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PPAKTAJIBHBIE AHTEHHBI V151 CBEPXIIIUPOKOITIOJ/IOCHBIX
CHUCTEM CBA3AN
II.1. bapkos
Hayuneiii pykoBoguTens — JIsBoBa M. A., KaH/. TexXH. HayK, JOLIeHT

dpakranbHble aHTEHHBI TIPECTABMSIOT COOOM TepCrieKTUBHOe WHHOBALIMOHHOE HarlpaBiie-
HHUe B 00/1aCTH aHTeHHOW TeXHWKW. VX yHHMKanbHas caMoriofjo0Hasi reoMeTpusi OTKphIBaeT Oec-
Tipelie/ileHTHbIe BO3MOKHOCTH /ISl pa3pabOTUMKOB PaZiio37eKTPOHHOM armapatypsl. [Tocnegaue
roZibl CTany CBUAETENSMH 3HAUMTebHOTO BHeJpeHWs (PpaKTalbHbIX TEXHOJOTHM B aHTEHHBIMN
JI3aiiH.

B nacrosimee Bpemsi cepxmmpokononocHsle (CILIIT) crhcreMbl CBI3M MNPUB/IEKAKOT TPHU-
CTasbHOE BHMMaHHWe pa3pabOTUMKOB M TIPOM3BOJUTENEN TeleKOMMYHHKAL[MOHHOTO 000pyzaoBa-
Hus. OfIHAaKO OrpaHUYeHHbIE BO3MOKHOCTH 71eMeHTHOH 6a3bl, criocoOHo# 3¢ddekTrBHO 0Opaba-
ThIBaThb CBEPXKOPOTKHE UMITY/IbChI, CAepKUBalOT MaccoBoe BHegpeHne CIIIII-TexHonoruim.

dpakranbHble aHTEHHBI C UX YHUKaJbHBIMUA CBOWCTBaMH TPEJCTAB/SIOT COOOH HeansHOe
pewmenue ana CIIII-cuctem. VX MHOrofuana3soHHOCTbE U BO3MOXHOCTE COIVIACOBAaHUA C pasHo-
00pa3HBIMM WCTOYHWKAaMH CHTHafma [elalT WX HeanbHbIM KaHAWJATOM /Ui WHTEerpauud B
YCTPOMCTBA CBSA3H, TPeOyIOIIe KOMITAKTHO CTH Y IIMPOKOU TI0/I0ChI MPOTTYCKaHHS.

KoHnerus ¢pakTanbHbIX aHTEHH OCHOBaHA Ha MCTIOMB30BAaHUHM CaMOTIO00HBIX (opm. Ak-
THBHAsl YaCTb aHTEHHBI MMpeZCTaBsieT cobol GUrypy, COCTOSIMIYI0 U3 WAEHTUYHBIX WM M0J00-
HBIX CETMEHTOB, KOTOPbIE TOBTOPSIFOTCS B yMeHBIIIEHHOM MaciiTabe Ha KaX/OM YPOBHe WTepa-
1un. pakranbHble aHTEHHBI 00/1aZIaI0T PSAOM TIPEUMYILIECTB 110 CPABHEHHIO C TPaJUIIMOHHBIMA
KOHCTPYKLHsIMU. Brarosjapst camonoioOHO# nipupo/e (pakTanbl MO3BOMSIOT CO3/jaBaTh aHTEHHBI
ropaszio MeHbIIero pasMepa Mo CpaBHEHWIO C TPaJAWLIMOHHBIMUA KOHCTPYKLUSMH, COXpaHss IpH
5TOM BBICOKYIO 3(h(peKTHBHOCTb. PpaKTabHble aHTeHHbI, KaK MPaBW/IO, [IKMPOKOMOIOCHB] U CIIO-
coOHbI paboTaTk B HECKOBKHX AHMara3oHax yacToT. JTO JefaeT UX WeanbHbIM pelleHneM /ISt
YCTPOMCTB, TPeOYIOIUX MMO//IePXKKH Pa3/TMUHBIX TIPOTOKO/IOB CBsI3U. PpakTanbHble aHTeHHbI Ya-
CTO MOKHO M3TOTOBUTB IIPOCTBIMM METO/laMH, TaKMMH Kak Tpas/jeHue v 3D-neuars, 4To fena-
€T UX SKOHOMHWUYECKH BBITOHBIM pellleHUeM.

KoMIakTHOCTE Y IIMPOKOMO/IOCHOCTE (PpaKkTaibHBIX aHTeHH Je/alT WX He3aMeHHMBIMU B
pa3nuuHbIX 0bmacTsax OecripoBoAHOM cBsizW, Bkmouas Bluetooth, Wi-Fi, GSM. ®pakrantHble
aHTEeHHb! IeMOHCTPUPYIOT MPEBOCXOHbIEC XapaKTepPUCTUKY B TeJIeBU3MOHHOM /JiMarasoHe, Mpej-
narasi BBICOKOe yCh/eHHe U HU3KUM ko3 duiieHT cTosiueii BoaHb! (KCB).

HecmoTps Ha oueBU/IHbIE NTPEUMYLIECTBa, IIMPOKOE UCIO/Ib30BaHNe (PpaKkTabHBIX aHTeHH B
MIPOM3BO/ICTBE CAeP>KUBAETCS PSAOM (aKTOpPOB.

