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[MpuBonsiTcst pe3ynbTaThl YWUCICHHOTO W AKCIEPUMEHTAIbHOTO aHAIM30B. 3P (PEKTUBHOCTH
MIPUMEHEHNSI METaMaTepUalIbHBIX JKPAHOB JUII COBMECTHOTO HCIOJIB30BaHUS C AHTCHHAMH
NIPUEMHUKOB CHUTHAJIOB TJIOOQIPHOH CHCTEMbl CIyTHUKOBOW HaBHranuu. I3 MHOXecTBa
BO3MOXKHBIX KOHCTPYKIHMI 3KpaHOB ObUIM BBHIOPAHBI KOHCTPYKLHMH PETYIIPHOW T'€OMETpHUH, HE
oOnazaroimue KpUBU3HOW. UHCIEHHO, METOIOM Tepedopa, HCCIeI0BaHbl CTPOTO MEPUOANIECKUE
9KpaHbl, 3aTE€M 3KpaHbl KOHEYHBIX pa3MepoB. TeopeTndecku NOCTUTHYTHI 3HAUEHUS 1OJaBICHUS
noMexoBbIx curuaioB 8...10 nb. DkcnepuMeHTaIbHbIE UCCIEIOBaHNS, IIPOBEICHHBIE B PEaIbHON
00CTaHOBKE, B OCHOBHOM, 3TO MOJTBEPIHIIH.

Kniouesvie cnosa: 3almuTa I/IH(bOpMaLlI/II/I, MOMEX03aANIICHHOCTh CIYTHHUKOBBIX CUCTEM,
Me€TaMaTcpualibl, SKPaHbI JICKTPOMAroiuTHOIO U3JIy4YE€HUA.

BBeaenue

IIpoGnema obecrieueHUs] TMOMEXO3ALIMIIEHHOCTH CHUCTEM CIIyTHUKOBOW HAaBHTallUM B
nocjeTHee BpeMsl CYIIECTBEHHO 00ocTpmiiack. B pse onmyOIMKOBaHHBIX pe3yJbTaTOB UCCIIEIOBAHUI
MOKa3aHoO, 4YTO WCKYCCTBEHHBIE IIOMEXH B BHJE KOTEPEHTHOTO, IIYMONOAOOHOTO MU
NICeBIOHABUTALIMOHHOIO CUTHAJIOB MOT'YT Mapain30BaTh a0OHEHTCKYI0 HABUTALMOHHYIO CHCTEMY NpH
OTHOCUTENIbHO  HEOOJIBIION ~ MONIHOCTH  HMCTOYHHMKAa TIOMEXOBOTO  CHUTHalla.  YBEJIMYEHUE
MOMEXOYCTOWYMBOCTH MOXKET OBITh JOCTHTHYTO IIyTeM NPUMEHEHUs CIIe[HaIbHbIX METOJIOB
YaCTOTHOW M MPOCTPAHCTBEHHOM (pUIbTpaLMK HAa BXO/E NPUEMHUKOB CUT'HAJIOB IMI00AJIbHON CHCTEMBbI
cnyraukoBoi Hapuraimu (IHCC). Tlox mpoctpaHcTBeHHON (UIbTpalmell MOHUMAETCs aHTCHHas
CHCTEMa, KOTOpas MOJABJISET CUTHAJIBI, TIOCTYIAIOIINE OT HAIIPaBJIECHHUS Ha UCTOYHUK ITOMEX.

