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CTaTHCTUKA MOJIS AHTEHHUX PeIliTOK 3 HeoqHOpimHUM mommikamu (CepeHi XapaKTepUCTHKH aHTeHH) /
JI.T. Kopnuienxo Il Pagiorexnika : Beceykp. MixBin. Hayk.-rexH. 36. 2020. Bun. 201. C. 7 — 37.

BuxmageHo METOAMKY IOCIIKEHHS CIPSMOBAaHUX BIACTHBOCTEH aHTEHHUX PEIIiTOK 3 HEOTHOPITHUMH (32 AMC-
TIEPCi€r0) TIOMIUTKaMH B 30y/KEHHI 1 pO3MIIIIeHHI BUITPOMiHIOBadiB. BH3HaueHO MeXaHI3MH MTOXO/HKEHHS i MaTeMaTH4-
Ha MOJIeJTb HEOHOPITHUX MOMIJIOK. BHUABIEHO 0COONMMBOCTI Ta BiAMIHHOCTI B CTATUCTHYHHUX e(DEeKTaX, BIACTHBHX Ce-
pEemHIM XapaKTepUCTHKAaM aHTCHH IPH HEOTHOPITHHUX 1 OTHOPIMHIX MOMIIIKaX. JIOCHiIKEeHO 3araibHi BIACTHBOCTI Ce-
penuboi miarpamu cupsimoBaHocTi (JIC) 3a MOTYXHICTIO, IPEICTABICHOI Y BUIIIAI PO3KIAJAaHHI HAa KOTEPEHTHY 1 po3-
CiloBaHy CKJIaJOBi, JUIsl JOBUIbHUX aHTEHHUX PELIITOK, 3HAUYSHHs IIOMMJIOK 1 1X 3aKoHy po3mnoainy. KorepenTHa ckiano-
Ba HE 3aJIeKaTh BiJ] KOPEISILIHHUX BIACTUBOCTEH MOMMIOK 1 JOPMYETHCS CTATUCTHYHHUM aMILTITYJHO-(a30BUM PO3IIO-
ninom (ADP), BiagMiHHOCTI sikoro Bij peryisipHoro ADP 3anexaTth Bif CTyHeHs HEOAHOPimHOCTI moMuiiok. CTymiHb
KOpeJIsiLii TOMIJIOK BIUIMBA€E HA CHPSIMOBAHI BIACTUBOCTI PO3CiIOBAHOT NOTY)XHOCTI. [IJisi MOBHICTIO KOPENbOBAHUX IO-
muiiok cepeansi JIC He 30iraetses 3 JIC 3a BincyTHOCTI moMmioK. YncenbHi pe3ysibTaTH HaBeeH JUIs JTiHIHHUX aHTeH-
HUX PEITOK 1 TPhOX THIIIB HEOAHOPIMHUX (ha30BUX IMOMMUIIOK 31 3pOCTaIOYOI0, CIaJHOI0 O KpaiB aHTeHU JHUCIEPCIEl0
Ta ii ABOpiBHEBUM 3HaueHH:IM. OOpaHO KpUTEpiil eKBIBAIIEHTHOCTI HEOTHOPIMHUX (Ha30BUX MOMUJIOK 33 IHTCHCHBHICTIO
X BIIMBY Ha I0JIe BUIIPOMiHIOBaHH:. AHami3 cepeanboi JJC, rpaHIIHOTO CepeHbOTO PiBHSA OI1YHOTO BUIPOMIHIOBAHHS
MIPOBEJICHO 3 BUKOPHUCTAHHIM y3araJlbHEHOI KyTOBOI 3MiHHOI, III0 O3BOJIMIO TOIIUPUTH PE3YNIBTATH Ha PELIITKH 3 HO-
MIEPEYHNM, TIOXMJINM 1 OCBOBUM BHUIIPOMIHIOBAHHAM 3 PI3HUMH €NCKTPHYHUMH PO3MipaMH i KPOKOM, a TAKOXX MOPIBH -
TH iX 3 Oe3nepepBHUMH CHCTEMaMH 1 BU3HAYUTH 00JIacTi 30iry pe3ynbTaTiB. BUBUEHO MUTaHHS MO0 CEPEIHBOTO KOe-
¢iuienty cnpsmoanoi aii (KCJI). [lnst pemniTok 3 0CbOBMM BUIPOMIHIOBAHHSIM BU3HAYEHO ONTHMANbHI CIiBBIAHONICH-
HS JUISl JOCSITHEHHSI HOTO MaKCHMaJIbHOTO 3HA4YEHHS 3 ypaxyBaHHSIM THUIy HEOJHOPIAHUX (ha30BUX IMOMHIIOK, IX KOpe-
JSIIHHKUX BJIACTUBOCTEH 1 KpPOKY pemiTku. [loka3aHa TOLIBHICTh BpaxyBaHHs IPH CTATHCTHYHOMY aHai3i MOJs aHTEeH
BJIACTHBOCTI HEOHOPIHOCTI TIOMHIIOK, OCKIJIBKY XapaKkTep BIUIMBY iX Ha CIPSMOBaHI i €HEPreTH4HI MOKa3HUKU PelLiT-
KU 1 11 4yTIMBICTH MMOMITHO 3QJISKUTh BiJ| IX THITy 1 aMIUTITYJHOTO PO3MO/iny. BusHadeHo Tinu $pa3oBuX MNOMUIIOK, IO
BUKJIMKAIOTh ITiJBHUIIEHI CIOTBOPEHHS CEPeAHIX XapakTepucTuk. OTpUMaHi TEOPETHUYHI JlaHi y3arajbHIOIOTh BUCHOBKH
Teopii aHTEHHHWX PEIITOK 3 OJHOPIAHUMH MOMWIKAMH 1 JONOBHIOIOTH iX HOBMMH YSIBIEHHSMH IIPO XapaKTEPHUCTHKU
BUIIAJJKOBUX TIOJIIB 1 CHOCOOAMH ITPaKTHYHOTO BUKOPUCTAHHS PE3yJIbTaTiB JOCIIKEHb.

Kniouosi cnosa: anTeHHa pelIiTKa, MonepeyHe, NOXWiIe, 0OCbOBE BUIPOMIHIOBAHHS; HEOJHOPIIHI TOMIJIKU B aMII-
TMTYIHO-()a30BOMY pO3MOILTL i PO3MIIICHHI BUIIPOMIHIOBaYiB; AUCIIEPCis; KOpeNsiiHa QyHKIliS TOMUIOK; KOTepEHTHA
1 po3cisiHa CKJIaJIOBI CEpeqHBOT TiarpamMu CIpsIMOBaHOCTI; ctatuctuaHe ADP; cepenniit i rpanmunmii KC/I.

1. 38. bibmiorp.: 16 Ha3s.

YK 621.397.671

CraTucTnKa MoJisi aHTEHHBIX PEelIeTOK ¢ HEOAHOPOAHBIMHU omuokamu (CpenHue XapaKTePUCTHKH aHTEH-
ubl) / JL.I". Kopnuenxo Il Paguorexuuka : Beeykp. MexxBe. Hayd.-TexH. ¢6. 2020. Beim. 201. C. 7 — 37.

W3noxeHa MeToMKa UCCIIEJOBaHHS HAMIPABJICHHBIX CBOMCTB aHTEHHBIX PEIIETOK C HEOAHOPOJHBIMH (IO JUCIEp-
cUM) OIIMOKaMH B BO30YK/IEHUU M pa3MelleHnH u3irydareneii. OnpenesneHbl MeXaHU3MbI TPOUCXOKACHHUS U MaTeMaTH-
YecKkasi MOJIeNIb HEOJJHOPOJHBIX OIIMOOK. BBISBIEHBI OCOOEHHOCTH M Pa3jIM4Ms B CTATUCTHYECKUX (P (PeKTax, CBOHCT-
BEHHBIX CPEJHHM XapaKTEpPHCTHKaM aHTEHHBI NPH HEOJHOPOJHBIX M OJHOPOJHBIX ommOkax. VccienoBaHbl oOmmme
CBOMCTBa cpenHel auarpammbl HanpasieHHOcTH (JJH) mo MomHOCTH, npecTaBlieHHOW B BHJE Pa3IOKEHUsI Ha Kore-
PEHTHYIO M PACCESIHHYIO COCTaBJISIONINE, JUIs MPOU3BOJILHBIX aHTEHHBIX PELIETOK, 3HAYEHUH OIMOOK N MX 3aKOHA pac-
npexaeneHus. KorepeHTHas cocTaBisiomas He 3aBUCUT OT KOPPEJSIIMOHHBIX CBOMCTB OMIMOOK W (pOpMHUpYETCS CTaTH-
CTHYECKUM aMIUINTY/IHO-(a30BbIM pacnpenenenneM (ADP), ornuune kotoporo ot perymspaoro AD®P 3aBucur ot cre-
MeHU HEOJHOPOAHOCTH OomMOOK. CTeneHb KOppessiuy OIMOOK BIHMSET Ha HANPABJICHHbIE CBOMCTBA PACCESIHHON MOILII-
HOCTH. /{7151 TOJTHOCTRIO KOPPETHPOBAHHBIX ommnbok cpenusas [IH He coBmamaet ¢ [IH B oTcyTcTBHE ommboK. YncneH-
HBIE PE3yJbTaThl IPUBEJCHBI JUIS JIMHEHHBIX AHTEHHBIX PEIIETOK M TPEX THIIOB HEOTHOPOAHBIX (DAa30BBIX OLIMOOK C
BO3pacTaromel, yosIBalomel K KpasM aHTCHHBI IUCIEPCUEH U ee ABYXYPOBHEBBIM 3Ha4eHHEM. BBIOpaH KpUTEpHH dK-
BUBAJICHTHOCTH HEOJHOPOJHBIX (Pa30BBIX OIIMOOK MO0 MHTEHCHBHOCTH MX BO3JCHUCTBHS Ha M3JydaeMble MOl AHanu3
cpenneii JIH, mpenenbHOTo CpeaHEro YpoBHSI OOKOBOTO M3Ty4YeHHS MPOBEACH C UCIOIB30BaHUEM OO0OOIIEHHON yTio-
BOW MEpEeMEHHOM, YTO MO3BOJIMIIO PACTIPOCTPAHUTh PE3YJIbTAThl HA PEIIETKH C TIONEPEYHBIM, HAKJIOHHBIM U OCEBBIM H3-
JIy4€HHEM C pa3HbIMHU IEKTPUUECKHMH Pa3MEpaMH M IIaroM, a TakKe CPaBHUTb UX C HENPEPHIBHBIMU M3JTy4alOMIIMHU
CUCTEMaMH U OINPEJENUTh 00JacTH COBNAJIeHUs pe3ynbTaTtoB. M3ydeH Bonpoc o cpeqHeM koadduiyeHTe HanpasieH-
Horo aevictBust (KHJI). [lyist penieTok ¢ OCeBbIM M3IIy4E€HHEM OIpeJiesIeHbl ONTHMaIbHbIE COOTHOIIEHUS ISl JOCTHKE-
HUSI €T0 MAaKCMMAJILHOTO 3HAYCHHUS C YYETOM THIIA HEOJHOPOJIHBIX (ha30BbIX OLIMOOK, UX KOPPEISLMOHHBIX CBOWCTB H
mara penietky. [lokasana nenecooOpa3HOCTh yueTa NP CTaTUCTUYECKOM aHAJIM3€ I0JIsl aHTEHH CBOWCTBA HEOJAHOPO/I-
HOCTH OIIMOOK, IIOCKOJIBKY XapaKTep BIMSHHUA UX Ha HAlPABICHHBIC M YHEPIETUUECKHE OKA3aTEIH PEIIETKH U €€ Ty B-
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CTBUTCIIBHOCTH 3aMETHO 3aBUCAT OT UX THUIIA U aMIUIMTYJIHOI'O pacupeCaciICHusA. OHpe,HeJIeHbI THUIIbI d)aSOBI)IX OIHI/I6OK,
BBI3BIBAIOMINX ITOBBINICHHBIC HCKAXCHUA CPECAHUX XapaKTCPUCTHUK. HOHy‘IeHHBIe TCOPECTUYCCKUE JTAHHBIC 0606H121IOT
PE3yabTaThl TECOPUNU AHTEHHBIX PEHIETOK C OAHOPOIHBIMH omnOKaMu U JOMOJIHAIOT X HOBBIMU IIPEACTABJICHUAMHU O
XapaKTePUCTHKAX CIYYalHBIX MOJIEH U CII0CO0aMy MPAaKTHIECKOTO HCIIOIB30BAHUS PE3yIIbTATOB HCCIEJOBAHUH.

Knrouesvie cnosa: anTeHHas peuIeTKa; MmornepeIHoe, HaKJIOHHOE, OCEBOC HU3ITYUYCHHUE; HEOAHOPOIHBIC OIINOKN B
aMIUTUTYIHO-()a30BOM pacIpeleNieHHH B Pa3MEIICHNN H3ITydaTesiel; qUCIepChsl; KOppesiroHHas (pyHKINS OMHOOK;
KOIr'e¢pCHTHad U pacCCdHHasl COCTAaBJIAIOMINEC cpez[Heﬁ AuarpaMMbl HAIIpaBJIC€HHOCTH, CTATUCTUYCCKOC A(DP, CpeJJHI/Iﬁ u
npenensHbii KH/I.

Wn. 38. bubmuorp.: 16 Ha3B.

UDC 621.397.671

Statistics of the antenna arrays field with heterogeneous errors (Average antenna characteristics) /
L.G. Kornienko // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 7 — 37.

A methodology for studying the directional properties of antenna arrays with heterogeneous (in dispersion) errors
in the excitation and placement of radiators is described. Mechanisms of origin and the mathematical model of
heterogeneous errors are determined. Features and differences in statistical effects inherent in the average antenna
characteristics of heterogeneous and uniform errors are revealed. General properties of the average power radiation
pattern (RP), represented as an expansion into coherent and scattered components, for arbitrary antenna arrays, error
values, and their distribution law are investigated. The coherent component does not depend on the correlation
properties of errors and is formed by a statistical amplitude-phase distribution (APD), the differences of which from a
regular APD depend on the degree of error heterogeneity. The degree of error correlation affects the directional
properties of the dissipated power. For completely correlated errors, the average RP does not coincide with the RP in
the absence of errors. Numerical results are given for linear antenna arrays and three types of heterogeneous phase
errors with increasing/decreasing dispersion towards the edges of the antenna and its two-level value. A criterion for the
equivalence of heterogeneous phase errors by the intensity of their impact on the radiated fields is selected. The analysis
of the average RP, the limiting average level of lateral radiation was carried out using a generalized angular variable,
which allowed us to extend the results to antenna arrays with transverse, inclined, and axial radiation with different
electric sizes and steps, as well as compare them with continuous radiated systems and determine the areas where the
results coincide. The question of the average directive gain (DG) is studied. For antenna arrays with axial radiation, the
optimal relations are determined to achieve its maximum value, taking into account the type of heterogeneous phase
errors, their correlation properties, and the antenna arrays spacing. It is shown that it is advisable to take into account
the properties of error heterogeneity in the statistical analysis of the antenna field, since the nature of their influence on
the directional and energy parameters of the array and its sensitivity depends significantly on their type and amplitude
distribution. The types of phase errors causing increased distortion of the average characteristics are determined. The
obtained theoretical data generalize the results of the theory of antenna arrays with uniform errors and supplement them
with new ideas about the characteristics of random fields and ways of practical use of research results.

Keywords: antenna array; transverse, inclined, axial radiation; heterogeneous errors in the amplitude-phase
distribution and placement of radiators; dispersion; error correlation function; coherent and scattered components of the
average radiation pattern; statistical APD; average and limiting directive gain.

38 fig. Ref: 16 items.

YK 662.396.67: 621.314.6

Cucrema Oe3mpoBinHoi mnepenayi eHeprii 3 0OaraTono3umiiiHoOl mneperaBajdbHOKW migcucTeMow /
J.B. I'peyvkux, A.I Jlyuaninos, A.B. I'omoszoe Il Pamiorexuika : Beeykp. mixsia. Hayk.-texs. 30. 2020. Bum. 201.
C.38-51

PosrasHyTO 0cobmmBOCTI cuctem 6e3mpoBiaHoi nepenadi eneprii (BIIE) 3 mepenaBaibHOO MiJCUCTEMOIO HA OC-
HOBI chOoKycOBaHOi Oaratono3ulliitHoi cuctemu Bunpominiobadis (bCB).

BukianeHo OCHOBHI NPUHLIMIIN MOOYMOBH Ta YIPaBIiHHSA TaKMMHU cucremMamu. [IpoBeneHo mareMaTHYHE MOje-
JIFOBAaHHS TOJI HA anepTypi peKTeHH, CTBOpIoBaHOTO cokycoBaHoto BCB. Ha mizcraBi oTpuMaHuX pe3ysbTaTiB BUMI-
neHo psx nepesar cucreM bITE, moGynosannx Ha ocHoBi BCB, B nopiBusaHHI 3 cucremamu BITE, moGynoBannx Ha oc-
HOBI OJTHOTIO3ULIHHKX TepeaaBalbHIX aHTeH. [loka3aHo, 0 3 IpaKTHYHOI TOYKH 30py MiAXiJ 0 peanizawii nepenasa-
nbpHOT migcuctemu cuctemu bIIE Ha ocHoBi BCB € npuBabmuBuM, 0HaK MPH [BOMY 3aJIMIIAIOTHCS HE JI0 KiHI 3'siCO-
BaHMMH THTaHHS, MOB'A3aHI 3 OLIIHKOI0 e()EeKTHUBHOCTI KPYIHOANEPTYPHHUX PEKTEH, SIKi 30yKYIOTBCS iICTOTHO HEpPiBHO-
MipHHAM 110JIeM cTBOproBaHnM bCB.

Po3pobneno minxin g0 aHamizy KpymHOANEPTYPHUX PEKTEH, AKi 30yIKYIOTECS CYTTEBO HEPIBHOMIPHUM II0JIEM, Ha
OCHOBI SIKOTO OyJIO TPOBEIEHO MOJICIOBAHHS PEKTEHH, BHIIPOMIHIOIOYA CTPYKTypa SKOi CKJajanacs 3 CHCTEMH Hapa-
JIENBHUX MIKPOCMYXXKOBHX IIPOBIIHUKIB, B PO3PHBH SKHX Yepe3 PiBHI MPOMDKKH BKIOYEHO BumpsAMHI mioxn IloTki.
Bubip Takoi KOHCTPYKIIii BUIIPOMIHIOIOUO1 CTPYKTYPH JIO3BOJIUB Pealli3yBaTH JBOIIAPOBY MIKPOCMYKKOBY PEKTEHY,
10 TIEPETBOPIOE EIIEKTPOMATHITHI TIOJIST 3 KPYTOBOIO MOJISIPU3AIIi€I0 B MMOCTIHHKUKA CTPyM. Y HWKHBOMY Iapi Oynu po3s-
MillleH] TPUHMaIbHO-BUIIPSIMHI €IEMEHTH, sIKi IIEPETBOPIOIOTH TOJIE 3 BEPTUKAIBHOIO MOJISPHU3ALIEI0, 8 Y BEPXHBOMY —
3 TOpU3OHTAIBbHOM0. [IIst 3ajaHOr0 pexxuMy 30y/DKEHHSI peKTEHH OyB PO3pOOJIeHHI alropuT™ MoOyaoBH CXeMH 300py
MOTYXHOCTI MOCTiHOrO CcTpyMy 1 npoBeneHa oninka i KK/I.
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Knouogi crosa: 6e3mpoBiiHa Tiepenada eHeprii; KpymHoanepTypHa peKTeHa; 0araTormo3uiliiHa CHCTeMa BUTIPOMi-
uroBauiB; KKJI sunpsmnenns; KK/ 30opy; cxema 300py HOTY>KHOCTI. .

Tabm. 3. In. 18. Bibmiorp.: 27 Ha3B.

VJIK 662.396.67: 621.314.6

Cucrema O0ecrnpoBOIHOI meperaun 3HEPrHH C MHOTOMO3WIUOHHON mepenamomeii moacucremoi /
H.B. Tpeyxux, A.H. Jlyuanunos, A.B. I'omozos Il Paguorexunka : Beeykp. Mexsen. Hayd.-TexH. ¢6. 2020. Bomt. 201.
C.38-51.

PaccmoTpensl ocobeHHOCTH cucTeM OecrpoBoHO# nepenaun sHeprun (BI1D) ¢ mepenaromiei moacucTeMoi Ha
OCHOBE c()OKYCHPOBAaHHOW MHOTOIO3HUIIMOHHOW cucTeMbl u3nyyareneit (MCH).

H3nosxeHpl 0OCHOBHBIE NPUHOUIIBI TIOCTPOCHUA U YHPABJICHUA TaKUMHU CUCTEMaMU. HpOBe)IeHO MaTEMaTHYCCKOC
MOACJIHUPOBAHUE TTOJIA HAa allepType€ PCKTCHHBI, CO31aBacMOTI'0 C(I)OKyCI/IpOBaHHOfI MCH. Ha ocHoBaHuu TOJTYUCHHBIX
PE3YJIbTATOB BBIACJICH pAd NPEUMYIICCTB CUCTEM BHQ, NOCTPOCHHBIX HA OCHOBEC MCM, 0 CpaBHCHHIO C CUCTCMaMU
BIID, mocTpoeHHBIX Ha OCHOBE OJHOIIO3UIIMOHHBIX IepelalonnX aHTeHH. [10ka3aHo, 4TO ¢ MPAaKTUIECKOH TOYKHU 3pe-
HUS TOAXOJ K peanu3aliy rnepenaromeii moacucreMsl cucteMbl BIID Ha ocHOBe MCU siBNsIeTCS TPUBIIEKATEIEHBIM,
OJIHAKO TIPH ATOM OCTAIOTCS HE JO0 KOHIIA BBISICHEHHBIMH BOIPOCHI, CBSI3aHHBIC C ONEHKOW 3((EKTUBHOCTH KPYIHO-
aAIllCPTYPHBIX PCKTCHH, B036Y)K,I[aeMBIX CYIICCTBCHHO HCPABHOMCPHBIM I1OJIEM, CO31aBACMbIM MCH.

Pa3paboTan moaxona k aHAMH3Y KPYITHOATIEPTYPHBIX PEKTEHH, BO30YKIaEMBIX CYIIECTBEHHO HEPAaBHOMEPHBIM ITO-
JICM, Ha OCHOBE KOTOPOT'O OBLIO MMPpOBEACHO MOACIIMPOBAHNUC PCKTCHHBI, U3JIyHaroIlasa CTPYKTypa KOTOpOﬁ COCTOsJIa U3
CUCTEMbBI NapaUICJIbHBIX MUKPOIIOJIOCKOBBIX MPOBOJHHUKOB, B PA3PhIBbI KOTOPBIX YC€PE3 paBHBIC MPOMEKYTKH BKIIHOUC-
HBI BIIpsIMUTENbHBIE AuoAbl [IIoTTKH. BhIOOp Takoi KOHCTPYKIMHU H3Iydaroledl CTPYKTYphI MO3BOJMII PEAN30BaTh
JIBYXCJIOWHYIO MHKPOIIOJIOCKOBYIO PEKTCHHY, TPEOOPa3yIOIIYIO JICKTPOMArHUTHBIC TOJIS ¢ KPYTOBOM MOJISIpU3AIIUCH B
MOCTOSIHHBIN TOK. B HM)KHEM ciioe pa3MelieHbl IPUEMHO-BHINPSIMUTEIIBHBIE 3JIEMEHTHI, IPE00pa3yIoIue Moje ¢ BepTH-
KaJbHOH MOJsIpU3aIieli, a B BEpXHEM — ¢ TOPH30HTAIBHOU. J[J1s 3a1aHHOTO pekuMa BO30YKICHUS PEKTCHHBI pa3pado-
TaH AJITOPUTM IMOCTPOCHUSA CXCMbI c60pa MOMIIHOCTH IMOCTOSAHHOT'O TOKAa U IMPOBCJACHA OLICHKA €€ KHI[

Knroueswie cnosa: 6eCHp0BOI[HaiI nepeaada SHCPIruv,; KpynHoanepTypHasa peKTCHHA; MHOT'OIIO3UIIMOHHAA CUCTECMa
manydareneit; KI1J] Bempsvnenns; KITJI c6opa; cxema cOopa MOIIHOCTH.

Tabx. 3. Y. 18. bubmworp.: 27 Ha3B.

UDC 662.396.67: 621.314.6

A wireless power transmission system with the multistate transmitting subsystem / D.V. Gretskih,
A.l. Luchaninov, A.V. Gomozov // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 38 — 51.

Features of a wireless power transmission (WPT) systems with the transmitting subsystem based on a focused
multistate radiators (MSR) systems are considered.

The basic principles for constructing and managing such systems are described. Mathematical modeling of the
field of the created focused MSR at the rectenna aperture is carried out. Based on the results obtained, a number of ad-
vantages of WPT systems built on the basis of MSR are distinguished in comparison with WPT systems built on the
basis of single-position transmitting antennas. It is shown that from a practical point of view, the approach to the im-
plementation of the transmitting subsystem of the WPT system based on the MSR is attractive, however, issues related
to assessing the effectiveness of the large-aperture rectenna excited by a substantially non uniform field created by the
MSR remain not clarified fully.

An approach to the analysis of large-aperture rectennas excited by a substantially non uniform field was devel-
oped, the rectenna modeling was carried out based on this approach, the radiating structure of this rectenna consisted of
a system of parallel microstrip conductors, Schottky rectifier diodes were included in their ruptures at regular intervals.
The choice of such a design of the radiating structure made it possible to realize a two-layer microstrip rectenna con-
verting electromagnetic fields with circular polarization into direct current.

The receiving-rectifying elements transforming the field with vertical polarization were placed in the lower layer,
and the receiving-rectifying elements transforming the field with horizontal polarization were placed in the upper layer.
For a given rectenna excitation mode, an algorithm for constructing a DC power acquisition circuit was developed and
its efficiency was evaluated.

Keywords: wireless power transfer; large-aperture rectenna; multi-position emitter system; rectification efficiency;
acquisition efficiency; power acquisition circuit.

3 tab. 18 fig. Ref: 27 items.

YK 662.396.67: 621.314.6

CucreMa KOHTPOJI MiIBiCKH aBTOMOOINSI HAa OCHOBI TexHoJioriii Ge3qpoToBoi mepenavi eneprii /
H.B. I'peyvrux, B.I". Jluxoepaii, A.A. Ulepouna, C.H. Caxano, T.C. Trauosa Il Pagiorexnika : Beceykp. MixBin. Hayk.-
TexH. 30. 2020. Bum. 201. C. 52 — 63.

Po3rasHyTO 0COOMMBOCTI TOOYMOBH iHTEJIEKTYaIbHHX O€3pOTOBHX cepenoBHIn (Mepex) ceHcopiB (WSN —
Wireless Sensor Networks) i albTepHaTHBHI CITIOCOOH KUBIEHHS iX By3uiB. Ctpimkuii po3BuTok WSN cripusie ycmim-
HOMY IPaKTHYHOMY BIIPOBA/DKEHHIO aKTyaJbHHX 1 3aTpeOyBaHMX KOMYHIKAI[IHHUX TEXHOJOTIH JJIsl MIATPUMKH HOBOT
sIKocTi 00MiHy iH(opMarii, mociyr, cepBiciB 1 JOAATKIB.

[Ipu BupilIeHH] Pi3HUX MPAKTUYHMX 3aBJaHb npuctpoi WSN MOXXyTh MpaloBaTH B yMOBaX, KOJIM 3aMiHa eJeMe-
HTIB XXHBJICHHS € HE3PYYHOIO 200 HaBITh HEMOJJINBOIO. 3 Ili€1 NPUUMHYU abTEPHATHBHI JUKEpena eHeprii MOXKyTh CTaTh
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e(heKTHBHHUM pIillIeHHSAM B YCYHEHHI 3a3HAYCHHUX BHIIE HEAONIKIB, sIKi B PSAJi BUIMAJIKIB CTPUMYIOThH ITPAKTUYHY pealtiza-
uiro WSN.

3anponoHOBaHO KOHIIEMIIII0 CHCTEeMH KOHTpoo miaBicku aBToMo0inst (CKITA), mo peanizoBaHa Ha KOMIIOHEHT-
Hilt 6a31 WSN. Ilpu 1ipoMy po3ristHyTO 0COONMHMBOCTI MOOYIOBH TaKOi CHCTEMH 1 MIPOBEACHO OOTPYHTYBAaHHS TEXHITHOT
aBTOMOOLIS o pajgiokanany; xuBineHHS camoi CKIIA 3xilicHIoBaTH 3a IOTIOMOTOIO0 CHCTeMH O€3IpOoTOBOi mepemadi
eneprii (BIIE). Inst boro po3risiHyTO 0COOIMBOCTI OTpUMaHHS eHepril 3 HaBKoJuIIHbOTO cepenosuina (EH — Energy
Harvesting) 1 Ha naHOMY eTami MOKa3aHa HU3bKa S()CKTHBHICTh TAKOTO MiAX0My. Buxomom 3 qaHOl CUTYyAIll IS )KUB-
nenHst CKIIA e BukopucTaHHs pajaiodactoTHOI nepenadi eneprii. [IpoBeneHo ecki3Hi po3paxyHKH CHOXKUBAHOI MTOTY K-
Hocti CKIIA i HeoOxigHoro piBHs HBY notyxHocTi epeaBaya cucreMu 6€31poTOBOI Iepeiayi eHeprii.