1. ITaTeHTHl Ha MPOU3BOACTBO U BHeZIpeHUe (PpaKTa/lbHBIX KOHCTPYKLIMH B aHTEHHYIO IpO-
MBIIIJIEHHOCTh TPUHA/IeXKaT OTHOCUTE/BHO HEeOO/BIIOMY UYHC/Ty KOMITaHHM, YTO OTPaHHUHBAET
JOCTYI K 3TOM TeXHOJIOTHH A/ APYTUX NIPOU3BOJUTEIEH.

2. VarotoBneHue QpakTanbHBIX aHTEHH TpeOyeT MPeln3noHHOTO 000PYI0BaHUS M Marepya-
JIOB, UTO MOYKeT YBeJTMUMBATh CTOMMOCTE ITPOU3BO/CTBA M YCJIOXKHSATE MacIITabUpoOBaHMUE.

PasButune TexHonorut 3D-nevyaTty M COBEPIIEHCTBOBAHUE METOAOB IIPOEKTUPOBAHUS TaKKe
OTKPBIBAIOT HOBbIE BO3MOXKHOCTH /11 ONTUMH3al[MM KOHCTPYKLMH (pakTasbHBIX aHTeHH, I0-
BbILLIeHUS UX 3((eKTUBHOCTH U CHW)KEHUS] CTOUMOCTH MTPOM3BO/ICTBA.



KOJWUPOBAHME KOJ0OM PUJA - MAJUIEPA
II.A. BopobbeBa
Hayunsiii pykoBogutens — E3epckuii B.B., A-p TexH. Hayk, npodeccop

bricTpas, s¢dekTuBHas U HaZle)KHas Mepefiadya AaHHbBIX CTajla akTyaJbHOW 3a7aueil B pas-
MMYHBIX 00/1aCTIX, TAaKUX KakK TeJeKOMMYHHUKAIUM, KOMITbIOTEPHBIE CeTH, MyJIbTUMera U T.J.
BMecte ¢ Tem cyiiecTByeT HeOOXOIUMOCTD 3alllUINIAThL JaHHbIE OT OMIMOOK, BO3HUKAIOIIUX TIPU
WX Mepejaue W XpaHeHH!.

[l pemieHus 3Toi TTpOOIeMbl TIPUMEHSIIOTCS pa3/IMyuHble MeTO/Ibl KOJMPOBAHUS U JIeKO/U-
poBaHUs HHPOPMAIIMH, TaKHe Kak KOZbl UCIIpaBieHus omnu0oK. OaHu u3 3G QeKTUBHBIX U IIHUPO-
KO TIpUMeHsIeMbIX KOJIOB B JIaHHOW oOsactd — 310 Koabl Puga — Mannepa. Koabl Puga —
Marepa TO3BO/ISIIOT OOHAPYKWUBaTh M UCIIPAB/ATH OIMOKW TIPH Tepejjaue WA XpaHeHWH WH-
dopmaryy, uTo /iefiaeT UX BOCTPeOOBAHHBIMH B PeaTbHbIX TTPUJIOXKEHHUSIX.

AKTyanbHOCTb WCC/IEAOBAaHUS: C Pa3BUTHEM WHQPOPMAIMOHHBIX TEXHOJIOTHH Bce 0oJibilie
BO3HHKaeT HeoOXoAMMOCTh B 3((eKTHBHBIX cHUcTeMax mepejaud AaHHBIX. Koz Puma-Mariepa
ABJISIETCS O/THUM M3 HanOosee 3 heKTUBHBIX METO/IOB KOJTUPOBAHUS Y MOXKET ObIThb UCIIOTh30BaH
JI/Is1 Tiepe/laur AMCKPeTHOM uHpopMaliiu.

ITpeumyrmiectBa koga Puga — Mastepa: GbICTpPOTa KOJJUPOBAHUSA W IEKOJAMPOBAHUE; pa3Mep
daiina, 3aKo[MpOBaHHBIN KojoM Pusa — Mannepa, B 1,5 pa3a MeHblile ueM Qaiis, 3aKoAUpOBaH-
HbI kKogoM BUX.

Hepocrarku koga Pruga — Mannepa: umeet, OTHOCUTeBHO Koza BUX, cpeHIO OLIeHKY UC-
NpaB/soIed croco6HOCTH Ko/Ia.

Koapl Puya — Masnsiepa — 910 niHelHble G/I0UHBIE KO/bl, KOTOPble MOKHO JIOKAJTbHO TeCTH-
POBAaTh U JIOKAZbHO [1€KOAUPOBATh.

Koabl Pupga — Mannepa MOKHO ONMCaTh HECKOBKAMH Pa3HBIMHU (HO B KOHEUHOM HUTOTe 3K-
BUBa/IeHTHbIMHU) criocobamu. OmricaHue, OCHOBAHHOE Ha TOJTMHOMAaxX HU3KOW CTereHH, BecbMa
371eraHTHO M 0COOEHHO TIOXOAWT Ui UX TIPUMeHeHHUs] B KaueCTBe JIOKATLHO TPOBePSIeMbIX KO-
JIOB Y JIOKA/BHO [IEKOIUPYEMBIX KOOB.

KoanpoBaHue ocyiecTBiseTcs ¢ MOMOIIBI0 MOAUHOMA. /151 KoJMpOoBaHUs CHadasa Co3/1aeT-
cs1 MHorouneH p(x1,x2,x3,x4)=al*1+a2x1+a3x2+adx3+a5x4+abx1x2..., rae al,a2,a3 — 3T0 CUM-
BOJIbI MTHPOPMAI[HOHHOTO COOOITeHHs. 3aTeM 3TOT MHOTOUJIEH BBIUMC/ISETCA BO BCEX TOUKAax
OlLleHKU. B pe3ynbTare momyuaeTcs 3aKOAUPOBaHHOE COOO0IIeHue.

