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HccnenoBaHo BIMSHUE COCTaBa MHOTOCIOHHOM KOHCTPYKIIMH [UISl PE30HAHCHOTO ITOTJIOTUTENS Ha
XapaKTePUCTUKN HKPAaHUPOBAHUS AJIEKTPOMArHUTHOTO W3IY4CHHS B AHMANAa30HE YacToOT
1,0...17 I'Tu. IlokazaHo, 4YTO NPONHUTKA TKaHBIX IOJIOTEH PAacTBOPOM KHUIKOTO IOJSIPHOTO
JVJIEKTPUKa TPHUBOJUT K M3MEHEHUIO YCIOBHI COTJIACOBAHUS BOJIHOBOTO COMPOTHBIICHUS
Marepuasia U CBOOOIHOIO MPOCTPAHCTBA, CHIDKEHUIO Kod(uimenTa orpaxenust 10 —18...—4 nb u
CABUTY XapaKTEPUCTUKU B 00JIaCTh HU3KUX 4yacToT 2,7...6,45 I'T.

Kniouegvie cnosa: pe3oHaHCHBIE MOTJIOTUTENIH, HAHOCTPYKTYPUPOBaHHBIH (eppoMarHUTHBIH
MHUKPOIPOBOJ], MHOT'OCJIOIHbIE KOHCTPYKIIHU.

BBeaenne

[lornoturenu  PAEKTPOMATHUTHBIX  BOJH  HPUMEHSIOTCS B CaMbIX  Pa3jIMYHBIX
cdepax: MaCKUPOBKa BOCHHOH TEXHUKH OT PATUOJIOKALMOHHOTO OOHApy>KeHHs, IPEAyNpesKIeHUE
HECaHKIIMOHUPOBAHHOTO CheMa HMH(OpMAIUU IO 3JIEKTPOMArHUTHOMY KaHally, pellieHHe MpoOieM
3JIEKTPOMArHUTHOH  COBMECTUMOCTH  PAIMO3JIEKTPOHHOW  ammapaTypbl, pelieHue  IpodiieM
OMOJIOTHYECKON  JJIEKTPOMArHUTHOW  Oe30macHOCTH  (3alqUra  OpraHu3Ma  d4ejoBeKa  OT
aneKTpoMarHuTHoro usiyueHuss (OMU) OpOMBINIICHHBIX M OBITOBBIX HMCTOYHHKOB MEAMIIMHCKHE
MPUOOPHI, BEIUMCIIUTENbHAS TEXHUKA U T.11.).

B mocnennee BpeMsi B KauecTBe MaTepHaliOB Ul CO3AAaHUS KOHCTPYKLHMH SKPaHOB U
MOTJIOTUTENEN  3NEKTPOMAarHUTHOTO  M3IIyYEHHUS  HCIOJB3YIOT  KOMIIO3UTHI,  COJAEpIKallie
ANEKTPONPOBOSIIME WM (PeppuTOBbIE YacTHIBI CYOMHUKPOHHBIX pa3mepoB. llepcrieKTHBHBIMU
METO/aMH CO3JaHUS TAKHX MAaTEPUAIIOB SIBJISIOTCS POPMUPOBaHNE HAHOKPUCTAJUTMIECKOH CTPYKTYPHI
B IIOJIMMEPHOH MaTpuLe M HCIOJb30BAaHHE BOJOKHHCTBIX MaTepHalioB. lcciemoBanus B 00J1acTH
pa3paboOTKH, CHHTE3a U CTPYKTYPHBIX CBOMCTB BOJIOKHHCTBIX MaTEPUAIIOB OCOOCHHO aKTyallbHBI C
TOYKHU 3pEHHS MPAKTHYECKOTO MPUMEHEHHS], IOCKOJIBKY ITO3BOJISIIOT PEaTn30BaTh TMOKHE MOAYJIbHBIE
KOHCTPYKILUH SKPAHOB JIEKTPOMArHUTHOTO M3JIyYCHHUS.