Js mpaktryHoi peanizanii CKITA i iX cepiiiHOro BUPOOHHUIITBA HEOOXIAHO MPOBECTH P AOAATKOBUX IOCTIi-
JOKEHb, TTOB'SI3aHUX 3 THUM, IO JTHHIIE aBTOMOOLIS 1 oro okpemi 4acTWHH OepyTh ydacTb B Ipoueci (opMyBaHHS BU-
MPOMIHIOBAHOTO (TIPUHHSATOTO) AaHTEHOIO EJIEKTPOMATHITHOIO TIONII 1 TOMY BIUIMBAIOTh Ha XapaKTEPUCTHKH
pexrenH miacuctemu BIIE i anTeH migcucremu mepenadi JaHUX. 3HATH 3aKOHOMIPHOCTI IIhOTO BIUTMBY HEOOXiTHO SIK
pu po3poOIli aHTEH, TaK i MPHU BU3HAYCHHI ONTUMAIIBHUX MICITh iX YCTAHOBKHM Ha JHUIII aBTOMOOiIsA. ToMy TouHe BH-
3HAUEHHS CKJIAJIOBUX IIOJIS, PO3PAXYHOK EJIEKTPUYHUX XapaKTEPHUCTHK aHTECH 3 ypaxXyBaHHSIM BIUIMBY HA HUX 1 OLiHKa
XapaKTEPUCTUK CaMOi CHCTEMH MO>KIIMBE TUIBKH HA OCHOBI CTPOTOT0O €JIEKTPOANHAMIYHOTO MiJXOIY.

Kniouosi cnosa: 6e3apoToBi Mepexi cercopis; harvesting; 6esnposigna nepenada eneprii; pekrena; KK/ Bunps-
MJICHHS.

Ta6un. 3. In. 8. Bibmiorp.: 17 Ha3B.

YK 662.396.67: 621.314.6

CucreMa KOHTPOJISI MOJABECKH ABTOMOOMJISI HA OCHOBE TEXHOJIOTHii (ecnpoBOJHOIl mepeaayu Heprum /
H.B. I'peyxux, B.I'. Jluxoepaii, A.A. llep6una, C.H. Caxano, T.C. Trxauesa /| Pamnotexuuka : Bceykp. Mexsen. Hayd.-
texH. ¢0. 2020. Brm. 201. C. 52 — 63.

PaccMoTpeHBl 0COOCHHOCTH HOCTPOCHMSI MHTEIUIEKTYaJIbHBIX OecrpoBOIHBIX cpen (cered) ceHcopoB (WSN —
Wireless Sensor Networks) u anpTepHaTHBHBIE cIOCOOBI IUTaHUS UX y37oB. CtpemutensHoe pazButie WSN cmoco6-
CTBYET YCHEUIHOMY MPAaKTHYECKOMY BHEIPEHHIO aKTYaJlbHBIX M BOCTPEOOBAHHBIX KOMMYHHMKAIIHOHHBIX TEXHOJOTHH
JUTS TIOZIEPKKH HOBOTO KauecTBa 0OMeHa MH(OPMALNH, YCIIYT, CEPBUCOB M IPHIIOKECHHH.

[Tpu pemenny pa3nuuHBIX NpaKTHYECKUX 3a1ad ycrpoiictBa WSN MoryT paboTaTth B yCIoBuUsIX, KOTAa 3aMeHa Oa-
Tapeil muTaHus SBISETCS HEYJOOHOW MM Jlake HeBO3MOXHOU. 1o 3TOi mpuurHE allbTepHATUBHBIE UCTOYHHUKH YHEP-
MU MOTYT CTaTh 3()(EKTHBHBIM pPEllICHHEM B YCTPaHEHUH YKa3aHHBIX BBIIIE HEIOCTATKOB, KOTOpPBIE B psfie CllydaeB
CIIEP)KUBAIOT MPAKTHUECKYIO peann3anuio WSN.

[MpensoxxeHa KOHLEMINS CUCTEMBI KOHTpouist noaBecku aBromobuiisi (CKITA), peannzoBaHHast HAa KOMIOHEHTHOM
6aze WSN. PaccMoTpeHbl 0COOEHHOCTH MOCTPOCHUSI TAKOW CHCTEMBI M 000CHOBaHa TeXHUUECKas pean3anus ee QyHK-
LMOHAJIBHBIX 3JIeMeHTOB. [IpesiaraeTcst TaHHBIE O COCTOSHUM IT0JIBECKH IIepeaBaTh Ha OOPTOBOI KOMIBIOTEP aBTOMO-
Ows no paguokanany; nuranue camoil CKITA ocyImecTBIsITE € IIOMOIIBIO CHCTEMBI OECIIPOBOIHOM Nepeiaun YIHEPTHH
(BIID). [ns 3TOro paccMOTpPEHBI OCOOCHHOCTH W3BJICUCHHSA JSHeprum w3 okpyxkatomed cpensl (EH — Energy
Harvesting), u Ha JaHHOM JTarne MmokazaHa Hu3Kas 3P(HEKTHBHOCTh TAKOTO MOAX0Ja. BHIXOZOM M3 NaHHOH CHTyalUH
st utanuss CKITA sBiseTcs MCIosib30BaHUE pajMOvYacTOTHOW Iepenadn >Heprud. [IpoBeeHbl SCKU3HBIE pacdyeThl
notpebisiemoit MomurocT CKITA m HeoOxomumoro ypoBHs CBY MOMIHOCTH TepemaTyrKa CUCTEMBI OECIPOBOTHOMN
niepeiaui SHEPTUH.

Jnsa npaxtudeckoit peammzannu CKIIA u ux cepuitHOro nmpou3BoACTBa HEOOXOAUMBI JOMOTHUTENIBHBIE HCCIIE0-
BaHMs, CB3aHHBIEC TEM, YTO THHIIE aBTOMOOWJISI U €ro OT/EJbHbIC YacTH y4acTBYIOT B mpolecce (OpMUPOBAHUS W3-
JIy4€HHOTO (TIPUHSATOTr0) aHTEHHOW AJIEKTPOMArHUTHOTO IOJISl ¥ TIO3TOMY BJIMSIIOT Ha XapaKTEPUCTHKU PEKTEHH MOJICHC-
Tembl BIID M aHTEHH MOJCHCTEMBI Nepelauu JaHHBIX. 3HATh 3aKOHOMEPHOCTH 3TOTO BIHMSHUS HEOOXOJIMMO KakK IpH
pa3paboTke aHTEHH, TaK M MPH ONPE/IeICHUH ONTHUMAIIbHBIX MECT X YCTAaHOBKH Ha JHHUIIE aBTOMOOWIs. [loToMy TO4Y-
HOE OIpeZIeJIeHNe COCTAaBIIIOIINX IOJIs, pacdeT AIEKTPHUYECKUX XapaKTEPHCTHK aHTEHH C y4eTOM OKa3bIBAEMOI'O Ha
HUX BIJIMSIHUS M OLIEHKA XapaKTEPHUCTHK CaMOM CHCTEMbI BO3MOXKHBI TOJIBKO Ha OCHOBE CTPOTOTO 3JIEKTPOANHAMUYECKO-
IO MMOJIX0/1a.

Kniouegvie cnosa: GecipoBoHbIe ceTH ceHcopoB; harvesting; 6ecipoBoHas iepeaada sHepruy, pekreHna, KI1J]
BBITTPSMIICHHS.

Ta6u. 3. WUn. 8. bubmmorp.: 17 Ha3s.
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Car suspension control system based on wireless power transmission technologies / D.V. Gretskih,
V. G. Lykhograi, A.4. Shcherbina, S.N. Sakalo, T. Tkachova // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020.
Ne201. P. 52 — 63.

The paper discusses the features of building intelligent wireless sensor networks (WSN) and alternative ways to
power their nodes. The rapid development of WSN contributes to the successful practical implementation of relevant
and demanded communication technologies to support a new quality of the exchange of information, services, services
and applications.

When solving various practical problems, WSN devices can work in conditions when replacing the batteries is in-
convenient or even impossible. For this reason, alternative energy sources can be an effective solution to address the
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above disadvantages, which in some cases hamper the practical implementation of WSN.

The paper proposes the concept of a car suspension control system (CSCS), implemented on a component basis of
WSN. At the same time, the features of constructing such a system are considered and the rationale for the technical
implementation of its functional elements is carried out. It is proposed to transmit data on the state of the suspension to
the on-board computer of the car over the air; power supply of the CSCS itself is carried out using a wireless energy
transfer system (WPT). For this, the features of energy extraction from the environment (EH — Energy Harvesting) are
considered and at this stage the low efficiency of this approach is shown. The way out of this situation for the power
supply of the CSCS is the use of radio frequency energy transfer. Sketch calculations of the power consumption of the
control panel and the required level of microwave power of the transmitter of the wireless energy transmission system
were carried out.

For the practical implementation of CSCS and their serial production, it is necessary to carry out a number of ad-
ditional studies related to the fact that the underbody of the car and its individual parts participate in the formation of the
emitted (received) antenna of the electromagnetic field and therefore affect the characteristics of the rectenna subsystem
of the WPT and the antennas of the subsystem data transmission. Knowing the laws of this influence is necessary both
in the development of antennas and in determining the optimal places for their installation on the underbody of a car.
Therefore, the exact determination of the field components, the calculation of the electrical characteristics of the anten-
nas taking into account the influence exerted on them and the evaluation of the characteristics of the system itself is
possible only on the basis of a strict electrodynamic approach.

Keywords: wireless sensor networks; harvesting; wireless power transfer; rectenna; rectification efficiency.

3 tab. 8 fig. Ref: 17 items.

0 100-PIYYA BIJA AHA HAPOKEHHSA BOPUCA JIEOHIJIOBUYA KAIIIEEBA
K 100-JIETHUIO CO JHA POXKIEHUA BOPUCA JIEOHUJTOBUYA KAIIIEEBA
ON THE 100TH ANNIVERSARY OF THE BIRTH OF BORIS LEONIDOVICH KASHCHEYEV

YK 523.68

OpoiTajibHa eBOJIIONIS MeTEOPUTHUX TPyN Ta iX mkepedn / FO.M. I'opbanvos, H.A. Konosanosa, H.X. Jlaspyrxos
/[ Papiorexuika : Beeykp. MixkBia. Hayk.-TexH. 30. 2020. Bum. 201. C. 64 — 71.

OOTOBOPIOIOTECS Pe3yIbTATH aHAINI3Y €BOIIOLIT OpOIT MIECTH METCOPUTHHX TPYII, IO BKIFOYANIN BiOMi 3a iH-
CTPYMEHTAIILHUM CHOCTEPEKECHHSIM METEOPUTH. ICHYBaHHS YOTHPHOX TpyIl, IO YTBOPIOIOTH METEOPHUTH, aHAIi3yBaB
Halliday et al. Ha ocHOBi 0a3u JaHHX TPOEKTY Ul CHOCTEPEXEHHs 1 BUsIBICHHS MereopuTiB B Kanani ta Amepuri
(MORP) i npepiiinoi mepexi PN.

ABTOpH AIAIIUTA BUCHOBKY, 110 JEsIKi 00iIHI poi MOXoas1Th Bij acTepoiniB. Shestaka mociipkyBaB piid Tij, SKHi
MmictuB 6omigu Innisfree 1 Ridgedale. B pe3ynbrati BusiBieHo, 110 1€ piii BKiItouae 9 HEBEIMKUX METEOPHHUX POIB, Ki-
JbKa actepoinis Ta 12 6omizi, chororpadoBaHux kamepamu npepiiinoi Mepexi PN i1 kanaacekoro npoexty MORP.

B pesynbrati ananizy npo¢inro pigHOT aKTUBHOCTI CIIOPAIUYHUX SICKPaBUX OONIMIB 3 MiKHApOAHOI 0a3u MeTeop-
Hux paaux IAU MDC i manmux meteopiB (-2.5 — -5.0 mag) 3 6a3u naanx SonotaCo HaMu OyinH 3HaiIeHi KiJTbKa ITKiB
00JTiTHOT aKTUBHOCTI, SIKi HE TIOB'SI3aHI 3 BIIOMUMH KOMETHHMH METEOPHUMHE MOTOKaMu. Lle Oyiio MoTHBami€eo st 10-
CIIIJPKCHHS TUTAHHS PO iICHYBaHHS B HAaBKOJIO3EMHOMY MPOCTOPI TPy CIIOPaJANYHUX METEOPOiZIOB i METEOPUTIB 3BH-
qaifHuX XoHApuUTiB TUIry L3.5-HS5 3 komeronoxiOnumu opbitamu cimeficTBa FOmiTepa i X 3B'I3Ky 3 MOTEHIIIITHUME 0a-
THKIBCHKMIMH TiJJaMH — HaBKoJI03eMHAMH 00'ektamu NEOs. 3B'I30K TPyl 3 MOTCHIIHHIMH 0aThKIBCBKAMH TiJTaAMH TIe-
peBipsIBCS Ha OCHOBI aHai3y €BOJIIOLIT CepeHbOi OpOITH METEOPUTHOI IPYIH, BIJIOMOTO METEOPUTA 1 iX MOTEHIIHHIX
6atpkiBcbknX NEAS B MUHYJIOMY Ha iHTepBalli 9acy B KiJIbKa THCSY POKiB. AHaIi3 MPOBOANBCS 3 BUKOPHUCTAHHSAM MPO-
rpamHoro 3abesnedenns Halley, B skoMy uncensHe iHTETpyBaHHS PiBHAHB PyXy BHKOHYyBajiocs MeTogoM Eepxapt 11-
O MOPS/IKY.

Kniouogi cnosa: eBonrortis; opoita; 60111, METEOPHT; XOHIPHUT; KoMeTa; cimeiicTBo KOmiTepa.

Inn. 13. Bi6umiorp.: 9 Ha3B.

YK 523.68

OpoéuTajnbHasi IBOJIONHS METEOPUTHBIX IPynn M UX HCTOYHMKOB | FO.M. ['opbanes, H.A. Kownosanosa,
H.X. [aspyros I PamnotexHuka : Beeykp. Mexsen. Hayd.-TexH. ¢6. 2020. Beim. 201. C. 64 — 71.

OO6cyxnaroTcst pe3ynbTaThl aHalIn3a SBOJIIOIMK OPOUT HIECTH METEOPUTHBIX I'PYIII, BKIIOYABIIMX W3BECTHBIC 110
WHCTPYMEHTAIBLHBIM HAaOJIIOAEHUSIM MeTeOpHUThl. CyIecTBOBaHHME YEThIPEX TPYIII, 00pa3yIoMINX METEOPHUTHI, aHAIH3HU-
posan Halliday et al. Ha ocHOBe 6a3bl JaHHBIX MPOEKTA MO HAOIIOJICHHIO W OOHAPYXEHHIO MeTeopuToB B Kaname u
Awmepuke (MORP) u npepuiinoii cetn PN.

ABTOpBI TIPUIILTA K BBIBOAY, YTO HEKOTOPbIC OOJMIHBIC POW MPOM3OLLIH OT actepouoB. Shestaka wmccmemoan
poit Tex, kKoTopsIit comepkan Gonmast Innisfree u Ridgedale. B pesysnbrarte BBIsSBICHO, YTO 3TOT poit BKIOUaeT 9 He-
OOJIBIINX METEOPHBIX POEB, HECKOJIBKO acTEPOUI0B M 12 60imaoB, choTorpadupoBaHHBIX KaMepaMH TP epUHHON CeTH
PN u xananckoro mpoekra MORP.

B pesynbrare aHanu3a npoQuis ToJ0BOH aKTUBHOCTH CIIOPAJMUECKHUX SIPKUX OOJIHMAOB U3 MEXKAYHAPOIHON 0a3bl
MereopHbIx faHHbIX AU MDC u manbix mereopoB (-2.5 — -5.0 mag) u3 6a3bl nanusix SonotaCo Hamu ObUTM HaiIEHBI
HECKOJIBKO ITMKOB OOJINJHOW aKTMBHOCTH, KOTOPBIE HE CBSI3aHBI C U3BECTHBIMM KOMETHBIMH METEOPHBIMU HOTOKaMH.
DTO cTajJ0 MOTHBAIMEH ISl HCCIIEIOBAHMsI BOIIPOCA O CYIIECTBOBAHUH B OKOJO3€MHOM IIPOCTPAHCTBE IPYIIT CIIOPAIH-
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YECKMX METECOPOMIOB W METEOPHUTOB OOBIKHOBEHHBIX XOHAPUTOB THma L3.5-H5 ¢ komeTomomoOHbIMH OpOHTaMHU
cemeiictBa HOmuTepa W WX CBA3M ¢ MOTCHIHAIBHBIMH POIWTEIBCKMMHU TEIaMH — OKOJ03eMHbIMH oObekTamu NEOS.
CBsI3b TPYIIII C MTOTEHIMAIHHBIMI POIUTEILCKIMHE TEIaMH IIPOBEPsIIach Ha OCHOBE aHAJN3a HBOJIOIMH CpeIHEH OpOH-
THI METCOPUTHOW TPYTIITEI, N3BECTHOTO METEOPUTA U UX MOTCHIHAIHHBIX poauTenbckux NEAS B mponuiom Ha HHTEpBa-
Jie BpEMEHH B HECKOJIBKO THICSY JIET. AHAIIU3 MPOBOJMIICS C MCIIOIBb30BaHHEM Mporpammuoro obecreuenus Halley, B
KOTOPOM YHCIIEHHOE HHTETPUPOBAHNE YPAaBHEHUH ABIKEHHS BBITIOIHSIIOCH MeTOJ0M DBepxapTa 11-ro mopsimka.

Knioueswvie cnosa: 3Bomonus; opoUTa; 00N, METCOPUT; XOHIPUT; KOMeTa; ceMeiicTBo FOmuTepa

Wn. 13. bubnmorp.: 15 Ha3s.

UDC 523.68

Orbital evolution of meteorite-producing groups and their sources / Yu.M. Gorbanev, N.A. Konovalova,
N.H. Davrugov // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 64 — 71.

This paper presents and discusses findings from the study of orbital evolution of six meteorite-producing groups,
which include meteorites known from instrumental observations. The existence of four meteorite-producing groups was
studied earlier by Halliday et al. using data from the Meteorite Observation and Recovery Project (MORP) network in
Canada and the Prairie Network (PN) in USA.

We have inferred the asteroidal origin of some fireball streams. Shestaka investigated a swarm of meteorite-
forming bodies containing the Innisfree and Ridgedale fireballs. The study yielded that the examined swarm contained
nine small meteoric swarms, several asteroids and 12 fireballs photographed by the cameras of the Prairie Network and
Canadian Meteorite Observation and Recovery Project.

The investigation of the annual activity profile of bright sporadic fireballs from the International Astronomical
Union Meteor Data Centre (IAU MDC) database and small meteors (from -2.5 to -5.0 mag) from the SonataCo database
resulted in the identification of several peaks in the fireball activity which were not related to any recognised cometary
meteor showers. Such results gave an impetus to further study the issue of the existence of groups of sporadic meteor-
oids and L3.5-H5 ordinary chondrites in Jupiter-family comet-like orbits in the near-Earth space and their relationship
with their plausible parents, i.e. near-Earth objects (NEOs). The relationship between meteorite-producing groups and
their plausible parents was verified by the backwards analysis of the evolution of the mean orbit of each meteorite-
producing group, a known meteorite and their plausible parent NEOs over a time span of several millennia. The analy-
sis was carried out using the Halley software whereby the equations of motion were numerically integrated using the
11th-order Everhart method.

Keywords: evolution; orbit; fireball; meteorite; chondrite; comet-like; Jupiter-family.
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CrinbHicThb Y popMmi po3noainy 6uckKy i ioHizanii y310B:k ciliny MeTeopiB pi3HUX Aiana30oHiB iHTEeHCUBHOCTI
| M. Hapsies, LI Illotioxy6os Il Pamiorexnika : Bceykp. Mixksia. Hayk.-rexH. 30. 2020. Bum. 201. C. 72 - 77.

MeTa po0OTH — HOCIIIKEHHS PO3MOALTY OJIMCKY 1 i0HI3amii Y3H0BXK CIIiIy METeOpiB, 3apPEECTPOBAHUX ONITUIHOIO 1
PaIiOIOKANIHHOK arapaTyporo B ITUPOKOMY ialla30Hi MIBHUAKOCTEH, SICKPABOCTEH; NOCITIHKEHHS 3aJeKHOCTI popMu
KPUBUX CBITIHHSA 1 10HI3aIlil METEOPIB BiJI iX MIBUIKOCTI 1 MACH METEOPOiIOB.

JloBeneHO 3araibHY TEHACHINIO B TiCTOTpaMi PO3MOILTY METEOPiB 3a mapaMeTpoM P (Miclie3HaXOKeHHS BHCOTH
MaKCUMyMy OJHCKYy a00 i0Hi3alii MO0 BHCOTH IOYATKY 1 KIHIA CIiAy) B IIMPOKOMY iala30Hi 30pSHUX BEITUYUH.
BcranoBneHo, mo GopMu po3MoALTy METEOpOoiloB 3a HMapaMeTpoM P K y ONTHYHHUX, TaK 1 palioJoKamiiHUX AaHUX
MaroTh HECUMETPUYHHUK BUIIIsA. 30UIBLICHHS YKCIa METEOPIB B MEpIIii MOJOBHHI BCiX ricrorpam BigOyBaeThCs MpH-
OJIN3HO €KCIIOHEHITIaJbHO, a 3MEHIIICHHS YHCIa METEOPIiB MiCIs MAKCUMYMY BiOyBa€ThCs BiTHOCHO MOBLIBHO. 3a 1a-
HUMH ONTHYHHUX 1 paXioIOKalliiHUX CHOCTEPeXEHb BHBYEHO 3aJIeKHICTh Mapamerpa P Bix Takux mapamerpis
aTMochepHOi TpaeKTopil SIK MIBUAKOCTI, 3€HITHI BiICTaHi pajiaHTa i Macl METEOPiB.

Knmiouogi cnosa: Mereop; 0011, METEOPUT; BEMMUMHA; OJUCK; 10HI3aIlis; iIHTEHCUBHICTh; PaliOMETO/I.

Ta6u. 1. Inn. 3. Bibmiorp.: 10 Ha3B.
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OoburHocTh B hopMme pacripeeeHns 01ecka 1 HOHU3AMH BAOJb CJIeia METEOPOB Pa3HBIX AMANA30HOB HH-
TeHcuBHOCTel | M. Hapsues, L1111 [lloexybos Il Panguotexuuka : Beeykp. mexsen. Hayd.-TexH. ¢6. 2020. Boim. 201.
C.72-171.

Lens — nccnenoBanue pacnpeaeneHus 0Jiecka 1 HOHU3ALUK BJIOJb CJIeJla METEOPOB, 3aPErHCTPUPOBAHHBIX ONTH-
YECKOW W PaJIMOJIOKAIMOHHON armapatypoid B IIMPOKOM JUAIa30HE CKOPOCTEH, SIPKOCTEN; M3yUeHHUHE 3aBUCUMOCTH
(OPMBI KPUBBIX CBEUSHHSI M MOHH3ALUH METEOPOB OT X CKOPOCTH U MACChl METEOPOH/IOB.

BeisiBrieHa 001asi TEHJCHIMS B THCTOTpaMMe paclpeielieHHss METeOpoB 1o napamerpy P (Mecropacronoxenue
BBICOTHI MAKCUMYyMa CBEUCHHUS WIIM HOHH3ALUH OTHOCHTENILHO BBICOTHI Haualia ¥ KOHI[A cjie[ja) B IIMPOKOM JIHaIa3oHe
3BE3JHBIX BEJTMYHMH. ¥ CTAHOBIIEHO, YTO (JOPMBI pacIipeseneHs METEOPOHIOB 0 napameTpy P Kak y ONTHIECKUX, TaK U
PaIMONOKAIOHHBIX JTAaHHBIX MUMEIOT HECUMMETPUYHBIN BHA. YBEIHUCHUE YHCIIa METCOPOB B NEPBOH MOIOBHHE BCEX
THCTOTPaMM MPOHUCXOIUT IPHUMEPHO SKCIIOHEHIMAIBHO, & YMEHBIICHNE YHCIIa METEOPOB I10CIIe MaKCUMyMa IPOUCXO-
JIUT OTHOCHUTEJILHO MeUIeHHO. [10 JaHHBIM ONTHYECKHUX U PAIMOJIOKAIIOHHBIX HAOIIOICHUI U3yueHa 3aBUCHMOCTD Ia-
pametpa P oT Takux mapaMeTpoB aTMOC(EPHOH TPAEKTOPHUHU KaK: CKOPOCTH, 3EHUTHBIC PACCTOSHUS paJdiaHTa U Macchl
METEOPOB.
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Knoueswvie cnosa: Mereop; OO, METEOPUT; BEIMIUHA; OJIECK; HOHU3AIHS, HHTEHCUBHOCTD; PaTHOMETOI.

Ta6m. 1. Y. 3. bubmmorp.: 10 Ha3B.
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Generality in the form of distribution of light and ionization along the trace of meteors of different ranges
intensities / M. Narziev, Sh.Sh. Shoyoqubov // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 72 — 77.

The purpose of this work is to study the distribution of brightness and ionization along the wake of meteors rec-
orded by optical and radar equipment in a wide range of speeds, brightnesses, and to study the dependence of the shape
of the light and ionization curves of meteors on their speed and mass of meteoroids.

A general tendency is revealed in the histogram of the distribution of meteors by the parameter P (the location of
the height of the maximum of the glow or ionization relative to the height of the beginning and end of the trail) in a
wide range of magnitudes. It is established that the distribution forms of meteoroids with respect to the parameter P in
both optical and radar data are asymmetric. The increase in the number of meteors in the first half of all histograms oc-
curs approximately exponentially, and the decrease in the number of meteors after the maximum occurs relatively slow-
ly. According to optical and radar observations, the dependence of the parameter P on such parameters of the atmos-
pheric trajectory as: velocities, zenith distances of the radiant and the mass of meteors has been studied.

Keywords: meteor; fireball; meteorite; magnitude; brilliance; ionization; intensity; radiomethod.
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Pagiomereopna ¢iznka — mopiBHsHHS Mix Merogamu Bin 1945 no cepenunu 70-x pokiB / B.K. Xoxine,
C.B. Konomieys Il Pagiotexnika : Beeykp. MixkBia. Hayk.-TexH. 36. 2020. Bun. 201. C. 78 — 90.

Hasezneno onuc ¢i3uxu paniomereopis Bin 1945 no cepeannn 1970-x. [IpencraBineHo KOHKpETHI KOHCTPYKIIT pi-
3HUX pajapiB y pi3HHX KpaiHax. ['apBapAchKUil MPOEKT HalKpallle 3aJ0KyMEHTOBaHHM 13 PaHHIX paaapiB. 3aCTOCYBaH-
HSl MYJBTHIIPUHAMAIbHUX CTAHIIH U1 BU3HAYCHHS OPOITH CTAl0 BIXHOCHO MOIIMPEHHMM, 0ocoOnuBO 3 mosBooo IGY B
1957 p. Kanaga takox moOymyBana MereopHy oocepBaTopiro Crpinrximia B gacu IGY, ane ocobmuBy yBary mana I1mo-
OynoBa nexinmpkox mereopHuX panapis CPCP. Ilimkpecmoetbes BHecok b.J1. KameeBa ta #oro HaykoBOi TpyIH y po3-
BHTOK paJIiOJIOKAIIHHIX METCOPHUX TeXHOJOTii. OOroBOPIOIOThCS NesiKi BapiaHTH obnagHaHHs bamakmiiicekoro reodi-
3UYHOTO KOMIUIEKCY B Pi3HI pokd. Bim3HaueHO mpoOIeMH METEOpPHHX pPaIioNOKAIlifHUX TEXHOJIOTIH MpH BHUpIMICHH]
3aBIaHb acCTPOHOMIi Ta reodizuku. "MeTeopHi BiTpH" CTal OCHOBOIO IOCHIKEHb Y BEpXHill aTMocdepi THHAMITHUX
mporieciB micist 1960-x pokie. Taki gOCTiKEHHS TPOBOAMINCS Ha 0araTthox MUISHKAX 10 BCIH «3aXifHii» riobaibHii
apeHi, a takox B CPCP. 3Bepraerhcs yBara Ha icTOpiiO 3MiH y criocofax oTpuMaHHs, 0OpOoOKH Ta 30epiraHHs METeop-
HOi iHpopMarii. OOroBOPIOIOTHCS EsIKI ACHEKTH 3aCTOCYBaHHI IHHOBAI[IHUX TEXHOJIOT1H y METEOPHHX paliojoKalliii-
HHUX CHCTeMaXx, HacamIiepel Py BUBUEHHI BITPIB Ta aTMocdepHoi HMpKYIsLii B MeTeopHiii 30Hi. [TosiBa mepcoHanbHUX
KOMIT' FOTEPIB, & TaKOX Mai)Ke OJHOYACHHH PO3BUTOK AUTUTaW3epiB Ha nmoyatky 1970-X pokiB CTanu BEJIMKHUM MPOPH-
BOM JUIst 0araThOX HAMPSMKIB HAYKOBHX JIOCIIKEHb Ta METEOPHHUX JOCIipKeHb. L[ poboTa € mepIio 4acTHHOO Iuia-
HOBOTO OTJISAY PaJioNIOKaIiifHOT MeTEOPHOT (Pi3UKHU Ta CYMIKHUX TexHOJIOTiH 3 1945 mo 2020 p.