Co3ganue = 4aCTOTHOTO (UIbTpAa HE COCTABISIET MNPOOJEMBbI, IOCKOIBKY HpPU 3TOM
HCTONB3YIOTCS CPEICTBA MUKPOJIEKTPOHUKH C IPUEMJIEMbIM YPOBHEM IOTEPhH IOJIE3HOTO CUTHAIIA.
AHTeHHa HE MOKET OBbITh CO3/7aHa Ha OCHOBE TEXHOJIOTMH MHUKPONEKTPOHUKU. ITOCKOIBKY Is
obecriedeHusi ee 3(pQeKTHBHOCTH TabapuThl JOKHBI OBITh CPaBHUMBI C JUIMHOW BOJHBI, TO
MPUMEHEHUE TEXHOJIOTUH MUKPORJIEKTPOHUKH MIPHU CO3JaHUU TaKUX aHTEHH MPEJACTABISIET MPodiIemMy
B CMBICIIE OOecTIeueH sl MPUEMIIEMBIX MacCOra0apuTHBIX MoKazareneid. OOMEnpuHATHIM B TIPAKTHKE
SBJISIETCS MCITOJI30BaHNE MUKPOTIOJIOCKOBBIX aHTEHH, PACTIOJIOKEHHBIX Ha MOJIOKKE U3 JUIIEKTPUKA
C BBICOKOH JMAJIEKTPUUECKON MPOHULAEMOCTHIO, B A0OHEHTCKUX NPUEMHUKAX OBITOBOTO Ha3HAYEHHUSI.
Takue aHTEHHBl KOMIIAKTHBI, OOJIAZAalOT MalbIM BECOM, HO HMEIOT IIMPOKYI0 JAuarpamMmy
HATPaBICHHOCTH W HU3KWH KOX(QQUIMEHT ycwieHus B HamnpasieHud mepeaardunkoB ['HCC.
[locnenHee NPUBOAMUT K TOMY, YTO CUI'HAJIBI IOMEXH MCKYCCTBEHHOT'O MO0 MHOTOJYYEBOTO THIIA HE
¢uIBTpYIOTCS Ha BXOAe aOOHEHTCKOrO NPUEMHHKA M, MoNajgas B NPUEMHBIH TPaKT, HApyIIArOT
TOYHOCTh PabOTHl IMPUEMHHKA JINOO ONOKUPYIOT ero padoty. CyiecTByeT aBa crnocoba 00pbOBI ¢
[IOMEXaMH B JaHHOW curyarnuu. [lepBelii 3akifo4aeTcss B MCHOJIH30BAHMM aJaNTHBHBIX AHTEHHBIX
PELIETOK, BTOPOH — B CO3JaHMM AHTEHHBIX CHCTEM, MMEIOLIMX HU3KUH KO3 (HUIMEHT yCUICHUS B
HaIPaBJIEHUSAX BO3MOYKHOTO IPHUX0Ja cUrHaoB momex. Kak mpaBuio, cekTop M3NMydeHHUs NpUxoaa
MHOTOJIy4€BbIX U MCKYCCTBEHHBIX IIOMEXOBBIX CHUTHAJIOB JIEXHUT BOJHM3U TOPHU30HTA B HAIIPABICHUSIX

101



BhIIIE KacaTenbHOW K ropuzoHTy a0 0,1...0,2 pan. Ins ymenbuieHus: ko3d@uiueHTa yCujIeHHs B
TAKOM CEKTOpe HEe0OXOAMMBI aHTEHHBI C OOJBLION anepTypoil. M3BecTHO, 4TO MPOBal B W3Iy4EHUH
LIMPOKOHAIIPABIICHHOTO UCTOYHHKA IEKTPOMATHUTHOI'O U3JIy4CHHS BAOJIb IOBEPXHOCTH MOXKET OBbIThH
MIOJIyY€EH IIyTEM PACIOJIOKEHUS OTPAYKAIOLIErO SKPaHa.

[lone u3iyyeHHs HUCTOYHUKA B MPUCYTCTBHM OE3TPAaHUYHOTO OAHOPOTHOIO 3KpaHa MOXKET
OBITh NPEICTABICHO B BHUAE CYMMbI IOJEH OBYX HCTOYHMKOB — AEHCTBUTEJBHOIO M MHHUMOIO,
00YCIIOBIEHHOTO OTpa)KeHHEM MOJs JEHCTBUTEIHLHOTO MCTOYHHKA OT 3KpaHa. [ 1yOuHa M mmpuHa
mpoBajia oOycinoBieHa (a3oBBIMH M aMIUIMTYJHBIMH COOTHOIICHUSIMH TIOJIEH MHHUMOTO H
JEHCTBUTEIBHOrO MCTOYHUKOB. B cilyuae MeTa/uIMueckoro sKpaHa, pacrojoKeHHOro Ha BbIcoTe N,
TI0JIE U3TYYECHHUS ONUCHIBACTCA CIIETYIOIIMMHI BBIPA)KECHUSAMMU.

