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AHoTanis: Y cTaTTi 3alpONOHOBAHO HOBMH THII IIMPOKOCMYTOBHX NaTY-aHTEH Ha OCHOBI Mikpo QR-komiB 3
IHTErpOBAHOI0 MeTaMaTepiaJbHOI0 KOMIPKOIO B SKOCTI Mapkepa. Y LbOMY JOCITI/DKEHHI PO3IIISTHYTO KilTbKa
BapiaHTIB KOHCTPYKILii, IKi OTPUMaHI IUIIXOM 3MiHHU ITapaMeTpiB MeTaMaTepiaabHOT KoMipku. J[is iX aHamizy Bu-
KOPUCTAaHO METOIH YHCEIbHOTO MOjeNoBaHHs mporpamu Ansys EM Suite, BHACHiZIOK CKJIaIHOCTI OMHUCY
B3a€MO/IiT aHTCH HEEBKJIII0BOI reoMeTpii 3 paaioxBuisiMu. O1iHKa Ta MTOPiBHSAHHS 3aIPOIIOHOBAHNX aHTCH MTPOBO-
JIUJIACh 32 TAKMMHU XapaKTePUCTUKAMM: aMIUTITYTHO-4AaCTOTHA XapaKTePHCTUKA Ta KOE(IlliEHT CTOS4O0T XBUII 3a
Harpyro. [l po3MupeHHsT YaCTOTHOT CMYTH CHHTE30BaHOT aHTEHH 3aCTOCOBAaHO PO3LICIUICHUI KBaapaTHHI
Mapkep, kUi € enneMeHToM Mikpo QR. Takuii miaxin J03BOJIIMB PO3LUIMPHUTH BiJHOCHY IIUPUHY CMYTH POy CKaH-
HS BIJIOBINHOI IpyKOBaHOI aHTEHM JO 3HaueHHs 1,7267 mpu Oe3rmepepBHiNl cMy3i MPOIYCKaHHS MIMPUHOIO
167,935 I'T1 B nianazoni 13,29—181,225 I'T'u. B ibomy Bunaaky, BUpi3u po3ILEINICHOTO KBaAPAaTHOTO MapKepa
poO3TalIoBaHi B310BX JiHii, KOAKCiaJIbHOT 3 JIIHI€I0 )KUBJICHHS, a BUPI3 JJIS 30BHILIHBOTO «KIJbLI» 3HAXOJUTHCS
3HM3y. st cunTe3y Mikpo QR-K0/ly BUKOPHUCTAHO CIIOBO «aHTCHA.

KurouoBi ciioBa: aMIutiTy JHO-yacToTHA XapakTepructuka; Ansys HFSS; meramarepian; mikpo QR; mary-aHTeHa;
JDKEPEeNIo KUBJICHHS; 3BOPOTHI BTpaTy; KoediieHT cros4oi xBuii 3a Hanpyroro; KCXH; SRR; po3pi3uuil kinble-

T.66 Ne 5

BUI1 pe30HATOp

1. BCTYII

Po3BuTOK cHcTeM 3B’S3KY 6-TO TOKOJIHHS
(6G) 6a3yeThCs Ha 3aCTOCYBaHHI HOBUX ITiJIXO/IB 1
TeXHIYHUX pimeHb. [loganpina eBoJIOLisl aHTeH-
HHUX CHUCTEM 3 YpaxyBaHHSM TEHICHII PO3BUTKY
6G Oyne BimOyBaTHCS 32 HACTYITHUMU HAMIPSIMaMHU
[1]-[3]: 30inblueHHS KiNBKOCTI aHTEHHHX eJie-
MEHTIB B aHTEHHIW PENIiTIi B CUCTEMax massive
MIMO i super-massive MIMO (32x32 i T. 11.); mie-
pexia Ha poOoYi YacTOTH TeparepLoBoro Aiamnazo-
Hy, IHTETpaIlis IeKUTbKOX IMTUPOKOCMYTOBHX Jac-
TOTHUX Jlama3oHIB B OJHIA AaHTEHHIN KOHCT-
PYKIii, B TOMY YHCJIi 1 TeparepoBoro giarna3oHy;
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BUKOpPHUCTaHHsI (POTOHHUX TEXHOJIOTH Ta HEHPOH-
HHX Mepex st (GOpMyBaHHS MPOMEHIO Ta 00po0-
KM CUTHAJIB; TIOEHAHHS (DYHKI[IOHAIBHAX MOX-
muBocTteit PJIC Ta cuctemu 3B 13Ky JUTsI cCriocTepe-
JKEHHSI Ta KepyBaHHS OE3IMUIOTHUMH POHOBUMH
cUCTEeMaMH, TAKMMHU SIK O€3MUJIOTHI OBITPsHI ara-
patu UAV (unmanned air vehicles), 6e3miioTHi
Hazemai ™amuaH UGV (unmanned ground
vehicles), OesminotHi HaaBomHi amapatu USV
(unmanned surface vehicles).

OHUM 3 M IXO0TIB 10 CTBOPEHHS cucTeM 6G €
BHKOPHCTaHHS 1HTEJICKTyalbHUX BIJIOMBHUX IIO-
BepxoHb IRS (intelligent reflective surfaces) [4].
IRS MokHa BUKOPHUCTOBYBATH SIK i1HTCIIEKTYalIh-
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HUH peTpaHCIATOP /IS ACKLIBKOX TIepeaBadiB y
CKJIaJJHUX CHUCTEMaxX CTIJIbHHKOBOI'O 3B’SI3Ky Ta
pamionoxartii [5]. Bogrouac, posmimenus IRS na
cTiHax OyxiBelb Ta 00’ €KTIB TPOMAJICHKOTO JI0C-
TyIly, @ TAKOX Ha MpeMeTax iHTep’epy Ta 00nai-
HaHHI BCEpEINHI MPUMIIICHb TO3BOIHUTH PO3IITH-
putn yHkuioHanbHi MoxauBocTi IRS 3a paxy-
HOK CTBOPEHHSI Pi3HOMaHITHHX PEKJIaMHHX 300-
paXeHb 3 BUKOPHCTAHHSIM CBITJIOBIIOMBAIOUNX
€JIEMCHTIB.

3okpema, IRS mpomnoHyeThCsI BUKOPUCTOBY-
BaTH sIK ImaThopMy Uit 300py MHOKHHHU
QR-koxiB, 0 HAZAOTHh JAOCTYI 10 Pi3HUX BeO-
CalTiB, SIKI MICTATH pEeKJIAMHHH KOHTEHT. [Ipu
npoMy (GopmyBaHHS 300paxkeHs QR-KOIiB MOXKe
3MIHCHIOBATHUCS 32 TIPUHITUIIOM i€papXii, KoM Ha
JIOCTATHIN BiJICTaHI BI3yaJIbHO BIATBOPHOETHCS
onuH abo aekinbka QR-KOAIB BETUKOTO po3Mipy,
YTBOPEHHX MacOK MEHIHUX 3a po3MipoMm QR-
KOJIB. A IIi MEHII, B CBOIO Yepry, MOXKYTh OyTH
cthopmoBani Ha ocHOBi QR-komiB, siKi OymyTh
cripuiiMaTHCs JTUIIe B Oe3rmocepeiHiid OIM3bKOCTI
1o nosepxHi IRS.

V Bunajkax, konu ogHoTUIHI QR-koMU BH-
KOPHCTOBYIOTHCS Ha PI3HUX PIBHAX i€papXiid, (ak-
TUYHO HAEThCS Mpo (PpakTaabHUN MiAXiJ, SKAN
MOXHa opMaTizyBaTH y BUTIISAII MATPHUII 32 J10-
MMOMOTOI0 KPOHEKEPOBOT'O JOOYTKY MaTpuilb. Ha-
MUK, K10 nepBuHHUN QR-KO npeacTaBie-
HUW y BATJISAI MATPUIT TKCETiB A, TO ()paKTaib-
Ha CHCTEMa TPhOX iTepalliii TakuX KOIIB MOXKe
OyTH mpeicTaBieHa HACTYITHUM YHHOM:

H=A QA ®A, (1)

ge ® — cuMBON omepauii KpOHEKEpOBOI'O
JIOOYTKY.

