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Annomayus. B crarbe paccMOTpeHa MapaMeTpbl aHTCHHBI, B YAaCTHOCTH aKTHBHBIC H
PCaKTUBHBIC COCTABIISIFOIINE COTMPOTHBIICHUS, KOdPPUIIMEHTA YCWICHH, KOd(DHIMeHTa cTOsTUYeH
BonHbl (KCB), nuarpamma HampaBieHHOCTH (pakTaibHOW aHTEHHBI Ha OCHOBe KpuBoi Koxa Ha
gactore 2100 u 2600 MI'u. MccrnenoBanue u MoaenupoBaHue GpakTaJbHONH aHTCHHBI Ha OCHOBE
nporpaMMbl  MmanaGal noarBepxaaer, uto (pakTaibHas aHTEHHA HM B 4Ye€M HE YCTYyMaer
«KJIACCUYECKUM» aHTEHHaM, a TaK)K€ OHU MMEIOT OOJIbIlIe MPEUMYIIECTB C TOUKH 3peHUs rabaputa
U pa3Mepa.

Abstract. This article considered the antenna parameters, in particular, the active and reactive
components of the resistance, the gain factor, the standing wave coefficient (SWR), the directional
pattern of the Koch curve fractal antenna at 2100 and 2600 MHz. The investigation and modeling of
the fractal antenna based on the MmanaGal program tests that the fractal antenna is in no way
inferior to the “classical” antennas, and they have more advantages in terms size.

Knrouesvie cnosa:  dpakranpnas antenna, LTE, KCB, coroBas cerb, aumarpamMmma
HaIlpaBJI€HHOCTH.

Keywords: fractal antenna, LTE, SWR, cellular network, directional pattern.

Beeoenue

B HacTosiiee Bpemsi OBICTpBIMM TEMIIaMU Ppa3BUBAIOTCS YCTPOMCTBA, paboTarouiue Ha
OECTIPOBOAHBIX CETSAX. JTO CBSI3aHO C POCTOM a0OHEHTOB COTOBOI CBSA3M M Pa3BUTHEM HHTEPHET
texHnonoruii. CoroBsle cetu Kuprusckoit PecriyOnuku ocHoBansl Ha ctannaprax GSM, LTE u LTE—
Advanced. MoOunbHbIe omepartopbl cBsi3u KbeIprei3crana, NpeaoCTaBISIONMN yCIyTH COTOBOU
cBsi3U padoTaroT B cranaaprax GSM (2G) B quanazonax gactoT 900 u 1800 MI', WCDMA/UMTS
(3G) B mqmamazonax gactot 2100 u 900 MI'm u LTE (4G) B amanazonax gactot 800, 1800, 2100 u
2600 MI' [1]. Onepatopbl 1 4acTOTHI IpeACTaBiIeHbI B Tabnuiie.

Kak n3BecTtHO, uTo BOo BceM mupe k 2020 rony oxupnaercs 5G. s nepexona k 5G coTroBbie
ceTu OynyT OCHOBBIBaThbCs Ha JajibHeWmue pa3Butus 3tux crangaproB. Ctanaaptsl GSM, LTE u
LTE-Advanced sBIAIOTCS IIMPOKOTIOJOCHBIMH ¥  MHOTOJMANAa30HHBIMH, a YCTPOWCTBA,
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paboTaroliye B COTOBBIX CETSAX, UMEIOT HeOobmol radaput (Hampumep: cMapThOHBI, MIaHIIETH U
T. 1). MuHHaropu3anms ycTpoicTB OeCIIPOBOAHBIX CETEH MpeabsBIsSET ONpeaAeIeHHbIe TpeOOBaHUS
KO BCEM KOMITOHEHTaM YCTPOWCTB, a TOYHee K aHTeHHaM. He Bce «kiaccuueckre» aHTEHHBI MOTYT
pemiatb 3TH MpoOieMbl ¥ YIOBICTBOPATH OTH TpeboBanmsa. HeoOxomumo paspaboTarh
MHOTO/IMAAa30HHYIO U IUPOKONOIOCHYIO0 aHTEHHY UCIIOIb3YeMbIE B COTOBBIX CETSIX CBSI3U.