Jlns BepTUKaNbHOU MOJISIPU3ALIMHN:

E=AF(6)-,[1+|R/* +2|R|cos %2hcose+cp : (L)

JUISL TOPU30HTAITLHOMN TOJISIPU3aIiH.

E = AF(0)- [1+|RI? —2|R|cos %thos(ﬂd) . @)

Hns metammuueckoro skpaHa R = 1. B cimyyae skpaHa ¢ KOMIUIEKCHOHW TPOBOAMMOCTBIO B
COOTBETCTBHH C MOJIeTbI0 3oMMepdenbaa, st 000UX MOIIpH3aIyii KO3 GUIIUEHT OTPaKEHHSI IMEET
CJEeyOLIUN BUL;

202
chos(p 1+(sin“6/a ), 3)
cos(p+«/1+(sin29/oc2)

rie R — KodpduuueHT OTpa)KeHUs SKpaHa; o — KOMIUIEKCHAs MOCTOsSHHAs JKpaHa, 0 — yron
OTpaKEHHSI.

0
Takum ob6pazom, mpu o >>1LR — —tg2 7 BHE 3aBHCHMOCTH OT MOJISIPU3ALHH.

W3 npuBeeHHBIX BBIPAXEHUN CIEAYeT, YTO CIUIONIHON METAJUIMYECKUI 3KpaH He 00jamaer
IIOMEXO03alIUTHBIMHU CBOﬁCTBaMH, IMOCKOJIBKY B HaANpPaBJICHUAX, KAaCATCJIbHBIX K INOBEPXHOCTH SKpaHA,
YBEJIMUUBACT I0JIE M3Iy4YCHHSA-TIpHEMa Il BEPTUKAIBHOM MONspu3aluy Ha 3 1b M HacTOJBKO XKe
YMEHBILAET MOJIE TOPU3OHTAIBHO NMOJIIPU30BAHHON COCTABIAIONIEH. DTO CBOAMT K HYJIIO BBIMIPHIII B
IIOMEXO3AIIMIICHHOCTH B KacaTEJIIbHOM HAlpaBICHUU 3a CYET CBOMCTB METAJUIMYECKOIO 3KPAaHA B
CJIy4ae KpYyronoJIIpu30BaHHOT'O MOJISL.

YBennueHne TMOMEXOQ3AMUIIEHHOCTH MOXET OBITh JOCTUTHYTO IIpH  NPUMEHEHHH
AUBJICKTPUYCCKOI'O 3KpaHa, HO MPU 3TOM 3KpaH AOJDKCH MMETH 3HAYUTCIIbHYIO TOJIIWUHY. Bwmecte ¢
TEM HU3BCCTHO, YTO CYHIECTBYIOT MCKYCCTBCHHBIC JUIJICKTPUKH, T.H. MC€TaMaTCpUajibl, ITIOBEPXHOCTHU
KOTOpBIX MOLYT MUMETh CBOWCTBA, KOTOpPBIE COOTBETCTBYIOT CBOMCTBAM 3KPaHOB METAJIMUYECKOTO,
JIMAJICKTPHUUYECKOTO M MOTJIoIaronero Tuios [1, 2].

KoHCTpyKIMM TakuX 3KpaHOB MOTYT OBITh BECbMa Pa3HOOOpa3HBI, HO B 00OOIIEHHOM BHJIE
OHM TPEICTABISIFOT COOOH  IMEPUOTUYECKHE CTPYKTYphl, 0Opa3OBaHHBIE METAJUTUYECKUMHU
3JIEMEHTaMH, PACIOIOKEHHBIMH B CpElie C MaJIbIMU MTOTEPSIMU. TeopHs X CHHTe3a He pa3padoTaHa.
Ha npakTnke 5TO NpUBOAUT K TOMY, YTO JJI ONPEIEICHHS UX TEOMETPUHU U IapaMETPOB MaTepHala,
pa3paboTunMKaM NPUXOJUTCS AEHCTBOBATH METOAaMU niepedopa KOHCTPYKIMH U CBOMCTB MaTepHajoB,
13 KOTOPBIX OHHM M3TOTOBJICHBI, ONUPAsCh HAa MPUONIMKEHHBIE MoAend. [Ipu 3ToM mapameTpsl MOJETH
9KpaHa 3a4acTyl0 ONPEIEIIIOTCA TEXHOJIOTMYECKUMH COOOpa’K€HUSIMHU, JIOCTYIHOCTBIO CPEICTB HX
H3TOTOBJICHUA U CTOMMOCTBIO MaTE€PHAJIOB, N3 KOTOPBIX OHU U3TOTOBJICHEI.

