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HccnenoBaHo BIMSHHE COCTaBa KOMIIO3UIIMOHHOTO IIOKPHITHSL HAa OCHOBE HOPOLIKOOOPa3HOTO
APEBECHOT'O YIJIA C pa3/IMYHbIMU CBA3YIOIMUMH KOMIIOHCHTAMH Ha XapaKTCPUCTUKU IKPAHUPOBAHUA
3JIEKTPOMArHUTHOTO H3Ny4deHus B jguamnaszone gactor 0,7...17 IT'n. [lokazaHo, YTO HaHECEHHE
pa3p360TaHHOFO KOMITO3UITUOHHOT'O TMOKPLITHA Ha MOBEPXHOCTH KOHCTPYKIUU C NMUpaMHAaIbHBIMU
HEOJHOPOJIHOCTSMH, MIPUBOJIUT K YBEIUICHHIO 3¢ PEeKTUBHOCTH IKPaHUPOBAHUSI
ANIEKTPOMArHUTHOTO M3yueHus B cpeaneM Ha 10...12 1b Bo BceM HCCleyeMOM AUANa30He YacToT.

Kniouesvie cnosa: KOMIIO3UIIHOHHOE IMOKPBITHEC, HOpOLHKOO6paBHBII>i ,Z[peBeCHbIﬁ yroJjb,
KOHCTPYKIHUU C NTUPpaMHUAAIbHBIMU HCOAHOPOAHOCTIAMMU.,

BBeaenne

O¢dhexkTuBHBIM METOAOM CHIDKEHHS _YPOBHS HWH(QOPMAlMOHHBIX CHTHAJOB  SIBISIETCS
9KpPaHUPOBAHWE WX HCTOYHUKOB, KOTOPOE€ 3aKJIOYAaeTCs] B OrPAaHMYCHHH PACHPOCTPAHEHHS
3JIEKTPOMAarHUTHBIX BOJIH B ONPEAEICHHYIO 00JaCTh MPOCTPAHCTBA IyTEM PacCesHUs, IEPEOTPasKEHHS
SHEPTUU DJEKTPOMArHUTHBIX KojeOaHmi u mpeoOpa3oBaHWs €€ B TEIUIOBYI0 DJHEPrHI0 B
IKPAHUPYIONIMX MaTepUaliaX C Pe3UCTUBHBIMHU, THAICKTPUUSCKUMH WIIM MAaTHUTHBIME TIOTepsiMu [1, 2].

AHanmu3 CyIIECTBYIOIIMX KOHCTPYKLIMH 53KpaHOB 3JEKTPOMArHuTHOro usnydenus (OMU)
MOKa3bIBaeT, 4YTO 3()(PEKTHBHOCTb IKPAHUPYIOLIMX YCTPOMCTB ONpPEAEISIETCS BIEKTPUYECKHMHU H
MarHUTHBIMM CBOMCTBaMH MaTepHaja »3KpaHa, KOHCTPYKIIMEH JKpaHa, €ro TeOMEeTPUYECKUMHU
pasMepamMu M 4acToTOW u3nydeHus. OddexTuBHble 3KpaHsl OMU Ha OCHOBE CHHTE3MPOBAaHHBIX
BOZIOCOZICPKAILIMX KOMITO3MLIMOHHBIX MaTepHalIoB 00JaialoT HEOOJBIIMM BECOM M T'HMOKOCTBHIO, a
JNIEKTPOMAarHUTHbIE XapaKTEPUCTUKH KOHCTPYKIMHA 3aBUCAT OT CBOWCTB JAHUCIEPTHPOBAHHOTO
HanoHUTeNs. JI7s nojaBieHuss SJIEKTPOMArHUTHBIX KaHAJOB YTEUKH WHGOPMAILUH, sl 3alIUThI
XKHUIBIX, MPOMBIIUIEHHBIX M BBIIEJECHHBIX IIOMEIIEHUH OT 3JIEKTPOMAarHUTHOTO 3arps3HEHHS,
HEOOXOIMMO CO3[aHNe TPUHINIHAIBHO HOBBIX YHHBEPCAJIbHBIX KOMITO3HIIMOHHBIX IMOKPBITUH IS
KOHCTPYKIIH# sKpanoB DMU, ocaabnstomnux anekrpomarautaoe usnyuenre CBU-auamnasona [3].