IIpu 11bOMy KOKEH TKCEeTh BETUKOTO 300pa-
JKEHHS 3aMIHIOETBCSl MaTpHLeto Toro X QR-koxy
B MeKax oJiHoro mikcelst. Ls x npouenypa moBTo-
PIOETHCS i 9ac HACTYIHOI iTepartii.

SKImo JuIs  KOXHOI iTepamii BHKOPHUCTO-
BYETBCsI OKpeMuli Koz, To Bupas (1) ciig nepedop-
MYJIFOBATH HACTYITHUM YHHOM:

H=A ®B ®C. )

Marpuui A, B 1 C MOXXyTh NIPEACTaBIATH HE
TIIBKH pi3Hi 3aK0/10BaHi (hparMenTH iHdopmarii B
onHomy QR-kogi, 1m0 mMoB’s3aHi, HANPUKIIAI, ce-
MaHTUYHO, ajie i pi3Hi TuIH KoAis: QR, Mikpo QR
1 TaK gadii.

IIpn mepexomi Ha HWKHIA pIBEHb MIKPO
QR-KkoiB /I OMTUCY TOMOJOTIH MiKCETiB MOKHA
BUKOPUCTOBYBATH INPOHMKAIOUMN TOPLEBUH J10-
OyTOK MaTpHIlh [6, 7]. 3rigHO 3 BU3HAYCHHSIM [6],
NPOHUKAIOYHI TOPLEBUH JOOYTOK (pXg)-MaTpuIli
A Ta n-BEUMipHOTO TeH30pa B, po3ropHyTOTO B
OJI0YHY MATpPHUIIO, O MICTUTH pxg OiokiB (B =
[B,], n> 1), € MaTpuueto BUaY:

AlcB=[A°B,], 3)

ae A o B, — nobyTok Anamapa.

Sxmo wMatpunsg A TpeACTaBisge MiKCen
Mikpo QR-koiB Ha HIKHBOMY piBHi, a OJI0KOBa
MmaTtpuusg B mpencraBisie miKcedbHI KiIacTepu
Mmikpo QR abo QR-koniB Ha BepXHLOMY piBHi, TO
pe3yJIbTyI0Ya TOMOJIOTIS ONUCYETHCS HACTYITHUM
YHHOM:

By By o By

B B ... B
APB=AP] H TR T =

Bpy Bpy -+ Bpg |
AoBy; AcBy Ao By |
AOBZI AOBZZ AOBZG (4)
AcBpy AcBp, A Bpg |

B sikocTi npukiany, Hexan
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ayp ap
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dz; dzp
byt b by b bz by
B=1byi1 by baiy boyp Doz bypz

byi1 bayr b3y bayp b3z baps
TOAI

A[O]B =

ay by by ay by @by ay by apt b

Ay byyy Gy byyy ayy by Gy by ayy by Ay by |

ayp by Gy by Gy by dyycbyy ayycbyy dsyc by

Sxmo B Mexkax ofHiel 1 Tiel k& (pakraibHOI

iTeparii HeoOXiTHO BUKOPUCTOBYBaTH pi3Hi QR-
Koau, TO Jutst (hopMmaizariii Tomosnorii Takux IRS
NOTPiOHO 3aCTOCYBATH OJOKOBHI MaTPUYHUH J0-
oyrox Kponekepa [8]. [Ipu iipoMy nepBuHHA MaT-
putst QR-xomy po3ouBaeTbes Ha M MOYIIB, KO-
JKEH 3 SIKUX MHOYKUTBHCSI Ha BIATOBIAHY MaTPHUIIO
HACTYITHOI iTeparlii 3a JOTIOMOT0I0 TPSIMOTO I0-
oytky Kponekepa:

[©]B, B, By |[©]
[®][C1 C, .. CM], (5)
Je [®] — cumBon omepauii 0104HOrO HOOYTKY
Kponexepa.

MoxnuBa komOiHaiis 000X 3a3HAYECHUX
BapiaHTIiB 3 MOHOTUITHUM 3allOBHCHHSIM MIKCEIIB
B MeXax OfHiel iTeparii Ta AUBEpPCH(IKOBAHUM
BapiaHTOM Ha IHIUX PIBHSX i€papXii, HATPUKIIA;

H=([4 4, 4,/ ] ®B)®]
[®C; €y .. Cul: (6)
H=|:A1 A, AM][®]
[®[4; 4, A, ][®]
[®[C, Cy ... Cyl )
1 TaK maji.

Bpaxosytoun, mo IRS moxyTts OyTH sik ma-
CUBHUMH, TaK i aKTUBHUMH, ITPOMIOHYETHCS HAHO-
cutu Ha moBepxHIO IRS QR-komm 3 cTpymornpo-
BIJHMX MaTepialliB 1 TAKUM YHMHOM CTBOPIOBATH
JpyKoBaHi aHTeHu y BUrIsiai QR-komy.

Crmig 3a3HAYUTH, IO 1IeSd 3aCTOCYyBaHHS
QR-KoJiB TSI TOMOJIOTIi aHTEH HE € HOBOIO. Ha-
MIPUKJIIAJL, Cepesl MepLINX MyOIiKalii 3 bOro mpu-
BOJy MO’KHA BiI3BHAYUTH poOoTy [9]. Ilomansmmii
PO3BUTOK I[LOTO HAMPSMY CTOCOBHO JIPYKOBaHUX
aHTEH MpeacTaBneHuil B podorax [10]-[14]. 3o0k-
pema, B [10] po3rismaBcs BapiaHT aHTCHHU 3 KHUB-
JICHHSIM, TJIBEJICHUM 0 OJHOTO 3 BHYTPIIIHIX
nikceniB B Tuni QR-komy. Take pimieHHs: Mae 00-
MEXEHI MOYKJIMBOCTI IIOJI0 PO3MIIIEHHS aHTEHH,
0 TIEPENIKOKAE OTPUMAHHIO PIBHS 3BOPOTHHUX
BTpat MeHIIe —8 1b, 10 Toro x y Iyxe By3bKOMY
Jiama3oHi 4acToT.

AHaJIOTIYHUI MTiJIXi/T 3 BHYTPIITHBOMIKCEIbHOO
KOMYTAIII€I0 )KUBJICHHS AocipkeHo B [ 11]. [Tpu 1po-
My aBTopam [11] Bmamocst OTprMaTH TOCHTH HU3BKI
3HAYEHHS 3BOPOTHHX BTpar (—21,48 nb) y By3pkoMy
YacTOTHOMY Jtiana3oni Ha yactoTi 2,4 I'Ty 3a paxy-
HOK TpaMOTHOTO BHOOPY KOZI0BOI (hpa3u, a TAKOXK OTI-
THMI3allil pO3TalllyBaHHS 3’ €JHYBATHHUX MOJYJIB Y
torosorii QR-koay 3 ypaxyBaHHAM 7-BiJICOTKOBOI
KOPEKITii TTOMIJIOK TIPH HOTO JICKOTyBaHHI.

PobGora [12] crama mogadbIIuM KPOKOM Y
PO3BUTKY KOHIEHIIl onTumisaiii mnapaMeTpiB
QR-aHTEeHN 3 BHYTPINIHBOIIKCEIEHUM YKUBJICH-
HSIM Ha OCHOB1 BHECEHHS] HABMHUCHUX CIIOTBOPEHB
B Tomosorii QR-koxy. Bignosigxo no [12], 3Bu-
gaitna anteHa RFID-mitku Oyna iHTerpoBaHa 3
toronoriero QR-komy, B pe3ysbTaTi 4oro OTpH-
MaHi 3BOpPOTHI BTpaTH Ha piBHI —15,4 nb Ha pe3o-
HaHCHI yacToTi 2,45 I'T'm, mopsia 3 po3mmpeHHsIM
pobouoi cmyru yactoT nepenadi 3 2,3 o 3,081 Tm.

