyenm
Hayionanvnuti mexuiunuti ynigepcumem Yxpainu “Kuigcokuti noaimexHiynui
incmumym imeni I2opsa Cikopcvkozo”’, m. Kuig, Ykpaina

[To6ynoBa cyuacHux pazgionokamiiiaux cuctem (PJIC) 3 Benukoro nanbHic-
TIO BUSBJICHHS 11JIEH, BUCOKOIO TOUHICTIO BU3HAYEHHS iX KOOPAMHAT, a TAKOX 3
e(eKTUBHUMU 3aco0aMu TMOJIABJICHHS 3aBaJl MOKe OyTH JOCATHYTO 33 PaXyHOK
BUKOPHUCTAHHS IHUPOKOIOIOCHUX 1 HaamupokornoiaocHux (LLIT) curnanis 1 mu-
¢dpoBux ¢pazoannx anteHHUX peunTok (LIAP). Ane, npu 3actocyBanni LUII cu-
THaJ1B BUHHUKAE MPOOeMa MPOCTOPOBO-4ACOBOi OOPOOKH CUTHAJIB B JIIHIHHUX
AP [1,cTp.27]. PagionokauiiiHi CUTHAJIX 3a TPOCTOPOBUMH BIACTUBOCTSIMU Bi-
nHocHO I[AP mominsitoThCsi Ha TPOCTOPOBO-IITUPOKONOJIOCHI 1 MPOCTOPOBO-
BY3bKOIOJOCHI. J[JI1 TpOCTOPOBO-BY3bKOIMOJIOCHUX CUTHAJIIB BIUIMB Pi3HUIII Ya-
Cy PO3IOBCIO/IKEHHS cUTHANIB 110 aneptypl LIAP Ha komIuieKCHY oruHaouy cu-
THaJIy MO>KHA He 3BaxaTH. [Ipy 1bOMy BUKOHYETHCSI YMOBA:

— 1 Lrax o _
Tiop = 25 > 8 sin(@) =t ,

(1),
ne 7., =z - 4ac xopensauii curnamy, AF - mmpuna crnekTpy curhany,

L, .« - MaKCUMalbHHUI PO3Mip amepTypu aHTeHH, ©® - KyT HPUXOIY IUIOCKOTO

bpoHTy XBUJIl, a00 KyT HAXWJIy OCHOBHOI METIOCTKH JlarpaMu CHpSIMOBAHOCTI
(IH) anTenu BimHOCHO meprieHAUKYIspy no miomman [[AP, C — mBUIKICTH
CBiTNa, t,, - 4ac pO3MOBCIOJKEHHS CUTHAILY B3JIOBXK allepTypH aHTCHU.

BianosigHo, 111 MPOCTOPOBO-IIMPOKOIOIOCHOTO CUTHAITY yMoBa (1) Oyne

_C :
MaTH BUI; TKopC T AF < Lmax Sln(®) -

Le o3unauae, mo s LIIT curaany «mpocroposa noxuna» =7,,,C 6arato

MEHIIIE TpuBeNeHOro po3mipy ameptypu IIAP, 1 nmns mpocroposo-
IIMPOKOIIOJIOCHOTO curHainy ymoBa (1) He BukoHyeThbes. Tomy, aHaii3z poOOTH
AP, Ta ix cuHTe3 3a3BHYail 3MIMCHIOIOTH JJISI MPOCTOPOBO-BY3bKOMOJOCHUX
CUTHAJIB.

OCHOBHOIO METOIO JIaHOi POOOTH € BU3HAUEHHs Mmiaxoay ais cuntesy PJIC
3 LIAP, B sikiii peanizoBaHa MPOCTOPOBO-4acOBa 0OOPOOKA HANIIUPOKOIIOJIOCHOTO
CUTHaIYy, 1 mpobJiema, sika BUSHa4YaeThCcsl yMoBoIo (1), Oyzae BupiieHa.

B cyudacuux PJIC mmpoko BukopuctoByeThes onuH 13 BuuiB LI curna-
JB - JiHIHO-4YacTOTHA MOAyboBanuii (JIYM) curnan, sikuii HanmuIIeMo BUpa-
30M:
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u(t) =u, COS(ZﬂthiﬂtA—th +p), O<t<t,
u
ne u,, f ,AF,t ,@ — aMmIulTyna, IOYaTKOBA YaCTOTA, [AEBiallks 9aCTOTH, TPH-
BaJTiCcTh 1 movaTtkoBa (aza JIUM pamioiMITybCy.

Jlna ananizy moxiuBocTi Bukopuctanus LI JIUM curnany B PJIC 3 LIAP,
OyZIeMo OKpPEeMO PO3TIISIIATH MPOIEC BUMPOMIHIOBAHHS Ta MPUHOMY CHTHAJIB. A
TaKoX, y sIKocTi eneMeHTy LIAP Oyne 3acTocoByBaTHCS MIMPOKOIIOJIOCHA aHTEHA
tuny BiBanbii..

B pexumi BumpominioBanHs JIYM curnany HeoOXigHO mopojatu obOme-
KEHHS, sIKI Hakiagae ymona (1). JlJis 1pOro MpONMOHYETHCS MOJABATH HA BXI1J
IHAP ne cam JIUM curuan, a mociiOBHICTh TUCKPETHUX CEIMEHTIB, IO CKJIa-
naroth JIYM curnan. s 1poro mpoBeAeMO JICKOMITO3MINIO CIEKTpa BChOTO
JIYM curnany Ha CerMEHTH 3a YMOBOIO, 110 MpuHa cuekrpy JIUM cermenra
oyne mentte AF - mmpuau ciekTpy curHany B popmyii (1).

Buznauumo auckpetHuit criektp JIUM curHaimy Ha OCHOB1 JAMCKPETHOTO
nepetBopeHHs Dypobe (AI1D) [4, cTp.480].

M-1
X (hw,) =) u(mt,)e "m
g )

ne , =2x/Mt, - YaCTOTHHI 1HTEpBaI MK CYCIIHIMH CKJIaJ0BUMH JUCKPETHOTO
ciektpy JIJUM curnany, n=0,+142,..+(M-1)/2 , M =t /t,
Oco6nuBicth JIUM curnany Ta loro AMCKPETHOTO CHEKTPY, AKpa3 1 BIAK-

pUBalOTh HAM MOXJIMBICTH MPOBECTH MOTO TEKOMITO3HUITIIO.
TakuM YUHOM, BUKOPHUCTAHHS JIIHIMHUX BJIACTUBOCTEH CIEKTPY CUTHANTY,

Ha BXix LTAP ¢ intepBanom dacy U, GyayTh mocTymaT By3bKOIOJIOCHI CErMEH-

™ JIYM curnany, ne @, , - cepeans yacrora cermenty JIUM curnany.

B nporeci BunpomintoBanus [{AP, B ko)kHOMY OoKpeMOMy BUTAIKY, Oyie
BuripomiHioBatu cermeHt JIYM curnamy, u BukonyBatd ymoBy (1). Ane mpu
IIbOMY, B HACJi10K YacToTHOI 3anexHocti JJH I{AP, Oyne 3miHIoBaTHCS KYT Ha-

Xty ocHOBHOT memoctkn @ . Y mponeci po6oti LIAP, curnany S(t) = Uel@)

CTaBUTHCS BIAMOBIIHO KOxKHOMY enemeHTy [{AP curnan,

. K. jz—ﬁxdsin(a K. -
S(t)=> S(t)e * => S(t)e’”
k=0 k=0 (3)’

e, A¢:27”d sin® - pi3HuL a3 MK CUTHaJIaMH B cycinHix eneMmeHTax L[AP,

d- Bigcrans mMixk enementamu LIAP, A - nomxuHa XBHJIi, K — HOMEp eJIeMEHTY
AP k=0,1,2...K-1.
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[1lo6 3abe3meuntr MOCTiiHUNA KyT ©, BU3HAYMMO KOE(]Iilli€eHT KOPEKIIii
1t pizHuLi pa3 mix enementamu LIAP npu BUIpoMiHIOBaHH1 CYCiJTHIX CEIMEH-
TiB JIUM curnanis 3 BpaxyBanusMm (2) 1 (3):

) .
Ap,=—"dsin®, Agp = n+ldsm@ sin@ =20 _A%aC Ap,_ Agu,
c

Ct) d a)n+1d a)n a)n+1
(0]

a) —
A(0n+1 = A?n Lﬂ’ A(Dn = AgDn—leop’ KKOP B I0) : (4)
n n-1

JIyist BU3HaYeHHs 3MiHU mMApUHU ocHOBHOI memtoctku J[H [AP B 3amex-

HOCTI Bifi 3MiHH yacToTH @), npuiivemo ® =0 c Bpaxysanusam (3) i [5, cTp.50]

A C o ﬂ A o C
HAMIIEMO 2@ ~51° 20 —571° v 20@gcp, , #O1T T= =51 ——,
osrn Kd f Kd pornt Kd f Kd
0 0 n— fn
2(Og5py —Ogspy) =51 G (f_ - :) 2A0, 5, =51 Kd ( flf )
3miny mmpusan JH y Burmsni
20 5pn = 2(Og 5pny +AOq ;) (5).

Ananiz Bupazy (5) mokasye, 1m0 Ipu BUIPOMIHIOBaHHI cerMeHTiB JIUM,
mupuHa ocHoBHOI memoctku JIH I[AP Oyae mocmigioBHO cTaBaTH BY)KYOKO 3

30UIbIICHHSIM HOMepY cermeHnTa JIYM curnany 3 mpasa Bif @,,, - CepeHs Jac-

ToTa Bchoro JIUM curnaimy, i1 MOCHIZIOBHO CTaBaTU OUIBIIOI 31 3MEHIICHHIM
HoMmepy cerMeHTy JIYM curnany BiiBO BiA @,, . [Ipn npomy, 3 BpaxyBaHHSIM

BUpa3y d =4 /2=c/(2f_ )=ct, TOBUHHO BUKOHYBATUCS YyMOBA €JJMHOI OCHOB-

noi nemroctkn JJH IIAP [5, c1p.45] im% <d <A, ne 4,4, - nosxuna

min ?

XBWJII, SIKa BIJIMOBIIa€ MAKCUMAaJIbHIN Ta 1HIIUM YacTOTaM CIEKTPaIbHUX CKJa-
noBux cermenty JIUM curnany.

VY pexumi npuiiomy BigouTux Bia uui JIYM curnamis, 0OpoOKy CUTHAIIB
MPOMOHYETHCSI TPOBECTH B YACTOTHOMY BUMIpI. /[ bOro B KOXKHOMY KaHal
IHAP veoOximHo BukoHatu JIID. B Hachigok cHHXpOHHOI pobOTH ITU(PPOBUX
MPUCTPOIB, CIIEKTPAIbHI CKJIAIOBl JUCKPETHOTO CIEKTPY MPUUHATOTO CUTHATY B
ycix kaHanax [IAP OynyTh 3HaXoAWTHCS Ha OJHAKOBUX TO3UIIIAX y BEKTOPI.
Tomy, nnsa 3abe3nedeHHs: CUH(GA3HOTO CKJIAJIaHHS BIAMOBIIHUX CIEKTPATBHUX
CKJIa70BUX KokHOTO Kanaiy [{AP, moxkxemo Bukopucrtatu koedimieHta (pa3zono-
ro 37BUTY CUTHaIIB B KaHanax [{AP, ski Oynu BU3Ha4YeH1 Mpy BUITPOMIHIOBAaHHI
KoXkHOro cermeHty JIUM curnamy. VY pe3yiabTaTi OTPUMAEMO JAUCKPETHHIM
criekTp npuitHsaToro JIYM curnany, sSIKuii IpUHIIOB mijx KyToM ® Haxwiy rojo-
BHOI nearoctku JIH I{AP.
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\T X(n) UM curHan

Pucynok 1. 3mina JIH LHAP nipu nocnitoBHOMY BUIPOMiIHIOBaHHI CKJIaZOBUX cerMeHTiB JIUM
CUTHAITY

Jlns BpaxyBanHs epekrty Jlomnepa, sikiii Oye BHOCUTH 3MIHH B CIIEKTP Bij-
outoro JIUM curnany Big pyxomoi 11, HEOOX1JHO nepeadayaT WUPHUHY CIie-
KTpY, 3 sikuM Oyne npaitoBatu LIAP:

AF'=AF +2F

Dmax’

ne Fope =2V / A - makcumanbHa yactota Jlomiepa, ska BiAmosigae
o4iKyBaHil MakCHMaNbHIN mwBKAKOCTI pagionokauiiuii wini V. . [lpu usomy,

BIJICYTHI CKJIaJIOBl JUCKPETHOTO CIEKTPY CUTHAIIy OyAyTh 3allOBHIOBATHCS HY-
JSIMU.

B pesynbrati Ha Buxoxai LIAP Oyae 310panuii HagmmpokonogocHuit JIYM
CHUTHAJ 3 BEJIMKOI0 0a30I0.

BucHoBOK

B 3anpononoBanuii poOOTI MiAXiJ 0 BUKOPUCTAHHS HAAIIMPOKOILIOCHOTO
curtany B LIAP no3Bonuth 001iiT yMOBY, sika oOMexye BUKopucTaHHs LIAP y
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3B’S3KY 3 3QJIEKHICTIO iX MMapaMeTpiB BiJl YACTOTH CUTHAIY.

VY mpoteci po6OTH BAANOCS HE TOMYCTUTH HEKOHTPOJIbOBAaHY 3MiHY KyTa
Haxwiy ocHOBHOI nentoctku JJH LIAP, HO npu bOMY NPUXOAUTHCS 3MUPUTUCS
3 IEIKUMU 3MIHAMH IIAPUHU TIETFOCTKH.

Panionoxkartiitni cucremu, ki OyJayTh BUKOPUCTOBYBATH 3alpOINOHOBAHUMA
X1, B MOBHIA Mipi MOXXYTh BUKOPUCTOBYBATH YC1 MepeBaru HaJIIIUPOKOIIO-
jgocHux JIYM curHamiB i MOMIMNIIEHHS pO3AUIBHOI 31aTHOCTI, 3aXUCTY BiJ 3a-
BaJl Ta IHIIMX TAKTUKO-TEXHIYHUX XapaKTEPUCTHK.
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AHoOTAaLIA

3anpornonoBano miaxin go cuatedy PJIC 3 nndpoBUMU aHTEHHUMH PEUIITKaMH, sKi B
MOBHIM MiIpi MOXKYTh BUKOPHCTOBYBATH ycCi IepeBaru HamupokononocHux JIYM curnanis
JUTSI TIOJITIICHHS PO3AUIBHOT 3IaTHOCTI, 3aXUCTY BiJ 3aBaJI, Ta IHITUX TAKTHKO-TEXHIYHHUX Xa-

PaKTEPHCTHUK.
Krouosi ciioBa: PJIC, IIAP, JITUM.

Abstract

An approach to the synthesis of radars with digital antenna arrays is proposed, which
can fully use all the advantages of ultra-broadband LFM signals to improve resolution,
protection against interference, and other tactical and technical characteristics.

Keywords: Radar, DAA, LFM.
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Cekuin 2. Indopmaniiini TexHoJorii Ta
TeJIEKOMYHIKAIIHI CHUCTEMHU.

Xmapui mexwnonozii, inmepuem peueti, 80y008aHI cucme-
MU, CcMapm cucmemu, MmeaeKOMYHIKayiuHi cucmemu ma me-
pedici, meopemuuti 0OCHO8U 00poOKU ma nepedadi iHgopmayii
8 MeIeKOMYHIKAYIUHUX cucmemax, paoioiokayis, Kibepbesne-
Ka ma 3axucm iHgopmayii, cucmemu Wmy4Ho20 IHMENeKmy,
HEUPOHHI MepedxCi.

KepiBuuk cexnii: Cepriii Kyk
Cexkperap cekmii: BsuecinaB UmenboB
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APXITEKTYPA YHIBEPCAJIbBHUX CKPUIITIB UNITY HA OCHOBI
ITATEPHY “CTAH”

Anekceee M.A., cmyo.; I'anaiixo /1.0., cmyo.; I punux B. O., cmyo.;
Kamin ILIO. k.m.n., oou.; Xapeuko 0.C., cmyo.
Hayionanvnuii mexniunuti ynisepcumem Ykpainu

«Kuiscoxuti nonimexuiunuu incmumym imeni leops Cikopcokoz2o,
Kuis, Yxpaina

Ha TenepimHiif yac akTyaabHUMH 1 PO3MOBCIOHKEHUMHU JJIsl CTBOPEHHS Pi-
3HOTO pojay irpoBux mporpamMuux npoayktiB (IIII1) € irposi pymrii. IIporpamua
ckiamosa IIIIT Unity 3Buuaiino noeanye y cebe AeKiIbKa TEXHOJIOTIH, OJHIEIO 3
AKUX € MpOrpaMHa cuctema y BUrisial irpoBoro ckpunra (IC) Ha OCHOBI MOBH
nporpamyBanHs C #. [Iporpamua gacturaa tunosoro IIIIT Unity, mo npencras-
JIEHA y BUTJISA/II CKPUIITIB, SIBJIs€ COOOI0 BEJIIMKUNU OOCIT KONy, SIKWUM JOIIBHO
OyayBaTH y BUKJIaAl TUIIOBOI nporpaMHoi apxitektypu (TIIA). Jlo irpoBux mpo-
rpamaux npoaykrtiB Unity 3i cknagaumu TIIA MoKHA BiTHECTH: ITpH, CHCTEMH
eMyJIALIT yOpaBIiHHSA pyXOM Ha3eMHHX 1 MOBITPSIHUX 00’ €KTIB, MEIMYHI CUCTE-
MU, apXITeKTypHI pimeHHs, Tomo. Ockuibku cydacHl TIIA y Gararbox Bumaj-
Kax MOEJHYIOTh Y cebe JeKUIbKa MapajgurM mporpamyBaHHS, ix ¢dopmalizoBa-
HUW ONUC € aKTyaJIbHUM 3aBAaHHSIM JUIsl JOKYMEHTYBaHHS, MaTeMaTHYHOTO
aHai3y 1 HaJIaroJKEHHSI.

Jnst Bupimenns 3anaui popmamizamii TIIA y surnsaai UML BBegemo 00-
mexenHs. [leppunnuii ma6non I peanizoBaHuil TUIIOBUM TEPBUHHUM TIPO-
rpaMHKMM Ia0JIOHOM, 1110 MicTHTh (yHKIito (Meton) Update [1], sikuii oHOBIIFO-
€ThCS 3 KOXKHUM KaapoM. Bci iHIm MeTou, 1o oHOBIOTECA y Unity, He Bpa-
XOBYIOThCS, 1JI 3a0€3M€YEHHS 3arajlbHOr0 XapakTepy J0CIHIIKEHb.

[ToTpiOHO po3podutu hopmanbHUil onuc y Burisal YMII yHiBepcaabHOro
ckpunty Unity Ha ocHOBI narepHy CTaH y IpoLEIypHIi mapagurmi ais peai-
3amii TTIA irpoBoro pyuuis.

3a pe3ynbTaTOM OCTaHHIX JOCHIIKEHb pOOMMO BUCHOBOK MO0 BiJCYTHOC-
T1 TOTOBOTO piieHHs hopmanbHOro onucy mabmnony Cran y TITA irpoBoro pi-
IeHHS. Y BIIOMHX JKEpesiax He BpaxoBaHi HOro 0COOIMBOCTI. A METOIO JOIIO-
BiJll € popmanbHUil onuc madiaony CTaH 3 ypaxyBaHHSM OCOOJIMBOCTEN THUIIO-
BOT'O IFPOBOTO PYIIIs JIJIsi JOKYMEHTYBaHHSI, MATEMaTHYHOTO aHaJi3y 1 Hajaro-
moxeHHs III1. Pimennst Takox Mo)ke OyTH KOPUCHUM 71l BU3HAYCHHS TTPaBUIIh-
HUX a0CTpakiliii, BU3HAUYCHHS MOKJIMBOTO HA0Opy MOBEAIHOK ITPOBUX TpEaMe-
TIB Ta HAllMCAaHHS HEBEJIMKUX YHIBEPCAJTbHUX CKPHIITIB, sIKI MOKHA OyJe JIETKO
KoMOinyBatu aiis moOoynoBu HoBux TITA Unity.

Ha mpuknaai tunosoi miarpamu craniB IIIIT (puc. 1) moka3aHi HacTymHi
CTaHM IrPOBOI0 MPOLECY, 1110 MOXKYTh OYTH YHIBEpCaTbHUMU JJIs1 0araThoX 1rop
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B PI3HUX CIIEHAX:
- Pause, cran nay3u y mpotieci rpu;
- Play, 6e3mocepennpo mporec rpu;
- Victory, oTpuMaHHsI IEPEMOTH Y XO/1 IpH a0o mepexiJ Ha HOBUM PiBEHb;
- Lose, oTpumMaHHs nporparry;
-MainMenu, Buxija y TOJIOBHE MEHIO.

Press "*Main Menu" button

Press Esc
or “Resume* button

Press Esc

l ¥
.—: Vietory |—Pres.s Esc—s MainMenu ._..©

¥

Lose Press Esc

Pucynok 1. Tunoa niarpama ctanis II1I1

[Ipote popManbHuii onuc y BUTJISA1 TUTPAMH CTaHIB HE YPAXOBY€E 0COOJIN-
BOCTEH poOOTH 1rpoBOro pyuris, mo BiapizHsae TIIA irpoBoro mporpamMHoOro pi-
LIEHHS BiJ 3BUYaHUX MporpaM. Mojesnb pillieHHs, 110 T0Ka3aHa Ha puc.l, mic-
TUTh TUMNOBI cTaHu ofHOTO 3 enemeHTiB [I1I1. Bona € moaiGHOIO 115 BCIX Tpo-
aHaJ130BaHUX BHMAJKIB [2-4, 6], 1 He BimoOpakae ocoomuBocteit TITA Unity 3
ypaxyBaHHSIM OCOOJUBOCTEH IrpOBOTO PYIIIis.

TeopeTnunuii onuc madaoHy CTaH BIJAMOBIIa€ MaTeMaTHYHIA MOJIEI KiH-
nieBoro aBromary (KA). s Toro, mo6 3B’s3aTH IporpamMHe pillieHHS 3 KJIacuy-
HOto Mojestio KA ckopucTyeMocs pe3yabTaTaMu, 1o HaBeaeHi y [3].

KinmeBuit aBToMaT nmpu3HayeHo ISl BapitOBaHHS MOBEAIHKH B 3aJICKHOCTI
BiJl BHYTPIIITHBOTO CTaHy Mporpamu. SIKIIO mij 4ac BUKOHAHHS MPOTpaMu TMOBe-
JIIHKa TOBUHHA 3MIHIOBAaTUCh 1 B KOJ1 HasBHI CKJIQJIHI YMOBHI OIEpaTopH, 110
3aJIe’aTh BiJl CTaHy MPOTrpaMu, TO BUKOPUCTaHHs madnony CTaH 103BOJIsi€ 3Ha-
YHO CHPOCTUTH Takui Koj. [pyrum BaxiMBHEeM elieMeHTHOM dopmaiizaiii €
T€, 0 ACSKI CKPUIITH MOXKYTh OyTH yHiBepcalibHUMH 11 po3pooku TITA Unity
JUTSL PI3HUX CLICH.

Hiarpama nocnigoBHOCTI feMoHcTpye 3amyck T na 6a3i pymrist Unity. Ha
MIEPIIi TMOCIIIOBHOCTI MPOJEMOHCTpOBaHa poOoTa MeToay Start 1 CTBOpEHHS
ex3eMIuLsipy kinacy GameManager. [licist oqHOKpAaTHOTO CHpallbOBYBaHHS Me-
Tomy Start ympaBiiHHS nepenaetscs 10 metony Update kmacy GameManager,
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SKUN €000B’SI3KOBUM JIJIs1 TIEPEXOAY MK CTaHAMH TaTepHy. Jlami MmoYnHaEThC
po6ota IIII. Ilig yac poboTH 3 KOKHUM KaapoM akTuByeTbcs meton Update
kiacy GameManager 1 BimOyBaeThCcs Tiepexifl (Ta€ThCsI MOKITUBICTh TIEPEXOY)
MK ctaHamMu KA.

Ha npuxnaai tunosoi maiarpamu nociaigoBHocTi ITTIT mokaszani ctanu irpo-
BOT'O MPOIIECY, 3 YPAXYBAHHAM Yacy iX BUKOHAHHS Ji YHIBEPCATbHOTO CKPHII-
Ta, 1110 MOKe OyTH KOPHUCHUM 1 YHIBepCaabHUM JiJis pi3HUX ciieH 1 ITTI1.

B pe3ynbTaTi npoBeneHUX TOCTIIKEHb BUSIBICHO, IO JlarpaMy MOCIHiI0B-
HOCTI J1a€ MOKJIUBICTh (popMalTi3yBaTH yHiBepcasibHi ckpuntu Unity Ha OCHOBI
narepHy “Cran”, 3 ypaxyBaHHSM 4acy 1 IMOCIIJOBHOCTI 1X BUKOHAHHS, 110 MO-
e OyTH KOpHCHUM 1 yHiBepcanbHuM Jutst pizHux cuel 1 III1. Kpim Toro ypaxo-
BYIOTBCSI OCOOJIUBICTI pOOOTH IrPOBOTO PYTITisl.
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AHoOTALIA

[TpoanainizoBaHo aiarpamu MOCTIAOBHOCTI JUIsl MOXJIMBOCTI (hopmati3yBaTu yHiBepca-
abHI ckpuntu Unity Ha ocHOBI marepHy “CtaH”, 3 ypaxyBaHHSIM yacy, OCOOJHMBOCTI poOOTH
ITPOBOTO PYIIIis.

KurouoBi cioBa: TumoBa mnporpamHa apxiTekrypa, yHiBepcaidbHMi ckpunt Unity,
Jiarpama IoCJiI0BHOCTI, popMmaiti3aliisi nporpaMHoro 3abesnedeHHs, natepH CraH, irpoBHi
pOTrpaMHUIN MPOTYKT.

Abstract

Sequence diagrams were analyzed for the possibility of formalizing universal Unity
scripts based on the "State" pattern, taking into account time, features of the game engine.

Keywords: typical software architecture, Unity universal script, sequence diagram,
software formalization, Stan pattern, game software product.
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OCOBJIMBOCTI CTBOPEHHS EJIEKTPOHHUX CUCTEM
PO3II3HABAHHSI MOBH HA OCHOBI HEUPOHHUX MEPEX

bopucoe I'.O. acn.; Tpaneson K. O., k.m.H., ooy,
Hayionanvnuii mexniunut ynisepcumem Ykpainu
«Kuiscoxuii nonimexniunuu incmumym imeni I2ops Cikopcvkozoy,
m. Kuis, YVxpaina

Hetiporni Mepexi — 11e 009U CIIOBAIBHI MOCII, B IKUX MHOKHHA TIPOCTUX
O510KIB (HEHPOHIB) MapayeabHO (l)yHKuiOHyIOTL 33 yMOBH BIJICYTHOCTI IIEHTpa-
JBHOTO Kepyrodoro 0ioky [3]. B ocraHHI Jekijibka pOKIB y YMCIEHHHUX o0iac-
TAX HAyKW 1 TEXHIKH BCE€ OLIBINIOT MOMYJISPHOCTI Ha0yBa€ BUKOPHCTAHHS HEM-
POHHUX MEPEX MPU BUPIMICHH] PI3HOMAHITHUX NPUKIAAHUX 3aaa4. OcoOnuBuii
1HTEpEC BUKIMKAIOTh €JIEKTPOHHI CHCTEMH PO3II3HABAHHS MOBHU.

[TpenmeTom po3risiay AaHoi poOOTH € PO3MIIsiA PEKYpPEHTHOI HEMpPOHHOI
Mepexi, IK OCHOBU JJII CTBOPEHHS €JIEKTPOHHOI CUCTEMHU PO3IMi3HABAHHS MO-
BHHUX CHUTHAJiB, @ TaK0XX PO3pOOJICHHS MPOrpPaMHOr0 ajiropuTMy Ha OCHOBI
bpeMBOPKY JIs peaizallii HeMpOHHOT Mepexi, ii TeCTyBaHHS Ta HAaBUaHHS.

B pamkax gociigkeHHs oOyayeEMO alrOpUTM B3a€MO/IIT JAHOK PEKYPEHT-
HOI HEHPOHHOI MEpEXi JUIsl PO3Mi3HABAHHA CIOBOCHOJIYYEHb Ha OCHOBI IHCTPY-
MCHTIB Ta 010J1i0TeK 00’€KTHO —OPiEHTOBAHOTO MporpamyBaHHs pycharm. Crio-
YaTKy iMIopTyemo 0i0mioTeku-mMoayi librosa, a 3 miakI0YeHOro TaKuM YHHOM
dperimBopky Keras 3aBaHTa)XyeMO CKJIaJIOBI HEHpOHHOI Mepexi sequential,
LSTM, Dense. Bukopucranus MokIuBocTel GpeiiMmBopky Keras mo3Bosisie mo-
OyayBatu cucteMy posmizHaBaHHS MOBH [1]. Ha ocHOBI IUX CKIaJ0BUX MiIK-
JIIOYAIOTHCS MPOTPAMHI MOKJIMBOCTI 3 aKTYCTUYHOT'O aHaIIi3y BX1IHOI'O CUTHAIY.
JIist imMiTanii 0coOIMBOCTEN CIPUNHATTS 3BYKY JIFOJAMHOIO MTPU BUAUICHHI 03HAK

y IIOCHIIPKeHHI 0y/1eMO BUKOPHUCTOBYBATH MeE-KEINCTpalibHI KoedilieHTu [2].
import librosa
from os import listdir
import numpy as np
from sklearn.model_selection import train_test_split
from keras.models import Sequential
from keras.layers import Dense, LSTM

[Ticnst 1bOTO, 3aBAaHTAXKYEMO TECTOBI CUTHAIM JJisl POOOTH HEUPOHHOT Me-
peXl — YKpaiHChKI CIIOBOCIIOJIYYEHHS, SKi 3alMCaHO yepe3 MIKpopoH. Aje 10
1p0T0, HeoOX1HO po3paxyBaTtu (yHKIII0 MFCC (Men-kencTpanbHi KoedimieH-
TH), SIKa BPAXOBYE 3BYKOBE CIPUUHSTTSI CUTHAIIB CIYXOBOIO CUCTEMOIO JIOU-

HU:

def

loadSound(path):

soundList = listdir(path)

loadedSound = []

for sound in soundList:
Y, sr = librosa.load(path + sound)
loadedSound.append(librosa.feature.mfcc(Y, sr=sr))
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TOPUTMY:

first =

return np.array(loadedSound)
TecToBl curHamu BHSHaanﬂ$CﬂﬁHa/OCHOBiHaCTyHHOFO JaCTUHY KOoay ajl-

loadSound('./ukr one/")

two = loadSound('./ukr two/")
three = loadSound('./ukr three/")
X = np.concatenate((first, two, three), axis=0)
first_label = np.concatenate((np.ones(15), np.zeros(1l5), np.zeros(15)))

two_label = np.concatenate((np.zeros(15), np.ones(15), np.zeros(15)))

three_label = np.concatenate((np.zeros(15), np.zeros(15), np.ones(15)))

y = np.concatenate((first_label[:, None], two_label[:, None], three_label[:, None]),
axis=1)

X_train,

dom_state=20)

3’€aHAEMO I1i CUTHAJIX B OJIUH OJIOK JAaHUX HA OCHOBI (PYHKIII1 KOHKaTeHaIli
1 chopmyemo MiTku. CTBOPUMO J1Ba HAOOPH BXITHHMX JaHWX — JJI HAaBYAHHS Ta
TectyBaHHs. Jlomamo mocinigoBHy Mozaens HeriponHoi mepexi LSTM (Dense —
MOBHICTIO 3’€IHaH1 HelpoHu). KinbkicTh HelpoHiB ckiaaae 3 256 1o 3 (eMHICTh
moeni). YHKIIE aKTHBAlLlli B HAIIOMY MpuKiIaai Oyae yHkiis softmax, ska
HOPMYE OIIIHKH, TIEPETBOPIOIOYH iX Y HMOBIPHOCTI.

Epoch 4/18688
1/1 [
Epoch 5/18888

Epoch 9/18668
1/1 [
Epoch 18/18888
11
Epoch
1/1 [
Epoch 12/18888

Epoch 14/18888
1/1 [
Epoch 15/18888
1/1 [=

model
model

model.
model.
model.
model.
model.
model.

X_test,

y_train, y t

= Sequential()

est =

train_test_split(X,

.add(LSTM(units=256,return_sequences=True))
model.

add(LSTM(units=128,return_sequences=True))
add(LSTM(units=64,return_sequences=True))

add(LSTM(units=32))

add(Dense(units=128, activation='relu'))
add(Dense(units=64, activation='relu'))
add(Dense(units=32, activation='relu'))
add(Dense(units=3, activation="softmax'))

Or1iHKa TOYHOCTI pOOOTH MOJIENl B PEXUMI TECTYBaHHS Ta HaBYaHHS BU-
3HAYAETHCS HACTYITHUM PSIIKOM QJITOPUTMY

model .compile(loss='categorical_crossentropy', optimizer='adam', met-
rics=["'accuracy'])

3anmycTUMO MOJIeTb PEKYPEHTHOT HEMPOHHOT MEPEXi 3 O3HAKaMH HaBYAHHS

3 punTesnieM. KuUlbKicTh IUKIIIB Mojiesi 00pano Ha piBHi 10000.
model.fit(X_train, y_train, epochs=10000,validation_data=(X_test, y_test))

==] - 18s 18s/step - loss: 1.1862 - accuracy

==] - Bs 78ms/step - loss: B.7222 - accuracy:

- 8s 96ms/step - loss: 1.8788 -

- Bs 87ms/step - loss: 1.8442 - accuracy.

