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Annomayua. AHTEHHBI SIBJSIIOTCS HeOThbeMJIEMOI 4acThIo
coBpeMeHHOro mupa. Ilonck HOBBIX pelieHHUIi B JaHHOIl cdepe
aKTyaJdeH MW HeoOxoauMm. JlaHHasi cTaTbsl paccMATpHBaeT
(pakTanbHbIe aHTeHHBbI, HX 0CO0eHHOCTH M cBolicTBa. Takike
B XO/1e HCCJIeI0BaHUs ObLIM pa3padoTaHbl H H3TrOTOBJIEHBI /IBe
¢pakTanbHble aHTEHHbI W ObLIM MPOU3BeJeHBbI H3MepeHUs
CHJIbI CHTHAJIA JITHX aHTeHH. bBbuim mnpumeHensl aBe
Pa3IHYHBIX TEXHOJOTHH: U3rOTOBJICHHE AHTCHHBI U3 LEJIbHOT0
NPOBOJHMKA M M3rOTOBJICHHE MeTOAOM TpaBJeHus. B xoge
padoThl ObLJIO YCTAHOBJIEHO, YTO (PPAKTAILHbIE AHTEHHBI NPH
HAMMeHbIINX radapuTax 00J1aJal0T JYyYIIHMH CBOHCTBAMH 110
CPaBHEHHIO CO IUTHIPEBLIMH AHTEHHAMH.

Knioueevie cnoea: paouomexnuxa, aumenmna, @paxkmar,
npozpammupoeanue, mpasieHue Medu, neuamuas niama,
PeKypcus, peKypcueHulil anzopumm

Opakran — (mat. fractus — APOONEHHBINA, CIIOMaHHBIH,
pa3OUTHI) — MaTeMaTHYECKOEe MHOXKECTBO, OOJamarolee
CBOHCTBOM CaMOIOZOOWS, TO €cTh OJHOPOIHOCTH B
Pa3IMYHbIX HIKanax H3MEPEHHUSL. Camornono0Hoi
reoMeTpudeckoil Qurypoit (Temom) Mbl OymeM Ha3BIBAaTh
¢burypy, KOTOpyr0 MOXKHO pa3pe3arTh Ha KOHEYHOE YHCIIO
OJIMHAKOBHIX (UTryp, MOJOOHBIX el camoil. Haumboiee
u3BecTHBIMU siBIIsIFOTCs: CHexnnka Koxa (puc. 1, ¢purypa 1),

BBEJEHUE OHATHUS «®PAKTATD»

Koeép Cepmunckoro (puc.l, ¢wurypa2), Opakran
Manpensopora (puc. 1, d¢urypa3), bunom HeioToHa,
MmuoxectBo Kiomma, @urypa JluxrenGepra, J[lepeBo

IMudaropa, Kpusas Ileano, PexypcuBhas kpuas Ileano
(puc. 1, dpurypa 4).

Puc. 1.

IMpumeps! ppakranos

@pakTajabHbIE aHTEHHbBI — OTHOCUTENIBHO HOBBIM KJIACC
NIEKTPUYECKH MaiblX aHTeHH (OMA), NpUHIUIHAIBHO
OTJIMYAIOIIUNACS CBOEH reOMETPUEN OT U3BECTHBIX PEIICHUI.
®pakTanbHas aHTeHHA (pHUC. 2) — 3TO aHTCHHA, aKTHBHAsS

DOPAKTAJILHBIE AHTEHHBI
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4acTh KOTOPOM MMeeT BHA CaMOINOJOOHON KpUBOH WM
KaKoH-1100 Opyroi MOAOOHO MENSAIICHCS Wi COCTOSIICH 13
MOJOOHBIX CErMEHTOB (HUrypbl. JlaHHBIM THI aHTCHH
MOSIBWICA CPaBHUTEIbHO HEAABHO, M MPUHLHUIHAIBHO
OTJIMYAETCS] OT W3BECTHBIX, CTAHIAPTHBIX U OOIICTTPUHATHIX
pelLieHu.

