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AnHoTtanus. IIpemnoxeH crnoco® co3maHMs 3KPAHOB DJICKTPOMATHUTHOIO H3JIYYeHUS C HpPUMEHEHHEM
HETKaHOI'0 HIJIONPOOMBHOIO IOJOTHA, COIEPIKALEero YrJIepOAHbIE NOOABKH, M BCIEHEHHOI'O IOJIHMATHIICHA,
HOKPBITOTO  aIOMUHHEBOH (onbrod. [lnd mnoBbleHN KOI(POUIHUEHTOB OTpaKEHHWS M  IIOTJIOIICHUS
IpelylaraeTcs Co3JaHue SUCHCTOW CTPYKTYpBI, colepxalieil ¢pparMeHTsl 000MX BHAOB MaTEpHaloOB C JIMHOM
or20 mo 40 MM u mmpuHOM OT S5 1m0 & MM. 3MmepeHHe SKpaHHUPYIOIIHMX XapaKTEPUCTHUK IPOBOIMIOCH
Ha aBTOMATU3UPOBAHHOM H3MepUTene MoAyls KodpduiueHToB nepenaun u orpaxkenus SNA 0.01-18
B auanaszone uactotr 0,7...17,0 I'Tu. [Tokazano, 4ro 3HaueHHs: KOIPPHUIUEHTOB OTPAXKEHUSI B TUANIA30HE YACTOT
cocraBuii —0,5...—4,5 nb npu 3Hauenusx kodddunuenra nepegaun IMU —4,0...-25,0 1b.

KnrodeBble cji0Ba: 3IEKTPOMAarHUTHOE HM3Jy4eHHE, SKPAaHHPOBAHHE, WUITIONPOOMBHOE IOJIOTHO, YIJICpOAHAS
no0aBKa, BCIICHEHHBIH ITOJMATUIICH, SKPAaHUPYIOIIAsl XapaKTePUCTHKA.
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Abstract. The method to produce electromagnetic radiation shields using a non-woven needle-punched fabric

containing carbon additives and foamed polyethylene coated with aluminum foil is proposed. To increase
the reflection and absorption coefficients, it is proposed to create a cellular structure containing fragments
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of both types of materials with length from 20 to 40 mm and width from 5 to 8 mm. The measurement of the
shielding characteristics was carried out on the automated meter of the transmission and reflection coefficient
SNA 0.01-18 in the frequency range 0.7...17.0 GHz. It is shown that the values of the reflection coefficients
in the frequency range 0.7...17.0 GHz were —0.5...-4.5dB and the values of the transmission coefficient
of electromagnetic radiation were —4.0...—25.0 dB.

Keywords: electromagnetic radiation, shielding, needle-punched fabric, carbon additive, foamed polyethylene,
shielding characteristic.
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BBenenune

B mocnemnme  gecATuieTHs  BO3pacTaeT  KOJMYECTBO — IMPOIECCOB M MPOM3BOACTB,
TEXHOJIOTMYECKUA IMKII KOTOPBIX MPEIOaraeT HCIOJb30BAHUE WCTOYHHUKOB HW3TyYEHHs JIMana3oHa
CBY. Haymuue MCTOYHMKOB M3JIyYEHUs JAHHOIO JHMAlia30Ha BBIHY)KIAET HCKATh PEIICHHE IPo0JIeM,
CBSI3aHHBIX C OOECIeueHHneM »JIIEKTPOMATHUTHOM COBMECTHMOCTH DPaJMO3JIEKTPOHHOM armaparypel,
aTalKe C 3aIIUTON OpraHW3Ma YeOBEKa OT 3TOr0 HM3NydeHHs. B CBA3M C 3THM aKTyalmsupyercs
HGO6XOIH/IMOCTB CO3JaHNA MaTCpUAIOB JUIA SKpAHUPOBAHHA KOMIIOHCHTOB M Y3JIOB pa)II/IOi)HCKT‘pOHHOfI
anmaparypbl, a TakkKe M3TOTOBJIEHMSI CPEACTB WHJMBUYaJbHOM 3alllMThl. Takoro pojua Marepuabl
XapaKTepU3YIOTCS CBOMCTBAMHU OTPAXKEHHUSI M OCITA0JICHHUS SHEPIHH AIIEKTPOMArHUTHOTO nu3mydenus [1-3].