- Bs 88ms/step - loss: 1.8878 -

- Bs 91ms/step - loss: B.9641 - accuracy.

- 8s 92ms/step - loss: 6.9133 - accuracy

- Bs 88ms/step - loss: B.8553 - accuracy.

- 8s 96ms/step - loss: 6.7968 - accuracy

accuracy:

accuracy:

: 8.2593 - val_loss: 1.8835 -

8.7837 - val_loss: 1.8768 -

: 6.8889 - val_loss: 1.8599 -

6.8519 - val_loss: 1.8438 -

: 8.9259 - val_loss: 1.8355 -

1 8.9636 - val_loss: 1.8149 -

: 8.9638 - val_loss: 8.9584 -

: 1.6608 - val_loss: 8.8504 -

1.6888 - val_loss: 8.7688 -

- Bs 125ms/step - loss: 0.6496 - accuracy: 1.8668 - val_loss: 6.6916 -

- Bs 99ms/step - loss: B.5716 - accuracy
- Bs 96ms/step - loss: B.4B78 - accuracy.
- 8s 92ms/step - loss: B.4046 - accuracy:
- Bs 83ms/step - loss: B.3269 - accuracy.

- Bs 83ms/step - loss: 0.2582 - accuracy.

: 1.8088 - val_loss: 8.6217 -

: 1.88688 - val_loss: B.5858 -

1 1.6000 - val_loss: 8.6236 -

:1.8888 - val_loss: 8.6591 -

: 1.6888 - val_loss: 8.6335 -

val_accuracy: 0.6667

val_accuracy: B.6667

val_accuracy: B8.6667

val_accuracy: B.6667

val_accuracy: B8.6667

val_accuracy: 08.6667

val_accuracy: B.6667

val_accuracy: 1.6000

val_accuracy: 1.8688

val_accuracy: 1.6008

val_accuracy: 1.6068

val_accuracy: 1.8600

val_accuracy: 08.6667

val_accuracy: B.6667

val_accuracy: 0.6667

Pucynoxk 1. Pe3ynbrat poboTu Mojesni HelpoHHOT Mepexi

Y,

test_size=0.01, ran-

3a yMOBaMu
noOyJ0BaHOTO TMPO-
IPaMHOTO QJITOPHUT-
My MOBHI CHUTHaJU
MMOJAIOTHECI Ha BXIJ
MOJIEJ] TTOCJIIIOBHO.

ToOro, TpH
cJIoBa: “omuH”,
“nBa”, “Tpu”’ 3 pi3-
HOIO IHTOHAIIIEIO0
HAIXOOATh Ha BXII-
HUM 11ap HEMPOHHOI
Mmepexi. [Ipoxomsuun
Ha0OpH BXIJHHX Ja-
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HUX B1I0yBa€ThesA ii HABYaHHS, IO MOKa3ye PUCYHOK 1, QyHKIlisS BTpAT MOCTY-
MOBO 3MEHIIYETHCS, a MaKCUMallbHa TOYHICTh PO3Mi3HABAHHS LHUKIY 3 TPbOX
CIIIB BXKE€ JOCATAETHCS HA 8 UK. ToOTO, MOKHA 3pOOUTH BUCHOBOK, IO MEpe-
’Ka HE € HAaBaHTAXXCHOIO 1 caM IMPOLIEC PO3Mi3HaBaHHS BiOYBAETHCS AyKe IIBU/I-
k0. Ha pucynky 2 HaBezeMo ocTaHHI KpOKU poOOTH HEMPOHHOT MepexKi.

Pucynok 2. Pe3ynbrar poboTu MojieIi HampuKiHII

B pe3ynbTaTi OTpUMYy€EMO TOYHICTH pOOOTH aIrOPUTMY Ha PiBHI MPUOIIH3-
Ho 9,3x10 ° . IIpyu ubOMY, OJMH LUKI HMPOXOHKEHHS 3MEHINMBCS 10 83 MC
(puc.2), ToOTO B pe3ysbTaTi HaBYaHHS 1 (GOPMYyBaHHS MPABWIBHUX TIMOTE3 HEM-
POHHA MeperKa MpaIltoe 3 Po3Mi3HABAHHS OKPEMUX CIIIB HIBU/IIIIE.
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AHoOTALIA

[ToOynoBaHO cxeMy eIeKTPOHHOI CHCTeMHU pO3IMi3HAaBaHHA 1 HA ii OCHOBI CTBOPEHO MPO-
IpaMHUN aNTOpUTM 3 MIIKIIOYEHHSIM cHerianbHuX 010110TeK-MoayiB. B skocTi nepeBipku
MoJiesli HeMpOHHOT Mepexi 00paHO TPU CIIOBA 1 MOKA3aHO, 1110 CTBOPEHUN aJlTOPUTM J0cATae
1171 32 KPUTEPIEM BUCOKOI TOYHOCTI Ta MIHIMYMOM (PYHKIIII BTpaT BXke Ha 8§ IIUKJIl poOOTH.
TounicTh po6OTH AATOPUTMY HA PiBHI mpuOIM3HO 9,3%10 . OTpUMaHi pe3yIbTaTH 103BOJS-
I0Th CTBEPJKYBATU MPO 3/JaTHICTH CTBOPEHOI MOJEINI J0 PO3Mi3HABaHHS CKIAAHUX MOBHHX
(OHETUYHUX KOHCTPYKILIN 3 BKIFOUEHHSAM 1HO3EMHUX CIIiB.

Kiro4oBi ciioBa: HEHpOHHI Mepexi, CUCTEMa PO3Ii3HABAaHHS MOBH, CUTHAJN, ayJio, 00-
pobuieHHs, pperiMBOpK, QYHKIIIS.

Abstract

The scheme of the electronic recognition system was built and on its basis a software al-
gorithm was created with the connection of special library-modules. Three words are chosen
as a test of the neural network model and it is shown that the created algorithm achieves the
goal according to the criterion of high accuracy and the minimum of the loss function already
in the 8th cycle of operation. The accuracy of the algorithm is approximately 9.3x10 -5. The
obtained results allow us to assert the ability of the created model to recognize complex lan-
guage phonetic constructions with the inclusion of foreign words.

Keywords: neural networks, speech recognition system, signal, audio, processing,
framework, function.
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MOJEJIOBAHHS HAMIMHOCTI CKJIAJHUX PO3MOAIITEHUX
INPOI'PAMHHUX CUCTEM Y PAJIOEJIEKTPOHHUX CUCTEMAX 1
CUCTEMAX PAIOYHPABJITHHA

Kamin ILIO. k.m.n. oou.; Miwuun O.B. cmyo.
Hayionanvnuii mexuiunuu ynieepcumem Yxpainu « Kuiscoxuii nonimexuiunuti
incmumym imeni I2ops Cikopcvrkozoy, Kuis, Yxpaina

Ha Tenepimniii yac mporpamMHa cKjajoBa paaioeIeKTPOHHUX CUCTEM 1 CHC-
TEM paJioynpaBiIiHHS BKIIOYA€E €IEMEHTHU CKIIAIHUX PO3MOIIICHUX MPOTrpaMHUX
cucteM (CPIIC). Enementu CPIIC mnoTeHIiitHO MOXYTbh OyTH BUKOPHCTaHI SIK
€JIEMEHTH TIPOrPAMHOI CKJIaJ0BOi CUCTEMH YNPaBIIIHHS U(DPOBUMU aHTEHHUMHU
pelnTKaMu JiIs KoMreHcalli akTuBHUX mryMoBux 3aBaj [1]. Enementu CPIIC
TaKOK MOXXYTb OyTH BKJIIOUEHI y MPOrpaMHy CKJIaJJOBY MPOrPAMHOIO YIIpaBJIiH-
Hs ()a30BaHMX AHTEHHUX PEUIITOK 3 €JIEKTPOHHUM YIPABIIHHAM MPOMEHEM [2].
CkiaziHi pafiioeIeKTPOHHI CUCTEMH 1 CUCTEMU PAIIOYNPABIIHHS 1HOJ1 peati3y-
I0Th Yy apXITEKTYpl KIIEHT-CEpBEp, NPUKIAJIOM € Ha3eMHa aBTOHOMHA IJIaTdo-
pMa 3 eJIeMeHTaMM IITY4YHOro 1HTeNekTy [3]. VY minoMy 3amada po3poOku mosi-
OHMX CHCTEM BHUpIIIEHA a TEXHOJOr1i BianpanboBadi. [Ipore 3anuiiaerscs akty-
aJILHOIO 3aja4va OIJBUINEHHS 1X HAIIHHOCTI 1 OIIHKA MOoKa3HUKIB. [linBuIieHas
NOKa3HUKIB HAJAIMHOCTI CUCTEM, 110 onucaHl y [1, 2], 3a paxyHOK pe3epByBaHHs
€ HeMoxnuBUM. Hampotu, miga cucteM omucanux y [3, 4] pe3epByBaHHS €
NPUIHATHUM, a aHATITUYHUNA PO3PAaxXyHOK MOKAa3HUKIB HAIIMHOCTI € aKTyalb-
HUM. YacTKOBO Il TUTAaHHS JOCIIKYBAJIOCs, IPOTe HE OyJia BUpIIICHA 3a/1ayua
aBTOMAaTH3allli PO3PAXyHKIB. ¥ CTATTiI MPOMOHYETHCSI OMUC MPOTPAMHOTO 3aCTO-
CYHKY Jutst po3paxyHKy noka3HukiB (II3PI1) namiiinocti cuctem [3-4].

BaxxnmBoro XapakTEpUCTUKOIO € IMOBIPHICTh TOTO, 11O CHUCTEMa € CIpaB-
HOIO B MEBHUI MOMEHT yacy. HacTymHOIO Ba)IJIMBOIO XapaKTEPUCTHKOIO € BiJl-
HOIIEHHS KUJIBKOCTI 3alUTIB, [0 HE CIPAIIOBAJIM Yepe3 TUMUYACOBY BIIMOBY CH-
CTEMHU, /10 CyMapHOI KUIbKOCTI 3alUTIB, Y TOMY BUIAAKYy, KOJIM BiIOyBa€ThCA
00poOKa 3HaYHOI KUIBKOCTI 3alUTIB BIPOJOBXK TPUBAJIOTO yacy. SKIo 3anutu
PO3IOIICHI PIBHOMIPHO 3 YacoM, I BiAHOIICHHS Oyje CIIBIAIATH 3 ycepe-
HEHOIO IMOBIPHICTIO HECTIPABHOCTI CHUCTEMH B MEBHUII Uac.

Enementn CPIIC Oynm 3MozenboBaHi y BUMIISIAL OJOK-CXEMH HaJIIMHOCTI
[5]. VY naniit Mmoneni My OyJ1IeMO BUKOPHUCTOBYBATH HACTYITHI MPUITYIIICHHS:

1. Cucrema CPIIC po3buta Ha CTpYKTYpHI OJIOKM y BUIJISAIl KJIACHYHOI
0JI0K-CXEMH HAJIMHOCTI, OTXKE:

-CHCTEMa TMapayieJIbHO 3’ €IHaHUX CKJIAJOBUX CIIpaBHA, SKIIO X04a OM 0o/1Ha
3 IapaJieIbHUX CKJIaI0BUX CIIPaBHA,;

-crcTeMa MOCIIOBHO 3’ €JHAHUX CKJIAJ0BUX HECTPaBHA, SKIIO X04a OU OJI-
Ha 3 TIOCTIIOBHUX CKJIAJJOBIX HECTPABHA.
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2. Mognens CPIIC cknagaeTbes 3 eneMeHTapHUX OJOKIB, 1[0 MAIOTh 2 CTaHU
(cpaBHMIT 1 HeclpaBHUI), a iX BiAMOBA YW BITHOBJICHHS 3aJICKATh JIUIIE BiJl
MOTOYHOT'O CTaHy, 4acy 1 HABaHTaXXCHHs Ha OJIOK [5].

s pozyminas podotu I[13PIT po3kpuemo cyTHICTP MaTeMaTHUYHOT MOJIETI,
HagiitHocTi. OTxe Monens CPIIC 13 pe3epByBaHHAM MO>KHA MPEACTABUTH Y BU-
IsIA1 Mojieni TporieciB rubeni ta po3MHoxkeHHs [5]. Hexait mu maemo CPIIC,
10 Ma€ N CTaHiB, 1 BUMAJIKOBO MEPEXOJUTH MK IIMMU CTaHAMHU 3 YacoM, MpH-
YoMy IMOBIPHICTb MEPEXOAY 3aJICKHUTh JIUIIE BiJl IOTOYHOTO CTaHY CUCTEMH, 1
HE 3aJIeKUTh SBHO BiJ] Yacy 4M BiJ CTaHIB B MomnepeaHl MOMEeHTH 4acy. [Ipouec
3MIHU CTaHy TaKOi CUCTEMH 3 4aCOM HA3MBAETHCS MAPKOBCHKUM MPOIIECOM.

s cucrema zm(bepeHuu/IHHx PiBHSHB ()aKTUYHO O3HAYAE, IO 1MOB1pHICTB
3HAXOKCHHsI y CTaHi 1, 3pOCTa€ 3 MEPEeXOJaMH JO HBOTO 3 IHINIWX CTaHIB, i
cmazae 3 mepexoAaMH 3 IbOro CTaHy B iHIm. L{g cucTema mae Ha3BYy piBHSHB
Konmoropoga.

Posrmssremo sk npamroe [I3PII g nporo npukiiany po3paxyHKy IOKa3HH-
kiB HamiitHoCTi. [{ns monemtoBanus [I3PII 3uutye 3 daiiny BigoMocTi nmpo Mo-
Jeb, daJll BABOJUTH KUIBKICTh BIIMOB 1 3arajibHy KUJIbKICTh TeCTiB. J{Jig mpuk-
nany po3paxyHky y II3PI1 Gynu oGpaHi HacTyIIHI mapamMeTpH:

-Kpok yacy moaentoBanss 0.05 cek;

-KpoK yacy tectyBaHHs 0.2 cek;

-500 Trc. BUMipiB BIpooBx npubiau3Ho 100 Tuc cekyHI.

OkpeMo po3paxoBYIOThCS BHUIIAJKU 0€3 PO3IOiTy HaBaHTAXKCHHS 1 3 PiB-
HOMIPHHUM PO3IOI1LIOM.

PesynpTaTn ananituaHoro pospaxysky i I[I3PII Bueceni qo tabammi 1.
TaOnuis 1. Y3aranpHeH1 pe3ynbTaTtu po3paxyHKiB

IMoBipHICTB BincytH. peseps | Peseps B/l PeszepBoBanmit PesepBorani
HECTPaBHOCTI MOHOJITHAII BeO | 0OMIBI CKIAIOB1
cuctemu(0e3 po3MmoIiTy 3aCTOCYHOK
1 3 PO3MOALIOM)
Pesynbratn 0.333 0.200 0.222 0.067
aHAJIITUYHOTO 0.187 0.213 0.040
PO3paxyHKY
PesynpTaTn 0.330 0.201 0.221 0.067
MPOrPaMHOTO 0.184 0.210 0.039
po3paxynky (I13PII)
IaTepdeiic I13PI1 nokazanuii Ha puc.1.
s _ 1 2 \ s mporpama nodypoBana
= Ha 0a3i texnomorii NET WPF,
0 34UTye MoAenb 3 (aiiny,
Application DB connection . . .
Fail effective time: 5 Fail effective time: 4 IMITYyE TII€pcaady HAdaHUX MK
Restore effective time: 1 Restore effective time: 1 - . .
T — : Data CKJIQJIOBUMHM Ta iX BIJMOBH, IIi-
Application 2 DB connection 2 .
Fail effective time: 5 Fail effective time: 4 CJId 4YOoTro O6I1H/ICJ_HO€ gacu BIII'

Restore effective time: 1  Restore effective time: 1

MOB Ta BiI[HOBJ'IeHL, IIPpOBOJHTH
Pucynok 1 [nrepdeiic nmporpamn MOJCIIOBAHHS  1ecTORI 3AIIMTH i BUBO JITh CTa-
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THUCTUKY.

3 BUKOPHUCTAHHSIM Teopii mporeciB rudeni 1 po3MHOKEeHHsI OyJid BUBEIEHI
dbopmyiH, 0 JO3BOJISIIOTH PO3PAaXxOBYBATH HAJIWHICTh CKIQTHUX MPOTPAMHUX
CUCTEM, SIKIIO BiJJOMa IMOBEIIHKA BIIMOB Ta BITHOBJICHb OKpEeMHX CKJIamoBuX. Lli
dbopmynu Oynu niepesipeHi 3 Bukopuctanusam [13PI1, mo Moxke imiTyBaTH BUNa-
JIKOB1 BIIMOBM Ta BIJHOBJIEHHS CKJIQJIOBHX OJIOKIB. Pe3ynbratu OOYHCIICHB 1
EKCIIEpUMEHTIB HaBejieH1 B Ta0muii 1. OTxe TeopeTudyHa MOJIeb JOCTaTHBO TO-
YHO BIJITIOB1JIa€ pe3yJibTaTaM MOJIEIIOBaHHS y iporpaMHiil moaeni [13PI1.
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AHoTalisA

Po3pobrieno mporpaMHuii 3acToCyHOK Ui po3paxyHKy nokasHukiB (II3PII) ma ocHoBi
O50Kk-cxemu HafiiHOCTI. [IpoananizoBaHa MaTeMaTH4HA MOJIENb ISl PO3paxyHKY HaAIHHOCTI
CKJIQJIHUX TPOTPaMHUX CHUCTEM Ha OCHOBI Teopii mpoueciB rudeni-posmHoxeHHs, ta [I3PI1
JUIS eKCIIEPUMEHTANIbHOI MEPEeBIPKU Mepe10auyeHNX MOJAEIUII0 pe3ynbTaTiB. bymu 3polneHi
MEBHI IPUITYILIEHHS ITPO MOBEIIHKY 1 CKJIaJl PO3TIISIHYTUX CUCTEM.

Kito4oBi cioBa: ckiiajHa po3nojijieHa MporpaMHa cucTeMa, HaJliiHICTb, MOJICJIIOBAHHH,
pe3epByBaHHS.

Abstract

We have developed a software application for calculating reliability indicators based on
a reliability block diagram. The mathematical model for calculating the reliability of complex
software systems based on the theory of birth-death processes, and software for experimental
verification of the results predicted by the model were analyzed. Certain assumptions were
made about the behavior and composition of the considered systems.

Keywords: complex distributed software system, reliability, modeling, reservation.
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ITPOI'PAMHE PIINEHHA VI 3B1JIBITIEHHA KAHAJIIB
YIIPABJIIHHSA HIMPOTHO-IMITYJIbCHOIO MOAYJIALIEIO
CUCTEM PAJIOKEPYBAHHA

Kamin ILIO. k.m.n. oou., Illoxunenxo O.A. cmyo., Umenvoe B. O. k.m.n., ooy.
Hayionanvnuti mexuiunuu ynigepcumem Yxpainu « Kuiscoxuii nonimexniunuu
incmumym imeni I2opsa Cikopcvrkozoy, Kuis, Ykpaina

CydacHi cUCTEMU paJllOKepyBaHHS MOTPEOYIOTh BENUKY KUIBKICTh KaHAIIIB
[IIM ympaBmiaasa. 1i kaHanmu npu3HayeHi JJIs KEPYyBaHHS CEpBOMEXaHI3MaMHU
yIpaBJIiHHS MOBITPSHOI MOJCNI a00 KBaJIPOKONTEPa, MOTYKHICTIO TATOBUX JIBH-
T'YHIB, YIPABJIIHHS Ha3€MHOIO MOJIEJUTIO, 00JIaTHAHHSAM MOJIEJIeH, Tolo. 3aaa4ya
MOX€ OyTH BUKOHAHA y Pi3HI CIIOCOOM, OJHUM 3 SKHUX € BUKOPUCTAHHSI IIUPOT-
HO-iMIyJibcHOT Moayianii (LIHIM) TtunmoBux TaliMepiB MIKpOKOHTpojepa. Y 0i-
JBITIOCTI BUMAJAKIB JUIsl YIIPABIIHHS MMPOCTHMH MOJICTISIMHA BUKOPHUCTOBYIOTH HE-
JIOPOT1 MIKPOKOHTPOJIEPH, 1110 MatOTh 00OMexeHy KUTbKicTh kKaHamB LIIIM. Tlpo-
0siemMa MoJjsirae y Tomy, 110 HOTPiOHO 301IBIIUTH KUTBKICTh KaHAJIB yIPaBIiHHS
[I1IM, sika oOMexeHa XapaKTepucTHKaMu MikpokoHTposepa (MK) [1-5].

MeTor0 T0CHiKeHHS € pO3po0Ka aIrOpUTMY 1 MPOTPAMHOTO PIIIEHHS IO
JI03BOJIUTH 3MEHIIUTH KUIBKICTh MEpEepUBaHb, BIAMOBIIHO 1 almapaTHUX TaiiMe-
piB, PY BUKOHAHHI MEPIOAMYHUX JiH, /I 3a0e31eueHHs 6araToKaHaaIbHOT CUC-
TEMHU paJloKepyBaHHS Ha TUIIOBOMY MIKpPOKOHTpoJiepi. Peamnizaiiisi Takoro airo-
PUTMY J103BOJIUTH YHI(IKYBaTH BUXITHUN KOJ IJisi 3aCTOCYBaHHS y CHUCTEMax
pamiokepyBaHHs. J[Js1 TOCATHEHHS METH HEOOX1THO pealli3yBaTH aJITOPUTM 1 PO-
3pOOUTH IEMOHCTpAIIIIHY MTporpamy sika MPOJIEMOHCTPYE HOT0 KOPUCHICTD.

JInst BUpIIIEHHS TOCTaBJIECHUX 3aBJaHb HEOOX1HO HACTYIHE:

- pO3pOOUTH AJITOPHUTM 1 MPOTOTHIT MMPOTPAMU ISl TIEPIOAUIHOTO BUKIIHKY
(yHKIINA, KUIBKICT SIKMX 3HAYHO OLIbIIE HIXK KUIBKICTh TaiimepiB y MK

- IPOTECTyBATH 1ie pimeHHs Ha npaktnaHoMy MK apxitextypu Cortex-M.

Jns neMoHcTpaliii pe3yibTaTy O0yja po3po0dsieHa TeCTOBa YCTaHOBKA Ha OC-
HOBI STM32F103C8, mo mictuth 4 Taiimepa. Y SKOCTI HaBaHTa)KEHHS KaHAIB
[IIM BuKOpHCTaHI IHIAUKATOPH 3 JAEB’SITH CBITIOAIONIB. ECKI3 cXeMH MiIKIIIO-
YeHHs Moka3zaHuii Ha puc.l. [HaMKaTOpU KEPYyHOTHCS KHOMKAMH KIIaBlaTypH, IO
nokasafi Ha puc.l. Pe3ynbrar kepyBaHHS 3MIHIOETHCS B 3aJI€KHOCTI BiJl pOOOTH
kanaiiB [IIIM 1 B 3aJie’KHOCTI BiI HATUCHYTOI Ha KJIaBiaTypi KHOIKH, IO KEepPye
M.

[Ipn HatuckanHi Ha mudpy Oyae MpaIfoBaTH CTUIBKK CBITJIOMIOMNIB, SKa
nudpa Oyna HatucHyTa (TP «1» — JUIIE OJUH, TIPH «2» — MEPIIAA Ta APYTUH 1
Tak jani). [Ipy HaTHCKaHHI HA CUMBOJ «*» OyIyTh MpalLOBaTH I1’ATh CEPEAHIX
cBiTIIONI0AIB (3 3 10 7), mpu HATUCKaHHI Ha «#» - CBITI0AI0AM uepe3 oauH (1, 3,
5,7 1a 9). [Ipu nuboMy BOHU MOBHHHI MpaitoBaty juiie Ha 60% BiJ MOBHOI SICK-
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pPaBOCTi, YOr0 MOKHA JIOCATTH 3a paxXyHOK BuUKopucTaHHs [1IIM.

=

HEERREERS

Pucynok 1. Ecki3 geMoHCTpaliiiHOT yCTaHOBKU

[Ilo6 mnpoaemoncTpyBatu 1e, obepemo 7=6mc, T =10mc. Tom
LowFunction 6yne Bumukaru yci cBitinoniogd, a HighFunction Oyne BMukatu
JIMIIE Ti, IO BIAMOBIJAIOTh OCTaHHIM HATUCHYTIN KHOMII. OCKIIBKH 1Sl QPyHKIIIS
OyJie 3MIHIOBaTUCS, TO B IpOrpami MOTpiOHO Oy/ie€ BUKOPUCTOBYBATH MOKAKUUK
Ha (YHKIIIIO.

[eit miaxia € T10CUTh THYYKUM 1 HOro MOKHA MO€IHATH 3 MAaTEPHOM THUITY
Cran [1-3], sxuif 9acTO BUKOPHUCTOBYETHCS TPU PO3POOI CHUCTEM paaioKepy-
BaHHA. Po3risiHeMO yCKJIaJHEHY BEpCIIO MPOrpaMu ISl KEPyBaHHS 1HIAMKATO-
pom. Hexaii B Hac € JBa CKJIQJEHUX CTaHU: MEPITUH I KEPYBaHHS KIJIbKICTIO
CBITJIOMIIOIB, 110 BKJIIOYEHI, a APYTUil — JUIsl 3MIHU iXHBOI sckpaBocTi. Hexaii
TOJ1 TIPY HATUCKaHHI Ha KHOMKH «*» ab0 «#» Oyjae 3MIHIOBATUCS CTaH, a TpH
HAaTUCKaHHI Ha MU(PH — 3MIHIOBATHCS a00 KUIBKICTh BKJIIOUEHUX CBITJIOJIO/IIB
(Bixg 0 o 9), abo sickpaBicTh (1€ KoxHa Iudpa BiAMOBIIAE JECATKAM MPOIEHTIB,
T00TO, Mpu «2» — 20% 1 Tak maini). Ha puc.2 mokHa moOayuTH CIPOIICHY Jliar-
paMy CTaHiB, sika Oyze BIANOBIAaTH LbOMY Opukiany. I1{o6 He nmepeBaHTaxKyBa-
TU 11, HA HIK Oynau 300pakeHi JIMIIE CKJIAJEHI CTaHW, a iXHI CKJIaJOBl CTaHU
(ssxux O0yne 10 — mo ogHOMY ISl KOXKHOT KHOIIKHM) Y€pe3 BEJMKY KUIbKICTh HE
OyJI IPOAEMOHCTPOBAHI.

[3anyck]

CraH 3MiHu KinbKocTi [HaTHCHyTa KHOMKa «*» 260 «H» CraH perynioBaHHA
BK/JIIOYEHUX CBiTNI04i04iB ACKPaABOCTi CBiT/I0Ai0AiB

L [HaTtucHyTa KHOMKa «*» abo «#»

Pucynok 2. Crporena fiarpaMa CTaHiB yCKJIaJAHEHOTO MPHUKIIAAY 3 1HIUKATOPOM
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TakuMm unHOM OynO po3poOJeHe MpPOorpaMHe PIlIeHHs IJi 301IbIICHHS Ki-
TpKOCTI KaHanmiB ymnpaiiaas LM, ske Mo)ke 3acToCyBaTHCS y CHUCTEMax pa-
TIOKepyBaHHS MOBITPSHUMH 1 HA3EMHUMH PyXOMHUMHU MojensiMu. OTpumane pi-
IIICHHS JJA€ MOKJIMBICTh 301IBIIMTH KUTBKICTh KaHAIB J0 KUTBKOCTI, IO TIepe-
BHUIIY€ KUIBKICTh TaliMepiB MIKpOKOHTpOJIEpA.

VY cTaTTi mokaszaHa JieMO Iporpama i armapatHe 00JiaJiHaHHS Ha OCHOBI MIK-
poxonTponepa STM32F103C8, mo mictuth 4 Taiimepa. [Ipu npomy neMoHCT-
pariiiHa mporpama J03BOJII€ HE3AJIEKHO KepyBaTH 9 CBITIIONIOAAMH, IO Mepe-
BUIIYE KUIBKICTh TaliMepiB MIKPOKOHTpoJiepa. s mporpaMHOi YacTHHHU OyJH
BUKopucTaHi 616moreku CMSIS.

OTpuMaHe AeMOHCTpalliiiHe MporpamMHe pilieHHs O0yJo po3pobieHo 3 3a-
CTOCYBaHHSIM airoputMmy EBKiiza /uis 3HAXODKEHHS 3aTPUMKH MIX Tepepu-
BAHHSAMU JUIsl JTOCSTHEHHS MIHIMAJbHOI KUIBKOCTI NepepuBaHb. B pe3ynbrari
po3po0sieHe pIIIEHHS BHUKOPUCTOBYBAJIO MEPIOAMYHUNA BHKIMK (YHKIIA 31
3HANIEHOI0 aJITOPUTMOM 3aTPUMKOIO. PO3IIIsIHYTE pillIeHHSI BUKOPUCTOBYE 00-
MEXEHY KUIbKICTh TaiimepiB aiis (popmyBaHHs OararokanaibHoro LM i mo-
3BOJIIE KEPYBATH KaHAJIaMU YNPABIIHHS, KIJIbKICTh SIKMX MEPEBUILYE KIJIbKICTh
TaliMepiB.
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AHoTaLiA

Po3poOka anroputMy, 1o A03BOJIUTH peali3yBaTh NEPIOAUYHUN BUKIMK (QYHKIIN 3
HalMEHIIO0 KIJBKICTIO MepepuBaHb A nporpamHoro gopmysanss M kananiB pamioke-
pyBaHHSI.

KnrouoBi crnoBa: anroput™m EBKiliia, KaHaiM paaioynpaBiiHHSA, NEPIOAUYHUN BUKIMK
GyHKIINA, MIUPOTHO-IMITYJIECHA MOTYJIAIIS, MikpokoHTpoep Cortex-M.

Annotation

The development of an algorithm that will allow to realize the periodic function call
with the least number of interruptions for the software formation of PWM of radio control
channels.

Keywords: Euclidean algorithm, radio control channels, periodic function call, pulse
width modulation, Cortex-M microcontroller.
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3BIP JAHUX HA OCHOBI BIIKPUTHUX /I’KEPEJI

Kyuyax C. B., cmyoenm; Koponvkog P. IO., kanoudam mexuiuHux HAyK,
cmapuwiuil 6uK1a0ay
Hayionanvnuii ynisepcumem «3anopisvka nonimexuikay, 3anopigxcics, Ykpaina

30ip iHopMmallii € KIIOUYOBUM €JIEMEHTOM IPOBEACHHS IMEHTECTY (aHII.
penetration test) — MeToay OLIHIOBAHHS 3aXHIIEHOCTI KOMII'TOTEPHOI CUCTEMH
Ha OCHOBI MOJI€JI1 30BHIIIHIX 1 BHYTPIIIHIX 3JIOBMUCHHUKIB. Big Toro, HacKUIbKU
SAKICHO HOTo OyJI0 371HCHEHO, MOXKE 3aJIe)KaTh K €(eKTUBHICTh TECTyBaHHS Ha
MIPOHUKHEHHS B IIJIOMY, TaK 1 €(EKTUBHICTh BIMPAIFOBAHHSI OKPEMHX BEKTOPIB
ataku. [lepmmii eran TecTyBaHHSA Ha NMPOHUKHEHHS Oyab-sikoi iHMOpMaIiifHOT
CUCTEMH TMOYMHAETHCS 31 300py MaKCHUMaIbHOI KUIBKOCTI 1H(OpMaIlil Ipo IiIb.
Ha npomy erami BUSIBIISIIOTBCS CIa0K1 MICLS MEPEXI, uepes Kl y MailOyTHbOMY 1
Oyze 311iICHIOBATHICS IPOHUKHEHHS B CHCTEMY.

B naniit pob0Ti po3risigaeTbesl OAMH 13 METOAIB OTpUMaHHs iH(opMaIlIii 3
Biikputux Jxepen — OSINT (Open Source INTelligence), sikuii Bkirodae mo-
IIYK, aKyMyJIFOBaHHS Ta aHai3 1H(opMalli, OTpUMaHOi 13 3arajJbHOAOCTYITHUX
mxepen B IHtepHerti. Y po3pisi kibepoesneku OSINT HaifuacTimie 3acToCOBY-
€THCS JUIsl 30MpaHHs MyOJIIYHUX JaHUX MPO KOMITAHIIO, 1 11€ CTOCYETHCS HE TTb-
ku iHopMarlii mpo email-agpecu ii crniBpoOiTHUKIB. He MeHIn 11ikaBoro Oyje
iH(popmarris npo: DNS-imena ta [P-aapecu; noMenu Ta cy01oMeHH, 110 3apeec-
TpPOBaH1 3a KOMIaHi€I0; (HPaKTH KOMIpOMeETallli MOMITOBUX aJIpec; BIIKPHUTI MOP-
TH Ta CEPBICU HA HUX; KOH(PIACHITIIHI JOKYMEHTH; HasIBHI MEXaH13MH O€3MEKH.

OmHuM 13 HAUTOMYJSPHIMIKX 1 JOCTYITHUX CIIOCO01B 300py TaHUX TIPO ILTh
€ Bukopuctants iHCTpyMeHTIB OSINTframework [1]. HaliGinpmn nomyasipHuMu
1 akryaneHuMH Ha cborojni iHnctpymeHtamu OSINT e Recon-ng, Shodan,
Maltego, theHarvester, Metagoofil, SpiderFoot [2].