Tabnuma.
OIIEPATOPHI, I[EPICTBYIOH.[HE HA TEPPUTOPUN KNUPT M3
Onepamop Yacmomoi
MEGACOM [onoca 1(2100 MI'mr)
[Tomoca 3 (1800 MI'm)
ITonoca 20 (800 MI'mr)
Saima-Telecom IMomoca 7/TTonoca 38 (2600 MI'm)
O! ITomoca 7 (2600 MI'mx)
[Tomoca 20 (800 MI'm)
Beeline KG [Monocer 18,19,20 (811-816 MI'u, 852—857 MI'w)

@pakranbHble CTPYKTYpbl 0O0NaNalOT CBOMCTBOM CaMOMOAOOHOCTH TMPHU  PA3TUYHBIX
Macitadax ¥ He 00IafaloT eUHBIM XapaKTePUCTUYECKUM Pa3MepOM, MOCKOIBKY B OTHOM OOBEKTe
HaOmromaercss OECKOHEYHOE 4dHCI0 MacmTaboB W pa3MepoB. bmaromapst TakoMmy CBOHCTBY
(dpakTaNbHBIE CTPYKTYPHl MHOTOAMAIA30HHBI M MIHUPOKONOJIOCHBI [2]. IloaTomy (pakraibHBIC
AHTCHHBl M MX XapaKTEPUCTUKHU OTKPHIBAIOT MEPCIEKTHUBHI MpUMEHEHUsl (pakTaJbHbIX aHTEHH B
COTOBBIX CETSX.

Lenbto paboTHI SIBISETCS YHCICHHOE MOJCIMPOBaHHE (DpaKTalbHOW AaHTEHHBI HAa OCHOBE
kpuBoil Koxa Ha yactorax 2100 u 2600 MI'L.

B Hactosmieit pabote uccienyercs SNEKTPOIMHAMUYECKUE XapaKTEPUCTHUKU (pakTanibHON
aHTeHHbI Ha ocHOBe KpuBoM Koxa Ha wactorax 2100 m 2600 MI'n ucnonb3yemble oneparopaMu
Keipreizcrana. YncineHHbIN pacdeT mapamMeTpoB aHTEHHBI MPOBOIUIICS C TOMOIIBIO MPOTrPaMMBI
MManaGal npenHa3HadeHHast A pacyeTa M aHaJIW3a aHTEHH, MPOU3BOASIIUX PacyeT METOJO0M
MOMEHTOB [3].

®@paxmanvhas anmenHa Ha ocHose kpusou Koxa na wacmomax 2100 u 2600 MI'y

HccnenoBanack (hpakranbHas aHTeHHA Ha ocHoBe KpuBoil Koxa 3-oit ureparuu 2100 MI'n u
2600 MI'n ¢ nnuHOM 2 M paanyc KOTOpbIX cocTaBisul 0,2MM M BOJIHOBBIM conpoTuBiaeHHEM 50
Owm.

[To pe3ynpraraM MoJenMpOBaHUS MOJIYYWIN JaHHbIE O (GOpME AMAarpaMMbl HalpaBICHHOCTU
aHTEHHBI, K03(pULIMEeHTa yCUIIeHUs, aKTUBHOW M PEaKTHBHOM COCTaBJISIOIIEH COMPOTUBICHUS, a
TaKKe pacdyeThl 3HaueHul koddduuuenta crosueit Bonusl (KCB).

Hapsiny ¢ BbllienepedrcieHHbIMU MapaMeTpaMyd M JAMarpaMMOl HampaBJIE€HHOCTH Ba)KHOM
XapaKTEepPUCTUKON aHTEHHBI SIBIIsIETCA pabOUYMil YaCTOTHBIN AMana3oH. Jluamna3oHaMu 4aCcTOT MOXKET
os1TE: 800, 900, 1800, 1900, 2100, 2400, 2600 MI'1 u npyrue. Ham u3BecTHO, 4TO MHOTHE 6Aa30BbBIE
CTaHIIMM HCIOJB3YIOT HE OAMH AManas3oH, a cpady nasa (900 MI'm u 1800 MI'm) wimm naxe 3
nuanasoHa ¢ yderoMm cucteMbl 4G (2100, 2600 MI'n). B takux cimydasix co34ai0T CleUaIbHO
COBMEIIEHHbIE 2-X MU 3-X JUarna3oHHblEe aHTEHHbI. [lpuyeM OHM MOTYT OBITH B Pa3IUYHBIX
KOMOMHAIUSX, C UM 03 MOJSPU3aMOHHOTO, U IPOCTPAHCTBEHHOT'O PAa3HECEHHUs], C Pa3TMUYHBIMU
yIJIaMH HaKJIOHA, YTO JIaeT B UTOT€ JAECATKH WIN JAa)Ke COTHU PA3IMYHBIX KOMOMHALUH [4].

Ha Pucynke 1 npuBeneH npuMep KOMIBIOTEPHOTO MOAETUPOBaHUs (PpaKTalbHON aHTEHHBI Ha
ocHoBe kpuBoi Koxa.
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Pucynok 1. KomnbrorepHast MoJiesib ppakTalbHON aHTCHHBI.