O0GocHOBaHME POBeIEHUS] HCCIIEIOBAHMS

IIpu skpanupoBannun OMU uCTONB3YIOTCS TaKUe OCOOSHHOCTH PACIpPOCTPAHEHUS BOJH, Kak
TIOTJIONICHHUE DJICKTPOMATrHUTHOW SHEPTUHM B MaTepuaie W OTPAKCHHUE DJICKTPOMArHUTHOW BOJHBI OT
rpaHnunbl  pa3fgena  nByx  cped.  llormomenue OMMUM  ompenmensiercss  B3aUMOJEHCTBHEM
3JIEKTPOMATrHUTHOTO MOJIS ¢ BellecTBoM Matepuana. [lpu pacnpocrpanenun OMMU Ha rpanuie pasnena
Cpel, XapaKTepU3YIONIMXCS  Pa3IUYHBIMA ~ CBOWCTBAMH  (HalmpuMeEp, pPa3IMdHOE  BOJHOBOE
COTIPOTUBJICHUE METa/Ula M BO3AyXa), SJIEKTPOMArHWTHAS DHEPTUS YaCTHYHO IMPOXOJHUT HYepe3 HUX,
MPOJIOJBKAs PacHpOCTPaHITHCS B HOBOM Cpelle, U YaCTHUYHO OTPAXAaeTcsl OT TPAHMIIBI pa3fena JBYX
cpen, npudeM KOI(PPUIMEHT OTPAKEHHUS 3aBUCHUT OT COOTHOIICHMS BOJIHOBBIX COINPOTHUBJICHHM
CMEXHBIX cpeia. Jlis momaBieHUs 3JEKTPOMATHUTHBIX KaHAIOB YTEYKH WH(OpPMAITUN TPUMEHSIOTCS
Pa3IUYHBIE CIIOCOOBI SKPAHUPOBAHUS HA OCHOBE MAaTEpPHAIIOB, YCTPONCTB M KOHCTPYKTUBHBIX IIPUEMOB,
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CHIDKAIOIIUX 3JIEKTPOMAarHUTHOE U3NydeHue. BaxxHeiMu (akTopamu mpu BeIOOpE MaTepHana 3JeMeHTa
KOHCTPYKLUH 3KpaHa OMMU SBAAIOTCS MMIPOCKONUYHOCTb, XUMHUYECKasi CTOMKOCTh, CMAadMBAaEMOCTb.
Marepuansl A7 H3TOTOBIEHHS 3JIEMEHTOB JSKPAHUPYIOIIMX KOHCTPYKLIMH JOJDKHBI 001ajgaTh
JOCTaTOYHON (PU3UKO-MEXaHHYECKOM U TeMIIepaTypHOH YCTOHYHBOCTHIO [4].

B kauecTBe OCHOBBI TSI KOHCTPYKIMH d3KpaHoB OMMU MmUpOKO NPUMEHSIOTCA HETKaHbIE
MaTepHajibl HAa OCHOBE IIEJUIIOJIO3bI, KOTOPBIE XapaKTEPHU3YIOTCS BIUTHIBAIOLICH CIOCOOHOCTHIO,
BO3AYXOMPOHUIIAEMOCTBIO, TUTPOCKONUYHOCTBIO U JIP., YTO OOYCIABIMBACTCS KAIMJUIIPHO-TIOPUCTHIM
KOJJIOWJHBIM XapakTepoOM HX CTPYKTypbl. IITOTHOCTH UEIUTIONO3HBIX MaTepHalioB BO MHOTOM
ompenensercd (PpakIMOHHBIM COCTaBOM BOJIOKOH (BOJIOKHAa MEHBUIMX pa3MEPOB  3aIOJHSIOT
MIPOMEKYTKU MEXIy OOJIBIIMMHU U TE€M CaMbIM YBEJIMUYUBAIOT IUIOTHOCTh), B MPOMEXYTKaX KOTOPBIX
coJiep)KaTcsl BKIIOYCHHUS BO3AyXa M BOIbl. BcenencTBue 3THX MOPQOIOrHMYECKHX OCOOEHHOCTEH
LIEJITEOJIO3HBIE BOJIOKHUCTBIE MaTEPHAiIbl NMIPEICTABIIIOT COOOH aHM30TPOIHbIE KAIMUIAPHO-TIOPUCTHIE
CHCTEMBI.

