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IIpenctaBneHsl  pe3ynbTaThl  HCCIENOBAHUS ~ XApPAKTEPUCTUK  TEpeNadyd W OTPaKeHHs
AJIEKTPOMArHUTHOTO W3IMydeHHss B muamazoHe dbactor 0,7...17 T WrimonpoOMBHBIX IOJIOTEH,
MOJU(UIMPOBAHHBIX IIyTEM MPONUTHIBAHUS CIIMPTOCOJACP)KAIMUMH BOAHBIMH pPacTBOpaMH U
pacTBOpaMH CoJIeH Kaablusl. DKCIIEPUMEHTAIBHO 000CHOBAaHA BO3MOXKHOCTD MCIIOJIB30BAHUS TAaKUX
MIOJIOTEH U1 U3TOTOBJICHUS KOHCTPYKIMM SKPAHOB 3JIEKTPOMArHUTHOTO M3ITyYeHHs CO 3HAUEHUEM
kod(punnenra orpaxenus —8...—101b u koaddunmenra nepemaun no —18 nb B ykazaHHOM
JMana3oHe 4acToT.

Kniouesvie cnosa: Bomocoeprkaliue pacTBOPHI, YTOJbHOE BOJOKHO, 3KpaH 3JIEKTPOMarHUTHOTO
H3IIY4YEHUSI.

BBenenne

IlepcrieKTHBBI HCIONB30BaHMS IEKTPOMATHUTHBIX 3KPAaHOB B BUJE TKAHBIX WM HETKAHBIX
MaTepuajoB CBS3aHBl C pEIIEHHeM JBYX aKyTaJIbHBIX 3a/ay: BBICOKOW paJHOMNOIIIOMIAOLIEH
3G PEKTHBHOCTH M COXPaHEHHs MOTPEOUTENHbCKUX CBOWCTB TEKCTWIIS. [pyrumu cioBamu, TpuaaHue
TEeKCTHJIBHBIM MaTepHaiaM paJroINOIIOMAIOIINX CBOWCTB HE JOJDKHO YXyAWarh HX (u3uko-
MEXaHWYECKUE XapaKTEPUCTUKH. TEXHOJOrMs MNPOU3BOACTBA PAJUONOIIOMAOIINX TEKCTUIBHBIX
MaTepuasjoB, B TOM YHCJIE C HCIOJb30BAaHUEM MPOBOJAIINX 3JIEMEHTOB (METAJUIMYECKHE HUTH,
MHUKPOIPOBOJIOKA CIIEUUATBHBIX BOJIOKOH M JIp.), IO3BOJsieT (HOPMHUPOBATH IOJOTHA 3aJaHHOU
MPOCTPAHCTBEHHON CTPYKTYpPHI, XapaKTepU3yIOLINecs TOHMKEHHON TOpIoYecThI0, OaKTepUUNIHBIMUA U
peNeNIeHTHBIMM CBOMTCBAMH. 3allliTa OpTaHM3Ma dYeloBeKa OT JEHCTBHUS 3JIEKTPOMarHUTHBIX
W3ITy4YeHUH MpeAronaraeT CHIKEHNE UX WHTEHCHUBHOCTH /10 YPOBHEW, HE IMPEBBIIIAIONINX MPEAETHHO
JoIycTHMBle. Paauonornomaromue MaTepuansl W JJIEKTPOMAarHUTHBIE 3KpPaHbl HAa HUX OCHOBE,
MEepBOHAYAILHO TPUMEHSIBIINECS JIUIIE MPH 3al[iUTe 00bEKTOB BOCHHOW TEXHHKH, Mal03aMETHOM s
PaIONIOKAITMOHHBIX CHCTEM OOHAPYKEHUSI, CTaTH d3QPEKTHBHBIM CPEJICTBOM PEIICHUS 3THX MPOOIIEM B
cpeae oburanus udenoseka. lllupokoe mpuMeHEHHWE B MPOMBIIUICHHOCTH M BOEHHOH OTpacid, B TOM
YHCclie TIPHU CO3/IaHUU OJEK[bl, MATEPUAIIOB U KOHCTPYKUMUH IS 3JIEKTPOMAarHUTHOW MAacKHpPOBKH H
3alUThl M3JIEIMA U OOBEKTOB OT TIOMEX, HalllId THOKHE 3JCKTPOMArHUTHbIE SKPaHbl HAa OCHOBE
HETKaHBIX MaT€pPHAJIOB, TKAHEN U TPUKOTaXA.