Knouosi crosa: meteop; pamap; pamio; METOI; BiTep; 10Hi3allis; ioHOcepa; aTMocdepa; TexHooris; Kamees.

. 3. Bibmiorp.: 54 Ha3s.

YK 621.37.96:523.68

PanguomereopHasi (pu3mka — cpaBHeHue Mexay merogamu ¢ 1945 roma o cepemmunt 70-x romos /
B.K. Xokune, C.B. Konomuey Il Paguorexuuka : Bceykp. mexsen. Hay4d.-texH. ¢6. 2020. Beim. 201. C. 78 — 90.

[IpencraBneHo onucanue ¢usuku paguomereopoB ¢ 1945 no cepenunsl 1970-x romos. [IpeacraBneHsl OCHOBHBIE
KOHCTPYKIIMHU PAa3IMYHBIX PaJapoB B Pa3HbIX CTpaHax. ['apBap/ACKUil MPOEKT — IYYIIHH U3 JOKYMEHTUPOBAaHHBIX paH-
HHUX pagapoB. [IpuMeHeHHE CTaHIMH C HECKOJbKHMMH HMPHEMHHKAMU JUIS ONpPEJeSIeHNs] OPOUTHI CTAll0 OTHOCHUTENBHO
pactupocTpaHeHHBIM SBIeHHEeM, ocobeHHo ¢ mosBieHneM MIT B 1957 roxy. Kananma moctpomia MeteopHyto obcepa-
toputo B CripuHrxuiuie Bo Bpemena MI'T, HO 0co00ro BHUMaHHS 3aCITy’)KUBAET CTPOUTEIBCTBO HECKOJIBKHX METEOPHBIX
panapoB B CCCP. bsin noguepknyt Bknan b.JI. Kameesa u ero Hay4HOIl Irpynmsl B pa3BUTHE PAJUOTIOKAIIUOHHBIX Me-
TEOPHBIX TeXHOJIOTHH. OOCYXII0TCS HEKOTOpbIE BapHaHTI OCHAIEHMs! banmakiieiickoro reopu3n4eckoro KOMIUIEKCa B
pasHblie roapl. OTMe4eHbl MPoOIEeMbl METEOPHBIX PaJHOJIOKAlMOHHBIX TEXHOJIOTHH B PELICHUH 3a]ad aCTPOHOMHHU U
reousnku. «MeTeopHbIe BETPH) CTAJIM OCHOBOM MCCIIEIOBAHMI B BEPXHHX CIIOAX arMoc(epbl AMHAMUYECKHX IpO-
neccoB nocie 1960-x romos. [1og00HbBIe HCCIIeAOBAaHUS IIPOBOAMIMCH HA MHOTHUX YYaCTKaX IO BCEU «3amagHoON» MUPO-
Boii apeHe, a Takxke B CCCP. O0paiieHo BHUMaHue Ha UCTOPHIO U3MEHEHHH B METO/IaX IOJIydeHHs, 00pabOTKH U Xpa-
HeHust MeTeopHoi nHdopmanuu. O6CYKAAIOTCS HEKOTOPbIE aCMEeKThl MPUMEHEHNS] HHHOBAI[OHHBIX TEXHOJIOTUI B Me-
TEOPHBIX PA/IMOJIOKAIIMOHHBIX CUCTEMAaXx, MPEkK/Ie BCEro, MPU U3yYSHUH BETpa M aTMOC(EPHOH HUPKYISIHMN B METEOP-
HOH 30He. [TosiBIIeHNE TEPCOHABHBIX KOMIIBIOTEPOB, a TAK)KE MMOYTH OJJHOBPEMEHHOE pa3BUTHE JUIHTAi3epOB B Havaie
1970-x romoB cTai KPYIHBIM MPOPBIBOM IS MHOTHUX OOJIACTEH HAYYHBIX MCCIICAOBAHUI U HUCCIICAOBAHHUIA METEOPOB.
Ora paboTa SBISETCS MEPBON YaCTHIO TUTAHOBOTO 0030pa (YM3UKH PaTHOIIOKAITMOHHBIX METEOPOB M CBS3AHHBIX C HUMHU
TexHosoruii ¢ 1945 mo 2020 roasl.

Kniouegvie cnoea: mereop; pajgap; panuo, METOJ; BeTep, MOHW3alMs, MOHOchepa; atMocdepa; TEXHOJOTHS,
Kamees.

Wn. 3. bubnmorp.: 54 nass.
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UDC 621.37.96:523.68

Radio meteor physics — a comparison between techniques from 1945 to the mid-1970's. / W.K. Hocking,
S.V. Kolomiyets // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 78 — 90.

A description of the physics of radar meteors from 1945 to the mid-1970s is presented. Concrete designs of vari-
ous radars in different countries are presented. Harvard project is the best documented of these early radars, and we will
focus on that radar. Application of multi-receiver stations for orbit determination became relatively common, especially
with the advent of the IGY in 1957. Canada also built the Springhill Meteor Observatory around the time of the IGY,
but of special note was the construction of several meteor radars in the USSR. The contribution of Kashcheyev and his
scientific group to the development of radar meteor technologies was emphasized. A discussion of some equipment op-
tions of Balakleya geophysical complex in different years was held. Problems of meteor radar technologies in solving
problems of astronomy and geophysics are noted. "Meteor winds" became a mainstay of upper atmospheric research
into dynamical processes after 1960's. Such research was undertaken at multiple sites all over the "Western" global are-
na as well as in the USSR. In attention is paid to the history of changes in the methods of obtaining, processing and
storage of meteor information. Some aspects of the application of innovative technologies in meteor radar systems were
discussed, primarily in the study of winds and atmospheric circulation in the meteor zone. The advent of personal com-
puters, plus the somewhat simultaneous development of digitizers in the early 1970's, was a major breakthrough for
many areas of scientific research and Meteor studies. This work is the first part of a planned review of radar meteor
physics and related technologies from 1945 to 2020.

Keywords: meteor; radar; radio; technique; wind; ionization; ionosphere; atmosphere; technology; Kashcheyev.

3 fig. Ref: 54 items.

YK 681.3.06:519.248.681

InenTudikamisi MOOIILHUX NPHUCTPOIB 32 0COOJHMBOCTAMM CHeKTPiB Ta ix curHadiB / LE. Auminos,
T.O. Bacunenxo Il Pagiotexnika : Beeykp. mixkBia. Hayk.-texH. 36. 2020. Bun. 201. C. 91 — 97.

Panimme aBTOpu mpHITyCcKaimy, Mo KoKeH creKTp npuctpoiB Wi-Fi yHikampHMH, SK BiZOUTOK manbls. Y miit poboTi
MIPE/CTABICHO PE3YIbTATH EKCIIEPUMEHTAIBHOI MEPEeBIpKU NMPUIYINEeHHs. byan mpoTecToBaHi KigbKa NPUCTPOIB B pi3-
HUX TIOJIOKEHHSX IIOA0 BUMIPIOBaJIbHOI aHTeHHU aHaiizaTtopa cnekrpa Signal Hound USB-SA44B. BeraHoBieHO momi-
OHicTh criekTpiB Wi-Fi curHamiB 0HOTO 1 TOTO X MPUCTPOIO B PI3HUX MOJOKEHHAX 1 CYTTEBI BIIMIHHOCTI B CIIEKTPax
BHIIPOMIHIOBAHHS y Pi3HHUX IPHUCTPOIB, IO MOXKE OYTH BHKOPHUCTAHO Ui iX imeHTH]ikarii. BctanoBneHo niamazoH
3HAueHb CEPEAHIX KBaJpPaTiB Pi3HUIb CHEKTPAJIbHUX BIJUIIKIB, SIKU MOKE BIAMOBIIATH SIK OJHOTO i TOTO 3K MPUCTPOIO
B PI3HUX TOJIOKEHHSX, TaK 1 PI3HUX NPUCTPOTB. SHAUCHHS PI3HUII BUABISIETHCSA MeHIe 1,5 1B, TO 11e 0JJHO3HAYHO OJUH
1 TOM ke mpUcTpiid. Ko pi3HUIE € OiIbmoko 3a 2,8 nb, To oueBHIHO, 110 1ie pi3Hi npuctpoi. Jianazon 1,5 — 2,8 nb
siBJIsIE cO000 00JIaCTh HEBU3HAUEHOCTI — TaKi PI3HHUI MOXYTh CTABUTHCS SK JI0O OJJHOTO # TOTO Y MPHUCTPOIO, TaK 1 10
piznux. Takox Oyno nocmipKeHo BILIMB TemriepaTypu. CIIEKTpU OHOTO 1 TOro K cMapT(doHa NMpH KiMHATHiil Temnepa-
Typi i npu Temmeparypi +5 °C Ges monmpasky Ha 3pymeHHs 4acToT. [1oTiM s 06IiKY 3MillEHHS 9acTOTH 60 BHECEHO
TIOTIPABKY, SIKa JO3BOJISIIA «3PYIIYBATH» CIIEKTP OXOJIOPKEHOTO MPHUCTPOIO B NMOYATKOBHH CTaH. SHMKEHHS TEMIIepaTy-
PH IPU3BOANTH HE TUIBKHU J0 3MIIIEHHS CepelHbOI YaCTOTH CHEKTpa, a i 10 3MiHM Horo ¢opmu. PesynpraTti excrepu-
MEHTaJIbHUX JIOCIIPKEHb 3 BUMIPIOBaHHS CIIEKTPa MOOUIBHUX MPUCTPOIB FOBOPSITH PO MOKJIMBICTH 3aCTOCYBaHHS Aa-
HOTO MeTOAy A imeHTH(]ikamii MOOITBPHAX MPHUCTPOIB, IO TO3BOJHTH SKICHO JOIMOBHHUTH iICHYIOUY MOJAEH 3abe3e-
YeHHsI Oe3MeKH, 3MCHIIMBIIN PU3UKH HECAHKIIOHOBAHUX JiH.

Kniouosi crosa: 6e3neka; Wi-Fi; inenrudikaris; crekTp; MOOUIbHIH npUCTpiid.

Tabm. 6. In. 7. bi6miorp.: 9 Ha3B.

YK 681.3.06:519.248.681

Haentudukanuss MOGUIBHBIX YCTPOWCTB MO 0COGEHHOCTSIM CHEKTPOB M UX curHanoB / M.E. Aumunos,
T.A. Bacunenxo [l Pagnorexuuka : Beeykp. mexsen. Hayd.-texH. ¢6. 2020. Bei. 201. C. 91 — 97.

Panee aBTOpHI mpeAronaraiy, 9To KaXabli CEKTp ycTpoicTB Wi-Fi yHuKaneH, Kak OTIEYaToK majblia. B 3Toif
paboTe TpeaCcTaBIeHBI PE3yIbTaThl AKCIIEPUMEHTAIBHON TPOBEPKH PEION0KEHNS. BBUTH IPOTECTUPOBaHbI HECKOIIb-
KO YCTPOWCTB B pa3HBIX MOJOXXEHHSX OTHOCHTEIHLHO M3MEPUTENBHONW aHTEHHBI aHanmu3aropa crnekrpa Signal Hound
USB-SA44B. YcranoBieHo cxonctBo crekTpoB Wi-Fi curHaioB 0IHOTO U TOTO ke yCTPOHCTBA B Pa3HBIX MOJOKESHHSIX
U CYIECTBEHHBIE PA3JIMYMS B CIIEKTPAX M3IYyYCHUS Y PA3HBIX YCTPOWCTB, YTO MOXET OBITH HCIIOIb30BAHO /IS X UJ/ICH-
tudukanuy. OnpeaeneH Auana3oH 3HaYeHNH CPEHUX KBaIPaTOB Pa3HOCTEH CHEKTPAJIbHBIX OTCYETOB, KOTOPBIH MOXET
COOTBETCTBOBATh KaK OJHOMY M TOMY K€ YCTPOWCTBY B pa3HbBIX ITOJIOXKEHUSX, TAK U Pa3HbIM yCTpoiicTBaM. 3HaueHHe
pasHOCTH OKa3biBaeTcsi MeHble 1,5 nb, To 3TO 0OJHO3HAYHO OJIHO M TO e YCTPOWCTBO. EciiM pa3HOCTh OKa3bIBaeTCs
6ompie 2,8 b, TO 04EBHIIHO, YTO ATO pa3Hbie ycTpoicTBa. Jnanazon 1,5 — 2,8 nb npeacrasnser coboit o6macTs HeoN-
PEleNICHHOCTH — TaKHUe Pa3HOCTH MOTYT OTHOCHUTBCS KakK K OJHOMY M TOMY )K€ YCTPOWCTBY, Tak M K pa3HbIM. Takxke
OBLIO MCCIIEA0BAHO BiIMsHKE TeMieparypbl. CIEKTpbl OJJHOTO U TOTO ke cMapT(oHa NpU KOMHATHOM TeMIiepaTrype u
npu Temieparype +5 °C 6e3 MOMpaBKU Ha CABHT YACTOT. 3aTeM JUIS y4eTa CMELICHHS YaCTOTHI ObLIA BHECCHA MOMPAB-
Ka, TO3BOJIABIIASA «CIABHUIAThY» CHEKTP OXJIAXKJCHHOTO YCTPOWCTBA B MCXOAHOE cOCTOstHME. [IoHMKEHNME TemmepaTrypbl
NIPUBOJMT HE TOJBKO K CMEIIEHHIO CPEIHEH YacTOTHI CIIEKTPa, HO U K U3MEHEHHIO ero opMbl. Pe3ynbTaThl sKCHepu-
MEHTJILHBIX UCCIIEIOBAaHUH 110 U3MEPEHHIO CIIEKTPa MOOMIIBHBIX YCTPOWCTB rOBOPST O IPUMEHUMOCTH JJAHHOTO METO-
Ja Uil WACHTH(UKAUUKA MOOWIBHBIX YCTPOMCTB, YTO NMO3BOJIMT Ka4ECTBEHHO JONOJHUTH CYHIECTBYIOILYIO MOJIENb
oOecrieueHust 0€3011aCHOCTH, YMEHBIINB PUCKH HECAHKIIMOHUPOBAHHBIX JICHCTBHH.
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Kniouesvie crosa: 6esonacuocts; Wi-Fi; naenTrukamnms; CrekTp; MOOHUILHOE YCTPOUCTBO.
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UDC 681.3.06:519.248.681

Identification of mobile devices by the characteristics of the spectra and their signals / I.E. Antipov,
T.A. Vasylenko // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 91 — 97.

Previously, the authors suggested that each range of Wi-Fi devices is as unique as a fingerprint. This paper
presents the results of an experimental verification of the assumption. Several devices were tested in different positions
relative to the measuring antenna of the Signal Hound USB-SA44B spectrum analyzer. The similarity of the spectra of
Wi-Fi signals of the same device in different positions and the significant differences in the emission spectra of
different devices, which can be used to identify them, are established. The range of mean squares of the differences in
the spectral counts is established, which can correspond to the same device in different positions and to different
devices. The difference value is less than 1.5 dB, then this is definitely the same device. If the difference is greater than
2.8 dB, then it is obvious that these are different devices. The range of 1.5 ... 2.8 dB represents an area of uncertainty —
such differences can relate to the same device or to different ones. The effect of temperature was also investigated.
Spectra of the same smartphone at room temperature and at a temperature of +5 OC without correction for frequency
shift. Then, to take into account the frequency shift, a correction was made that allowed “shifting” the spectrum of the
cooled device to its original state. Lowering the temperature leads not only to a shift in the average frequency of the
spectrum, but also to a change in its shape. The results of experimental studies on measuring the spectrum of mobile
devices indicate the applicability of this method for identifying mobile devices, which will qualitatively complement the
existing security model, reducing the risks of unauthorized actions.

Keywords: security; Wi-Fi; identification; spectrum; mobile device.
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YK 621.793:678.073

Hanomarepiaiu B ONTHYHOMY i ONTHKO-eJIEKTPOHHOMY mnpuiagodyaysauui / B.M. Fopwos,
O.M. Jlicmpamenxo, M.A. Ilpoyenxo, I.T. Tumuyx, A.B. Kpasuenxo, A.B. Cyoos, M.I. Cuinuenxo, b.M. Yiuxoe I/
Paniorexnika : Beeykp. MixkBin. Hayk.-TexH. 30. 2020. Bum. 201. C. 98 — 111.

[IpoBeneHo momryk Ta aHalli3 pe3yiabTaTiB TEOPETHYHMX | €KCIIEPUMEHTAIBHUX JOCIIUKEHb 3a JIITepaTypHUMH i
MATEHTHUMH JDKEpeJIaMH B 00J1acTi ONTHYHOTO 1 ONTHKO-EJIEKTPOHHOTO NpWiano0ymayBaHHS. Po3risHyTO CydyacHMH
CTaH 1 TeHJCHIIII PO3BUTKY MPO30PHUX IOJIMEPHAX KOMITO3HUIIH, 10 MIiCTATh HAHOPO3MIPHI HAIIOBHIOBAYi, SIKi BiAKpH-
BalOTh HOBI MEPCIIEKTUBH IIEPE/ ONTHYHUM 1 ONTHKO-EJIEKTPOHHUM INPHUIIaJ00yIyBaHHIM. Y3arajJbHEeHO OTPUMaHi JaHi
Ta PeKOMEHJAIli] 00 yIOCKOHAIEHHS Ta CTBOPEHHS HOBHUX ONTHYHO IPO30PHX HAHOKOMIIO3UTIB, SKi MOXYTh OyTH
3aCTOCOBaHI He TUIbKH IS 3'€JHAHHS KOMIIOHEHTIB BY3JIiB ONTHYHUX CHCTEM, ajle TaKOX 1 ISl BUPOOIB B CIMHTHIIS-
LIAHIA TeXHII, CBITIIOTeXHill, ()OTOBOIBTAII 1 B 0araThOX IHIIMX 00JACTAX HAYKH 1 TEXHIKH. PO3TISIHYTO MpHUKIagu
JIeSIKMX ICHYIOUMX HOJIMEPHHUX 1 HAHOMOJIIMEPHUX ONTHYHUX CHCTEM, B TOMY YHCIIi KPEMHIHOPraHiYHUX KOMIIO3HMILii
JUTS 3'€IHAHHS ONTHYHHUX €JIEMEHTIB, IUIACTMACOBOrO CHUHTUIATOPA 3 HAHOCTPYKTYPOBAHUMH JFOMIHOGOpaMH 3 MO-
JINIIEHNMA XapaKTePUCTUKAMHY IIBAIKOIT 1 3HAUSHHSIMH CBITIIOBOTO BUXOJY, CBITIIONIONA 3 OaraTomapoBUM PO3Cito-
BayeM i3 3MIHHUM IHJEKCOM 3aJOMJICHHS i1 3 TOJIMIICHHM BHXOJOM BHIIPOMIHIOBAaHHS, ONTHYHUX KOMIIO3HUIIIH 3 BUCO-
KM Koe(illieHTOM 3aJIOMJICHHSI Ha CHUTIKOHAX BHCOKOI MPO30POCTi IS 3'€THAHHS 3 ONTHYHUMHM €JIEMEHTaMHt B CBITIIO-
BUIIPOMIHIOIOYHX MPUCTPOSIX 200 ISl TPUCTPOIB OCBITICHHS 3 BiJIaJICHUM JIIOMiHO(QOPOM, a TAKOXK HOBUX MaTepiaiis i
CHoco0iB AMCTIepryBaHHs HaHOYACTHHOK. HaBeneHi MpHKiIagu HA0UHO IOKa3yIoTh, IO CKJIAAHICTE CTPYKTYp 1 MIKpO-
PO3MIpH Cy4acCHHX ONTHYHMX i ONTHKO-EJIEKTPOHHNX BUPOOIB JUIA iX yCIIIHOI peasnizalii Ta IIMPOKOro BIPOBAIKEHHS
BHMAraioTh HOBHX, IPOCTHX y BUKOPHUCTAHHI 1 HEIOPOTHUX ONTUYHO MPO30PHX HAHOMATEPiaiB i TEXHOJIOTIH iX BUTOTO-
BJICHHSL.

Kniouosi cnosa: HaHOYACTKY; HAHOMATEPiali; ONTHYHO MPO30Pi MOJiMEpHI HAHOKOMITO3UTH.

Ta6x. 1. In. 3. bi6miorp .: 14 Ha3s.

YK 621.793:678.073

HanomaTepuanbl B ONTHYECKOM M ONTHKO-)JIEKTPOHHOM mnpubopocrpoenuun / B.H.  Fopuwes,
A.M. Jlucmpamenxo, M.A. Ipoyenxo, U.T. Teimuyx, A.B. Kpasuenxo, A.B. Cyows, HH. Crunuenxo, b.H. Yuuxos I/
Pannorexnuka : Beeykp. MexBen. Hayd.-TexH. ¢6. 2020. Boim. 201. C. 98 — 111,

[IpoBeneH MoOWCK W aHAIM3 PE3yJIbTATOB TEOPETHUECKUX U OKCIIEPUMEHTAIBHBIX HCCIEJOBAaHUN IO JIUTEPaTyp-
HBIM U TATEHTHBIM MCTOYHHKAaM B OOJIACTH ONTHYECKOTO M ONTHUKO-3JIEKTPOHHOro mpubopocTpoeHus. PaccmorpeHo
COBPEMEHHOE COCTOSIHUE W TEHJICHIMHM PAa3BUTHS MPO3PauyHbIX MOJMMEPHBIX KOMIIO3UINH, COAEp KalliX HaHOpa3Mep-
HBIC HAIIOJIHUTENN, KOTOPBIE OTKPBIBAIOT HOBBIC TIEPCIECKTHBEI MEPE]l ONTUYECKUM U ONTHKO-IIEKTPOHHBIM MIPHUOOPO-
ctpoerreM. OO00IIEHB! TOJTyYeHHBIC JaHHBIE 1 PEKOMEHALNH [0 YCOBEPIICHCTBOBAHUIO U CO3/IaHHUIO HOBBIX ONTHYE-
CKH TIPO3PAYHBIX HAHOKOMIIO3UTOB, KOTOPBIE MOT'YT OBITh IPUMEHEHBI HE TOJIBKO JUIS COCANHEHUS] KOMIIOHEHTOB Y3JI0B
ONTHYECKUX CHUCTEM, HO TAKXE M U U3/ENUI B CHMHTHULIIMOHHONW TEXHHWKE, CBETOTEXHHKE, ()OTOBOJIBTAUKE M BO
MHOTHUX JIPyTUX OONacTSIX HAYKH U TEXHHKH. PaccMOTpEHBI IPUMEPHI HEKOTOPBIX CYIIECTBYIOIIMX ITOJIMMEPHBIX U Ha-
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HOIIOJJMMEPHBIX ONTHYCCKUX CHUCTEM. KpGMHHﬁOpFaHHHeCKOﬁ KOMIIO3UIMHU ]I COCAWMHCHUA OIITHYCCKUX BJICMCHTOB,
IJIACTMACCOBOTO CIMHTHIUIATOPA ¢ HAHOCTPYKTYPUPOBAHHBIMH JTIOMUHO(POPAMU C YIyUYIIICHHEIMU BPEMEHHBIMH Xapak-
TEPUCTUKAMU U 3HAYCHUSIMU CBETOBOT'O BbIXOJa, CBETOANOAA C MHOTOCJIOMHBIM pacceaTeiieM ¢ U3BMEHSAEMbBIM HHICKCOM
MIPETIOMIICHUS ¥ C YIIyYIICHHBIM BBIXOJOM H3IY4CHHUS, ONTHYECKIX KOMITO3UIINI ¢ BRICOKAM K03 pHIIeHTOM mpenom-
JICHHUS Ha CHJIMKOHAX BBICOKOM TIPO3PAYHOCTH AJIA COCAMHEHUS C ONTUICCKUMHU JJIEMEHTAMU B CBETOMU3ITYHUAIOINX YCT-
pOWICTBaX WM JJISI YCTPOHCTB OCBEUICHHS C yJAJCHHBIM JTIOMHHO(GOpOM. PaccMOTpeHBI Takke HOBBIE MaTepHalbl M
CIoco0bI AUCTICPTUPOBAHUA HAHOYACTHUII. HpI/IBeZ[eHHLIe MPUMEPLI HATVIAAHO IMOKAa3bIBAIOT, YTO CJIOKHOCTL CTPYKTYPp U
MUKPOPasMEpPbl COBPEMCHHBIX ONTHYCCKUX U ONTHUKO-3JICKTPOHHBIX I/I3[[6J'II/II71 I UX yCHeIlIHOﬁ pcajiusanu U HIMpo-
KOI'o BHEAPCHU Tpe6y}0T HOBBIX, NPOCTBIX B UCHOJIB30BAHUU U HEAOPOTUX ONTHYCCKU MPO3PAYHBIX HAHOMATEPUAJTIOB
M TEXHOJIOTUH UX U3rOTOBJICHUS.

Knrouesvie cnosa: HaHOYAaCTUIIbl; HAHOMATEpHaAJIbl; ONITUYCCKHU MMPO3PavHbIC TOJIMMEPHBIC HAHOKOMITIO3UTHI.

Ta6u. 1. . 3. bubanorp.: 14 Hazs.

UDC 621.793:678.073

Nanomaterials in Optical and Optoelectronic Instrument Making / V.M. Borshchov, , O.M. Listratenko,
M.A. Protsenko, I.T. Tymchuk, O.V. Kravchenko, O.V. Syddia,, M.I. Slipchenko, B.M. Chichkov // Radiotekhnika :
All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 98 — 111.

Search and analysis of results of theoretical and experimental studies on literature and patent sources in the fields
of optical and optical-electronic instrumentation is carried out. Current state and development trends of transparent pol-
ymer compositions containing nanoscale fillers, which open up new prospects for optical and optical-electronic instru-
mentation, are considered. Obtained data and recommendations on improvement and creation of new optically transpar-
ent nanocomposites are generalized, and can be used not only for connecting components of optical systems, but also
for products in scintillation technology, lighting engineering, photovoltaics, and in many other fields of science and
technology. Examples of some currently existing polymer and nanopolymer optical systems are considered. They
includie an organosilicon composition for connecting optical elements, a plastic scintillator with nanostructured phos-
phors with improved time characteristics and light output values, a LED with multilayered scatterer with a variable in-
dex of refraction and an improved yield of radiation, optical compositions with a high refractive index on high transpar-
ency silicones for connection with optical elements in light-emitting devices or for lighting devices with a remote phos-
phor, as well as new materials and methods for dispersing nanoparticles. Given examples clearly show that complexity
of the structures and micro dimensions of modern optical and optoelectronic products for their successful implementa-
tion and widespread adoption require new easy-to-use and not expensive optically transparent nanomaterials and tech-
nologies for their manufacture.

Keywords: nanoparticles; nanomaterials; optically transparent polymer nanocomposites.

1 tab. 3 fig. Ref.: 14 items.
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IliiazmoHHi pe3oHaHCH i301b0BaHOT MeTaJieBoOl HUTKH Ta TPYOku / H.II. Cmoenii, H.C. Bymenxo I/ Pagiorex-
Hika : Bceykp. mikBin. Hayk.-TexH. 30. 2020. Bum. 201. C. 112 — 119.

JocmimkeHo MoBepXHEBi Ta 00'eMHI TITa3MOHH 130JTbOBAHOT METAIEBOI HUTKU Ta TPYOKH. MOJICIUTFO HUTKHU CITYTY-
BaB KPYTOBHUH IMJIIH/P HECKIHYEHHOI MPOTSKHOCTI, BHYTPIIIHE CEpPeIOBHUIIE SKOTO onucyBaocs Gopmynoro [pyne.

BuBueHO BracHi cTaHW TOJIB (IIA3MOHHI MOJM), SIKi iICHYHOTH Y BiJICYTHOCTI JDKEpel, Ta KOJHBAaHHSA, M0 30y-
JOKYIOTBCSI CTOPOHHIMH TOJISIMU. PO3TiIsiHyTO 00'€eMHI ITa3MOHH B 00JacTi mpo3opocti Metarxy. OCHOBHY yBary mpui-
JICHO BUBYCHHIO MOBEPXHEBUX (JIOKATI30BaHUX) IUIA3MOHIB, sIKi ICHYIOTh B 00J1aCTi HEMPO30POCTi MeTaly (Ha 4acToTax
HUXXY€ TUIA3MEHHOT 9acTOTH) 1 TIBKYU I H-TIOJIspU30BaHMUX MOJIIB. JIOCHiKEeHO TX KOMIUIEKCHI BIaCHI 9YacTOTH, 00~
POTHOCTI 1 po3moinu moJiB. He3Bakarouu Ha Te, 1110 AWCTIEPCiiiHe PiBHSIHHS JJIS1 HAITKW M€ PO3B’ 30K JIJISl TOBITLHOTO
Yrciaa KyTOBHX Bapiamii Mojisi, BCTAHOBJIECHO, IO Y MoIepedHoMy mepepisi poscitoBanss (ITI1P) mis onTudHO TOHKO1
HUTKH CIIOCTEPITa€ThCS TIIBKU OJIMH PE30HAHCHUH TIiK, IO BiJIMOBIA€ AUMTOJILHOMY IIa3MOHY. 31 301IbIIEHHIM pajiy-
cy HuTkn MakcumyM [II1P 3mintyersest B Oik MyJITHIOIBHUX IUT1a3MOHIB. B pesynbraTi nornuuanus B I1I1P 3'aBnsrorTs-
sl IOIaTKOB1 PE30HAHCHI ITIKH.