Ham Oyzae po3risitHyTH OUH 3 TaKMX IHCTPYMEHTIB, a came Shodan [3].
Shodan — 1ie momrykoBa cucrtema, sika HajJae 3arajbHOAOCTYIHY iH(MOpMAIlito
po BY3JH, NiAKI04YeH1 10 [HTepHeTy, Bkiatoyatoun loT mpuctpoi. Bona Bkito-
Yae CcepBEepH, MapIIPyTU3aTOPH, OHJIAWH-CXOBUIIA, KaMEPH CIIOCTEPEKCHHS,
BeO-kamepu abo cucremu VoIP, cepen inmoro. 30ip maHUX 3M1MCHIOETHCS 3a
JIOTIOMOTO0 Takux npoTokodiB, ssk HTTP a6o SSH, o no3Bossie kopuctyBaue-
B 3JIiiiCHIOBaTH TomykK 3a [P-aapecoro, opranizaiii€ro, Ha3BOIO KpaiHu abo mic-
Ta.

Shodan 30upae nani nepeBaxkno Ha Be6-cepepax (HTTP/HTTPS — moptu
80, 8080, 443, 8443), a takox FTP (mopt 21), SSH (mopt 22), Telnet (mopt 23),
SNMP (riopt 161), IMAP (noptu 143, 993), SMTP (mopt 25), SIP (nopt 5060),
(RTSP, nopt 554). OcraHHiii - TOTOKOBUW MPOTOKOJ PEATBHOOI0 Yacy, MOKHA
BUKOPUCTOBYBATH JIJIsl IOCTYMy A0 BeO-KaMmep Ta iXHiX BifeonoTokiB. Ha mpona-
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TOK 70 iHAeKkcawii npucTpoiB Shodan mpomonye 0a3y AaHMX EKCIIOWTIB, 1H-
CTPYMEHT Bi3yamizaiii HeoOpOOJIeHUX MaHUX hmap 1 MOIyJIb BOYJOBaHHH y
bpeitmBopk Metasploit.

[TpakTiuHe 3acTOCyBaHHS pecypcy Ha mpukiani caity HarionaasHOro
yHIBEpCUTETY «3amopi3zbka moJiTexHika» https://zp.edu.ua/ mpeacraBieHo Ha
pucyHky 1. JIjist 1boro HEOOX1AHO B MOITYKOBUM PsIOK BBecTH [P-aapecy caity.
B pesynbrari nomyky BigoOpaswiacs iHdopMailiis mpo cepsep (mmpoBaiaep, Mi-

- o
-

Mykhailivka Zelenopillia
¥ Xoptmusa
Kyslychuvata Nove

194.3.51.161 TR

A8
B3 Regular View M >_ Raw Data fi§ ‘D History

@ General Information

¢ Zapbi’izhzhia

Khortytsia

Hostnames zntu.edu.ua, zp.edu.ua, www.zp.edu.ua, www.zntu.edu.ua
Domains ZNTU.EDU.UA ZP.EDU.UA
Country Ukraine
City Zaporizhzhya
Organization ZPNU
ISP Zaporizhzhia Polytechnic National university
ASN AS29599
B Web Technologies
@ DRUPAL GOOGLE FONT API s PHP
/\ Vulnerabilities

CVE-2019-1559 If an application encounters a fatal protocol error and then
calls SSL_shutdown() twice (once to send a close_notify, and
once to receive one) then OpenSSL can respond differently to
the calling application if a O byte record is received with
invalid padding compared to if a O byte record is received
with an invalid MAC. If the application then behaves differently
based on that in a way that is detectable to the remote peer,
then this amounts to a padding oracle that could be used to
decrypt data. In order for this to be exploitable *non-stitched"
ciphersuites must be in use. Stitched ciphersuites are
ontimised imnlementations of certain commonlv used

CII€3HAXOJKEHHS 1 T.J1.), BLAKPUTI IOPTH 1 CIIY>KOH, 1110 iX BUKOPUCTOBYIOTb.

[}

§ Bekarivka

Natalivka

Kalynivka

Novotaviveheske; —
[l © OpenMapTiles Satellite | © MapTiler © OpenStreetMap contributors

// LAST SEEN: 2022-10-09

5% Open Ports
oom

//80/TCP 4

808213837 | 2022-10-09T05:03:41,111285

Apache httpd 2429

HTTP/1.1 301 Moved Permanently

Date: Sun, 09 Oct 2022 05:03:37 GMT

Server: Apache/2.4.29 (FreeBSD) OpenSSL/1.0.2k-freebsd PHP/5.6.31
X-Content-Type-Options: nosniff

Location: https://194.8.51.161/

Cache-Control: max-age=21600

Expires: Sun, 09 Oct 2022 11:03:37 GMT

Content-Length: 229

Content-Type: text/html; charset=iso-8859-1

// 123 / UDP

1418376541 | 2022-10-06T09:57:34.082889

NTP

protocolversion: 3
stratum: 3

leap: 0

precision: -23

rootdelay: 0.0117645263672
rootdisp: 0.0275726318359
refid: 3240270596
reftime: 3874038324.79
poll: 3

// 443/ TCP (4

1677681473 | 2022-10-08T10:57:47.051253

Apache httpd 2429

HTTP/1.1 200 0K

Date: Sat, 08 Oct 2022 10:57:46 GMT
Server: Apache/2.4.29 (FreeBSD) OpenSSL/1.0.2k-freebsd PHP/5.6.31
X-Content-Type-Options: nosniff
X-Powered-By: PHP/5.6.31
X-Drupal-Cache: HIT

Etag: "1665221079-0"

Content-Language: uk

X-Frame-Options: SAMEORIGIN
X-Content-Type-Options: nosniff
Permissions-Policy: interest-cohort=()
X-Generator: ZNTU 7 (http://zntu.edu.ua)

Pucynok 1 — Shodan.io B po6oTi

Takox cranmapTHU# (QYHKITIOHAT 3aTHUA 3HAXOAUTH BPA3IMBOCTI PECYp-
cy ta BuBoautu ix CVE, 3aBasku oMy MOKHA 3HAWUTH METOIU PIIICHHS], CKO-
pUCTABIIUCh, 0a3010 JaHWUX 3arajbHOBIIOMUX BPA3IMBOCTEH 1HGOpMAIIiitHOT

oesmexu [4].
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Maroun 11 AaHi, B)Ke MOKHA 3pOOUTH aHAIITUKY Ha MPEAMET BPa3JIUBOCTI,
IIPOBOIUTH CKaHYBaHHS Ta MOHITOPHUHT IILOBOTO pecypcy (abo 1isioi Mepexi),
B PEXKMMI PEAIIbHOTO 4Yacy: BUSBISATH BUTOKH JTAaHUX Yy XMapy, (IIIMHTOBI BeO-
caiftu, 3mamani 6a3u gaHux 1 T.1. Shodan Hajae iIHCTPYMEHTH MOHITOPHUHTY BCiX
MIIKIIOYEHUX MPUCTPOiB B [HTEepHETI. BapTo Takoxk 3ayBakUTH, 110 MOKHA Ha-
JAlITYBAaTU 3py4YHE OINOBIIIEHHS 3a pe3yJbTaTaMHd MOHITOPUHTY Ta BHUSBIICHHS
OyJIb-IKUX aHOMAJIiH.

3i0paBiii Ha MONEepeaHLOMY eTarl 1H(opMaIliio MPo UUILOBY OPraHi3alliio
3 BIJKPUTHUX JKEPEI, JOCHITHUK O€3MeKH MepeXoIUTh J0 IPYroro eramy — 0e3-
MOCePEAHLOTO OTPUMaHHS 1H(OpMaIlli BiJl BHYTPIIIHIX MEPEKHUX CEPBICIB IIi-
JHOBOI Opraxizamii. SIKIo Ha MonepeaHbOMY eTari Jii 1ociiqHuKa 0e3neku Oy-
JI0 IPAKTHYHO HEMOXKJIMBO BUSIBUTH YKOJHUM 3 BiJOMHX IHCTPYMEHTIB, SIKi BU-
KOPHCTOBYIOThCSI 3 METOIO 3al00iraHHs aTakam, TO Ha €Talll CKaHyBaHHSI, KOJIH
HiJie 3BEpHEHHA 10 CEpBICIB 0€3MOCepeHbO, AKTUBHICTh JOCHThH JIETKO TOMITH-
TU. SIKIIO MOCTABJICHUM 3aBJAaHHSM € MPOBEJICHHS ayauTy 1H(opMalliitHO1 cuc-
TeMH TaKUM YMHOM, 11100 Mpo 1€ He Ai3HaBcs nepcoHai Bipauty IT, To mocrae
NUTaHHs NpUXOBYBaHHsA [P-anpecu, 110 311MCHIOETHCS 3a JOMTOMOT0I0 BUKOPHUC-
TaHHS PI3HUX MPOKCi-CepBEpiB ab0 CIEIIaai30BaHOr0 MPOrpaMHoOro 3abesrme-
YEHHS.

IepeJik mocujianb

1OSINT Framework. [Enexrponnuii  pecypc]. Pexum  moctymy:  https://
osintframework.com (24.10.2022)

2 J. Pastor-Galindo, P. Nespoli, F. Gomez Marmol and G. Martinez Pérez, "The Not Yet
Exploited Goldmine of OSINT: Opportunities, Open Challenges and Future Trends," in IEEE
Access, vol. 8, pp. 10282-10304, 2020, doi: 10.1109/ACCESS.2020.2965257.

3 Search Engine for the Internet of Everything. [Enextponnuii pecypc]. Pexxum mocty-
ny: https://www.shodan.io/ (24.10.2022)

4 CVE-MITRE [Enektponnuiti pecypc]. Pexum moctymy: https://cve.mitre.org/
(24.10.2022)

AHoOTALlIA

B po6oTi po3risiaeThCcs OAMH 3 OCHOBHHX €TalliB OIIHKU 3aXUIIEHOCTI KOMIT IOTEPHHUX
CUCTEM BI1J 3JI0MY, BIJOMHUH SIK PO3BIJKa, BIJ] SIKOTO 3aJIEKUTh €(PEKTUBHICTh TECTYBAaHHS Ha
MPOHUKHEHHS Ta BiANpPAIfOBaHHS OKPEMHUX BEKTOpPiB aTak. JlocmimKeHHI TeOpEeTUYHI aCIeKTH
metoaiB OSINT, croco6iB ix 3acTocyBaHHS, B KOHTEKCTI KibepOe3neku, A 30upaHHs myo-
JIYHHUX JaHUX PO KOMIIAHIIO.

KitrouoBi cnoBa: kibepOesrneka, TecTyBaHHsI Ha MpoHUKHEHHs, OSINT.

Abstract

The abstracts consider one of the main stages of assessing the security of computer sys-
tems against hacking, known as intelligence, which depends on the effectiveness of the pene-
tration test and the development of individual attack vectors. Theoretical aspects of OSINT
methods, ways of their application, in the context of cybersecurity, to collect public data about
a company were investigated.

Keywords: cybersecurity, penetration test, OSINT.
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AN OVERVIEW OF THE 5G NR ARCHITECTURE DEPLOYMENT
SCENARIOS

Lavrinenko V., PhD student
National Technical University of Ukraine
"lgor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

In the age of total digitalization, it is difficult to imagine life without wire-
less technologies. Wireless technologies are constantly and rapidly developing,
and some of them, based on personal networks, are firmly connected with rou-
tine. Some technologies based on cellular make our lives more comfortable, and
safer and breathe life into smart cities or powerful industries objects. The fifth
generation (5G) of mobile networks is no exception. It is designed to provide
10-100 times higher typical user data transfer speed, support 10-100 times more
connected devices, and 10 times longer battery life [1].

Nowadays, a 1000-fold increase in mobile traffic along with trillions of
connected devices is pushing the cellular system toward a broadband ubiquitous
network with extraordinary capacity, energy efficiency (EE) and diverse support
for quality of service (QoS). Indeed, 5G is expected to be the first example of a
truly converged wired and wireless network that will provide mobile users with
a fiber-optic experience. This ubiquitous, ultra-broadband, ultra-low-latency
wireless infrastructure connects society and drives the economy of the future [2,
p. 39].

Under the fifth generation, telecommunications industry communities mean
the 5G New Radio (NR). The NR can be considered as a set of technologies
from the physical layer to the core network, which must meet the following
three basic requirements: Enhanced Mobile Broadband(eMBB), massive Ma-
chine Type Communications(mMTC), Ultra Reliable Low Latency Communica-
tion (URLLC) (fig.1), [3].

New Radio

Enhanced Mobile Massive Machine Type Ultra Reliable Low
Broadband Comminication Latency Communication
. Low Latency Improved link budget . High Reliability (Low Packet Error Rate)
e Higher Spectral Efficiency/Throughput Low Device Complexity e  LowLatency

Long Device Battery Life
High-Density Device Deployment

Figure 1. Formal (3GPP) definition of the New Radio.

LTE technologies, known as the fourth generation, are already widely and
successfully deployed. That is why, in particular, for communication operators,
arise the goal of effective integration of the NR into existing networks and tran-
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sition to the NR. In order to have a rapid deployment of 5G NR, it is first de-
ployed together with already existing LTE networks.

According to the 3GPP specifications, 5G NR (New Radio) deployment is
phased and there are several options for deploying 5G. It can be deployed in a
variant of "Non-Stand Alone" (NSA) or "Stand-Alone" (SA) architectures [4].

The NSA architecture means that the 5G Radio Access Network (AN) with
its' New Radio interface is used in combination with the existing Long Term
Evolution and Evolved Packet Core (EPC) infrastructure Core Network. In such
a case, the NR technology becomes available without full network replacement.
Only the 4G services are available but using the capabilities offered by the 5G
New Radio, for example, lower latency, and higher reliability. The NSA is also
referred to as "E-UTRA-NR Dual Connectivity (EN-DC)" or "Architecture Op-
tion 3" (fig.2), [4, p.11].
where, MME — Mobility Man-

e . a P W B agement Entity; S-GW — Serv-
ite ite ( ing Gateway; E-UTRAN —

. Evolved Universal Mobile Tel-

. e 8 ecommunications_ S_ystem
56 [[) b % - X [555‘ (UMTS) Terrestrial Radio Ac-
ot il i cess; eNB — E-UTRAN Node

s\ P P/ B or Evolved Node B, a base

s \GNB g eNB/ ite station of the LTE standard

. network; en-gNB — en-gNB
Figure 2.The NSA Architecture (3GPP)[4, p.11]. represents a gNB that can
connect with EPC and eNB:;
gNB — gNodeB is a 3GPP-compliant implementation of the 5G-NR base
station; S1— interface in LTE that is used between eNodeBs and the EPC; S1-U
— S1-User plane; X2 — signaling interface between eNodeBs.

The SA architecture means that the NR is connected to the 5G Core net-
work (CN) (fig.3). Only in this configuration, the full set of 5G Phase 1 services
are supported.

The SA architecture can be

AVFIUPF AVFIUPE ) observed as a “full 5G deployment”
P s o without requiring any part of a 4G

6 % network to operate [4, p.12].
Mo i where, AMF — Access and Mobili-
| N | ty Management Function; UPF —
7 P i 1o st User Plane  Function; gNB —
5(?6 > e [55“ gNodeB is an implementation of the
- " v 5G-NR base station; NG — the in-

terface that exists between 5GC and

Figure 3.The SA Architecture (3GPP)[4, p.12] base stations: Xn — interface is de-
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fined between two NG-RAN nodes;

In such deployment scenarios, there are six options, depending on archi-
tecture combinations and functional needs (fig4).
Options 1, 2 and 5 belong to the

Option 1 Option 2 Option 3

SA category, while options 3, 4
| and 7 belong to the NSA

category[5].
o Thus, since new
generations of cellar networks
" open up new opportunities for
7777777777 = the development of

telecommunications, as well as
| generally improve the user
experience of using cellar
[] [g networks, it is important to
| | vecomao constantly implement them in
practice. Depending on the initial
configuration of the already
existing network, the standards
offer flexible options for the
implementation of the fifth generation to maximize the reuse of existing
resources on the way to the implementation of the Standalone version of the
architecture and functionality.

Figure 4. Six architecture options Tor NR
deployment.
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AHoTAaNisA

OxpecieHo Ta YyTOYHEHO MOHATTS CTUIBHUKOBHX MEpEeX M'STOro MOKoMiHHA. OmucaHo
po3sropranHs apxitektrypu New Radio Ta BapiaHTH po3ropTaHHs B MO€JHAHHI 3 ICHYIOUMMH
MepeKaMy YeTBEPTOrO MOKOJIHHS.

Kirouosi ciiosa: 5G, New Radio, SA, NSA.

Abstract

The concept of cellular networks of the fifth generation is outlined and clarified. The
New Radio architecture deployment and deployment options in conjunction with existing
fourth-generation networks are described.

Keywords: 5G, HetNet, NOMA, massive MIMO.
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3rOPTKOBA HEMPOHHA MEPEXA JIJIS1 OBPOBJIEHHS
3OBPAKEHbD IIPU BIIVIUBI VGG BTPATHU TA
CEPEJHbOKBAJIPATUYHOI IOMWJIKU

Jlawescvka H.O., Heozenvcokuii O.10.
Hayionanvnuii mexuiunuu ynieepcumem Yxpainu « Kuiscoxuii nonimexuiunuti
incmumym imeni leops Cikopcokoeoy, Padiomexuiunuil gpaxynvmem
m. Kuis, Ykpaina

Cymnep po3auibHa 3aaTHICTh (SR) — 11e poriec BiTHOBICHHS 300paKeHHS 3
BHUCOKOIO po3aiapHOI0 31aTHICTIO (HR) 13 3aganoro (BXigHOTO) 300pakeHHS 3
HU3BKOIO po3/iabHOI0 31aTHICTIO (LR). 300paxkeHHs BiAirpaloTh OJHE 13 KIIIO-
YOBUX HANPSIMKIB HAIIOTO KUTTS, CyNep pO3AUIbHA 3/IaTHICTh 3aCTOCOBYETHCS B
CUCTEMAaX B1JIEOCIIOCTEPEKEHHS JJIs BUSABIICHHS, 1€HTU(IKAI] Ta pO3Mi3HABAH-
Hs 0Cci0 Ha 300paKEHHSIX HU3BKOI PO3JLIBHOI 34aTHOCTI, OTPUMAHHUX 3 Kamep
cnocrepexenHs. B meaununi orpumanig MPT-300paxkeHb BUCOKOT pO3a1IbHOL
3JaTHOCTI MOK€ OYyTH CKJIaJHUM 3aBIaHHSIM, KOJIH WIETHCS MPO Yac CKaHyBaH-
Hs1, IPOCTOPOBE OXOIUICHHS 1 CHIBBIAHOIIECHHS curHain/iryM (SNR) Tomy cynep
pO3AUIbHA 3[ATHICTh JONOMAra€ BUPIMIMTH 110 MpodiieMy, cTBoptoroun MPT
BHUCOKOI PO3JUIbHOI 3/1aTHOCTI Ha ocHOBI MPT 300pakeHb 3 HU3bKOIO PO3/ILITh-
HOIO 3/1aTHICTIO. B MeianpocTopi cynep po3iiiabHa 3aTHICTh MOXKE OYTH BUKO-
pHUCTaHa JIJIsl 3HUKSHHST BUTPAT HAa CEPBEP, OCKUIBKU Mejia MOXKHA BIJIIIPABIISTH
3 HIDKYOIO PO3/IITBHOO 3aTHICTIO 1 301IbIIyBaTH Horo mia 9ac podotu [1].

300pakeHHSI MOKE MAaTH «HUKYY PO3AUTHHY 3/IaTHICThY Y€pe3 MEHIITy Mpo-
CTOPOBY PO3AUIbHY 37aTHICTH (TOOTO po3Mip) abo uepe3 MmoripiieHHs (Hampu-
KJ1aJl, po3MUTTAA). BukopuctoByroun (pyHKIIIO Aerpaaaiii MOXKHa OTPUMATH 30-
opaxenHs LR 13 300paxenns HR. B ineansHOMY BUNaAKy MOKHA BUPIIIUTH 1
o0epHeny 3anauy — 13 HR orpumaru LR. ko 3Haemo Touny (yHKIIIO aerpa-
narii, 300pa)eHHsI, TO 3aCTOCOBYIOUH 1i 00epHEeHE 3HaYeHHs A0 00pa3y LR, mu
MO>KeMO BITHOBUTH 300paxeHHs1 HR. Asne npu peasibHOMy 00po0eH1 CKIagHUX
curHaiiB (yHKIls Aerpajalii Hamepen HeBioma. Tomy Oe3mocepeaHs OliHKa
3BOPOTHOI (YHKIIIT Jerpaaarlii € HelmpaBHJIBHO IOCTaBJIeHO 3ajaadero. He3a-
JKAIOUM Ha 1€, METOAM TIUOMHHOTO HaBYAHHS HEUPOHHHX MEPEX BUSBHIHCS
eeKTUBHUMU JIJISl CyNep PO3AUIBHOI 31aTHOCTI. BUKOpHUCTOBYIOUM 300pakeHHs
HR sk pesynbrar 1 300paxennss LR sk BXigH1 gaHi, MOKHA pO3TISAATH 1€ K
3aJjauy HaBYaHHS HEHPOHHOI MEpeXi 3 BUUTEIIEM.

OpHuM 13 MPOCTHX METOMIB OTpuMaHHsA JaHuX LR € moripmenHs gaHux
HR. Ile gacTo poOuThes muIsiXoM po3MUTTS abo AojaaBanHs mymy. [Tinxiz, mo
0a3yeTbCsl Ha 3rOPTKOBUX HEMPOHHUX MEPEkKaxX, MOEAHY€E B cOO1 QyHKIIT BUITY-
YEHHS Ta BIJOOpa)KEHHS KapT O3HAK, HEMIHIMHE B1IOOpaXEHHS, PEKOHCTPYKITIs.

[2]
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Ocrtarouyna (yHKIIE BTpAT CKIAJA€THCA 3 BTPAT CEPEIHHOKBAAPATUUHOI
nomuwikd (MSE) 1 Brpatu VGG 3 mapameTpaMu KOMIIPOMICY @y 1 Q.

Brparta MSE € HaliOu1bl1 mOMUPEHOI0 00'€KTUBHOIO (PYHKIIEIO TIPH i
BUIIEHHI SIKOCTI PEeKOHCTpyHoBaHUX 300paxkeHb. Btpara VGG cnpsimoBaHa Ha
OTpUMaHHS 300pa)KeHb 3 BHCOKOIO SIKICTIO COPUUHATTS. [3] 3anmponoHOBaHUI
METOJI HaBYAEThCS HAa HAOOp1 JNaHUX MO cKiIagaeThes 31 100 BUCOKOSKICHUX
MOPTPETHUX 300paKEHb.

Jlna TectyBaHHs OyJiM BUKOPUCTaHI €TajoHHI Ha0opu naHux. PezynbpraTom
TECTyBaHHsI OyJO MPOBEACHHS MOPIBHSHHS CHIBBIJHOLICHHS MiK-CUTHAI-ITYM
(PSNR) ta ctpykrypHoi noaiouocti (SSIM) 3ampornoHOBaHOTO METOAY 3 Pi3HU-
MU BapiaHTaM{ HAJAIITYBaHHS BTPAT Ta KUIBKOCTI IIUKJIIB HABYAHHS.

BiamoBimHO 10 iCHYIOYHMX JOCIIIKEHBb CYIEep PO3AUILHOI 37aTHOCTI, 3BU-
yaitHe PSNR 1 SSIM BUKOpUCTOBYIOTbCA B ekcriepumeHTax. st mociiikeHHs
Oyno BukoHaHo Tpu metonu HaByaHHs: MSE s4, MSE s2 ta Full s4. Meton
MSE s4 mae koedirieHT 3MeHIIEHHS BUOIpKK 4 Ta MmapaMeTpu KOMIIPOMICY
ay =1t1a a, = 0. Merong MSE _s2 mae koediieHT 3MeHIIIeHHs] BUOIpKH 2 Ta
napameTpu kommpomicy ap = 1 ta a, = 0. Meron Full s4 mae koedimieHT
3MEHIICHHS BUOIpKH 4 Ta mapameTpu Kommpomicy ay = 1 T1a a, = 10~*. Ki-
npKicTh HMKIIB HaByaHHA 20, 50 Ta 100. Ha puc. 1 nmokasani rpadiki nopiBHsIH-
HSl pe3yJbTaTiB JAociixkeHb. Ak BumHo 3 puc.l meron MSE s2 nokazaB cebe
Kpale 3a 1HII. SIKIo AUBUTUCA 3 TOUKHU 30py BUXIIHUX 300pa’k€Hb TO METOA
Full s4 xparie npaiitoe 3 TEeMHUMHU 300payKEHHIMH.

Tomy namni 6yno po3pobiieno 00’ eananuii Metoq mse s2 full 3 koedirien-
TOM 3MEHIICHHS BHOIpKM 2 Ta MapameTpamu KoMrpomicy ay =1 ta a, =
107*. Jlanuii MeTox Kpamie NpaLioe 3 Pi3HUMHU 300paKEHHSAMH 1 BiATBOpIOE

CIIOTBOPEHE 300pakeHHsI OJIM3bKE A0 OPUTIHAIBHOTO (puUc. 2).
Validate_PSNR Validate_SSIM
34 W Method:
36.0 - i ' 0.990 mse_s4/result
mse_s2/result

34.0 0.980 O full_s4/result
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Pucynok 1. [TopiBasaHs PSNR Ta SSIM 3anpononoBaHuX METO/IIB 3 pI3HUMHU BapiaHTaMU
HaJIaIITyBaHHS
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Pucynok 2. 300pakeHHs 3 BUCOKOIO po31iabHO0 31atHicTio (HR), 300paskeHHs 3 HU3BKOKO
po3auteHOO 31aTHICTIO (LR) Ta BiHOBIIEHE 300paK€HHS 3 BUCOKOIO PO3IUIBHOIO 3/IaTHICTIO
(SR) metony mse s2 full

O6’eqnanuit metog mse s2 full epextrBHO BUKOHYE 0OpOOIeHHS 300pa-
KE€Hb, HA BUXO/Il OTPUMY€EMO BIJHOBJIEHE 300pakeHHs (SR), sike HabmmxeHe 1o
BXI1JIHOT'O 300pakK€HHsI 3 BUCOKOIO po3auibHOIO0 3aatHicTio (HR). B nanomy me-
TOJI1 MOKpAIIMIIUCS SKICHI XapakTepucTuku curHai/mrym (PSNR) ta ctpykrypHa
noaiOHicTh (SSIM). [Iporpama BUKOHYE OUIBIIICTH CBOIX OOYHCIEHb Y IPOCTOPI
3 HU3bKOIO PO3JAUIBHOIO 3JaTHICTIO, [0 3HAYHO CIIPOIIYE OOYUCITIOBAIIBHI OIle-
pauii Ta He MPU3BOJIUTH A0 BTpaTH iHpopMarlii. MeToa Moxke 3aCTOCOBYBATHUCS
JUIsl BUPILIEHHS PI3HUX 3aBlIaHb, TAKUX K (hOpMyBaHHS 300pakKeHHs, CErMEH-
Tallis, Iepeaada CTHIIIO 1 OMMIIEHHS SKOCT1 300pa)keHHS.
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AHoTalisA

Po3rnsiHyTo BUKOpHCTaHHSI 3rOPTKOBMX HEMPOHHHUX MEPEX JJIsi BIAHOBJIEHHS 300pa-
KEHHS 3 BUCOKOIO PO3JIUIBHOIO 3[ATHICTIO 13 33JaHOT0 300pakeHHs 3 HU3BKOI PO3AUIHLHOIO
31aTHICTIO. PO3risiHyTO HOBUI 00’ €JHAaHUI METO/ 3 MOKPAILlEHUMU pe3yabTaTaMH 1110 J03BO-
JIsie BUKOHATH HAaBYaHHS MEPEXi JUIsl BUPIIIEHHS Pi3HUX 3aB/aHb, TAaKUX SK (GOpPMYyBaHHS 30-
Opa’keHHsI, CeTMEHTallisl, Tepeava CTUITIO 1 MOJTIMIISHHS SKOCTI 300pakeHHS.

Kito4oBi crioBa: HelipoHHA Mepexa, sIKICTh 300paXKeHHs, GYHKIlis BTpPaT.

Annotation

The paper considers the use of convolutional neural networks to restore a high-
resolution image from a given low-resolution image. A new combined method with improved
results that allows you to perform network training for various tasks such as image formation,
segmentation, style transfer and image quality improvement.

Keywords: neural network, image quality, loss function.
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ADAPTATION OF COMPENSATORS OF SPOT INTERFERENCES ON
NON-SPECIFIC SELECTION WITH SPECTRUM ANALYSIS
APPLIANCE

Orlov V., Doctor of Technology, ORCID 0000-0002-3065-3884;
Naumov O., adjunct, ORCID 0000-0002-6680-0401
Military Academy, Odesa, Ukraine

In most of works dedicated to the analysis of adaptive compensators of in-
terferences it is assumed that the signal does not reach  statistically equable
sample of interferences (classified a sample). However, under real conditions
when the moment of appearance and characteristics of the signal are unknown in
advance the organization of classified sample comes across fundamental diffi-
culties when excluding the signal from training sample. If the receiving signal
differs from the reference signal, that suppression of signal takes place as inter-
ference. Known reference of excluding the signal from training sample for an
adaptive antenna array (AAA), which are effective only in the narrow signal
bandwidth and in the limited range of values of signal- noise relations [1-3].

The aim of the report is the research of the efficiency of the algorithm of
elimination of the signal from non-classified training sample by the way of pre-
liminary spectrum analysis.

Let the vector of input process Y =X +S+V - is the additive mixture of the
useful signal S, randomly correlated interference X , uncorrelated noise V and
is described by the covariation matrix.

R=YYT =SS7T + XX +0571,=R, +R_ +R, (1)

where *,T - signs of the complex conjugation and transposition, Y, S, X - vec-
tors of size N consequently: of input process, the signal and interferences;
where R_,R_,R, - covariation matrix of size NxN consequently: of the signal,
interference and noise o> — power of noise. Under conditions of absence of a
priori data about the structure of useful signal.

Signal bandwidth compensator of signal is applied, optimal under the crite-
ria of minimum of mean-root square error, with weight handling z=W™Y with
weight and basic vectors W =R™S,/S;TR™S,, S; =(10,..,0) [2]. As a means of the
efficiency, the winning in relation to the signal/(interference+noise) is chosen

Qp) W S(p)F /W T (R, +R W) 2)

Suggested approach is based on a priori information about limits of angular
directions (signal bandwidth) and the structure of interference as independent

point sources of rays. It is in reconstruction of KM on estimation of M interfer-
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ence on the peak value (power &7 and angular directions s_(¢)) the power spec-

trum density.
M

Ry = F(R) =010 +2,,00:8:(2)S." (9) @)
Weight rates of suggested adaptive compensator are determined on modi-

_p-l *Tp-1 L.
fied covariation matrixV =RoSo/So Ro'So For the research of the efficiency two

models of interference situation are considered for M =3 interferences and the
compensator of size N =16. In the picture 1a and picture 1b samples of spectrum

density by Capon method are shown P(®) = CHOLON [3], which are stand-
ardized to maximum meaning. In the first model of interference direction con-
centrated by maximum of the first size diagram lobes of the direction of in-

adaptive antenna array P(@)=N"[sin(Ng/2)/sin(p/2)| (dotted line). In the sec-
ond model, the interference is dispersed over the vicinity of the side lobes. The
effectiveness of the proposed noise compensator is illustrated in

Picture 2 for a given line of signal directions (marked with white arrows).
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Figure 1 Examples of the spectral density of two models of interference environment: a) - the
first model; b) - the second model.
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Figure 2 Dependences of gain in relation to signal/(interference+noise) on signal direction for
interference environments: a) 1st model; b) 2nd model.
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Traditional adaptive compensator dependences on classified training sam-
ple of interference are shown by the dotted line. For the first interference model,
centered around the zero direction, band-pass range on two intervals is chosen:
—rz..—x/(6N) and 7 /(6N)... 7 (Picture.2a). For the second model of dispersed

interferences (Picture 2b) one interval of the line band-pass is chosen
—7+7l(6N)...7—7/(6N).

The analysis showed that losses in relation to signal / (interference + noise)
do not increase 0,5 dB in the given line band-pass compared to the traditional
adaptive compensator under the analysis on classified interference sample. The
drawback of the considered approach is decrease of suppression efficiency for
closely located interferences which is connected with the limited permitted abil-
ity of the algorithm of spectrum analysis.
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AHoTaIis

JlocnipKy€eThbest allrOPUTM YCYHEHHSI CUTHAITY 3 HEeKJIacu()iKOBaHOT HABYAIBHOI BHOIPKU
IUIAXOM 11 ONEPEAHbOr0 CHEKTPAILHOTO aHali3y. 3ampoNOHOBAHUM MiAXiJ 3aCHOBaHUN Ha
anpiopHiil iHpopmaii Mpo MeXi KyTOBHX HANpPSMKIB CHTHAJIIB Ta CTPYKTYPHUX IEPEIIKO,
SK HE3aJIe)KHUX TOYKOBHX JIKepesd BUMIPOMiHEeHHs. CUTHAJ YCYBA€ThCS LUIIXOM PEKOHCTPYK-
1ii KOBapiHOI MaTPHIll MO OI[IHKAX MIKOBUX 3HAYEHb CIEKTPAIbHOI MIUTLHOCTI HaBYAIBHOI
BuOipku. [Tokazano, 110 BTpaTH y BiAHOIIEHHI CUTHATY NEpelIko ] He nepeBulytots 0,5 nb y
CMY31 NPOITYCKaHHS, 110 3aJIa€ThCS, Y MOPIBHIHHI 13 TPAAULIHHUM aIallTUBHUM HaBYAJIbHUM
KOMITEHCATOPOM 3a KJIacH(iKOBAHOIO BUOIPKOIO MEPEIIKO/I.

Kiro4oBi cioBa: koMmneHcaTop MEepPenIko/l, aaanTailis, Hekiacu]ikoBaHa HaBYaJIbHA BH-
0ipKa, CTIeKTpaJIbHUM aHai3.