O6ocHoBaHMeE MPOBEIEHUS UCCTETOBAHMUS

N3 Bcero MHOTO0OOpa3wsi MaTEPHAIIOB, MPUMEHSIOIIUXCS U1 SKPAaHOB | TorjoTureneit MU,
MOKHO BBIICIUTH COCTaBbl Ha OCHOBE COCIAMHEHHH >Keie3a M JAPYTMX METalioB, 00JajaroIiux
MarHUTHBIMHU TIOTEPSIME — (heppOMArHETHKU U (PEeppUTEHI.

Oddexr mnornomenus OMU  deppomarHeTnkaMu CBS3aH € SIBJICHHEM E€CTECTBEHHOTO
¢deppomarautHoro pesonanca (EDP), mpu KOTOpOM NpPOMCXOAMT B3aMMOJICHCTBHE NEPEMEHHOTO
OMII ¢ cymMMapHBIMA MarHUTHBIMH MOMEHTAaMH MaKpOCKONMHWYECKHX 00beMoB BemecTBa. [Ipu sTom
noyioxenne EDP Ha 4acTOTHON OCH 3aBHCHT OT XHMHUYECKOTO W (pa30BOTO COCTaBa Marepuaia, ero
CTPYKTYPHBIX 0COOEHHOCTEH.

Hdns skpanupoBanuss OMUM marHuTHble MaTepuanbl MOTYT TNPUMEHATHCS Kak B BUIE
CIICYEHHBIX KEPAaMUYECKUX IUIMTOK, TaK U B BHJIC HAIOJHUTENEH, KOTOpbIE PACIpPENEISIOTCS B
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JIMDJIEKTPUYECKOM MaTpHIlE — pasIMYHBIX IMOJMMEpax, pe3uHax, Kaydykax [1-4]. MsrorosieHue
MHKpPOIIPOBOJIa U3 (pepPOMATHETHKA M BBA3BIBAHHE €T0 B CTPYKTYPY TKAaHH IO3BOJISIET 3HAYUTEIHHO
YBEJINYHUTH TEXHOJIOTUYHOCTD, THOKOCTh U MEXAHUYECKYIO TIPOYHOCTH MOTYyIaeMbIX KOMITO3HITHOHHBIX
Mmatepuaios (puc. 1) [5, 6].

d
Puc. 1. DnexTponHas MUKpooTorpadus CTpOSHUSI HAHOCTPYKTYPHOTO (heppOMarHUTHOTO
MHKPOTIPOBO/IA B CTEKIISIHHOM H30JIAIMHU (JUTHHA MacITabHOTo MmTprxa Ha cHuMKe —20 MKM) [5]

BBGI[eHI/IC B COCTaB KOMITIO3UIIMOHHBIX MATCPUAJIOB KOMIIOHCHTOB C PC3UCTUBHBIMU U
MUDIIEKTPUYECKAMHU TOTEPSMHU  ITO3BOJIICT YBENWYUTh AS((EKTUBHOCTH W PACIIUPUTH pabouuit
JMana3oH 4acToT paauonorioturesieii IMU ¢ MarHUTHBIMU BKITFOUeHHAMHE [ 7-9)].

B PE30HAHCHBIX IMOTJIOTUTEIAX HCIIOJIB3YCTCA MCXAaHHW3M KOMIICHCAMU IaJarolnuX BOJIH U
BOJIH, OTPaXXCHHBIX OT IMPOBOMSIINX, TOIYIPOBOISAIINX IMOBEPXHOCTEH W MPOCTO TPaHHIl pasierna
BO3IyX-MaTepuad C TOoTepsMH. PaccTosHHE MeEXIy OTPaKaIOMMMH ITOBEPXHOCTAMHU IOJDKHO
COCTaBIISITh 4ETBEPTh JUIMHBI BOJIHBI M3NIydeHHs (B CBOOOAHOM MPOCTPAHCTBE, €CIH MEXIY
MMOBEPXHOCTSIMU HAXOJIUTCS BO3AYX, WK ECIIH MPOCTPAHCTBO 3AMOJIHCHO AUICKTPHUKOM ).

MeToanka npoBeaeHHs IKCIePUMEHTA

Beutn paspaboTaHbl ¥ UCCIeIOBaHbI 00Pa3Ibl SKPAHUPYIOIIUX MHOTOCIOWHBIX KOHCTPYKIIHH,
COCTOSIIIME U3 CJIOS Marepuaja ¢ MarHUTO-AURJIEKTPUYECKUMH TOTEPSIMH, MPOMEKYTOUYHOTO MU
METaJUTU3UPOBAHHOTO CIIOEB (pHUC. 2).