Lenbto Hacrosimeid pabOTBl SBISETCS MCCIEAOBAHUE HKPAHUPYIOIIUX SJIEKTPOMArHUTHOE
W3Iy4eHHe MaTepHajoB, MOJYyYEHHBIX IyTEM BBEIEHHUS JBYX BHJIOB BOJOCOEPIKAIUX PACTBOPOB B
WTIIONPOOVBHBIE TOJNOTHA, COJAEP)KAINe YTOJbHBIE BOJIOKHA, M pa3paboTKa pPEeKOMEHAAHMH M0 HX
HCIIOJIb30BaHUIO.
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O06ocHOBaHMe IPOBeIEHUS] UCCIENOBAHMNM

Hccnemyemoe HeTKaHOE HTONBHONMpPOOWBHOE ToJOTHO HAa 70 % cocTOMT M3 MOMUA(UPHBIX
BOJIOKOH ¥ Ha 20 % W3 MOMUIPONUICHOBEIX BOJIOKOH. OCHOBHOE OTJIMYHE ATOTO IOJIOTHA B TOM, UTO
OHO B CBOEM COCTaBE COAEPKUT yroibHoe BojokHO YI'LIB-1-P (10 %). Tonmuaa monoTHa COCTaBIsET
4,7...6 MM, moBepxHOCTHass miaoTHOCTH — 250...305r/M% JlaHHBIA MaTepuan oONagaeT HU3KOH
MIPOYHOCTHIO, BBICOKOH TIMIPOCKONMMYHOCTBIO, a TaKKe HE HAKaIUIMBAeT OJJICKTPHUUCCKUN 3apsj.
HeTrkanoe WroapbHONPOOWBHOE TOJOTHO SIBIIICTCS JKPAHUPYIOUIMM 3JICKTPOMATHUTHOE W3IYYCHUC
MaTepuaioM, KOIPQUIMEHT mepeiadd  JJISKTPOMArHUTHOTO  M3JIYYCHUS  JUII  HETKAHOTO
UrOJILHONPOOMBHOIO II0J0THA IUIOTHOCTBIO 305 /M2 U Tommuuoi 4,7 mm coctasuser 0...—4,2 1b B
muanasone gactoT 0,7...21Tu u —1...-9,6 1b B amamazone vactror 2...17 I'Tn. JaHHbI MaTepua
MOJXKET UCIOJIB30BAaThCS B KaYECTBE DKPAHOB JJICKTPOMATHUTHOTO W3JYYCHHsI B BHJIE CTPOUTEIBHBIX
KOHCTPYKIIUH, 3IEMEHTOB UHTEPbEPa U 3AIUTHOH OJICHK/IBI.

Hcmonp30BaHue BOAOCOACPIKAINUX HAMOJIHUTEICH IO3BOJISIET MOAU(DHUIMPOBATH MaTepHall
AJICKTPOMAarHUTHOTO OdKpaHa. [IpoBeJcHHBIC WCCIENOBAaHMUS TIO3BOJISIOT YCTAHOBUTH HM3MCHCHUS
ANEKTPOPU3NICCKUX CBOWCTB DKPAHOB B IMPOIECCE UX OIKCIUTyaTalldd B YCJIOBUSAX TIOBBIIICHHON
BIKHOCTH U IPYTUX HEOIArOMPHUATHBIX YCIOBUI SKCILTyaTaIlHH.

MeTO}II/IKa MNPOBEACHUSA IKCIICPUMEHTA

HUrnonpoOuBHON BOJOKHUCTHIM Marepuan mnponuTeBanu 45%-m BomHbIM pactBopoM CaCl
(obpaszerr Ne 1) u antudpuszom «Assicka» (odpasen Ne 2). Beibop 45%-ro BomHoro pacteopa CaCl;
00YCIIOBJIEH COXPAaHCHHUEM BJIarOCOACPXKAaHUs B MPOMHUTHIBACMbIX MaTepuanax [1]. Beibop antudpusa
00YCIIOBJIEH BO3MOXKHOCTBIO €r0 PAaBHOMEPHOI'O PACIpENeNICHUs] B MEKBOJIOKOHHOM IPOCTPAHCTBE
oOpasma. MccnemoBaHume XapaKTepUCTHK OTpakeHUs W mepemaun OMMU B mmamazome 0,7...17 I'Tn
00pasIoB MPOBOAMUIIOCH C ITOMOIIBI0 m3MepuTenpHOro komiuiekca SNA 0,01-18, cormacHo meronuke,
npe/ICTaBICHHOII B [2].