B qacTu CO31aHHus MaTe€puajioB JJIsL OKpaHHUPOBaHUA KOMIIOHEHTOB u Y3J10B
PaaMOdIIEKTPOHHON amnmapaTypbl OCHOBHBIM TpeOOBaHHMEM OOBIYHO SIBJSIETCS HU3KOE 3HAYeHHE
kod(puIMeHTa TIepenadn YHEPTHH dJICKTPOMarHuTHOro u3nydeHus (OMMU), a B 4acTH U3rOTOBJICHUS
CPEJICTB WHJWBUIYabHOM 3aIlMTHl OpPraHW3Ma 4YelloOBeKa — BBICOKOE 3HAdeHHe Kod(pQUIMeHTa
oTpaxkeHus Heprud DMU. B xadecTBe OCHOB ISl M3TOTOBJICHUS SKPAHUPYIONTNX MAaTEPHUATIOB YaCTO
MIPUMEHSIOTCS] TEKCTUIIbHBIE MaTepPUAIIbl, KaK TKaHbIE, TAK U HETKaHBIE.

MeTtoauka nNpoBeieHHs IKCIIEPUMEHTA

[Ipemnoxxena  sgewcras  CTpyKTypa, — comepikaimas — (pparMeHTBl  WITIOMPOOWBHOTO
YIJIEPONICOAEPKAIIETO ~ HETKAHOTO ~ Marepuaiia ®  BCIIEHEHHOTO  TMOJMITWIEHA,  HMEIOIIEro
3aKPBITOSTIENCTYIO CTPYKTYPY U TIOKPBITOTO alTFOMHHUEBON (ombroi TommmHon 20 MxM. WrionpobuBHO
YIIIEPONICOAEPKAIMI HETKaHBIH MaTephall BhIPaOaTHIBAICS HA MPOW3BOACTBEHHOMN JIMHHUH, COCTOSIIEH
13 YecalbHOM MAITMHEI, TpeoOpa3oBaTelisi Ipodeca W HIJIONPOOMBHOM MaImMHBL B coctaB 3TOrO
mareprana Bxomuin momuddup (70 %), momunpormien (20 %) u yromsasie Bookaa YTTIB-1-P (10 %).
TonmmHa MaTephaa COCTABIIsIA 6 MM, a €ro IIOBEPXHOCTHAS IOTHOCT — 250 r/M? [4].

JimmHa (¢parMeHTOB MaTephaioB, WCIONB30BAHHBIX [UII HW3TOTOBICHUS CTPYKTYPHI,
cocraBisuia or 20 go 40 MM, mmprHa — 0T 5 710 8 MM. OTH (DparMeHTHl pa3MemaInch B o0beMe
CTPYKTYpHI B CIy4aifHOM JpyT OTHOHMCTEIBHO JpyTa mopsike. Pa3mep sueek cTpykTypsl — 5x5 cm?,
YTO MOXET OOYCIIaBIMBaTh MHOKECTBEHHOE IIEPEOTPAKEHHE B3aWMOJEHCTBYIONIUX C HEIO
AIEKTPOMArHUTHBIX BOIH.