MeTtoguku pacueTa u IKCIIEPUMEHTA

B xauectBe 00BEKTa TEOPETUIECKOTO M IKCIIEPUMEHTAIFHOTO MCCIET0BAaHUI OBUTA BBIOPAHBI
9KpaHbI, PACIOJOKECHHBIC BOJIM3M MPHEMHHKA D3JEKTPOMArHUTHOTO W3JIyYeHUs, 0Opa3oBaHHBIE
B3aMMONEPIEHANKYISPHBIMA 3JEMEHTaMU paMo4HOro Tuma. Ilepnon pacrnonoxkeHHus 3IEMEHTOB
COOTBETCTBOBAJ YCIOBHIO OTCYTCTBUS MHOTOJIYYE€BOCTH JJIsl PETYISIPHOW CTPYKTYPBI B HCCIEAYEMOM
JMaIa3oHe JAJIUH BOJIH.
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Merton uccnenoBaHus 3aKJIIOYACS B TOM, YTO HA MEPBOM 3Tare MPOBOAWINCH YUCICHHBIC
HCCIIeIOBaHNsT OECKOHEYHOr0 JKpaHa, 00pa3oBaHHOTO PEryISPHO MOBTOPSIOIIUMUCS 3JICMEHTAMHU.
Hcnonp3oBancs Meron mepedopa kodddumuenta K, OCHOBaHHBIH Ha MPEATIONOKEHHH O TOM, YTO
9KpaH MPEJICTaBISIET COOO0M CUCTEMY CBSI3aHHBIX PE30HATOPOB C HUKHEH KPUTHUECKOM JUTMHOM BOJIHBI

Mep =11 K(g) (4)

roe Il — mnepumerp 3aMkHyTOro »snemeHTa, K — KO3(QQULUHUEHT, YUYUTHIBAIOIIUI BIHUSHUC
MEX3JIEMEHTHBIX DJIEKTPOIUHAMUYECKUX CBSI3€H KOHCTPYKIMHU M IUAJICKTPHUUECKUX 3JIEMEHTOB,
00€eCTIeYNBAIOIINX MEXaHUUECKYIO CBA3HOCTh KOHCTPYKLIUH.

Bce mapaMeTpsl mepriofa 3KpaHa YIOBJIETBOPSUIM YCIOBHIO OTCYTCTBHSI MHOTONYYEBOCTH B
MIPENIOIOKEHUHN PETYISIPHOCTH 3JIEMEHTOB U Tmeproaa. OOBEKT HCCIeIOBaHUs ObLT BHIOPAH HCXOIS
U3 COOTBETCTBMS PE30HAHCHBIX YAacTOT JKpaHa HECYIIMM 4YacTOoTaM HHGOPMALMOHHBIX CUTHAJIOB
I'HCC GPS u I'JIOHAC. Pacuersl mapaMeTpoB peryJsipHBIX 3KPaHOB M 3KPAaHOB OTPaHUYECHHBIX
pa3MepoB MPOBOAWINCH YHCICHHBIMH METOJAaMH. DKCIEPHMEHT NPOBOIMICSA € HCHOJIb30BaHHEM
9KpaHa, KOTOPBII OBbIJI M3rOTOBJIEH B COOTBETCTBUHU C aHAIN30M PE3YJIbTATOB YMCICHHBIX PACUCTOB.
[Ipu 3TOM HCHONB30BAJICS MCTOYHHMK MOMEX B AuanazoHe Li. m L, ¥ HaBUTAlMOHHBIA MPUEMHHK C
BBIHOCHOM aHTEHHOH, KOTOpasi pacroiaraiach BOJIM3M MOBEPXHOCTH dKpaHa. [lapameTpbl HCTOYHHKA
MMOMeX H3ITydeHHs] OBUIM OIpeNesIeHBI M0 pe3yibTaTaM M3MepeHwid B KammOpoBaHHOU GTE-kamepe.
HcTouHuk moMex MHOCTPOEH Ha OCHOBE TIeHEpaTropa YIPaBIIEMOrO HampsDKEHHEM C I10JIOCAMHU
CBUIIIMPOBAHUS, COOTBETCTBYIOIIMMHU IMojlocaM 3aHuMaeMbiMd curHanamu [HCC. OnuHOouHBIH
AIIEMEHT PETYISAPHOTO SKpaHa uMen GopMy, IPEICTABICHHYIO Ha % 1.