Ha Pucynke 2 npezacraBiieHbl pe3ynbTaTbl MOAEIUPOBaHUs: TpaduK aKTUBHOM U pEeaKTHBHOMN
COCTAaBIISIONICH compoTHuBIIeHUs, rpaduk dyactoTHOW 3aBucumoctn KCB, rpaduk dwacTtoTel
CPAaBHUTEIBHO K KOA(PQPHUUMEHTY YCWIEHHs Uil paguyca 2 MM M JuarpaMMa HarpaBiI€HHOCTH

aHTEHHEI B quamna3one yactot 2100 MIL.

1.0 ; ; ;
Fres: ¥696.242 MHz : :
0.5 F

50.0

485

1.0
Match freqg.: 2100.0

0.5

x
0.0

-|-0.5

45.0

2088.775 2099.888 2100.0

2100113

-1.0
2100225

Pucynok 2a. I'padk akTHBHOM M pEaKTHBHOM COCTABISIONICH COMPOTUBIICHUS ISl paJnyca 2 MM.

Ha Pucynke 2a BuaHO, 4TO rpaduk akKTUBHOM M PEAKTHUBHOMN COCTABIISIONICH COMPOTUBICHUS

paBHOI 50 OM COOTBETCTBYET MUHUMAJIbHOMY 3aTyXaHHUIO.
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1.4
Bw 13574.1 kHz (SWR < 1.5) ! | Match freq.: 2100.0
Bw 27146.5 kHz (SWR < 2.0) : :
1.3 R R EGRRCEETLREERRE S RGRRCECEETERES R GRRCETCEELER
SWR ! :
] Ut ST PUROTE SORPRUUUSUN SOOI
.4 frmerommnmemneneneee S ORCCRELEREE R GRLTOLE E GRLCITTEEEE,
1.0
2099.775 2099.888 2100.0 2100113 2100.225

Pucynok 26. I'paduk wactorHoit 3aBucumoctu KCB amnst pagmyca 2 mw.

27 : : : 138
2B femme o beomonoon S RIRECECEETEEERE S RGRECEEEETEEREE 1.9
GA FB
S 2.0
: 3 %
T P REnCECEE beomonoon S RIRECECEETEEERE S RGRECEEEETEEREE 2.1
2.3 : : : 22
2099.775 2099.888 2100.0 2100113 2100.225

Pucynok 2B. 'paduik 4acToThI CpaBHUTEIBHO K KOXPUIIMEHTY yCHUIICHUS TS pajyca 2 MM.

Kak u3BecTtHO, KO3(Q(ULMEHT yCHUJIEHHS XapaKTepU3yeT CIIOCOOHOCTh AHTEHHBI H3JIydyaTb
SHEPTUI0 CHUTHAlIa B OINpPENEICHHOM HamlpaBleHWH, U Ha PucyHke 20 BUIHO, 4TO KOIPPHUIHESHT
yCUJIEHUS paBeH K 2,5 nb.

OTMeTM, YTO JWarpaMma HaIpaBICHHOCTH OTPakaeT B KAaKWX HaIMpaBICHUSIX OyleT
W3JIy4aTbCs CHUTHAJI, M C Kakod MomHocThio. Ha Pucynke 2 1 mokaszaHa, 4Tto Jauarpamma
HampaBleHHOCTH (pakTanbHOW aHTeHHH Ha yacToTe 2100 MI'I MMeeT KpyroByro AHarpammy
HAIIPABJIEHHOCTHU U 3TO CBA3aHO C TE€M, YTO U3JyYECHHE CUTHAJIA BO BCEX HAIIPABIICHUAX MPOUCXOAUT
C OJJMHAKOBOW MOIIHOCTBIO.
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2.5[dBi] = 0dB

Pucynok 2 r. /Ilnarpamma HanpaBIeHHOCTH B TOPU30HTAIHHON M BEPTHUKAIBHOM IJIOCKOCTH.

Ha Pucynke 3 mpeactaBiieHbl pe3yibTaThl MOACIUPOBAHUS: TpadUK aKTUBHON U PEAKTHBHON
COCTABIISIONICH COMPOTUBIICHUS, T'padUK YacTOTHl CPAaBHHUTEIBHO K KOI(D(DHIMEHTY YCHIICHUS,
rpaduk gacrotHol 3aBucumoctu KCB ans paauyca 2 MM U AuarpaMma HampaBiIeHHOCTH aHTEHHBI
B nuamna3ode yactot 2600 MI'0.