Hns anannza k03((QUIMEHTOB OTpakeHHs M mepeadn OMMU M3roToBIEHHOW CTPYKTYpHI
BBITIONHSIIOCH CPaBHEHWE 3HAUYEHHUH HATIPSHKEHHOCTH DIIEKTPUYECKOTO TIOJS B OHOW M TOM )K€ TOUKE
NPOCTPAHCTBA MPHU €€ HaIuduk W OTCyTcTBuH [5]. Tlpu 3TOM HCHOIB30BANICS H3MEPHTEND
KO3(UIIMEHTOB TIepeaadn U OTPaXKEeHUs, paOdOTArOIINH 110 IPUHIUITY BBIACICHHUS U AETEKTUPOBAHUS
YpOBHEH TMajaolieii W OTPaXEHHOW BOJIH, MO MeTo[uKe, omnucaHHoi B [6]. Mcmonb3oBaHHas
M3MEpHUTEIbHasT yCTAHOBKA COCTOMT U3 CIEMYIOIIUX JJIEMEHTOB. OJOK 00paOOTKHM HM3MEPUTEIHHBIX
CUTHAJIOB, TE€HEpaTop Kayalollecss YacToThl, OJOK IMpeoOpa3oBaHuss W OOpaOOTKH MpoLIeAlIen
BoiHEI (B), a Tarke Onmok mpeoOpazoBaHusi M 00pabOTKM majaroeii/orpaxkeHHord BoimHBL (A/R)
(puc. 1).
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Puc. 1. CtpykTypHas cxema U3MEpUTEIbHON YCTaHOBKU
Fig. 1. Block diagram of the measurement setup
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B pesynpTaTe m3MepeHHi MOKazaHo, 4To B auamnazoHe uwactoT 0,7...17 [T 3HadeHus
ko durmenta orpaxenuss IMU mpeanokeHHON sUencToi cTpyKTypbl coctaBuiau —0,5... —1,5 nb
B pexxume xosoctoro xona u —0,5...—4,5 1b B pexxume KOPOTKOro 3aMbIKaHust (puc. 2, &), B TO BpeMsl,
Kak B muamnaszoHe dactoT 2...17 I'Tm ux 3HaveHnus coctaBuimm —2,5... —17 n1b B pexxmme XOJIOCTOro
xoma u —2... —20 n1b 1b B pexxuMe KOpOTKOro 3ambikanus (puc. 2, b).
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Puc. 2. YacrorHsie 3aBucumMoctd ko3 durmenta orpaxkerns MU npeuiokeHHON TYEUCTOR CTPYKTYPBI:
a — B quanasone yactor 0,7...2 I'Tw; b — B quamasone wacror 2...17 I'Tg
(1 — pesxuM XOIOCTOTO X0/1a; 2 — PEXKHUM KOPOTKOTO 3aMbIKAHHS)
Fig. 2. The frequency dependencies of EMR reflection coefficient of the proposed cell structure:
a—intherange0,7...2 GHz; b —in the range 2...17 GHz (1 - the idle mode; 2 — the short circuit mode)

[Tomydens! Tarxoke 3HadeHUs Koddduiuenta nepenaun DMU, koTopple B IMama3oHe 4acTOT
0,7...2ITu (puc. 3,a) cocrapmmu —10... —25 nb, B To Bpems, kak B amamazoHe dactoT 2...17 I'Tm
(puc. 3,b) onu cocraBuiu —4... —12 n1b.

Ha ocHOBe pe3ynbTaToOB CpaBHUTENBHOTO aHANMM3a OJKPAHUPYIOMIAX XapaKTEPUCTHK
MPEUIOKEHHON SYEUCTOH CTPYKTYpHl ¢ ()parMEHTaMH HIIIONPOOUBHOTO  YTIIEPOICOEPIKAIIETO
MaTtepuaia u (OIbTHPOBAHHOTO BCIIEHEHHOT'O TMOJNMATHIICHA C IKPAHUPYIOIMIMMH XapaKTePUCTUKAMU
CIUTOIITHOTO YTIEPOIOCOAEPIKAIIETr0 UTIIONPOOUBHOIO MaTepralia MOKHO CIeNaTh BBIBOA O TOM, YTO
SKPaHUPYIOIIUE CBOWCTBA HM3TOTOBJIEHHBIX CTPYKTYp HE YCTYIMAIOT JKPaHUPYIOIIMM CBOWCTBAM
YTIIEPOIOCOIEPKAIIETrO UTIIONMPOOUBHOTO MaTtepuaia. Tak, s cpaBHEHUs, 3HaueHHs K03 duimenTa
orpaxkeHuss OMMW CIIIONIHOTO YTIEPOIOCOIEPKAIIETO UTIOMPOOMBHOIO MaTepuajia BapbUPYIOTCS
B muanazone —2,0...—29 1b B 3aBUCHMOCTH OT MPOIEHTHOTO COZepKaHUs yriiepoaa, a Ko huimenTa
nepenaun OMU — B muanaszone —6,0...—12,6 1b [7].

Takxxe HE0OXOMUMO OOpaTUTh BHUMAaHHUE, YTO YTrOJIbHBIE BOJIOKHA SIBIISIOTCS OTHOCHTEIBHO
JIOPOT'OCTOAIIMM MATEPHAIIOM, YTO JISIAET HEleIeCO00pa3HBIM MX HUCIOIb30BaHUE JIJIS M3TOTOBJICHUS
AKPaHUPYIOIIUX MAaTEPUAJIOB B YCIOBUSIX KPYITHOCEPUWHOTO IMPOU3BOCTBA.
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Puc. 3. YactorHble 3aBicuMOcTH Kod(huimenrta nepeaadn MU npeniokeHHON SYeUCTOi CTPYKTYpHI:
a— B auanasone yactor 0,7-2 I'T; b — B nuanasone wacror 2—17 I'T1y
Fig. 3. The frequency dependencies of the transmission coefficients of the proposed cell structure:
a—intherange 0,7-2 GHz; b — in the range 2-17 GHz