JekoaupoBaHue OCYIIECTB/sSIeTCS BHauasne A BceX WHGOPMAIMOHHBIX CUMBOJIOB (KpoMe
MepBOro) Ha OCHOBE TakK Ha3blBaeMbIX MapHbBIX KOMIOHEHTOB. HauMHaTh 3anuch TakUX ypaBHe-
HUU HaJI0 ¢ BEKTOPOB MaKCUMaJIbHOTO Topsi/ka. CHauasa BIMHUIIEM TOXAeCTBa A/ KO3IPPUIm-
€HTOB TPH UjeHaxX BTOPOro MOps/Ka MOJMHOMA, COOTBETCTBYIOIIMX MPaBUIBHBIM KOJIOBBIM CJIO-
BaM. B cnyuae ecnu mpu BhIUMCAeHWM KO3(@UiMeHTa BCe ueThipe TOXZecTBa paBHbl 0, TO
omunbKa He Hai/ieHa W KO/l He MeHsieTcs. Eci oHM paBHBEI 1, TO omnOKa He HaliZieHa U K UCXO/-
HOMY KOZy TIpUOAaBJISIeTCS CTPOKA MOPOXK/AIOI el MaTpPHIlbl COOTBETCTBYIOIAS UCKOMOMY KO3(d-
durmenty. Ecii ske ToX/IeCTBa He PaBHBI, TO OOHapyKeHa OITHMOKa, a 3HaueHHe ko3dduiueHTa
BbIOMpaeTCs TI0 TIPUHIUITY OOJBIIMHCTBA. 3aTeM BBIMMChIBAEM TOXK/AECTBA i KO3DdUIHeHTOB
MEePBOro MOPS/IKa U NMPOBOAMM aHAIOTMUHbIE BbIUMC/IeHUs. V1 B KOHLIe BbIUMC/IsgeM KO3PhULIUEHT
HY/IEBOTO TIOPSA/KA, KaK OOJBITUHCTBO MOBTOPSIONIUXCS CHUMBOJIOB B UTOTOBOM IECTHA/IiaTe-
puuHOM kojie. VitoroBeie 11 k03¢hdULIMEHTOB OT MOCAEHETO K MEPBOMY U SIBJSIFOTCS JJEKOAUPO-
BaHHBIM COOOIIIeHHEM.



SHEPIETUYECKWH BBIUT PRI OT IIOMEXOY CTOMUYUBOT'O
KOJUPOBAHUMA HA ITPUMEPE KOJA PUJIA - CO/IOMOHA
E. W. TannneHkoBa
Hayuns1ii pykoBoaurens — ApoHoB JI. B., kaH/. TexH. Hayk, AOLEHT

B poknage paccmarpuBaeTcs rpobnema obecrieueHus: SHEPreTHUEeCKOTO BBIUTPBIMIA OT KO/U-
poBaHus Ha TipuMepe Koza Puja - Conomona. Coo0iieHNst Kak COBOKYITHOCTb 3HAKOB, CHMBOJIOB,
n300paKeHUH 1 3BYKa, TIepeHoCIT MHGOPMaLHIO B crucTeMax CBsi3u. CTPyKTypa AUCKPEeTHOW CH-
CTeMbI CBSI3U C KOAWPOBaHKWEM, B KOTOPOM CHauasa IMOPOXKAAKTCA JaHHble UCTOUHUKOM U B 3Ty
MIPUHATYI0 KOJepoM HMHQOPMALMOHHYIO TI0C/Ie[0BaTe/IbHOCTh BHOCUTCSI M30BITOYHOCTD. Llensb
KOAWpPOBaHWs: 4TOOBl MPHHMMAOIIas CTOpoHa (TOo/ydaTtesb) CMOIVIA Y3HaTh O C/IyYMBIIENCS
OImMOKe M UCIPaBUTh e€ B 3TOM ciydae. CUrHas MpH MPOXOKAeHWH (HrU3NYecKoro KaHana (/-
HWY CBSI3M) TO/IBEpraeTcsl BO34eUCTBUIO NoMex. CTerneHb B/IMSAHUSA LIyMa OLIeHMBaeTCsl OTHOLIe-
HUeM curHan — wyM E¢/No(1), onpenensieMbiM, Kak OTHOLIEHHEe MOLIHOCTH curHana PC K mo-
HocTH yMa PIIT:

Es /No=10-1g (P¢ /Pm) (1)

BakHbIMM XapaKTepUCTHKaMM KaueCTBa CUCTEMBI CBSI3U fIBJISAIOTCS [0CTOBEPHOCTh U IOMe-
XOYCTOWYMBOCTD. [IOMEXOYCTOMUMBOCTE - 3TO CHMOCOOHOCTH CHCTEMBI Tepejjaud WHGOpPMAaIim
MPOTHMBOCTOATE UCKaJKaKOLeMy AeUCTBUIO IToMeX. [IpuMeHeHne momMexoyCTOMUMBOrO KOAUPOBa-
HUS NT03BOJIAET MOJIyYUTh SHepreTUYeCKUi BhIMIPhIL OT kogupoBaHus (OBK). Ceiuac 1{eHHOCTB
OBK Bo3pocna u3-3a TOro, 4YTo OH MO3BOJIAET YMEHbIIATh pa3sMephl JOPOTUX aHTEHH, YBeIUUM-
BaThb CKOPOCThH Tepejjaud, CHIKaTh HeoOXOUMYI0 MOIITHOCTD TepeAaTurka U p. ®opmyna ass
pacueta OBK 3aBUCHUT TO/BKO OT CKOPOCTH Koa R M kofoBoro paccrosiHud d. [11s 1eKoepoB C
JKECTKUM pellleHHeM Ucronb3yeTcs: popmyna (2), ¢ MArkuM perieHyeM gopmyrna (3).