Pazom 3 TuM, CITif 3a3HAYUTH, 1110 KOHIIEIII{is
BBEJICHHS HAaBMHCHHX CIIOTBOPEHBb B CTPYKTYPY
QR-xomy mist omruMizamii mapaMeTpiB aHTCHH,
3anporoHoBaHa B podorax [11], [12], mae oOme-
JKEH1 MOXKJIMBOCTI IOJI0 PO3MIMPEHHS iX CMYyTH
MPOITyCKaHHS. 3aCTOCYBaHHS 30BHIIHIX TIO Bij-
HOILIEHHIO J10 ToroJIoTii QR-aHTeH JIiHIlN KUBJICH-
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YMoBa:
(Thick_Ring In +Thick Ring Out) < 1,28 mm

Thick_Ring In
(mampuxiazg 0,43 Mm)

= Vyrez_thickness In
(manpuxnan Vyrez thickness In = Vyrez_thickness)
Angle Rotat

(mampukian 0°)

Vyrez_thickness
(manpuxiazn 0,617 Mm)

e hick Ring Out

(mampuximaz 0,43 Mm)

Puc. 1. Pamka SRR HaBKOIIO €TamOHHOTO KBaApaTHOTO mabmoHy Mikpo QR-komy.

Hsl HaJa€e O1IbIIE CTYIICHIB CBOOOM 1100 OTPHU-
MaHHS ITHPOKOCMYTOBOCTI.

Hampuxiiag, B po6ori [13] 3ampornoHoBaHO
BapiaHT pO3MIILICHHS TAaKWX ITiJ{BIIHUX JIHIHA Y BU-
TSIl CMY’KKOBOT JTiHIT mo3a koHTypoM QR-komy,
10 BUKOHY€E (PYHKIIiFO 30BHIIIHLOTO PE30HATOPA,
SKH{ JI03BOJISIE PO3LIMPUTH POOOYY CMYTY aHTe-
HU. B KOHTEKCTI MiAXOMy, MO pPO3TISAAEThCS B
JaHili CTaTTi, 3aCIyTOBY€E HA yBAry IMiAKIIOYSHHS
CMY>KKOBOT JIHIT )KHMBJICHHS Ha JICKUIbKA MIKCEIIB
30BHIITHKOTO KOHTYPY QR-komy [14].

Sk 3a3HaveHo panime, Mikpo QR-xomu mo-
JKyTh OyTH BHKOpHCTaHi pa3oM 3 QR-komamu asist
IPOEKTHOTO CHHTE3Y JPYKOBAHUX aHTEH y CKIaIi
IRS. IToTenuiiini BapiaHTH TOMOJIOTI] TAKMX aHTEH
3alpoIOHOBaHI Ta JOCHiKeHl B poboti [15].
PosrnsgaeMo nomanbImii po3BUTOK iCHYIOYHX aH-
TEHHUX DIIllICHh B PaMKax TilOTe3H, CHOPMYIIHO-
BaHOI B po0OoTi [15], 110710 AOIIIBHOCTI BUKOPHU-
CTaHHS MeTaMaTepialbHAX OJUHUYHHUX CTPYKTYP-
HUX €JIEMEHTIB OIIOPHOI0 cerMeHTa Mikpo QR-ko-
ny.

Pemra poOoTn CTpyKTypoBaHa Ta MICTHTBH
KUTbKa PO3ILTIB, SIKI JONMOMAararTh YUTauaM
opieHTyBaTHUC y 3MmicTi. Po3nin 2 onucy miaxin, 3a-
CTOCOBAHHI aBTOPaMH i PO3POOKH 1 TeCTyBaH-
HS IpyKOBaHOI KOHCTpYKUii anTeHn. Cloam BXO-
JUTh JIeTAIbHUI ONKC IPOTPAMHOTO 3a0e3MeUYeH-
Hs Ansys EM Suite, BUKOpHCTaHOTO [Tt CTBOPEH-

HSI KOHCTPYKIIi{, 8 TAKOK KOHKPETHI MapamMeTpH i
3MiHHI, BUKOpPHCTaHi B Mozeni. Y po3nini 3 npea-
CTaBJICHO PE3YJIbTATH JOCHIHKEHHS, BKJIIOYAIOUN
3nadeHHs: KCXH 1 3BOpOTHHX BTpaT CHHTE30Ba-
HO{ aHTEeHH, a TaKOX I JliarpamMy CHpsSMOBaHOCTI
Ha yacToTi 25 ['Tu. B po3nini 4 aBTopu npoBenu
NOPIBHSHHS OTPUMAaHUX pe3yJbTaTiB 3 IIOIe-
pPEemHIMH JTOCTIPKEHHSMH Ta MPOKOMEHTYBAIH
HACNIJIKK CBOiX BUCHOBKIB. HampukiHIii crarri
00rOBOPIOIOTHCS
JOCTKEHHS, HOr0 0OMEXEeHHS Ta HaIpsIMH T10-
JaNbIINX JOCIIKEHb.

OCHOBHI pe3yabTaTH

2. 3ATTIPOIOHOBAHA KOHCTPYKIIISI
MATY-AHTEHH HA OCHOBI
MIKPO QR-KOJIY

Jnist mpoBeieHHs OCIHIPKEHHS aBTOpaMH B
makeTi Ansys EM Suite [16] po3pobnena 6a3oBa
MOJIeJIb MaT4-aHTEHH Ha OCHOBI Mikpo QR-xoxy,
IO MICTHTB CIIOBO «antenna». dopmyBaHHS TO-
TIOJIOTIi, IO BiJNOBi/Ta€ KOHKPETHOMY KOy, BH-
KOHaHO aHajioriuHo [15] 3a momomororo cepaiciB
[17], [18]. Bubip ciioBa «aHTeHHA» J03BOJISE 30¢e-
PErTH HACTYIHICTh Y KOHTEKCTI pe3yibTatiB [15],
a TaKOX BUKOHATH IOPIBHSHHS XapaKTEPUCTHK
paHile CHHTE30BaHUX aHTEH 3 IXHIMH HOBUMH TO-
TTOJIOTiSIMU.

HoBu3Ha 3anponoHoBaHOro MiIXoay nosrae
B TOMY, IO B paMKax 3a3HadyeHoi 6a30Boi Mozeni
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Tabnuya 1. Ilapamempu koHcmpyryii

TTapametp 3MiHHA 3HaueHHs
[Iupuna BHYTPINIHBOTO KiJbLS Thick Ring In 0,43 mm
[npuHa 30BHINTHHOTO KiTBIIA Thick Ring Out 0,43 mm
upuna BUpi3y y BHYTPIIIHBOMY KUIBII Vyrez thickness In 0,617 MM
[upuna BUPi3y B 30BHIIIHEOMY KiTBITI Vyrez_thickness 0,617 Mmm
Kyt moBopoty Angle rotat 0 rpan

BUKOPHUCTAHO €JIEMEHT MeTamarepialy y BHIIISAL
napy po3pizaHuX KBaJPpaTHUX PAMOK, SKi OKpec-
JIOIOTH eTajJoHHMH KBaapaT QR-xony y siBomy
BEPXHBOMY KyTi MaTpuili Mikpokoay (puc. 1). Lle
nmo3Bommiio chopmyBat  SRR-pezonarop (spl-
it-ring resonator) [19]-[21]. IIpu upomy mmpuny
BUPIi3y MOXHa 3MiHIOBaTH B Mekax SRR (Bukopu-
crano 3MmiHHI «Vyrez_thickness» (Bupiz) — B
30BHIIIHBOMY «Vyrez_thickness In»
(BUpi3) — y BHYTPIIIHBOMY KiJiblli). Bci 3MiHHI
3aJaHO B MM. 32 3aMOBUYYBaHHS;M, BCTaHOBJICHO,
mo Vyrez thickness In =
Opienraniss Bupizsy B SRR 3amaerbes s
30BHIITHBOTO KiNbIsd 3MiHHOIO Angle rotat (0; 90;
180; 270 rpamyciB), a Al BHYTPILIHBOTO KiJIBIIS
— 3MiHHOW Angle rotat In B Mexkax CTaHIapT-
HOTO Habopy aHamoriyHux 3HaueHb: 0; 90; 180;
270 rpamycis.