Puc. 1. DnemeHTapHas a4eiika skpaHa:
1 — paccrosiHUE MeX/ly BEpTHKAIbHBIMU U TOPU30HTAIBHBIMY 3JIEMEHTAMH

IIpu ompeneneHum 6a30BOil MonenH 3KpaHa OBUIO MOCTYJIHUPOBAHO, YTO TIEPUO]| PEIIETKU
YAOBJIETBOPSIET YCIOBHUIO OTCYTCTBUS MHOTOJIYYE€BOCTH, a €€ KOHCTPYKIUS HE COJAEPKUT OJIMHOUHBIX
JJIEMEHTOB, OONanaronMx KpuBu3HOH. [locienHee yciioBue NPUHATO C IENbI0  OOECIIeYeHUsI
TEXHOJOTHYHOCTH ~ W = MEXaHWYeCKOH KOH(GOPMHOCTM KOHCTPYKIIMH 3KpaHa, KOTOPHIA B
HEIKCIUTYaTHPYEMOM TIOJI0KESHHH JIOJDKEH UMETh MHUHUMANbHBIE 00beM U BeC. Y CJIOBHE OTCYTCTBHSA
MHOTOJTY4EBOCTH JIJIsl peTyIsipHON U Oe3rpaHMYHON CTPYKTYPBI OOYCIIOBIEHO TOJBKO MEPUOIOM, HO
CILY’)KMT TOJBKO OpPHEHTHPOBOYHBIM MapaMeTpoOM JUISI HEPErYJSIPHOM pEelIeTKH, TaK KakK peanbHas
KOHCTPYKIUSI UMEET OrpaHMYEHHBIE pa3Mepbl U OMIMOKH B U3roToBieHuH. OnnH U3 coco00B ydera
MapaMeTpoB OIPAaHMYEHHOCTH Pa3MEpOB JKpaHa Ha IMOJie W3NMYYEHUS U PACCESHUSI PaJMOBOJIH ObLI
npemioxed [1.5. Ypumuessim [2]. CyTh MeTOIa COCTOUT B TOM, YTO BJIHSHHE OTPAaHHMYCHHOCTH
pa3MepoB 3KpaHa Ha €ro IOJE pacCesiHUs NPEACTABISETCS B BUAE KPAeBBIX BOJH, MCTOYHUKOM
KOTOPBIX SIBJSIIOTCS Kpasi dKpaHa. B ciydae mpsmonuHedHON (GopMBI 3KpaHa Ui ONpeAeieHus
MapaMeTpoB KPAeBOW BOJHBI HCIIOJIB3YETCSl CTPOrO€ pEIIeHHE IS KIIMHA, BIEPBBIE IMOydYeHHOE
3omMmepdensaoMm [3]. OueBHIHO, YTO B ClIydae UMIICIAHCHOTO 3KpaHa, KOTOPBIA paccMaTPUBAETCS B
JAaHHOM CJy4ae, TaKoe TIIpEACTaBICHHE TaKXe MOXXET ObITh MoJe3HbIM. B ympomeHHOM
PacCMOTPEHNH 3KpaH OTPAaHWYEHHBIX Pa3MEPOB MOXET OBITh IMPEJICTABICH B BHAE COBOKYITHOCTH
HMCTOYHUKOB, 00Pa30BaHHBIX 3€PKATBHBIMH H300paKEHUSMH NPHUEMHOTO 3JIEMEHTa B JKpaHEe M Ha
Kpasx. B cuiy npuHIMna B3auMHOCTH yaoOHee paccmaTpuBath J|H nmpuemHON aHTEHHBI HaBHTATOPa
kak JIH mepenatomieii aHTeHHBI, T.€. HCTOYHHMKA M3JIyYeHHUs, KOTOPBI UMEET pacrpeaeseHus MO
Takoe Xe, Kak M y aOOHEeHTCKOoro mnpueMHHKa Hasuratopa (AIl) ¢ yderom ero 3epKaJbHBIX
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n3o0paxenuid. [Ipy TakoM pacCMOTpPEHHH CIIEAYET BBIBOJ O TOM, YTO JUIsi 00pa3oBaHMs TpOBAia B
HampaBleHUSIX HA3eMHBIX HCTOYHHKOB TIOMEX KaK WCKYCCTBEHHOTO, TaK W €CTECTBEHHOTO
MIPOUCXOXKIEHUST HEOOXOIUMO, YTOOBI HE3aBUCHUMO OT WMIIETAHCHBIX CBOMCTB JKpaHa €ro pa3Mepbl