3akjaoueHne

[lomydeHsl YacTOTHBIE 3aBHCHMOCTH KO3(QQHUIIMEHTOB OTpakeHHs W Tnepemaun OMU
SYEUCTBIX CTPYKTYP € ()parMEeHTaMH HIJIONPOOWBHOIO YIIIEPOACOJIEPKAIIETO HETKAHOTO Marepuaia
Y BCIICHEHHOTO TIOJIMATHIIICHA, TMOKPHITOro amtoMuHueBor (omproit tommuuoi 20 mkm. IlokazaHo,
4TO 3HaYeHUs1 Kod(punmenTa orpakeHuss OMM ykazaHHBIX CTPYKTYp HaxOMsTCSI B JUana3oHe
-0,5...-4,5 1b, a 3nayenus kodpduimenta nepenaun — B auamnaszone —4,0...—25,0 1b (mpu ycnosun,
YTO JUIS M3TOTOBJICHUS CTPYKTYPhI UCIIONB30BaHbl ()parMEHTh MaTepUaoB ¢ JuHoi ot 20 1o 40 MM
¥ IIMPHHOI OT 5 710 8 MM, a pa3Mep sigeeK CTPYKTYphl — 5x5 cm?).

YcraHOBNIEHO, YTO IyTeéM BapbUPOBAaHUS  IPOIEHTHOTO  COAEPKaHUS  yriepoia
B UTJIONPOOMBHOM HETKAHOM MaTepHalleé U FeOMETPUUYECKHX DPa3MepoB (parMeHTOB BCIIEHEHHOTO
MTONTUATHIICHA, TOKPBITOTO AJIOMHUHHEBOH (HONMBroi, MOXKHO MOA00paTh HE TOIBKO ONTHMAaJbHBIE
JNEKTPOMAarHUTHBIE CBOIMCTBA M3TOTABIMBAEMBIX Ha OCHOBE YK3aaHHBIX MAaTEPHANIOB CTPYKTYpP
nokpanoB OMU, HO W [OOOMTBCS CYIIECTBEHHOTO CHW)KEHHS WX CToMMOcTH. Hampumep,
TIPH TTOBBIMIIEHUH COAEPKaHUA YTIIEPo/ia MOXKHO CYIIECTBEHHO YBEIUYUTH KOI(PPHUIIHEHT OTpakeHus,
IIPH 3TOM MaccoradapuTHBIE MapaMeTpbl CYIIECTBEHHO HEe W3MEHATCS. BemnmumHa copepikaHus
MPOBOMAININX BKIIOUEHUH OyAET OmpemensiThCsl TPeOOBaHMWAMHU K JWANa30Hy YacTOT, B KOTOPOM
TOJDKHO O0ecTieunBaThCs HeoOXomuMoe 3HadeHue Kod((HUIMEHTOB oTpakeHus W mepemaun OMU.
Takne cTpykTypsl u 3kpansl OMU He OyayT HYKAATbCA B TPAHCIOPTHOH YMAKOBKE, YTO SBISETCA
erre oJHUM (HaKTOPOM, TTO3BOJIIOIINM JOOUBATHCS CHIDKEHUS X CTOMMOCTH.

Takum  oOpa3oM, TMOIydeHHBIE  pE3yNbTaThl  IMOKa3bIBAIOT, YTO  MPEAIIOKEHHBIE
Y UCCIIEIOBAHHBIC SYEUCTBIE CTPYKTYpPHI C (hparMEHTaMy HETKaHOTO WIJIONPOOWBHOTO IIOJIOTHA,
COJlepXKAallIero yriepogHble I00aBKHA, W BCIIEHEHHOTO TIONHMATHJIEHA MOTYT HCIOIB30BATHCS
IIPY IPOM3BOCTBE PAAHONOTIIOMAONINX MAaTEPUAIOB I dSKpaHupoBanus OMU B nuana3zoHe 4acTort
0,7-17,0 I'Tu. Ilpu mponsBoACcTBe W3AENU KOHEYHOTO TOTPEOJICHUS MPEINIOKEHHBIE CTPYKTYPHI
MOTyT OBITh  WCIONB30BAaHBI ISl CO3MAHWS  YKPBIBHBIX ~ MaTepHANOB CO  CBOOOJHBIM
(hopmooOpazoBaHUEM.
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