[Ipu npomy 0° BiAMoOBiga€ PO3TAIIyBaHHIO
BHpPI3y 3HU3Y 30BHIMIHBOTO 1 BHYTPIIIHBOTO
KiJIelb, Ha 0Ci, apanenbHil JiHiT )KUBICHHSL.

[upura SRR-pamok B Mexax i€l Mojei
3a/1a€THCS Thick Ring In;
Thick Ring Out. Ilpn 1poMy TOJOBHOIO BHMO-
TOI0 TYT € BAKOHAHHS YMOBH:

KIJIbII,

Vyrez_thickness.

3MIHHUMHU:

(Thick_ Ring In+Thick Ring Out) <1,28
MM.

Ie moB’s13aH0 13 3a0€3MEYCHHSIM MOYKIINBOCTI
nekoayBaHHS Mikpo QR-KomiB y TUITOBUX JA01aT-
Kax JuI1 cMapTQoHiB. 3aMiCTh CTAaHAAPTHOT IIUPHU-
HHU PaMKH{ €TaJIOHHOTO KBajpaTHOro mabiony (1

¥y, MM

0 15 30 x, mM
Puc. 2. KoHCTpyKIIist maT4-aHTEHH.

MM) BCTAQHOBJICHO MMUpHHY 1,28 MM, MO TI0-
B’s13aHO 3 MacmTadyBaHHAM Mikpo QR-koxy mms
OpUB’SI3KK ~ HOrOo 1O  pe3yibTaTiB  IHIIMX
myoutikariit aBropis [15].

3aranpHUi BUIJISLA 3alPOIIOHOBAHOI JIPYKO-
BaHOI aHTCHU MPEACTABICHO Ha puc. 2. Bupiz y
30BHINIHBOMY  KIJBIII  PO3TAIIOBAHUN 3HU3Y.
OOuzBa BUpi3K pO3TAIIOBAHO B3JOBXK JiHii, mapa-
JIENTBHOT 3 JTIHI€I0 KUBJICHHS. 3HAUYCHHSI OCHOBHHUX
rmapamMeTpiB KOHCTPYKIIii HaBeIeHo B TabI. 1.

Ilomno mapamerpiB JiHil KHMBJIEHHS Ta
KOH(]irypauii ekpaHy, Jisi BCIX PO3TISHYTHX TYT
BapiaHTIB TOIOJIOTi] BOHU BCTAaHOBJICHI 1IEHTHY-
HUMH 110 aHTeH [15].

Moaudikarist KoJoBoI MaTpHLi (pHc. 2) mpo-
TECTOBAHA HA MIPEIMET MOKJIMBOCTI IEKOTyBaHHS
ckanepoM [Phone 11 Pro 3a ymoBH 3MiHU KOJIBOPY
BCIX MiKCEJNiB-eIEMEHTIB KOy Ha 4opHuil. Ilpu
IIbOMY, HE3BYKAIOUW HA BHPI3HM B OTIOPHIN pamiii,
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0,1 50,1 100,1 150,1 Ii 90 1, I'Ty
13,2903 167,9349 81,2252

Puc. 3. KCXH anrenu Ha puc. 2.

-54
~104
~154
204
~254
~301
~354
—40-

0

50 100 150 £ ITnu
Puc. 4. 3BopoTHI BTpaTu aHTEHU Ha pHC. 2.

N O N A

o &k

10 .
—-180 —60

60 180 0, rpan

Puc. 5. [liarpama cipssMOBaHOCTi pO3TITHYTOI aHTEHH Ha 9acToTi 25 I'T.

CJIOBO «aHTeHa» OyJ0 BiJCKaHOBAHO HABITh MPHU
HE3HAYHUX MNOPYLICHHSIX TrapMOHi3amii II0CKol
MOBEpXHi Ta opieHTawii cMapTQoHa BiTHOCHO MO-
BEpPXHI IUCITIEs, 3aisTHOT B MPOEKIIii TOTOOTIi
aHTeHu B miporpami Ansys EM Suite.

3. PE3YJIBTATH JOCJIAKEHHSA
BA30BOI MOJIEJII AHTEHU

Pesynpratn pospaxyHKy Koegilli€eHTa CTOs-
ynx xBuiIb 3a Hanpyroio (KCXH) ta 3BopoTHHX
BTpaT CHHTE30BAaHOI aHTEHH, SIKi € 3araTbHOIIPHII-
HATHMHU TapaMeTpaMy Ul aHaji3y XapakTepu-

CTHK aHTeH [22], [23], mpeacTaBieHo Ha puc. 3 Ta
4.

3acToCyBaHHs METaBy3JIa B SIKOCT1 €TaJIOHHO-
ro eleMeHTa J03BOJIMJIO YCYHYTH MIKH B Jiama-
30H1 19-20 I'T'm, ski mpUCYTHI B APYyKOBaHiii aH-
TeH1 y BUIIISIAI iepBUHHOTO Mikpo QR-komy [15].
Ile 3abe3neunsio Ge3mepepBHY CMyTy mepenadi
mmpuHoto 167,935 ' B giamasoni Bix 13,29 mo
181,225 I'Tu. [Ipu upomy BiZHOCHA cMyTa IMpoO-
nmycKkaHHA [24] nopiBHIOE:
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E-none, B/m
18166

. 15895

13625

11354
i 9083.5
6812,9

4917,3

2271,6
1,0019

X

y H-none, A/m
112,59

98,528
84,467
70,406
56,345
42,284
28,223
14,162
0,10119

X

Puc. 6. Posnoxin E- i H-momniB Ha moBepXHi MiAKIaaKA AOCTIHKYBaHO! aHTEHH Ha 4acToTi 25 I'T.

E-none, B/m
7870,3

6886,9
5903,5
4920,1
3636,8
2953,4
1970

986,61
3,2345

X

% H-none, A/m
33,307

29,149
24,992

20,834
i 16,676
12,518

8,3606

4,2029
0,045112

X

Puc. 7. Posnoain E- i H-nioniB Ha BepXHiil MOBEpXHi AOCIiKyBaHOI aHTeHH Ha 9acToTi 25 [T,

s 17 /al 1.7267, (8)

S1+/2

e f, 1f, — 3HaueHHs 4acToT, Ha skux KCXH = 2.

Taxum 94MHOM, OTpUMaHI JaHi MOJCIIOBaHHS
HiATBEPIUIN TiNOTE3y Mpo epeKTUBHICTH 3acTO-
cyBaHHS MeraBy3ina SRR y Bursigi macuBHOTO
eJIeMEeHTa B CKJIaJli APyKOBaHOI aHTeHH. Jliarma3oH
gacToT 13,29-181,225 I'T'11 0XOITIO€ BC1 MOXKITHBI
MITIMETPOBI aiama3oHu xBuwib 5G i 6G, Taki siK
FR2 Bin 24,25 no 52,6 I'Tu (NR Rel-15) [25] i
FR2-2 Bix 52,6 no 71 I'Tr (NR Rel-17) [26].

Jliarpama cripsiMOBaHOCTI PO3IJIIHYTOT aHTe-
HU Ha yacToTi 25 ['T1 nokazana y 3D i 2D dopma-
Tax Ha puc. 5. BayImBo miaAKpecauTy, mIo aiarpa-
Ma CIIPSIMOBAHOCTI Oyjie 3MIHIOBATUCS B 3aJICK-
HOCTI BiJl CMYTH IIPOITYCKaHHS, 1 IIe MOYK€ BILTUHY-
TH Ha BUKOPHCTaHHS Takux eaeMeHTiB B IRS.