A
YIOBJIETBOPsUIK ycioBuio (2N +1)§ , tme n=0, 1, 2, ... B MIOCKOCTH pa3MELICHUSI DKpaHa, YToO

HCO6XOI[I/IMO JJIsL B3aUMHOM KOMIICHCalnu1 noueu H3JIYyUYCHHA KpacCBbIX BOJH B KaCaTCJIbHOM
HaIrpaBJICHUU.

Pe3yabTaThl U HX 00CYIKIEHHE

Pacuetsl ko3¢ unMeHTOB paccesHUs TPOBOIWINCH MyTeM mepebopa mapamerpa K mpu
HEM3MEHHOM Tepuone, coctapisttomuM 0,35 cpemuei mmwHBI BoiaHbl nuamazona ['HCC. Tlocoeaamit
O0bi1 mpuHAT paBHBIM 1,4 [T, Tunuueelii BuA 4YacTOTHOW 3aBUCHMOCTH KO3 (DHUIIMEHTOB
MIPOXOXKJICHUS U OTPAXKCHUS ITPUBEICH Ha pUC. 2.

—8— S7min(1),Zmin(1)
—#— S7max(1),Zmin(1)

( 1.4929, -20.435 )
& (1.6223,-20.048)

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
Frequency / GHz

Puc. 2. YacToTHBIE XapaKTEPUCTHKH PETyJSIPHOTO 9KpaHa, 00pa30BaHHOTO PAMOYHBIMH JJIEMEHTaMHU

BuziHo, 4TO 9KpaH MMEeT JBa PE30HaHCa, YACTOTHBIM Pa3HOC MEXAY KOTOPBIMH OJH30K K
pa3HOCy 4acToT auamna3oHoB Li u Lp. UncneHHBIE UCCTEAOBaHUS C dKpaHAMU pasMepoM 4x4+4x4 u
N = 2 >JeMeHTa TOKa3ally, YTO 3KPaHbI MOJABIIIOT U3TyYeHNE B TUNIOCKOCTH PACIIONOKEHHS SKpaHa B
cpenneM Ha 8...10 nb. Ilpu mmpune npoBaiia mo yposHio 0,5 mopsinka 0,2 pax. Tunuynas
MPOCTPAHCTBEHHAs JHMarpaMMma HalpaBJIeHHOCTH H3JIydaTesis C JKpaHOM MpHUBEICHA Ha puc. 3.
AHanm3 mocpeACcTBOM pacyera B CEYSHUSIX TOKa3all, YTo 110JIe B HAIIPABICHUN KacaTeIbHOW K SKpaHy
ociabieno Ha 8...10 1b oTHOCHTENILHO MAKCHMAILHOTO 3HAUCHHS.