Ga = 10-1g(Rd) (2)
Ga= 10-1g(R((d-1)/2)) 3)

KpuBble Ha pHUCyHKe OTPaXKalOT 3aBUCHMOCTb BEPOSITHOCTH CUMBOJILHOHM ommOKH Ps ot oT-
HomeHus1 curHan — myMm Es/NO Ha vHpopMauroHHbIN OuT. HauansHO M3BECTHBI CKOPOCTH KOZIa
R u uncno g-nunelx cumBosoB. IIpoBoas pacuetsl, nonyvaroT 3HaueHus OBK ana kaxzaon us
kpuBblx: Gla = 10Ig(1/2*8,5)=6,28; G2a = 10lg(4/5*4)=5,05; G3a = 101g(1/2*128,5)=18,07;
G4a = 101g(4/5*52)=16,19; G5a = 101g(7/8*32,87)=14,59.

— 583 XOANPOBAHNA
B =12q=16
- =4/5q=16

1

PA3PABOTKA ITPOT'PAMMHO-OIIPEJE/TAEMON CUCTEMBI ITEPEJIAUA
NH®OPMAIIVU ITPU JENCTBUN CTPYKTYPHOUN ITOMEXU
I1.C. MerjaHHOB
HayuHsli1 pykoBoauTenb — JIncHUuyK A.A., I-p TexH. Hayk, npodeccop

B poknaze paccMaTpuBaroOTCS CIIOCOOBI peann3aliy MPOrPaMMHO-OTIPeZeIsieMON CHCTEMBI
riepesiauy, M3y4yaeTcs AeHCTBUE CTPYKTYPHOH TMOMEXH Ha TOJe3HbId CHTHas, CrocoObl yMeHb-
IIeHHs BJUSHUS CTPYKTYPHON MTOMeXHU.



CTpykTypHas moMexa - 1oMexa, moio0Hast TI0 CTPYKTYpe TOJe3HbIM CUTHajaM (T.e. COCTO-
Alasg U3 Tex JKe 371eMEeHTOB), BO3HUKAILas NPy Mepejiaue B OAHOW JIMHUM CBSI3M HECKOJIBKUAX
CUT'HAJIOB C MOXO0XXKUMU IapameTpaMu. [Ipy BbICOKOM OTHOLLIEHUU CUTHAJ - CTPYKTypHas [oMe-
Xa, YXyALIaeTcsl yCTOMUMBOCTE U KaUeCTBO CBSA3U.

Crnoco0bl yMeHbIIeHHUs BUSIHASL CTPYKTYPHOH TIOMEXH:

1. Vlcnonb3oBaHWe aflaliTUBHBIX a/lfOPUTMOB (PU/IbTPALIY - HACTPOHKYU MapaMeTpoB (QU/Ib-
Tpa B pea/lbHOM BPEMeHU B 3aBUCUMOCTU OT XapaKTEePUCTUK CUI'Haja U Nomexu. B gaHHoM fo-
K/a/le pacCMaTpUBaMCh arOPUTMbI alalTUBHOM (PUABTpaLIUN:

1.1. Ha ocHoBe anroputMoB peKypcuBHOro ¢unsTpa Kanmana, paboTaroiero B JBa 3Tara.
Ha sTane nporHo3upoBaHusi guabTp KammaHa 3KCTpanonvpyeT 3HaueHUsl TlepeMeHHBIX COCTOs-
HUf, a TaKKe UX HeomnpeenéHHOCTU. Ha BTOpoM 3Tarie o AaHHBIM M3MepeHHs (TIOIy4eHHOTO C
HEKOTOPOM TMOTPelHOCTBI)) pe3y/bTaT 3KCTPaIlo/ALUM yTOuHdeTcd. biarozaps nomaroBou
TIPHPO/Ie aTOPUTMa OH MOJKET B pealbHOM BPEMEHH OTC/IeKUBATh COCTOSIHUE 00BeKTa.

1.2. Ha ocHoBe anroputma LMS (Least Mean Squares). /laHHble (UABTPBI NPe/CTaBISIOT
co00¥1 K/lacc alanTUBHBIX (PHUIBTPOB, UCTIOIB3YEMBIX [/ UMHUTAL[UH JKe/laeMoro GHUIbTpa IyTeM
HaxoxxJeHns Ko3pduinueHToB (GUAbTPa, KOTOPble OTHOCATCA K MO/IyYeHUI0 HaMeHBbIIero cpej-
Hero KBajJpara CUrHasa olrOKy (Pa3HULbI MeX/Y JKelaeMbIM U (aKTHIeCKUM CHUTHATaMu).