Sk J1OJIaTKOBY UIIOCTpALlif0 BIACTHBOCTEH
aHTEeHW Ha puc. 6 1 7 nmokaszaHo posnozainu E- i

H-moniB Ha moBepxHi MiAKIAIKY 1 HA BEPXHIiH 1T0-
BEpXHI aHTCHHU.

Sk BUIUIMBaE 3 puc. 7, OCHOBHUN BHECOK Yy
BUIIPOMIHIOBAaHHSI AaHTEHM BHOCATH EJIEMEHTH
Mikpo QR-kony, nokamizoBani B 30Hi (igepa. B
naHoMy Bumajky SRR BucTymae B posti macuBHO-
IO €JIEMEHTa, KU KOPUI'Ye OCHOBHE IIOJI€ BU-
MIPOMIHIOBAHHSI.

4. PE3YJIbTATHU JOCJIIKEHb
JIJISI PI3BHUX OPIEHTAIIIA SRR

[Monmanbii JOCHiHPKEHHS CIIPSIMOBaHI Ha BUB-
YCHHsI BIUIMBY OpieHTallii BUpi3iB y pamii SRR,
IHTEIPOBAHUX B OMNOPHUI KBaJpaTHUH MIaOJIOH
MIKpPOKO/1y, Ha 0COOJIIMBOCTI pOOOTH aT4-aHTECHH.

Ha puc. 8 mokazano opieHTaIio BUpi3iB, sKa
€ aJbTEPHATUBOIO BUIICONHCAHIM Ha puc. 2. Y
LBOMY BHIIAJKY BUPi3 30BHIIIHBOTO KUJIBIS pO3Ta-
[IOBAaHUH HAJ OMOPHOIO TOYKOW. B pesymprari
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¥, MM

0 15 30 x,Mm
Puc. 8. AnprepHaTUBHMI BapiaHT JPYKOBaHOT
AQHTEHHU.

KCXH

0,1 51 10,1 15,1 20,1 25,1 30,1 35,11, I'Tny
11,967{34.434

Puc. 9. KCXH anTenu, 1o npeacTaBieHa Ha puc. 8.

MOJICJIIOBAaHHSI BUSIBUIOCS, 110 KOHQIrypamisi Ha
puc. 8 € ripmioro, HiXx Ha puc. 2.

Banexxnicte KCXH s anTeHn Ha puc. 8
npezcrasieHa Ha puc. 9. [lopsa 31 30inbLIeHHIM
KCXH Bume piBHS 2 Ha iHTepBaJli 4acToT
34,43-35,1 I'T1, He3HAYHE TIEPEBUIICHHS TTOPO-
rosoro piBHs KCXH =2,0303 criocrepiraerbcs Ha
yactoTi 22,468 I'T't (puc. 9).

lopusoHTanbHa  Opi€HTAIlist  BHPI3IB Y
BapiaHTi puc. 10 TakoX po3isise 3a3HAYCHY Yac-
TOTHY 001acTh 167,935 I'T'11 Ha KijbKa CErMEHTIB,
00MEXYIOUH TEpIIHi 3 11 CEKTOPIB IHTEPBAIOM
Big 13,52 nmo 33,1997 I'T (puc. 11). Ilpore Ha-
SBHICTb O€3MepepBHOI CMYTH MPOITyCKaHHS J03-
BOJISIE OL[IHUTH KOHCTPYKIIit0 Ha puc. 10 sik OLibII
e(heKTUBHY MOPIBHSHO 3 puC. 8.

[ToBopot 30BHImIHBOrO BUpizy SRR Bnpaso
JIO3BOJIUB JICIIO 3MICTUTH BEPXHIH pIBEHb J0
33,7576 ITu (puc. 12) mo BigHONIIEHHIO 0

», MM

0 15 30 x, MM
Puc. 10. KoHcTpykiist JpyKoBaHOT aHTEHH 3
TOPU30HTAIILHUM PO3TalllyBaHHSM BHPI3iB B
OIOPHOMY €JICMEHTI.
KCXH

0 5 15 20 25 30 (35£TTn
I_T,;il— 19,9477 ﬁ,ﬂs‘fﬂ

Puc. 11. KCXH anrenu, 300paxkenoi Ha puc. 10.

KCXH

4,5 ml: x=23,1; y=1,9936
4

3,54
3_

2,54
2-

1,54

1
0 5 20 25 30 35 t, [Tt
13 224 29.5356 3,7576
Puc. 12. AnbTepHaTHBHUIA BapiaHT JIPyKOBaHOT

AHTEHH 3 TOPU30HTAIBHUM PO3TAaIIyBaHHIM BUPI3iB B
onopHomy esneMenTi Ta T KCXH.

33,1997 I'Tu (puc. 10). Takox aemo 3HU3UBCS
HIKHIM piBeHb BIAMOBIAHOTO Aiamazony (13,224
I'T). 3aranpHa mmprHa podovoi 00IacTi ckiana
20,53 I'Tu. 3aranoM, Takuid CHEKTpaJbHUM Cer-
MEHT OXOILIK MUTIMETPOBHH jaiana3oH XBuwib 5G
[25]-[27], 3oxpema poGoui cmyru NR n257
(26,5-29,5 TT), n258 (24,25-27,5 TTn), n261
(27,5-28,35 I'T'm) Ta n260 (37-40 I'T'), a Takox
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KCXH
4,53
4
3,54
33
2,53
24
1,54 .
14 : :

0 5 10 15 20 25 30 35f1ITu
(13,3906} 20,9948 34,3854
Puc. 13. Monundikamist aHTeHN 3 KyTOBUM

posnecennsiM Bupi3iB Ha 90° 1 if KCXH.

ya KCXH=1,64 y

KCXH = 1,6877 y

25 :

¥SIA sdE

0 5 10 :15 20 25 30 35fITn
[13.3915—21,5867
Puc. 14. AnprepHaTHBHUN BapiaHT KOHCTPYKIIi1

AQHTEHH 3 KyTOBUM pO3HECEHHSM BHpi3iB Ha 90° Ta ii
KCXH.

KCXH = 1,6817

Puc. 15. Posmoain H-nionst Ha gactoti 25 I'T asist BCboro Habopy TOIOJIOTI# aHTeH:
puc. 2 (a); puc. 8 (6); puc.10 (8); puc. 12 (2); puc. 13 (9); puc. 14 (e).

4acTOTH CYIyTHHUKOBOIO 3B’si3Ky Starlink xom-
nanii SpaceX [28], [29].

[opsiz 3 KITaCHYHOIO KOHCTPYKLIE KBapaT-
Hoi SRR, me Bupi3n B paMKax po3TalIoBaHi
B3JI0BX OJTHi€T oci [19]-[21], mocnipkyBanucs ta-
KO Moan(ikoBaHI BapiaHTH 3 KyTOBHUM pO3HE-
ceHHsM Bupi3iB aume Ha 90°. OmuH 3 Takux
BapiaHTIB TpejacTaBieHnid Ha puc. 13. Bupis

30BHIIIHBOI paMKH pO3TALIOBAaHMHM 3HHU3Y, a
Opi€HTAallisT BUPI3y BHYTPIIIHBOTO KiJbILS BIIBO
BinmoBimae 3miuHIl Angle rotat In = 90°.
BusiBunocs, 1o take TeXHiYHE PillIeHHS J103-
BOJISIE 3MCHIIUTH BUIPOMIHIOBAHHS Ha YaCTOTI
34,3854 I'T'u no piast KCXH = 1,9956, mo dop-
MaJIBHO JIO3BOJISIE BB@)KATH, IO CMyra IpOITyc-

ISSN 0021—3470. Bicmi suwux yubosux 3axnaois. Padioenexmponixa. 2023. Ne 5. 301



B. Cmiocap, 1. Cniocaps, C. Illenee

KaHHs 3aJMIIAE€ThCSl OE3MEepepBHOIO 1 HA LILOMY
YaCTOTHOMY DiBHI.