BcranoBneHo, 110 Ha BiMiHY Bijl CyLijbHOI MeTajeBOl HUTKM AWUCIEpCiiHE PiBHSAHHSA Ul TPYOKH IPH KOXKHOMY
(ikcoBaHOMY 3Ha4YeHHI Bapialii MoJsi Ma€e BXKE HE OMH, a JIBa Pi3HUX PO3B’3KH. ICHYIOTh IJIa3MOHH, B SIKUX Ha BHYT-
PIIIHBOMY Ta 30BHIIIHBOMY OOLli TPYOKHM MarHiTHe I10jIe Ma€ OJMH 1 TOW caMuii 3HaK (MapHi I1a3MoHM) a0 pi3Hi 3HAKK
(senapHi mua3MoHu). [loka3aHo po3IMIEIUIEHHs IUIA3MOHHUX PE30HAHCIB: HENapHi IUIa3MOHM 3MIIYIOThCS B 00JIacTh
OUTBII HU3BKMX YACTOT, @ ApHiI — B 00J1aCTh OLTBIIT BUCOKUX MOPIBHSIHO 3 INIAa3MOHOM CYLUTBHOI MeTaneBoi HUTKH. J{o-
CII/PKEHO, 10 PO3LICIUICHHS PE30HAHCHUX YaCTOT MOCHIIIOETHCS 32 MIpOIO 3MEHILIEHHS TOBUIMHHU TPyOKH. [Ipu 1pomy
LIMPUHA PE30HAHCHUX MiKIB TAKOX 3MEHIIYETHCS, 110 FTOBOPHUTH IIPO 3pOCTAHHS JOOPOTHOCTI.

Kniouogi cnosa: nna3MoH; HAHONIPOBI, 4YaCTOTA; TOOPOTHICTS.

In. 10. BiGumiorp.: 15 Ha3s.
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Il1a3MOHHBIE PEe30HAHCHI YeAMHEHHOIH MeTauimueckoii HUTH U TpYoku / H.II. Cmoenui, H.C. Bymenko I/
Pangnorexnuka : Beeykp. mexxBen. Hayd.-TexH. ¢0. 2020. Bem. 201. C. 112 — 1109.
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HccnenoBanbl MOBEPXHOCTHBIE B 0OBEMHBIC TIA3MOHBI YEJUHEHHONH METAUITMYECKOH HUTH U TPYOKU. Moaenbio
HUTH CIIYKHUJI prrOBOfI MUINHAP OECKOHEYHOH IIPOTAXKCHHOCTHU, CPE€Aa BHYTPHU KOTOPOI'0 OIMCHIBAIACH (1)OpMYJIOI71
Hpyne.

W3ydensr cOOCTBEHHBIE COCTOSHHSA TIOJISL, CYIIECTBYIOIIIE B OTCYTCTBHH MCTOYHHUKOB, M KoJiebaHuUs, BO30yXIae-
MBI€ CTOPOHHUMH ITOJISIMH. PaCCMOTpeHbI 00BbEMHBIE TUIA3MOHBI B 30HE IMPO3pavYHOCTH METaLIA. OCHOBHOE BHHMaHHE
YAEJIEHO U3YYEHUIO NIOBEPXHOCTHBIX IUIA3MOHOB, CYIIECTBYIOUIMX B 30HE HEMPO3PAauHOCTH METAjlIa U TOJBKO s H-
TMOJIAPU30BAHHBIX ToJeH. I/ICCJ'IGL[OBaHI)I HUX KOMIUIEKCHBIE COOCTBEHHBIE YHaCTOTHI, Z[OGpOTHOCTI/I " pacnpeacICHUs mo-
JIeH. HeCMOTpSI Ha TO, 4YTO AUCIICPCUOHHOC YPAaBHCHHUC [JIsI HUTU UMECT PCUICHUC IJI TPOU3BOJILHOI'O YHUCa YIJIOBBIX
Bapuanuii noJs, yCTaHOBIIEHO, YTO B ronepedHoM cedeHuu paccestust (IICP) ans ontudeckn ToHKOW HUTH HaOrONa-
€TCA TOJbKO OAUH pe30HaHCHLII71 MUK, COOTBeTCTByIOIlII/Iﬁ JAUIOJIbHOMY IJIa3MOHY. C YBCJIIMYCHUEM paJuyca HUTU MaK-
CUMYM IICP CMEIACTCA B CTOPOHY MYJIbTUIIOJIBHBIX IJIA3MOHOB. C YMEHBUICHUEM MOTJIOMICHUA B IICP mossusgioTcsa
JONOJHUTCIIbHBIC PEC30HAHCHBIC MUKU.

YCTaHOBIIEHO, YTO B OTVIMYHE OT CIUIOIITHOW METAJUTMUECKOW HHUTH, TUCIIEPCHOHHOE YpaBHEHHE IS TPYOKH IpH
KaXXI0M (PUKCHPOBAHHOM YHCIIC BapHaIlUil TIOJS TI0 YTIIy UMEET YK€ He OJTHO, a IBa Pa3NNUIHBIX perreHus. CymecTBy-
0T TUIA3MOHBI, MATHUTHOE T10JIe KOTOPHIX Ha BHYTPEHHEH M BHEIIHEH CTOPOHE TPYOKH UMEeT OAMH M TOT XKe 3HaK (4eT-
HBbIC HJ'IaSMOHBI) WA pa3HbIC 3HAKU (He‘IeTHLIe HJ'IaSMOHLI). ITokazano pacmieiyICHUC MIAa3MOHHBIX PC30HAHCOB: HECYCT-
HBbIC IIJIa3MOHBI CMCIIAKOTCA B o0jacTh Oosee HU3KHX 4aCTOT, a YCTHBIC — B o6acTe 6oJiee BBICOKHMX II0 CpPaBHCHHUIO C
IUTA3MOHOM CIIOIIHON METaJIndecKoil HHUTH. I/ICCJ'IGI[OBEIHO, HUTO pacHICIUVICHUC PC30HAHCHBIX YaCTOT YCHUJIMBACTCA IO
Mepe YMEHBIIEHHs TOJIHMHBI TpyOku. [Ipu 3TOM mIMpHHA PE30HAHCHBIX NMUKOB TAKXKE YMEHBIIAETCS, YTO FOBOPHUT O
pocte 10OpPOTHOCTH.

Wn. 10. bubnuorp.: 15 Ha3s.

Kniouesvie cnosa. IJIa3MOH; HAHOIIPOBO; 4aCTOTA, ,ZlO6pOTHOCTL.

UDC 621.385.6

Plasmon resonances of isolated metal wire and shell / N.P. Stognii, N.S. Butenko // Radiotekhnika : All-Ukr.
Sci. Interdep. Mag. 2020. Ne201. P. 112 — 1109.

The surface and bulk plasmons of isolated metal wire and shell are investigated. The metal wire model was a cir-
cular cylinder of infinite length, the medium inside which was described by the Drude formula.

The eigenstates of the field, existing in the absence of sources, and the vibrations excited by external fields are
studied. Bulk plasmons in the metal transparency domain are considered. The main attention is paid to the study of sur-
face plasmons existing in the metal opacity domain and only for H-polarized fields. Their complex eigenfrequencies, Q-
factors and field distributions are investigated. Despite the fact that the dispersion equation for the isolated wire has a
solution for an arbitrary number of angular field variations, it has been found that in the Scattering Cross Section (SCS)
for an optically thin nanowire there is only one resonance peak corresponding to a dipole plasmon. With an increase in
the radius of the wire the maximum of the SCS shifts toward multipole plasmons. With a decrease in absorption addi-
tional resonance peaks appear in the SCS of isolated wire.

It is found that in contrast to isolated wire the dispersion equation has two different solutions for a nanoshell for
each fixed number of angular variations in the field. There are plasmons whose magnetic field on the inner and outer
sides of the shell has the same sign (even plasmons) or different signs (odd plasmons). The splitting of plasmon reso-
nances is shown. The odd plasmons are shifted to the region of lower frequencies and the even plasmons are shifted to
the region of higher frequencies compared to the plasmon resonances of wire. It was found that the splitting of the reso-
nant frequencies increases with decreasing thickness of shell. In this case the width of the resonance peaks also decreas-
es which indicates an increase in the Q-factor.

Keywords: Plasmon; nanowire; eigenfrequency; Q-factor.

10 fig. Ref.: 15 items.

PAJIOTEXHIYHI CUCTEMHA
PAJUOTEXHUYECKHE CUCTEMBbI
RADIO ENGINEERING SYSTEMS

YK 621.397.48:004.932.2

KommuiekcyBanusi 300pakeHb NpH BHSIBJIeHHI 0e3miloTHMX JiTaabHuX anapartiB / B.M. Kapmawos,
.M. Oneiinixos, M.M. Konenooscvxa, JLII. Tumowenxo, H.B. Pubnixos, A.I. Kanycma // Panmiotexnika : Bceykp.
MiXBiA. HayK.-TexH. 30. 2020. Bum. 201. C. 120 — 129.

Haii6inpin mepcreKTHBHUM HAIPSAMOM PIIlIeHHS aKTyaJbHOI 331a4i 3 BUABJICHHS 1 CyNPOBOAY OE3MIIOTHUX JiTa-
neHuX anapatiB (BIIJIA) € BUKOpUCTaHHS 0araToCTeKTpaIbHOI ONTHKO-EIEKTPOHHOT CHCTEMH OTPUMAHHS 1 KOMITJICK-
CyBaHHS 300pakeHb Pi3HMX Aiana3oHiB XBWiIb. Ha mpakTuili, 3 ypaxyBaHHSIM OCOOIMBOCTEH CHEKTPO30HAIBEHOI 00p006-
Kku i popMyBaHHS 300paskeHh BUHUKA€E HEOOXiAHICTH peamizamii CKiIaaHoi 0araToeTamHoi mpoueaypy OTPIMaHHS, OIliH-
KM SIKOCTi, yXBaJICHHS PillleHb PO MOMJINBICTh 3aCTOCYBaHHS OTPUMYBAaHUX 300payKeHb 1 6€31mocepeTHLOT0 MOATBIIO0-
IO iX KOMIIZIEKCHOTO BUKOPHCTaHHSI.

VY cTaTTi pO3IJIsHYTO 3aBJaHHs KOMIUIEKCYBaHHs 300payKeHb y BUAMMOMY 1 OMMXHBOMY iH(padepBOHOMY Iiamna-
3oHax npu BusiBieHHI BIIJIA. ITokazaHo, 1110 KOMIUIEKCYBaHHS JAOLIJILHO BUKOHYBATH Ha PiBHI KaHAJIbHUX pillIeHb 200
HUIXOM (popMyBaHHS 00'eqHaHOTO 300pakeHHs. B 11boMy BHIaIKy Ba)kjIMBE 3HAYCHHS! MAa€ TOYHICTh MOEIHAHHS MOJIIB
30py PiI3HOCHEKTPaIbHUX CEHCOPIB.
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Ha erami ¢popmyBaHHS y3araapHEHOTO 300payKEHHS JOIUIEHO BUKOPHUCTATH (popMalti3oBaHi iHpopMaIiiiiHi kpure-
pii, MO JOCTATHHOIO MIipOIO BiJOWMBAIOTH CyO'€KTHBHY IIHHICTH 300paxkeHb. [Ipu oTpUMaHHI pe3yibTyI0UOro 300pa-
KCHHS [IePEeBaXHO BUKOPUCTATH METOJ BaroBoi (yHKIIT, o0 O03BOJISIE 00'€ THYBATH KaHAIH 3 BUKOPUCTAHHAM arpiop-
Hoi iH(opMarii mpo iX IIHHICTB, a TAKOXK HA OCHOBI ajanTarlii A0 BXigHoi iHopMmarii, mo 3miHoeTsca. Cepen METOIiB
KOMIUIEKCYBAaHHS IIUISIXOM PO3KJIaJaHHSA 300paXCHb B CHEKTP HAWOUIBII MPUHHATHHNA METOZ 3 BUKOPHCTAaHHSM BEHB-
JIET-TIepPETBOPEHHS, OCKUTBKH BiH J03BOJIIE OTPUMYBATH iH(OPMAIIiFO TIPO 00'€EKTH B MPOCTOPOBO-YACTOTHOMY YSIBIICH-
Hi. SIKII0 B KaHAIM CHUCTEMHU OOPOOKH IOCTYIAIOTh MapliiajibHi 300pa)KeHHsI, 110 TOTaHO (OPMATI3YIOTECS, TO CIIiJ BH-
KOpUCTATH I[BOpiBHeBy CXEMY KOMIUJICKCYBAaHHs, 11O HABUYAETLCA.

[TokazaHo, 1110 MMpolec KOMILIEKCYBaHHS MiABHUILYE iHPOPMATUBHICTH Pe3yJIbTYIOYOT0 300paXKeHHs Tpy poOOTI 1Mo
BITJIA B nopiBHSHHI 13 300paKeHHSIMH, OTPUMaHUMHU B OKPEMUX KaHalaxX CUCTEMH, 1 3a0e31edye iCTOTHY AKICHI 1 Kiib-
KiCHI IepeBary npu pillieHHi 3aBJaHb BUSBIICHHS, PO3Pi3HEHHs, PO3ITi3HABaHHSI, CTE)KEHHS 1 LIJIeBKa3yBaHHSI.

Kniouosi cnosa: 0e3aNiNOTHHUN HiTalbHUN amapar; 300paKCHHs; KOMIUICKCYBaHHS; BUSBJICHHS, pO3Mi3HABAHHS,
KpHUTEpiil AKOCTI.

1. 2. Bibmiorp.: 17 Hass.
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KoMmiuiekcupoBanue u300pakeHUii mnpu oOHAPYKeHHMH O(eCNUJIOTHBIX JIeTATeJILHbIX anmapato /
B.M. Kapmawos, B.H. Onetinuxos, M.M. Konenoosckas, JLII. Tumowenxo, H.B. Pwionuxos, A.U. Kanycma [l
Pamnorexnuka : Beeykp. MmexxBen. Hayd.-TexH. ¢6. 2020. Bemt. 201. C. 120 — 129.

Hawnbonee nepcneKTHBHBIM HAIpaBlICHUEM PELICHUS aKTyalbHOW 3a/1aud MO OOHAPYKEHHIO M CONMPOBOXKACHHIO
OecnIOTHBIX JerarenbHbiX annapatoB (BITJIA) siBiseTcs MCoib30BaHHE MHOTOCIEKTPAIbHONW ONTHKO-3JIEKTPOHHOM
CHCTEMBI TIOJIyYeHHUS] U KOMIUIEKCUPOBaHHsI M300paKeHUI pa3HbIX Juana3oHoB BojH. Ha mpaktuke, ¢ yueToM ocoOeH-
HOCTCH CHEKTPO30OHAIBHOW 00paboTKH W (HOPMHUPOBAHUS H300pAKEHUH, BO3ZHHUKACT HEOOXOJHUMOCTH pPealu3aluu
CJI0KHOM MHOT'O3TalHOMN nmpoueaAypbl NOJIYUYCHUA, OUCHKNU Ka4€CTBA, MIPUHATUAL peL[IeHI/Iﬁ 0 BOBMOXXHOCTH IPUMCHCHU
MOJIy4yacMbIX H306pa)[(eHPIfI 1 HCOCPCACTBCHHOI'O MOCICAYOMICTIO UX KOMIIJICKCHOI'O MCITOJIb30BaHUSA.

B cratee PpaccMOTpCHA 3a/lada KOMIIJICKCUPOBAHUS I/I306pa)KGHI/II71 B BUIMMOM H OJIMKHEM I/IH(l)paKpaCHOM Juaria-
30Hax npu obHapyxennn BITJTA. TlokazaHo, 9TO KOMIUIEKCHPOBAHHE IEIeCO00Pa3HO BHITOMHATH HA YPOBHE KaHAlb-
HBIX pelIeHui, Mo myTeM GOopMHUPOBaHII 00BbEAMHEHHOTO N300pakeHns. B 3TOM ciiydae BaykKHa TOYHOCTH COBMeIIIE-
HHSA TOJICH 3pCHHUA PA3HOCHCKTPAJIbHBIX CEHCOPOB.

Ha stame ¢opmupoBanms 0000mEeHHOTO M300paKEHHS LEIecO00pa3HO HCIONB30BaTh (POpMaIM30BaHHBIC WH-
(opMaIOHHBIE KPUTEPHH, B IOCTATOYHOM CTEIIEHH OTPaXKaroline cyObeKTUBHYIO IIEHHOCTh U300pakeHui. [1pu momy-
YEHUH PEe3YNBTUPYIOMIET0 U300paKEHUS MPEANOUYTUTENHLHO HCIONIb30BaTh METOJ BECOBON (YHKIIUH, MO3BOJISIFOIIMIA
06’beILI/IH$[TI> KaHaJibl C UCIIOJIb30BAHUEM anpnopﬁoﬁ I/IH(I)OpMaLII/II/I 00 ux IOCHHOCTH, a TaKXXC Ha OCHOBC aJaliTalluu K
u3MeHsitomeiics BxonHoi nHpopManuu. Cpeau METOJ0B KOMIUIEKCHPOBAHHS IYTEM Pa3lIOKEHUS] H300pakeHHi B
CIIEKTP Hauboee MpEANOYTUTEIICH METO C UCTIOJIb30BAHUEM BCﬁBH@T-HpCOGpQBOB&HHH, T.K. OH MO3BOJIACT MOJIYy4YaTh
nHpopmanuio 00 00beKTax B MPOCTPAHCTBEHHO-YaCTOTHOM TIpeJicTaBiIeH!H. ECii B KaHaAJIbI CHCTEMBI 00PabOTKH MO-
CTYMAIOT TIOXO0 (PopMaIH3yeMble apIHaIbHbIe H300paKEeHUS, TO CIEAYEeT MCIOB30BaTh 00YIaeMYIO IByXYPOBHEBYIO
CXEMY KOMIUJICKCUPOBAHUA.

HOKaBaHO, YTO MpOoHECC KOMINJICKCUPOBAHUSA IMMOBLIIIACT I/IH(l)OpMaTI/IBHOCTB PE3YIbTUPYIOLICTO I/I306pa)KCHI/I$I npu
pa60Te no BITJIA mo CPaBHCHHUIO C I/I306pa)KGHI/IHMI/I, MOJYYCHHBIMU B OTACJIBbHBIX KaHAJIaX CUCTEMbI, U obecrieunBaeT
CYIICCTBCHHBIC KAUCCTBCHHBIC U KOJMYCCTBCHHLIC MNPCUMYIICCTBA IIPU PCHICHUU 3adaqd 06Hapy>I<eH1/m, pa3anvucHud,
pacro3HaBaHus, CJICIKCHUS U LCICYKA3aHHNA.

Kniouesvie cnosa: 6eCIUIOTHBIN JIETATEIBHBIN ammapar; H300paKeHHe; KOMIUIEKCUPOBAaHUE, 00HApYKEHHE; pac-
[I03HABaHUE; KPUTEPUH KadecTBa.

Wn. 2. bubnworp.: 17 Hass.
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Integration of the image in the case of manifold lightless appliances / V.M. Kartashov, V.N. Oleynikov,
M.M. Kolendovskaya, L.P. Timoshenko, N.V. Rybnikov, A.l. Capusta // Radiotekhnika : All-Ukr. Sci. Interdep. Mag.
2020. Ne201. P. 120 — 129.

The most promising direction for solving the urgent task of detecting and tracking unmanned aerial vehicles
(UAVs) is the use of a multispectral optoelectronic system for acquiring and integrating images of different wavelength
ranges. In practice, taking into account the peculiarities of spectrozonal processing and image formation, it becomes
necessary to implement a complex multi-stage procedure for obtaining, assessing quality, making decisions about the
possibility of using the resulting images and their immediate subsequent complex use.

The article considers the task of complexing images in the visible and near infrared ranges when UAVs are
detected. It is shown that it is advisable to perform the integration at the level of channel decisions, or by forming a
combined image. In this case, the accuracy of combining the fields of view of multispectral sensors is important.

At the stage of forming a generalized image, it is advisable to use formalized informational criteria that sufficient-
ly reflect the subjective value of the images. When obtaining the resulting image, it is preferable to use the weight func-
tion method, which allows combining channels using a priori information about their value, as well as on the basis of
adaptation to changing input information. Among the methods of complexing by decomposing images into a spectrum,
the most preferable is the method using wavelet transform, since it allows you to obtain information about objects in the
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spatial-frequency representation. If poorly formalized partial images enter the channels of the processing system, then a
trained two-level complexing scheme should be used.

It is shown that the integration process increases the information content of the resulting image when using UAVs
in comparison with the images obtained in individual channels of the system and provides significant qualitative and
quantitative advantages in solving problems of detection, discrimination, recognition, tracking and target designation.

Keywords: unmanned aerial vehicle; image; integration; detection; recognition; quality criterion.

2 fig. Ref: 17 items.
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HudpoBuii MeTox Ta aArOPUTM BU3HAYEHHSI KOOPANHAT KYMOBHOT'0» reOMeTPHYHOT0 EHTPY MPOTSIKHOTO
00€’KTy 32 iioro Ginapuum pagionokauiiinum 3o06paxkenusm [ K.O. ll]epbina, €.11. Mcawam, M.A. Boncosuu,
K.M. Hexcanvcoka, O.C. Inkapbacea Il Pagiotexuika : Beeykp. MixkBia. Hayk.-TexH. 36. 2020. Bun. 201. C. 130 — 136.

PosrisiHyTO Ta mpoaHami3oBaHO 0COOIMBOCTI (YHKIiIOHYBaHHS OEpEeTrOBHX paliolOKaIiMHUX 3aco0iB iH(popMma-
LIHOT MATPUMKH, KOHTPOJIIO Ta KEPYBaHHSA PyXOM MOPCBKHX CYIEH B YMOBaX OOMEXEHOr0 IPOCTOPY MOp CIIaBaHHSL.
CdopmynsoBaHO Ta MPOAHATI30BAHO 3aralibHI MUTAHHS Ta OCOOIMBOCTI onTHMizamii rdpoBoi 00poOKH KOOPAWHATHOT
iHpopManii mpyu pamioNoKariitHoMy 30HAYBaHHI HMPOTSKHIX MOPCHKHX O0’€KTIB B YMOBaxX BIUIMBY NMACWBHHX 3aBas,
00yMOBIJICHUX HAsSBHICTIO MiJACTHIIAI0Y0i MOPCHKOT MOBEPXHI Ta T1IPOMETEOYTBOPEHD Y BUTIIAI AOMIOBUX omaniB. Po3-
poOIIeHO TIPOCTi Ta ePeKTHBHI TU(PPOBI ANITOPUTMH BH3HAYCHHS a3WMYTATBHO-IATBHOMIPHIX KOOPIUHAT MPOTSDKHUX
00’€KTIB 32 BUIICHUMHU OJMHOYHHMH Ta PO30CEPEIKCHUMH OIHAPHUMHM CUTHAJIbHUMH TPYNaMHU, IO HAJIEXaTh MPOTsi-
YKHOMY pajioJiokaliiiHoMmy 06’ekty. KoopanHatu yMOBHOTO T€OMETPUYHOTO LIEHTPY, 1[0 BU3HAYAIOTHCS Y BiMOBITHO-
CTi 3 pO3pOOJIEHUM METOIOM, HE MICTSITh MOTPIIIHOCTEH, MOB’I3aHUX 3 HASBHICTIO KJIiBepHOro ciixy. OTpumaHi pe-
3yJIBTATH 32 OLIHKOIO BEJIMYMHHM 3MILIEHHS 00 €KTY NPH HOro pyci 1o KaHaly BU3HAYAIOThCS Y MEXKax pealbHO OYiKY-

BaHuX 3HaueHb AD =15 M. Po3pobnenuii MeTon Ta HOTO MpaKTUYHA peati3alis JOCHTH IMPOCTi Ta e(eKTUBHI MpH 1H-
(dopmarmiifHiii MATPUMIN CYZHOBOIIS B IpOIECi MPOBEICHHS CyAHA IO KaHAly. Pe3ynpTaTé BHKOHAHHUX IOCIHIKEHB
MOXYTh OyTH BHKOPHCTaHI IPU PO3B’s3aHHI 3a/a4 BH3HAUCHHS KOOPIUHAT MICUECHOJIOKEHHS MPOTSHDKHUX MOPCHKHX
00’€eKTIB, @ TAaKOX IPU po3pobLi HKHpPOBOT palioIoKaliiHOT TEXHIKH.

Kmiouosi cnosa: panionokartis; 1udposa 00podka KoOpAUHATHOT iH(POPMAIii; TCOMETPUIHHUN IEHTP; MiCIEIO0-
YKEHHsI IPOTSHKHUX MOPCBKHX 00 €KTIB.

Ta6mn. 2. Inn. 3. Bibmiorp.: 11 Ha3B.

YK 621.396:681.33

Iudposoii MeTox U aAJrOPUTM OmMpeneeHHs] KOOPANHAT «YCJIOBHOI0» reOMeTPHUYECKOro IeHTPa MpoTs-
JKEHHOr0 00beKTAa M0 ero OHHAPHOMY PaauoJIOKAnHOHHOMY u3o0paxenuro /| KA. Illepouna, E.II. Mcanram,
M.A. Boncosuu, K.H. Hexcanvckas, O.C. Huxapbaesa |l Pamnorexunka : Beeykp. MexBen. Hayd.-tex. c6. 2020.
Bem. 201. C. 130 - 136.

PaccMoTpeHs! 1 IpoaHaIM3MPOBAHBl OCOOCHHOCTH (PYHKIIMOHUPOBAHHS OEPETOBBIX PaJHOIOKAIMOHHBIX CPEACTB
nH(pOPMAMOHHON MOJ/IEPKKH, KOHTPOJIS M YIPABICHUS JIBIKEHHEM MOPCKHX CY/OB B CTECHEHHBIX YCIIOBHSX MOpe-
ruaBanusi. CHopMyIIMpoBaHbl M POaHATM3UPOBAHbI OOIIHE BOIPOCH U OCOOEHHOCTH ONTHUMHU3AIMU IU(PPOBOIl 00pa-
0OTKM KOOPAMHATHON MH(pOPMAIMU IPH PaJHOJIIOKALMOHHOM 30HJMPOBAHHUHN MPOTSHKEHHBIX MOPCKHUX OOBEKTOB B yC-
JIOBUSIX BIIMSIHMSI IACCHBHBIX TIOMEX, OOYCIIOBJICHHBIX HAJIMYMEM MOJCTHIIAIONIEH MOPCKOI MOBEPXHOCTH M THIPOMe-
Te000pa3oBaHuii B BUJE JIOKAEBBIX 0caIkoB. Pa3zpaboraHbl npocthie U 3G GeKTHBHBIE U(POBBIE aIrOPUTMBI OIIpe/ie-
JICHUS a3UMYTaJIbHO-IAIbHOMEPHBIX KOOPAMHAT MPOTSIKEHHBIX 00BEKTOB 10 BbIICICHHBIM OJAWHOYHBIM U PacCPENOTO-
YEeHHBIM OMHAPHBIM CHTHAJIBHBIM IPYIIIaM, PHHAIJISKALIMM NPOTHKEHHOMY PaJMOJIOKAIIMOHHOMY 00bekTy. Onpee-
JsieMble B COOTBETCTBHM C Pa3pabOTaHHBIM METOJOM KOOPAMHATHI YCIOBHOTO '€OMETPUYECKOTO LIEHTPa HE COlepXkKaT
MIOTPEIIHOCTEH, CBSI3aHHBIX C HAJIMUMEM KIIMBEPHOTO ciie/ia. Pe3ysnbTaThl OlleHKH BETMYMHBI CMEIIEHUS! 00bEKTa MpH

€ro JIBMKEHUU 10 KaHaJly HaXOJIATCA B IIpe/iesiaX peallbHO 0XKUAAEMbIX 3HAUCHU I AD =15 m. Pa3pa60TaHHLIf/'I METO U
€ro peanus3anus J0CTaTOYHO MPOCTH M 3(P(EeKTHBHBI NpH WHPOPMAIMOHHON HMOJAEPKKE CYJOBOAWTENS B IIpoIiecce
IIPOBOAKU Cy/IHA IO KaHaIy. Pe3yJ'H)TaTBI BBIIIOJIHCHHBIX I/ICCJ'IGJIOBaHI/Iﬁ 6yIIyT HCIIOJIB30BaHbI P PEHICHUU 3a1avdn
OIIPEACIICHNA KOOpAWHAT MECTOIIOJIOKCHHUSA ITTPOTAXKCHHBIX MOPCKHUX O6’beKTOB, a TAKKE€ NIPpU PCHICHHUN aHAJIOTUYHBIX
3aa4 npu pa3pa60TKe HH(prBOﬁ pa,I[PIOJIOKaHI/IOHHOﬁ TEXHUKH.