BriepBele Ha TpakTHKe /I AHTEHH OSTH HPUHIUIIGI
npuMmeHui B 90-e roga XX Beka aMEpHUKaHCKUM HHXKEHEp
Hatan KooH, KOTOpBI H3rOTOBMI TEPBYIO (paKTAIBEHYIO
aHTEHHY W WCCIEN0BaT OCOOCHHOCTH HAaHHBIX aHTeHH. B
JlanbHEHIIEM BBUICHMIOCH, YTO TIPH TOMOIIM (hPaKTaioB
MOXXHO 3HAUUTENHFHO YMEHBIIUTH pa3Mepbl KOHCTPYKIUH, U
pacmumpuTh MOJIOCY pabouyMx 4acToT, T. €. MOYKHO CO3JaTh
IIMPOKOIOJIOCHYIO ~ aHTeHHY. YMEHBIICHHE pa3MepoB
MO3BOJIMJIO  CO3JaBaTh MalorabapUTHBIE YCTPOMCTBA C
JIOCTaTOYHO MOIIHBIMH npuéMorepeIaTIuKaMH,
pabotarommmu B dactorax 2,4 I'Tu o crammapram: Wi-Fi,
Bluetooth, GSM. Taxxe Obula oTMedeHa OoTIMYHas padora
(pakTanbHBIX AHTEHH B TEJIEBU3HMOHHOM [HMala3oHe U B
KauecTBe MHMKPOBOJHOBOro m3mydarens. Ho, ¢pakraibHble
AQHTEHHBI CJIOKHOM (OpMBI Malo pPaCHpPOCTPAHEHHI B
MOBCETHEBHOM JKM3HHM, TaK KaK MaTEHTOM Ha IPOHM3BOJICTBO
W BHEApPeHHWE  (paKkTambHBIX CHCTEM B  AHTCHHOH
NPOMBINIICHHOCTH ~ BJaJeeT  BeCcbMa  OTPaHUYCHHOE
KOJIMYECTBO KOMITAHHH.
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Puc. 2. Ipumeps! ppakTaabHBIX aHTEHH



I1l. TIPOTPAMMIPOBAHUE ®PAKTAJIOB

Tak kak (pakTangbl — 3T0 MAaTEMaTHYECKHE MHOXKECTBA,
TO OHM MOTYT OBITH CO3JaHBl C IIOMOILIBIO CPEICTB
mporpaMMupoBanus.  PaccMoTpuM — mporpaMMHpPOBaHHE
¢paxrana «CrHexxunka Koxa» (puc. 3) ¢ IOMOIIBIO sI3bIKa
Python u moayns Turtle, mpeqHa3HaYEHHOTO /IS CO3IAHUS
reomerprdeckux ¢uryp. Kpusas Koxa npencrasnsier co6oit
NpsMYIO, pa3leNéHHYI0 Ha TPH DPaBHBIX OTpE3Ka, BMECTO
CpEeIHero IOMEIIAeTCsl PaBHOCTOPOHHHUI TPEYTONbHUK Oe3
OCHOBAaHHMS, CTOPOHBI KOTOPOTO B CBOIO OYepeab MOTYT
npeAcTaBIATh coboi kpuBble Koxa. Takum oOpazom st
N300pakeHns] TaHHOTO, KaK W JI0OOro Apyroro, Qgpaxrana
UCIIOJNIb3YETCsl PEKYPCHBHBII AJITOPUTM.

Puc. 3. «Cuexunka Koxa» B Python
IV. N3rOTOBJIEHUE ®PAKTAJIbHBIX AHTEHH
WcTunnere q)paKTaJ'H)HI)Ie AHTCHHBI MaJio

pactpocTpaHeHsl B MOOWMIBHON TEXHHKE, HO YCEUEHHYIO
KpuByro IleaHo MOXXHO BCTPETUTH IIOYTH B KaXKIOM
COBPEMEHHOM HOCHMOM YCTPOWCTBE, U BO MHOTHX IIIaTax
paspabotku, Takux kak Esp32, Esp8266, NRF24L01. B
JTAaHHOM CTaTbe€ MBI PAacCCMOTPUM pa3pabOTKy W CO3IaHHE
JIBYX TOJHOLECHHBIX (paKTaIbHBIX aHTeHH TUNOB «KoBEp
Cepmmackoro» u  «CHexmHka Koxa», ¢ mocTaTodHO
Xopourel TiyOnHON pekypcuu. Tak Kak aHTEHHBI OyIyT
mpuUMeHSTBCS [uia cereil wacroroir 2,4 I'Tm, to mmmHA
NPOBOJIHMKA OyneT OOoJbllie WJIM paBHA IOJIOBHHE JUIMHBI
BOJIHBI, PAacCYMTaHHOH 1o (opmyne A=c/v, Tae A — JUTHMHA
BOJIHBI, C — CKOPOCTb CBETa, VU — 4acTOTa PaJHoBONHBI. [Ijist
HallUX aHTeHH JAjauHa BoJHBl paBHa 0,125 M, oTkyna
ClIe/lyeT, YTO JUIMHAa aHTeHH OynaeT Ooublle WM paBHA
0,0625 m.