AnpTepHaTHBHUH BapiaHT (puc. 14) xapakre-
pu3yeThes HasiBHICTIO MiKiB 3HaueHb KCXH Buie
2,0 ma vacrorax 19123,5'Tw.

IIpoBeneHi MOCTiTKEHHS TO3BOIIIIA BCTAHO-
BUTH 3aKOHOMIPHICTh Y PO3MOJiIi KOMIIOHEHTIB
€JIEKTPUYHOTO Ta MArHiTHOTO TOJIiB B3JIOBXK TO-
BEPXHI AHTEHM, SKa XapaKTEpPU3ye BIUIMB
opieHTaIii BUPI3iB y MeXaX €TaTOHHOTO eJIeMEH-
Ta Ha SKICTh AHTEHHOI KOMIIOHOBKH (piBeHb
KCXH). Jlnsa imrocTpariii Takoi 3ajieXKHOCTI Ha
puc. 15 HaBeneHo BapianTu po3nojiry H-momns Ha
yactoTi 25 [T au1st BCiX po3TISIHYTHX TOTIOJOTIH
aHTeH, 1 Bignosiani im 3Havenns KCXH. Sk Buin-
JIUBAE 3 MPEJICTABICHUX PO3MOILIIB, MiHIMAIbHE
snaueHHs KCXH BiamoBizae miHiMaabHOMY BHU-
MIPOMIiHIOBaHHIO H-1moss1, B 007acTi €TaJOHHOTO
SRR. Taky miHiManpHy amiutityny H-mosst mae
SRR, 110 npeacraBieHnii Ha puc. 2.

Otpumanuii ehekT gae imKeHepaM T0TaTKO-
BUH IHCTPYMEHT, 1110 103BOJISIE MOJIMIINTH AHTEH-
HY CTPYKTYPY Ha OCHOBI aHasizy posnoziny H- i
E-mojiB, nUISXOM  ONTHMI3amii  ITOJI0KEHHS
IIIMHU B TIO€AHAHHI 3 mupuHOro JiHiK SRR i
BIJICTAHHIO MIK HUMH.

5. BUCHOBOK

KitouoBMM BHECKOM IIBOTO JIOCTIJKCHHS €
MIPOTIO3HITISI HOBOTO IMiIXOY IO MMPOCKTYBaHHS Ta
CHHTE3y JAPYKOBaHHMX AaHTEH 3 BHUKOPUCTAHHSIM
Mikpo QR-koziB Ta MeTaMaTepialbHUX pEepHUX
CTPYKTYp. ABTOpPH TOKA3aJIH, 1[0 BUKOPUCTAHHSI
SRR-pe3oHaTOpiB B SIKOCTI MeTamaTepialbHUX
MapKepiB J03BOJISIE YCYHYTH IMIKA HA YaCTOTHIiH
XapaKTePUCTHIIl, IO MPU3BOJHUTH JO OTPUMAHHS
Oe3nepepBHOr0 PoOOYOro JianazoHy 3i 3HAYHO
HIMPILIOI0 CMYTOIO MPOIYCKaHHS.

3okpema, (popmMyBaHHS MeTaMaTePiaIbHOTO
€JIEMEHTA Ha OCHOBI €TAJIOHHOTO MapKepa MIKpo
QR-Kk0ay 103BOJISIE PO3IIUPUTH BiTHOCHY CMYTY
MPOIYCKaHHA BIAMOBITHOI IPYKOBAHO1 aHTEHH /10
3HaueHHs 1,7267 mopiBasHO 3 0,8877 B pobori

[15]. e Ba>xauBO AJ1s1 BUKOPUCTAHHS TAKUX AHTEH
y 0e3npoBoioBUX cuctemax 6G.

VY crarTi mpuBeIeHO AOCTIHKEHHS PO3IOLTY
KOMTIOHEHTIB €JIEKTPUYHOT0 Ta MarHiTHOTO TIOJIiB
B3JIOBXK IOBEPXHI aHTCHH, 1[0 BILUIUBAE HA SKICTh
AHTEHHOI KOMIIOHOBKH, BHMIPSHY 3a pIBHEM
KCXH. JlocmimkeHHs MOKasajao, IO PO3MOILI
H-mons Ha yacroti 25 I'T1 3MiHIOETBCS B PI3HUX
TOTIOJIOTISIX aHTEH, MPUIOMY MiHIMaJIbHE 3HAYCH-
a1 KCXH Bignosizae MiHIMaIbHIA IHTEHCUBHOCTI
H-mons B o6macti eranonnoro SRR. Ile#t BucHO-
BOK HaJae iHKEHEepaM TOJATKOBHH IHCTPYMEHT
JUTS TIOJIIMIIEHHST TOTOJIOTI] aHTeH HUIIXOM OII-
TUMI3alii NoJ0KeHHs 3a30py, upuHH JiHil SRR
1 BiJIcCTaHi Mk HUMH Ha OCHOBI aHAJi3y PO3TOILITY
H- i E-nomis.

OckinbKky OLiHKA piBHSI sickpaBocTi H-monst €
Ccy0’€KTUBHOIO, ONTUMAIBHIM PIIICHHSIM IJIS OTI-
TUMI3allii 3apOIIOHOBAaHNX aHTEH MOYKHA BBaXKa-
TH BUKOPUCTAHHS HEWPOHHUX MEPEX JIJIsi BU3HA-
YeHHs piBHA ACKpaBocTi H-moss B moetHaHHi 3 re-
HETHYHUM aJITOPUTMOM ITiI00PY IMapameTpiB Me-
TamarepiaibHOI KOMipKH.

Pe3ynmbraTti mocmimKeHHS JO3BOJISIOTH TIPH-
MTyCTUTH, IO 3aIPOTIOHOBAHUH ITiJIX1]T MOXe OyTH
e(peKTHBHUM pIlICHHSIM JJs TMPOEKTYBaHHS
MaTY-aHTeH JJI BUKOPUCTAHHS B MITKaX paaioda-
crotHoi imenTudikamii (RFID) ta iHmmx npwu-
CTpOsX 0e3MPOBOJOBOTO 3B’SI3KY, SIKi HOTPEOYIOTH
MasorabapuTHOi Ta epeKTUBHOI aHTEHHU IS IIH-
POKOTO CIIEKTpY 3acTocyBaHb. llomiOHMN miaxin
y3araJibHCHHI aBTOPaMH 1 JIJIsl BUIIJIKIB aHTCH,
CHHTE30BaHMX Ha OCHOBI QR-komiB, omHak pe-
3yJbTaTH BIAIMOBIAHUX HOCIIJKEHb 3aCIyTOBY-
I0Th Ha OKpeMi Iy Oumikaiii 3 orfsiay Ha X 3HaYHUi
00’eM.

[Momanpiri 3ycwis MaroTh OyTH CIIPSIMOBaHi
Ha JIOCTi/DKCHHS! BIUIMBY mapameTpiB SRR-erne-
MEHTa Ha XapaKTepUCTHKH aHTeHU. Kpim Toro,
CIJT IPUIITUTHA YBary JOCIIDKEHHIO 1HIIAX TO-
TIOJIOTIH aHTEH TAKOT'O TUITY 3 YPaxXyBaHHSM KOJIY-
BaHHS pi3HUX ¢pa3 y mikpo QR-koxi Ta pizHHX
dhopm SRR-enemenriB. [Ipu mpomy kpammmu €
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KOJIH, 1110 MAIOTh CUMETPUYHY TpadiuHy CTPYKTY-
Py IO BIJIHOIIIEHHIO JI0 BUBO/IIB KHUBJICHHSI.