Kniouegvie cnosa: panuonokanus; ungpposas o0paboTka KOOPIUHATHOW WH(OpMalNH; T€OMETPUIECKUI LEHT;
MECTOIIOJIOKCHUEC NMPOTSHKEHHBIX MOPCKUX 00BEKTOB.

Tabu. 2. Un. 3. bubmmorp.: 11 Hass.

UDC 621.396:681.33

Digital method and algorithm for determining the coordinates of the «conditional» geometric center of an
extended object from its binary radar image / K.A. Scherbina, E.P. Msallam, M.A4. Vonsovitch, K.N. Nezhalskaya,
O.S. Inkarbaeva // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 130 — 136.

The features of the functioning of coastal radar information support, monitoring and control of the movement of
marine vessels in the cramped conditions of navigation are examined and analyzed. The general issues and features of
the optimization of digital processing of coordinate information in the near-radar sensing of extended marine objects
under the influence of passive interference caused by the presence of the underlying sea surface and
hydrometeorological formation in the form of rainfall are formulated and analyzed. Simple and effective digital algo-
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rithms have been developed for determining the azimuthal range-finding coordinates of extended objects from selected
single and dispersed binary signal groups belonging to an extended radar object. The coordinates of the conditional ge-
ometric center, determined in accordance with the developed method, do not contain errors associated with the presence
of a jib-trace. The results obtained by estimating the amount of mixing of the object when it moves along the channel

are within the range of the real-expected values AD ~15 meters. The developed method and its practical implementa-
tion are quite simple and effective in providing information support to the skipper in the process of escorting the vessel
along the channel. Results fulfilled research in future will use in solving problem of determining the coordinates of the
location of extended maritime object, as well as in the solution of similar problems when designing digital radar tech-
nics.

Keywords: radiolocation; digital processing of coordinate information; geometric center; location of extended
maritime object.

2 tab. 3 fig. Ref: 11 items.

VK 004.89: 621.396

IIpenukaTHa MoAeab NMPOLECHHX 3HAHb NPH BHUSBJICHHI # pO3Mi3HABAHHI Ma4Ye4yHOI CTPYKTYPH CHUTHAJIB
Bia JiTaanHux anapartis B orasgoBux PJIC / B.B. JKupnos, C.B. Cononcwra Il Pagiotexnika : Beceykp. MixKBiA. HayK.-
texH. 30. 2020. Bumn. 201. C. 137 — 144,

HaBoauTbesi MoJenb NpencTaBieHHs Ta 00pOOKM MPOLIECHUX 3HaHb NPH BHUSBICHHI i pO3Mi3HaBaHHI MavyedHOl
CTPYKTYPH CHTHAJIB BiJ JIITAJIbHUX anapaTiB B IHTENEKTYaJbHHUX OIVISIOBHX PAioJIOKALiHUX CHCTEMaX. AKTyallb-
HICTh TaHOi pOOOTH — MiABUIIEHHS ¢(PEKTUBHOCTI CHCTEM MOHITOPHHTY TOBITPSHOTO MPOCTOPY M YIIPaBIiHHSI PyXOMH-
MH 00’€KTaMH IIUITXOM CTBOPEHHS YHIBEPCAIBHOTO alTOPUTMY BUSBICHHS 1 PO3II3HABAHHS CIA0KMX KOPHCHHUX CHT'HA-
JiB B yMOBax 3aBaKalOUMX BIUIMBIB. B po3pobieHy mpenukaTHy MOAENb MPOIECHUX 3HAHb BXOAATH MpoUERypH ¢Gop-
MYBaHHS Ta aHaNi3y T€OMETPHYHOTO CHI'HAIBHOTO 00pa3y TOYKOBHX O0’€KTIB 3 HACTyHHHUM NPUHHATTAM DIlIEHb IIPO
crocTepekyBaHi 00’exTu nokamii. Ha ocHOBI miei Mojeni mpomecHNX 3HaHb PO3POOICHUI METO]| IPHUHHATTS PilllCHb,
3aCHOBaHUil Ha npeneaeHTax. PopMai3oBaHO MPOLIECHI 3HAHHS MEPETBOPEHHS PaIi0JOKAIIHHUX CUTHAIIB B CUMBOJIb-
Hi 300pa)kKeHHs Aa4e4HOi CTPYKTYPH BIIMITOK TOYKOBUX PYXOMHUX Ta MAJIOPYyXOMHX HOBITPSHUX 00’€KTiB. Y 3amporno-
HOBaHii Mojeni MiXx iHGOPMaLITHUMK OMHUIIMY Niepe10adeHa MOXKIMBICTh MOOYI0BH 3B sI3KIB pi3HOTO THITY. [lepin
3a BCe, IIi 3B’SI3KM XapaKTEPU3YIOTh BITHOCHHHU MiX 1HQOPMALIHHIMH OAMHHUIIMHA, CEMAHTUKA IIUX BIIHOCHH HOCHTH i
JIeKJIapaTUBHUMH, 1 IpoLelypHHU XapakTep. 3 1HIIOro OOKY MPOIIEC OMUCYEThCA K (PYHKIIOHAILHUMU 3B’ SI3KaMH, TaK 1
BiZTHOCHHAMU MiX iHOpPMAaLIITHUMH ocepeakaMu. 3 ypaxyBaHHSIM MPEIUKaTHUX O3HAK JIEKJIAPaTHBHOTO 1 MPOLEAYPHO-
ro XapakTepy, c(hopMOBaHi MPOIECHI 3HAHHSI MOJIENICH CUTHAIBHUX BiIMITOK JUIS MOBITPSHUX 00’ €KTIB THITY JIITaK, BE-
prouit, BITJIA. 3arpornionoBana MoOJEIb BKIIOYA€E CHCTEMY NPEANKATHUX PiBHAHB, B PE3yJbTaTi PIllIeHHS SIKMX BU3HA-
Ya€ThCS BUA 1 3HAUCHHS NMPEIUKATHOTO O3HAKH MayeyHOl CTPYKTYPH CHMBOJIBHOI MOJIEN PYXOMOTO 00’€KTY 1 Mepeik
MPOLEAYPHHUX Ta CEMAHTUYHUX OTepariii 00poOKM nmponecHnX 3HaHb. [loka3zaHo, M0 A1 BUSBICHHS 1 PO3II3HABAHHS
MAYeYHOI CTPYKTYPH CHUTHAIIB HaWOLIBII 3aCTOCOBHI MPOAYKILiHHI a00 KOMOIHOBaHI MOJIENi, Y MOAEINSIX IBOTO THITY
BUKOPHCTOBYIOTBCS A€SKI €IEMEHTH JIOTIYHHUX 1 MEPEKEBUX MOJIETICH.

Kniouosi crosa: Moznenb NpoLECHUX 3HAHb; NPUIHATTA PILlIEHb; PyXOMH 00’ €KT; BUSBJICHHS; PO3ITi3HABAHHS; 1H-
TeJIEKTyallbHa CUCTEMA; CUMBOJIbHA MOJIEJIb CUTHAJIBHUX BIJIMITOK.

L. 4. Biomiorp .: 13 Ha3s.

YK 004.89: 621.396

IIpenukaTHasi MoJesib MPOLECCHBIX 3HAHUN NMPH 00HAPY:KEHWW M PACNIO3HABAHMM NMAYE€YHOIl CTPYKTYpBI
CHTHAJIOB OT JIETATEJLHBIX annapatoB B 00630opubix PJIC / B.B. JKupnos, C.B. Cononckas Il Paguorexnuxa :
Bceeykp. mexsen. Hayd.-rexH. ¢0. 2020. B, 201. C. 137 — 144,

[IpuBeneHa Mozenp MpeacTaBlIeHNUsT 1 00padOTKH MPOIECCHBIX 3HAHUH NP OOHApY>KEHUH M PACIIO3HABAHHH I1a-
YEYHOH CTPYKTYPBI CUT'HAJIOB OT JICTATEJbHBIX allllapaToB B MHTEIUIEKTYAIbHBIX 0030pHBIX PaJHOJIOKAMOHHBIX CHCTE-
Max. AKTyaJIbHOCTb PabOTHl — MOBbIMIEHNE dPPEKTUBHOCTH CUCTEM MOHHUTOPHHIA BO3AYIIHOTO ITPOCTPAHCTBA M CHC-
TEM YNpaBJICHUS TOABWKHBIMU OOBEKTaMH ITyTEM CO3/1aHHs YHUBEPCAIbHOTO alropuT™Ma 0OHApYKEHHS U Paclio3HaBa-
HUsI cnaObIX TOJIE3HBIX CHTHAJIOB B YCJIOBHSIX MEIIAIOUIMX BO3AeHCTBUi. B pa3paboTaHHYIO NpeIUKaTHYIO MOJEIb
MPOLIECCHBIX 3HAHUI BXOJST MPOLEAYPbl (JOPMUPOBAHKS M aHAIIM3a TE€OMETPUUECKOI0 CHUI'HAIBHOIO 00pa3a TOYSUHBIX
00BEKTOB C MOCTIEAYIOIUM MPHHATHEM PELIeHHH 0 HaOmo1aeMbIX 00beKTax Jokarun. Ha ocHOBe 3To# Momenu mpo-
[IECCHBIX 3HAaHWH pa3paboTaH METO MPUHSITHS PEIICHU, OCHOBAHHBIN Ha MpereneHTax. GopMaan3oBaHbl MPOIECCHBIC
3HaHMS TPeoOpa30BaHUs PaJANOIOKAIIMOHHBIX CUTHAJIOB B CHMBOJIbHBIC U300paKeHUsI MAYSUHOH CTPYKTYPBI OTMETOK
TOYEYHBIX MOJBHXHBIX U MAaJOMOJABMKHBIX BO3IYIIHBIX O0BEKTOB. B mpeiaraeMoil Monesn Mex1y MHPOPMaIMOH-
HBIMH €JMHUIIAMH TIPEyCMOTPEHa BO3MOXKHOCTb IIOCTPOCHUS CBsI3el pa3MuHOro THIa. [Ipexne Bcero, 3Tu CBSI3M Xa-
PaKkTepu3yloT OTHOMICHHUS MEXAY MHOOPMALMOHHBIMHU €IMHNI[AMH, CEMAaHTHKa 3THX OTHOIICHUH HOCHUT M JICKJIApaTHB-
HBIH, ¥ TIponeypHbIH XapakTep. C Apyroil CTOpOHBI, IPOLECC OMKMCHIBACTCS KaK (YHKIMOHAIBHBIMU CBS3SIMH, TaK U
OTHOIICHUSMH MEXAy UH(OOPMAaMOHHEIMU siuelikaMu. C y4eToM NMpPeANKaTHBIX NPU3HAKOB JEKIapaTUBHOIO U MpolLe-
JlypHOTO Xapakrepa c()OPMUPOBAHBI MPOLECCHBIC 3HAHMS MOJIENCH CHIHANBHBIX OTMETOK JUISi BO3IYLIHBIX OOBEKTOB
TUIIa CaMoJIET, BEepToJeT, OecrmioTHbIi neratensHblid anmnapat (BIIJIA). IpeanokeHHass MOJEIb BKIIOYAET CUCTEMY
MIPEANKATHBIX YPAaBHEHUIL, B PE3yNIbTaTe PEIICHNS 3TUX yPaBHEHUH ONpENeIsieTCsl BUJ M 3HAUEHUE MIPEAUKATHOTO MPH-
3HaKa Ma4eYHON CTPYKTYypBl CHMBOJIHOM MOZENN OABHKHOTO 00OBEKTA, a TAKXKE MEPEUCHB MIPOLEAYPHBIX U CEMaHTH-
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YeCKUX omnepanuii oOpaboTKK MpoIecCHBIX 3HaHWH. [lokazaHo, 4TO UIT OOHAPYKEHHUS W PACIIO3HABAHUS MAYeUHOM
CTPYKTYPBI CUTHAJIOB HanOoJiee MPUMEHUMBI MPOTYKITMOHHBIE WIIM KOMOMHUPOBAaHHBIE MOJIENIA. B Moensax aToro Tuma
HCTIOJIB3YIOTCA HEKOTOPBIC DJIEMEHTHI JIOTUIECKUX U CETEBBIX MOIIGJIGI\/'I.

Knioueswie crosa: Monens MpOLECCHBIX 3HAHUN; PUHATHS PEIICHUN; TIOJBIKHBIN 00BEKT; 00OHapyKeHHUE; pac-
TIO3HABAHUE; MHTEIIICKTYaJIbHAsA CUCTEMA; CUMBOJIbBHAS MOAEIIb OTMETOK.

Wn. 4. bubmmorp.: 13 Ha3s.

UDC 004.89: 621.396

A predicate model of process knowledge in detecting and recognizing the burst structure of signals from
aircraft in surveillance radars / V. Zhyrnov, S. Solonskaya // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020.
Ne201. P. 137 — 144.

A model of process knowledge in detecting and recognizing the burst structure of air object signals in the intelli-
gent surveillance radar systems is presented. The relevance of this work is to improve the efficiency of radar monitoring
systems and moving object control systems by creating an universal algorithm for automating the process of detecting
and recognizing weak useful signals under conditions of interfering influences. The developed predicate model of pro-
cess knowledge includes procedures to form and analyze the geometric signal image of point objects and decision-
making the observed objects. Based on this model of process knowledge, a case-based decision-making method has
been developed. The process knowledge of converting radar signals into the burst structure symbolic images of the
point moving air objects is formalized. It is possible to build various types of links between information units in the
proposed model. First of all, these links characterize the relations between information units; the semantics of these re-
lations is both declarative and procedural. On the other hand, the process is described both by functional relations and
relations between information cells. The processing knowledge of signal mark models for air objects such as an air-
plane, a helicopter, an unmanned aerial vehicle (UAV) is generated, taking into account declarative and procedural
predicate signs. The proposed model includes a system of predicate equations, as a result of their solution, the burst
structure type of the moving object signals and a list of procedural and semantic operations for processing knowledge
are determined. It is shown that to detect and recognize the burst structure of signals, the production or combined mod-
els are most applicable; this type of model uses some elements of logical and network models.

Keywords: model of process knowledge; decision-making; moving object; detection; recognition; intelligent sys-
tem.

4 fig. Ref.: 13 items.

TEJAEKOMYHIKAIIMHI CAHCTEMHU
TEJIEKOMMYHUKAIIMOHHBIE CUCTEMbI
TELECOMMUNICATION SYSTEMS

YK 621.396.001

MixBumenns edpekTuBHocTi podoTu crangapry 802.11 ac 3a paxyHok BIiuBy TexHoJorii Airtime Fairness /
P.I. Typuun, JL.O.Toxap, A.0. Kpacnoxcenwx Il Pagiorexnika : Beeykp. Miksia. Hayk.-tex. 30. 2020. Bum. 201.
C.145-152.

PosrisiHyTO OTHY 3 KpUTHIHHX MPOOIIEM MPOAYKTUBHOCTI O€3MpOBIIHOT MepeKi — MOHOTIOMI3aIli0 eipHOTO Jacy
MOBUTPHUMH KITi€EHTaMU. Po3ristHyTO TiepeBaru 0e3mpoBigHOT TexHoorii Wi-Fi sk HaiOLIbII cydacHOTO cepell KIIiEHT-
CBKUX TPUCTPOIB cTaHmapty. IIpoaHamizoBaHO OcHOBHI Bepcii cranmaptiB Wi-Fi. [TokazaHo, mo Bennke pisHOMaHITTSI
cranzaapriB Wi-Fi cnipsiMoBaHe Ha MOJNIMIIEHHS TOKa3HUKIB MPOJYKTUBHOCTI MEPEXi, 10 BUPAKAEThCS B 30UIbIICHHI
IIBHJIKOCTI Iepesadi, B ONTHMi3alii BHKOPUCTaHHS CMYT YacTOT, B MiBUIIEHHI eekTBHOCTI podotn Wi-Fi B cermen-
Tax 3 BUCOKOIO IIUIbHICTIO a00HEHTIB, a TAKOX B MOXKJIIMBOCTI MHO>KMHHOT TIepe/iadi IOTOKOBOTO BiJIe0 BUCOKOI YiTKOC-
Ti.

IIpoananizoBano crangapt IEEE 802.11 ac. 3a3HaueHo, [0 OCHOBHUM MPOOJIEMHUM MICIIEM JaHOTO CTaHAapTy €
HE3pYy4HICTh HOro poOOTH B yMOBax CHIIBHOI AuM(epeHialil KIIEHTCHKUX MPHUCTPOIB, 0 BUPAKAETHCSI B 3MEHIIECHHI
MIPOITYCKHOI 37]aTHOCTI MEPEXKi B IIIIOMY.

[IpoananizoBano poOOTy Mepexi 3 BAKOPUCTaHHIM TexHoorii Airtime Fairness. st BupimeHHs mpo0ieMu Mo-
HomoJi3awii edipHOro yacy MOBIIBHUMH KJIIEHTAMH BUKOPUCTAHO HUKIIYHUN METOJ MOoJuTy eipHOTO 4acy Ha 3aj]aHi
npoMiXkH. BkazaHo HeoOxinHe 06naqHaHHsl, anapaTHe 3a0e3NeYeHHs Ta MoYaTKoOBl YMOBHU Al pociiukeHHs. [Tokaza-
HO, 110 e()eKTUBHICTh pOOOTH MEpPEeXi BU3HAYAETHCS CEPENIHBOIO MTAKETHOIO POYKTHBHICTIO, CEPETHBOIO TPOIYCKHOIO
3/IaTHICTIO Ta YTHIIi3aIli€r0 0€3MpOBiTHOTO KaHATY.

JloBeneHo, mo mpu 3MiHAX B HAJAIMTYBAaHHI CHCTEMM 3a PaxyHOK aKTHBaIlii alrOPUTMIB TEXHONOTIi Airtime
Fairness cmoctepiraeTbcsl migBUINEHHS MaKETHO! MPOAYKTUBHOCTI, CEPeNIHBOI MPOIMYCKHO{ 3aTHOCTI, a TaKOX 3MEH-
IIEHHS BiJICOTKA yTIUIi3aIii 0€3MpoBiTHOTO KaHAIy, [0 JTOBOJWTH HASBHICTh MO3UTUBHUX 3MiH B POOOTi 6e3mpoBinHOl
Mepexi.

Kmouogi crosa: 6e3mpoBigHa Mepexka; MPOTyKTUBHICTE; eQipHHIA 9ac; MOHOIIOMI3AIlis; YTHIIi3aIis KaHaIy.

Ta6x. 2. [n.2. Bibmiorp.: 6 Ha3B.
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VJIK 621.396.001

IoBbimenue dpdexkTuBHOCTH PadoThHI cTanAaapTa 802.11 ac 3a cuer BJAMsIHUS TexHoJdoruu Airtime Fairness
| P.U. Typuun, JI.A.Toxaps, A.A. Kpacnooceniok Il Paquorexunka : Beeykp. Mexsea. Hayd.-TexH. ¢6. 2020. Bei. 201.
C. 145 -152.

PaccmoTpeHa ogHa W3 KPUTHYECKHX MPOOIEM HPOM3BOAUTEIHHOCTH OECIPOBOTHON CETH — MOHOITOJIM3AIIHS
3(HUPHOTO BPEeMEHHU MEIJICHHBIMH KIUCHTAMH.

PaccMotpens! npenmyiiecTBa OecripoBoaHoM TexHoioruu Wi-Fi. I[Ipoanann3upoBaHbl OCHOBHBIE BEpCHH CTaH-
naptoB Wi-Fi. Ilokazano, yto Gosbiioe MHOroodpasue crangaptoB Wi-Fi HampaBieHo Ha yiydllleHHE NMOKazaTelen
MPOAYKTUBHOCTU CETH, YTO BBIPAKACTCA B YBCIMYCHUU CKOPOCTU MIEpeaavd, B ONTUMHU3ALINU HUCIIOJB30BAHHA IOJIOC
YacCTOT, B IIOBBINICHUHN 3(1)(1)6KTI/IBHOCTI/I paGOTbI Wi-Fi B cerMeHTax ¢ BBICOKOH ILNIOTHOCTBIO a60HeHTOB, a TaKXXE B BO3-
MO’KHOCTH MHO>KE€CTBEHHOM nepeaaun nmoToOKOBOro BUACO BBICOKOM YETKOCTH.

[Tpoananusuposan crangapt IEEE 802.11ac. Yka3aHo, 4T0 OCHOBHBIM IPOOJIEMHBIM MECTOM JAHHOT'O CTaHIapTa
SIBIISICTCA HEYIOOCTBO €ro paboTHI B YCIIOBHSIX CHIIBHOW nu((depeHIHay KINSHTCKUX yCTPOICTB, YTO BEIPAKaeTCs B
YMCHBIICHNAN TIPOITYCKHOM CITOCOOHOCTH CETH B LIEJIOM.

[Ipoanamu3upoBana paboTa CeTH ¢ HCIONB30BaHUEM TexHoJorun Airtime Fairness. s pemerns mpo6iemMsl Mo-
HOIIOJIN3allun 3(1)I/IpHOF0 BPEMCHHN MCIJICHHBIMU KJIIMCHTAMHU HCIIOJIb30BaH I_lI/IKJ'II/I‘IeCKI/Iﬁ MCTOA pa3ACJICHUA 3(1)I/IpH01"O
BPEMCHH Ha 3aJaHHBIC ITPOMCEIKYTKH. YkazaHo HeO6X0,I[I/IMOG O60py;[OBaHI/Ie, armaparHoe obecrieueHre ¥ HaYyajJbHBIE
yCIoBHS I MccaenoBanus. [lokazaHo, 9To 3¢ (GEKTHBHOCTE PaOOTHI CETH OINPENeIeTCs CPeIHEeH MaKeTHOH MPOoayK-
TUBHOCTBIO, CPEeIHEH MPOMYCKHONM CIIOCOOHOCTHIO U yTUIM3alLUel 6ecTIpOBOAHOTO KaHama.

[Toka3aHo, YTO MPH U3MEHCHHSX B HACTPOWKE CHCTEMBI 3a CUCT aKTHUBAIMHM AJTOPUTMOB TEXHOJOTHH Airtime
Fairness HaOxofaercsi MOBBINICHUE MAKETHOW MPOAYKTHBHOCTH M CPEAHEH NPOMYCKHOW CIIOCOOHOCTBIO, a TaKkKe
YMEHBUICHUC MPONLCHTA YTUIN3allUN 6€CHpOB0}1HOFO KaHaJia, YTO JOKa3bIBACT HAJIUYHUC ITO3UTHBHBIX U3MEHEHUH B pa-
00Te OECIIPOBOIHOM CETH.

Knroueswvie cnosa: 6€CHp0BOI[HaiI CCTh,; MPONU3BOAUTCIBHOCTD, BCI)I/IpHoe BpEMsA; MOHOIIOJIM3alus; yTUIU3aluA Ka-
HaJa.

Tabn. 2. Wn.2. bubnworp.: 6 Ha3B.

UDC 621.396.001

Efficiency increase in the 802.11 Ac standard performance due to the influence of Airtime Fairness tech-
nology/ R.l. Turchin, L.O. Tokar, Ya.O. Krasnozheniuk // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201.
P. 145 - 152.

The article considers one of the critical problems of wireless network performance, namely, monopolization of
airtime by slow clients.

The advantages of wireless Wi-Fi technology are considered. The main versions of Wi-Fi standards are analyzed.
It is shown that a wide variety of Wi-Fi standards is aimed at improving network performance indicators, which is ex-
pressed in increasing the transmission speed, optimizing the use of frequency bands, increasing the efficiency of Wi-Fi
in segments with high subscriber density, as well as in the possibility of multiple streaming of high definition video.

The IEEE 802.11ac standard is analyzed. The choice of 802.11 ac technology is based on its availability and flex-
ibility. It is indicated that the main problem point of this standard is the inconvenience of its performance under strong
differentiation of client devices, which is reflected in a decrease in network bandwidth as a whole.

The network performance using Airtime Fairness technology is analyzed. To solve the problem of monopolization
of airtime by slow clients, the cyclic method of dividing airtime into given intervals has been used. The necessary
equipment, hardware and initial conditions for the study are indicated. It is shown that the network efficiency is deter-
mined by the following productivity indicators: average packet productivity, average bandwidth and wireless channel
utilization.

It has been explained that with changes in system settings due to activation of Airtime Fairness technology algo-
rithms, there is an increase in packet productivity and average bandwidth, as well as a decrease in the utilization rate of
the wireless channel, which proves the presence of positive changes in the wireless network.

Keywords: wireless network; performance; airtime; monopolization; channel utilization.

2 tab. 2 fig. Ref.: 6 items.

VK 621.396.677.49

MeTtoanka BHOOpPY KpUTepil0 i aHANI3y eJIeKTPOMArHiTHOI CyMiCHOCTI yrpynmyBaHb pafioe1eKTPOHHHX 3a-
co6iB B Mepeskax MoOiabHoro 3B'a3ky / [0.10. Konsoenxo, M.O. Yypcanos I/ Pagiorexnika : Beceykp. MixBizn. Hayk.-
texH. 30. 2020. Bum. 201. C. 153 — 163.

Jnst 6aratbox PE3 mapameTpu KOpUCHUX CUTHAJIB, IIyMiB 1 3aBaj] € BUMAJAKOBHMH, & 4acTO i HECTalllOHAPHUMHU
MIpoIiecaMy 3 HEBIJOMUMH OTOYHUMH XapakTepucTukaMu. CIIeKTpH 4acTOT KOPUCHHUX CHTHAJIIB 1 3aBaj] 3a3BHYAH pi3-
Hi, 3 pI3HHM CTyIIEHEM TEepeKpUTTI. Bee 1€ cTano MpUYIMHOI0 PI3HOMAHITTS KPHUTEPIiiB i HEOAHO3HAYHOCTI B OIIHIII
EMC. I[IpoBeneHo orisii KpUTEPiiB €JIEKTPOMArHiTHOT CyMiCHOCTI B YIPYIIYBaHHSX PalliOeIEeKTPOHHHX 3ac00iB. 3ampo-
TIOHOBAHO HA €Talli IPOEKTYBaHHS MEPEX MOOUIBHOTO 3B'I3KY BUKOPHUCTOBYBATH KPHUTEPIH MPOIYCKHOI 3aTHOCTI Ka-
Hally, SIKMH BpaxoBy€ CyMapHi HOTY)XHOCTi 3aBaj. [Ipu pedapMiHry panioqacTOTHOrO CIEKTPY 3alPOIIOHOBAHO BHKO-
PHCTOBYBATH KpUTEPil EHEPreTHYHOI eKBiBaJIEHTHOCTI. PedapMiHT pasioyacTOTHOTO CIIEKTPY BUMarae po3poOKu yMOB
CHUILHOTO (DYHKIIOHYBaHHS MEPEX NEKUIBKOX CTAHIAPTIB B CyMDKHHX CMYrax 4acTOT B Me)Kax OJHOTO Jiana3oHy.
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Kputepiit 103B0JISIE BU3HAYNTH YMOBHU 30€pEKEHHST EHEPTETUIHOT €KBIBAJIGHTHOCTI MEPEXKi 13 3aCTapiJIOI0 TEXHOJIOTIEI0
B CMY3i YacTOT BiAMOBiIHOT IIMPUHU JJII CTBOPEHHS MEpeXi 3 HOBOIO TEXHOJIOTIEI0, a came: OOYUCIUTH JOMyCTHME
YHCJIO TIepenaBadiB HOBOI Mepexi; OmiHUTH (B pa3i moTpeOu) HeoOXigHe OOMEXKEeHHS IOTYKHOCTI BHIIPOMiHIOBaHHS
nepenaBayiB HOBoi Mepexi. Llei kpurepiii J03BOJISE 3 JOCTATHROIO TOYHICTIO OIIHUTH €JIEKTPOMArHiTHY OOCTaHOBKY,
MpOoCTHH y BUKOpHCTaHHI. Ha erami QyHKIIiOHyBaHHSA Mepeki MOOLITEHOTO 3B'SI3KY 3aIIPOTIOHOBAHO BHKOPHUCTAHHS KpPH-
Tepiro BiTHOMIEHHS MOTY>KHOCTI KOPUCHOTO CHTHAJY JI0 CYMapHOI MOTYXKHOCTI 3aBaj i mryMmy. JlaHuit Kputepiit 3ampo-
IIOHOBAHO OHiHIOBaTI/I 3a pe3yjibTaTaMn BI/IMip}OBaHb B p€aJIbHOMY Maciradi qacy.

[TpencraBnena Metoanka BHOOpY kputepito i ananizy EMC no3Boiisie SIKiCHO 1 KIJIbKICHO aHaJli3yBaTH €JIEKTpoMa-
THITHY OOCTAQHOBKY 1 SIKICTB 3B'A3KYy B CHCTEMax PajiofoCTyIy 3 0araTo4acTOTHUMHU CUTHAJIaMH, SIK Ha €Tarll POeKTY-
BaHHs, peapMiHTy, TaK i Ha eTani QyHKIIOHYBaHHS MEPEexi

Kniouosi crosa: enekTpoMarHiTHa CyMiCHICTB; paJlioeJIEeKTPOHHI 3ac00H; Mepeka MOOUTHLHOTO 3B'SI3KY.

Ta6u. 1. Inn. 5. Bibmiorp.: 14 Ha3s.