Abstract

Analyzing the algorithm of signal disposal of non-classified educative selection through
the preliminary spectrum analysis. Suggested approach is based on a priori information about
the limits of corner signal directions and the structure of interferences as independent dotted
sources of rays. The signal is disposed by reconstruction of the covariation matrix on estima-
tion of peak meaning of spectrum density of the training sample. It is shown that the loss in
relation to signal / (interference + noise)does not exceed 0.5 dB in a given bandwidth com-
pared to a traditional adaptive compensator, which is trained on a classified noise sample.

Keywords: interference compensator, adaptation, unclassified training sample, spec-
trum analysis.
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INPUHIUIT POBOTHU MEPE’KI 3 KOMYTANLICIO ITAKETIB B
KOHTEKCTI IEPEJAYI JAHUX B CUCTEMAX VOIP

Ilasnenxo €. B.
Hayionanvnuii mexuiunuti ynieepcumem Yxpainu
«Kuiscoxuii nonimexniunuu incmumym imeni leops Cikopcoko2o,
m.Kuis, Ykpaina

ITepuri Mepexi 3 KOMyTalll€l0 MaKETIB PO3POOJSIUCH BHUHATKOBO IS
Tpadika rnepeaayl JaHUX, K1 JOMYCKaIu JOCUThH 3HAYHI 3aTPUMKHU — 110 1¢., TO1
K JOMyCTUMI 3aTPUMKH JIJIs1 TOJIOCOBOT'O CUTHAITY ckiaaaroTh Bijx 250 no 400mc
Tomy mepiini cpobu nepegadi rojocy Mo UM MepekaM He 3a0e3neymin mo-
TPIOHOI SKOCTI 1 CKJIAJIACh JYyMKa, II0 MEPEXk1 3 KOMYTALIEK MaKETIB JUIIE IS
nepeaayl JaHuX, a MEpexi 3 KOMyTall€l0 KaHajlB JUIIe AJis epeaadl rojocy. B
90-cTi, 3aBaskM akTUBHOMY BrpoBamkeHHI0O BOJI3 (BOJOKOHHO-ONITHYHUX JIi-
Hili 3B’5I3KY), 3 IBUJIACH MOKIIMBICTh 3MCHIITUTH 3aTPUMKH B TTAKETHUX MEpekKax
JI0 3HA4Y€Hb, HETIOMITHUX JJII TOJ0COBUX MOCHyr (10 150 Mc 1 MeHIIIe), TaKum
YUHOM THUTaHHS MO0 TIepeiadi TOJ0COBOTO CUTHATY BHPIMIAIOCH HA KOPHUCTh
MEpEeX 3 KOMYTAIlI€l0 MaKETIB.

B Mepexxax moOynoBaHHMX 3a MPUHIIMIIOM KOMYTallli MaKeTiB, OJUHUISIMU
1H(popMaIrii, 1mo nepeaaroThCs Mo KaHajlaM 3B S3KY SBJISIOTHCS MaKeTH, KaapH, i
T.J (3aJIEKUTH B MPOTOKOJY). B KOKHOMY TakOMy MakeTi MPUCYTHIN 3aroJio-
BOK, KOTPHUIl MIOBUHEH MICTUTH HOMED MaKeTa Ta Horo aapecy, Too6to iHdopma-
I[1F0 CTOCOBHO OTpUMYBaya Ta BIAMpPaBHUKA. 3T1HO JaHOI aApecu BiOYBAa€ThCs
MapHIpyTH3allis aKeTiB MK IPUCTPOSIMU BCepeieHi camoi Mepexi. Kpim Toro,
HEOOXIJHICTh TaKOl a[peCu B KOKHOMY MAKeTl 3yMOBJIEHA TUM, 110 MaKETH, SIKI
bopmMyr0Th MepekeBUll Tpadik MOKYTh OOPOOIATUCH KOMYTaTOPOM HE3AJICIKHO
omuH Big omgHoro [1]. Ilepemaua makeTiB OJHOTO TOBIIOMJICHHS MOXE
3MIIMCHIOBATUCH M0 OJHOMY LUISIXY a00 pI3HUMU HuIsiXamMu. B ocTaHHROMY BY31i
a00 KIHIIEBOMY IMYHKTI MaKeTH 30MparOThCs 1 BUJAIOTHCS aJipecaTy, TOOTO OT-
pumyBauy. Takox, y ¢opmi makeTiB, B Mepexkax Ha 0a3l mporokona I[P, moxe
nepeaaBaTUCh HE TUIBKU TOJIOCOBI, a i rpadivni, TeKCTOB1, abo Bizmeo maxi. [o
TOTO K, MDDK OararbmMa KOpUCTyBayaMH JaHl OJJHOYACHO MOXYTh MEPEIaBaTHCh
10 OJTHIM JIiHIT, a Y BUMaAKy 300iB, Mapuipytu [P Mepexi MoKyTh 3MIHIOBATHCH,
OTHHAIOYH MpoOIeMHi micsis [2].

[Ipomec mepenadi Ta 0OpoOku rosocoBoro curHairy no VolP mepexi Ha-
TJITHO IEMOHCTPY€E HACTyITHA CXeMa:
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O0podKa ro.10coOBOro CHrHAIA NPH Horo nmepeaadvi mo mepexi VolP
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Pucynok 1. O6po6ka roocoBoro curHaia nmpu “oro nepeaadi B mepexi VolP

["osocoBe MOBIIOMJIEHHS BiJ mepefaBada TpaHC(HOPMYEThCS JCKUIbKa pa-
31B. Ha moyatky, rosocoBuii aHaJIOrOBUNA CUTHAJ HAAXOJIUTh HA KOJEK, /e JAMC-
KPETU3YEThCA Ta NEPETBOPIOETHCS B IU(PPOBHUI MOTIK. 3a3BU4Yail, B Mepe)kax
VoIP BukopucToByeTbcsa cTaHaapTHi kojeku IKM (immynbcHO-KOA0BOI MOmy-
nsnii) ta AJIIKM (amantuBHOT audepeHIiianbHOT IMITYJIbCHO-KOTOBOT MOJTYJIS-
1ii), K1 3arajoM IpeacTaBisiioTh codor noeanands [[AIT 1 AL Jlam ouud-
pOBaH1 JaHl MPOXOAATh CTAJII0 KOMIPECii Ta KOJIyBaHHS, J€ OOpOOJISIOThCS 1
aHATI3YIOThCS ISl TIOJANBIIOTO 3MEHIIEHHS 1X 00’€My 3a PaxXyHOK yCYHEHHS
nay3 Ta ¢oHoBoro mymy. CripaBa B TOMy, 110 OAHIEIO 3 OCOOJIMBOCTEN MOBHOI
iH(opMarii, Mo 103BOJIIE 3MIMCHUTH i CTUCHEHHS, SIBJSETHCS HASBHICTH Iay3
(miamoroBux, CMHUCIOBUX Ta 1H.), a y coco0ax KOAyBaHHS, 1[0 BUKOPHUCTOBYE
VolP, BxigHa indopmariis, sika BiJIMOBIIA€E Tay3aM, a00 HE TIEpeIaeTbcs B3aradii,
a00 CTUCKAETHCS 3 HU3BKOIO SKICTIO. [licis boro, oTpuMani JaHi po3aUISIOTHCS
Ha MAKeTH 3 JI0JaBaHHSIM CIIY>KOOBUX JaHUX: HOMEpa MakeTa, /i Horo 1eHTH-
¢ikarii y pa3i JOCTaBJIE€HHSA NAKETIB HE B 3a3HAYEHIN MOCHIOBHOCTI, a TAKOX
ajJipecu oTpuMyBadJa makerta [3].

Ha npuiimarouiii cTOPOHI Mpoliec OTPUMaHHS TOJ0COBUX JTaHUX 13 MAKETiB
TaKOXX MPOXOAUTH JIeKiabKa cTaii. ITicias HaaxopKeHHs TakeTiB Ha JeKOIep, B
MEpILy YEPTy MePeBIPAETHCA 1X MOCHIOBHICT. Y 3B 53Ky 3 THM, 110 Yac JI0CTa-
BKM makeTiB B [P Mepexki He rapaHTyeThCs, MOYKE BUHUKHYTH CUTYaIllsl KOJIU Ta-
KeTH 110 OyJM BiIIpaBiIeH] Mi3HIIIE MOXKYTh MPUNUTH PaHiIlle, TOMY JJIA 3aro0i-
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TaHHS JTaHO1 CHUTYaIlli TAaKeTH MOXKYTh THMYAaCOBO HAKOMHMYYBATHUCH IS T10]1a-
JBIIOTO BIATBOPEHHS 1X TMOCHTIIOBHOCTI. TakoX, B MPOIEC MamIpyTHU3allii Jac-
THHA TIAKETiB MOXKe OyTH «3ary0iieHay, abo X 3aTpUMKa B iX JOCTaBIlI MOXKeE Iie-
PEBUIIYBaTH JOMYCTUMI JUIsl TOJIOCOBOTO curHamy 3HadeHHs (250..400 mc.). Bi-
JIOMO, 1110 HAIll CIyXOBHM amnmapaT He MOXKe CIpUMMAaTH 3aTPUMKH MeHblie 250
Mc, ajie B JaHUU 4yac iICHY€ BEJIMKa K-1CTh TEXHIYHUX 3aCO0IB, IO JI03BOJISIIOTH
3BECTH Takl BTpaTu 10 MiHIMyMmYy [4]. Y Bunaaxky BTpaTu abo 3aTPUMKH YaCTHUHU
MaKeTiB TepMiHaAI BUKIMKAE 1X MOBTOPHO. KpiMm TOro, y BUNaAKy 3aTPUMKH J10C-
TaBKU MAKETIB BMHUKAETHCA MPOIEC aNpOKCHUMAIlli KU J03BOJIAE MPUOIU3HO
BiATBOpUTH 1H(OpMaIlil Ha 0a3l OTpUMAHMX MAKETIB, a SIKIIO BTPATH ITHOPY-
I0THCS, TO JIEKOJIEP 3aMOBHIOE MPOMYCKH (D)OHOBUM IIYMOM 1 3/1MCHIOE €XOKOM-
MIeHCaIlio (BUIAJICHHS €Xa 1 BIATBOPEHHS MOBHOTO CHTHAJY). 32 CTaTUCTHUKOIO,
BTpaTH NakeTiB 10 5% He MPU3BOJATH J0 MOTIPHIEHHIO PO30IpJIUBOCTI MOBHOTO
curHaiy [5]. SIkmo orpuMaHa makeTd BiIIOBIIAIOTh 3a3HAYCHIN TIOCIiT0BHOCTI,
TOJAl JaHl JAEKOMIPECYIOThCS 1 MEPETBOPIOIOTHCS HAa ay/l10-CUTHAN, SIKAW YXKe
HECe roJIocoBy iHpopMarlito oTpumyBady [2].
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AHoTalisA

Po3srnsaaerscst mpuHIMN poOOTH Mepeki 3 KOMYTAIll€l0 MaKeTiB, MPOBOIUTHCA aHaNi3
npoiiecy nepenadi Ta 00poodku rosocoBoro curHainy mo VoIP mepexi.
KitouoBi crnoBa: komyraitis nakeris, VOIP, IP

AHoTalisA

This article consider principle of work for packet switching network, also analyzed
process of transmission and processing of the voice signal over the VolP network.
Keywords: packet switching, VolP, IP
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PO3III3BHABAHHA I'EO3HIMKIB 3A J1OIIOMOI'OIO METO/IIB
K-NNC TA LIGHT GBM

Ilempoecokuii A. A. , acnipanm; IlInunvka O. O., K. m. H, 0oyenm
Hayionanvnuti mexuiunuu ynigepcumem Yxpainu « Kuiscokuii nonimexniunuul
incmumym imeni leopsa Cikopcvkozoy, Kuis, Ykpaina

Ha crorognimHiil 1eHb NUTaHHS aHaNIi3y CYyTHUKOBUX 300pa)KEHb € TyxkKe
BaxuBUM. CaM aHalli3 MOXE BUKOPHCTOBYBATHUCS ISl BUPIIIEHHS Oaratbox
npobseM. OnHa 3 SKUX — II€ CErMeHTalllsl 300pakeHb. 3aBIaHHS CErMEHTaIlll
NOJIATA€E y BU3HAYEHHI JI0 AKOi Kareropii Oyjae HaleKkaTh KOHKPETHHUM MiKCelb
Ha 300paxkeHl. 3a3BUYai 1e HeoOX1THO JJIs pO3Ii3HABAHHS Ta BUAUICHHS PI3HUX
obsacteil Ha KapTi. AKTYaJIbHICTh JAHOI TEMHU MOJATa€ y HEOOX1THOCTI BHII-
JIeHHs 00J1acTel Ha CyIyTHUKOBHX 3HIMKAX JJIS PI3HUX I{UTHM.

JInsl MOpIBHSIBHOTO aHaiizy OyJio BHPIMIEHO MEPEBIPUTH POOOTY JIBOX
HEWPOHHMX MEPEX JJI1 CETMEHTAllll JaHUX 3a JI0MIOMOT0I0 METO/IIB HAOIMK4IO-
ro CyciJia Ta MiJICHJICHHS TPaJIIEHTY.

JInst HaByaHHS OyJI0 BUPIIIEHO CTBOPUTH S KaTEropii: Jic, moJe, mcok, Bo-
Ja, MICTO, BUKOPHUCTOBYIOYM CYIyTHUKOBI 3HIMKH Micii Sentinel-2. 3nimku
3po0JieH] 3a JOMOMOIOI0 IbOI'O METOy MalOTh 12 cMyr B ONITUYHOMY Jl1aIla30Hi.
Onwc aiama3oHiB HaBeaeHo y Taou. 1. [1]

Tabmni 1

HaszBa cmyru I{enTpanpHa PozninpHa [Tupuna

JIOBKHHA 3/IaTHICTb, M | CMYTH,

XBHJI1, MKM HM
[TpubepesxHi aepo3oi 0.443 60 20
CuHiit 0.490 10 65
3eneHuit 0.560 10 35
YepBoHuii 0.665 10 30
Bereraniitanii uepBonwuii kpaii | 0.705 20 15
Bererariitnuii uepBonuii kpaii | 0.740 20 15
Bererariitnuii uepBonuii kpaii | 0.783 20 20
NIR 0.842 10 115
By3bkmit NIR 0.865 20 20
Bonsna mapa 0.945 60 20
SWIR — Cirrus 1.375 60 20
SWIR 1.610 20 90
SWIR 2.190 20 180

Hatacert aist HaBuaHHs Mae po3Mip 620 MO ta MiCTUTh B 001 300pa>keHHS
JUISL BCIX KaTeTopiH, sK1 pO3/UJIeHI 3a JOIMOMOrolo namnok. /s TpenyBaHHs Oyio
obpano 010ioTeky Ha Python Scikit.Learn.
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CaMi 3HIMKHU TIepe]l HaBYaHHSIM MiAJal0ThCS JOJaTKOBiN oOpob1i. Hacam-
nepes OJIMH 3HIMOK TOJA€ThCS Y BUIIISIIII TPUBUMIPHOTO 3 po3Mipamu Wxhx12,
ne W ta h — mmpuna Ta BHcoTa BiamoBigHO. [loTiM 3HIMKH KOMOIHYIOTBCS B
OJIMH MacHB, NMPOXOJIATH HOPMATI3aIliio, MICIs YOro 3MIHIOETHCA WOTO PO3MIp-
HICTh Ha NX12, Ae N — 3arajgpHa KUIBKICTH IMIKCENIB y Aataceti. JJisi JTaHUX BYH-
TeJsA, TOOTO AaHUX, K1 MICTAThH 1H(POPMAIlIIO TPHUHATIEKHOCTI /10 TIEBHOI KaTero-
pii BukopucroByeThes incTpymeHnT Matlab Image Labeling, mani sikoro motim
EKCTIOPTYIOThCS B Mat-aiin, 3 sIKOro MU MOKEMO OTpUMAaTH 1H(POpPMAIlIIO PO
MPUHAJIEKHICTD JI0 MIEBHOI KaTEropii.

ITotim otpumaHni naHi TpaHchOPMYIOThCS y BekTop. Ilicis yoro BoHu Oy-
JyTh TOTOBI I HaBYaHHs. BaxmBo Te, o0 po3MiIpHOCTI TaHUX /I HaBYaHHS
Ta JAaHWUX BUUTETIS CITIBITAIaJIH.

Jliist mepeBipku Oyin0 oOpaHO Ta po3MIYEHO OKpeMull 3HIMOK. Lle 3pobiieHo
JUTSL TOTO, MO0 TEPEeBIPUTH, SK JaHA CHCTEMa IpaIfOBaTHME Ha peaJbHUX Ja-
HuX. Po3miueHy 00s1acTh MOkHa TOOAYUTH Ha puc. |

Ha nanomy erami Oysi0 BUpIIIEHO BUKOPUCTATH 1Bl HEMPOHHI MEPEXKI — L€
K-NNC(meton k-naiiommxkdoro cyciga) ta Light GBM(rpanientHoro miacu-
JICHHS).

Merton kmacudikatop 3 k-HaOMMKYUM CYCIZIOM € METOJAOM HaBYaHHS 3
yauTeneM. Y bOMY METOJIl JIJaHI CKJIaJIaroThes 3 K-HalOmmkunx BHOIpOK y Ha-
O6opi manux myg HaBuyaHHA. OO0’€KT KIacu(iKyeThCA 32 JTOMOMOTOK MHOKHWHU
roJIOCiB MOro CycifiB, 1 BIAMOBIAHO, BiH Oy/Je BITHOCUTHCS O KJacy, KU €
HAHOLIBII MOMIMPEHUM cepell Horo cycimiB. Skmo k=1, To BiH HalIeKHUTh Haii-
OJMKYOMy cyciay. BakIMBUMU € TaKOK BaroBi 3HAYEHHsI BHECKY cycina, 1ol
BHECOK HalOIMK4ux OyB OUIBIIMM, HIXK y BiAnaneHuX. ToMy BUKOPHCTOBYIOTh
Takuil koediuieHTt — 1/d, ne d — BigcTans no cycina. Hexail nani Oyayth npen-
craBieHi y Burmsiai To9ok (X, ¥y), F (X, ¥o)... F (X, ¥i).. F (X, Yn), e X, Y, —
BEKTOP O3HAK Ta MITKM KJaciB BiAMOBIIHO. Cama (QyHKIiS 15 IOTO METOY, /1€
P — BEKTOp 03HaK, a K — KUIbKICTh CyCiiB MaTUMe BUTIIAA [2]:

f(p.K) = y.c=argmax|p x| 1)

[Ipu mepeBipiii Ha IHIIOMY 3HIMKY TOYHICTH 3a JIOIIOMOTOIO I[bOTO METOIY
ckaagae 58%. Cam pe3ynbTaTr cerMeHTallii MOKHa TOOAYUTH HIKUE Ha PHC. 2.

ITocunenHs rpajieHTa — I1¢ TEXHIKAa MAITMHHOTO HaBYaHHS, Ka 0a3yeThCs
Ha OCHOBI jJiepeB pimieHb. Cami JepeBa MPOEKTYEThCS MOETAIHO, JA03BOJISIOUH
onTuMi3yBaTu ¢GyHKIit0 BTpar. Lleit meTon 00’e€aHye Kidbka CIa0OKUX METOMIB
HABYaHHS B OJIHE CHJIbHE CIIOCOOOM Oaratbox iTepailiil. MeTa nporo aaroputmy
€ nependOayeHHs1 3HaueHHs Y. Lle BigOyBaeTbCsl NUISIXOM MOUIYKY HAOJIMKEHHS
F(x) y Burnsai 3BaxxeHoi cymu 6a30BuX (c1a0kux) QyHKIIiH 3]

F(x) = % ¥he (X) + const (2)

m=1
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7ie — BaroBuil KkoedirieHT, — 6a3oBa QyHKIIIS
TouHicTh Takoi Mepexi ckiagae 42%. Pe3ynbpTaT cerMeHTaIlii Mo)KHa 1o-
OaunTty Ha puc. 3.

--

Pucynok 1. Posmiuena 00- Pucynok 2. Pesymbrar cer- PucyHok 3. Pesymbrar cer-
JIACTH IS HaBYAHHSA MmeHTarii 3a poonomororo K- MeHTamii 3a  JOHOMOIOKO
NNC Light GBM

VY naniit myOmikarii 6yJ0 po3riasiHyTO METOJU CETMEHTAIlli CYIyTHUKOBUX
3MiHKiB 3a gonomororo Meronai K-NNC Ta Light GBM. V pesyabrari nposene-
HOTO JOCHIKEHHsI OyJio 3’sCOBaHO, IO TOYHICTh UX Mojeiei ckianae 58%
s Mmetony k-Haibmmkuoro cyciga Ta 42% muis miacwieHHs rpagienta. OcHo-
BHUMH TMPUYMHAMHU HETOYHHMX PE3YyJbTATIB € BIJHOCHA MPOCTOTA JTAHUX MOJe-
Jied, OTHOBUMIPHICTh JAHOTO JaTaceTy Ta Mayia KUIbKICTh JaHUX JJI1 HaBYaHHS.
Sk pe3yabTar, A MOKpAIIeHHS Pe3yIbTaTiB HEOOXiTHO CTBOPUTH JIBOBUMIPHY
HEHPOHHY MEpEXy 3 3rOPTOBHMHM IIApaMH Ta 30UIBIIUTH KIJIBKICTh JAaHUX IS
HaBYaHHS.

Ilepesik nocujiann

1. Sentinel Online. European Space Agency. [Enextponnuii pecypc] — Pexxum goctyny
1o pecypcy: https://earth.esa.int/web/sentinel/technical-guides/sentinel-2-msi/msi-instrument.

2. Hart P. Nearest neighbor pattern classification / P. Hart, T. Cover., 1967.

3. LightGBM: A Highly Efficient Gradient Boosting Decision Tree / [K. Guolin, Q.
Meng, T. Finley Ta in.]. // Advances in Neural Information Processing Systems. — 2017. —
No30.

AHoOTaLiA

VY naniif myOmiikarii 6yi0 po3rJIsIHyTO CerMEHTAllil0 CYIyTHUKOBHMX 3HIMKIB 3@ JJOITOMO-
roto merona k-uaiommkdoro cyciga (K-NNC) ta migcunenns rpagienta (LightGBM). s
nepeBipKku poOOTH JaHUX Mojelneil 0ya0 CTBOPEHO OKpeMHUi JaTaceT, sIKMM CKIalaeTbes 3 5
KaTeropii Ta MpoOBEJCHO HA HhOMY HaBYaHHS. Y Pe3yNbTaTi MEPEeBipKM HA OKPEMOMY 3HIMKY
OyJI0 OTpUMaHO pe3ysbTaTH TouHOCTI 58% Ta 42% BiMOBIIHO.

KnrouoBi cioBa: cermenTaitis, Heliponna mepexa, K-NNC, LightGBM

Abstract

Segmentation of satellite images using k-nearest neighbor (K-NNC) and gradient
boosting (LightGBM) was considered in this publication. For performance testing, a separate
dataset consisting of 5 categories was created and used for training. As a result of the test on a
separate image, accuracy scores are 58% and 42% respectively.

Keywords: segmentation, neural networks, K-NNC, LightGBM
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CMAPT 3APAAHA CTAHIIA

Puobac O.M., cmyoenm; Illynvea A.B., k.m.n., oou.
Hayionanvnui mexniunuu ynisepcumem Ykpainu « Kuigcokuii nonimexniunuu
incmumym imeni leopsa Cikopcvkozoy, Kuis, Ykpaina

Ha choronHimiHiii 1eHb BUKOPUCTAHHS TEXHOJIOTIH y TOBCAKICHHOMY KHUT-
Ti 3yCTpidaeThes aenaii yacrime. e 3po3ymino, amke 3 JOMOMOIO PI3HUX
IpUIAAIB, K BXKE € Y KO)KHOMY JIOMi, TOOYTOBI CTIpaBU MO>KHA CYTTEBO IOJIET-
mmTy abo mpumBUIIUTYA. Hanpuknaz, Tenep He Tpeba BUTpayaT yac Ha pydHe
IpaHHA peuedl 4u JOBTUM Ta BUCHAXIIMBUNA MPOIEC TOTYBAHHS 1XKi, IIe BCE BXKE
cpouieHo 1o crpaBy Ha 10 un 15 xBunuH. I Bce 11€ TOCTYIIOBO NOEIHYETHCS 10
OJIHI€T CUCTEMHU CMapT JoMy. Taki cHUCTeMH AOCUTH 3pY4YHI Y BUKOPHCTAHHI,
aJke BOHU Jal0Th 3MOTY K€PYBAaTH CBITIOM Y IOMi, BMUKATH Ta BUMUKATHU MIPH-
Jaau, Kpamie pearyBaTd Ha Jiii, sSiki OB’si3aHl 3 TallMepoM (3aBJISKHU IOBIJIOM-
JICHHSIM), TIEPEBIPUTH YU 3a4MHEHI JBEPI, 110 1HOJI TyKe TypOye JIt0IeH, TOIIIO.

Sk yacTHHY Takoi CHCTEMH MOXHa PO3IVISHYTH 3apsiHy CTaHIlio. Yacto
BUHUKA€E TaKa CUTYallis, 110 NOTPIOHO 3apsauTu 2-3 neBaiic 3a BIIIHOCHO KOPO-
TKHUH 4Yac, ajie JIOJU CTaBISATh MEPIINi Ha 3apsAaKy 1 «3a0yBalOTh» MPO HBOTO.
Toni BiH MOKe BX€E MOBHICTIO 3aps/UKEHUN ITPOCTO MPOJIEKATH 3aliMaroun MicLe
mie 2-3 rogunu. | ock 10 BUXOy 3aps/KEHI JIMILIE HaBYIIHUKH, a Opacier po3-
pamkennii. Tomy paiioHasibHO Oyi10 O BUKOPUCTOBYBATH PO3YMHY 3apsijKy, sKa
nependayae OMOBIIICHHS MO 3aKIHYEHHIO 3apsiakd. BoHO MOXe MpUXOIUTH Ha
TenedoH abo, KO caM TenaedoH Ha 3apslll, BMHUKAaTH CBITJIIOBUN YM 3BYKOBHIA
CUTHAJI, 1110 JOTIOMOKE 3am00IrTH BUIIE TPUBEICHIN CUTYaIlli.

3 ICHYHOYHMX aHaJIOTIB Ha
Cy4acHOMY PHUHKY CHiJ PO3r-
syt 3apsgHe WEX — 818F
(puc. 1) [1]. MManwuit npuctpiit
Ma€ KuTbKa TOPTIB s 3aps-
JDKaHHS, BKJIIOYArO4Md 3BHYAl-
Hy 3apsagky, QC  (quick
charge) Ta type—c. Ha maneni
3BEpXY pO3TalllOBaHA MarHiTHa
3apsiika Uit O€3MpOBIIHOTO
3apsypkadHs. Ll craniis mae
JTUCIUIed ISl BiAOOpaXKeHHS
HAIPyTH Ta CTPyMY Ha MOpTax
3apsiaku. IliHa #oro mocuth
JIOCTYMHA B HAIl 4ac 1 cTaHOBUTH Npubiu3Ho 500 rpH. OHAK, HEIOIIKOM € T€,
110 B HbOMY HeMa€ (PYHKIIIT CIIOBILIEHHS PO 3aKIHUEHHS 3apSAKU, IO € OJHIEI0
3 TOJIOBHMX (DYHKIIIH TaKOTO JieBaiicy. A 11ie BIACYTHS OaTtapes s 3apsiKu IpH

Pucynox 1. 3apsauuii npuctpii WFX — 818F
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BIIIMKHEHIN BT MEpEXKi.

[Ile omauM mikaBuMm 3apsgHuM mpuctpoeM € YC — CDAI19 (puc. 2) [2].
Taxa monens Mae OuIbITy KUTbKICTh po3’eMiB it QC 3apsiiku, MpoTe BOHA MO3-

Pucynoxk 2. 3apsaauii npuctpiii YC — CDA19

OaBiieHa 6€3APOTOBOT 3aPSIIKH.
Januit  mpucTtpiii  Mae
NpUEMHIIMKN 1HTEpdenc 1 yci
3aXHMCTH JIEBaMCIB, SIK 1 IIOIE-
penHs 3apsjHa cTaHiis. Moro
[[lHA CTAaHOBUTH NPUOIUZHO
400 — 700 TpH, B 3aQJIEKHOCTI
Big Marasuny. OJHak, 1 B IbO-
My 3apsIHOMY TMPHUCTPOI BiJ-
CyTHS CHCTEMHU CIOBIIIICHHS
PO 3aBEPILICHHS 3apAIKU JIie-
BaliCiB 1 BIACHOI OaTapei
OTxe, CydacHUM DPHUHOK
CTaBUTH JOCUTH BEJIHMKI BHMO-
TU JI0 3apsiAHUX CTaHIlH, 0CO-

0IMBO AKOIO o€ CMapT CUCTCMaA JJIA Hiz[3ap${,u1<1/1. OT)KG, HpoaHaJIi3YBaBHII/I YKC
iCHYIO‘-Ii IIPpOTOTHIIN, 6YJIO BHABJICHO, IO OCHOBHUM ix HeI[OJIiKOM € TC, 10 KO-
JACH 3 HUX HC Ma€ 3BYKOBOI'O Ta CBITJIOBOTO Cl'IOBiHICHHH IIPO 3aBCPIICHHA 3aps-

TIKH.

Tomy Oyi10 po3p0o06IEHO KOHIIENIT CMApT 3apsiAHOT cTaHIli (puc. 3).

Pucynok 3. IIporoTun cmapTt 3apsiAHOI CTaHIi1

Jlana 3apsiaiHa ctaHuis Moke MicTUTH 6 — 8 po3z’emiB Ttuny QuickCharge
JUTSI IIBUAKOT 3apSJIKH, 1110 JO3BOJISIE 3apsAKaTh 0araTo raKeTiB OJHOYACHO. Y
BEpPXHIN YaCTHHI KOPIYCY pO3TallloBaHa MarHiTHa 0e3JpoToBa 3apsjKa JJs J10-
JIaTKOBO1 3py4HOCTI. OCHOBHOIO BIJIMIHHICTIO J@HOTO MPHUCTPOIO € HASBHICTb
JIBOX KHOIIOK PETYJIFOBAaHHS CUCTEMU CIIOBIIICHHS: OJIHA BIJMIOBIJAE 32 TIEPEMU-
KaHHS 3ByKOBOT'O PEXHMY, a 1HIIIa — CBITJIOBOTO. 3BYKOBUI MO>KE€ BUKOPUCTOBY-
BaTHUCh JJIs CIIOBIIICHHS, KOJIM JIIOAMHA 3aiHATa, a CBITJIOBUN HA BUMAOK, SKILO
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BiIOYBAETHCS 3acCiTaHH 1 3aiiBl 3ByKH He OaxkaHi. OJIHAK, 111 KHOIIKM MO>KHA BH-
KOPUCTOBYBAaTH B Tapi, ab0 B3araji He BMHUKATH. J[0MaTKOBO 3apsaHa CTaHIIISA
OCHAII[eHa aBTOHOMHHMM aKyMYJISITOPOM a0o MmaBepOaHKOM, 1€ JacTh 3MOTY 3a-
pSIKATH TMPUCTPOi HaBITh Y CUTYyallii, KOJU BUMKHYTh KUBJICHHS Mepexi. Jla-
HUW NMPUCTPIA Mae HEBEIUKI rabapuTH, JaKOHIYHY (HOpPMY 1 HEBUCOKY COOIBap-
TICTh, 11O TEX MOXHA BigHECTH 10 nepesar. llle BeneTscs poboTa Hasl CTBOpEH-
HSM JI0JIaTKy JUIs TeledoHny, KU Oy/ie CIOBIIATH MPOo Te, 110 1HII IIKII0Ye-
HI IPUCTPOT 3apsJKEH1 (HABYIIHUKH, TOJMHHHUK, TOIIO).

OTxe, mpeACTaBICHUN KOHLETIT CMapT 3apsiIHOI CTaHIII, sIka Ma€e BEJIUKUN
GbyHKITIOHAI, TPOCTY JIAKOHIYHY (hOpMY 1 HEBUCOKY coOiBapTicTh. [IpucTpiit po-
JATKOBO OCHAIEHUH aBTOHOMHHUM aKyMYJSITOPOM a0o0 TMaBepOaHKOM, II€ Ja€
3MOTY 3apsKaTy IPUCTPOI MPH BIACYTHOCTI CBITJIA, 110 3apa3 B YKpaiHi € qyxke
akTyanbHUM. [laHuii neBaiic Hapasi Mae Mally KOHKYPEHIIIO, 10 MO3HUTHUBHO
BIUTHHE Ha 30yT TaKOTO MPOIYKTY.

Ilepesik mocujianb

1. WLX - 818F Specification. Test of adaptive intelligent LCD display Multiport
Charger WLX-818F. (n.d.). Retrieved October 6, 2022, from https://lygte-
info.dk/review/USBpower%20Adaptive%20Intelligent%20LCD%20display%20Multiport%2
0Charger%20WLX-818F%20UK.html

2. YC - DCA19 Specification. Test of 8 Port 8A USB Charger YC-CDA19Q. (n.d.).
Retrieved October 6, 2022, from https://lygte-
info.dk/review/USBpower%208%20port%208A%20USB%20charger%20Y C-
CDA19Q%20UK.html

AHoOTALIA

Po3rnsiHyTo Ta mpoaHani30BaHO CyyaCcHMH PUHOK 3apsiHux craHuid. IlpeacraBieHo
KOHLENT CMapT CTaHIli, sKa Ma€ KUIbKa MOPTIB JUI IIBUJKOI 3apsJIKU, MarHiTHY 0€3/1pOTOBY
3aps/IKy, aBTOHOMHHUI aKyMYJIsITOp, Ha BUMAJOK BIAKIIOUEHHS €JIEKTPOIIOCTauyaHHsl, a TOJIOB-
HeE, 3BYKOBHI Ta CBITJIOBMI CUTHAJ CIOBIIIEHHS PO 3aKIHUEHHS 3apsiI>KaHHS.