BaxniBe 3HaUYCHHS Ma€ TaKOXK BHOIp MicCIls
pO3TaIlyBaHHS TOUKH IMiAKITIOYCHHS KUBJICHHSI, &
npyu MaclTa0yBaHHI CHHTE30BaHOI JPYKOBaHOI
AHTEHU CTOCOBHO TEParepiioBoro Jiama3oHy Jac-
TOT BXJIMBE 3HAUCHHS Mae peecTparlist crie-
muQiuHNX e(eKTiB, MpUTaMaHHUX HAaHOAHTEHAM
[30]. Jo Ttakux cnerudigaux eheKTiB y HAaHOAH-
TEHax TeparepIoBOr0 Jiana3oHy YacTOT Hae-
JKaTh KBaHTOBI OOMEXXEHHS, JIOKaJIi30BaHHH I10-
BEPXHCBUHN IUTA3MOHHHMA PE30HAHC, HEIIHIWHI
edekTH, TomIo.

3anponoHoBaHa KOHLEMIs OaraTomapoBoi
iHTerpamii mekimpkox Mikpo QR marg-anTeH

TTonmano 1o penaxiii 05.10.2022

[Micns moompamroBanus 04.04.2023

MOEHY€E B cOOiI TEXHOJOTIUHI iHHOBAIii Ta Xy-
JIOXKHIN au3aiiH, 3a0e3ledyroyd MOXKJIUBICTh
CTBOPEHHSI IIATHOPMH, SIKa BUKOPHUCTOBYE (Ppak-
TaNbHUN TiAXiA s GOpMyBaHHS i€papXidHOi
crpykrypu QR-koni. Ll ¢paxranbaa cuctema,
0 XapaKTepU3y€EThCsI BUKOPUCTAHHIM JIOOYTKY
KpoHekepa, MpOHUKAIOYOro TOPIEBOTO J00YTKY
a00 0109HOTrO MaTpu4HOTO N00YTKY KpoHekepa,
J03BOJIsIE OGaraTopiBHEBE BOYMOBYBAaHHS JESIKUX
QR-koniB B iHmN QR-KOmM, eKCIIOHEHITIATBLHO
301IBLIYI0YH TYCTHHY THPOPMALi] Ta MOKIMBOCTI
B3a€MO/IIT B MEKaX €IMHOTO Bi3yaJbHOTO IIPOCTO-

py-

[Tpuiinsra no my6mikauii 01.05.2023
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PATCH ANTENNAS BASED ON MICRO QR CODES

V. Slyusar, ORCID: 0000-0002-2912-3149, swadim@ukr.net, Central Research Institute of Armaments and Military

Equipment of Armed Forces of Ukraine, Ukraine

I. Sliusar, ORCID: 0000-0003-1197-5666, islyusar2007@ukr.net, PPoltava State Agrarian University, Ukraine

S. Sheleg, ORCID: O0000-0002-1378-2617, ssheleg@yahoo.com, ENIT, Inc., USA

The article proposes a new type of broadband patch antennas based on Micro QR codes with integrated metamaterial cell as a
marker. In this research, several design options were considered that used the variation of the metamaterial cell parameters.
For their analysis, the numerical modeling methods of the Ansys EM Suite program were used due to the complexity of
describing the interaction of antennas of non-Euclidean geometry with radio waves. Evaluation and comparison of proposed
antennas was conducted by the following characteristics: amplitude-frequency response and voltage standing wave ratio. To
expand the frequency band of the synthesized antenna has been implemented the split square marker is an element of Micro
QR. This approach enables the expansion of the relative bandwidth of the corresponding printed antenna to the value of
1.7267 under the condition of the continuous transmission band having a width of 167.935 GHz within the range from 13.29
GHz to 181.225 GHz. In this case, cutouts of the split square marker are located along the line coaxial with the power supply
line, and the cutout for the outer “ring” is located below. To synthesize Micro QR code, the word “antenna” was used.

Keywords: amplitude-frequency response; Ansys HFSS; metamaterial; Micro QR; patch antenna; power supply; return
loss; voltage standing wave ratio; VSWR

REFERENCES 6G and beyond,” IFEE Access, vol. 7, pp. 78729-78757, 2019,

. . . doi: 10.1109/ACCESS.2019.2921522 .
1. Z E. Ankarali, B. Pekoz, H. Arslan, "Flexible radio 3. M. H. Alsharif, M. A. M. Albreem, A. A. A. Solyman, .
access beyond 5G: A future projection on waveform, Kim, “Toward 6G communication networks: Terahertz

numerology, and frame design principles,” JEEE Access, vol. 5, frequency challenges and open research issues,” Comput. Mater.

pp. 18295-18309, 2017, doi: 10.1109/ACCESS.2017.2684783 .
2. T. S. Rappaport et al., “Wireless communications and
applications above 100 GHz: Opportunities and challenges for

Contin., vol. 66, no. 3, pp. 2831-2842, 2021, doi: 10.32604/
cmc.2021.013176.

ISSN 0021—3470. Bicmi suwux yubosux 3axnadis. Padioerekmponika. 2023. No 5. 303


https://doi.org/10.1109/ACCESS.2017.2684783
https://doi.org/10.1109/ACCESS.2019.2921522
https://doi.org/10.32604/cmc.2021.013176
https://doi.org/10.32604/cmc.2021.013176

2023 INFORMATION ON THE ARTICLE

T.66 Ne'5

4. H. Zhang, B. Di, L. Song, 7. Han, Reconfigurable
Intelligent  Surface-Empowered  6G.  Cham:  Springer
International Publishing, 2021, doi: 10.1007/978-3-030-734
99-2.

5. S. Zhao, B. Xie, Z. Liu, J. An, “Reconfigurable
intelligent  surface-assisted  radar  deception electronic
counter-countermeasures,” Remwote Sens., vol. 15, no. 21, p.
5149, 2023, doi: 10.3390/1s15215149.

6. V. 1. Slyusar, “A family of face products of matrices and
its properties,” Cybern. Syst. Anal., vol. 35, no. 3, pp. 379-384,
1999, doi: 10.1007/BF02733426.

7. Slyusar, V.1, “Generalized face-splitting matrix produc-
ts in models of digital antenna arrays with nonidentical
channels”,  Izvestiva  Vysshikh — Uchebnykh  Zavedenij.
Radioelektronika, Vol. 46, no. 10, pp. 15-26, 2003, doi:
10.20535/50021347003100029 .

8. V. L. Slyusar, “New operations of matrix products for
application of radars,” in IEFE MTT/ED/AP West Ukraine
Chapter DIPED - 97. Direct and Inverse Problems of
Electromagnetic  and  Acoustic  Theory (IEEE  Cat.
No.97TH8343), 1997, pp. 73-74, doi: 10.1109/DIPED.1997.
710918.

9. D. Anagnostou, W. Cross, J. Meruga, J. Kellar,
“Optically scannable code antenna,” US Patent Application
Publication US 2014/0263662 Al, 2014.

10. A. M. Numan-Al-Mobin, J. M. Meruga, W. M. Cross, J.
J. Kellar, D. E. Anagnostou, “QR code antenna for wireless and
security applications,” 2013 IEEE Antennas and Propagation
Society International ~ Symposium (APSURSI), 2013, pp.
1728-1729, doi: 10.1109/APS.2013.6711523.

11. A. M. Numan-Al-Mobin, J. M. Meruga, W. M. Cross, J.
J. Kellar, D. E. Anagnostou, “QR code antennas for
WiFi/YWLAN/Bluetooth applications,” in IEEE International
Conference on Electro-Information Technology, EIT 2013, 2013,
pp. 1-2, doi: 10.1109/E1T.2013.6632693 .

12. A. Md Numan-Al-Mobin, W. M. Cross, J. I. Kellar, D. E.
Anagnostou, “RFID integrated QR code tag antenna,” in 2015 IEFE
MTT-S International Microwave Symposium, 2015, pp. 1-3, doi:
10.1109/MWSYM.2015.7167044 .