VK 621.396.677.49

Meroauka BbIOOpa KpPUTEpPUS M AHAJIM3A 3JIEKTPOMAarHUTHOH COBMECTHMOCTH IPYNIIMPOBOK PaIHOdJIeK-
TPOHHBIX CPEICTB B ceTSAX MOOUAbHOI cBsa3u / FO.FO. Konsoenko, H.A. Yypcanos Il Pamuorexunka : Beeykp. Mex-
Bel. Hayd.-TexH. ¢0. 2020. Bem. 201. C. 153 — 163.

I[J'Iﬂ mHorux POC napamMeTphl MOJIC3HBIX CUTHAJIOB, ITYMOB U IMOMCX SBJIAIOTCA CHy‘IafIHLIMPI, a 4aCTO U HECTa-
HUOHApHBIMU MpOHCCCaMU € HCU3BCCTHBIMU TCKYHIUMU XAPAKTCPUCTUKAMU. CHeKTpBI HaCTOT IIOJIC3HBIX CHUT'HAJIOB H
oMeX OOBIYHO Pa3HbIe, C Pa3HOW CTENEHBIO NEePEeKPhITHA. Bee 3To cTano npuynHON MHOr000pas3usi KpUTEPUEB U HEO -
Ho3HayHOCTH B oreHke DMC. TIpoBeseH 0030p KPUTEPUEB 3JICKTPOMATHUTHONW COBMECTHMOCTH B IPYIIUPOBKAX pa-
JIMOSJTIEKTPOHHBIX cpeAcTB. [IpenoxkeHo Ha dTarne MPOEeKTUPOBAHUS CETel MOOUIIBHON CBSI3U MCTIOIB30BaTh KPUTEPHIA
MPOITYCKHOW CIIOCOOHOCTH KaHaia, KOTOPhIA YYHUTHIBAET CyMMapHbIe MOIIHOCTH TomeX. [Ipu pedapmunre paguouac-
TOTHOT'O CIIEKTpa NPEJIOKEHO UCIIOIb30BaTh KPUTEPUIl IHEPreTHUECKOI 3KBHBAIEHTHOCTH. PedapMuHr paguouactoT-
HOTO CIIEKTpa TpeOyeT pa3padOTKH YCIOBHH COBMECTHOTO (YHKIIMOHHUPOBAHUS CETEH HECKOJIBKUX CTAaHIAPTOB B
CMCIKHBIX ITOJIOCAX YaCTOT B HpeAciaxX OAHOTO Aualna3oHa. KpI/ITepI/Iﬁ MO3BOJISACT ONPCACIIUTD YCJIOBUA COXPAHCHUS
BHGPFGTquCKOﬁ 3KBHUBAJICHTHOCTH CCTH C YCTapeBﬂleP‘I TEXHOJIOTHEH B IMOJIOCE YACTOT COOTBGTCTBYIOH.Ief/'I HIUPHUHBL AT
CO31aHus CETH C HOBOH TeXHOJ’IOFHeﬁ, a UMCHHO: BBIYUCINUTL JOIMYCTHUMOC YHCIIO NCPCAATUYUKOB HOBOH CCTHU, OLICHUTDH
(B coy4ae HEOOXOIUMOCTH) TpeOyeMoe OrpaHHYCHHE MOITHOCTH H3IYYCHUS MEepPeAaTINKOB HOBOW CETH. DTOT KpHUTE-
pI/Iﬁ IIO3BOJIACT C ,I[OCTaTO‘IHOfI TOYHOCTBIO OLCHHUTH JSJICKTPOMArHuTHYIO 06CTaHOBKy, IIpOCT B HCIOJB30BaHUU. Ha
JTare (byHKL[I/IOHI/IPOBaHI/ISI CceTH MOOHMIBLHON CBSI3H MPEIIOKECHO UCTIOJIB30BAHUE KPUTCPUSA OTHOMIECHUE MOIIHOCTH 110~
JIE3HOTO CUTHaJIa K CyMMAapHOH MOIIHOCTH IOMeEX U IIyMa. /IaHHBIA KpUTEpUN NPEJI0KEHO OLEHUBATh 110 PE3yJIbTa-
TaM U3MEPEHUH B pealbHOM MacITade BpEMEHH.

IIpencraBnenHas MeTonuka BeIOOpa kpuTepus u aHann3a OMC M0o3BoIIeT KaUeCTBEHHO U KOJIMYECTBEHHO aHAIH-
3UPOBATH JJICKTPOMAIrHUTHYIO O6CTaHOBKy 1 Ka4CCTBO CBA3U B CUCTEMax paJjuoAocTyria ¢ MHOro4aCTOTHBIMU CUTHA-
JIaMH, KaK Ha 3Tare IpOeKTHPOBaHUs, pepapMuHra, Tak u Ha dtarne (yHKIMOHUPOBAHHS CETH.

KirroueBrle ciioBa: QJICKTPOMArHuTHasA COBMECTUMOCTD,; PAAUOIJICKTPOHHBIC CPEACTBA; CETh MOOWIIBHOH CBSI3H.

Ta6x. 1. Y. 5. bubmwmorp.: 14 nazs.

UDC 621.396.677.49

Methodology for selecting criterion and analysis of electromagnetic compatibility of groups of radio elec-
tronic equipment in mobile communication networks / Yu.Yu. Kolyadenko, N.A. Chursanov // Radiotekhnika :
All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 153 — 163.

For many electronic devices, the parameters of useful signals, noise and interference are random and often non-
stationary processes with unknown current characteristics. The frequency spectra of useful signals and interference are
usually different, with varying degrees of overlap. All this has led to a variety of criteria and ambiguity in the assess-
ment of EMC. A review of the criteria for electromagnetic compatibility in groups of electronic devices. It is proposed
at the design stage of mobile communication networks to use the criterion of channel capacity, which takes into account
the total interference power. When refarming the radio frequency spectrum, it is proposed to use the criterion of energy
equivalence. Refarming of the radio frequency spectrum requires the development of conditions for the joint function-
ing of networks of several standards in adjacent frequency bands within the same range. The criterion allows you to de-
termine the conditions for maintaining the energy equivalence of a network with outdated technology in the frequency
band of the appropriate width to create a network with new technology, namely: calculate the allowable number of
transmitters of the new network; evaluate (if necessary) the necessary limitation of the radiation power of the transmit-
ters of the new network. This criterion makes it possible to assess accurately the electromagnetic environment and is
easy to use. At the stage of functioning of the mobile communication network, it is proposed to use the criterion of the
ratio of the useful signal power to the total interference and noise power. It is proposed to evaluate this criterion from
the results of measurements in real time.

The presented methodology for selecting the criterion and analysis of EMC allows a qualitative and quantitative
analysis of the electromagnetic environment and the quality of communication in radio access systems with multi-
frequency signals, both at the design stage, refarming, and at the stage of network operation.

Key words: Electromagnetic compatibility; radio electronic means; mobile communication network.

1 tab. 5 fig. Ref: 14 items.
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YK 621.396.962

IIpaBuiia BHUSABJIEHHS PAXIOMETPHYHOrO CUTHAJY NpH GaraTokaHajibHomy mnpuiomi / B.€. Kyopsauwos,
B.A. Maxyxa, B.I. Camoxsim, I.A. Snosa Il Pamiotexuika : Beeykp. Mixksin. Hayk.-texH. 36. 2020. Bum. 201. C. 164 —
170.

Po3pobnieHo npaBmiia BUSIBICHHS PaliOMETPUIHOTO CHTHAIY Ha OCHOBI METOIY BiAHOIIEHHS MPaBIOIONiOHOCTI,
P YMOBI, IO PagiOMETPUYHI CUTHAIN € HECTAIllOHAPHUMH BHUITAIKOBHMH MPOIIECaMHU, SIKi PO3IMOIiIEH] K BIHEPOBCH-
kui nporec. [IpencraBnenuit Xin 3100y TTS NpaBUII BUSIBJICHHS HECTAI[IOHAPHOTO KOPUCHOTO CUTHaNTYy Ha (oHi HecTai-
OHApHUX KOJIMBaHb, 110 3aBa)KAIOTh, BKIIOYAIOYHN BJIACHI IIYMH PaJiOMETPUYHNX KaHaTiB. 3100yTO NpaBuia BUSBICHHS
JUIsl IBOX NMPHUHMaJIbHUX MO3HLIHN (07HO0a30Ba cucTeMa) Ta CyMiCHIH 00poOIl CUIHaNIB 3 YOTUPHOX NPUAMAIBHHUX I10-
3uLii (1Box0a3zoBa cucreMa). BBegeHo (i3MyHO iCHYIOUI HE3HAYHI CHPOLICHHS. 3a NMpaBWJIaMK BUSBICHHS palioMeT-
PHYHOTO CHrHAY AJisl 0H00a30BO1 Ta ABOX0a30BOI cUCcTEM KapTorpadyBaHHs HOBEPXOHb CKIIAJICHI CXEMHU BUSIBIISYIB,
SIKI TEXHIYHO peaji3yloThCs 3 BpaXyBaHHSM PiBHs MOPOTIB.

Jis 0THO3HAYHOTO BUSBJICHHS KOPHCHUX CHTHAJIIB HEOOXiHO MaTH CKaHyo4i aHTeHHi cucremu. [llmpuHa miar-
paMu COpsSIMOBAHOCTI aHTEH ITYHKTIB MPUHOMY OOyYMOBIICHA IDIOMIMHOKO UM KapTorpadyBaHHs. Y Hiif IUIOMIMHI TO-
BUHHO OyTH, HATIPUKIJIAJ, YOTHPH NEPETHHH PI3HUIL X0Ay. Peaiizalis crpommeHoi cxeMu MOYKIJINBA HA OCHOBI BHCOKO-
MIBUIIKICHUX TPHUCTPOIB, U 3a0e3MeUeHHs TOCTaTHBOTO KOS(IllieHTy CTUCKaHHS CHUTHANIB Ta HAWOUTBIIOI HabHOCTI
Iii cucteMu npuiioMy B misloMy. Ha BUX0/i KOPENAIHHAX BUSBIITIIB KOXKHOI 3 0a3 BCTAHOBJICHO MiXKOa30Bi KOPEIATO-
pu. Ha ix BUXomax BCTAaHOBIICHO ITOPOTOBI MPHUCTPO] 3 piBHEM IOPOTY, SIKMH JOPIBHIOE AHcHepcii Ha BUXoAax MixkOa30-
BUX KOPEJSITOPIB, PH BiJICYTHOCTI KOPUCHUX CUTHAJIB.

3acToCyBaHHS CIPOILEHOT CXeMH MOXKIIMBO HE TUIBKH B MiiMeTpoBoMy (MM) abo (i) B inppauepBonomy (1Y) mia-
Ma30Hax JOBXUH XBWIIb. Bukopucranus Y niama3zoHy CyTTeBO 30UIBIIYE PO3PI3HIOBAIBHY 31aTHICTh CHCTEMH 3a Pi3-
Hune xoxy. OgHOYacHe BIPOBAPKEHHS PEXXMMY CHHTE30BAHOTO alepTypH aHTeH B MM Ta [Y miana3oHax JOBXUH
XBHJIb JI03BOJIMTH SKICHO TIPOBOJUTH KapTorpadyBaHHs 3 Ha3eMHOT OpOITH KOCMIUYHHX 00’ €KTIB.

Kniouosi cnosa: pamiomerpuyHmiA cWrHal; OaraTOKaHaJbHHAU TPHITOM; HECTAlllOHAPHHWN BHITAIKOBHH IIPOIIEC,
MIPaBUJIO BUSABIICHHS; BiTHOMICHHS MPaBAOMOAIOHOCTI; pagioMeTp.

L. 4. Bibmiorp .: 16 Ha3B.

YK 621.396.962

IMpaBuiia oOHApY:KeHUsI PAAMOMETPHYECKOr0 CMTHAJIA MPH MHOTOKAHAJIBLHOM mpwuiiome / B.E. Kyopswes,
b.A. Maxyxa, B.U. Camoxeum, U.A. Anosa Il Pagnorexuuka : Beeykp. mexsen. Hay4d.-texH. ¢0. 2020. Beim. 201.
C. 164 -170.

Pazpabotans! nmpaBuia 0OHAPYKEHHUS PaJUOMETPHUECKOT0 CUTHAJIa HA OCHOBE METOJIa OTHOLICHUS MPaBJIONIOI0-
Ous IIPHU yCIIOBHH, YTO PAIUOMETPHUYECKHE CUTHAIBI — HECTALlMOHAPHBIE CIIy4yaiiHble MPOIIECChl, KOTOPBIE pacIipesese-
HBI KaK BUHEPOBCKHUI npouecc. [IpencTaBieH Xo1 NOTy4eHUS IPaBUI OOHAPYKEHUS HECTAIIMOHAPHOTO TIOJIE3HOTO CHUT-
HaJjia Ha ()OHEe HecTAllMOHAPHBIX MEUIAIOMINX KoJieOaHUM, BKIIOYas COOCTBEHHBIC IIyMbl PaJAMOMETPHYECKUX KaHAJIOB.
IMony4yeHsl mpaBuia OOHAPYKEHHS Ul IBYX NMPUEMHBIX MO3UIHH (01HO0A30Bas CUCTEMa) U COBMECTHOH 00pabOTKH
CHUTHAJIOB C YeThIpeX NMPUEMHBIX MO3MIMH (Byx0a3oBas cucrema). BBeneHsl ¢u3MUYecKH CyIIECTBYIONINE HE3HAUH-
TesbHBIe yrpomeHus. [lo mpaBuinaM oOHapy>KeHUS paJdoOMETPUYECKOrO CHUTHalla Uil OZHOOa30BOH M ABYX0a30BOH
CHCTEMbI KapTorpadMpoBaHHs OBEPXHOCTEH COCTABIIEHBI CXEMbI OOHApYXHUTEIEH, KOTOPBIE TEXHUUECKH PETH3YIOTCS
C Y4€TOM ypOBHS ITOPOTOB.

Js omHO3HAYHOTO OOHAPY)KEHMS TMOJIE3HBIX CUTHAJIOB HEOOXOAWMO UMETh CKaHUPYIOUINE aHTCHHBIC CHCTEMBI.
[Inpuna nuarpaMM HampaBIEHHOCTH aHTEHH IYHKTOB IIpHeMa OIpelessieTcsl IUIONIAbio IsITHA KapTorpagupoBaHusl.
B aToit momaake 10MKHO OBITH, HAIPUMED, YETHIPE TIEpEeCeUeHUs PA3HOCTH XoJa. Peanuzarusi yrmpoIIeHHON CXEMBbI
BO3MOYHA Ha OCHOBE BBICOKOCKOPOCTHBIX YCTPOMCTB, JJIsi O0ECIIeueHUs TOCTATOYHOTO Kod(HIimeHTa cyxaTusl CUTHA-
JIOB M HAaMOOJIBIIEH JaTbHOCTH IEHCTBHSA CHCTEMBI B IIeJIoM. Ha BBIXOZe KOPPENALMOHHBIX O0OHAPYKUTEICH KaXKI0H 13
6a3 yCcTaHOBJIEHBI MEK0a30BbIe KOPpelATOphel. Ha MX BBIXOJaX HAXOASTCS IMOPOTOBBIE YCTPOICTBA, C YPOBHEM IOPOTa,
KOTOPBIH paBeH IUCIIEPCHH Ha BBIX0JIaX MEXK0a30BbIX KOPPEJISATOPOB IIPH OTCYTCTBUH MOJIE3HBIX CUTHAJIOB.

[IprMeHeHHe yIPOUIEHHON CXEMBI BO3MOXHO HE TOJIBKO B MHJUTMMETPOBOM (MM) miti (1) B nHppakpacHoM (LK)
nrarasone JuMH BojiH. Mcnonbs3oBanne MK nuanasoHa cymiecTBEHHO YBEJIMUYMBAET Pa3pelIalOlIyl0 CIIOCOOHOCThH MO
pasHocTH Xona. Peanmzanust pexxnma CHHTE3MPOBAaHHOM anepTypsl aHTeHH B MM n MK nuanasoHax JUTMH BOJIH MO3BO-
JIUT Ka4eCTBEHHO MPOBOINTH KapTorpagupoBaHue ¢ Ha3eMHOM OpOUTHI KOCMHYECKUX OOBEKTOB.

Kniouesvie cnosa: panuoMeTpu4ecKUil CUTHAII; MHOTOKAHAIbHBIN PHEM; HECTAlMOHAPHBIN ClIydaliHbIN IpoLecc;
NIPaBUJIO OOHAPYKEHHUS; OTHOILIEHUE TIPABIOII000MS; PaJHOMETD.

Y. 4. bubauorp.: 16 Ha3s.

UDC 621.396.962

Rules for detecting a radiometric signal in multi-channel reception / V.E. Kudriashov, B.A. Makyxa,
V.1. Samokvit, I.4. Yaloza // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 164 — 170.

Radiometric signal detection rules have been developed based on the likelihood of ratio method, provided that
these radiometric signals are of Wiener-distributed non-stationary random process. Detection rules have been derived in
the paper for a non-stationary signal against non-stationary interferences, including intrinsic noise of radiometric chan-
nels. Detection rules for two receiving positions (single-baseline system) and joint signal processing on four receiving
positions (dual-baseline system) have been obtained. Physically existing minor simplifications have been injected. The
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feasible detection block diagrams have been created, accounting for the threshold levels, and according to radiometric
signal detection rules in both single- and dual-baseline mapping systems.

For unambiguous detection of useful signals, it is necessary to have scanning antenna systems. The width of the
radiation patterns of the reception points antennas is determined by the area of the mapping spot. In this area there
should be, for example, four intersections of the stroke difference. Implementation of a simplified scheme is possible on
the basis of high-speed devices to ensure a sufficient signal compression ratio and the longest range of the system as a
whole. At the output of the correlation detectors of each base, inter-base correlators are installed. At their outputs are
threshold devices with a threshold level that is equal to the variance at the outputs between the base correlators, in the
absence of useful signals.

The use of a simplified scheme is possible not only in the millimeter (mm), or (and) in the infrared (IR) wave-
length range. The use of the IR range significantly increases the resolving power with respect to the stroke difference.
The implementation of the synthesized aperture mode of antennas in mm and IR wavelength ranges will allow high-
quality mapping from the ground orbit of space objects.

Keywords: radiometric signal; multichannel reception; non-stationary random process; detection rule; likelihood
ratio; radiometer.

4 fig. Ref.: 16 items.

YJIK 621.3.006.357

AJITOPUTM PO3MOJITYy YACTOTHO-4aCOBOI0 pecypcy B Mepeki KoruiruBuoro panio / FO.FO. Konsoenxo,
B.I1. Mynsp Il Pagiotexnika : Beeykp. MixkBia. Hayk.-TexH. 36. 2020. Bun. 201. C. 171 - 178.

BrnacTuBICTh KOTHUTHBHOCTI Mepedavae 3MaTHICTh PaaiOCHCTEMH BUPINIYBATH TaKi 3aBIaHHI: MEPEeXia Bi OIHO-
IO CTaHAapTy JI0 1HIIOT0; BUKOPUCTAHHS JEKUIBKOX CTaHIapTiB; Nepe0ya0By YaCTOTH; MOKIIMBICTh y4acTi B JUHAMIY-
HOMY PO3MOLII CIIEKTPY.

OpHiero 3 po0iieM, M0 BUHUKAIOTh IPU PO3IIOIII YaCTOTHOTO PECYpCy, MOXe OyTH BiICYTHICTh YiTKHAX IPaBHUII
NPUHHATTS pilieHHs. Y TakuX BHIAJKaX, SIK MPAaBHUIO, BUKOPHCTOBYIOTh HEMApaMETPHUHI AJITOPUTMHU 1 METOAH, TaKi,
HalpHKIaj, sIK alTOPUTMH, 3aCHOBaHI Ha MaTeMaTHYHOMY arapaTi HeHPOHHUX Mepex, abo alropuTMH, MOOyAOBaHI Ha
MaTeMaTUYHOMY arapaTi HEYiTKOI JIOTIKH.

B po6oTi 3anpomnoHOBaHMA aNTOPUTM PO3MOILTY YaCTOTHO-YaCOBOTO PECypCy B MEpekKi KOTHITUBHOTO pamio. Bi-
JIMIHHOIO 0COOJIMBICTIO PO3pOOIIEHOTO alTOPUTMY € BUKOPHUCTAHHS AK MapaMeTpa MPOMOPIiHHOTO CIIPaBEAIHBOrO PO3-
noziny ¢izuunux pecypcei PF, Tak i BC3IL. Kpim TOro, NpuiHATTS pillleHHs B JAHOMY aJrOPUTMI 3aCHOBaHE Ha MaTe-
MaTUYHOMY amapaTi HewiTKol Jioriku. JlaHuil anroput™ Moxxe OyTH BUKOPHUCTAaHHMH Ha erami (YHKI[IOHYBaHHS Mepexi
IIPY HasIBHOCTI BeJIMKOT KiibKkocTi AC 1 pH LIEHTpalli30BaHOMY YIIPaBJIiHHI YacTOTaMH 3 00Ky 0a30BOT cTaHIIil.

Po3po6iieno iMitaniiiHy MoJielib YIPaBIiHHS 4aCTOTHO-4aCOBUM pecypcoM. CTBOPEHO CHUCTEMY HEYIiTKOTO JIOTiu-
HOTO BUBEJICHHS JUIsl IPUNAHSTTS PIillIEHHs Ha BUJIJICHHS YaCTOTHO-4aCOBOTO pecypcy. BXiHUMK 3MIHHHMU B IJaHOMY
BUIIAJIKY € «3aIMTYBaHI pecypc» 1 «I0CTyITHI pecypcr». BHUXiqHOO 3MIHHOIO € «HMOBIpHICTh HaZaHHs pecypey». s
(opMyBaHHS «3alUTYBAaHUX PECYPCIB» TaK CAMO CTBOPEHO CHCTEMY HEWIiTKOTO JIOTIYHOTO BHBE/IEHHS. BXimHNMU 3MiH-
HuMHE € «BC3LI» i «PF» (BigHOMIEHHS MUTTEBOT IIBUAKOCTI ITepeadi JaHUX JI0 CepeIHbOI IPOITYCKHOT 3AaTHOCT).

Kniouosi crosa: po3noniisl 4acTOTHO-9AaCOBOTO PECYPCY; Mepexka KOTHITUBHOTO Pajio; HeUiTKa JIOTiKa.

Tabx. 1. I 6. bibmiorp.: 11 Ha3B.

YK 621.3.006.357

AJITOPUTM pacrnpe/ieJieHUsl YaCTOTHO-BPEMEHHOr0 pecypca B ceTH KOTHUTUBHOTO paauo / fO.FO. Konsoenxo,
B.I1. Myasp Il Paguorexuuka : Bceykp. MexBe. Hayd.-TexH. ¢6. 2020. Beim. 201. C. 171 —178.

CBOWCTBO KOTHUTHBHOCTH IMOJPa3yMeBaeT CIOCOOHOCTh PaAMOCUCTEMbI PEIlIaTh CIEAYIOHE 3a/1a4u: TIePexo/ OT
OJTHOTO CTaHAAPTa K JIPYrOMY; UCIIOJIb30BaHHE HECKOJIBKUX CTaHIIAPTOB; MEPECTPONHKY YaCTOTHI; BO3MOKHOCTh Y4aCTHs
B JIMHAMUYHOM pacIpe/iejIeHUH CIIeKTpa.

OnHO#M U3 mpo0IieM, BO3HUKAIOIIUX PH PAaCHpe/ieieHMH YaCTOTHOTO pecypca, MOXKET ObITh OTCYTCTBHE YETKHX
NIPaBWJI NPUHATHS peleHus. B Takux ciryyasx, Kak IpaBHIO, HCIIOJIB3YIOT HETlapaMeTpUIEeCKUe aJrOPUTMBI M METOMBI,
TaKue, HalpuMep, Kak aJrOPUTMBI, OCHOBaHHbIE HAa MaTeMaTHYECKOM armapare HEeHpPOHHBIX CETeH, WM aJITOPUTMBI,
MIOCTPOEHHBIE HA MaTeMaTHYECKOM aNIapaTe HeYETKOH JIOTHUKH.

B pabote mpesioxeH aIropuTM pacrpeesieHns] YaCTOTHO-BPEMEHHOIO pecypca B CETH KOTHUTHBHOTO pajyio.
OTIMYUTENEHONH 0COOEHHOCTHIO pa3pab0TaHHOTO alrOpUTMA SBISIETCS MCIIOJIb30BAaHHUE KaK MapaMeTpa MpOoIopIHoHa-
JILHOTO CIIPaBEAIMBOTO pacnpenenenus pusnueckux pecypcos PF, tak nu OCIIIL. Kpome Toro, npuHsTHE pEIICHHS B
JIAHHOM QJITOPUTME OCHOBAHO Ha MAaTEMaTHYECKOM aIrapaTe HeUeTKOH JIOTHKU. JJaHHBIH anropuT™ MOXeT ObITh UCTIO-
Jb30BaH Ha dTane (HYHKIMOHMPOBAHWS CETH NMPHU HaTUduu O00JbIIoro kojmudectBa AC W NpU IEHTPATH30BAHHOM
YIpaBJIeHUHU YaCTOTAMHU CO CTOPOHBI 0a30BOI CTAHIIMH.

Pa3paboTaHa UIMUTAIMOHHAS MO YIIPABJICHUS YACTOTHO-BpeMEHHbBIM pecypcoM. Co3aHa cucTeMa He4eTKOro
JIOTHYECKOTO BBIBOJIA AJISI IPUHATHS PELICHUS HA BBIJEICHUE YaCTOTHO-BPEMEHHOTO pecypca. BXogHbIMU niepeMeHHbI-
MH B JJAHHOM ClTy4ae SIBISTFOTCS «3aIlpaIlliBacMbIe PECYPChI» U «IOCTYIHBIE pecypchl». BEIXoaHON epeMeHHOM sBIIS-
€TCsl «BEPOSITHOCTD MPEOoCTaBiIeHus pecypcay. st GopMHUpOBaHUS «3aNpalluBaeMbIX PECYPCOB)» TaKKe CO3JlaHa CHC-
TEMa HEYETKOT'0 JIOTHYECKOTOo BbIBOAA. BxoxubiMu nepemennbiM siBisitorest «OCIIII» n «PF» (oTHOmEHNE MrHOBEH-
HOI CKOPOCTH Tiepeiaun faHHbIX | -it AC K cpeiHel IpOITyCKHOM CIIocOGHOCTH).
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KiroueBrbie ciioBa: pacrpezienieHue 4aCTOTHO-BPEMEHHOTO Pecypca; CeTb KOTHUTUBHOTO Paivo0; HEYETKas JIOTHKA.

Ta6u. 1. Vn.6. bubnworp.: 11 Ha3s.

UDC 621.3.006.357

Algorithm for the distribution of the time-frequency resource in a cognitive radio network /
Yu.Yu. Kolyadenko, B.P. Mulyar // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 171 — 178.

The cognitive property implies the ability of a radio system to solve the following problems: transition from one
standard to another; use of several standards; frequency tuning; the opportunity to participate in the dynamic distribu-
tion of the spectrum.

One of the problems that arise when allocating a frequency resource may be the lack of clear decision rules. In
such cases, as a rule, nonparametric algorithms and methods are used, such as, for example, algorithms based on the
mathematical apparatus of neural networks, or algorithms built on the mathematical apparatus of fuzzy logic.

An algorithm for the distribution of the time-frequency resource in the cognitive radio network is proposed. A dis-
tinctive feature of the developed algorithm is the use of both a parameter of the proportional fair distribution of physical
resources PF and SINR. In addition, the decision in this algorithm is based on the mathematical apparatus of fuzzy log-
ic. This algorithm can be used at the stage of network operation in the presence of a large number of speakers and cen-
tralized frequency management from the base station.

A simulation model for managing the time-frequency resource is developed. A fuzzy inference system has been
created for deciding on the allocation of a time-frequency resource. Input variables in this case are “requested re-
sources” and “available resources”. The output variable is the "likelihood of resource provision." To form the “request-
ed resources”, a fuzzy inference system has also been created. The input variables are “SINR” and “PF” (the ratio of the
instantaneous data rate to the average throughput).

Keywords: distribution of the time-frequency resource; cognitive radio network; fuzzy logic.

1 tab. 6 fig. Ref.: 11 items.

IPUCTPOI PAJIIOTEXHIKH TA 3ACOBH TEJEKOMYHIKAIIA
YCTPOMCTBA PAJIMOTEXHUKHU U CPEJICTBA TEJJEKOMMYHUKAIIAI
RADIO ENGINEERING DEVICES AND MEANS OF TELECOMMUNICATIONS

YK 621.317

MopenoBaHHsI €JIeKTPOHHHUX eJIEMEHTIB iMIYyJbCHMX peduieKTOMeTPiB Ha OCHOBI XapaKTepHCTHK
Hedinifinux Qyukuionanis / B.B. Cemeneyn, O.I. Aepymnin, O.M. Mopos, H.I'. Kocyrina, O.[]. Uepenxos Il
Paniorexnika : Beeykp. mixBia. Hayk.-texH. 30. 2020. Bun. 201. C. 179 — 185.