CocTaB BJIarocoep:kanero 3KPaHa 3JIeKTPOMATHUTHOTO H3JIyYeHHs
Ha OCHOBE UIJIONPOGHBHOIO BOJIOKHHCTOIO MaTepuaia

Howmep obpasna PactBop YBemnuenne mMaccsl, %
Ne 1l 45%-i1 Boaueii pactBop CaCl 50
Ne 2 Antndpus «Assickay 30

Pe3yabTaThl 1 UX 00Cy:KIEHUE

Ha puc. 1 mpencraBieHbl 4acTOTHBIE XapakTepUCTHKH KodhdunmeHTta mnepemaun OMU B
muana3zone wactor 0,7...17 I'Tu oOpa3ioB Ha OCHOBE HUIJIONPOOWBHOTO BOJIOKHHUCTOIO Marepuala.
[TokazaHo, YTO 4YAaCTOTHBIC XapPaKTEPUCTHKM HMMECIOT DPAaBHOMEpHBIN xapaktep. [lyns oOpasma Ne 1
koadp¢unment mnepemaun OMU cocraBun —12,9...-17,3 nb B numanazone wacror 0,7...2ITm wu
—10...-21 nb B mmanazone dactotr 2...17 ['T1. ns obpaszma Ne 2 BenwuuHBI YKa3aHHOTO Iapamerpa
coctaBuH coorBercTBeHHo —4,8...—7,8 n1b u —8...-12 1b.
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Puc. 1. YacToTHas 3aBUCHMOCTH KO3 PHIIMEHTa MIEPeIadn BIaroCoIepKaIero SKpana
JJIEKTPOMATHUTHOTO M3JTYYEHHsI Ha OCHOBE MTJIOTIPOOHBHOTO BOJOKHUCTOIO MaTepHaia B
muranaszone yactor 0,7...2 I'Tu (a), 2...17 T (6)

Ha pwuc. 2 mpencraBnena 4acToTHas XapakTepucTUka koddduumeHta otpaxkenus IMU ot
MOBEPXHOCTH 00pa31oB B Auanazone yactot 0,7...17 I'Tn. 3nauenus koaddunuenra orpaxenuss SMU
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oOpasna Ne 1 n3mensitores B uatepBaie —0,3... —1,8 nb B quanazone yacrot 0,7...2 I'T'1 u B uHTEpBaIC
—4,2... -16,4 nb B muanazone yactoT 2...17 I'Tu. YacroTHas xapakTepucThka oOpasma Ne 2 umeeT
pE30HAaHCHBIN  XapakTep, npu d>ToM Kodddumument oTpaxkenns OMM wuMeer 3HAUYCHHS
-2,1...-11,3 b B auamasone yactoT 0,7...2 [Tuu —1,6... 21,4 1b B guanazone gacror 2...17 I'T'11.
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Puc. 2. YacToTHast 3aBHCUMOCTB KO3 (HUIHEHTa OTPasKEHHSI BIIAr0COACPIKAIIETro KpaHa
3JIEKTPOMAarHUTHOTO M3Iy4EHH Ha OCHOBE UTJIONPOOMBHOTO BOJOKHUCTOTO MaTepHala B
nuanasone yactor 0,7...2 I'T (a), 2...17 I'T'u (6)

Ha puc. 3 mpexncraBnena yactoTHas XapakTepucTuka kodddumuenrta orpaxkenuss MU ot
MOBEPXHOCTH 3aKPEIUICHHBIX Ha METAJUIMYEeCKUX TMOAJOKKaxX o0Opa3loB B JHana3oHe YacToT
0,7...17 I'T'u. YacTtoTHas XapakTepucTHKa KO3 (DUIIMEHTa OTPAXKECHUSI PABHOMEPHO YOBIBAET C POCTOM
gactoTel. s obOpasma Nel kosddurnuent orpakenus DMU B mmanmazonax gactor 0,7..2 [T u
2...17 I'Tu m3menHsiercs cootBercTBeHHO B mHTepBanax —0,4... —2,9 nb u —2...-8,7 nb, ansa obpasma
Ne 2 B untepBanax —0,4... -8,4 nbu—1,7... -15,5 nb.
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Puc. 3. YacToTHast 3aBUCHMOCTE KO3()(PUITMEHTa OTPAKEHUS 3aKPEIUIEHHBIX Ha METAJUTHIECKON
MO/IIOKKe 00pa3ioB Ha OCHOBE UTIIOMPOOHBHOTO BOJOKHHUCTOTO MaTepHaia B AUAMA30He YaCTOT
0,7...21Tu (a),2...17 T (6)