2. Hcnone3oBaHve afanTUBHOM MOAY/IALMM — JAWHaMHAYeCKOe W3MEeHEHUe IlapaMeTpOB
MOZY/IALIMA C U3MEeHeHHeM YCI0BUM KaHasa. JTO MO3BOJIAeT CUCTeMe COOTBETCTBOBATh pa3/ny-
HBIM COOTHOLIeHUsIM curHan / mwym (SNR), ypoBHSIM momMmeX, XapaKTepUCTHKaM 3aMHpaHusi, U
BCE 3TO B JUHAMHKE, UTO ONITUMH3HUPYET MPOMYCKHYIO ClIOCOOHOCTD Y Ha/IEXKHOCTb.

Hanbonee mpocTeIM M pacrpoCTpaHEHHBIM CIIOCOOOM yMeHBILIEHHsT BJMSHUS CTPYKTYPHOU
NOMeXH SIB/IIeTCS aJlaliTUBHasg MOAY/IALMA C yMeHbIIeHWeM IO3ULMOHHOCTH MOZJY/ALMU WA
M3MeHeHHe Ha 0osiee TIOMeX0yCTOHUNBYO MO/Y/ISLIMIO.

OUPPOBAS OBPABOTKA ITEPBUYHbBIX CUT'HAJIOB
B 3JIEKTPOKAPAVOI'PA®UN
C.J. OxtrH
Hayuneiii pykoBoguTens — ApoHos J1.B., kaH/. TexH. HayK, AOLEHT

OnekTpokapanorpadus npeacTaBseT co00M MeTOAUKY, OCHOBAaHHYIO Ha PeruCTpaliiy pas-
HOCTH 3/IeKTPUUECKUX IMOTEHLMANOB, BOSHUKAIOIMX Ha MOBEPXHOCTH Tejla U3-3a aKTUBHOCTU
Cep/IeuHON MBIIILIB], TIPY TIOMOIIHU CTeLHaTH3UPOBaHHOTO 000PY/J0BaHus, U3BECTHOTO KaK J71eK-
TpoKapzuorpadg.

B HauaneHOU cTafuu aHanW3a KapAUOA0THUeCKrX JAaHHBIX NTPUMEeHSICA LIMQPPOBON CUrHal,
W3BJIeUeHHBI 13 TIEPBUYHOIO KaHala 37eKTpoKapAuorpamMel. IlpegBapurenbHasi oOpaboTka
JIAaHHBIX TTOKa3asa HaJuuMe pas/MUHBIX [MOMeX U UCKaKeHUU B CUr'Hasle, YTO CO3/aBajio MpersT-
CTBUS [/l €ro AabHeHIero aHaau3a. OTO BhISIB/IEHHE MMOJYEPKHY/IO0 HEOOXOAUMOCTE B TIPOBe-
JleHU! JI0TIO/THUTe/bHBIX NpoLieyp A1 (UAbTPaLiy U MOBbILIEHNs KauecTBa CUrHasa.

st yMeHbIIEHHUS BO3ZJEHCTBYS IIYMOB ObUT BBIOpaH METOA0/IOTHUECKUHA TIOAXO/, BK/IHOUA-
I0MWA GUABTpaLMIO ¢ TIpUMEHeHHeM MeTo/a CTaKMBaHWs Ha 0Oa3e MOMMHOMOB Jlarpamka —
CunbBecTpa.

YcraHOB/IEHO, UTO MepBOHauasbHas (GUIBTPALUs B UaCTOTHOM JMaria3oHe HeraTUBHO BJIUS-
eT Ha pe3y/bTaThl TOCTeAyIoUler 00paboTKU CUrHasna, B CBSA3U C UeM TOC/e HadaabHOW obpa-
OOTKM cHrHama BO BpeMeHHOW 00macTu ObI BBITIO/THEH CIIEKTpaibHBINA aHaIu3 C UCIOb30BaHU-
eM MeTo/ia OpicTporo npeoOpa3oBanus Oypee.

Ha ocHOBe AaHHBIX CIIEKTpa/bHOIO aHa/lv3a, pe3yJ/bTaThl KOTOPOroO Mpe/CcTaB/eHbl Ha PU-
CyHKe, ObIJI0 0OHapyKeHO Ha/lMuKe JIBYX BhIpaKeHHBIX MTUKOB Ha yacToTax wi = 3,12 Ty u
wy = 6,21 I'y, cootBeTcTBYrOIMX P 1 T nMKaM Ha 371eKTpoKapAUorpamme.
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PEBYJ'II:TEITI:I CIIEKTPA/IbHOT'O dHa/IM3a

[nst uckmoueHus: yactotTHoro AuamnaszoHa 0,3-3 T’ mcnois30Banock HUdpoBoe MoaocoBoe
¢uBTpOBaHMe, UTO TIPUBENO K MCUE3HOBEHHIO R BO/HBL DTO siBeHHE MOXKeT OBITh 0OBsCHEHO
XapakTepuCTUKaMu R BOJIHBI, KOTOpas OT/IMYaeTcs BbICOKOM aMIUIUTYZON B KOPOTKUM IIpoMe-
JKYTOK BPEMEHH, UTO MOXKeT pacCMaTpUBaThCA KakK pe3y/bTaT CYNepro3shLMd CUHYCOWJAIbHBIX
BOJIH C HU3KOW YaCTOTOH M BBICOKOW aMIUIUTYZOMU.