Kito4oBi crioBa: cMapT cTaHLis, 3apsHa CTaHLlid, IeBaiic, 6e31poToBa 3apsaKa.

Abstract

The modern market of charging stations was considered and analyzed. Also the concept
of a smart station is presented, which has several ports for fast charging, magnetic wireless
charging, a battery in case of a power outage, and a sound and light signal for notification of
the end of charging.

Keywords: smart station, charging station, device, wireless charging
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JOCJIIKEHHA AKYCTUYHHUX CUT'HAJIIB B CUCTEMAX
3B’SA3KY 3 YACTKOBUM 3AIIYMJVIEHHAM

Ceéimnoecokuii €.B.; Tpanezon K. O., k.m.n., oou.
Hayionanvnuti mexuiunuti ynigepcumem Yxpainu
«Kuiscoxuii nonimexuiunuu incmumym imeni leops Cikopcokozoy,
m. Kuis, YVxpaina

TexHoJorii, e MMUPOKO BUKOPUCTOBYIOTHCS aKyCTHUYHI 1H(GOPMAIlIHHI CH-
THaJIM, OCTaHHIM YacOM OXOIUTIOIOThH BCe OUbINE cdep KUTTEMISIBHOCTI JIFOIU-
HU. Tak, cepen nUX peaiizaliid BapTo BIAMITUTH CHUCTEMH O€3IEKH 3a KEPMOM
aBTOMOOLJIs, 3aCO0M TEICKOMYHIKAIM Ta 3B’SI3Ky MK a0OHEHTaMH, CHCTEMH
MOOUIBHOI'O Ta CYIyTHUKOBOTO 3B'A3KY, TOIIO. Y OUIBIIOCTI BUIAJKIB MPHU Te-
peaaBaHHl Ta NpUMMaHHI aKYCTUYHUX CUTHAIIB y TaKUX CHCTEMAaX 3aCTOCOBY-
IOTBCSI TIPOIIEIYPH HU3BKOIIBUAKICHOTO KOMYyBaHHsS. HU3BKOKOMIBUIKICHE KO-
TyBaHHS TO3BOJISIE OTPUMATH YIIIJIBHEHHS KaHATY 3B 53Ky, IO B PE3YNbTATI €
MIPUYHMHOIO 3a0€3MeUeHHsI OUIBIIOT MPOMYCKHOI 37aTHOCTI. OHUM 3 EPCIEeKTH-
BHUX METO/I1B HU3bKOIIBUIICHOTO KOJYBaHHS MOKHA BBXKATH METOJ JIIHIHHOTO
koayBaHHs 3 nporHo3yBaHHsAM (LPC, linear predictive coding)[2]. Meton LPC
Jy>’Ke TPOCTO aJanTy€eThCs O CTBOPEHHS y3araJibHEHOI JUCKPETHOI MOJEINI MO-
BHOTO aKyCTHYHOT'O CUTHaNy. Peamizaiisi nboro Merony nepeadadae BUKOPHC-
TaHHA B CTPYKTYpHIH CXeMi BIAMOBIAHOTO BOKoJepa (POPMaHTHOTO (UIBTPY.
[Tpu upomy, Mojzienb BOTO (PUIHTPY 0OOB’S3KOBO MAa€ BIAMOBIIATH CIPOIICHIM
MOJI€JI TOJIOCOBOTO TPAKTY. Y CBOIO YEpry, MOJIETh TOJIOCOBOTO TPAKTY € IHTEP-
MOJIAIIEI0 PeAIbHOT aKyCcTUYHO1 cucTeMu. Came Takui MiaXiJl 10 CTBOPEHHS CH-
CTEMHU TEpelaBaHHs MOBHUX CUTHAIIB JO3BOJISIE BPaxyBaTH iX 1HIWBITyallbHI
0COOJIMBOCTI MPU KOHCTPYIOBAaHHI BOKOJIEPIB.

MeTton MHINHOTO KOAyBaHHS 3 MPOTHO3YBAHHSIM IPH MPAKTUYHOMY 3aCTO-
CyBaHHI BUKOPUCTOBYETHCS 1 B aJIrOPUTMaxX PO3MI3HABAHHS 3alIyMJIEHHOTO MO-
BHOTO curHany [1, c. 165]. Ha pucynky | HaBelieHa CTpyKTypHa cXema, sika Io-
SICHIOE peatizailiro Metory. CUrHai 3 myMoM HaJXOJuTh Ha KoJep, /e Bi0yBa-
€THCSI TUCKPETHU3AIlis CUTHAIIY Ta PO3OUTTS MOTO Ha YacOBl 1HTEpBaIM (CETrMEH-
TH abo Kaapu) TpuBaiicTio 10 20 mc 3 50% 3anacom 3a nepekputTsaM. | Bkazane
PO30OUTTS € BOJHOYAC 1 OOMEXKEHHSIM METOMY, aJKe OUIBIIT KOPOTKI CEerMEHTH,
TpUBAIICTIO, Hanpukiag 10 Mc, OyayTh B34Ti 3 CYyCIIHIX CETMEHTIB TaKUMH, 1110
HE 3MIHIOIOTHCS 1 1€ MOXKE€ OYTH TMPUYUHOIO MTOMUJIOK MpHU 0OpOOJICHHI Ta 34YH-
TyBaHHI IUX CUTHAJIB.

ToOTo, curHam po30UBAETHCS HA YacOBi BikHA (PIKCOBAHOTO PO3MIpy, J€ K
nepeadavacThCs, mapaMeTpu CUTHAIY HE 3MIHIOIOThCS. Jlasli 10 KOKHOTO BiKHA
3aCTOCOBYETHCSI AJITOPUTM BUIIYYEHHSI O3HAK y (opMi KOe(illl€HTIB KENcTpy,
TOOTO KOEQILIEHTIB JIHIKHOTO MporHo3yBaHHsA. Ha ocHOBI 3HaueHb 1UX Koedi-
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I[I€EHTIB, MOXHA OI[IHUTH (HOPMAHTH MOBHOTO CUTHAITY, 1 IO TOTO X KoepirieHTH
MOXXYTh OyTH BUKOPHCTAaHI MPU PO3PAXYHKY IMAPAMETPiB MOBHOTO TPAKTY.

Input Output

| |

Pre-emphasis

|

De-emphasis

N

Synthesis
Voice [
samples

All pole filter
design

’— Analysis

Coefficient Cross
extraction correlation

Un-voiced
samples

Pitch Information

Coefficients

Pucynok 1. Crnpomtena mozens [ 1, c. 168]

JIist aHami3y MOBHUX CUTHaNIIB B poOOTI BUKOpUCTaeMo mporpamy PRAAT

Ta BU3HAYMMO XapaKTEPUCTUKU CUTHAILY 0€3 IIyMy Ta 3 IIIyMOM, 1 IOTIM Ha OC-
HOBI METOJy JIIHITHOTO KOJYBaHHS 3 IMPOTHO3YBaHHSAM, 3HAAEMO KOe(DilieHTH
LPC Ta mpoBeaeMo OIIHKY MOMJIMBOCTI OYHUINEHHS CUTHATY BiJ IIyMOBOTO 3a-
OpynHeHHs [3, c. 4].
e B saxocT1 BUX1THUX HAaHUX
JUISl IPOBEJICHHSI €KCIIEPUMEH-
Ty BUOEPEMO aKyCTUYHUU MO-
BHMI CHUTHaJ1 BiIoMOi (pa3u
“IIl be back” TpuBamictio
0,988 cek (puc.2). [lapameTpu
CUTHAJIy HACTYIHI: BEpXHs Ya-
CTOTa JTUCKpeTH3amii
16 x0it/cex, piBeHb KBaHTY-
BaHHs 32 Oit, popMar curHaiy
— MoHo. [lopiBHSBIIM OpHIi-
HaJIbHUM CWTHAJ Ta CUTHAN 3
oMM 1rymom (puc.2), MOKHa
BIIMITUTH, IO JOJaBaHHS
IIYMY [0 CUTHAJTy PU3BOJIHUTH
J10 3MEHILIEHHSI €HEPreTHYHUX
napameTpiB IOTO CUTHAITY, 1
JI0 TOTO K 3MEHILYEThCS cepe-
Pucynox 2. Conorpama opuriHaJbHOTO CUTHA- JIHS 1HTEHCHUBHICTH MOBHOTO
TTy/BIINBY Ginoro urymy CUTHaJy (B cepeHbOMY Ha 2-3

Edit Query View Select Spectrum

0494104

0.9256

-0.05484

-0.8604
5000 Hz| m

0494104 _
0 Visible part 0.988209 seconds

0.988209

Total duration 0.988209 seconds

_a in out sel bak | 4

| »| ¥ Graun

0.7179

0.01969

500 Hz

75 Hz

L. e
0520227 0520227
Visible part 1040454 seconds 1040454

Total duration 1.040454 seconds
o | in | o | el | bek |« |+ ¥ Grou

Mixcnapoona HayKo8o-mexHiYHa KOHepeHyi
«Padiomexniuni npoonremu, cucHanu, anapamu ma CUCHmemu) 95



Ingpopmauinini mexnonozii ma meneKoMyHiKayiiHi cucmemu

ab), 1110 BITUBAE HAa PO30IpIAUBICTH MOBHOTO CHTHAIY.

Amnanizytoun orpumani koedimientu LPC 3 mporpamu PRAAT wmoxHa
3poOUTH BUCHOBOK, IO HASIBHICTH IIYMY MPHU3BOAHUTH O 3MIHHU MOJIOCIB MEpe-
naTo4yHOi PpyHKIIT popMaHTHOTO PLIBTPY, @ OTIKE 3MIHIOIOTHCS 1 (POPMAHTHI Ya-
CTOTU MO/l MOBHOTO TpakTy. Lle cBimuuth mpo te, mo meton LPC € anantu-
BHUM JI0 TMOSIBM ITYMOBHX CKJIaJOBHX 1 NP HAsSBHOCTI IIYMY MOJIEIIb MOBHOTO
TPaKTy MOBHICTIO MEepe0yT10BYETHCA.

Iepenik nocuaanp
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AHoOTALA

Po3rnsiHyTo BHIIagoK, KOJIM YaCTHHA MOBHOTO CHUTHAITY 3HAXOJIUTHCS ITiJ] OKPEMOIO JTIE0
IIyMY 3 OHAKOBOIO aMILTITYJI010. 32 I0IIOMOTOI0 1IHCTPYMEHTIB IPOrpaMHOIo 3a0e3MedYeHHs
PRAAT, oTpumMaHO eHEpreTHYHI XapaKTepUCTUKH CUTHAITY 0€3 IIyMy Ta 3 IIIyMOM, i Ha OCHO-
Bl METOAY JIIHIMHOTO KOAYBaHHS 3 MPOTHO3YBAHHSIM 3HANAEHO Koe(ilieHTH (POpPMAHTHOTO
GiTBTpY uepe3 BHUKOPUCTAHHS aBTOKOPENSiiHOI (QyHKIil. 32 OTpUMaHWMH pe3yabTaTaMu
BUSIBJICHO, 1110 IPUCYTHICTh IIyMY MPU3BOAUTH 10 3MEHILEHHs YCepeIHEHUX 3HaUeHb eHepre-
TUYHUX MapaMeTpiB MOBHOTO CHTHaNy. KpiM I[bOr0 BHUSIBJICHO, IIO MPH JIO0JABAHHI IYMY 0
CUTHAJTy 3MEHIIYEThCS 1 Cepe/iHs IHTEHCUBHICTh CUTHANY (B cepeHboMy Ha 2-3 1b), mo mo-
e OYTH MEepernoHO0 MPU OTPUMaHHI HEOOX1IHOT SKOCTI 3a p0o30ipJIUBICTIO MOBHOTO CUTHAITY
Ha NpUIMaIbHOMY KiHI JIiHIT 3B S3KY.

Kiro4oBi cnoBa: 6oxooep, akycmuxa, cueHal, 00pooOieHHs, Memoo, uyM.

Abstract

We consider the case when a part of the speech signal is under the separate action of
type of noise with the same amplitude. With the help of PRAAT software tools, the energy
characteristics of the signal without noise and with noise are obtained, and based on the
method of linear coding with prediction, the coefficients of the formant filter are found based
on the use of the autocorrelation function. According to the obtained results, it was found that
the presence of noise leads to a decrease in the averaged values of the energy parameters of
the speech signal. In addition, it was found that when noise is added to the signal, the average
intensity of the signal decreases (on average by 2-3 dB), which can be an obstacle in obtaining
the necessary quality in terms of intelligibility of the speech signal at the receiving end of the
communication line.

Keywords: vocoder, acoustics, signal, processing, method, noise.
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EJEKTPOAKYCTUYHUH TPAKT JJETEKTOPA MJIA

Coxkoavcokuit C.0., Mosuaniok A.B., K.m.H., Oouenm
Hayionanvnuti mexuiunuti ynigepcumem Yxpainu “Kuigcokuti nonimexHiynui
incmumym imeni leops Cikopcokoeo”, Padiomexuiunuil ¢haxyiomem
m. Kuis, Ykpaina

Axkyctuunuit nerekrop MJIA moxe OyTH epeKTUBHUM JOMOBHEHHSIM 0
BXK€ ICHYIOUHMX CHUCTEM, IO IPaIlOI0Th B ONTUYHOMY UM Pajio aiama3zoHi [1].
JIeTeKkTop CKIIaIae€ThCsl 3 €IEKTPOAKYCTHUHOIo TpakTy, 0soky ALl Ta Omoky
nudpoBoro oo6pobienns curtaniB Ha 0a3i [IK (puc.1). Oquum 3 HaliBaxkJIMBI-
[IMX €JIEMEHTIB aKyCTUYHOTO JIETEKTOPY € MEePBUHHUM €JIEKTPOAKYCTUUHUN Tie-
pPETBOPIOBAY, B POJII SIKOTO JOLUIBHO BUKOPUCTOBYBATH MIKpPO(OH. MikpodoHu
PI3HHX THUIB JOCTaTHHO CYTTEBO PO3PI3HIIOTHCA CBOIMH XapaKTEPUCTUKAMHU

(Tabmn.l).

Mikpodon IlepeamincuaoBay HincuaroBau
AL
|

> >

Pucynok 1 — CrpykTypHa cxema akyCTUYHOI'O IeTeKTopa

Sx Oaummo, HAMOUIPIIMN PIBEHb YYTIMBOCTI MarOTh KOHIEHCATOpHI Ta
enekrpeTHi Mikpodonu -30 nb. I[Ipu 11boMy BOHM MalOTh HAWMEHIITY HEPiBHOMI-
pHicTe AUX B po0Oouiii cMy31 4acToT. OCKUIbKM CHEKTP aKyCTUYHUX CUTHAJIIB
npoHiB jexarh y Mexax 1 k['ip — 12 xI'1g [0], To BCi HaBeneHi Tuu Mikpo]oHiB
3/1aTHI TPAIIOBATH B L1 CMY3I.

Tabnuusg 1. OCHOBHI XapaKTepUCTUKU MIKPO(OHIB

Enextponnnamiunumii Kometica- S
Tun mikpodony KOTY- CTpi- ropHni o
MIKOBUH YKOBUM
JianasoH vactor, [y 40...2 30... 20...20
0000 18000 20...20000 000
YyTnusicTtb, 0b -60...- - -60...-
45 56...-40 60...-30 30
HepiBHOMIipHICTB
AUX, 0B 12 10 5 5
PiBenp BiacHux 1Iy- 30...1 30...
MiB, OB 3 16 30...4 30...5
Brytpimmiit omtip, Om 150... 200 200...2
1500 ...1000 200...2200 200
3BYKOBUI TUCK, OB 10 150 140)10 10 140 10 140
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Haitmmpmii nuHaMigHUN Aiama3oH Mo 3ByKOBOMY THCKY MalOTh TWHAMIY-
Hi MIKpO(OHH, aJie€ MOKA3HUKH 1 IHIIHUX MIKPO(OHIB 3HAXOAATHCA Y IOMYCTUMUX
MeXKax: TMHAMIYHHN Jiana3oH nrymiB Big MJIA 3a3Buyail merme 110 ab.

Jliana3oH piBHIB CUTHATY Ha BUXO/II MIKpO(OHHOTO MiJCHIIOBaYa MpH Hasi-
BHOCTI cuctemu APII 3azpuyait ckinagae 100 MB — 1 B, ToMy BiiHOCHUI piBEHb
BJIACHUX IIIYMIB BCI€i CHCTEMH BU3HAYA€ThCA IIIyMaMU IijicuiitoBava abo repe-
nigcuiaroBaya [0]. J[>kepenom BIacHUX IIYMiB JUHAMIYHUX MIKpO(OHIB € MiaCH-
JII0Ba4 Ha O1MoJIsipHOMY (HaiyacTilie) TPaH3UuCTOpi, TOMY 110 Ha HU3BKUX Yac-
ToTax (o 5 k['1) Ta mpu ManoMmy IMIEAaHCl JpKepena BX1AHOTO curHany (mo 1
kOM) 3aBxau OyAyTh IMepeBa)kKaTH IIYMU HAMpyryd OIMOJIIPHOTO TPAH3UCTOPA
[0]: cepenne 3naueHHs mopiBHIOE pHOIM3HO 16 n1b. Ha BX0/a1 KOHIEHCATOPHUX
Ta eJNIEKTPETHUX MIKPO(OHIB CTOITh MEPETBOPIOBAY 3apsiA-HANPYTra, TOMY uepe3
BHCOKHMI BXIJHHWI OMip pIBEHb BJIACHUX IIyMIB OyJ€ BH3HAYATHCh MOJILOBUM
TPAH3UCTOPOM, IO PO3TAIIOBaHMN Oe3mocepeHbo y Karcyrni mikpodony [O].
Cepenne 3HaueHHs Koe(illi€eHTa BIACHUX IIyMiB 5 1b.

KoHneHcaTopHi Ta el1eKTpeTHI MIKPO(OHM MaroTh MOJ10HI MPUHLHUINA PO-
00TH Ta WIMPOKUI TUHAMIYHUHI J1ana3oH, JOCTaTHO BUCOKHI PIBEHb UyTIUBO-
CTi, yepe3 Manuil koedimieHT BaacHUX IrymiB. OpHaK, KOHJIEHCATOPHOMY MIK-
podoHy MOTpiOHA TOCTATHHO BHUCOKA HAmNpyra >KMBJICHHS — Big 48 B, axa mif
4ac JIETEKTYBaHHS CUTHANIIB Y «IOJIbOBUX yMOBax» IPU BUCOKOMY PiBHI BOJIO-
roCTi, MOX€ MPU3BECTH 110 MpoOot0. ToMy uepe3 HUKUy HaNpyry KUBJICHHS Ta
BHUCOKY HaJ1MHICTh JOIJIBHO BUKOPUCTOBYBATH €JIEKTPETHI MIKPO(POHH.

I[Tix yac poOOTH JETEKTOpa aKyCTUYHUX cCUTHaIB MJIA, B 3aJIe’)KHOCTI Bij
BijIcTaH1 200 OTOYYHOYOTO CEPE/IOBUINA, aMILIITYU CUTHAJIIB MOXKYTh 3MIHIOBa-
TUCh y IIMPOKOMY Jiana3oHi. BiAnoBigHO, A 3aXUCTy npuiiMaya BiJl epeHa-
CUYEHHS Ta 30LIbIIEHHS TMHAMIYHOTO J1ana3oHy, 3aCTOCOBYIOTh JIorapu(mivHi
MIJCUIIOBaYl a00 CHUCTEMH aBTOMATHUYHOIrO peryioBaHHs mifacuieHHs (APID).
[lepeBaramu morapuMidHUX MiACHIIOBAYiB € JUHAMIYHUN Miana3oH 10 7 — 9
nekaa Ta 0e31HepIIMHICTh — MUTTEBE BIIHOBJICHHS YYTJIMBOCTI MICJS BIUIUBY
CHUJILHUX 3aBajJl. ['0JIOBHUM HEIOJIKOM € HHM3bKa IHTEPMOJIYISAIIHHA BHOIPKO-
BicTh. Uepes HemHINHICTh XapaKTePUCTHKHU, CTa0K1 CUTHAIN OYIyTh JaBaTH J0-
JTATKOBI «IIPOIYKTU» MEPETBOPEHHS, Y CIIEKTP1 MOYHYTH 3’ SIBJSTUCH 3aiB1 CKJIa-
noBi. [lincunroBaui 3 cucremoro APII Ginbin edeKTUBHI ISt TPUAYIICHHS 3aBaj
OTOYYIOUOro cepenoBuia. [lepeBaramMu € mupmmii AMHAMIYHHA Jiana3oH Ta
MaJiil piB€Hb CTPYMY CIIOKMBAaHHS. A HEIOJIKOM, BIAMOBIAHO, 1HEPIIHHICTD
cuctemu. Ale akyctuyHi curHanu MJIA He € mBUIKO3MIHHUMU, TOMY 11 epeKT
HIBEJIFOETHCS.

Icnye Garato BapiaHTIB peaiizallii TaKUX CUCTEM, TOMY JOILUIBHIIIE BUKO-
PUCTOBYBATH TOTOBUN IMIJICUIIIOBAY, aHIXK pPO3pOOISTH oKkpeMy cxemy. Ilicis
aHaii3y puHKy Oysio oOpaHo MoayJib Ha MikpocxeMi MAX9814 — Bucokosikic-
HUN MIKpO(QOHHUH MiACUITIOBAY, 110 CKIATAETHCS 13 MEPEIiICUII0OBaYa 3 HU3b-
KUM piBHEM IIyMmy, migcuitoBaya i3 APII ta renepaTopa Hanpyru 3MILIEHHS Mi-
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kpodoHa, Uy cTanoBUTh 2 B mocriliHOTO cTpyMy nipu 3mimienHi 1,25 B, Tomy
MiCHIIIOBaY MOKHA BUKOpHUCTOBYBaTH 3 Oyab-akum ALLII i3 Bxogom 10 3,3 B.
Omninumo xapaxrepuctuku AT, 1o Moxxe 6yTH 3aCTOCOBaHHM B JETEKTO-
pi MJIA. Ha BuGip ALIII BrBae giama3on poOOYMX 4acTOT Ta AMHAMIYHHM Hi-
ama3oH MIKpocxeMu MiKpodOHHOro mifcuiroBada. Yacrora auckpeTu3allii, 3a
teopeMoro KorenpbHukoBa, Mae OyTH B 2 pa3u OUIBIIOI, HDK MaKCUMaJIbHa PO-
6ouya yactora Mikpodony, To0To HemeHie 40 k['1. Ockibku poboya cMmyra va-
ctoT 20 kI'11, a BX1JIHMM piBEHb IIYMIB MIKPOCXEMH Ha I1il yacToTi e, = 30 HFBH,

TO mpu MiHiManbHOMY TiacwieHHi (K = 40 a1b = 100 pazie) EPC mymy nopis-
HIOE: €, = €y -m -k = 0,43 MB. MakcumanbpHuii po3Max cUrHajy, IO 3a-
oesneuye mikpocxema 2 B, Tomy onopna Hanpyra ALl — 2,54 B, ax HaitOnm-
JK4ue CTaHJapTHE 3HaueHHs. ToJl MiHIMalIbHUN PIBEHb BX1IHOTO cUTHaIYy Oyae 0
B, a makcumanbsuuit (Ver) — 2,54 B. Kinbkictio piBHiB kBanTyBaHHs (N) € 3Ha-
yeHHs1 onopHoi Hanpyru ALIIl nmoaiiieHe Ha MUPUHY CXOJIWHKH (BEJIMYMHY Ha-

npyru mosofmoro 0ity): N = Vsref =5893. Pospsamuicte ALl n =log,(N +

i

1) = 12,25. Bignoigno HeoOximHo B3sATH 14-po3psamue ALIL. Bukopucranus
MEPETBOPIOBAYIB 3 OUIBIIOI0 PO3PSATHICTIO HE € JOIUIBHUM, OCKUIBKH Yepe3 1M-
MyJIbCHI 3aBajy ab0 TEIIOBI IITyMH MOJIOAII OiTH HE OyayTh HECTH KOPHUCHY
1H(popMmarrito.

BucHoBKHU. 3a CTpYKTYypHOIO CXE€MOIO OyB MPOBEJICHUN aHaJi3 €IeMEHTHOT
0a3u MPOTOTUITY JIeTeKTOopa. Y SKOCTI peecTpaTtopa 3ByKoBuX XBuiib MJIA moiri-
JbHO BUKOPHUCTOBYBATH €JIEKTPETHUN MIKpo(hoH. [ 3a0e3neueHHs upoKoro
JWHAMIYHOTO J1ala30Hy Ta 3aXUCTy JETEKTOpa BiJl epeBaHTaKEHHS, MOTPIOHO
oOupatu nigcuitoBay 13 cucreMoro APIT Ha 6a3i mikpocxemu MAX9814. s
noAanbInoi 00poOKku aHanoroBux curHaiiB HeoOxiguui AIIIT 3 yacToToro auc-
kpetu3aiii He MeHie 40 kI'11 Ta po3psanicTio 14 O1T.
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AHOTALIA

Cxema-TeXHIYHMI aHali3 aKyCTUYHOTO TPakTy AeTekTopa MJIA
Knrouoei crosa: Ipon, MJIA, mikpodon, miacumtoau 3 APIT, ALIII.

Abstract

Schematic and technical analysis of the acoustic path of the detector of small UAV.
Keywords: Drone, small UAV, microphone, amplifier with ARP, ADC.
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ABTOMATHU30BAHE ITPOEKTYBAHHA JIEI'KUX JIITAJIBHUX
ATIAPATIB HA OCHOBI TPA®OBOI TPAMATHUKH

Cmpyxoe /I./1., macicmp; Muponuyk O.10, PhD
KIII im. leopa Cikopcoroeo, Kuis, Yrpaina

ABTOMAaTH3AIlIS Ta PO3YMIHHS KOHCTPYKIII poO0Ta, a TAaKOXK B3a€MOJIisT MK
KOHCTPYKIIIEIO Ta KOHTPOJIEPOM pOOOTa BXKE IaBHO € KIFOYOBHM MUTAHHSIM JI0C-
mimkens [1]. Ile ocobmuBo ckiaaHa JOCTIHHUIIBKA Mpo0eMa, OCKIIBKH MPOCTIp
IPOEKTYBAHHS € IIUPOKUM 1 BaXKKOPO3B'SI3HUM, a IHCTPYMEHTH JJIsl aBTOMaTH-
30BaHOTO Ta €(PEKTUBHOTO JOCIIKEHHS ayke oOmexeHi. 1106 3abesnmeunTu
MOXKJIMBICTh BEJIMKOMACIITA0OHOTO TIOIIYKYy pPOOOTIB MOTPiOHI MIAXOAM IS
CTPYKTYpPYBaHHS IIPOCTOPY MPOCKTYBaHHS, IHCTPYMEHTH I €(DEKTUBHOTO IIO-
IIyKy, a TaKOX CHUMYJSTOPW IJIi BUBYCHHS Ta OIIHKK OaraThOX THUCSY KOH-
CTpyKIIii [2].

Ha puc. 1 npencraBieHo nmpukiaj BXIAHUX JIaHUX 1 3T€HEPOBAHUX Ha iX
OCHOBI1 KOHCTPYKLI1H JIPOHIB IIUIIXOM BUKOPHUCTAHHS rpad)0BOT TpaMaTUKH.

@ oso - ‘

BxigHi cermeHTu Mpachoea
rpamaTuka
—

o [apixHRA,
o [1OMIT Npy CUNEHOMY BITPI; -—
o LlBmaxuit pyx

3asaaHHA 3reHeposaHi ApoHn
PI/ICYHOK 1. 3FeHep0BaHi APOHU 3a TOITOMOT' OO rpa(I)OBOi rpaMaTuKu

BximHumMu gaHuMH SIBISETHCS HAOIp CErMEHTIB, 3’€/IHaHb, Ta 1HMOpMaIIii
Mpo 3aj1ayi, SKi MOBUHEH BUKOHYBATH JPOH. 3a JOMOMOTroio TpadoBoi rpamaTu-
KM Ha OCHOBI BXIJJHUX JaHUX T€HEPYEThCS 0€3114 KOHCTPYKIIIM APOHIB 3 KOMIIO-
HEHTIB Ha BXO/Il, SIKl TECTYIOThCA Ha BKazaHOMY 3aBJaHHi. Ha puc. 2 npeacras-
JIEHO TIPUKJIAJ] KOHCTPYKIIIT ApoHa 1 ioro rpad.

JIisi aBTOMaTH30BaHOTO TMPOCKTYBaHHS JPOHIB MOKe OyTH BHUKOpPHCTaHA
CUMYJISISA Ha ocHOBI pyrrist UNity Ta #oro iHCTpyMeHTapiro s poOOTH 3 Ha-
BYaHHSM areHTiB. HaByaHHS areHTIB BUKOHY€ETbCSI METOJ0M HABYAHHS 3 MiAKPI-
MJICHHSIM, KU JI03BOJISIE HAAMITOBYBATH areHTIB Ta HABYATH iX OYy/Ib SKUM ajl-
TOPUTMOM Y cepeaoBuiii python.

KoxHa KOHCTpYyKIIisi TeHEPYEThCSI Ha OCHOBI CTBOPEHHOI CXEMH IPaBUI
KOHCTPYKLII, sIKa CKJIQJA€ThCA 13 CIUCKY YCIX MOXKJIMBUX €JIEMEHTIB Ta X MOXK-
muBUX 3’€IHaHb. CTBOPEHHS CXEMU BUKOHYETHCS Ha OCHOBI MOBH Tpadi DOT
Language. [Ipukian cxemu nmpaBuil KOHCTPYKIIIT ApOHA TPEICTABIEHO HA pUC. 3.
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[Ticns reHepamii KOHCTPYKIIiS
MOYMHAE HABYATHCh BUKOHYBATU
MOCTaBJICHE 3aBJIaHHS BUKOPHC-
TOBYIOUM MEXaHI3M HaBYaHHS 3

- migkpimnenasam  (Reinforcement
Learning).
ey Jlns HaBYaHHS areHTIB BU-
L T KOHYBAaTH TIOCTABJICHE 3aBIAHHS
”’Ib \mo ene ”“’”‘i”’“am 3acTOCOBaHO anroputMm Proximal
fixed knee motor knee forward POI le Optl mization (PPO):
— F T N KM JI0OCTaTHHO HPOCTO peati-
limb limb end limib propeller limb end
| | 3yBaTu Ta HAJIALUTYBATHU IS CHU-
propeller propeller CTCMHN 3 aIrcHTaMMH. Pe3y.HBTaT

HaBYaHHS J0JA€Thbes 10 rpady 3
yciMa 1HIIMMH KOHCTPYKUISMH
Ta YTBOPIOE OJIMH €IWHHUIA BEJIMKHI rpad, I10 MICTUTh yCli 3T€HEpOBaHI KOHC-
TPYKLIi Ta iX SKICTb POOOTH B CUMYJIALIII.

Pucynok 2. Koncrpykuist npoHa i oro rpag

EnemeHTn Momnuei 2'e0HIHHA MK ENEMEHTIMH
B Tinc B—( E L' P
E Hineus

M F'BIHERKA
LEWTYHOM
L —p(E L P M F)
L Hikuizes

P Mponenep F—=| E L) F

F TiKCOESHE
I EIHERHA = A.O

Ha puc. 4 npencraBneHo yMOBHHM TpuKiIaa rpady KOHCTPYKIIIM APOHIB Ta
iXHs OIllHKa ¢(eKTUBHOCTI BHKOHAHHS IMOCTaBJICHOI 3a7adi. BukopucTtoByroun
el rpad, anropuTM MOXKE MPUIIBUAIIUTY MOITYK OUIBII BIAMOBIAHOI KOHCTPY-
KIIii, a He reHepyBaTu Bunaakosi. Lleit nmporiecc BinOyBaeThCs 3aBIASKH alroOpH-
TMY eBpUCTHUHOTO Tomyky 1o rpady Graph Heuristic Search (GHS) [3], sxwui
y3arajbHIO€ 3HAHHA 3 JOCIIHDKEHUX 3pa3KiB Ha HENEepeBIpeH1 KOHCTPYKIIIT, IMiJI-
BUILYIOYM €(PEKTUBHICTh MOIIYKY. AHaII3yl0YM OLIHKY €(pEeKTUBHOCTI, €BpHUC-
THUKa MOJXE CIIPSMOBYBATH TOIIYK, JOMOMAralouu MBUIIIC 3HAXOAUTH ONTHMA-
JbH1 pimeHHs. J[Jig 1bOro 3aCTOCOBYETHCS IIIMOOKE HaBYaHHS, a caMe rpadosi
neiponni mepexi (GNN). GNN ocob6muBo 100pe MmiaxoAsSTh JJis HaBYaHHS Ha
TOTIOJIOTIYHUX 200 CTPYKTYPOBAHHUX BXIJTHUX JIAHUX, TAKUX K KOHCTPYKIIi PoO-
ootiB [3]. [l yHHKHEHHS MOIIYKY JIMIIE TIO OJHOMY HAMpsMYy, JI¢ BiH MOXe
BIIACTH Y «IOKAJBHUN MIHIMYM», IIPH MOIIYKY OUTBII BIAMOBIIHOT KOHCTPYKIIi{

Pucynok 3. CxeMa npaBwi1 KOHCTPYKLIi ApOoHA
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y noxarok 10 GHS BukopucroByeThes Meron E-greedy search.