Takum o0pazoMm, MoAMGUIMPOBAHHE WIIONPOOUBHBIX TIOJOTEH ITyTeM BBEIEHHS B HHUX
BOJIOCOJICPIKAIMX KOMITOHEHTOB IMO3BOJISIET YMEHBIIMTh 10 —16 16 (B ciiyyae WCMONB30BaHHS IS
MPOMKTKU COJiel Kanblius) U 10 — 8 nb (B ciy4yae MCIOIb30BAHUS IS MPOMUTKH CITUPTOCOCPIKAIINX
BOJIHBIX PacTBOPOB) 3HaueHUs ux Kod(h¢unmenta nepeaayrn MU B auanazone vacrot 0,7...17 I'To.
[Mponutka aHTHQpU3OM MMO3BOJNSET CcHOPMUPOBATE OOpa3lbl ANEKTPOMATHUTHBIX JKPAaHOB C
koadumenTom orpaxkenus no —8,5 nb B mgmamazone wactor 0,7...2 I'Tm (pe3onHanc Ha wacToTe
1,8 Tu). Ilpu stom cranmapTtHeie (0e3 NPOMUTKH) 0Opas3lbl B JAaHHOM YacTOTHOM JMara3oHe
XapaKTePU3yIOTCS BEIMYMHON YKa3aHHOI'O Mapamerpa, cocrasjstoriero —2...—3 n1b. UrnonpoOuBHbIe
MIOJIOTHA, MPOIUTAHHBIE BOJHBIMUA PAacTBOPAMH XJIOPUCTOTO KAJBIIWS, XaPaKTEPU3YIOTCS BEITUYNHON
koad¢umenta orpaxenus OMU —3...—6 nb B muanazone wacror 0,7...17 I'Tm, 4ro MoxxeT OBITH
CBSI3aHO C IMOBBIIICHHBIM COJIEPKAHUEM CONM B pacTBope (TIOBBIIICHUEM JIIEKTPOIPOBOIHOCTH
MOJIUPHUIHMPYEMOTO MaTepHaa).

BapuanTbl UCHOIB30BaHHMA HCCIIEIyeMBIX O0Opa3lOB B KAadeCTBE JIIEMEHTOB KOHCTPYKIUI
BO3MOJKHBI ITPU MX T€PMETH3AIMH JIABCAH-TIOJIMATUICHOBBIMH TUICHKAMH METO/IOM 3anauBanus [3].

3akiIo4yenne

Ha ocHoBaHMM pe3ynpTaTOB HCCIENOBAHMSA MOXHO CHENaTh BBIBOABI, YTO IIOJYYEHHBIE
MOIU(HUIMPOBAaHHBIE 00pa3lbl COAEPXKAIIUX YrOJbHBIE BOJOKHA HIJIONPOOMBHBIX MOJOTEH
xapakTtepu3ytorcs koddduimentom nepenaun o —18 16 u koadpdunmentom orpaxenus IMU no
—16 nb (pu UCNONIB30BAaHMH METAILIMUECKOrO OTpaxkaTensi) B nuamnazone yactoT 0,7...17 ['Tu. Takum
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o0Opa3oM, IMomajaHue BIArocoJICpXKalluX CpeJl B TaKWe TOJOTHA HE MPHUBOAWT K 3HAYUTCILHOMY
W3MEHEHUIO XapaKTepUCTHKH oTpakeHns OMU takumum marepmanamu. llpeanoskeHo MCHOIB30BaHHE
TaKuX MOJU(UIIIPOBAHHBIX MTOJIOTEH B KaYECTBE HIEMEHTOB JIEKTPOMATHUTHBIX SKPAHOB MIPH yCIOBHUH
HX TePMETU3AIINH.

MODIFICATION BY THE WATER SOLUTIONS
OF CARBON-CONTAINING NEEDLE-PUNCHED FABRICS
FOR ELECTROMAGNETIC RADIATION SHIELDS

V.A. BOGUSH

Abstract

Research results of electromagnetic radiation transmission and reflection characteristics in the
frequency range 0.7...17 GHz of needle-punched webs modified by impregnation with solutions
containing alcohol and calcium salts are presented. The possibility of such fabrics using for the
manufacture of electromagnetic radiation shields constructions with the value of the reflection
coefficient —8...-10dB and transmission coefficient to —-18 dB in this frequency range is
experimentally demonstrated.

Keywords: water-containing solution, carbon fiber, electromagnetic radiation shield.
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