[TpumeHeHMe MOMOCOBOrO QUIBTPa K YacTOTaMm B AuarazoHe 3,1-6,2 T’ no3BoauIo orpe-
JIeNTTh, YTO 3Ta 00/1acTh cooTBeTCTBYeT Q M S BOJTHAM, XapaKTepU3YIOLIMMCS KOPOTKHUMU Bpe-
MEHHBIMH MHTEepBalaMH, UTO COIJIaCyeTCs C JaHHBIMU CIeKTpa/lbHOTO aHaIu3a.

AHAJIN3 ITAPAMETPOB KOPOTKOBOJ/IHOBOI'O TPAHCUBEPA UW3DI
II.A. lemuH
Hayuneiii pykoBoguTens — I'paueB M.B., kaHA. TexH. HayK, ZOLIEHT

Tpancusep UW3DI — pagnomo0UTensCKU KOPOTKOBOJTHOBBIA TIPUEMOTIEpe/IaTumK, CO-
3[JaHHBIA MOCKOBCKUM paguosnoburtenem HOpuem KygpsBueBeiMm B 1968 rogy [1]. danHoe
YCTPOMCTBO CIIPOEKTUPOBAHO Ha OCHOBAHWH CyIepreTepoAMHHON KOHCTPYKLIMH C ABYMsI ITpeo0-
pasoBaHUAMHM YacTOThl C IIPUMEHEHHeM TPaHCHBEPHOM CXeMbl, UYTO O3HauaeT MCIO/Ib30BaHUe
O[JHUX M TeX >Ke KaCKaIoB Ha NpréM M mepejauy. OOUUMU [/ PUEMHOTO U Tepearoiero
TPaKTa SIBJSIFOTCS IeTepo/juHbl, QUILTPEI MPOMEXYTOUHBIX YaCTOT W AMara3oHHbIe MOJ0COBbIe
¢uneTpel. TpaHCHBEp peann30BaH C UCTIOIb30BaHUEM JIAMITOBOH 3/1eMeHTHOH Oasbl [2].
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CrpykTypHasa cxeMa TpaHcvuBepa UW3DI

XapakTepHOM uepToi KOHCTPYKLIUU SIBJIIeTCA MepeMeHHas1 epBasi IPOMeXXyTOUHas 4acToTa
ot 6 10 6,5 MI'11, T. K. TIPY UCTIOIb30BAHUH JIaMIT KpaliHe 3aTPYHUTeTBHO J0OUThCS HeoOXoau-
MOM OTHOCHTeNBHON HeCTabWUIBHOCTH YacTOThl TeTepoirHa TutaBHoro auaraszoHa (I'TIMT). Cur-
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Han pa3HocTHOMW uactoTbl 500KI'1] BhIesieTcsl TOM0COBBIM 3/IEKTPOMEXaHUUeCKUM (UILTPOM,
ycunrBaeTca Kackazamu Y1IU u getektupyercs.

PaccMoTprM KpaTKye TeXHUUYeCKue XapakTepUCTUKA NTPUEMoIIepejaTunKa:

- peskuMbl paboThl: TeerpadHbiii (CW), ogHomonocHas Moaysius (SSB);

- Mana3oH pabounx vactoT — 3,5; 7; 14; 21 u 28 MI';

- MOILIHOCTB, TIOABOAMMad K aHTeHHe — 50 BT Ha Harpy3ke 75 Owm;

- YYBCTBUTE/NBHOCTb TPMEMHHMKAa NPA OTHOLIEeHWA curHas/muym 10 b U nmosoce rmipo-
nyckanua 3 KI' - He xyxe 0,5 MKB;

- CHCTeMa aBTOMaTHUueCKoro rnepekstoueHus npuem-nepeaava (VOX-antiVOX);

- BOCIIPUUMUYHBOCTG T10 COCeIHEMY KaHalmy — He Xyxke -55 aB, obecrieurBaeTcs 3/1eKTpoMe-
XaHWYeCKUM (PUIBTPOM.

BrInoHYB aHa/mM3 Noy4YeHHbIX JaHHBIX, MOXKHO CZlesaTh BBIBOJ, O TOM, UTO JaHHBIM IIpUé-
MoIepeJaTuiK He yCTyraeT 0 XapakKTepyUCTUKaM COBPEMEHHBIM, a B I/IaHe HaJéKHOCTH U Ka-
YyecTBa CBSI3W MPEBOCXO/JUT HEKOTOPbIE OoJee fielieBble perieHusl.

Bubauozpacpuueckutl cnucok

1. 2Kypnan «Paguo» Beinyck Ne 5 3a 1970r. Ctp. 17-19.
2.  KoportkoBonHoBbIW  TpaHcuBep UW3DI  [Dnektponnsiii  pecypc] //  URL:
https://www.radiolamp.ru/shem1/pages/202/

NCCJIEAJOBAHUVE METOA0B OITPEJE/IEHUSA MECTOITO/IOKEHUSA
NCTOYHUKA PAIUOUITYUEHUSA
P.M. BopoOreB
Hayuneiii pykoBogutens — CagoHoBa A.B., KaHA. TeXH. HayK, JOLIEeHT

PaguonenenratopoM HasblBaeTCd YCTPOMCTBO, OIpefessoliee Harpas/eHue TMpuxoja pa-
AnoBO/H. IloA meneHroM NMOHMMAOT yroJl MeXAy WCKOMBIM HarpaB/ieHWeM M Harpas/eHueM,
BbIOpaHHBIM 3a HavanbHOe [2]. B AoKmaze paccMaTpuBaeTcs psifi METOJOB DPajWOIIeeHraliui
VCTOUHHMKA paguousnyuenus. Ilo Metoay nonydyeHus nHGoOpMaliy O HarpaB/ieHWH Ha UCTOUHUK
paZuoTIeNIeHraTopsl AeATcsl Ha aMIUIUTYHbIe U (a30Bkle, a Mo criocoldy u3BneveHus: UHPopMa-
L[UM — Ha O/JHOKaHa/IbHble U MHOTOKaHasbHble [1].