. Harxuenns Ha
BUKOHAHHS  JaHOI
0 T
fimb end limb limb forward poboTH  OTpUMaHO
T S T— Bi  JIOCHIKCHHS
motor knee fixed knee Iimb_end Iimb_end fixed knee forward RObOGrammar:
' T 5 L Graph Grammar for
limb limb propeller limb end limb end p . L
| — = a0 — Terrain-Optimized
limb end propeller limb end RObOt DESign [4]

a0 a0 a0 o
[le mpoctuu

Meton  30anaHcy-
BaHHS PO3BIIKH Ta
eKCIUTyaTallli, IUIIXOM BHUITQJIKOBOIO BHOOPY MIX PO3BIAKOIO Ta €KCIUTyaTalli-
€10, IKUW ONTUCYETHCSA BUPA30M

Pucynox 4. I'pad koHCTpYKIIiii APOHIB 3 OI[IHKaMH €(PEKTUBHOCTI
BHUKOHAHHS [IOCTaBJIECHO]I 3a1a4i

, 1)

A= {arg max , Q,(a), 3 timosipricmio 1— &

a, 3 UMOBIpHICMIO &

ne A — zist B MOMEHT vacy t; Q,(a) — Tabiuils mapu CTaHiB Ta i y MOMEHT Ya-
cy t; ¢ — AIMOBIpHCTb 00pATH BUITAJIKOBY IIO.
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AHoTAaNIisA

PosrisinyTo cucteMy aBTOMaTH30BaHOTO NMPOEKTYBAHHS MOBITPSIHUX APOHIB HA OCHOBI
rpadoBOi rpaMaTUKU JUIsl TeHepallii KOHCTPYKIiH APOHIB, IO CHENiali3yloThCs Ha BUPILICHH]
oOpanux 3aBaaHb. OMMCAaHO METOJIU Ta AJTOPUTMH, SIKI JIEXKaTb B OCHOBI POOOTH CHCTEMH.
IToka3aHo npuUKIIaIU IPOHIB, 3T€HEPOBAHUX CHCTEMOIO HA OCHOBI 33JJaHUX BX1JHUX JIAHUX.

KittouoBi croBa: HaBuaHHS 3 MIJKPIIJIEHSIM, aBTOMaTHU30BaHE MPOEKTyBaHHS, Ipad,
JPOH.

Abstract

The system of computer-aided design of aerial drones based on graph grammar for the
generation of drone designs that specialize in solving selected problems is considered. The
methods and algorithms underlying the system are described. Examples of drones generated
by the system based on the given input data are shown.

Keywords: Reinforcement learning, automated design, graph, drone.
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Cexkuis 3. EjekTpoHika, HAHOTEXHOJIOTII, OioMeTuYHI
CUCTEMH, PAiOBUMIPIOBAHHS.

Enexmponni mamepianu, HaHoelekKmMpoHika ma HaHomex-
HOJI02II, meopisi ma NpaKkmuKka padiosumiproéatsv, padioeiek-
MPOHIKA OIOMEOUYHUX MEXHOIO02IU, MIKPOEIeKMPOHIKA, )ilb-
Mpa3eyKo6a MexHiKa, mexHiuna 0lacHOCMUKa ma memoou He-
PVUHIBHO20 KOHMPOJII0, ONMUYHI cCucmemMu ma pomoHika.

KepiBHuKk cekuii: AHapiit MoBUaHIOK
Cexkpertap cekuii: [puna Cymiko
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AHAJII3 CYHACHUX IINTAHAPHUX TPAHC®OPMATOPIB ¥
BUCOKOYACTOTHHUX IMIIYJBCHUX CUCTEMAX )KUBJIEHHA

Apceniok /I. O., acnipanm; 3invkoecovkuii 10. @., 0.m.H., npogh.
Hayionanvnuu Texniunuu Ynisepcumem Yxpainu
“Kuiscokuii nonimexuiunutl incmumym im. leopsa Cikopcvkoeo ™
m. Kuis, Yxpaina

OcHoBHUMH (paKTOpamMu MpU PO3POOII IMITYIBCHUX CUCTEM >KUBIICHHS J0CI
€ TTUTOMA MOTYXXHICTh Ta 3HUKEHHs BAPTOCTI, 32 paXyHOK ONTHUMI3AIlil pO3MipiB
Ta e(pEeKTUBHOCTI IMepeTBOpIoBayiB eHeprii. OnTuManbHU BUOIP €JIEMEHTHOT
0a3u Mae Ba)JIMBE 3HAYEHHS ISl KOMIIAKTHOCTI KOHCTPYKLiH. B iMmymbcHUX
CUCTEMax UBJICHHS MAarHITHI €J1€MEHTH, BBAKAIOTh HalOLIbII TPOMI3IKUMU Ta
JOPOTUMHU KOMIIOHEHTamMH. PoOoTa Ha OUIBIIMX 4YacTOTaxX MEPEMUKAHHS Mae
CBO1 MepeBary y 3MEHIIEHHI pO3Mipy, Baru, HU3bKOi BapTOCTI Ta OLIBIIOL eHep-
roeeKTuBHICTIO poOoTH [1]. AJle Mo Mipi 3MEHIIIEHHS pO3MIpiB, TaKl ePEKTH K
IHAYKTUBHICTb PO3CIIOBAaHHS, Mapa3uTHA €MHICTh, IOYUHAIOTHh CYTTEBILIE BILIU-
BaTU Ha BUXIJHUM CUTHAJI IEPETBOPIOBAYA.

TexHomorisg mIaHapHUX TpaHCcHOPMATOPIB HA OCHOBI OaraTomapoBUX APY-
KOBaHUX IUIaT MPOIOHYIOTh IEpeBaru mnepea ApOTSHUMHU TpaHcpopMmaTopami,
BKJIIOYAIOYM Mally rabapuTHY BHUCOTY, HU3bKY IHAYKTHUBHICTH PO3CIIOBaHHS.
OOMOTKaMu CITyryl0Th MPOBITHUKOBI JOPIKKM HAa JPYKOBaHIM IiaTi, A€ Hapu
pO3AUIeH] 130JALIMHNM MaTepianoM. OOMOTKHA PO3MIIIYIOThCS MK Manorada-
PUTHUMU (PEPUTOBHUMH OCEPIAMH. AJie BEJMKA IUJIOLIA MEPEKPUTTS Ta Majll BIJ-

Cross Section View 3D View CTaHl MDLX INapaMH BHKIIH-

« Ka€ BEJHMKY Mapa3uTHYy €M-

HICTh, II0 MOXKE CEPHO3HO

BIUIMHYTH Ha 3aCTOCYBaH-

Hi TpaHcdopmaTopa Ha
BEJIMKUX YaCTOTaX.

[cHytOTH pi3HOMAaHITHI
croco0u 3MEHIICHHS Mapa-
3UTHOT €MHOCTI MK JOpI-

I’Cl-% Core Coppe -

Pucynok 1. bararomaposuii mianapuuii pancopmarop ~ KKaMH JIPYKOBAHOI IUIATH.
OnuH 13 METOAIB OCHOBY-

€THCS HA MIHIMI3alli Iapy NEPEKPUTTS MK IIapaMu MPOBITHUKA, aje JAJi I[bO-
ro METOJla 3HaJI00UTHCS 3HAYHA TUIOIIA APYKOBAHOI IUIATH, O TOTO K, TaKHUM
METOJl HE MOK€ MOBHICTIO 3MEHILUTH KOJMBAHHS CTPYM Ha MEPBUHHINA 0OMOTII
[2] . THmni >x IPONOHYIOTH PI3HOMAHITHI CTPYKTYPH, SKi TO3BOJISIOTH 3MEHIIIUTH
BIUIMB Mapa3suTHUX eeKTiB. 3anmpornoHoBaHa cTpykrypa [3], me mikiraposi 00-
MOTKHU TpaHchopmaTopa MiAKIIYeH] mapaieabHo, a He TOCIIJOBHO, 10 3a0e3-
nevye HyJIbOBUM €JIeKTPUYHUIN MOTEHIIa MIXK I1apamMu. 3HaYeHHs
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MI)XOOMOTOYHHX €MHOCTEH 3HIKAEThCs y 20 pasiB, M0 T03BOJISIE OTPUMYBATH
TIOKPAIIEHI XapaKTEPUCTUKU 3 TOYKH 30py 3aBaj Ta PETYITIOBAaHHS HAMPYTOIo.
Meton [2] BUKOpHUCTOBYE IepeBard 3 Mapa3sMTHOI €MHOCTI 100 3a0e3NednuTH
HU3BKHUH IMIENaHC NUIAXY IS €JIEKTPOMArHIiTHOTO IIIyMY MOPiBHIOIOYH 3 JIPO-
TOBUMH TpaHCHOpPMATOpaMH HA PI3HUX YACTOTaX.

Brpatn na Ttpancdop-
MaTopi SIBISIOTH OJHOIO 3
OCHOBHHMX HIpOOJEM BHCO-
KOYaCTOTHUX TIPIIIAIIB,
a/pke BOHM MOXYTh 3HH3HU-
TH 3arajibHy eHeproegek-
THUBHICTI, SIKi Tpeba Bpaxo-
BYyBaTU MpHU MPOCKTYBaHHI.
Btpatu maruitHOrO ocepis
BKJIIOYAIOTh B ceOe BTpaTu
Ha TICTEePE3UCi, BTPATH BUXPOBHUX CTPYMIB, HAUIMIIIKOBI BTPATH, K1 MOKHa PO-
3paxyBartu [4-5]:

[+

Pucynok 2. EkBiBaJeHTHA cxeMa IJIaHAPHOTO TPaHC-
dhopmaropa

Pore = KoBS f +k B2 % +k,BE2 12 (1)

ne ki, Ky, Ko,— KoedilieHTH BTpaT BUXpEBUX CTPYMiB, BTPAT Ha TicTepe3unci
Ta HaJUIMIIKOBUX BTpAT BiAmoBigHo, f— poboua gactora poboTH TpaHchop-

maropa, B.,— cepeaHs MarHiTHa IHAYKIiS ocepis, o — IHJAEKC BTpar,
OB’ sI3aHUM 3 BIJIMOBIIHUM MarHiTHUM MaTepiajoMm.

3aBAsSKA TOMY, IO MOKJIMBO 3MEHILIUTH PO3MIp OCepAs, Y MOPIBHSHHI 3
ocepIsiM IpOTSAHOTO TpaHchopmaTopa, BTpaTH y CEpACUYHUKY OyayTh MEHILIUMH,
X04a BOHU 1 OylyTh 301IbIIIYBATUCA 3 POCTOM pOOOYOi YACTOTH.

Btpatn Ha oOMOTKax TpaHcpopmMaTopa MOXKHA PO3paxyBaTd MO (HOPMYIIi:

_ 2
PW - kR RDC I rms 1 (2)
ne Rpc— omip oOMOTKH HOCTIHHOTO cTpyMy, | ,c— CepeaHbOKBaApaTH-
4HE 3HAUCHHS CTPyMY, Kg— eKBiBaleHTHUI KoedillieHT onopy:

h sinh2h°+sin2hC ok sinh&—sin&
ke =—= A A % A A ’ 3)

A coshz—hc—cosz—hC 3 cosh&ﬂsosE
A A A A

ne h,— rtoBmmHa nposingHuka, A— rmbuHa cKiH-mapy, K, = ngq -1, ne

N,y — KUIBKICTH IIapiB HAMOTKH.

€q

Tax sk, y niaHapHoMy TpaHc(opmaTopi, 3aMICTh IPOTOBOi OOMOTKH BUKO-
PHUCTOBYEThCSI OOMOTKA Ha JAPYKOBaHIM TIaTi, HAaBITh 31 301IBIIEHHAM YacCTOTH
BTpaTH B OOMOTIIl Oy1yTh MEHILIUMH.
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3 1bOro MOKHa 3pOOUTH BUCHOBOK, 1110 3arajibHi BTpaTu TpaHchopmaropa
Ross = Peore + Py T2 Hioro edexrusHicTh 3pocte. s mepeTBOPrOBadiB €HEprii 3

pPI3HUM Jl1alla30HOM BUXIJHUX HAMpyr MOXHa JOCATTH €(EKTUBHOCTI OLIbIIE
90%.

KoMOiHyroun cydacHi MeTOIM OmTUMi3zallii CTPYKTypu TpaHchopmaTopa,
Cy4yacHl MaTepiaiyd Ta METOJAMKH MPOEKTYBaHHSA MOKHA 30UTBIINTH eHeproede-
KTHBHICTh Cy4YaCHUX CHUCTEM >KUBJICHHS B OLTBIII KOMITAKTHOMY PO3MIpi.

Ilepesik nocujiann

1. Rylko, Marek & Hartnett, Kevin & Hayes, John & Egan, M.G. “Magnetic Material
Selection for High Power High Frequency Inductors in DC-DC Converters. Conference
Proceedings” / Rylko, Marek & Hartnett, Kevin & Hayes, John & Egan, M.G. // IEEE
Applied Power Electronics Conference and Exposition — 20009.

2. M. Pahlevaninezhad, D. Hamza, and P. K. Jain,“An improved layoutstrategy for
common-mode EMI suppression applicable to high frequency planar transformers in high-
power DC/DC converters used forelectric vehicles,” / Pahlevaninezhad M., Hamza D., and
Jain P. K., // IEEE Trans. Power. Electron., — 2014 — vol. 29 — no. 3, pp.1211-1228.

3. Saket, Mohammad Ali & Shafiei, Navid & Ordonez, Martin “Planar transformer
winding technique for reduced capacitance in LLC power converters” Saket, Mohammad Ali
& Shafiei, Navid & Ordonez, Martin // 2016 IEEE Energy Conversion Congress and
Exposition (ECCE) — 2016

4. Bertotti G. “General properties of power losses in soft ferromagnetic materials,” / G.
Bertotti / IEEE Trans. Magn.— 1988 — Vol. 24 — No. 1

5. Islam Hassan, Khairy Sayed “Design and Analysis of Planar Transformers in Modern
Switching Mode Power Supply” / Hassan 1., Sayed K. // Sohag Engineering Journal — 2016

AHoOTALIA

VY po6oTi mpeacTaBieHUIl OMUC Ta aHaNi3 CyYaCHUX METOAIB ONTHMi3allii Ta MpOoeKTy-
BaHHS IJIAaHAPHUX TpaHC(HOpPMATOPIB IS MOJANBIIOT NEPCTIEKTUBHOCTI TOCIIPKEHHS Y BHCO-
KOYaCTOTHUX IMIYJIbCHUX OJIOKaX KMBJIEHHS 3 METOI 3MEHIIEHHS 1X rabapUTHUX PO3MIpIB,
301IbIIEHHS €HEProeEeKTUBHOCTI.

KnrodoBi cnoBa: miianapHuit Tpaicopmartop, iMIyIbCHUNA OJ10K JKuBJIeHHS, SMPS

Abstract

The work presents an analysis of modern methods of optimization and design of planar
transformers for the further perspective of research in high-frequency switched-mode power
supplies with the aim of reducing their overall dimensions and increasing energy efficiency.

Keywords: planar transformer, switched-mode power supply, SMPS
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METO/J BUMIPIOBAHHS IHTEHCUBHOCTI CBITJIA J1JIA
BU3HAUYEHHS PO3MIPIB TA KOHIEHTPAILII BIOYACTUHOK

T'onoeéna B. M., cm.sux., 3invkoscekuii 0. @., 0.m.H., npog.
KIIl im. leopsa Cikopcokozco, m. Kuis, Yxpaina

[Ipouiecu, 1m0 XapakTepusyrOTh TUIU B3AEMOJIIM ONTUYHOTO BUIIPOMIHIO-
BaHHs 3 61000’ €KTaMu, pO3AUIIIOTHCS HA Tpu TpynH. Jlo mepioi BiTHOCITH yci
B3a€MO/I1, SIK1 HE BIUTMBAIOTh HA YaCTUHKY Ta HE 3MIHIOIOTH ii CTaH (TpUHANM-
Hi, Y M&XaX MOXUOOK BUMIpIB, IO HE 31HCHIOIOTH MIOMITHOI i1 Ha 61000’ €KT),
JI0 APYTOTO — MPOLECH, Y SKUX BHUABIAETHCS (HOTOXIMIUHA Jis, 1 10 TPETHOTO —
MIPOIIECH, IO MPU3BOIATE 10 (poTomecTpykilii yacTHHOK. OCHOBHI OCOOIMBOCTI
3a/1a4y JIIaTHOCTHKY BU3HAYEHHS YaCOBHX Ta MPOCTOPOBHX 3MiH YaCTHHOK IIPH
OararonmapaMeTpUYHOCTI NIYKaHUX MapaMeTpiB, €KCIIEPUMEHTAIBHUX 1 METO-
JUYHUX MTOXHOOK, 0 CYIPOBOIKYIOTh HOCTIKEeHHS [1].

3aBAaHHSAM MaTEMaTUYHOI MOJIENI € BU3HAYCHHS! MPUHIIMIIB BIITBOPCHHS
dbopMH MaTeMaTUYHOI MOJIENI, 11 TapaMeTpiB, METOJIMKA MPOBE/ICHHS €KCIIEePH-
MEHTY ToI1o [2].

AHati3y B3aeMO/Ii CBITJIa 3 HEOJJHOPITHUMHU 00’ €KTaMU TIPUIIIAETHCS MaK-
cUMajbHa yBara, OCKUJIbKM PO3MOJiJ IHTEHCUBHOCTEH 3a ONTUYHOIO T'yCTHHOIO
Jla€ MOXKJIMBICTh PO3PI3HATH YACTUHKU Ta BUSIBJISITH B HUX 3MIHHU.

3a ONTUYHOIO TYCTUHOIO JOCIIKYBadbHI 00’ €KTU JOIIIBHO PO3AUIMTH HA
TPH TPYIIH: HA OJHOPIAHI, B SKUX KOMIUICKCHUH MOKA3HUK 3aJIOMJICHHS CTaJIHA
0 BCbOMY 00’€My cepeloBHIIA, HEOJHOPIIHI YU CBITIOPO3CIIOBAIbHI 00’ €KTH,
Jle Ha3BaHUM MOKa3HMK HECTaJMWil, KBa310JAHOPIIHI, SIKI € IPO30PUMH, ajie HE €
ojHOpiTHUMH [3].

[Tydok cBitna, mo magae Ha O10TKaHWUHY (pHUC.l), 4aCTKOBO BIIOMBAETHCS
B1JI 11 TOBEpXHi, IPUIOMY CBITIIO, IO BiJOMBAETHCS, MOAUISETHCS HA JBI CKJa-
noBl komnoHeHTH: peryisipHy (l) ta mudysny (lg). BunpominioBanHs, 1110
MPOUIIIIO BCEPENUHY OI0TKAHWHHW, YACTKOBO MOTJIMHAETHCA Ta PO3CIIOETHCS B
Hiil. BunpomintoBanus (ls), 1o po3scisiiocs, Mae XapakTepHUA PO3MOJILI B TiJiec-

Io L HOMY KyTl 27, 110 BU3HAYa€ThCS ONTHY-
HHUMH BJIACTUBOCTSIMHU O10TKaHWHH.

YacTtuna cBiTia (/4), IO PO3CIIOETH-
csl, IKa HE TIOTJIMHAETHCS 3a 4ac IOIIIH-
pPEHHS B TKaHUHI, MPOXOAUTH Yepe3 ii mo-
BEPXHIO B HAIPsMi, 3BOPOTHOMY Hampsi-
My Iy4kKa. TakKuM YWHOM, B 3arajlbHOMY
BUIAJIKY CBITJIO, IO PEECTPYETHCA BiA
O0l0TKaHWHHU, Ma€ TpU KOMIIOHEHTH: Iy, lg
i lg, AK1 1 € HOciaMHU 1HQOpMAIi PO
Pucynok 1 Cxema B3aemozii BUIpOMIHIO-  CTPYKTYPY TKaHUHH.

BaHHs 3 010JIOTT9HIM 00’ €KTOM P03B’S30K KOMITOHEHTIB 1HTEHCHB-
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HOCTel MICTUThH cepuuHi rapMoHiku (mapiaapHi XBuii) [4], aMmIuiiTyga skux
3aJIeKUTH Bl (PI3UYHHUX BIACTHUBOCTEH JABOX CEpeOBUII (KOMIUJIEKCHOTO MOKa3-
Huka 3agomiaesns M= (N—iK), ne n — nilicHa yacTHHA NOKA3HUKA 3aJOMIIEH-
Hs1, K — fioro ysiBHa "acTHHA), i mapamerpa audpaxiii J; magaroda XBUIS BBaXKa-
€THCS TUIOCKOIO 1 JIIHIWHO TIOJIIPU30BAHOIO.

BHecok y po3mo/iiyi iIHTEHCUBHOCTEN PO3CISIHOTO BUIIPOMIHIOBAHHS Bij Pi3-
HUX MapIiaIbHAX XBUJIb 3aJI€KUTH BIJl pO3MIPY YACTHHOK y TPHOX IX BapiaHTax:

1. g>>1, xonwm pajaiyc yacTUHKH (I) Habarato MEHIIIE JTOBXHHHM XBHJII CBIT-
J1a, TII0 BUKOPUCTOBYETHCS (pesieiBChki YacTHHKM). Jlo 11i€l rpynu HajaeXaTh BH-
COKOJIMCTIEPCHI KOJIOiMHI po3unHu. Oxeprkana iH(OpMaIlis CTOCYEThCS PO3CIIO-
BaHHS CBITJIA YACTUHKAMH CYOMIKpOHHOTO po3mipy. IIpu oMy 3HaXoIaTbCs
KOe(IIIEHTH eJEKTPUYHOIO0 ¥ MarHiTHOIO KOMIIOHEHTIB IMapliaJibHOI XBUJII 3a
JIOTIOMOT'O0 PO3KJIaJIJaHHs BUPA3iB JJI1 IHTCHCUBHOCTEH B CTYIIEHEBHIA.

2. <<1, xoxu pajaiyc YaCTUHKH HabaraTto Olibllle JOBKUHU XBHUJI CBITIIA,
10 BUKOPUCTOBYEThCS. {0 11i€T rpynu HanexkaTh CyCHeH31i 3 BEIMKUX YaCTUHOK
1 OUIBIIICTh MPUPOJHUX TYMAaHIB, IIO CKIAJAIOThCS 3 PIAKUX Kpamneib.
Po3B’s130k MOKHA 3HAUTH 32 MPUHIUIIOM [loiireHca 3 BpaxyBaHHSIM HaOJIuxe-
HOI MIKPOCKOIIYHOI Teopii, o 0a3yeThcsi Ha BIIOMBAHHI M 3aJIOMJICHHI XBHJII
Ha rpaHull noainy ¢as. [HTEHCUBHICTh BiIOUTOI XBWIII CJIA0KO 3aJICKUTh Bij
pO3Mipy Kparuii, ane € (yHKI[IEI0 MOKa3HUKA 3aJIOMJICHHS 1 KyTa IMaJiiHHS.

3. g=1, xonm pajiyc YaCTUHOK OJIM3BKHHA 3 JOBKMHOKO XBWUII CBITJIA, IIIO
BUKOPUCTOBYEThCS. Jl0 1€l Tpynu HaNEeKUTh OUIbIIA YACTUHA KOJOIIHHUX PO3-
YUHIB 1 BUCOKOJUCIIEPCHUX CYyCleH31d. Psi pimenb Teopii Mi, ska onucye e
BUNAIOK (A=I), A1 YaCTUHOK 3 BiIHOCHUM po3mipom (=(0,5+6,0), moka3HUKOM
3ajomiieHHs — y Mexkax (1,33 + 2,00). KoxHa 3 HaBeeHUX TPYI MapIiiialbHUX
XBWJIb JA€ Pi3HI XapaKTEPUCTHKU PO3CISHOTO CBITJIA, BHACIIIOK YOTO PO3MIp
YaCTHMHOK B aepo30Jii a00 TyMaHi MOXHa BH3HAYaTHU 3 BUMIPIOBAHb PO3CISTHOTO
CBITJIA.

SIKIIO My9OK CBIiT/Ia IHTEHCHUBHICTIO §; MPOXOIWTH Yepe3 00JacTh, MO Mic-

TUTh B OAMHULI 00’eéMy N yacTUHOK paiiycoM [y, TO/l iIHTEHCUBHICTD ITyYKa Iii-
CJISL IPOXOJIKEHHS IUISAXY JOBXHHOIO |, 110 3a1a€ThCS pIBHAHHIM

Sts (1) = I exp(—71ZQo (r)NI),
ne Qo — daxTop edekTHBHOCTI OciHabICHHS CBITIA AJIA KOXKHOT YaCTHHKHU — QY-
HKI[iS pO3MIpYy YaCTUHKH, JAOBXKHHHM XBWJIlI W TMOKa3HUKa 3ajomiieHHs. Bupas
So exp(—;z Iy QoNl) BM3HAYA€ CyMAapHy iIHTEHCHBHICTh PO3CISHOrO CBITIA HA BijC-
tani |. ToMy 1m0 1 BennynHa € QYHKIIiS 7r|’|[,2QO 1 11 1aHOI TPy YaCTUHOK
aepo30JTI0 OJJTHAKOBOTO PO3MIPY ¥ OTHOPIAHOI KOHIIEHTpAII] € TUTbKH (YHKITIE0
A,TOH J;5/3; € QYHKIIE TUIBKH A .

KpoB 3710pOBOi JTF0IMHU 3 BEIMKOI HMOBIPHICTIO MOXK€E OYTH BiJHECEHA 0
3 rpymu (3 d Big 2 MM 70 20 MKM), 3 HalO1JIBIIIOK0 MOTEHIIHHOIO e(eKTHBHIC-
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TIO BUMIPOMIHIOBaHHS, 1110 BIATMOBIa€ BUMPOMIHIOBaHHIO B Jiana3oHi He-Ne or-
TUYHUX T€HEPaTOPIB.

[Ipy BUKOHAHHI MOJIETIOBAHHS peaibHI YACTUHKHU KPOBI JIOJIMHMU OyJIM ar-
POKCHMOBaHI OKpEMHUMHU TMpaBUiIbHUMU chepamu. OmHa 3 rpadiyHUX 3aJI€KHOC-
TeW 1HAMKATPUCH PO3CIIOBAHHS BI1J PO3Mipy (THUIy) YaCTHHOK B JIEKapTOBO-
JorapumiuHiA CUCTEMI KOOpIMHAT MpeACTaBieHa Ha puc.2.

- ; . o by po3pobaeni HabmmxeHi

- \ METOJHM PO3B’S3KYy OCHOBHUX IIO-

: — i ]V J0XeHb Teopil Mi mpu crpoitie-
. ol HOMY T€OPETUYHOMY PO3IJISAL.

e A i B ekcrepuMeHTi BH3HAYaBCS

: ! A i IHTErpaJibHUNA  CBITJIOBUM TIOTIK,

p=—————— —*1 PO3CISIHMI YaCTUHKaMH, $IKI MiC-

v TUJIUCS Y KaaiOpOBaHOMY BHUMI-

Pucynok 2 IHIII/IKanI/I(_:a PO3CIFOBaHHS €pUTPOLIH- pIOBATBLHOMY 06’eMi, sIkHil Tora-

ta (d=7,5 MkMm) - .

naB y (oronpuiimad. Y Haitmpoc-

TIIOMY BHIAJKY, KOJU YaCTUHKU OCBITIIOIOTHCS TUIOCKOIO CBITJIOBOIO XBHIICIO

B MIPUNYIIEHHI OJHOKPATHOTO PO3CIIOBaHHS, BU3HAYABCS MOBHUM MOTIK PO3Cisi-

HOTO CBITJIA, PO3CIAHOrO OJHICI0 YACTHHKOKW: P, =V N, 1€ V, — BUMIpIOBajIb-

=

s

=
>

L

| LT
Sl
i
L

=
i
=

HUM 00’eM, N — KOHIIEHTpaIlid YaCTUHOK Y HboMY (0€3 BpaxyBaHHs iHTepdepe-
HIiHUX edekTiB). Po3paxyHkosi (hopmyiu 3acrocoByBanucs npu (~4—4,5,
mio Biamosigae I, ~0,74.
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AHoTalisA

IIpencraBieHi po3paxyHKu po3MipiB YaCTMHOK O10JIOTTYHMX OO’€KTIB IO 3MiHI MOTOKY
IHTEHCUBHOCTI PO3CISTHOTO JIA3€PHOTO ITPOMEHIO.
Kito4oBi croBa: na3ep, YaCTMHKH KPOBi, 01010T1UHHUI 00’ €KT, PO3CIFOBaHHS.

Abstract

Calculations of the particle sizes of biological objects based on the change in the
intensity of the scattered laser beam are presented.
Keywords: laser, blood particles, biological object, scattering.
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INEPEBIPKA ITPAIIE3IATHOCTI JABAYIB APTEPIAJIBHOT' O
TUCKY Y CEPUJOBHUILII COMSOL MULTIPHYSICS

T'onuapyk A. B., Adamenko 0. @., K.m.H., 00y.
Hayionanvnuu mexniunuu ynisepcumem Yxpainu
«Kuiscoxuti nonimexuiunuti incmumym im. leopsa Cikopcbko2oy,
m. Kuis, Ykpaina

VY marenTi [1] 3amponoHOBaHO KOHCTPYKIIIIO AaBayda JAJisi BUMIPIOBaHHS ap-
TEplaJIbHOTO TUCKY Y CKJIaJl MOPTATUBHOTO MPHUCTPOIO, Yy BUTIIAMI TOJWHHUKA.
Taxuit geBaiic JOMOMOXKE JIOASM KOHTPOIIOBATH 3HAYEHHS TUCKY 1€ O BOHH HE
3HAaXOJIMJINCh Ha BiIMIHY BiJl CTAl[lOHAPHUX TOHOMETPIB. 3aMIiCTh MaHXETH Ta
JaBavya THCKY BHKOPUCTOBYIOTH [2] kKomOiHOBaHWI daBad, IO CKIIATAETHCS 3
JBOX YaCTHH: BUKOHABYOI'O MEXaHI3MY, SKHM NpU3HAUYEHUH Uil CTBOPEHHS
HAJJIMIIKOBOTO THCKY Ha apTepilo Ta CeHcopa, U0 (IKCye MOSABY/3HUKHEHHS
MyJIbCalliil Ha CTIHKaxX apTepii.

[TocTaBnena 3agada migiOpatu gaBady, 1m0 Oyne HAWOUIBII YYTIUBUM JJIst
3aMpoINOHOBAHOI KOHCTPYKIIi. B sIKOCTI peecTparopa myibcaliil IpONOHYEThCS
BUKOPHUCTOBYBaTH TeH30pe3ucTuBHU cencop (TP), a Tuck Ha aptepito cTBOpIO-
BaTH M'€30PE3UCTUBHUM aKTyaTOPOM.

[Ipane3naTHiCTh AaBavya MPONOHYETHCS MEPEBIPUTH HA TUX €JIEMEHTaX, SIK1
Ha CbOTOJIHIIIHINA IeHb HAsiBHI HAa PUHKY. 32 OCHOBY B34TO JIBa JaBayi KOMIIaHIi
Veda [3]. Ix Maremaruuni Mozeni mnpuseneHi y crati [4]. Peanmisanis
KOMIT' I0TepHUX Mozenel nposeaeHa y Comsol Multiphysics.

Posrmssaemo onnanuaui npsMokyTHud TP KOS5I115200523 3 nonepeunnm
BUJIOBXKCHHSIM Ta 3aKpPIIICHHSIM 3 000X 00kiB (puc.l).

a 6 EB
Pucynox 1. Jocaimxysanuit TP Kd5I115200623: a — xoncrpykuis TP;

0 — cnpormena monens TP; B — pe3ynbTaTt MOACIIOBaHHS 3a puc. 1, 0

JUIs OLIHKM YYTIMBOCTI KOHTPOJIIOEMO a0COJIOTHY Ta BIAHOCHY 3MIHHU
OTIOpY Ta BUJIOBXKEHHS (Taou. 1).

Mixcnapoona Haykoeo-mexHiuna Konghepenuis
110 «PadiomexHiuHi npoonaemu, CUZHAIU, ANAPAMU MA CUCHEMU)



Enexkmponixka, nanomexnonozii, 0iomeoudni cucmemu, paodiosumipro6anHs

Tabmmms 1

P, kPa D, mm R, Om R, %
0 0 200,5234 0,00%

5 2,720416 200,4419 0,04%
10 5,440832 200,3604 0,08%
15 8,161249 200,2789 0,12%
24 13,058 200,132 0,20%
30 16,3225 200,0341 0,24%
35 19,04291 199,9524 0,28%
40 21,76333 199,8707 0,33%
45 24,48375 199,7889 0,37%
50 27,20416 199,7071 0,41%
100 54,40832 198,887 0,82%

3HadeHHs onopy (Tabu. 1.) BIAMOBIIAIOTh 3HAYEHHSIM OTPUMAaHUM I1J] Yac
eKCTIEpUMEHTY. BiIMOBIAHO 3 MACIOPTHUMHU JTaHUMHU BiaxuiaeHHs 1-2%.

B mporieci po6otu B cepemopuiti Comsol Bunukiau npodsiemu [5]. A ca-
Me: HEBIAMOBIHICTh apaMeTpiB MaTepiamiB y O1010Tell 3 pealbHUMU; HEJO-
CTaTHS KUIbKICTh OMEPATHBHOI MaM’ STl KOMIT I0Tepa MPHU PO3OUTTI CITKOIO MO-
neni. lnsixu BUpimeHHs: po3KpUTI y cTari [5].