13. G. S. Vardhan, N. Sivadasan, A. Dutta, “QR-code based
chipless RFID system for unique identification,” 2016 IEFE
International Conference on RFID Technology and Applications
(RFID-TA), 2016, pp. 35-39, doi: 10.1109/RFID-TA.2016.
7750744.

14. J. Doroshewitz, A. Kaur, J. Nanzer, P. Chahal,
“Multi-factor product authentication using integrated Quick
Response (QR) code pixelated antenna,” Int. Symp.
Microelectron., vol. 2017, no. 1, pp. 000608-000612, 2017, doi:
10.4071/isom-2017-THA45 101 .

15. V. Slyusar, L. Sliusar, “Micro QR code as the basis of
patch antenna topologies,” 2021 IEEE International Conference

Received October 5, 2022

Revised April 4, 2023

on Information and Telecommunication Technologies and Radio
Electronics (UkrMiCo), 2021, pp. 31-34, doi: 10.1109/UkrMiCo
52950.2021.9716614.

S. Bankov, A. Kurushin, Calculation of Antennas and
Microwave Structures Using HFSS Ansoft [in Russian] (Mosc-
ow: Rodnik, 2009).

17.  Online barcode generator.” https://barcode.tec-
it.com/ru/MicroQR ?data=antenna .

18. “3D Code Generator.” https://printer.tools/qrcode2stl .

19. V. Slyusar, “Metamaterials on antenna solutions,” in
2009 IEEE 7th Int. Conf. on Antenna Theory and Techniques
(ICATT09), 2009, pp. 19-24, doi:
10.1109/ICATT.2009.4435103 .

20. V. Slyusar, “Metamaterials in the antenna equipment:
basic principles and results,” First Mile, vol. 3, no. 4, pp. 44-60,
2010.

21. 1. Sliusar, V. Slyusar, Y. Utkin, O. Kopishynska,
“Parametric synthesis of 3D structure of SRR element of the
metamaterial,” 2020 IEEE International Conféerence on Proble-
ms of Infocommunications. Science and Technology (PIC S&T),
2020, pp. 577-582, doi: 10.1109/PICST51311.2020.9468067 .

22. 1. Sliusar, L. Degtyareva, V. Slyusar, S. Voloshko, A.
Zinchenko, “Synthesis of quasi-fractal ring antennas,” in 2019
IEEE International Scientific-Practical Conference Problems of
Infocommunications, Science and Technology (PIC S&T), 2019,
pp. 741-744, doi: 10.1109/PICST47496.2019.9061286 .

23. 1. Sliusar, S. Voloshko, V. Slyusar, V. Smolyar,
“Synthesis of quasi-fractal hemispherical dielectric resonator
antennas,” 2018 International Scientific-Practical Conference
Problems of Infocommunications. Science and Technology (PIC
S&T), 2018, pp. 313-316, doi: 10.1109/INFOCOMMST.
2018.8632087.

24. B. T. T. Center, “Assessment of ultra-wideband (UWB)
technology, Contract No. DAAHO1-88-C-0131, ARPA Order
6049,” 1990. uri: https://apps.dtic.mil/sti/tr/pdf/ ADA233624 pdf .

25.“5G NR (Rel-15).” https://www.3gpp.org/lte-2.

26. “5G NR (Rel-17).” https://www 3gpp.org/lte-2.

27. Prachi  Gupta, “Performance improvement of
millimeter wave antennas (review)”, Radioelectronics and
Commumications Systems, Vol. 65, no. 9, pp. 527-547, 2022, doi:
10.20535/80021347022100016.

28. A. Aguilar et al., “Tradespace exploration of the next
generation communication satellites,” AIAA4 Scitech 2019 Forum,
2019, doi: 10.2514/6.2019-0768.

29. U. SpaceX, “Starlink Kit 01437829-004, Regulatory
Notices,” 2021.

30. V. Slyusar, “Nanoantennas. Approaches and prospec-
ts,” Electron. Sci. Technol. Bus., no. 2, pp. 58-65, 2009, uri:
https://www.electronics.ru/journal/article/178 .

Accepted May 1, 2023

304 ISSN 0021—3470. Bicmi suwux yubosux 3axnadis. Padioerexmponira. 2023. No 5.


https://doi.org/10.1007/978-3-030-73499-2
https://doi.org/10.1007/978-3-030-73499-2
https://doi.org/10.3390/rs15215149
https://doi.org/10.1007/BF02733426
https://doi.org/10.20535/S0021347003100029
https://doi.org/10.1109/DIPED.1997.710918
https://doi.org/10.1109/DIPED.1997.710918
https://doi.org/10.1109/APS.2013.6711523
https://doi.org/10.1109/EIT.2013.6632693
https://doi.org/10.1109/MWSYM.2015.7167044
https://doi.org/10.1109/RFID-TA.2016.7750744
https://doi.org/10.1109/RFID-TA.2016.7750744
https://doi.org/10.4071/isom-2017-THA45_101
https://doi.org/10.1109/UkrMiCo52950.2021.9716614
https://doi.org/10.1109/UkrMiCo52950.2021.9716614
https://barcode.tec-it.com/ru/MicroQR?data=antenna
https://barcode.tec-it.com/ru/MicroQR?data=antenna
https://printer.tools/qrcode2stl
https://doi.org/10.1109/ICATT.2009.4435103
https://doi.org/10.1109/PICST51311.2020.9468067
https://doi.org/10.1109/PICST47496.2019.9061286
https://doi.org/10.1109/INFOCOMMST.2018.8632087
https://doi.org/10.1109/INFOCOMMST.2018.8632087
https://apps.dtic.mil/sti/tr/pdf/ADA233624.pdf
https://doi.org/10.20535/S0021347022100016
https://doi.org/10.2514/6.2019-0768
https://www.electronics.ru/journal/article/178

	Òåõíîëîã³¿ 6G òåìàòè÷íèé âèïóñê
	Àëàì Ì. Ø.,  Ñ³ää³ê³ Ø. Ò., Ê³äâàé Õ. Àë³, Àô òàá À., Êà ìàëü Ì. Ø., Øàõ³ Ô. ².
	Åâî ëþö³ÿ áåç ïðîâî äîâèõ ìå ðåæ çâ™ÿç êó â³ä 5G äî 6G: Ïåð ñïåê òè âà ìàé áóò íü î ãî 247

	Íàí ÷à ðàÿ Á., Ðàâ³ Ê. ×., Ñð³âàñòàâà À. Ê. , Àðóí êó ìàð Ê., Ñ³ää³êâ³ C. Ò., Àðóí Ì. Ð.
	Àíàë³ç ìåðåæ áåçïðîâîäîâîãî çâ™ÿçêó 6G ç ï³äòðèìêîþ Ø² òà íàóêè ïðî äàí³ 259

	Ãàóð Í³øàíò, Ãîóð Í³ä³, Øàð ìà Õ³ìàíøó
	Ã³áðèä íèé àë ãî ðèòì ñïåê òðàëü íî ãî çîí äó âàí íÿ äëÿ êîãí³òèâ íî ãî ðàä³î â ðàä³îñè ñòåì³ 6G 271

	Ðà ìó K., Êð³øíàìóðò³ Ð., Ñàë³ì Àáó, Ñàð ôà ðàç Ì., Ñàé áà áà ×. Ì. Õ. , Ïðàâ³íà Ê.
	 Ñó ÷àñí³ êëà ñèô³êàö³¿ ä³àã íî ñòè÷ íî¿ â³çóàë³çàö³¿ òà ôàê òî ðè ðè çè êó äëÿ ñèñ òåì  ³íòå ëåê òó àëü íî¿ îõî ðî íè çäî ðîâ™ÿ ç ï³äòðèì êîþ 6G 281

	Ñëþ ñàð Â., Ñëþ ñàðü ²., Øå ëåã Ñ.
	Ïàò÷-àí òå íè íà îñ íîâ³ ì³êðî QR-êîä³â 293