Puc. 3. HpOC’IpaHCTBCHHaH JAuarpaMma HalpaBJICHHOCTU UCTOYHUKA TOJIA prFOBOﬁ noJigpusanunu,
PpacmioJIOKECHHOTO BOIM3H 9KpaHa OrpaHUYCHHBIX pa3MEpOB

W3 npuBeneHHBIX MPOCTPAHCTBEHHBIX PACIPENEICHUIN MMOJI OYEBUAHO, YTO TEOPETUUYECKHUH
aHann3 3QQEeKTHBHOCTU NPUMEHEHHsI dKpaHa KpaiiHe 3aTpyJHUTENeH. B CBSI3u ¢ 3TUM Il OLIEHKH
MpakTu4Ieckoi 3PpPeKTUBHOCTH IKpaHa OBUIM MPOBEICHBI HATYPHBIE UCTIBITaHU. MakeT 9KkpaHa ObLI
M3rOTOBJIEH Ha OCHOBE MEHOMOJUCTUPOJIBHBIX MaHes el MIOTHOCTBIO 40 KI/M® 1 paMOYHBIX MeEITHBIX
3JIEMEHTOB AuaMeTpoM 2 MM. MICTOUHHK momMeX UMell CIeKTp U3IydeHHs, IPUBECHHBII Ha puC. 4.
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Offs 40.00 dB * RBW 100 kHz
Att O dB VBW 1 MHz M1i[1] 293.194770254 uwW
DC = Ref 100.00 mw. SWT 60ms 1.212000000 GHz

1Av

view 10 mw

1 mw
100 pW l.,.
10 pwW

1pw

<3

-

100 nwW
1 . \

JA:,MMJ LRV YRS [YOR i uthdoi Wtk

1nw

100 pW

CF 1.4 GHz Span 600.0 MHz
Puc. 4. CHCKTpaJ'II)HLIe XapaKTCPUCTUKU UCTOYHHKA ITOMEX

BuemHunii BUJ 5kpaHa B pa3BEpHYTOM COCTOSHHU IPUBEIEH Ha puC. 5.

Puc. 5. BHernuii BUI 3KkpaHa

B mpomecce skcrepuMeHTa HCTOYHHMK IOMEX. IEpeMelancs B OJHOM HalpaBJICHUU OT
npuemanka ['HCC na paccrosiHum ot 5 1o 20 MeTpoB. MecTo npoBeaeHns S3KCIEpUMEHTa — IJIOLIA b
HezaBucumoctn r. MuHCKa.

AHanu3 Yuciia COyTHUKOB M COOTHOIIGHHS CHTHAN/IIyM (C/II) MOKa3al, 4To B OTCYTCTBHE
MMOMEXOBOTO CUTHAJIA YHCIIO HAOIF0IaeMbIX CITYTHHKOB cocTaBisiio 12...15 ans rpynmupoBok GPS u
I'JIOHACC. Iloutn Bce OHM HCHOJB30BAJIUCH B PEIICHUHM HABUTALIMOHHOW 3aJadd NPH CpPEIHEM
cootHomennu c/m 30...40 nab/Tu. B mnpuCyTCTBMM HCTOYHHKA TIOMEX COOTHOIICHHE C/IiI
yMeHbInanaock B cpennem Ha 20 ab, 1.e. 1o ypoBus 15 nb/I't. Korma paccrosinue Mexay aHTCHHON
I'HCC u uCTOYHMKOM NOMEX COCTaBJIIO S M, NPHUEMHHUK MNPHUBOIWICA B HEpabOTOCIIOCOOHOE
COCTOSIHUE OTHOCHUTEJIPHO CHTHAJIOB JIaHHBIX CIIyTHUKOBBIX TpynmupoBok. Ilpum yBenumuenun
paccrostHus 10 15 M IPUEMHHUK BOCCTaHABIMBAJICS, B PEIICHUH HABUTAIIMOHHOW 33]]aui Y4aCcTBOBAJIH
Bce cnytHuku [JIOHACC (8 m 8 B mamHoM cimywae) u 3 m3 S5-tm cmytHukoB GPS. Taxkoe
COOTHOILICHHE, ~TI0-BUANMOMY, OOBsICHseTCS OoJjiee BBICOKOH IOMEXOYCTOHYMBOCTBIO CHTHAJIOB
I'JIOHACC. TlpuMeHeHuMe 3KpaHa CYIIECTBEHHO CKa3ajoch Ha PabOTOCIOCOOHOCTH TNPHUEMHHMKA,
KOTOpasi HAaYMHAsL C PACCTOSHUSI 5 M HE pearrupoBaia Ha CUTHAIIBI OT ICTOYHHKA MOMEX.