OOIpyHTOBAaHO METOJAUKY JOCIIJDKEHHsS CKJIQJHUX PaJiOeIeKTPOHHHUX EJIEMEHTIB MNpUiMalIbHO-TIIEPEeIaloyoro
TpakTy pedeKToMeTpa 3a JOMOMOrol (YHKIOHAIBHOTO MeToAy. CTBOpPEHHS MEPCIEKTUBHUX TEXHOJIOTIH B
MeJIUIIKHI, 010JI0Tii Ta CLILCHKOMY I'OCIIOIAPCTBI HEMOXIIMBE Oe3 BUBUEHHS (Pi3MKO-XIMIYHHMX HPOLECIB Y 010JIOTIUHUX
00’eKTax Ha MIKpO- i HAHOPIBHAX HA OCHOBI METOAY MiCIEKTPUYHOI CIIEKTPOCKOMI. AHAIII3 iCHYFOUMX METO/IB 1 3aC00iB
IEIEKTPUIHOT CIIEKTPOCKOTIIT ITOKa3ye, 0 BOHH HE MOXKYTh OyTH 3aCTOCOBaHI IS TOCIIKEHHS O10JI0T19HIX 00’ €KTIB
gepe3 0OMEXEHY TOYHICTh BHMIpIB, BY3bKHI YACTOTHHH Jiala30H, CKIAJHOCTI KOMIUIEKCY BHMIPIOBaJbHHUX 3aCO0iB;
yepe3 HeOOXIIHICTh CIIeIiabHO ITiATOTOBIEHOT0 TEXHIYHOTO TIEPCOHATY; BUCOKY BAPTICTh YCTAaTKyBaHHS, IIPHHIUIIOBY
HEMOXITUBICTh BUMipy YacTOTHUMHU MeTonamu 11 6ionorigHmX 00’ €KTiB i3-3a X HENIHIHUX BIACTHBOCTEH.

Juist cTBopeHHs OaHKY JaHUX MPO MiCNEKTPUIHY MPOHUKHICTH OiOJOTIYHUX 00’€KTIB CUTBCHKOT'O TOCIOJApCTBA
HEOOXiHI IMITyJIbCHI peIeKTOMETPH, 10 CTPYKTYPH SKUX BXOJSTh CKJIaJHI HEJTiHIHHI Ta paJliOeNeKTPOHHI eIEMEHTH.
VY 3B’A3Ky 3 UMM BHWHHKAE MOTpebda B po3poOlli Ta OMMUCI OCHOBHHUX €TaIiB METOIWKH JOCHIKEHHS HEJiHIHHUX
panioeNeKTPOHHHUX EJIEMEHTIB MPUHMAaIbHO-TIEPEIalouoro TPakTy pediekToMeTpa 3a JOMOMOTroo (YHKIIOHAIBHOTO
METO.y.

Po6oTta akTyanmpHa 11T CTBOpPEHHA OaHKy IaHWX IIPO JiEJIEKTPUYHY HPOHHWKHICTH OIOJOTiYHMX 00’€KTiB
CUIBCHKOTO TOCIIONAPCTBA. 3a pe3yibTaTaMH poOOTH OTPHMAHO MOSKIIMBICTH BH3HaueHHs syiep BouspTepa mmpoxoro
KJIaCy HENiHIHHMX 0araTOMipHHX CHCTEM 3a JOIOMOTOI0 HENiHIMHHMX BXiJHUX CHUTHAJIB, IO CYTTEBO PO3IIMPIOE 00-
JIaCTh MPAKTUYHOTO 3aCTOCYBAaHHS (PYHKIIOHATEHOTO METO/Ia JOCHIPKEHHS HEJIHIHHUX pa/llioeNeKTPOHHUX KiJI, B TOMY
YHCII TakKWX, K IMITyJbcHI pediekromeTpuuHi cucrtemu. IIpu mpomy 30epiraeTbesi Taka BaXIMBa IiepeBara MeToja
HEJIHIHHUX CTPYMIB, SIK 3py4HICTh CKJIQJIAaHHS HA HOT0 OCHOBI IpOrpaM aHajdi3y Ta CHHTE3y HEJIiHIMHUX NMPHUCTPOIB Ta
cucreM Ha EOM. KpiM TOTO, METOA HENIHIHHUX BXiTHUX CHUTHAIIB JO3BOJISIE JOCITIKYBATH KacKaJHE 3 €IHAHHSI
HENNHIKHUX CUCTEM, SIK 0€3 B3aeMOii MIXK KacKaJaMH, TaK 1 3 JIHIHHOIO B3a€MOIIEI0 MK KacKaJaMHu.

Kniouosi cnosa: iMmynbcHUN pediekTomMeTp; QyHKIIIOHATLHUN METO/; HETIHIIHI pagioeneKTpOHHI €JIEMEHTH.

bi6miorp.: 21 Ha3s.

YK 621.317

MogenupoBaHue 3JeKTPOHHBIX 3JJeMEHTOB HMINYJIbCHBIX ped)IeKTOMEeTPOB Ha OCHOBE XapaKTePHCTHK He-
JIMHEHHbIX pyHKuuonaaoB / B.B. Cemeney, O.I'. Aspynun, A.M. Mopos, HI'. Kocyruna, A.J]. Yepenxos Il Pagnorex-
HHKa : Beeykp. MexBen. Hayd.-TexH. ¢0. 2020. Brim. 201. C. 179 — 185.

O0o0cHOBaHA METOIMKA MCCIICIOBAHUS CIIOKHBIX PaJMO3IEKTPOHHBIX AJIEMEHTOB IPHEMHO-TIEPEIAIOIErocst TPaK-
Ta pedIeKToMeTpa ¢ NOMOLIBI0 (QyHKIMOHAIBHOrO MeToaa. Co3/laHne NepCreKTUBHBIX TEXHOJIOTUI B MeJULIMHE, OHO-
JIOTHU U CEIILCKOM XO03SHCTBE HEBO3MOXKHO 0€3 M3yueHUs! PU3UKO-XUMHUYECKUX IPOLIECCOB B OMOJIOrMYECKUX 00BEKTax
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Ha MUKPO- 1 HAaHOYPOBHE Ha OCHOBE METOJa JUIJICKTPHUIECKON CIIEKTPOCKOHH. AHAIHU3 CYIICCTBYIOIUX METOIOB U
CpeacTB ,Z[I/I3JIGKTpI/I‘IGCKOf/'I CIICKTPOCKOITMM ITOKA3bIBACT, YTO OHU HEC MOTYT OBITH IIPUMEHCHBI JJIA UCCIICJOBaHUA ono-
JIOTHYECKUX OOBEKTOB M3-3a OFpaHI/I‘-IeHHOI\/'I TOYHOCTH H3Mep6HHﬁ, ¥Y3KOro 4aCTOTHOI'O auamna3oHa; CJIO0KHOCTH KOM-
TUIEKCAa U3MEPUTEIIBHBIX CPEICTB, HGO6XOZII/IMOCTI/I CIIEMUAJIBHO ITOATOTOBJIEHHOTO TEXHUYECKOI'O NIEPCOHAIIA, BBICOKOM
CTOMMOCTH TIPUMEHSIEMOT0 000pyIOBaHNUs, IPUHIMITHATEHOW HEBO3MOKHOCTH U3MEPEHHs YacCTOTHBIMU MeTomamu [ 11
OMOJIOTHYECKNX OOBEKTOB M3-3a HX HEJTMHEHHBIX CBOMCTB.

I[J'DI CO31aHuA OaHKa JaHHBbIX O Z(HSHeKT’pI/I‘IeCKOﬁ IPOHUIIAEMOCTH OUOJIOTHYECKUX OOBEKTOB CEILCKOI0 XO3sM-
CTBa HeO6XOL[I/IMLI UMITYJIbCHBIC pE(l)J'IeKTOMeTpLI, B CTPYKTYPY KOTOPBIX BXOAAT CJIOKHBIC HEJIMHEHHBIE U paanosJIeK-
TPOHHBIC 3JICMCHTHI. B cBsA3M ¢ 5TUM BO3HHKaET HeOGXO}:[I/IMOCTL B pa3pa60TKe M1 OIIMCaHHUHU OCHOBHBIX 3TAallOB METOJU-
KM HCCJICIOBAaHUA HEJMHEHHBIX PaAUO3JICKTPOHHBIX 3JICMCHTOB MNPUEMO-TICPEAAIOUICTO TpaKTa pe(l)J'IEKTOMeTpa C Io-
MOIIBIO (PYHKIIMOHAIEHOTO METOAA.

Pa6Gora aKTyaJIbHa IJid CO3JaHus OaHKa JaHHbIX L[I/ISJ'ICKTpI/I'-IeCKOI\/'I MMPOHUIIAEMOCTU OUOJIOTMYECKUX OOBEKTOB
CeNbCKoro Xo3arcTBa. [lo pesymbraTraM pabOTHI MOTy4YeHA BOSMOXKHOCTE OMpeeNeHnus saep Boxprepa mms mmpoxoro
KJacca HEIMHEHHBIX MHOTOMEPHBIX CUCTEM C ITOMOIIBIO HEITUHEHHBIX BXOJOHBIX CUT'HAJIOB, YTO CYIIECTBEHHO pacCIIn-
psieT 00IaCTh MPAKTHYECKOTO IPUMEHEHUS PYHKIIMOHAIEHOTO METOIa NCCIICAOBAHHS HEIMHEHHBIX PaJHO3JICKTPOHHBIX
KpYroB, B TOM YUCJIC TAKUX, KaK UMITYJIbCHBIC pe(I)JIeKTOMeTpI/I‘IeCKI/Ie CHUCTEMBI. HpI/I 9TOM COXPAHACTCS TAKOC BAXKHOC
MNpEeuMyHIeCTBO METOAA HEITUHEHHBIX TOKOB, KakK y,I[O6CTBO IOCTPOCHHA Ha €Tr0 OCHOBC IPOTpaMM aHaIM3d U CHUHTC3a
HEJIMHEWHBIX YCTPOUCTB U cucteM Ha OBM. Kpome Toro, MeTo HENMHENHBIX BXOIHBIX CUTHAJIOB NO3BOJISIET UCCIIEN0-
BaTh KaCKaJHOE€ COCINHCHHEC HEJIMHEHHBIX CHCTCM, KaK 663 B3aHMOﬂeﬁCTBHH MEXKIY KacKaaaMu, Tak U C JIMHEHHBIM
BSaHMOILeﬁCTBHeM MECXKIY KaCKagaMu.

Kniouesvie cnosa: aMIyJbCHBINH pediekToMeTp; (PyHKIIHOHAIBHBIA METO/; HETMHCHHBIC PAJUO3TICKTPOHHBIC dJIe-
MECHTBI.

bubawuorp.: 21 Hazs.

UDC 621.317

Modeling of electronic elements of pulse reflectometers based on characteristics of nonlinear functionals /
V. Semenets, O. Avrunin, O. Moroz, N. Kosulina, 4. Cherenkov // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020.
Ne201. P. 179 — 185.

The method of studying the complex radio electronic elements of the receiving-transmitting path of the
reflectometer using the functional method has been considered in the work.

The creation of advanced technologies in medicine, biology and agriculture is impossible without the study of
physicochemical processes in biological objects at the micro and nanoscale based on the method of dielectric spectros-
copy. Analysis of existing methods and means of dielectric spectroscopy shows that they cannot be used to study bio-
logical objects due to the limited accuracy of measurements, narrow frequency range, complexity of the measuring in-
struments complex; a need for specially trained technical staff, a high cost of the equipment used, the fundamental im-
possibility of measuring the frequency methods of BF biological objects due to their nonlinear properties.

To create a database on the dielectric constant of biological objects of agriculture, pulse reflectometers are needed,
the structure of which includes complex nonlinear and electronic elements. Therefore, there is a need to develop and
describe the main stages of the method of research of nonlinear radio-electronic elements of the receiving-transmitting
path of the reflectometer using the functional method.

The work is relevant to create a database of the dielectric constant for biological objects of agriculture. According
to the results of the work, the possibility has been obtained of determining the Voltaire nuclei for a wide class of non-
linear multidimensional systems using nonlinear input signals, which significantly expands the field of practical appli-
cation of the functional method for studying nonlinear radio electronic circles, including pulsed reflectometric systems.
At the same time, such an important advantage of the nonlinear current method remains as the convenience of con-
structing programs for analyzing and synthesizing nonlinear devices and computer systems on its basis. In addition, the
method of nonlinear input signals allows you to explore the cascade connection of nonlinear systems, both without in-
teraction between the cascades, and linear interaction between the cascades.

Key words: pulse reflectometer; functional method; nonlinear radio-electronic elements.

Ref.: 21 items.

YK 621. 373.826

IMnyJabcHe TuKepeso KUBJIEHHS TBEPAOTLILHUX Ja3epiB 3 miomHuM HakauyBaHHsaMm / M.1. /[3ro6enko,
I.B. Konenos, B.II. Ienunenxo, M.®. [laxos // Paniorexnika : Beeykp. mixBin. Hayk.-texH. 30. 2020. Bum. 201.
C. 186 —193.

OcTaHHIM YacoM IIMPOKe MOUIMPEHHS HaOyJIH TBEPAOTIIBHI JIa3epH 3 HaIiBIPOBITHUKOBUM HakadyBaHHSIM. Jla-
3epH 1[HOTO TUITy MAalOTh Psiji liepeBar B MOPIBHSIHHI 3 TBEPAOTUILHUMH JIa3epaMu 3 JIAMIIOBUM HakadyBaHHsM. lle, B
nepiry gepry, Bucokuit KKJI, Benukuit TepMiH ciy»0Ou, Maiii rabapuTHi po3MipH i Bara. 3aCTOCyBaHHS HAIliBIIPOBiTHHU-
KOBHX JIa3€pHUX HIOMIB I HAKaUyBaHHS TBEPJIOTUIBHUX aKTHBHUX CEPENOBUIL MPE'SIBISE PAJ KOPCTKUX BHMOT JI0
JOKEpeIT )KUBJICHHS JJa3epHUX AioAiB. [Ikepeno KMBICHHS MOBUHHO 3a0€31eYyBaTH IMITYJIbCH CTPYMY HPSIMOKYTHOI o-
PMH 3 IJIOCKOIO BEPLIMHOIO, KPYTHH IepeiHiil PPOHT IMITyJIbCIB 1 BIACYTHICTH 3BOPOTHHUX BHKHIIB CTPYMY Ha 3a/IHbO-

My (pOHTI.
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Po3po6neHo, BUTOTOBIICEHO 1 BUBYECHO iMITYJIBCHE JDKEPENO YKUBJICHHS IOJHOT CHCTEMH HaKadyyBaHHs iTepOiii-
epbieBoro nazepa. Y 1boMy JpKepeli OJOK yrpaBiiHHS 3abe3neuye QyHKIIi 3aXHCTy HaBaHTaKEHHS B aBapiiiHUX pe-
KMMaXx, KepyBaHHS 3apgI0M HaKONMMYYBAIbHUX KOHIEHCATOPIB O HEOOXiAHOT HAIIPYTH 1 TeHEepaIliio iMITyIbCiB CTPyMY
IUTA JKABJICHHS JIa3epHOI A10AHOT JMiHIWKH. PeryiaroBaHHA cTpyMy 3IiHCHIOETHCS TIOJIBOBUM TPAH3HCTOPOM, IO TIPAITIOE
B JiHilTHOMY peskuMi. HaBaHTa)XeHHS BKIIFOYAETHCS B JIAHITIOT BUTOKY TIOJIBOBOTO TPAH3UCTOPA, & OTIOPHUI CHTHAII Te-
Hepyetsesi LJAIT mikpoxoHTponepa. Takuil miaxid JO3BOJHMB CTBOPHUTH BiTHOCHO TpOCTe, HafAidHE i MajmorabapuTHe
JOKEPEIIo JKUBJICHHS Jla3epa 3 MIUPOKUM J1alla30HOM PETYIIOBaHHS TPUBAIOCTI 1 aMIUTITYAM CTPYMOBHX iMImyibciB. Le
3a6e3neqy€ MOKJIHBICTE Hi)l60py OINITUMAJIBHOT'O PEIKUMY pO60TI/I 3aJIC’)KHO Bi[[ XapaKTCPpUCTHUK aKTUBHOT'O CEPpEAOBHUIIA
nazepa. OcoOuBy yBary npUaIeHy 3aXUCTy JOPOTHUX JIiHIHOK JIa3epHUX JAI0/iB Bij Buxony 3 nany. Po3poOnenuii 610k
)KHMBJIEHHS MOXe OyTH BHKOPUCTaHMH Ul HAKauyBaHHS HIIUX TBEPJOTUILHUX J1a3epiB 3 OLTBII KOPOTKHM, HIX y €p-
0il0, YaCOM HTTS BEPXHBOT'O JIA3EPHOTO PiBHSI.

Kntouosi crosa: mxepeno )UBJICHHS; Ai0HE HaKayyBaHHS; JIa3epHi JiHIHKY; epOieBuid J1azep.

L. 9. Bibmiorp .: 21 Ha3B.

VK 621.373.826

AMnyabCHBI HCTOYHUK NUTAHUS TBEPIOTEJIbHBIX Ja3epoB ¢ AHOAHON Hakaukoit /| M.U. [[siobenko,
U.B. Konenos, B.II. Ilerunenxo, H.®. /laxos /| Pamnotexuuka : Beeykp. Mexsea. Hayd.-texH. ¢6. 2020. Bpim. 201.
C. 186 — 193.

B [ocjacaHee BpeMs IHUPOKOC paCHpPOCTPAHCHUC MOJYYNIN TBEPAOTCIIBbHBIC JIA3CPhI C HOHynpOBO,I[HI/IKOBOﬁ Ha-
Ka4Koi. Ha3epb1 OTOT'0 TUIIAa UMCIOT PAA NPEUMYIIECTB IO CPABHCHUIO C TBECPAOTCIbHBIMU Jla3€paMu C JIAaMITOBOM Ha-
Kaukoil. 3710, B mepByto ouepeab, Boicokuii KI1/1, 6onbIoii cpok ciyx0bl, Manble radapuTHble pa3mepsl 1 Bec. [Ipume-
HCHHUC MOJYIPOBOJHUKOBLIX JIA3€PHBIX JUOAOB JId HaKa4YKKU TBEPAOTC/IbHBIX aKTUBHBIX CPEA MPECABABIIACT pAd JO0CTa-
TOYHO KECTKHUX Tpe6OBaHHﬁ K UCTOYHUKaM IMUTAHUA JIAa3€PHBIX AHUOJO0B. HWUcToyHuK nuTaHus JOJIZKCH O6eCHe‘II/IBaTI>
HMITYJIbChI TOKa MPSIMOYTOJILHOM (OPMBI C TUIOCKOH BEPLIMHOW, KPYTOH NepeHUH (POHT MMITYJIbCOB M OTCYTCTBHE
00paTHBIX BEIOPOCOB TOKA HA 33JHEM (pPOHTE.

Pa3pa60TaH, H3roTOBJICH U H3Y4YCH I/IMHYJ'IBCHLIﬁ HCTOYHUK IIHUTAaHHUA Z[I/IO,I[HOﬁ CHUCTEMBI HAaKa4YKH I/ITTep6Hﬁ-
9pOueBoro nasepa. B sToM mcTouHMKE OJIOK yIpaBieHHUA oOecrieurnBaeT GYHKIUU 3alIUTHl HATPY3KHU B aBapUHHBIX pe-
JKUMax, yOnpaBJICHHUC 3apAA0OM HAKOIUTCIbHBIX KOHACHCATOPOB 10 H€06XOZ[I/IMOF0 HaOPpsHKCHUA U TCHEPALNIO UMITYJIb-
COB TOKa AJIs1 ITMTaHUsA J'IaSepHOﬁ ,I[HOZ[HOﬁ mHenku. Tok PEryarmpyceTecs MnoJCBbIM TPAH3UCTOPOM, pa6OTaIOH.II/IM B JIU-
HEHHOM peKUME. Harpy31<a BKJIHOYACTCA B LCIIb HMCTOKA IMOJCBOIO TPAH3UCTOpA, a OHOpHBIﬁ CHUI'HAJI T'CHCPUPYCTCA
ITAIT mukpoxoHTposutepa. Takoi Moaxo ] MO3BOIMII CO3/1aTh OTHOCHTEIBHO NMPOCTON, HAZECKHBIH U MamorabapuTHBIN
HUCTOYHHUK IMUTAHUA JIa3€pa C IMUPOKUM JUANTA30HOM PETYJIUPOBKU MJIUTCIBbHOCTH U aMINIUTYAbl TOKOBBIX UMITYJIbCOB.
OT1o obecnieynBaeT BO3MOXKHOCTH 1MOI00Pa ONTUMAIIBHOTO PEXHMa PabOTHl B 3aBUCHMOCTH OT XapaKTEPUCTUK aKTHB-
HOH cpeapl nazepa. Ocoboe BHUMaHUE YJENEHO 3allUTe JOPOTOCTOSIIIMX JIMHEEK JIa3epHBIX JHMOJOB OT BHIXOJAa W3
ctposi. PazpaboTaHHBIN UCTOYHUK MOKET OBITh MCIOJB30BaH JUIsl HAKAYKW IPYTHX TBEPJOTEIBHBIX JIa3epOB C Oojee
KOPOTKHM, 4eM Yy 3pOus, BpeMEHEM KU3HH BEPXHETO JIa3epHOT0 YPOBHS.

Knrouesvie cnosa: AICTOUYHHUK MUTaHWA; AMOJAHA HaKavyKa; JIa3CpHbIC J'II/IHGI\/'II(I/I; 3p6I/ICBLII\/'I Jra3ep.

Wn. 9. bubmmorp.: 21 Ha3s.

UDC 621.373.826

Pulse power supply of diode-pumped solid-state lasers / M.l. Dzyubenko, I.V. Kolenov, V.P. Pelipenko,
N.F. Dakhov // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 186 — 193.

Recently, solid-state pumped semiconductor lasers have become increasingly widespread. Lasers of this type have
several advantages over solid-state lasers with lamp pumping. First of all, this is high efficiency, long service life, small
dimensions and weight. The use of semiconductor laser diodes for pumping solid-state active media imposes a number
of rather stringent requirements on the power sources of laser diodes. The power source should provide rectangular cur-
rent pulses with a flat top, a steep leading edge of the pulses and the absence of reverse current surges at the trailing
edge.

A pulsed power source for a diode pump system of a ytterbium-erbium laser was developed, manufactured and
studied. In this source, the control unit provides functions for protecting the load in emergency conditions, controlling
the charge of the storage capacitors to the required voltage and generating current pulses to power the laser diode line.
The current is regulated by a field effect transistor operating in a linear mode. The load is included in the source circuit
of the field-effect transistor, and the reference signal is generated by the DAC of the microcontroller. Such an approach
made it possible to create a relatively simple, reliable and small-sized laser power source with a wide range of adjust-
ment of the duration and amplitude of current pulses. This makes it possible to select the optimal operating mode de-
pending on the characteristics of the active medium of the laser. Particular attention is paid to solving the problems of
protecting expensive rulers of laser diodes from failure. The developed source can be used to pump other solid-state la-
sers with shorter lifetimes of the upper laser level than erbium.

Keywords: power supply; diode pumping; laser rulers; erbium laser.

9 fig. Ref.; 21 items.
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CUCTEMM TA METO/IH 3AXUCTY THOOPMAIIII
CUCTEMBI U METOJbI 3AIIUTHI THOOPMALINHN
INFORMATION PROTECTION SYSTEMS AND METHODS

YK 621.369:534

HocaimxkenHs iHpopMaTHBHHX mapaMeTpiB aurpadis kjiaBiaTypHoro modepky MJisi 3aaad igeHTHgikamii
KopucTyBaviB Komm’oTepuux mepe:x / /1. FO. I'openos, O.0. Isanosa, O.B. Koxopin, [1.B. Macniti, O.B. Jlumeunenxo
/I Pagiotexuika : Beeykp. mixkBin. Hayk.-rexH. 36. 2020. Bum. 201. C. 194 — 200.

TounicTh MeTOnIB ayTeHTU]IKAlLil KOPUCTYBaUiB KOMII IOTEPHUX CHUCTEM 32 KJIaBiaTypHUM IOYEPKOM BH3HAYa-
€THCS1 HU3KOIO (PAKTOPIB, TOJIOBHUMH CEPEJl SKUX €: alTOPUTM Kiacudikauii KOpUCTyBaiB, KiTbKICTh YYaCHUKIB EKCIIe-
PHMEHTY 3 Pi3HOIO BEJIMYMHOIO AOCBiy poOOTH 3 KJIaBiaTypolo, croci0 i opraHisailisi BBEJICHHS JaHUX 1 anapaTHa Iuia-
Thopma, Ha 0a3i SIKOi MPOBOAUTHCS TECTyBaHHS cucTeMu ayTeHTHdikawii. [lle onun BaxxmuBuii akTop, a came iHpop-
MaTHBHI 03HaKH KJIaBiaTypHOTO MOYEpKy, Ha 0a3i AKuX OyAyIOThCA Mpodili KOPUCTYBaUiB, Ty>Ke YaCTO HE BPAXOBYETh-
csl.

B mepmriit wacTuHI mpoaHami3oBaHO iH(GOPMATHBHI O3HAKK KJIABIaTypHOTO IMOYEpKYy. BumineHO Tpm OCHOBHHX
KJacH: iH(QOopMaTHBHI 03HAKH MOHOTpadiB KiIaBiaTypH, iHQOpMaTHBHI O3HAKU MOCIITOBHUX MOJil KIaBiaTypH Ta iHTe-
TpaibHi 03HAKH HAOOPY TEKCTY. 3 OTIIAY Ha TOYHICTh ayTeHTU}IKAIIT Ta HeoOXimHI 00’ €MH HABUANBHUX W ayTeHTH]i-
KalifHIX BHOIPOK B SIKOCTI JHOCHITHUX iH(GOPMATHBHUX MapaMeTpiB KIaBiaTypHOTO IOYEpKy Oyio oOpaHO 4 yacOBUX
napameTpu MoHorpadis kiaBiatypu (2 abCOMIOTHUX Ta 2 BIJHOCHUX) Ta 15 yacoBux mapameTpiB aurpadis kiaBiatypu
(3 abcomoTHUX Ta 12 BiAHOCHUX).

B npyriit wactusi 3a nonomoroto 6a3u nanux «Keystroke Dynamics Benchmark Data Set» ta nporpamuoro 3a-
OesneuenHs Orange NMpOBENEHO JOCIIKEHHS I0J0 MOILIYKY HaiiH(GOpPMAaTHBHIIINX 03HaK MOHorpadiB Ta aurpadis
KiaBiaTypu. ExcriepuMeHTanbHO MiATBEPIHKEHO MPUITYIIEHHS NMPO Pi3HY iHOPMATHBHICTh YaCOBUX XapaKTEPUCTHK
MoHOoTpadiB Ta nurpadiB kraBiaTypu. HaifindpopmaTuBHIIMMYA 171 Kiacu]ikamii KOPUCTYBaviB 3a KIaBiaTypHUM I10-
YepKOM € BiTHOCHI YacOBi mapaMeTpu Aurpadis, CKIATOBOIO KOTPHUX B Til 9M iHIIH QopMmi € 9ac may3u Mi HATUCKaH-
HSMH KJIaBilI y qurpadax.

Kniouosi crnosa: iHpopmariiiHa Oesreka; ayTeHTH(]IKALIg; KIaBiaTypHUN ModepK; nurpad KiaBiaTypu; 6aratoda-
kropHa knacudikaris; meron Random forest.

Tabx. 1. In. 8. bibmiorp.: 5 Ha3B.

YK 621.369:534

HcciienoBanne CTaTHCTHYECKHX CBOWCTB KJIABHATYPHOTO MOYepKa /ISl pelieHusi 3a1a4 ayTeHTHPUKALNT
noJib30Bareneil kKomnbTepHbIx cereit [ /JFO. [Topenos, E.A. Heanosa, O.B. Koxopum, J.B. Macuuii,
A.B Jlumeunenxo Il Pannorexuuka : Beeykp. Mexsen. Hayd.-texH. ¢0. 2020. Beim. 201. C. 194 — 200.

To4HOCTH METOJOB ayTeHTH(UKAINH TMOJIb30BaTENIell KOMIBIOTEPHBIX CUCTEM MO MX KJIaBUATYpHOMY IMOYEpPKY
ornpezensiercst paaoM (GakTopoB, TIABHBIMU U3 KOTOPBIX SIBISIIOTCS: ajrOPUTM KiacCH(HKAIMK 110JIb30BATENCH, KOIH-
YECTBO YYaCTHHKOB SKCIIEPUMEHTA C Pa3NYHOIN BEITMYMHON ONbBITa padOTHI C KIaBHATypoOH, Criocod M OpraHM3aIys
BBOJIa JaHHBIX W amnmapartHas iatdopma, Ha 6aze KOTOpoil TecTupyercst cucremMa ayreHTudukanuu. Eme oxnH Bax-
HBII (hakTOp, @ NMEHHO — MH(OPMATHBHBIE NPU3HAKN KJIABHATYPHOTO IT0OYEpPKa, Ha 0a3e KOTOPBIX CTPOSATCS MPOQHIN
I0JIb30BaTeleil, O4eHb YacTO HE yIUTHIBACTCSI.