Jnst 3TuX 1eneil MCHonb30BAIMCH 00paslbl SKPaHUPYIOIIMX MaTepHaloB B BHUAE TKaHBIX
NOJIOTeH TommmHOW 0,5 MM C BIUIETEHHBIM (PepPOMAarHUTHBIM MHUKDPOIPOBOJOM. TKaHb BKIIOYAET
HUTH, BBIMOJHEHHbIE W3 HAHOCTPYKTYPHOTO (PeppOMAarHUTHOTO MHKPONPOBOAA B CTEKIISTHHOM
m3onsanuu, Kotopble ckpydersl mpu 100...800 kp/M ¢ OCHOBHBIMH W YTOYHBIMH HHTSMHU U3
HATYpPAIBHBIX W/WIIM XUMAYECKUX BOJOKOH U cocTaBisitoT 1,0...3,2 % oT MOBEpXHOCTHOM TIOTHOCTH
TkaHu [10]. AMOpPQHBII HAHOCTPYKTYPHBIH (PeppOMArHUTHBIA MUKPOTIPOBOJI B CTEKIITHHON H30JISIIIUU
cocrout u3 (peppomarautHoro cruiaBa Fe, Co, Ni m meramounna B, Si, C. B Hm3K04acTOTHOM
muarnasone 30...100 MI'1t ocitabnenne D9MMU takoii Tkansro coctasisieT 20...40 ab.

B xadecTBe MpoMeXyTOUHOTO CJIOSI TPUMEHSJICS BCTICHEHHBIM caM03aTyXaloIINi MOIUITHIIEH
C 3aKpBITHIMU BO3AYLIHBIMHU [IOPaMH, C OZHOM CTOPOHBI MOKPBITHIN aTIOMUHHEM BBICOKOTO KadecTBa,

TOJIIHMHON 14 MKM U ynctotoi 99,4 %.
IIpomMeskyTOUHBII
6a30BBIii cJ10ii

TxaHoe NMOJOTHO €
¢eppoMarHUTHBIM
MHKPOIPOBOIOM

| MeTaaM3upoBaHHBII
CJI0H

3J]eKTpOMal'Hl/[THOC
H3Jy4YeHHe

Puc. 2. Cxema MHOTOCJIOMHON KOHCTPYKIMA
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HccnenoBanne 3KpaHUPYIONIUX XapaKTEPUCTUK 00PA3II0B PE30HAHCHBIX MOTIOTUTENEH B BUJIC
OJTHO- ¥ MHOTOCTIOWHBIX KOHCTPYKIMH pa3IvyHON TONIIMHBI TPOBOJWIOCH B JHANAa30HE YaCTOT
1,0...17,0 I'T1. Onucanne CTPyKTYPHI IKPAHUPYIOMINX KOHCTPYKITHH MTPEICTABICHBI B TAOIHUIIE.

Onucanue 00pa3LoB IKPAHUPYIOLIMX TPEXCJIOHHBIX KOHCTPYKIMI IUIs1 PE30HAHCHOI'0 NOTJIOTHTEJIS

Ne o6pazua OnucaHue KcrepruMeHTa Tonuura, PactsopHbili
MM HAIOJHUTENb
Okcnepumenr 1
1 TKaHOE TTOJIOTHO / HpOMemyTvo'iHbiﬁ cIoit / 20 3
METAIM3UPOBAHHBIH CIIOH
2 TKaHOE TTOJIOTHO / HpOMemyTvo'iHbiﬁ cioit / 20 45% mass. p-p
METAIM3UPOBAHHBIH CIIOH IIEJI0YHO3EMENBHOT0 MeTallIa
OkcnepuMenT 2
3 TKaHOE MOJIOTHO / npOMemyTuquI{ﬁ croit / 20 B
METaIM3UPOBAHHBIH CIIOH
4 TKaHOE MOJIOTHO 0,5 —
5 TKaHOE TTOJIOTHO / HpOMemyTOHHbiﬁ cIoit / 50 3
METaUIM3UPOBAHHBIH CIIOH
DKCIEPUMEHT 3
6 TKaHOE TTOJIOTHO / npOMemyTvquLEf/'I cIoi / 50 45% mass. p-p
METaIM3UPOBAHHBIH CIIOH IIEJI0YHO3EMENBHOT0 MeTaslIa
7 TKaHOE TI0JIOTHO 0,5 45% mass. p-p
IIEJI0YHO3EMENBHOT0 MeTaslIa
8 TKaHOE TTOJIOTHO / HpOMe)Ky’EO‘IHB\I’I\/'I cIoi / 20 45% mass. p-p
METAUIM3UPOBAHHBIH CIIOH I[eJI0YHO3EMENILHOr0 MeTalIa