505 : : : 0.4
Fres: 7532.547 MHz . + Match freq.: 2600.0
5025 [Tommagzoeromnonoes bononono e bononono e bononono e 0.2
R | i i i
11 TR e o e 0.0
4976 f-eememmmeeeeeeen R CIEEITRITRR R CIEEITRITRR benennnnennen T |02
495 : : : 04
2599 775 2599 883 2600.0 2600.113 2600.225

Pucynok 3a. ['padmk akTHBHOM 1 peaKTUBHOM COCTABIISIONIEH COMPOTHUBIICHUS IS pagnyca 2 MM.

ITockonbky, nonyctumele 3HadeHuss KCB Ha paGoueii yacToTe Wiu B 1mMojioce pabovrux 4acToT
JUISL Pa3iIUYHBIX YCTPOWCTB PENIAMEHTUPYIOTCA B TeXHHUYeckux ycnoBuax M ['OCTax m commacHo
3TUM JIOKyMeHTaM npuemiieMble 3HaueHus: KCB o6pruHO BapeupytoT B penenax ot 1,1 no 2,0, To B
HaieM ciydae 3HaueHne KCB na Pucynke 26 Obiio paBHoit 1,1, a Ha Pucynke 36 pasHoit 1,0. Oto
MOKa3bIBACT, 4TO y (pakTaJbHBIX aHTeHH aomycTuMble 3HaueHUs KCB aHTeHH HaxoJsTcs B
npesenax HopMmbl, uto ykazanHo B ['OCTax.
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Bozpacranue (To ects yxyamenue) KCB npuBonut:
— K BO3pPacTaHHUIO TEIUIOBBIX I1OTEPH;
— K CHIDKCHHIO MOTpebieHre Harpy3Koil MOIIIHOCTH TeHEPaTopa;
— K CHI)KCHHIO BBIJICJIEHHE MOLTHOCTHU K Harpyske.
14 : : :
Bw 349526 kHz (3WR < 1.5) » Match freq.- 2600.0
Bw 69904.9 kHz (SWR < 2.0) : :
L] R e SGRRISCERTTEE boeneo e  GGRTCEETTLE
SWR
Nt R OO O
(N | R b booso oo S RECIETEEERES
1.0 ' ' .
2599.775 25599 8568 2600.0 2600113 2600.225
Pucynoxk 36. I'paduk gactornoii 3aBucumoctu KCB ans paanyca 2 mm.
23 : : : 4.4
] R RCEREREE S ICEREEEREEREN S CETICRREERES T ICEIERREERES 45
GA FB
P | A — S —— S —— 456
P ;] . . e . 47
25 ’ ’ ’ 45
2593775 2599888 2600.0 2600113 2600.225

Pucynoxk 3B. ['paduk yacToThl CpaBHUTEIBHO K KOAPPHULIMEHTY YCUIICHUS IS paguyca 2 MM.
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2.6[dBi] = 0dB

Pucynok 3 r. /luarpamma HanpaBieHHOCTH B TOPU30HTAIBHON M BEPTHUKAIBHOM MJIOCKOCTH.

Ha ocHoBaHWM pe3ylbTaTOB YMCICHHOTO MOJICITMPOBAHMS YCTAHOBIICHO, 4TO (ppakraiibHas
aHTeHHa Ha ocHOBe KpuBoi Koxa B mmamazonax 2100 u 2600 MI'1y siBIsieTCs MHO200Uana3ouHol,
TaK KaK aKTUBHBIC U PEAKTUBHBIE COCTABIISIOIINE COIPOTUBIICHHS COXPAHSIET CaMOMoa00ue B ATHX
JacTOTHBIX JauamnazoHax. B aHrtenne 2600 MI'1 Obuto miposiBIeHO yBenmueHUe KodhduimeHta
YCWJICHHUSI U Y)KEHUE JMarpaMMbl HAIIPABICHHOCTH AHTEHHBI MO CPaBHEHUIO aHTEHHBI Ha YacTOTE
2100 MI'n. Ilpu mnpoeKTHUpOBAaHMM CHUCTEM CBS3M IMPUHUMAIOTCS BO BHUMAaHHUE pas3JInyHbIC
XapaKkTEepUCTUKH: Bec, rabaputhl, GopmMa aHTEHHBI, U T. 1. TakuM 00pa3oM, (ppakTaabHble AHTCHHBI
Ha OCHOBe KpuBOW Koxa mo aneKkTpoguHaMHUYeCKUM MapaMeTpaM HE YCTYMArOT «KIACCHUECKHM)
aHTEHHAaM, HO MPU STOM UMEIOT MEHBIIIHE Pa3MEpHI.
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