Lenb uccnepoBaHys: N3yUUTh U3BECTHBIE METOABI ONpe/ie/IeHUs] MeCTOMONOKEeHNUT NCTOUHN-
Ka paJIuON3/TyYeHNs.

3ajaund UCCAefoBaHUsA: [/ KaKOro MeTo/a paJuoriesieHralldy BblIe/IUTh OCHOBHOM (hak-
TOP, B/MSAIOLIMM Ha TOYHOCTH II€JIeHra; BbIBUTH OCHOBHBIE JOCTOMHCTBA U HEJOCTATKW.

TOUHOCTB MeIeHraTopoB, pealusyIMX MeTO/, aMIVIMTYAHOIO MakKCUMyMa, ONpe/esnsieT-
€S IIMPUHOMW ITIaBHOT'O JIeleCcTKa AuarpamMmbl HarnpaB/ieHHOCTH aHTeHHbI. [lorpemHocTs nesnes-
raluy TemM MeHsblie, yueM yxke JTHA. /JoCTOMHCTBOM MeTO[ja MaKCUMyMa SIBJIIeTCA MPOCTOTA Iie-
nenrayy. OCHOBHOM HeZJOCTAaTOK — HU3Kasg TOUHOCTS Ie/IeHra UCTOUHHKA PafON3/TyYeHNs.

B nenenraropax, peanu3syroLMX paBHOCUTHATBHBIM METO, TOUHOCTh pajuolie/leHralyu 3a-
BHUCUT OT (pOPMBI AMarpaMMbl HarpaB/IeHHOCTH aHTeHHb! U ypoBHs nepeceueHus JTHA Ha paB-
HOCUTHa/IbHOM HarlpaBs/ieHUH. JJ0CTOMHCTBOM [JaHHOTO MeTO/a SIB/IeTCs CPaBHUTE/NBHO BbICOKas
TOUYHOCTB, TaK KakK M3MepeHHe MPOU3BOAUTCS Ha Toi yactu [THA, kotopast o6nafaer Hanbob-
el KpyTu3HOW. [7IaBHBIM HEJOCTATOK: MeTOo/ He TI03BO/IsieT paboTark ¢ CUrHa/IaMy Mason /-
TeJIbHOCTH.

B ¢a3oBbIX pagpioniesieHraTopax TOUHOCTb M3MEPEHHs YITIOBBIX KOOPJMHAT 3aBUCHT OT 0a3bl
(paccTosiHME, Ha KOTOPOe pa3HeceHbl aHTeHHbI). I/t yBemueHNst TOUHOCTH (a3oBbix PIT Tpeby-
eTcsl YBeJMUUTh 0azy, UTO TIPUBOAWT K TIOSIBIEHUIO HEOJHO3HAYHOCTH M3MepPeHUsl HarlpaB/eHMUsl.
IaHub1l MeToZ 00MazaeT HanOOMbIIeH TOUHOCTLIO TI0 CPABHEHMIO C aMITIMTYAHBIMA. Hepgocrar-
KOM JKe SIB/ISIeTCSl OTCYTCTBHE pasperaromeii crocodHoctr. Hanbomnee BHICOKOTOUHBIMU SIBTISI-
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I0TCSI MHOTOKaHa/IbHbIE Pa/IoTIeNIeHraTophl, ueM Oosblilee KOMYeCTBO KaHA/IOB IPUCYTCTBYET B
TieJieHraTope, TeM TouHee OyzieT n3MepeHue. B cBOI0 ouepesb, yBenrueHHe KaHAMIOB TIPUBOAUT K
YCIOKHEHUI0 KOHCTPYKLIMM M yBeMWYEeHHIO rabaprToB, UTO SIBSETCS OCHOBHBIM HEZOCTAaTKOM.
Ha ocHOBe paccMOTpeHHBIX [JOCTOMHCTB M HEAOCTAaTKOB KaXKAOTO MeToJa paAuoIle/IeHraljuu
MOXKHO C/ieflaTh BBIBOJ| O TOM, UTO KaXK/[blii MeTO/| HaXOAUT MPUMeHeHNe B Pa3HbIX 001acTsax pa-
JMOIOKauA. MeTo/l aMIUIMTYJHOTO MakCHMyMa IHUPOKO Hcronb3yetcst B PJIC, paboraromux B
pexxuMe KpyroBoro o63opa [1]; paBHOCHTHaNBHBINA METO/| IIUPOKO TIPUMeEHSIeTCS AJIs OTpezere-
HUS a3MMyTa U yraa MecTa; ga3oBble pa/juoIe/ieHraTopbl B OCHOBHOM MCIIONB3YIOTCS /A7t 0OHa-
pyeHusi 0ObeKTOB [2]; MHOTOKaHanbHbIe (MOHOMMITY/ILCHBIE) PaJHOTIeNIeHraTopbl OOBIUHO UC-
TOJIB3YEOT /11 aBTOMaTHUYeCKOro COMPOBOXKAEHNS LiesIed 10 YIVIOBBIM KOOpAUHAaTaM.