BupobHukom He Oynu HajaHi po3MipH JaBadiB Ta MeOpaHu. s BU3HA-
YEHHSI ONTUMAJIbHOI TOBIIMHU TP mocnipkeHHS MPOBOAWIIOCH B Jliala3oHi Bij
0.002 mxm go 0.015 mx. Byno BusiBiIeHO, yMM MeHIIa ToBimuHa TP, TUM Oi1b-
oo Oyjie BIAHOCHA 3MIHA OMoOpy. TEeXHOJOTIYHO MOXJIMBO BUKOHATH TP miis
TEH30PE3UCTUBHOTO JaBaya 3 KOHCTAHTAHOBOI (POJBrM TOBHIMHOIO Bim 5..15
MKM 1 Buie. O6pano toBumuHy TP 5 Mkwm. [loniOHUM YMHOM MPOBOIUIUCH JTOC-
JHKSHHS 1711 BUOOPY TOBIIMHU MeMOpaHu, Ha sIKiil Oyjie pO3MIIIEHO Yy TIUBUIA
eJIeMEHT. 3MOo/ieTboBaHO MemMOpany ToBiuHOK Bix 0,01 mm g0 0,3 mMm. 3 moc-
JKEHHS BUHO, YUM MeMOpaHa TOHIIAa TUM BOHA YYyTIUBIIIA. MOXIHMBO BHKO-
HATH MEMOpaHy TOBIIMHOIO 32 OJTHY COTY MM.

Posrmssaemo ogunnynui npssmokytHuii TP KDS5I1123200A12 3 moB3a0B-
’KHIM BHJIOB)KEHHSIM KoMmaHii Veda, 3 3aKpituIeHHsIM 3 IBOX CTOPiH (puc. 2).

a ) B

Pucynok 1. JocnimxyBanuit TP K®5T123200A12: a — xoHcTpykiis TP;
0 — cnporieHa monens TP; B — pe3ynpTaT MOjeIOBaHHA 3a puc. 1, 0
3 tabnuip (Tadn 1., Tabm 2) 6aunmMo, 1o MpHu 3MiHI TUCKY BIIHOCHE 3HA-
YEHHS OTIOPY Maiike He 3MIHIOETHCS, [0 TOBOPUTH MPO HEIOCTATHIO YYTJIUBICTh
JIaBayiB.
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Tabmus 2
P, D1, mm D2, mm R1, Om R2, Om R1,% | R2,%
kPa
0 0 0 199,9708 199,9708 0% 0%
5 740,1073 | 14,90208 200,683 199,5661 0% 0%
10 1480,215 | 29,80416 201,3886 199,1604 1% 0%
15 2220,322 | 44,70624 202,0879 198,7535 1% 1%
24 3552,515 | 71,52998 203,3311 198,0183 2% 1%
30 4440,644 | 89,41247 204,1494 197,5261 2% 1%
35 5180,751 | 104,3146 204,8249 197,1146 3% 1%
40 5920,858 | 119,2166 205,4949 196,702 3% 2%
45 6660,966 | 134,1187 206,1595 196,2881 3% 2%
50 7401,073 | 149,0208 206,8187 195,8731 4% 2%
100 14802,15 | 298,0416 213,1291 191,6525 8% 4%

[TopiBHSBIIN pe3ylbTaTH MATEMATUIHOTO MOJICITIOBAHHS Ta €KCIIEPUMEHTY
3 NaCHOPTHUMH JAHUMH MO>KHA 3pOOUTH BUCHOBOK, III0 MOJIEN1 po0Ooyi, aie uy-
TAUBICTh OOpaHMX JAaBayiB HU3bKa. lle He 103BOJIsIE BUKOPUCTOBYBATH iX Y
CKJIaJ]l KOMOIHOBAHOTO JJaBaya apTepiadbHOro TUCKY. TOX IMPOMOHY€ETHCS PO3T-
JISTHYTH KOHCTPYKIIIIO KPYyTriioi popMu 3 pi3HUM po3MiiieHHsM TP Ha Hill.
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AHoTAaNIisA

[TpoBeneHO KOMIT'IOTEpPHE MOJAEIIOBAHHS TEH30PE3UCTHBHOIO JaBaya 3 METOI0 MOpiB-
HSIHHS pe3yJIbTaTiB 3 EKCIIEPUMEHTOM Ta 3 NaCIOPTHUMHU JaHUMHU
KirouoBi cioBa: MoJieNt0OBaHHS, TEH30PE3UCTUBHUM J1aBad, €KCIIEPUMEHT.

Abstract

A computer simulation of the tensorresistor was carried out in order to compare the
results with the experiment and with the passport data.
Keywords: modeling, tensorresistive sensor, experiment
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OCOBJIMBOCTI BUMIPIOBAHHA TUCKY B CUCTEMI
HITYYHOI'O CEPIA

Jlemexa B.O., acn.
Hayionanvnuii mexniunuu ynieepcumem Ykpainu
«Kuiscoxuti nonimexuiunutl incmumym imeni leops Cikopcoko2o»
M. Kuis, Ykpaina

HlTyyne cepalle mpu3HAUEHE IS MATPUMAHHS KUTTEAISUTBHOCTI MAIllEHTa
SKOMY HEe0OXi/THa TpaHCIUTaHTaIis cepirst. CucteMa BiTHOCUTHCS O MEXaHIYHUX
npuctpoiB gonomoru cepito(HAD - heart assist device) Ta mosxe miaTpuMyBaTH
YU TIOBHICTIO 3aMiHUTH cepiie [1].

Cucrema ckiagaeTbes 3 0JIOKy KepyBaHHs Ta aBToMaTtuku(l), reHeparopa
MMHEBMATHYHO! XBWJII(2), JBOX KamMep fAKI PO3IJICHI eJacTUYHOK MeMmOpa-
HO10(3), 3’ €AHYBaJIbHOI TPYOKH(4), TBOX TPYOOK JIJIsl IEpeKauyBaHHs KpoBi(S).

3anaya reHeparopa IHEBMAaTH-
YHOi XBWJII TOJSArae B TOMY I100
5 CTBOPIOBATHU THCK Ta PO3PIKEHHS B
MMHEBMATUYHIA YacTHHI KaMepH IS
nepeKavyyBaHHS KPOBI.
BaxxnuBoro 3ajauero € MOHITO-
PHUHT Jiana3oHy 3MIHU THCKY B T1]I-
- paBmiuHiii cuctemi. IlpoGnema 3a-
KJIFOYAETHCA B TOMY IO HEOOXIJTHO
BUMIPIOBATH TUCK B NMHEBMATUYHIN
=+ YyaCTHMHI CHUCTEMH SIK MO>KHA OJIMKUeE
| 70 IITylepa TOBITPSIHOI KaMepu
00 YHUKHYTH HETOYHOCTEH BHUMI-
Pucynox 1. Cucrema nigrpumku cepis: 1 — proBaHHS. SKII0 pOBMiCTI/ITI/I JaBa Ja-
OJI0K KepyBaHHS, 2 — I€HepaTop MHEBMATUY-  TYHKU THCKy Oijsg KoMmmpecopa Ta
HOT XBWJI, 3 — JIBI KaMepu po3ALIeHI MeMOpa- IITyLEpa TOBITPSHOI KaMepH, TO
HOW, 4 — 3’eHYBaNbHA TPyOKa, 5 — TpyOKH . .
U TepeKaMyBaHHA KpOBi MOPIBHIOIOYH X TOKA3HUKH MOXHA
BYACHO TIOMITHTH HE3HA4YHI BTpaTH
THUCKY B CHCTE€MI Ta BYaCHO MPOCUTHATII3YyBATH MPO 1€ MEAUYHUI MEPCOHAT.

Po3poOHKrKOM Oy10 BU3HAYEHO YITKI J11alTa30HU 3MIHU TUCKY B cucteMi| 1 |:

— I'pannunnii BepxHiit Tuck +0.35 bap

— I'pannunuii HkHi Tuck -0.1 Bap

OckiIbKM cHucTeMa MOBMHHA OyTH 0€3pOTOBOIO, TOOTO JaHl 10 OTPUMY-
I0ThCS 3 JaT4rKa, OyayTh MEepelaBaTUCh MO paJioKaHaly, a TAKOXK BPaXOBYIOUH
T€ 110 JATYMKH 1 mepefaBad OyJyTh pO3MIIIyBaTHCh Ha MAalll€HTY, HEOOX1IHO
BUKOHYBATH Bl YMOBHU: HEBEJMKI PO3MIPH Ta Bara Ta HU3bKE CIIOKUBAHHS CHE-
prii.
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Pressure Patern [190/-50 mmHg,HR=80[bpm]]
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-100

Pucynox 2. TurnoBwuii matepH 3MiHU THCKY B CUCTEMI

0.4

Time[s]

Hianazon tucky: = 10 kIla
[lepeBaroro 11bOTO JaTYMKA TUCKY € MTPOCTOTA HOTO BUKOPUCTAHHSA 32 paxy-
HOK [2C iHTepdeiicy, a HeOMIKOM HOTO PO3MIp.
Takox mMoxHa po3risHyTd natuuk 24PC15SMT Bin Honeywell. Ananoro-
BUl JudepeHIliadbHui  I1'€30pE3eCTUBHUN JaTYMK 1[0 Oa3yerbcss Ha 4
I1’€30pE3UCTOpax K1 pa3oM YTBOPIOKOTH MicT YircToHa. Koim npukiamaerbes
THCK, OITip 3MIHIOETHCSA 1 IATUYMK BUJA€ BUXITHUM CUTHAI Y MIJIBOJIbTAaX
MPOTIOPILIIITHO BX1AHOMY THUCKY.
Miama3on tucky: + 103 xIla
OCHOBHI IepeBaru 1aTyuKa:
— Manuit CTpyM CHOKMBaHHS

— Maui po3mipu

OnnuM 3 BapiaHTiB aude-
PEHIIATLHOTO JIaTYHMKA THUCKY
Moxe Oytu 2513254510291 Bin

Wiirth Elektronik:

HaTuuk qudepeHIiaTbHOTO
TUCKY (HOMED JeTani:
2513254510291) — me 15-

PO3PSIAHUN T’ €30PE3UCTUBHUI
JTaTYUK TUCKY Ha ocHOBI MEMS
13 mudposum [12C Ta anamoro-
BUM 1HTEpPeiicom.

— Bucoka To4HICTh Ta IIMPOKUI /11a11a30H BUMIPIOBAHb
Jlo HeloITIKIB MOXHA BITHECTH HEOOX1HICTh PO3POOKH CXEMHU IiICHIIIOBAYA.
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Pucynok 3. Cumynsiiis po6oTu miacuitoBada B cepenopuii Multisim

Mixcnapoona Haykoeo-mexHiuna Konghepenuis
«PadiomexHiuHi npoonaemu, CUZHAIU, ANAPAMU MA CUCHEMU)




Enexkmponixka, nanomexnonozii, 0iomeoudni cucmemu, paodiosumipro6anHs

Mict Oyno BukoHaHo Ha pe3uctopax R4, R5, R12, R13.

Crabimitpon U3 Tta onepamiitnuii miacwioBad U2D BiamoBialoTh 3a cTa-
OUIBbHICTD KUBJICHHS JaTUYHKA.

Ha U2A-U2C Oyno BUKOHAHO 1HCTPYMEHTAJIbHUN MIJCHIIIOBAY CUTHAITY
B1JI MOCTY.

3anponoHOBaHE CXEMHE PIIIEHHS 3aJ0BOJLHSE BUMOTH 1 0 Majoro CIio-
KUBAHHS C€HEprii 1 Mae HEBEIHMKI PO3MIPH JAJISl PO3MIILLEHHS MPSMO Ha TPYOIll

Ilepesik mocujiann

1. Barttomiej Fajdek, Krzysztof Janiszowski, Automatic Control System for Ventricular
Assist Device 2014. — 2 c.

AHOTALIA

3anpornoHOBaHO /ISl BAMIPIOBAHHS THCKY B CHCTEMI IITYYHOTO CEPIIsi BAKOPHCTOBYBATH
IuQepeHIIiiiHi TaTYNKU HU3bKOIO €HeproCroXUBaHHA Ta po3MipiB. KopoTko onmcano cucre-
My Ha OpuHIMMN ii poOoTu. ONMCaHO BaXIJIUBICTh 3a7adi BUMIPIOBaHHS THUCKY. Po3ristHyTO
JIeK1IbKa BaplaHTIB BUKOHAHHS NEPCHEKTUBHUX JATYHUKIB THCKY JJISi CUCTEMHU LITYYHOTO Cep-
1151, X OCHOBHI OCOOJIMBOCTI Ta XapaKTePUCTUKHU. [Ipo1eMOHCTPOBaHO BUMIPIOBAILHUI TPAKT
Ha PiBHI MPUHITAIIOBOT CXEMH.

Kirowosi cnosa: Llty4yne cepiue, JaT4YMKU THCKY, MEXaHI4HI MPHUCTPOI AOIOMOTH Cep-
110.

Abstract

It is proposed to use differential sensors of low power consumption and dimensions to
measure pressure in the artificial heart system. The system is briefly described on the
principle of its operation. The importance of the problem of pressure measurement is
described. Several variants of promising pressure sensors for the artificial heart system, their
main features and characteristics are considered. The measuring path at the level of the
schematic diagram is demonstrated.

Keywords: Artificial heart, pressure sensors, mechanical heart support devices.
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THE RELIABLE RADIOELEMENTS CHOOSING FEATURES IN THE
PROCESS OF DESIGNING REA

Nikitchuk A.V.
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine

At the stage of designing a radio-electronic device, it becomes necessary to
choose the elements of the electronic structure. Such elements usually have a va-
riety of requirements, ranging from their electrical characteristics and dimen-
sions to availability and price.

Since the device is usually designed in accordance with the technical task,
in which there are requirements for its climatic performance and reliability, the
elements of the electronic structure must be chosen in such a way as to satisfy
the specified requirements as a result.

Depending on the design decision, various elements of the electronic struc-
ture may have different electrical load and other functional indicators, which in
turn depend on the temperature regime.

The practical results of the performed work include the created software,
which helps to determine reliability indicators based on known functional indi-
cators and temperatures. It is possible to set element temperatures both arbitrari-
ly and automatically calculate and optimized directly in the program by creating
a simulation model of an electronic cell or block [1].

The created program can be used in all industries, where at the design stage
it is necessary to ensure the selection of elements of the electronic structure with
optimal temperature regimes and reliability indicators, including in the process
of diploma design.

To determine reliability indicators, first of all, it is necessary to generate in-
put data for simulation modeling. For structurally constructive modules of the
zero level, it is:

- electrical load parameters;

- type of electronic structure elements;

- temperature.

The main advantage of using the created software is a significant saving of
time required for setting or editing input data and performing calculations, as
well as reducing the influence of the human factor on them.

The calculation of reliability parameters is performed according to mathe-
matical models [2], which contain a significant number of constants, which in
turn differ for different groups of UES. The software makes it possible to auto-
mate this process due to its own electronic database with reference information
[3]. Data from the database are automatically substituted into all necessary equa-
tions.

With the help of the created program, it was investigated exactly how tem-
peratures affect the probability of failure-free operation of various elements of
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the electronic structure. The probability of failure-free operation was calculated
in accordance with DSTU 2862-94 [4].

In total, calculations were made for 76 different groups of electronic struc-
ture elements. Some of the results are shown in the diagram (Fig. 1).
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Figure 1. Probability of failure-free operation of various groups of electronic structure ele-
ments
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The diagram shows that at the same temperatures, the probability of failure-
free operation of different groups of elements differs, some elements are quite
resistant to thermal influences, others on the contrary.

Table 1 shows the summary Table 1
results for the considered 76 T,°C Pg min Pg_max Pinc, %
groups of elements. As the tem- 25 0,704 0,983 40
perature increases, the difference 60 0,542 0,98 81
in reliability between the most 70 0,27 0,977 262
and least heat-resistant elements 80 0,074 0,971 1212

increases rapidly.

For projects in which there is no redundancy of elements of the electronic
structure, when calculating the probability of failure-free operation of the entire
radio-electronic device, it is considered that the failure of each of the elements
leads to the failure of the entire device. That is, if at least one of the elements is
chosen incorrectly, or its protection from temperature effects is not provided,
then the reliability of the entire device is significantly reduced. Therefore, the
application of the created software in the design and optimization process can
help avoid errors in the selection of the element base and significantly increase
the reliability of the developed radio electronic devices.

References

1. Uvarov B. M. Radioelectronic Apparatus Design with Optimal Reliability Indicators /
B. M. Uvarov, A. V. Nikitchuk // Visnyk NTUU KPI Seriia - Radiotekhnika. — 2018. —
Ne75. — C. 48—53. doi: 10.20535/RADAP.2018.75.48-53.

2. Uvarov B. M. Parameters of radioelectronic devices, which are determined by thermal
modes / B. M. Uvarov, A. V. Nikitchuk // Electronics and control systems. — 2014. — Ne 1.
— ¢. 46—52. ISSN 1990-5548.

3. The reliability of radio electronic products / [Prytkov S. F. Horbacheva V. M.
Martynova M. N., Petrov H. A.]; M.: NYY «Elektronstandart», 2004 — 620 p.

4. Nadiinist tekhniky. Metody rozrakhunku pokaznykiv nadiinosti. Zahalni vymohy :
DSTU 2862-94. — [Chynnyi vid 1996—01—01]. — K. : Derzhstandart Ukrainy 1994. —
39 p.

Abstract

The calculated values of the probability of failure-free operation of various groups of el-
ements of the electronic structure depending on their temperatures are given. The results are
obtained with the help of specially created software. Described the expediency of its applica-
tion in the design process, including the diploma one.

Keywords: reliability, electronics, electronic, structure, elements, calculations, software.

AHoTaNIisA

HaBeneHno po3paxoBaHi 3HAa4eHHS IMOBIPHOCTI 0€3B1IMOBHOI pOOOTH PI3HUX TPYI eJie-
MEHTIB €JIeKTPOHHOI CTPYKTYPH B 3aJI€KHOCTI BiJ iX Temmeparyp. Pe3ynbpratu oTpuMaHo 3a
JIOTIOMOTOI0 CIIELIaJIbHO CTBOPEHOr0 MporpaMHoro 3adesneueHHs. OnucaHa JOMUIbHICTD HO-
T'0 3aCTOCYBaHHS B MIPOLIECi MPOEKTYBAHHSI, B TOMY YHCIi AUILIOMHOTO.

Kiro4oBi cnoBa: HailHICT, €IEKTPOHIKA, €IEMEHTH, SIEKTPOHHOI, CTPYKTYpPH, po3pa-
XYHKH, TIPOTpaMHe 3a0€3MeYCHHS.
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JABAY TUCKY I TEMIIEPATYPHU HA ITAX

Iloncyu B.1., cm. suknaoau
Hayionanvnuii mexniunuu ynisepcumem Ykpainu « Kuigcokuii nonimexniunuu
incmumym imeni Ieopsa Cikopcokozon, m. Kuis, Yxpaina

[ToTeHIiiiHa MOKIIMBICTh BUKOPUCTAHHS J]JaBaylB HAa MTOBEPXHEBHUX aKyCTH-
gyHuX XBIWIAX (ITAX), 6€3 30BHINIHBOTO MIOA0 JaBaya JyKepesa >KUBJICHHS, J10-
3BOJISIE BUPILIYBATH 3aBJaHHS AUCTAHLIHHOTO BUMIPIOBAHHS TeMIIEpaTypH, THC-
Ky, IPUCKOPEHHS, KOHIICHTpAIlil Ta30BOr0 CEpeOBHINA, BOJOTOCTI Ta 1H. mapa-
METPIB.

Merta nanoi po6oTu — po3poOka KOHCTPYKIIT JaBadya THCKY 1 TeMIIEpaTypH
JUTSl CHCTEMH OTIEPATUBHOTO KOHTPOJIO BKAa3aHUX MapameTpiB, HATPUKIAM IS
JTYMIIbHUKA TOOYTOBOTO ra3y abo jJaBaya TUCKY B mIKHI aBToMoOus [1]. Bizoma
[2] cTpykTypa noaiOHOTO TaBava MpeACcTaBiIcHa Ha PUCYHKY 1.

TpboxiMITyJIbCHa cXeMa JJaBaya MoKa3aHa Ha PUCYHKY 2.

o [Ipuitomonepenasay, iaji iHTEpOraTop,

1. T dbopmye pagioiMIyIIbC 3aMUTy TPUBAIICTIO 2

Y Y 3J MKC, 4acTtoToro 433,92 MI'11 1 BUIIPOMIHIOE
| Mo m HOTO 3 TepiosoM HOBTOpeHH}IV(KaIIp) .12
Mooz MKC. BxijHa aHTeHa aBada mpuiiMae pajio-
IMITyJibC 3anmuTy 1 3a gonomororo 3IIIT me-
PETBOPIOE OCTaHHIN B IMMOBEPXHEBY aKyCTHY-
Pucynok 1. Ctpykrypa naBaua HY XBUJIIO, 0 PO3MOBCIOIKYETHCS B OOU/IBI
ctoponu Bin 3IIII, BimOuBaeThCs BiJ aKyc-

TUYHUX A3epkan 1 neperBoproerbest 31T B

3aTpMMaHi Ha PI3HUNA Yac PagioiMITyJIbCH

2 ! . . o
— I iD 3 BIATYKY, 110 NOTPAIUIAIOTh HA BX1J MpHiiMa-
i I'_l'I o

IkTeporatop

ya. OcmwiorpamMa 3aTpUMaHHUX IMITYJIbCIB
MpEACTaBIICHA HA PUCYHKY 3.
PrcyHok 2. Cxema hopMyBaHHA H606Xi.I[HiCTB BUKOPUCTAHHS TPBOX 3a-
TPHOX IMITYITBCIB BIATYKY TPUMaAHUX IMITYJIbCIB BIJITYKY TOB’S3aHa 3
THUM, 1110 B (pa3y BIJOUTHUX CUTHAJIIB BHOCSTH
BKJIaJl TEMIIEpaTypa, TUCK Ta mapameTpu pamioTpakty. [loganpiia kBaapaTypHa
00poOKa OTpUMaHUX PAAIOIMITYJIBCIB JI03BOJISIE BUSHAYUTH

a3y KOKHOTO 3 IMIYJBCIB BIAHOCHO IMITYJIbCY 3allUTy B CHHYCHOMY Ta
KOCMHYCHOMY KaHaJlax 1HTeporaTopa.

Came B 3MiHi (a3 3aTpUMaHUX CUTHAJIB € 1H()OpMalis PO TpU MapaMeTpH:
TEeMITepaTypy MiIKIAIKA AaBava, TUCK Ha MITKIAIKy; ITapaMeTpH MPOXOKCHHS
CUTHAITy B PaJ{lI0TPAKTI.

BuxopucroByroun nogaTHi Ta BiJ’€MHI TOPIBHSHHS CHUHYCHUX 1 KOCHHYC-
HUX CKJIaJ0BHUX (a3 map IMITyJIbCIB Ta iX KOPOTKoUacHOi (hikcarlii B 4aci MOKHa
BUMIPSTH 1 PO3paxyBaTH BIIHOCHY ¢asy, 110 BIAMOBIIAE OJTHOMY 3 TPHOX 3a3Ha-
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YEHUX MapaMeTpiB.

JleTanpHUM aHA3 AITOPUTMY PO3paxy-
HKY (a3 BUXOJIUTH 3a MEXI JaHOi pOOOTH.
OTXe € MOXJIUBICTb BHUMIPIOBATH TeMIlepa-
TYpY, THCK 1 BIUIUB pajiioTpakTy (TmosiBa ¢i-
3UYHUX 00’€KTIB B 30HI PO3TAIIyBaHHS aHTEH
iHTEeporaTopa i mamava). Jlms kommeHcartii
BIUTUBY TeMIIEpaTypu BUKOPUCTOBYETHCS Ta
oOcTaBuHa, MO (a3 OBOX IMIYJILCIB 3Mi-
HIOIOTBCS ITiJI BIUIMBOM TEMITEpaTypy Maiike
OJTHAKOBO 1 MPOMOPIIIHO Yacy 3aTpUMKH, a
¢daza TpeThOro IMIYJIbCY MPOIOPITIHHA TeMIIepaTypi 1 TUCKY. J1JIsl BUMIpIOBaHHS
JUIIEe TeMIIEpaTypUu JOCTATHBHO 1 OJHOIMITYJILCHOT CXEMHU 3 MPOBITHUM TT1IKITIO-
YEHHSIM.

Pucynox 3 — Ocuuorpama iMITyJib-
CiB BIATYKY

. 2 MoskHa 1moka3aTu, 1110 TPy BUKOPH-

) S CTaHHi TPHOXIMITYJIBCHOI CXEMH Yac Kaapy
" mepeBHIIUTH 12 MKC IIPH iMITyJIbCi 3aMTUTY
2 MKC 1 TPUBAJIOCTI 3aTPUMAHUX IMITYJIbCIB
4, 6 Ta 8 MKc BianoBiHO. [lapa3uTHi Bia-

- ouTi curnanu Bia a3epkadn i 31UIT ve no-
‘;—/\\M 3BOJIAIOTH 3MCHIIIUTH Yac KaJpy B TPhOXi-
: MITYJIBCHIN CXEMI.

Pucynox 4 — Konerpykuist 1aBava PeanpHi CHiBBIJHOILIEHHS CHUTHAIB
IMITyJIbCY 3alUTy Ha BHUXOJl 1HTEporaropa 1 3aTpUMaHUX CHUTHAJIB HAa HMOro
MpUMaIbHOMY BXOJ1 MOXYTh csaraTu MiHnyc 60 nb mpu 4uBepTHXBUILOBUX aH-
TeHax 1 BijcTaHi MK HUMHU mopsiaky S00 mm. [ToTykHicTh iMIyJbCy 3anmuty 1
MBT. BTpatu curnany B gaBaui csraioth 25 n1b. 3 METOIO CKOpOYEHHS Kalpy i
3axucTy poO0YOi MOBEPXHI JaBaya Bij 3a0pyJHEHb 3alPOTIOHOBAHA TPHOXIMITY-
JbCHA CXeMa 3 PO3HECEHHSIM aKyCTHYHOTO TPAKTy Ha JBI MiAKIaAKH (puc. 4).

JlaBau ckiamaeTbest 3 ABOX Ibe3omiakiaanok 20 x 3 x 0,6 MM, o6epHEHHUX
OJIHa J10 OJHO1 poOoUMMHM TOBEpXHAMHU. binst kpato mepoi migkinaaku 1 chop-
moBani 3IIII, 3BykonpoBia (cMy>KKa MPOBITHUKA MTOCEPEANHI Ta B3IOBXK ITiJIK-
JaJK1), IBa aKyCTUYHUX J13€pKaa, ABl MO3J0BXHI CMYXKH 3 HETaTUBHOTO (o-
TOPE3UCTY [l HOPMYBAHHS BIJCTaHI MDXK MIJKJIAJKAMH 1 Bl PENEepHI CMYXKKH
JUIs TOYHOTO TMOo3uIlitoBaHHs. Ha npyriit migknanmi 2 - oJHe aKyCTUYHE J3epKa-
JI0 1 aHAJIOT1YHI 1HII eleMeHTU. TomoNorivHI mapu miaKIag0K BUKOHaHI (HOTO-
aitorpadi€ero Mo ajloMiHII0 TOBIMHOW 0,6 MKM 3 TiamapkoM BaHaiito. Mix
co0010 MiAKIAIKK 3 €IHAHI 31 3MilIeHHAM B 0,5 MM B IIeCTH TOYKax CTPYMOI-
poBigHUM cpiOHuM kieem 3 mapku TOK-1 . JIns 3MeHIIEHHS aKyCTUYHOTO
BIUTMBY 3a30p MK mifkiaaakamMu 10 mxM. J[o BUCTymaro4mx KOHTaKTHHX TLIO-
IIIUHOK TIEPIIOI MAKIAJAKH TEPMOKOMIIPECIEI0 TPUETHAHI CUTHAJIbHI AJTFOMIHI€BI
MikporpoBou 4. [1o mepumMeTpy miaKIaa0K HAHECEHUN CUIIIKOHOBUN T€PMETHUK
KJIT, sxkuil Takok BUKOHYE (DYHKIIi MOTJIMHAYa aKyCTMYHUX XBWIb. Ha THck

3.4 max,
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pearye nepiia mjaKiaajaKa, a Ha TeMnepaTypy oOuBi.

BurortoBneHi 3pa3ku J1aBadiB pa3oM 3 IHTEPOraTOpOM 3a0e3IeUniii BUMi-
proBaHHA Temneparypu B Mexkax 240 — 425 °K 3 tounicrio we ripme =+ 0,2 °K i
tucky 0 — 600 xIla 3 Tounictio + 1 kI]a.

BucnoBku. OTpumana nparie3jaTHa KOHCTPYKIliS JaBadya TUCKY 1 Temrepa-
Typu. CTanicts KoedilieHTy JIHIHHOTO PO3MUPEHHS MIAKIAIKU 3 HI00aTy JITiI0
B IIIMPOKOMY Jiara3oHi TEMIEPATyp J03BOJISIE BHKOPUCTOBYBATH /1aBad JI0 TEM-
neparypu 700 °K i Buie. 3MEHIIEHHS TOBIIMHHU IIAKIAJAKA MOXE B Pa3d M-
BUIIMTH YyTJIMBICTh JaBada JI0 THUCKY. /[aBad Moke mpalfoBaTH SK B Ta30BOMY
Tak 1 B piAMHHOMY cepeaoBuili. [Ipu He3HauHIl MOjepHi3allii JaBada € MOXKIIHU-
BICTh BUMIPIOBATH SIK MEXaHIYHI, TaK 1 HEMEXaHIYHI TTapaMeTpHu: BOJIOTH, Ta30-
BOT'O CEpe/IOBUIIA Ta 1H. 3 BUKOPUCTAHHSIM Ha MOBEPXHI JaBadya copOyro4oi Iuti-
BKU. [IpakTU4HO BiJICYTHIN TiCTEpE3UC MPU BUMIPIOBAHHI THUCKY 1 HEBEITUKHIA
riCTepe3uc MpU BUMIPIOBAHHI TEMIIEpaTypu, 10 OOYMOBJICHUHN TEIUIOEMHICTIO
naBaya. Cucrema faBad — iHTEporaTop J03BoJisie (PiKCyBaTh 3MiHY 00’ €KTHOI
CUTYyallil B 30HI aHTEH 1HTeporaTopa i JaBava (BUKOHYBAaTU OXOPOHHI (PYHKIIIT).
Cucrema mMae BHCOKY 3aBaJIOCTIHKICTh. PalioHanabHI anropuTMu OOpOOKH CUT-
HaJy JlaBaya B iHTeporaTopi (IrHOpYBaHHS BHUIAJKOBUX a00 XUOHWX CUTHAIB,
HAKOIWYEHHS 1 YCEPEIHEHH Ta 1H.) CYTTE€BO BIUIMBAIOTh Ha TOYHICTH BUMIPIO-
BaHHS THUCKY 1 TEMIIEpATypu Ta MalOTh Pe3epB IS MiABUIIECHHS TOYHOCTI. Bu-
COKa 4acTOTa OMUTYBAaHHS JlaBada JI03BOJISIE HOTO BUKOPHUCTOBYBATH B 00’ €KTaX
3 BIJJHOCHO HIBUIKOIO 3MIHOIO BHMIPIOBAHOTO mapaMmerpy. Jliama3oH BUKOpHC-
TaHUX YaCTOT CHUCTEMH IHTEpPOTaTop JaBay — IHTEPOTraTop HE MOTpedye y3ro-
JIKEHHS 3 CITy>KO0aMu HarJsay.

Ilepesik nocujianb
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AHoTalisA

[Ipencrasnena poboua KOHCTPYKIlig naBada Ha [TAX, 1m0 Moke BUKOPHUCTOBYBATUCH B
CHCTeMI JUCTaHIIITHOrO BUMIPIOBaHHS TeMIepaTypH, TUCKY Ta IHIIMX (PI3UYHHUX MapaMeTpiB,
a TaKOX B OXOPOHHHUX CUCTEMAX 3 PCAKII€I0 HA 3MIHU CJICKTPOMArdHiTHO1 CUTYyal1l B 30H1 pO3-

TalllyBaHHs aHTEH JlaBaya i mpuiloMo-nepeaBaya.
Kitouosi cnoBa: naBau Ha [TAX, Temneparypa, THCK

Abstract
The operational design of the SAW sensor is presented, which can be used in the system
of remote measurement of temperature, pressure and other physical parameters, as well as in
security systems with a reaction to changes in the electromagnetic situation in the area of the
antennas of the sensor and receiver-transmitter.
Key words: sensor SAW , temperature, pressure
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AHAJII3 BIIVIMBY PAIIYCA OBMOTKHU IHAYKTUBHOI'O
EJJEMEHTA HA PO3IIOAL1 CTPYMY ¥ IPOBITHUKY.
KIVIBHEBUU E®EKT

Cepeoin A.IL, acnipanm, m.n.c.; Mosuanwk A.B., k.m.H., 0oyenm;
Hayionanvnuu mexniunuu ynisepcumem Yxpainu « Kuiscokuti nonimexuiynuu
incmumym imeni I2ops Cikopcvrkozon, m. Kuis, Yxpaina

[cHye psan BUMIAAKIB, KO BaXKIMBO 3HATH BEIMYMHY OIOPY BTPAT OOMOTKU
1HIYKTUBHOTO €JIEMEHTa, OCOOJIMBO, SKIO OCTaHHIN MPAIIOE y CHJIOBUX KOJaxX
Ha poOOYMX YacTOTaxX y JAEKUIbKa JECATKIB KUTorepi. Y 1bOMY BUIAJAKY PiBEHb
BTpaT B OOMOTIIl Takoro 1HIyKTUBHOTO elieMeHTa Hampsmy BiuiuBae Ha KKJ/|
MPUCTPOIO0 B LUIOMY. OCOOJIIMBO aKTyaldbHOIO € MOTpeda MPaBUIBHOIO BH3HA-
YEHHS OMOPY BTpAT JIJIsl OLIIHKK Ta ONTUMI3AIlli KOHCTPYKIIT CHJIOBUX JPOCEIIB
Y3TOKYIOUMX (DUIBTPIB MOTYKHOI YIbTPa3BYKOBOI anapatypu [1].