W3mepenne SKpaHUPYIOIIMX XaPaKTEPUCTUK BBHINOJHSIIOCH B MAaHOPAMHOM  PEXHME
mmeperanss KCBH u ocnabnenus. KamnOpoBka mprOOpOB OCYIIECTBISIACH BO BCceM pabodeM
JUana3oHe 4acTOT MO CTaHIapTHOM METOAMKE TOCNE YCTaHOBKHM JMAala3OHa KadaHUs YacTOThI U
YPOBHS MaJIal01IENR MOITHOCTH.

Onenka 3(QQEKTUBHOCTH SKPaHUPOBAHHUS YPOBHA  JJIEKTPOMATHUTHBIX  W3TY4YECHHUH
UCCIIEyeMbIX O00pa3loB MPOBOJIWIACH B JIA0OPATOPHBIX YCIOBUSX C IMOMOIIBI H3MEPUTEIHHOTO
kommiekca SNA 0,01...18 B guamazone yactoT 0,5...18 [T, BEIOpaHHOM € y4eTOM JaibHEHIIEero
NPUMEHEHUS SKPaHOB JIEKTPOMArHUTHOTO H3ITyUCHHUS.

B xone uzmepenuii ncciemgyemble 00pa3ibl SKPAHUPYIOIIUX TPEXCIOWHBIX KOHCTpYKuuid 1-8,
OMMCaHWE KOTOPBIX TMPHUBEJACHO B TaONHIe, 3aKpeIUBINCh MEXKAy (QIIaHIeB BOJIHOBOJOB
M3MEPUTENFHOIO TpakTa, Kak II0Ka3aHO Ha puc. 3. M3MepeHHs NpoBOAMIIMCH KaK OTAEIBHO
YCTAHOBJICHHOTO 00pasla dKpaHa, TaKk M o0pasla dKpaHa ¢ METAIMYECKHM OTpaxareneM. B xome
U3MEpeHM ObUTM IMOJIyYeHBbI YaCTOTHBIC 3aBUCUMOCTH KO3(QQHUIMEHTOB nieperaaun S21 (1Mo Moy
paBeH 3HAUEHHIO OcTa0IeHUs AIEKTPOMArHUTHOTO U3IyUeHHsT) B oTpaxkenus S11 .
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Puc. 3. Cxema yCTaHOBKHU B pexXUMe U3MepeHHs ociiadiienus MU

97



http://slovari.yandex.ru/thickness/en-ru

Oobcy:xaenne pe3yJbTaToB

YacToTHBIE 3aBHCHMOCTH KOd(h(HUIMEHTa OTpakKeHus W ociadmermss OMM  ommcaHHBIX
00pa3IoB SKPAHUPYIOMINX KOHCTPYKIIMIA MPEICTaBICHBI Ha pUC. 4.