Bubnuoepagpuueckuii cnucok

1. Bakynes I1.A. PaanosioKalliOHHbIE CUCTeMbl. YueOHUK /s By30B. — M.: PauoTexHUKa,
2007, — 376 c.

2. Kowenes B.W., Xononos U.C. PagrorexHuueckue cicremsl. MeToZiuueckue ykasaHUs K
MpakTUYeCKUM 3aHATUAM. — Pa3ane: PI'PTY, 2015. — 40 c.

ITOJABJ/IEHUE KOPPE/IMPOBAHHBIX IITIOMEX KOMBUHUPOBAHHBIMHA
HEPEKYPCUBHBIMU TU®POBLIMU ®U/IBTPAMU
H.C. Henactuna
Hayunslii pykoBogurens — Agzpees B. I, f-p TexH. HayK, JOLIeHT

PaccmarpuBancs BOIIpOC Bbl/e/ieHNs] MasIoNOABIDKHBIX Lesiel Ha ()OHe KOppPenMpOBaHHBIX
ToMeX KOMOWHHUPOBAHHBIMUA HEPEKYPCUBHBIME (prnbTpamu. VccnenoBanuch GUIBTPLI PEKEKINN
u o0eneHrs1 0 TISITOTO TIOPSi/Ka, MPHUUEM UX MMITY/IbCHBIE XapaKTePUCTHKU KOMOMHHPOBAIUChH
(CyMMHpOBanUch) € BeCOBLIMU kKo3(duiienTamu o U (1—a), rae o MpUHUMAET 3HaueHUs B JUa-
nasoHe ot 0 o 1. Ilpu BapeMpoBaHUM BeCOBBIM KO3(hHLIMEHTOM & paboTa KOMOMHUPOBAHHOTO
¢umbTpa MokKazana MPOMEKYTOUHBIM BapHUaHT BblJe/ieHrs] 1e/Td 1 TI0/jaB/IeHHs TIOMeX, UTo T103-
BOJIJIO TIPEATIONOXKNTE HaMMuHe HEeKOTOPOTO ONTHMAaNbHOTO 3HAUeHHsl oopt, KOTOPOE MOXKET
a/IalTUPOBATHCS K M3MEHSIOIIEecst oMexo-1ie/ieBoi obctaHoBke [1, 2].

[TocTaBneHa 3afjaua MakcUMU3aliuK ko3 duiiveHTa ynyullleHus | —» max nyTém ero audde-
PEHLIMPOBaHMS 10 ONTUMHU3UPYEMOH BeTMUMHE O C TIOCTEAYIOLUM IPUpaBHUBAHUEM TPOU3BO/-
HOM K HY/IIO Y IOMCKOM ONTUMAasbHOTO 3HaUeHUs oopt.

BenmnunHa ko3dduiipeHTa | ynydineHHs MOXKET ObITh TpeJcTaBlieHa B BU/E OTHOIIEHHS
KBaZipaTHuHbIX dopm [1]:

wHR.w [ou+(1-a)v]" Rs [au+(1—a)v]

H=wH R, w [au+(1-a)v]" R, [au+(1-a)v]’ (1)
rZie « — BeCOBOU KO3 QUIMEHT, W — UMITY/IbCHAs XapaKTePUCTHKA TPe/yiaraeMoro KOMOHHUPO-
BAHHOTO (DU/IBTPa, U — UMITY/IbCHAs XapaKTePUCTHUKA PeXXEKTOPHOrO (QUIIBTpa, V — UMITY/IbCHAs
XapaKTepuCTHKa obensromero ¢Gumsrpa, Rs v Rn — KoppensijHoHHbIe MaTPHLbl CHTHA/MA OT LIeTH
Y [IOMeXU+IIIyM COOTBETCTBeHHO, H — 3HaK TPaHCIIOHUPOBAHHUS Y KOMIUIEKCHOTO COTIPSDKEHUSI.

ITpoauddepeHIpoBas BhipakeHHe (1) MO o ¥ PelIUB MOMyUYeHHOe KBaJpaTHOe ypaBHeHUe,
COOTBETCTBYIOLee UHCTUTENH BhipakeHus (dp/da)=0, MOMyduM ONMTUMAasbHbIe 3HAUEHHs QOpt
BeCOBOro ko3 QUilHeHTa Ha BCEM WHTepBasie OTHOCUTESTBHBIX JOTUIEPOBCKUX YacToT. [TomyueH-
Hble aHAJTUTUUECKUM METOJOM pe3y/bTaThl ObLTM TTPOBEpeHbl MeToJoM Tepebopa, uTtoObl ybe-
JIUTBCS B OTCYTCTBHU OLIMOKH MPU CJIOKHBIX MTPe0OPa30BaHUSIX M BEIUMCIEHUSIX. PacCunTaHHbIe
JlaHHbIe TI03BOJIW/IN TOJTYUHTh BBIMTPHIN B KO3 QUIFeHTe || YIyullleHHs] 0 OTHOIIEHHUIO K pe-
KeKTOpHOMY (GuneTpy Gosee, ueM Ha 12 1B Ha yuacTKe JOTUIEPOBCKOrO CITEKTPa, OMH3KOM K
CJIeNbIM  CKOPOCTSIM (OTHOCHTE/IbHBbIE YacTOThl TIOMEXH W CHUTHA/la OT/IMYaIUCh Ha BETUUHHY
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