Panee  ObUIO  paccCMOTPEHO  MPOrPaMMHPOBAHHUE
«Cuexunkn Koxa» pexypcuBHbIM MeTonoM. Tak Kak 3Ta
aHTeHHa TMpeACTaBisieT co0OH 3aMKHYTYIO Qurypy, TO
yanoOHee Bcero OymeT W3rOTaBIMBATE €€ W3 MEIHOM
HPOBOJIOKH TONUHONH 0.75 MM?, PEKypCHBHO H3rubas 10
mabnony (puc. 4, ciesa). [0ToBast aHTCHHA NPEACTABIICHA HA
pHC. 5, B IEHTPE N300paKESHUS.

Anterna tnnma  «Koép  Ceprmmackoro» — Obuia
M3rOTOBJICHA C MOMOIIIBIO MeToza poTonuTorpaduu. Mexons
U3 TpUBEOEHHBIX paHee pacuéroB, cropoHa «KoBpa
Cepriuackoro» Oymer paBHa 0,0625 M. Jlas co3maHus

Tpadapera B TpaduUUECKOM pEIaKTOpPE CTPOUTCS MOJCIh
Xi—1+2X4
3
, TIEe XA, YA — KOOpIWHATHI OJIMKAWIEHd TOYKH-

AHTEHHBI HYKHON JUTMHBI 10 GOpMyIam: X; =
Yi-1+2y4
3
artpakTopa. I'0TOBBHI Tpadaper NpeacTaBleH crpaBa Ha

puc. 4.
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Puc. 4. Tpadapers! «Koép Cepriunckoro» u «CHexunka Koxa»

CrnemyronmmM sTanom siBisiercst Qotonmurorpadus. Ha
CTpyHHOM  TpHHTepe  Tnewaraercs  Tpadaper  mus
¢ortommrorpadun. Ha TOATOTOBIEHHYI0 TOAJIOXKKY W3
TEKCTOJIUTA C JBYXCTOPOHHUM CJOEM MeEAN HaKJIeHBaeTCS
wi¢Hka (orope3ncra W Ha HeE TepeHocuTcs Tpadaper.
Jlanee 3acBeunBaeTcs (OTOPE3UCT U CMBIBAETCS B pacTBOpE
NaOH. CrnenyroommM 3TanoM HIyT TPAaBIEHUE B PacTBOPE
FeCl; u mpoMbIBKa ITaThI OT OCTATKOB (POTOPE3UCTA B BOJIC.
B KkoHIE npunaMBaroTCs MPOBOJA OT AHTEHHOIO pPa3béMa
(puc. 5, cHU3y).

Puc. 5. AntenHsl. CBEpXy BHM3: MaJleHbKasl IIThIpeBast, « CHEKMHKA
Koxa», «Kosép CeprnuHCKOro»

B xauectBe Toukm mocryma Wi-Fi
kommyTarop D-Link.

ObUT  BBIOpaH

Jis CHATUS XapaKTepHCTHK AaHTEHH MHCIIOIb30BAIICS
ananmmzatop Tektronix NetTek Analyzer Y350C. AHTeHHBI
MONKITIOYAINCh  uepe3 pasbeM SMA-RP ¢ kaGenem
conporuBneHust 50 Om. MoOMHOCTH MapHIpyTHU3aTOpa
crannaptaas (10 mW).