B nmanazone uactor 3...17 nb HaOmomaeTcsi CHWXKCHHE BEIWYHMHBI ociabienus DMU ¢
MOBBIICHUEM YacTOTHl T Bcex oOpasmoB. Ocmabmenne DM BomocomepkamuMu 00pa3mamMu
NpPEBhIMACT BEIHYHHY ociabneHuss DM HCXOAHBIMM TKaHBIMU TIOJOHAMH € (heppOMarHUTHBIM
MUKpoIpoBozioM Ha 2...3 nb. Kak moka3pIBaloT pe3ynbTaThl H3MEPEHUM, MPOIMUTKA TKAHBIX MOJIOTCH
pPacTBOPOM JKHJKOTO IOJIIPHOTO IMIJICKTPUKA MPUBOAUT K W3MCHEHUIO YCJIOBUM COTJIACOBAHUS
BOJTHOBOTO COTPOTHBJICHUSI MaTepuana W CBOOOTHOrO MPOCTPAHCTBA, CHWKEHHIO KOd(h(uImeHTa

oTtpakeHus A0 —18...—4 1b u cABUTY XapaKTEePUCTHKHU B 00JIACTh HU3KUX 9acToT 2,7...6,45 [T,
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Puc. 4. Dxpanupyromne XxapaKTepUCTHKH OJHO- 1 MHOTOCIOHHBIX KOHCTPYKIUH [T Pe30HAHCHBIX
nornorureneit OMU B nuanazorne 0,7...17,0 [T a — xoaddunmenT otpaxkenus; 6 — ocnabrnerne MU

Uccnemoamocs  mormomenne OMU  oOpa3mamu  3KpaHUPYIONIMX  MHOTOCIIOMHBIX

KOHCTPYKIIHIA /115l PE30HAHCHOTO MOTJIOTHTENs B quana3one yactor 0,7...17,0 I'T (puc. 5).
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Puc. 5. ITornomenue DMU o1HO- 1 MHOTOCIIOMHBIMU 3KPAaHUPYIONTUMH KOHCTPYKIMSAMH JUI PE30HAHCHBIX
nornorutencii OMMU B auanazone yactor 0,7...17,0 I'T1g

Kak crnemyer w3 pwmc. 5, B amamazone 0,5...3 [T nabmiomaeTcst CTaOMIIBHBIN YPOBEHB
noryiomennss OMU Bcemu oOpazmamu u cocraBisieT mopsaaka 45 nb. C yBenM4eHHUEM YacTOTHI IO
17 I'T'y ypoBenb norsorienuss OMU camxaercs 10 15 1b v HOcHT cltaOblii pe30HAHCHEIN XapakTep.

3akiaoyenue

Coznanrie MHOTOCTIOWHOW KOHCTPYKIIMM Ha OCHOBE KOMIIO3MTa C MAarHUTHBIMH TOTEPSIMH
MO3BOJIIET JIOTIOJIHUTEIBHO yMEHBIIATh BEIMYMHY Koddduumenta orpaxeHus a0 —16...-12 nb u
CMelaTh MOJIOKEHHE MHHUMyMa obnacth Hu3koro koddduiuenta orpaxenus Ha 3,9...4,9 T B
3aBUCHMOCTH OT TOJIIHMHBI POMEKYTOYHOTO IHIIEKTPHUUECKOTO ciod. JomonmHuTeNnbHas TpONHUTKa
MIEPBOTO €0 C MAarHUTHBIMHU MOTEPSIMHU JUIIEKTPUKOM TaK)KE€ MPUBOJUT K CMELICHUIO PE30HAHCHBIX
oOmacteit mormoumieHuss OMMUM B 3aBHCMMOCTM OT KOHLEHTPAaLMU pacTBOpa H  TOJLIMHBI
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NPOMEXYTOYHOTO CJOSl AMANEKTpHKAa. TakuM 00pa3oM, BbIOMpas mapaMeTpbl MaTepuaia |
KOHCTPYKIIMH, BO3MOJXKHO IIOJy4aTh XapaKTEPHCTHKY Kod(duieHTa orpaxeHus MmeHee —8 nb B
TpeOyeMoM Jrara3oHe YacToT.

FLEXIBLE MULTILAYER ELECTROMAGNETIC RADIATION SHIELDS
A.A.A. AHMED, T.A. PULKO, N.V. NASONOVA, L.M. LUNKOU

Abstract
The multilayer construction for resonance absorber content influence on electromagnetic

radiation shielding characteristics in frequency range 1.0...17 GHz is researched. It’s shown that
woven fabric impregnation by liquid polar dielectric results to change of wave resistance
harmonization of the material and free space, reflection coefficient reduction to —18...—4 dB and
characteristic shift in low frequency area (2.7...6.45 GHz).
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