B mepBoii yacTi npoaHaIM3MpoOBaHbl HHPOPMATHBHBIE NPU3HAKM KIABHATYpHOTO HO4Yepka. BeineneHs! Tpu oc-
HOBHBIX KJIacca: WH(OPMATHBHBIC NMPU3HAKH MOHOTPAa(OB KIaBUATypbhl, HHOOPMATHUBHBIC NPH3HAKU MOCIIEAO0BATEIIb-
HBIX COOBITHIA KJIAaBHATYpPhl M MHTErPajibHbIC TPU3HAKK HA0Opa TeKCTa. YUYTEHbl TOYHOCTh ayTeHTH(HUKAINU U HE00X0-
JUMBIe 00BeMBI 00yUJaIOMMX U ayTeHTH(PHUKAIIMOHHBIX BEIOOPOK B Ka4eCTBE MCCIEAYEMBIX HHPOPMATUBHBIX IapameT-
POB KJIaBHAaTypHOTO movepka. Ha 3Toit ocHOBe BbIOpaHB 4 BpEMEHHBIX MapaMeTpa MOHOTpadoB KiaBuaTypsl (2 abco-
JIOTHBIX W 2 OTHOCUTEIBHBIX) U |5 BpeMeHHBIX mapaMeTpoB AurpadoB KiIaBHATYypsl (3 aOCOMOTHBIX U 12 OTHOCHTENB-
HBIX).

Bo BTOpOIi yacTu ¢ momomrsio 6a3sl naHHEIX «Keystroke Dynamics Benchmark Data Set» n nporpammHuoro obec-
neyenust Orange NMpoOBEIEHO HCCIIeI0BaHUE 10 TOMCKY Hanbosee MH(GOPMATHBHBIX MPU3HAKOB MOHOTPadoB U AWUTpa-
(OB KiIaBHATYyphl. DKCHEPHUMEHTAIBHO MTOJATBEPKACHO IPEANOI0KEHHE O PAa3IMIHOW WHPOPMATHBHOCTH BPEMEHHBIX
XapaKTepUCTUK MOHOTrpadoB u aurpados KiraBuatypsl. Hanbosee HHPOPMATHBHBIMY KiIacCH(UKAMHU MOJIb30BaTeNeiH
0 KJIaBHATYPHOMY ITOYEPKY SIBJSIFOTCSI OTHOCHTENILHBIE BPEMEHHBIE ITapaMeTphl AUTpadoB, cOCTaBISIONIEH KOTOPHIX B
TOW WJIM MHOH (hopMe BBICTYIIAeT BPeMsI Iay3bl MEX/1y HaKaTUSIMH KJIaBUII B Jurpadax.

Knrouesvie crnosa: nHbopMaoHHas 0€30MaCHOCTh; ayTeHTU(UKALNS; KIaBUATYpPHBIH MOYepK; nurpad KiaBua-
TypsI; MHOTO(aKkTOpHas Kiaccupukanus; merox Random forest.

Tabn. 1. Uin. 8. bubmmorp.: 5 Ha3B.

UDC 621.369:534

Investigation of keyboard digraphs informational parameters for keystroke-based identification tasks of
computer networks users / D.Y. Gorelov, O.O. Ivanova, O.V. Kokorin, D.V. Masliy, O.V. Lytvynenko // Radiotekhnika
: All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 194 — 200.

The accuracy of keystroke based authentication methods for computer networks users is determined by a number
of factors, the main of which are: user classification algorithm, number of experiment participants with different key-
stroke experience, method of data entry and hardware platform on which authentication systems testing is performed.
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Another very important factor, namely, the kind of timing features of keystorke, on the basis of which user profiles are
built, is very often not taken into account.

In the first part of the work the different timing features of keystroke are analyzed. Three main classes are identi-
fied: timing features of keyboard monographs, timing features of consecutive keyboard events and integral features of
typing. Given the accuracy of authentication and the required volume of training and authentication samples, 4 timing
features of keyboard monographs (2 absolute and 2 relative) and 15 timing features of keyboard digraphs (3 absolute
and 12 relative) were selected as experimental informative parameters of keystroke.

In the second part of the work, the most informative timing features of the keystroke monographs and digraphs
have been found using "Keystroke Dynamics Benchmark Data Set " and Orange software. The assumption of different
informativeness of the keystroke monographs and digraphs timing features was experimentally confirmed. The most
useful (provides the highest authentication accuracy) timing features of keystroke dynamics is relative features of key-
stroke time parameters, which contains a flight time.

Keywords: information security; authentication; keystroke; keystroke digraph; multi-factor classification; random
forest classifier.

1 tab. 8 fig. Ref: 5 items.

BUKOPUCTAHHA METOAIB PAAIOTEXHIKHA B IHIIUX I'AJTY34AX HAYKH I TEXHIKHA
HCITIOJB30BAHHUE METOAOB PAJIMOTEXHHUKHU B IPYTI'UX OBJACTAX HAYKHU U TEXHUKHU
USE OF RADIO ENGINEERING METHODS IN OTHER FIELDS OF SCIENCE AND TECHNOLOGY

YK 621.372; 616.12-073.7

AnantuBHi aaroputMu ¢iabTpanii eJilekTpokapaiorpaMu B peajibHOMY 4aci 3 6araTopiBHeBOI0 OLiHKOIO
wymy / H.O. Tyasxosa, O.M. Tpogumuyx Il Pagiorexnika : Beeykp. Miksin. Hayk.-texs. 36. 2020. Bum. 201. C. 201-
214.

Hecranionapauii mryM i3 3MiHHAM i Hamepe HEBITOMUM PiBHEM IUCIEPCii B Yaci, IPUKIAIOM SKOTO € eNeKTPO-
Miorpadivanit (EMI) mym, wacro 3abpymnroe curHan enekrpokapaiorpamu (EKI'). 3abesmedeHHs BHCOKOI SKOCTI
¢inprpanii Hectanionaproro mymy B EKI' HeoOXigHe, OCKUIBKH HOTO HasBHICTh CYTTEBO 3HM)KYE TOUHICTh BHMipIO-
BaHb, YCKIIAJIHIOE a00 YHEMOKIIMBIIIOE 3aCTOCYBAaHHS alTOPUTMIB pO3Mi3HABAHHA Ta KIIACH]iKaIlii, BIAMOBIAHO, i TIpH-
HHSTTS TOCTOBIPHUX IIarHOCTUYHMX pimleHb. [lomanpIumii po3BUTOK OTPHMAaB 3aIpPOIIOHOBAHHWN paHIIIe aJalTHBHUAN
METOJ NpUAYyLIeHHs HecTanioHapHoro mymy B EKI 3 mymMo- Ta CHrHaJIbHO-3aJIe)KHUM MEPEMHUKAHHIM KOMIIOHEHTHHX
GUIBTPIB 32 paxyHOK 301JIbIIEHHS KUIBKOCTI PIBHIB LIyMY JUTs X OLiHKH. Ha OCHOBI BZOCKOHAJIEHOI'O TAKUM YHHOM Me-
TOJly pO3pOOJIEHO O/IHO-, JIBO-, TPUIIPOXiJHI QJITOPUTMH Ta aJTOPHUTM i3 3aJ€KHUM BiJ| MONEPEIHIX OLIHOK HIyMYy 3a-
CTOCYBaHHSM IOBTOPHOT (isibTpaii. Y sIKOCTi KOMIIOHEHTIB METO/1y 3allpOIIOHOBAHO 3aCTOCOBYBATH MPOCTi 1 ONTHMa-
npHI GineTpu CaBuiibkoro — I'ojiest Ta KOB3HOTO cepeHbOro. CTaTUCTHYHI OMIHKKA €()EKTUBHOCTI 338 KPUTEPIsIMH cepe-
JTHBOKBAJIPaTHYHOT IIOMUJIKM Ta BiJJHOLIEHHS CUTHANI-IIYM JJst MojienbHoro curHainy EKI npu wacroti auckperusanii 1
k[T, OTpHMaHHI YUCIIEHHIM MOJICITIOBAHHSM, 1 BUXI/IHI CHTHAII aIallTHBHAUX aJlTOPUTMIB B YMOBAaxX Pi3HOTO PiBHS allu-
THUBHOTO I'aycOBa HIyMY ITOKa3aJy MOKpalIeHHs SKocTi GinbTpanii. Bukpusnenns B obmacti QRS-koMrurekcy npu myxe
HU3BKOMY piBHI myMy BifCyTHi. [IpoIleMOHCTpOBaHO BHCOKY €(EKTHBHICTh MPHUIYIICHHS IIyMYy MpPH Pi3HOMY PiBHI
Horo mucriepcii Ta mepeBary 3acTOCyBaHHsI IMOBTOpHOI QimbTparii. 3acrocyBanHs no curnary EKT 3 peampanm EMIT
IIYMOM MiATBEPMIIO BUCOKY SIKICTh MPHUIYNICHHS HECTAI[lOHAPHOTO HIyMy Ta 30epexxeHHs 3youiB EKT, a takox mepe-
Bary B IOPIiBHSHHI 3 BUICOKO€(DEKTUBHOIO NWHAMIYHOK (iIbTpaIli€ro. 3alporoHOBaHI aIallTHBHI alTOPUTMH HE TTOTpe-
OyIOTh TPYAOMICTKHX OOYHCITIOBAIBHUX OMNEpaliil Ta € MBUIKAMHU, TOOTO JO3BOJISIOTH BECTH OOPOOKY CHTHAILY B pe-
KUMI PeasbHOTO Yacy (3 MaJol0 3aTPUMKOI0 OTPHMAHHS IOTOYHOTO BiIUTIKY BHXIZHOTO CHT'HAJIy MO BiJHOIIEHHIO 10
BIJIMOBIHOTO 32 YACOM BiJUTIKy CUTHAITy Ha BXO/li alTOPUTMY (ibTpatii).

Kmiouogi cnosa: EKI" curnan; Hecrarionapauit mym; EMIT mym; anantuBHa ¢inbTpariis B peaJbHOMY 4aci.

Ta6u. 1. L. 4. Bibmiorp .: 40 Hazs.

YK 621.372; 616.12-073.7

AanTHBHBIE ANTOPUTMBI (PUIBTPAIMH YJIEKTPOKAPANOTrPAMMBI B PeaJbHOM BpPeMeHH ¢ MHOTOYPOBHEBOM
ouenkoii myma / H.O. Tyaaxoea, A.H. Tpogumuyk [| Pagnorexnuka : Bceykp. mexsen. Hayd.-TexH. c¢6. 2020.
Bem. 201. C. 201- 214.

HecrannonapHslil IIyM ¢ M3MEHSFOLIMMCS M Hallepe]] HEU3BECTHBIM YPOBHEM JIMCIICPCHH BO BPEMEHH, IPUMEPOM
KOTOpOTO SIBIISIETCS eKTpoMuorpadudeckuii mrym (OMI'), yacto 3arpszHsier curran snexTpokapauorpammsl (OKTI).
ObecriedeHne BBICOKOTO KadecTBa (prubTpanuy HecTarpoHapHoro myma B OKI' Heo6X01uMo, TOCKONIBKY €ro HaIu4ne
CYIIECTBEHHO CHMYKAET TOYHOCTh U3MEPEHHUIL, YCIOXKHSIET WU JIeJaeT HEBO3MOXKHBIM IPUMEHEHHE aITOPUTMOB PacIio-
3HABaHUS U KiacCH()UKAIMK, COOTBETCTBEHHO, M MPHUHSATHE JOCTOBEPHBIX IUArHOCTHYECKHX perieHuid. JlaibHeiiniee
pa3BHUTHE MMOJYYHII PEJIOKESHHBIN paHee allaliTUBHbIA METO/ MoJiaBieHus HectannoHnapHoro myma B OKI ¢ mymo- u
CHUTHAJIBHO-3aBUCHMBIM TIEPEKIIOUYCHUEM KOMIIOHEHTHBIX (DMIBTPOB 3a CUET YBEIMUCHHUS KOJIMYIECTBA YPOBHEH HIymMa
JUIs UX omeHKH. Ha OCHOBE yCOBEpIIEHCTBOBAHHOTO TaKMM 00pa3oM MeToJa pa3paboTaHbl OJHO-, IBYX-, TPEXIPOXO-
HBIE AJITOPUTMBI M AITOPUTM C 3aBUCHMBIM OT IPEBAPUTENILHBIX OLEHOK IIyMa IMPUMEHEHHEM MOBTOPHOM (uibTpa-
K. B KauecTBe KOMIIOHEHTOB METO/Ia MPEJIOKEHO MPUMEHSTh IIPOCThIE M oNTUMajbHble GuiIbTpsl CaBuukoro — ['o-
Jes W CKoub3siiero cpexHero. CTaTHCTHYECKHE OLEHKH S(PQPEKTUBHOCTHM MO KPHUTEPUSIM CpeIHEKBaIpaTH4ecKOn
OWIMOKY M OTHOIICHHSI CUIHAI-IIYM JuIsi MozesbHoro curnaia OKI npu wacrore auckperusauuu 1 xI'1, mosrydeHHbIE
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YHNCJICHHBIM MOICIIMPOBAHUEM, U BBIXOHBIC CUTHAJIBI aJAIITUBHBIX aJITOPUTMOB B YCIIOBUAX PA3JIMYHOIO YPOBHA aaau-
THBHOTO rayccoBa IIyMa TOKa3aId YJydllleHHe KadecTBa uuibTpanud. Vckakenus B obmact QRS-kommuiekca npu
OYeHb HU3KOM yPOBHE IITyMa OTCYTCTBYIOT. IIpomeMOHCTpHpOBaHBI BEICOKas 3((EKTHBHOCTh MOJABICHUS ITyMa IpH
Pa3IMIHOM YPOBHE €TO JUCIIEPCHU M MPEUMYIIECTBO MIPUMEHEHHS TOBTOPHOW (hrnbTpanuu. [IprMenenne s curHana
3KT ¢ peanpabiM OMI -IIIyMOM MMOATBEPAMIO BBICOKOE KaueCTBO ITOJIABJICHUS HECTAIIMOHAPHOTO IIyMa M COXpPaHEHU
3yonoB OKI, a Takke IMpEeHMMYIIECTBO B CPaBHEHUH C BbICOKO3(dekTnBHON muHammdeckoi ¢uiprpanueii. [Ipemmo-
JKCHHBIC aJallTUBHBIC aJITOPUTMbI HE Tpe6y10T TPYAOCMKHX BbBIYHUCIIUTCIBHBIX onepaunﬁ Hn ABISIIOTCA 6LICTpI)IMI/I, T.C.
IIO3BOJIAKOT BCCTU 06pa60T1<y CUrHajia B p€KuMe pCcaJbHOI'0 BPECMCHU (C Majion 3az[ep>i<1<0171 MOJYYCHU TCKYLICIo OT-
CUCTa BBIXOAHOI'O CUTHAJIa MO OTHOLUICHUIO K COOTBCTCTBYIOLICMY IO BPECMCHU OTCUHETY CHUI'HaJla Ha BXOAC aJIrOpUTMa
¢buIbTpanum).

Kniouegvie cnosa: KU curnam; HectaunoHapHblil mrym; OMIT mym; agantuBHas QuibTpanus B peaJbHOM Bpe-
MCHH.

Tabx. 1. Uin. 4. bubmmorp.: 40 Ha3B.

UDC 621.372; 616.12-073.7

Adaptive algorithms for real-time filtering of electrocardiogram with multilevel noise estimation /
N.O. Tulyakova, O.M. Trofymchuk // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 201- 214.

Non-stationary noise with a varying and previously unknown level of variance in time, an example of which is
electromyographic (EMG) noise, often contaminates a signal of an electrocardiogram (ECG). Ensuring high quality
filtering of non-stationary noise in the ECG is necessary, since its presence significantly reduces the accuracy of
measurements, complicates or makes it impossible to use recognition and classification algorithms and making reliable
diagnostic decisions, accordingly. An adaptive method of suppression of non-stationary noise in ECG with noise and
signal-dependent switching of component filters by increasing the number of noise levels for their estimation has been
further developed in this study. On the basis of the method improved in this way, the one-, two-, and three-pass algo-
rithms and an algorithm with re-filtering dependent on preliminary noise estimates are designed. As components of the
method, it is proposed to use simple and optimal Savitzky-Golay and moving averaging filters. Statistical estimates of
efficiency are obtained by numerical simulations using such criteria as mean-square error and signal-to-noise ratio for a
ECG model signal sampled at 1 kHz and the output signals of the adaptive algorithms under different additive Gaussian
noise conditions have shown improvements in filtering quality. There are no distortions in the QRS complex at very low
noise. The high efficiency of noise suppression at different levels of its variance and the advantage of re-filtering are
demonstrated. The filter applying to the ECG signal with the real EMG noise confirms high quality of non-stationary
noise suppression and of ECG waves preservation and the advantage over high-effective dynamic filtering also. The
proposed adaptive algorithms do not require complex computational operations and are quick, i.e. allow real-time signal
processing (with little delay in obtaining a current sample of output signal with respect to the corresponding sample of
the signal at the input of filtering algorithm).

Keywords: ECG signal; non-stationary noise; EMG noise; adaptive filtering in real time mode.

1 tab. 4 fig. Ref: 40 items.

YK 621. 374

AHaJi3 eJIeKTPOAUHAMIYHOT Mo/1esTi 6i0J10TiYHO AKTUBHOT TOUYKH MIKiPpHOTO NOKpuBY TBapuH / B.B. ['y3enxo,
B.B. Cemeneyw, T.B. Hocosa, M.JI. Jlucuuenxo, H.I'. Kocynina Il Pagiorexuika : Bceykp. MixBia. Hayk.-TexH. 30. 2020.
Bumn. 201. C. 215 - 219.

B sikocTi enekrpoanHamiuHoi Mozeni GionoriuHo akTuBHOT ToUkH (BAT) po3risiHyTO IIIOCKOIIAPOBY Ji€JIeKTPH-
4yHYy CTPYKTYpY. Llsl cTpyKTypa yTBOpeHa TpbOMa IUIOCKMMH JeJIeKTPHYHUMHE IIapaMH 1 KiHIEBUM LIIIHIPOM, 3aIl0B-
HEHHM JieJeKTpuKoM (OiIkoM KosareHy). BepxHiil map Mozemntoe orpsiiHi KIITHHH, CEpeIHill map — KPOBOHOCHI 1 Ji-
MbaTHYHI CYyIWHH, a HIDKHIHM map yTBOPEHNH HEPBOBHMH BOJIOKHAMH, II0 POBOJATH i IepeIaloTh CUTHAIN YIIPaBIIiH-
Hs Big BAT no nenTpansHOi HEPBOBOI CHCTEMH.

Taka enexTpoAMHaMIYHA CTPYKTYpa € JIiCJIEKTPUYHUM PE30HATOpOM (KIHIEBHH HWIIIHAP), PO3TAIIOBAHUM B Jlie-
JIEKTpUYHOMY cepeioBuIi. PosrisimatumemMo aito iHGopManiiiHOro eleKTpOMarHiTHOrO BHIIPOMIHIOBaHHS Ha Oioiori-
YHO aKTUBHY TOYKY, JOBXXMHA XBHJII SKOTO 3HAYHO II€PEBEpPLIyE T€OMETPUYHI PO3MipH 010JIOTIYHO aKTHBHOI TOYKH.
Lleii dakT 1o3BOIISIE ycepeTHUTH MaTepialibHi apaMeTpy 1o KoopauHati ¢ . ToMy, naii npuIryckaim, o MarepiaibHi

mapamMeTpH (JieTeKTpruYHa MPOHHUKHICTH) IUIOCKOIIAPOBOI CTPYKTYpH (MOIenb Oi0JOTiYHO aKTHBHOI TOYKH) HE 3aJie-
KHTD BiJl KOOPAUHATH ¢ , TOOTO €JIEKTPOMArHiTHE MOJIE € OCECUMETPUIHUM.

Take eneKkTpoMarHiTHe Mojixe MoXke OyTH 30yIKeHe KUTBIIEBIM €IEKTPHYHIM CTPYMOM, PO3TAIIOBAHNM Ha JEAKiH
BimcTaHi L Bij 30BHIMIHKOI MOBEPXHi 0i0JIOTIYHO aKTUBHOI TOUKH. [Ipumyckanu, mo e cTpyMm 30yIKye TapMOHiiTHE
KOJIMBaHHS 3 KPYTOBOIO YaCTOTOIO (® i MOIYJIbOBaHE 3a aMILTITYO0 3 YaCTOTOIO MOyl Q2.

3aBIaHHS PO B3aEMOJIII0 XBIIb PAIiOIMITYyICHOTO BHIIPOMIHIOBAHHS 3 010JIOTIYHO aKTHBHOIO TOYKOKO € HECTa-
LIOHAPHUM 3aBJaHHSAM TUQpaKIlii. 3a JOMOMOT0K METONy KOMIUICKCHHX aMILTITY]l 1€ 3aBJaHHs OyJIO 3BelcHE 0 3a-
BIaHHS AU(PaKIil U1 eJIeKTPOMATHITHHX ITOJIiB, 3AJICKHUX SKCIIOHCHIIAILHO Bif Yacy.

B cuiy npuHUMny cynepno3uuii pillleHHs MOYaTKOBOI 3a/adi MOXKe OyTH OTpHMaHE SIK CyNEepIO3HUIisl PilleHb
TPHOX 3aBJIaHb 3 BUKOPHUCTAHHSM METOAY KOMIUICKCHUX aMILTITY/.
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Taka enekTpouHaMiYHA CTPYKTYypa J03BOJISIE BU3HAYUTH HEOOXIiTHI MapaMeTpu iHPOPMAIiTHOTO eIeKTpoMarHi-
THOTO TIOJIST JJ1s1 JIIKYBaHHS ANCIIEINCii HOBOHAPOKEHHX TEJIAT.

Knrouosi crosa: monens 0i0JOTIYHO aKTHBHOI TOUYKHW; JIIKYBaHHS IHCIIENCI TEJAT; mapaMeTpu iHpOopMamiiHOTO
€JIEKTPOMATHITHOTO TIOJIS.

L. 1. Bi6miorp .: 10 Ha3B.

YK 621.374

AHaJIU3 JIEKTPOAMHAMUYECKOH MO/IeJu GHOJOTHYeCKH AKTHBHONH TOYKH KOKHOTO NMOKPOBA KHUBOTHBIX /
B.B. I'ysenxo, B.B. Cemeney, T.B. Hocosa H.JI. Jlucuuenko, H.I'. Kocynuna Il Panguotexuuka : Beceykp. MexBea. Hayd.-
TexH. ¢0. 2020. Beim. 201. C. 215 - 219.

B kadectBe 3ieKkTponmHaMUuecKoil Mozaenu Ouonormdecku aktuBHOW Touku (BAT) paccmoTpena miockocnon-
CTasl JUAJIEKTPUUECKast CTPYKTypa. JTa CTpyKTypa o0pa3oBaHa TpeMsl INIOCKUMH JTUDJIEKTPUUYECKIUMH CIIOSIMU M KOHE Y-
HBIM LWJIMHIPOM, 3aIll0JHEHHBIM JUAJIEKTPUKOM (OellkoM KojutareHa). BepxHuii ciioli MoJenupyeT NOpOoIHbIe KIETKH,
CpeIHHiA CII0i — KPOBEHOCHBIE M TUM(ATHIESCKHE COCY/IBI, a HIKHHUN CIIOM 00pa30BaH HEPBHBIMU BOJIOKHAMH, KOTOPHIE
MIPOBOJAT U NEPENAIOT CUTHAJIBI ypaBiaeHus oT BAT K eHTpanbHON HEPBHOM CUCTEME.

Taxast 3MeKTpOANHAMUYECKAs] CTPYKTypa SIBISIETCS] TUAIEKTPUIECKAM PE30HATOPOM (KOHEUHBIH IMIMHAP), pac-
MIOJIO>)KEHHBIM B TU3JIEKTPUIECKON cpefe.

Bynem paccMaTpuBath Bo3neicTBHE MH(GOPMAIIMOHHOTO JIEKTPOMAarHUTHOTO M3JIyYCHHS Ha OMOJIOTMYECKH aK-
THUBHYIO TOUKY, JAJMHA BOJHBI KOTOPOTO 3HAYHUTEIHHO NMPEBOCXOANUT T€OMETPUUECKUE Pa3MEPhl OMOJIOTHMIECKN aKTHB-
HYIO TOYKY. DTOT (haKT ITO3BOJISICT YCPETHUTh MaTepHaIbHBIE TapaMeTpsl 1o koopanHate ¢ . [ToaTomy, nanee mpenro-

Jlarany, 4To MaTepUalIbHBIE MapaMeTphl (AUdJIEKTpUYecKas MPOHUIAEMOCTb) IIOCKOCIOUCTON CTPYKTYpHI (MOJENhb
OMOJOTNYECKN aKTUBHOM TOYKH) HE 3aBHCUT OT KOOPIWHATH ¢, T.€. 3JICKTPOMATHUTHOE IOJE SBIACTCS OCECHMMET-

PUYHBIM.

Taxoe QJICKTPOMAIrHUTHOC MOJIC MOXKCT OBITH B036Y)K,I[GHO KOJIBIICBBIM JJICKTPUYCCKHUM TOKOM, PACIIOJIOKCHHBIM
Ha HEKOTOPOM pPACCTOSAHUN L or BHemHei TIIOBCPXHOCTHU OMOJOTMYECKY aKTHBHOM TOYKH. Hpez[nonaram/l, YTO O3TOT TOK
BO30YXKIaeT TAPMOHUYECKOE KOJICOAHUE C KPYTOBOW YaCTOTOW @ ¥ MOIYJHPOBAHHOE MO aMILIMTYME C YaCTOTOW MO-
aynauuau € .

332[8.‘13 (6] B3aPIMOZ[eI7[CTBPIH BOJIH paAUOUMITIYJIbCHOT'O U3JIy4YCHU C OMOJIOTHYECKH aKTUBHOM TOYKOM SIBJISIETCS HE-
CTaLIPIOHapHOfI 38.,[[21‘{6171 Z[I/I(I)paKLII/II/I. C MOMOIIBIO METOJd KOMIIJICKCHBIX aMIUJIUTY/ 3Ta 3aJa4a ObLIa CBC€ICHA K 3a1a4€C
I[I/I(i)paI(LII/II/I JJIsL DJICKTPOMAruuTHBIX HOJ'IGI\/'I, 3aBUCAIIHNX 3KCIIOHCHIIMAJIbHO OT BPCMCHHU.

B CUITy IpUHIUIIA CYNIEPIIO3UIIUN PCUHICHUC I/ICXOI[HOf/i 3aJa4yd MOXECT OBITh IMOJYYCHO KaK CyHneprio3unus peuic-
HUH TpEX 3a4a4 € UCIIOJIB30BAHUEM MCTOJd KOMIUJICKCHBIX AMIUIUTY .

Takasi aNeKTpoAMHAMUYECKasE CTPYKTypa MO3BOJISET ONPENEIUTh HEOOXOAUMBIE MapaMeTpbl HHPOPMAIIHIOHHOTO
QJICKTPOMArHUTHOI'O IMOJIA JJI JICYHEHUS JUCTICTICUN HOBOPOXKIACHHBIX TCJIAT.

Kniouesvie cnosa: Monens OMONOTHYECKH aKTHBHOW TOUYKHM; JIEYEHUE IUCIIETICUU TEJAT;, HapaMeTpsl HHpopMau-
OHHOTI'O BJICKTPOMAarHuTHOT'O MOJIA.

Wn. 1. bubauorp.: 10 Ha3s.

UDC 621.374

Analysis of the electrodynamic model of a biologically active point of animal skin / V. Guzenko, V. Semenets,
N. Lisichenko, T. Nosova, N. Kosulina // Radiotekhnika : All-Ukr. Sci. Interdep. Mag. 2020. Ne201. P. 215 — 219.

Flat-layered dielectric structure was considered as an electrodynamic model of bioactive point (BAP). This struc-
ture is formed by three flat dielectric layers and eventual cylinder filled by a dielectric (by the albumen of collagen).
The upper layer designs burly cages, middle layer is blood and lymphatic vessels and an understratum is formed by
nervous fibres that conduct and pass management signals from BAP to the central nervous system.

Such electrodynamic structure is the dielectric resonator (eventual cylinder) located in a dielectric environment.

We will examine affecting of informative electromagnetic radiation on bioactive point, the wave-length of which
considerably excels geometrical sizes bioactive point. This fact allows averaging of material parameters on a coordinate
¢ . Therefore, it was assumed further, that material parameters (dielectric constant) of flat layered structure (model of

bioactive point) does not depend on a coordinate ¢, i.e. the electromagnetic field is axisymmetric.

Such electromagnetic field can be excited by the circular electric current located at some distance L from the ex-
ternal surface of bioactive point. It was supposed that this current excited harmonic oscillation with circular frequency
@ and modulated on amplitude with frequency of modulation Q.

The problem of the interaction of radio-pulse waves with a biologically active point is an unsteady diffraction
problem. Using the complex amplitude method, this problem was reduced to the diffraction problem for electromagnet-
ic fields that depend exponentially on time.

By virtue of the principle of superposition, the solution to the original problem can be obtained as a superposition
of the solutions of three problems using the complex amplitude method.

Such electrodynamic structure allows defining the necessary parameters of the informative electromagnetic field
for treatment of dyspepsia of newborn calves.

Keywords: model of bioactive point; treatment of dyspepsia of calves; parameters of the informative electromag-
netic field.

1 fig. Ref.: 10 items.
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