B xone paboThl TPOBOJWIMCH HM3MEPEHHs B I0JIOCE
nporyckauusi cetn Wi-Fi 24002484 MI'nm ¢ nomomisio
aHanu3aTtopa. M3mepsuuch IMOKa3aTeiad JBYX IITHIPEBBIX
AHTCHH, OTIMYANOIINXCA MO JUIHHE, W JBYX ()PaKTATBHBIX
aHTeHH. B pe3ynbrare yCTaHOBIICHO, YTO JUTMHHAS IITHIPEBas
aHTCHHa oO0JlaTaeT MaKCHMMAaJbHOH 4YyBCTBUTEIBHOCTHIO B
cpenneM —1.068 db*mv, a KOpoTKasi IThIpEBas — B CPETHEM
—1.050 db*mv. Aurenna B Buzme «Kospa CeprnmHCKOTO»
mokazana pesyabrar B cpeaneMm 0.39 db*mv, a anreHna B
Buge «Cuexunku Koxa» — B cpemnem 0.155 db*mv. U3
NOJIy4eHHBIX ~ JaHHBIX MOXKHO CHENaTh BBIBOA, YTO
(bpakTanpHble AHTEHHBI O0JAJAIOT JIYYIIMMU CBOWCTBAMH,
9YeM [ITBIPEBbIE AHTCHHBL. OKpPaHHPOBAaHHAs AaHTEHHa B
¢dopme «Kompa CeprnuHCKOro» TOKaszana MpeacKasyemMoe



YCWJICHHE CHTHaJla 10 CPaBHCHUIO C HEIKPAHHPOBAaHHOM
«Cuexunkon Koxay.

JIOTIONHUTETFHO POBOIMINCH U3MEPEHHUS CHITBI CUTHAJIA
anteHHbl 0T Wi-Fi poyrepa. KopoTkas u jivHHas aHTEHHBI
nokasanu -29 dbm u -33 dbm cooTBeTCTBEHHO, aHTECHHA B
Bujie «Kospa CeprnnHckoro» umeer cuity -43 dbm, a B Bue
«Cuexxunku Koxa» — -45 dbm. Kak BumHO M3 moiry4eHHBIX
JAaHHBIX, ()paKTaldbHBIE AaHTEHHBI OONafafoT JIyYIIAMHU
XapaKTePUCTUKAMH, YEM IITHIPEBBIC aHTCHHBIL.

V. 3AKJIIOYEHUE

B xome mnpomenmaHHOW pabOTHI OBUIM  OIPENENICHEI
noHsTus Qpakrana, GpakTanbHON rpaduku U QpaKkTaTbHBIX
aHTeHH. Tak Kak (pakTanbl — MaTeMaTHIECKHE MHOXKECTBA,
TO OHM MOTYT CO3/aBaThCi C MOMOIIBIO HECIOKHBIX
PEKYypCHUBHBIX ~ alroputMoB ¥ ¢opMmyn. [osops o
(dpakTatbHBIX ~ aHTEHHAaX,  HEOOXOAWMO  YYUTHIBaTh
YCJIO)KHEHHE KOHCTPYKUMH M PacyéToB MO CPaBHEHHUIO CO
LITBIPEBBIMHM aHTEHHAMH, HO HECMOTPSI Ha ATO, ()paKTaIbHbIE
AQHTCHHBl ~ OOJNAJAIOT ~ MHOXECTBOM  IUIFOCOB. U3
MPaKTHYECKOTO OMbITa, I[PUBEAEHHOTO BBIIIE, MOXKHO
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MOATBEPANUTH CJIEIYIONINE CBOWCTBA (DpaKTaIbHBIX aHTEHH:
CIIOKHAsl KOHCTPYKIUs, HeOonbline raGapuThl, CHIBHBIHI
CUTHAl M MpPOCTOTa JKPAaHMPOBAaHMUA. OTH CBOWCTBA
(pakTanbHBIX AHTEHH ITO3BOJIIOT M3TOTABIIMBATH IUIOCKHE
(pakTanbHble aHTEHHBI 0€3 HEOOXOIMMOCTH BBIHECEHHS HX
3a KOPITyC, YTO HOAXOAUT IJIsl MUKPOJIEKTPOHUKH, HOCUMBIX
YCTPOMCTB M KOCMHYECKMX armaparoB. Takum oOpaszom,
(pakTanbHble aHTEHHBI — IIEPCIIEKTUBHAS 00J1aCTh PAa3BUTHS
PaIuOKOMMYHHMKALIMOHHBIX ~ CHUCTEM, C  BO3MOKHOCTBIO
IIPUMEHEHUS B Pa3JINUHBIX c(hepax TeXHHUKH.
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