3akiaouyenue

[TpoBeeHbl  TEOpPETHUECKHE U DKCIIEPUMEHTAJbHBIE  HCCIENOBAHUS  BO3MOXKHOCTH
MPUMEHEHUS MeTaMaTepUalbHBIX JKpPaHOB Ui yiydineHus 3amuiieHHoctn cuctem [HCC ot
MCKYCCTBEHHBIX IOMEX U MHOTOJIy4YEBBIX CITyTHUKOBBIX CUTHAJIOB.

TeopeTndeckun M HSKCIEPUMEHTAIBHO HCCIIEIOBAHBI JKpaHbI, OOpa30BaHHBIC AJIEMEHTAMHU
PaMOYHOTO THIIA, B PE3YJIbTaTe KOTOPHIX ONpe/IelieHa FTeOMETPHS DKpPaHa.

Pe3ynpraThl HATYpHBIX WCIBITAHUH SKpaHa COBMECTHO C BBHIHOCHOW aHTCHHOW NPHEMHHUKA
curHanoB 'HCC rpynmupoBox GPS u ['JIOHACC nokasanu cnenyromee. Ha paccrosHun 5 MeTpoB
OT aHTEHHBI NMPHUEMHUKA MCTOYHUK MOMEX MPHU OTCYTCTBUM dKpaHa npuoami npuemHuk [HCC B
cocrosiHre HepaborocnocobHocTu. Ha paccrosHusix 15...20 u Oojiee METPOB HAJIMYHE MCTOYHHKA
MOMEX HE CKa3bIBaJOCh Ha pabOTOCIOCOOHOCTH NMpHEeMHHKA. [Ipu pa3sMemeHnr NpueMHON aHTSHHBI
'HCC Ha moBepxHOCTH 3KpaHa pabOTOCIOCOOHOCTh MPUEMHHKA COXPaHSIACh OTHOCHUTEIBHO J3THX
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TpyHNIrpoOBOK IMPU PACCTOAHUU OT UCTOYHHUKA ITOMECX 5 M BHE 3aBHUCHMOCTH OT yrHOBOﬁ OpHUCHTAllUN
OKpaHa B IIIOCKOCTH Semn. BcenencrBue 3TOr0 MOXKET OBITh CICIaH BBIBOJ, YTO IPHUMCHCHHC
OKpaHOB PAaCCMOTPEHHOI'O0 THUIIA MOXCET YJIYYHIUTHE MNTOMEXO3AIMUIIEHHOCT HWCKYCCTBEHHOIoO H
€CTCCTBCHHOI'O MPOUCXOXKICHUA Ha 8...10 I[B, HUCTOYHUKH KOTOPBIX PACIIOJIOXCHBI HA MaJIbIX yIJjaX
BO3BBIICHUAA.

EMISSIONS SECURE OF GLOBAL SATELLITE NAVIGATION SYSTEMS
WITH USE OF METAMATERIAL SHIELDS

A.S. ABUKRAA, M.A. VILKOTSKY, L.M. LYNKOU
Abstract

The results of numerical and experimental analysis of the metamaterial shields effectiveness
for use with the receiver antenna signals of global satellite navigation systemsare are given. From the
many possible designs the screens with regular geometry design without curvature were chosen.
Numerically, brute force, strictly periodic shields and shields of finite size were investigated. The
suppressing interfering signals values of 8...10 dB were theoretically achieved. Experimental studies
in the real situation, basically, confirmed it.

Keywords: information security, emissions secure of satellite systems, metamaterials,
electromagnetic radiation shields.
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