Buxonsun 13 BU3HAUEHHS MOHSTTS ONOPY BTPAT OOMOTKH (SIK B1JHOIIECHHS
BEJIMUMHU ONOPY OOMOTKHM 3MIHHOMY CTPYMY JI0 ONOPY MOCTIHHOMY CTPyMY)
BaXUIMBUM € KOPEKTHE BU3HAUEHHS caMe BEJIMYMHU IMIIEJAHCY OOMOTKHU.

OnHUMH 13 HAMOLIBII TOIIUPEHUX METOJUK JJI pO3paxyHKy JaHHOI BEJIH-
YHHHM € MeToAMKH, 3anpornonoBani Dowell [2] ra Ferreira [3]. Oanak, po3pa-
XOBaHI 32 HUMU OOMOTKM TOKa3yBajJW 3HAYHO BHIIl BTPATH, HIK OYIKYBaJIOCH.
AHai3 X METOUK, IPOBEJACHUN MHOIO paHimie y [4], 103BOIUB BUSBHUTH PSJI
BXJIMBHX YIYIICHb, SKi MPSIMO BILTUHYJIM Ha KOPEKTHICTh KIHIIEBOTO PE3yJIbTa-
Ty. 30KpeMa, 1ie ¥ BIUIUB pajlyCcy BHUTKA Ha PO3MOALT CTPYMY Ta, BIAMOBIIHO,
BEJIMYMHY IMIIeIaHCy OOMOTKH (a, BIAMOBIAHO, i OTIOPY BTPAT).

[le ymyuieHHs1, MBHUALIE 32 BCE, CTAJO HACIIAKOM XHUOHOTO MPUITYIICHHS
PO 1IGHTUYHICTh PO3MOJIUIIB CTPYyMY (@, BIAMOBIIHO, 1 IMIIEITAHCIB) Y TIPSIMOMY
IIPOBIIHUKY Ta BUTKY, 3TOPHYTOTO 3 HbOTO K. J[J1s1 mepeBipku 1i€i rinote3u Oy-
70 ipoBeieHo MojentoBanHs y cepenoBuilt COMSOL Multiphysics. CTBopeHo
MOJIeJI1 IPSMOTro MPOBIIHKKA Ta BUTKA, 3rOPHYTOTO 3 HHOro. BukoHyoun moe-
JIOBaHHS y YaCTOTHIN 00J1acTi, CrIOYaTKy OyJIO PO3paxoBaHO IMIEJAaHCU BUTKA
Ta €KBIiBAJICHTHOTO 1O JIOBXKHMHI NPSIMOTO MPOBITHUKA (TOOTO Lyyrka = lnpnpos.):
BUKOHAHO BUMIPIOBAHHS IMIIEJAHCY AJI OJUHOYHUX BHUTKIB TPbOX PI3HUX Adia-
MetpiB (D=10 mm, 20 mm ma 30 mm). MonenroBaHHs IPOBOIUIOCS ISl TPO-

BigHuka d=17 mm, Ha yactoTi f=20 x[y. OTpuMaHi 1aHi 3BejIeHI y TaOI. 1.
Tabmans 1

Imnenanc (MOm): D =10 Mm D =20 Mm D =30 Mmm
(Lypra = 3142 MM) | (Lyyga = 62.83 MM) | (Lyyrca = 94.24 MM)
OAWHOYHHI BUTOK 1.019 + 28.9j 1.707 + 30.2j 2.403 + 32.4j

(Oiam. D ma oosoxc.
UMKa Lyyria)

[TpsiMuit TpoBiAHUK 0.71+ 0.2 1.41 + 0.39j 2.12 + 0.59j
(ll'lp.l'lpOB. = lBI/ITKa)
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AHaJi3y0un OTpUMaHi JIaHi, MOYK€MO 3pOOUTH JIBA BAXKJIMBI BUCHOBKH:

1) BenmMurHAa IMIIETAHCY BUTKA CYTTEBO BIAPI3HIETHCS BiJl BEIUYUMHHU 1MIIC-
JaHCY €KBIBAJICHTHOTO MOMY IO JIOBXKHHI MPSMOTO MPOBITHUKA.

2) paaiyc BUTKa BIUIMBAE Ha BEJIWYMHY HOro iMmeaaHcy (piBHs BTpar). Ta-
KUM YUHOM, HEXTYBaHHS ITUM ()aKTOM TIIPU PO3PaxyHKY IMIIEaHCY OOMOTKHU y
MeToukax [2], [3] 1 mosCHIOE HEKOPEKTHHI KIHIICBHI pe3yJIbTar.

[TosicHeHHs MM SIBUILIaM 3HAXOAUMO Y MPOIIECI MOJCIIOBAHHS MPU aHai31
po3noiny cTpyMy y npoBinHuky. Ha puc.l a, 6 HaBeneHO pe3yiabTaTh MOCIIO-
BaHHS PO3MOALTY CTPYMY JJIsl IPSIMOTO MIPOBITHUKA 1 3TOPHYTOTO 3 HHOTO BUTKA.

smgernn | R:red, G: green, B: blue
1.0000e+007
- 9.1837¢+006 R

8. 57142400,

G

a) 0)
Pucynok 1. Po3noain ctpymy y mornepedyHoMy mepepisi: a) Uit OIMHOYHOTO TPSMOTO
npoBigHUKA [5]; 0) A/ €KBIBaJIGHTHOTO BUTKA

Otxe, Uil IPAMOTO MPOBIJTHUKA MPOBIAHA 00JIACTh PIBHOMIPHO PO3MO/Ii-
JeHa moOn3y NoBepxHi Ta Mae Gopmy koisa [5]. OaHak mpu 3ropTaHHl TaKOTo
IPOBIIHKMKA Yy KUIbIIE, (hopMa MPOBIAHOI 00JIACTI 3MIHIOE CBOKO KOH(ITypamio —
00JacTh 3 HAMOUTBIIO T'YCTHHOIO CTpyMy Oyze 30cepekeHa 1mooInu3y BHYTpI-
IIHBOI YACTUHU KUIbLA, MPUYOMY BOHA MATHMME MEHILY IUIOINLY Mepepidy, HIX
JUTSL IPSIMOTO MPpOBiAHUKA. Lle mosiCHIOe, YOMY aKTHMBHA CKJIaJ0Ba OMOPY AJIA Ki-
Tl OyJie BUILOO, HIXK JIJI1 €KBIBAJICHTHOTO MPSMOTO MPOBiJIHKUKA. J[aHe Mo/e-
JIIOBaHHS TaKOX MIATBEpAUIIO TBepkeHHs B.A. ®oka, mpo po3noais CTpymy y
BUTKY [6]. Po3risHyTHii eeKT € OKpeMuM BUMAIKOM e(eKTy OIM3bKOCTI, JIe, Ha
BIJIMIHY BiJI TPaJUIIIMHOTO, BiIOYBAETHCSA B3a€EMHUM BIUIMB HE CYCIJIHIX BUTKIB
Ha ¢GopMy MPOBIIHOI 00JACTI KOXKHOTO 3 HHUX, a J1aMETPAIbHO MPOTUIICKHHUX
YaCTUH OJHOTO 1 TOTO X BUTKA. TaKMM YWHOM, 1€ SIBUIE MOXXHA HAa3BaTU SIK
kinvyesuil egpexkm (abo camoepexm 6auzvkocmi). Came BiH TMOSICHIOE TaKOX 1
3aJIEXKHICTh PO3MIPIB MPOBIIHOI 00acTi BUTKA (BIAMOBIAHO, W IMIEAAHCY) Bij
roro miametpa. Ha puc. 2 a, 6, 6 po3risiHyTO po3nofin ctpymy y BuTkax 3 D=10
mm, 20 mm ma 30 mm y n0310BKHbOMY Tiepepisi. [Ipu 3pocTanH1 iameTpa BUT-
Ka CUJIbHIIIE MPOSBIATUMETHCS KUTbIEBUM eeKT, TIoia mpoBiHOT 00JacTi Ta
T'YCTHHA CTPYMY 3MEHIIYBAaTUMETHCS, 3pOCTaTUME IMIIEJaHC BUTKA Ta BTPaTH y
HbOMY, IO LIJIKOM Y3TOJIKY€EThCS 13 po3paxyHKaMu 3 Ta0. 1.

OTxe, pO3TJsSHYTI pe3yJbTaTH MOJEIIOBAHHS MIATBEPAWIM TPUITYIICHHS
po Te, 110 TPU 3TOPTAHHI Y KUIbIIE MPSIMOTO MPOBIAHNKA BUHUKATUME Kilble-
sull eghexm, SIKAN € pi3HOBUIIOM edekTy Onm3bkocTi. Jlanuii epext cnpuannse
3MIHY HPOBIIHOI 00JaCT1 Y BUTKY, KOHLEHTPYIOUH i1 MOOJIN3Y BHYTPIIIHBOI Yac-
tuHu. [Ipu oMy, TUIOIIA POBITHOT 00JACTI 3 POCTOM AiameTpa Oy1ie 3MEHIITY-
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a) B)
Pucynok 2. Inroctpartist siBUIA KUTBIEBOTO €EKTy Ta HOT0 BILIMBY Ha PO3IOALI CTPYMY Y
MIPOBITHUKY BUTKA 3aJIEKHO Bif ioro giamerpa D: a) D=10mm; 6) D=20mm; B) D=30mm.

BaTHUCS, CIIPUYMHAIOUN PICT IMIIEJAHCY Ta BTpaT. OTe, YIyIIEHHS bOrO SIBU-
1a Y METOAMKAX € OJHIEIO0 13 MPUUMNH HEKOPEKTHOTO KIHIIEBOTO PE3yNbTaTy.
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AHoOTALA

[IpencraBieHo pe3ysibTaTd MOJEIIOBAHHS OJIMHOYHUX KPYrOBUX BUTKIB PI3HUX JllaMeT-
piB, MPOJIEMOHCTPOBAHO 3MiHY (pOpMHU MPOBITHOI 001ACTI MPOBIAHUKA NPH CKPYYyBaHHI MIPO-
BIJIHUKA y KUIbIle (KUIbLIEBUN €(EeKT), BUSABICHO 3aJIEKHICTh JllaMeTpa BUTKA Ha PO3MOJLI
CTpyMy Y HbOMY Ta, BIMOBiHO, omip BTpar. Iloka3aHo, 1m0 y NOMMPEHUX METOAMKAX s
pO3paxyHKy IMIIeJTaHCY OOMOTKH OyJIO 3HEXTYBAHO SIBUIIEM KUIbLIEBOTO €(EKTY, 110 aBaJIO
HEKOPEKTHHUH pe3yabTaT po3paxyHKiB.

KirouoBi cnoBa: kuiblieBHil epexT, eheKT 0MM3bKOCT1, KPYTOBUIM BUTOK, MOJICITIOBAHHS.

Abstract

The results of modeling of single circular turns of different diameters are presented, the
change in the shape of the conducting region of the conductor when the conductor is twisted
into a ring (ring effect) is demonstrated, the dependence of the diameter of the turn on the
current distribution in it and, the loss resistance are revealed. It is shown that in common
methods for calculating the impedance of the winding, the phenomenon of the ring effect was
neglected, which gave an incorrect calculation result.

Key words: circular effect, proximity effect, circular turn, modeling.
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MEPCIIEKTUBHU 3ACTOCYBAHHS HEJIIIEH3IMTOBAHNUX
PAIIOAIAITA3OHIB B MEJIWYHIUN AIITIAPATYPI

Cmewenko B./I. acn.; Moguanwk A.B. k.m.H.
Hayionanvnuii mexniunuu ynisepcumem Ykpainu « Kuigcokuii nonimexniunuu
incmumym imeni I12ops Cikopcvro2oy
M. Kuis, Ykpaina

B cuctemi 0XOpoHU 310pOB’Sl CIIOCTEPITAETHCSI AKTUBHUNA PO3BUTOK ITH(]-
pPOBHX cHcTeM OOMIHY JaHUMH Ta aBTOMATH3aIlll MPOIIECIB MOHITOPUHTY CTaHy
NAI€HTIB, OOMIKY, BEJACHHA PO3UIMPEHUX MEPCOHAIBHUX MEAMYHUX KapTOK Ta
OTIEpAaTUBHOTO 1X HAIIOBHECHHS. Taka TEHACHIIS CIIpHUsi€ 301TBIIICHHIO TBUIKOCTI
peakIlii Ha 3MIHY CTaHy MaIll€HTa, Ja€ MOJIMBICTh BUaCHO MPUUMATH PIILICHHS
PO HEOOX1/IHICTh B ONIEPATUBHUX Ta peaHIMaliiHuX 3axonax. Cucremu mudpo-
BOro OOMIHY MEIMYHUMHU JAHUMH 3BOJSTH JO MIHIMYMY HETaTUBHHUM BILIUB
JOJICbKOT0 (hakTOpy Ha OOJIK 1 OOMIHHUM JaHUMH TIPU TOCHITaTI3alIMHUX, JTia-
THOCTUYHUX, TEPAlleBTUUHUX, Ta peadutiTaiiiHux 3axonax. Ha nanuii MOMeHT
BUKOPUCTOBYETHCSI 3HAUHA KUIBKICTh CKJIQJIOBUX IIMX CUCTEM sIKi (YHKIIOHY-
I0Th OKPEMO Ta HE MO€HAHI B IUTICHUN KOMILIEKC 300py, 0OMiHY, 0OpoOKH Ta
30epiraHHs JaHUX.

BaxxnuBuM 1 HaliMEHIII PO3BUHEHUM €JIEMEHTOM LIbOIO KOMIUIEKCY € CHC-
TeMH HaJliiiHOT Ta e(PEeKTUBHOI Mepenayl JaHUX MK 3aco0aMu BiJIIaJIEHOTO MO-
HITOPUHTY Malli€eHTa Ta 3acobamMu 00OpoOKu Ta 30epiranHs JaHux. IcHyroui cuc-
TEMU MOHITOPHMHTY CTaHy MallieHTa BUKOPHCTOBYIOTh HelileH3iioBanuii 1SM
nianas3oH Ta 0a3yroTbes nepeBaxHo Ha BukopucTtanHl IEEE 802.11, a came WI-
FI 2.4I'Tu Ta ST'rm.

Henonikamu Takux CUCTEM €:

- HU3bKa CTaOUIBbHICTh B 3B’S3KY 3 3aBAHTAKEHICTIO MEPEXKI MpailiBHUKAMHU
Ta MaricHTaMH.

- HE BEJIMKHUH pajlyc aii, 0 € KPUTUYHUM IMapaMeTpoM i MAI[i€EHTIB y
SKUX € HEOOXITHICTh MEePEMIITYBATUCh B MEXKaX MEIUYHOTO 3aKIIafy.

- HE BHCOKa 3aBaJIOCTIHKICTh, KPDUTHYHO B YMOBaX €JIEKTPOMATrHITHUX 3aBajl
CTBOPIOBAHUX MEJIMYHUM Ta IPOMUCIOBUM 00JIaTHAHHSIM.

Taki cuctemu mpaioTh B miamasoni 2.4 I'rip srigao ISM(industrial,
scientific, and medical). dianazonn ISM € 0OMeXEHO BiIKPUTHM, IO B CBOIO
gepry nepeadadae podOTy Ha ITUX YaCTOTax MPUCTPOIB 3arajibHOTO MPHU3HAYCH-
Hs. Lle 3Hauno ycknagHioe pooory mepex IEEE 802.11 ta nmpusBoauTs 10 3Me-
HIIEHHS! EMHOCTI TPakTy nepenauvi gaHux, ockuiku kaHaiau [EEE 802.11 € By3b-
KOCMYTOBHUMH, BIJIMTOBITHO YYTJIMBUMU JI0 3aBaj B poOOUiil CMYy3i.

Po3B’s13aHHAM 11i€T 3a1a4ui MOke OyTH po3poOKa pagiomepexi, sika Oye Oa-
3yBaTHUCSI HA BUKOPHCTAHHI TEXHOJIOTii KOTHITUBHOTO Pajio B HENIIIEH30BAHUX
yacToTHHUX Aiama3zoHax ISM (433 MI'n, 868 MI'w, 915 MI', 2.4 I'T).

[IpornoHoBaHMI MPUHIIAIT KOTHITUBHOTO Pajio JTO3BOJUTH MEPEXi MiBU-
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IIUTH MOKA3HUKU CTAO1ILHOCTI Ta SKOCT1 pagiokaHairy. [[puHIIMIT KOTHITUBHOTO
pajio J03BOJUTh MEPEKi CAaMOCTIMHO 30MpaTH Ta aHAI3yBaTH JaHi Ipo edek-
THUBHICTb CBO€1 pOOOTH 3a THUX YM IHIIMX 30BHINIHIX YHHHUKIB Ta JTUHAMIYHO
3MIHIOBaTH CBOi XapaKTEPUCTUKU TaKl SIK, MapaMeTpu MOJYJIALl, piBeHb MOTY-
KHOCTI 0a30BHX Ta MOPTATHBHUX CEHCOPIB, YMOBU POYMIHTY MiX 0a30BUMH
cTaHIisMH (TUTF03aMK). BUKOHYBaTH 3ax01u 3 3a0€3MeYeHHS JOCATHEHHS MaK-
CUMAaJIbHOT e(DEeKTHUBHOCTI B aCIIEKTI €HEPTOCIOKUBAHHS CEHCOPiB, BUKOPUCTaH-
HS PaJio4aCTOTHOTO CIIEKTPY.

KorniTuBHa Meperka 3aBIsIKH BUKOPHUCTAHHIO TEXHOJIOTI MAIIMHHOTO HaB-
YaHHS 3/1aTHA aHAI3yBaTH, KOHTPOJIIOBATH, pearyBaTH Ta MPOTHO3yBaTH Oa3y-
FOYMCh Ha BIJIMOBITHUX METPHUKAX TaKUX SIK:

- KUIBKICTh aKTUBHMX KOPHUCTYBAYiB,

- TIOKa3HUKU HABAHTAKEHHS HA MEPEXKY,

- aHaJji3 JOCTYITHOTO Ha JaHUN MOMEHT PaJloyacTOTHOTO PECypcy,

- TIOKa3HUKHU EJIEKTPOMArHITHOI CyMICHOCTI 3 MEPEXKAMH SIK1
MPAaIOI0Th B IIbOMY K BUIUICHOMY Jiana3oHi 4acToT,

- BWJI Ta CTYIiHb BIUTUBY 3asaz

Jlo1aTKOBUM METOJOM TiABUIIICHHS 3aBaJOCTIMKOCTI MEepexi 1 301TIbIIICHHS
pazalycy NOKpUTTS € BUKopucTaHHs JIiHIMiHO yactoTHOI Monymamii(JIUM) abo
chirp spread spectrum(CSS). Jlanuii i Moayisamii € eeKTHBHUM y BHITaIKax
KOJIM HeMa€e HeOOX1THOCTI nepeaBaTh Beaukuii 00’ eM nanux (o 50 x6/c).

biok-cxema mponoHOBaHOI CHCTEMH Ma€ HACTYITHUIN BUTIISL;

CEHCOPU LWAKO3
(Bazosa cTaHuis)
MEPEXKEBWIN CEPBEP
(«!»)
KAHAA 3B'93KY CEPBEP

o®—-E-E
el

Pucynok 1. Cxema tonosnorii Mepexi

CucrtemMa CKJIaJIa€ThCsl 3 KIHIIEBUX MPHUCTPOIB SK1 SBISIOTH COOOKO TOpTa-
TUBHI aBTOHOMHI MOHITOpPHY CTaHy marieHta(kapaiorpad, myabCOKCUMETp, JaT-
YUK TeMIlepaTypu 1 T.1.). ba3oBuX cTaHiliil siki 3a0€3MeuyoTh MOKPUTTS CBOTO
BIJIMOBIAAIBHOTO CeKTOpa. MepexxeBuil cepBep KU 3A1MCHIOE KEpyBaHHS Me-
peXero 1 IeKoyBaHHSI OTpuMaHuxX JnaHux. CepBep SKHII BUKOHYE OOpOOKY Ta
30epiraHHsi OTPUMAaHUX JaHUX, KJIacu(]iKye MOBIAOMIIEHHS 3a CTYIIEHEM TepMi-
HOBOCTI 1 HaNpaBJisie 10 BiMOBITATBHUX 0CI0 JIJIsl HaJaHHS HEBIAKIAIHOL 10TIO-
MOTH.
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Meperxa BUKOHY€e (DyHKIIT KOHTPOJIIO CTaHy Malli€eHTa, KOHTPOJIIO CTaTyCy
JaTYuKiB, KoHPIrypailiro 6a30BUX CTaHIIM 1 JaTYKKIB, KJIacu(piKaIliio MOB1IOM-
JIEHb BiJl JATYMKIB 32 PIBHEM BaKJIMBOCTI MOBIJOMIJICHHS, HAIIPaBJICHHS MOBIJIO-
MJIEHb MEIUYHOMY IEepPCOHANy s 1H(QOPMYBaHHS MPO HEOOXIJHICTh MPOBE-
JICHHSI TepaleBTUYHUX a00 peaHIMaIlliHUX 3aXOJIB B pa3l iX HE0OXiTHOCTI. 3a-
Oe3mneuye TeoOKallilo MalleHTa B pa3i HAaCTaHHS KPUTHYHOTO BUIAJIKY LUISIXOM
MOHITOPUHTY PiBHSI CHTHAJIIB JaTYWKa BITHOCHO MICIIh PO3TaITyBaHHSI 0a30BUX
cTaHiii. Bukonye 3axoau 3 00poOKy 1 ToTyBaHHs apaMeTpiB MaIlieHTa B Yaci 3
MIPUB’ I3KOT0 70 TIEPCOHATBHUX MEINYHUX KapTOK.

MoHITOpHUHT CTaHy 3/10pOB’s 3a (DYHKLIOHAIBHUMHU MOKAa3HUKAMU 3a JI0-
MTOMOTOI0 CEHCOPIB Y peablTiTaliifHI il MEUIMHI: CUCTEMaTUIHUHN OTJISI]T
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AHoOTALlIA

3anponoHOBaHy peajizalilo KOMIUIEKCY OOMIHY JaHUMHU MDK CUCTEMaMH MOHITOPUHTY
CTaHy MaIlieHTa Ta CUCTeMaM# 0OpoOKH Ta 30epiraHHg MeIUYHUX AaHuX. HaBeneHo aprymeH-
Tallir0 HeOOXI1THOCTI BIPOBAHKCHHS MOAIOHMX CHCTEM B MEIWYHUX 3aKJIa/ax, MEePCHeKTUBU
PO3BUTKY HU(PPOBUX cUCTEM 300py nepenadi 1 00poOku gaHux. PosrisHyTo 0co0aMBOCTI ic-
HYIOUUX CHCTEM, OIHUC iX TOJIOBHUX HEOJIIKIB.

KitouoBi ci0Ba: MOHITOPUHT CTaHy Malli€HTiB, MEIWYHEe OOJaJHAaHHS, KOTHITHBHE pa-
J110, TEXHOJIOT1Sl pO3LIMPEHHS CIEKTPY.

Abstract

The proposed implementation of a data transfer network between patient condition mon-
itoring systems and medical data processing and storage systems. Argumentation of the im-
plement such systems in medical institutions, prospects for the development of digital systems
for data collection, transmission and processing is provided. Features of existing systems, de-
scription of their main shortcomings are considered.

Keywords: patient condition monitoring, medical equipment, cognitive radio, spectrum
expansion technology.

Mixcnapoona naykoeo-mexHuiuna Konghepenuis
«Paodiomexniuni npobaemu, cucnanu, anapamu ma cucmemu» 127



Enexkmponixka, nanomexnonocii, oiomeouuni cucmemu, paoiosumipro6anns

EKPAHYBAHHS EJIEKTPOHHUX ITPUJIAAIB KEPYBAHHSA
MPOMUCJIOBUX EJIEKTPOCTAHIIN

Tepewenxo /1. B., macicmpanm, 3invkoecokuil 10.@., 0. m. n., npog.
Hayionanvnuu mexniunuu ynisepcumem Ykpainu « Kuigcokuii nosimexniunuu
incmumym imeni l2ops Cikopcbko2o»

m. Kuis, Yxpaina

[3 MiABUIIEHHAM KUTBKOCTI PaJiOeleKTPOHHOI amapaTypu 3pOCTaE Kijlb-
KICTh €JICKTPOMAarHiTHUX 3aBaJl B OTOUYIOUOMY CEPEAOBHIII. AKTYaIbHICTh 0O-
pPOTHOU 3 €JEKTPOMArHiTHUMU 3aBaJlaMHi OCOOJIMBO 3HAUYINA HA MiANPUEMCTBAX,
K1 TEHEPYIOTh BEJIHKI €IeKTPUYHI MOTY>KHOCTI, HAIIPUKJIAJ], €IEKTPOCTAHIIII.

[udposa anaparypa ynpaBiiHHS CKIQAHUMH TEXHOJIOTTYHHUMHU MPOIIECaMu
€JIEKTPOCTAHLII SIBJIE COOO0 JKEPETIO JOJAaTKOBUX €JIEKTPOMATHITHUX 3aBaj
np J1ii Ha Hei cTpuOKa MOCTIMHOT HanpyTH (IMITyJIbCa).

B anapatypi Oyab-sikuii eJIeKTpOHHHM JaHIIOT MOXKe OyTH MpeCcTaBICHUN
YOTUPBHOXIOIOCHUKOM (puc. 1) 31 cBoiMu 0a30BUMHU XapaKTEPUCTUKAMHU — Ce-
penniit koedimieHT nepenadi (miacuinenns) Ko, aMmiiTyjHo-4acTOTHA XapakTe-
puctuka A(®), dazo-yactoTHa xapakrepuctuka ¢(w). [Ipu aii Ha #oro BXomi

1,101
o ey = E(G+= [ =-sinwt - dw)
cTpubKa MOCTIHOT HANPYTH, 2 w0 w .

o—— Ko, A(w), F—
eBX (m) eBHX
o—o ¢ L — o

PucyHnok 1 — BXiJiHa Hanpyra 4OTUPHOXIOIIOCHUKA

[lepenniit (GpoHT iMITysbca HApPYrd ONUCYEThbes psaoM Dyp’e sk cyma
CUHYCOIiJl Hanpyru pi3HuX yacTtoT. l[lommpenns psaagy ®@yp’e Ha HENepioauyHy
dbyHKIII0 Ja€ HEOOXITHICTh Mepexoay Bil GyHKIT A0 iHTerpany dyp’e, mo 1
MOKa3aHo Ha nonepeaHii GyHkiii CBX.

k1o Ha BXOA1 YOTUPHOXITOJIIOCHUKA JII€ HATIpyTa

1 1 ool .
esx = EC++=[ = sinwt-dw) : N
2 70 w , B — ammiiTynHe 3Ha4eHHs BXimHOi

HaTpyru
IMITyJIbCa, TO Ha BUXO/I1 HOTO BUHHMKAE HAMpyTa
[00]
E-Ky [ A(w) |
Capx = sinfwt + ¢(w)] dw
(0 )

0
Bukopucraem s aHaiizy aMmIUTITYyIHO-4aCTOTHY XapaKTEPUCTUKY A(®)

11eanpHOil hopmu (puc. 2), To6TO
A(w)=0 npu ® < ®o— Aw, (Touka 1)
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Enexkmponixka, nanomexnonozii, 0iomeoudni cucmemu, paodiosumipro6anHs

Alw)=1 npu 0o + A0 <o < m— Ao,

A(®) =0 npu ® > mp + Aw (Touka 2)
ITpu Takiit ymoBi ¢a30uacToTHI CIOTBOPEHHS BijicyTHI (¢(w) = 0). B mbomy
BUIIAJIKY BHJI €BUX CIIPOILYETHCS:

wotAw
E-K, 1
Copx = — o sin(wt) dw
wo—Aw

PimieHHs bOro 1IHTErPAILHOTO BUPA3y JAE€:

= zE Ky 0[ nmAwt - sinwgt]
e sSinawt * sinw
BHUX T Ot 0

)

3 aMIUTITYJHUM 3HA4E€HHSIM
2E-Ky, . 20AwEK, sinAwt EKyAf sinAwt
Agyy = ——— rsinwyt = : = .

Twot W, Awt Twy Awt

)

ne Af — mupuHa CMyTH MPOIMYCKaHHS YaCTOTHOT XapaKTePUCTUKHA KOHTYpA.

(DopMa BHXiIIHOFO CUTHAIIY Cgux YOTHPBOXIIOJIOCHHUKA 306pa>KeHa Ha puc. 3.
A(w)

1 Wo
24w

PucyHOK 2 — cMyra MpomnycKanHss ~ PHCYHOK 3 — BUXIAHHI CHIHAJ

ineanbHOI popmu JOTHPHOXOJFOCHUKA

ToOTo, SKIIIO HAa BXO/I YOTPUPHOXIOIIOCHUKA 3 17I€aTbHOI0 aMILUTITyIHOYA-
CTOTHOIO XapaKTePUCTUKOIO A(®) Ji€ CTPUOOK HAIMPYTH 3 11€ATHOIO0 TIPSIMOKY-
THOIO (DOPMOTO, HA BUXOJII YOTHPHOXTIOIIOCHHUKA 3 SBIISETHCS HAMpyTa 3 JBOMA

YaCTOTaMHM, MPOEKIIMHIA YaCTUHI YaCTOTH CMYTH MPOIMYCKaHHS YOTHUPBOXIIO-
Aw

JIOCHUKA f= 7 , Ta BUCOKOI 4acCTOTI, IO MPUPIBHEHA IEHTPAIBbHIN Y4aCTOT1 Mo

CMYTH NMPOMYCKAHHS YOTUPBOXIIOIIOCHUKA.

Po3paxyeMo Agux. max 32 HOpMYyIIOTO:
Ky E - At s
ABHX Max = n,—a)o = 1.91 ) 10 (B)

Ile o3Hauae, 1m0 HEHTpaIbHA BUCOKA 4acToTa 00 CMYrd MPOMyCKAHHS MO-
IYJIFOETHCA HU3BKOKO YaCTOTO A®, 10 XapaKTEPU3YI0 LIMPUHY CMYTH MPOIYC-

KaHHS YOTUPBOXIIOIIOCHUKA, CTBOPIOIOYM (DI3UYHMI Tpoliec OUTTS pi3HUX 3a
YaCTOTOIO CUTHAJIIB.
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Enexkmponixka, nanomexnonocii, oiomeouuni cucmemu, paoiosumipro6anns

VY BuUnaaxky Heijeaai30BaHOT CMYTH YacTOT, a pealibHoi (puc. 4) (HempsaMo-
w

T =— . .
KyTHa (hopMa) B YACOBUX TOUKAX Aw Hampyra Agux # 0, TOA1 BUX1JIHA HANIpy-
TY €gux IPUIMAE BUTIISIT 300paXkeHUi Ha puC. 4.

4 esux

3
—>
t

|
o-AW w 2
PucyHok 4 — peanbHa cMyra PucyHOK 5 — BUXiqHUI CHTHAJ peaIbHOIo

IIPOITyCKaHHS Ha KOHTYP1 YoTHPHOXIIOIIOCHHKA

2- CMyTa IIPOITyCKaHHA I YOTHPBOXIIOIIFOCHUKA 3

AUYX (puc. 4), 3 — 14 MIIPOKOI CMYTH IIPOITYyCKaHHS)

Takum yuHOM, HasBHICTH B IU(pPOBIM amaparypi Oyab-sSkux (mependade-
HUX YU Henepen0adyeHuX) YOTUPBOXITONIOCHUKIB 3 peaibHuMu AUYX nipu aii Ha
HUX IMIYJbCHUX CUTHAJIIB BUHHKA€E HemepeadauyBaHa BHYTPILIIHS €JIeKTpoMar-
HITHA 3aBaJia, 1[0 Ma€ MOJIYacTOTHI XapakTep 1 MOTpedye NONaTKOBUX amapar-
HUX 3ac0o01B (Hampukiaj, ¢uibTpallii). 3BaXKalou Ha MOXJIUBY BEIUKY KiJib-
KICTb Henepea0aueHUX OCHOBHOIO CXEMOI0 YOTHUPBOXIOJIIOCHUKIB 3 PI3HUMHU
aMIUTITYIHO-4aCTOTHUMHU Ta (pa30-4aCTOTHUMU XapaKTEPUCTUKAMM, [TO1aBJICHHS
BHYTPILIHIX Napa3UTHUX CUTHANIB 3 LIMPOKUM J1alla30HOM YacTOT MOKE HOCH-
TH CKJIQJHUI KOMIUIEKCHUI XapaKTep.
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AHoOTAaLA

PosrnsiHyTi BakiMBi BapiaHTH MOSIBM Apa3UTHOI BHYTPILIHBOT 3aBajld, IKa YTBOPIOETh-
Csl JII€}0 Ha BHYTPIIIHI NMAacUBHI YOTHPBOXIOIIOCHUUK, L0 CKJIANAEThCA 3 PaiOeTIeMEHTIB
amapatypH 1 Ma€ BJIaCHUN KOe(]IIlieHT mepeaadi aMIuniTyaHo- Ta $a30-4aCTOTHI XapaKkTepHuc-
TUKH, Ha SIKWH /i€ CTpHOOK MOCTIMHOT HaNIPpyTy MpH J1ii Ha anaparypy iIMIyJIbCHOT 3aBa/IH.
KirouoBi cnoBa: iMmysbCcHa 3aBajia, EKpaHyBaHHS

Abstract

Considered important options for the appearance of parasitic internal interference, which
is formed by the action on internal passive four-pole equipment, consisting of radio elements
of the equipment and having its own transmission coefficient of amplitude and phase-
frequency characteristics, which is affected by a jump in constant voltage when the equipment
is affected by impulse interference.

Keywords: impulse interference, shielding
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