CBoiicTBaMH TUTPOCKONIUYHOCTH U THUAPOPHUIBHOCTH 0O0NafaloT YIiIepoAHbIe COpPOCHTHI,
MOJIMMEPBI, IPUPOAHBIE COPOEHTHI, MOPOMETAJITBI, TIOPUCTHIE U KAMMUIAPHO-TIOPUCTHIE MaTEPHAIbI HIIH
ux cMmecu. s peanu3alyMy MOCTABICHHOW LIEMM B paMKax NMPOBOIUMBIX HCCIEIOBAaHHH B KauecTBE
MOPOUIKOOOPA3HOTr0 HATMOJHUTENS JJISl CHHTE3a IKPAHHPYIOMIETO KOMITIO3ULMOHHOTO MOKPBITHS OBLI
MPEJIOKEH TPUPOJIHBIA COPOCHT — JIPEBECHBIA yroJib, SIBISIOMAHCS DKOJOTHYCCKH YHCTHIM
MHUKPOIOPHUCTBHIM BBICOKOYTIEPOJUCTHIM MPOAYKTOM, 00pa3yOLIMMCS MPH IMUPOIN3E APEBECHHBI 0e3
JIocTyna Bo3Ayxa. JIpeBEeCHBI yrojb CIOCOOEH MOIJIONIaTh BPEIHBIE 3JIEMEHTHl B IOMEIICHHH,
yJIydlIasi TEM CaMbIM CAaMOYYBCTBHE YeloBeka [5].

VaenbHas moBepXHOCTh | T yris coctasuser 160...400 M%, oTHOLIEHHE 0OBEMa MOP K 00BEMY
Kycka OepesoBoro yrasi 72 %, emoBoro — 80 %. Bec onxHOro kyOM4yeckoro merpa HAachIIHOTO
a0CONIOTHO cyxoro yrias cocramiser: eiaoBoro 100...120 kr; cocHooro 130...140 xr; Oepe3oBoro
175...185 xr; 6ykoBoro okoiyo 195 kr.

[Ipy mmponmse apeBecHHBI COXpaHSAETCS CTPYKTypa €€ NPOBOIAIIMX TKaHEH, MO3TOMY B
o0pa3yoIeMcsi JPEBECHOM YIJIe MMEETCs OOJIBIIOS KOJHMYECTBO KAMWUIIPOB M TOp, 00JaJaroliux
0O0JIBIIION CYMMapHOH MOBEPXHOCTHIO, YTO CIIOCOOCTBYET €ro OOJIBIION aJICOPOIIMOHHON CITIOCOOHOCTH.
IIpu oOpryHOI TeMIepaType APEBECHBIH Yrojb MOXKET aIcOpOMpOBaTh pa3iHYHBbIC BEILECTBA U3 HX
pacTBOpOB, a TAaKKEe pa3IUuYHBIE r'a3bl, B/TOM 4Yucie WHepTHbIE. IIpn HarpeBaHuM ancopOMpPOBaBILIMMA
BEIIECTBA JPEBECHBIH Yroyib BBIJCISET UX, BHOBb MPUOOpETast COCOOHOCTH ajicopOupoBath. UToObI
YBEJIUYUTh aJCOPOLHOHHYIO CIIOCOOHOCTH YIJIS, €ro AaxkTHUBUPYIOT HarpeBaHueM O0e3 JocTyna
Bo31yxa [2].

JlpeBecHBIii YroJib OTHOCHUTCS K Majo30JbHBIM MaTephajgaM H3-3a OTCYTCTBUSI B HEM
MOCTOPOHHUX XHUMHUECKHX TpuMeced. OH 00JiagaeT BBICOKOH TEIUIOYCTONYMBOCTHIO M Y/AEIbHBIM
NIEKTPUYECKUM  compoTuBieHueM.  llocie  mpokanuBaHMs — yIJIsl  YBEJIWYMBAeTCS  €ro
3JIEKTPONPOBOAHOCTE M 33 / CYET O3TOT0 MOXHO TOJNy4aThb MPOAYKTHl C YCTaHOBJICHHBIMH
JMBJIEKTPUUECKUMU CBOMCTBAMHU.

Huokcun tutana (TiO2) mpexncraBinsier coOoil KpHCTaulbl O€JOro ILBeTa, KOTOpbIE MpHU
NepeMEIIMBaHUN B BOJE JIETKO MENTH3UPYIOTCS ¢ 00pa3oBaHHEM yCTOWYHMBBIX KOJUIOMIHBIX PACTBOPOB.
CrniocobHocTe TiO2 JIerko yAep:KuMBaTh BOJHBIA HAIMOJHHUTENh TIO3BOJISIET HCIONB30BaTh €ro Juis
W3COTOBJICHUS TIOTJIOTUTEJCH  DIIEKTPOMAarHUTHOTO  M3JIyYeHHs,  OONIQJalolMX  BBICOKOM
s dexTrBHOCTRIO. Mcmonp30BaHne Blarocofep Kaliux HAIOJHUTENEH CHOCOOCTBYET YBETHYEHHIO
3G GEKTHBHOCTH TOTJIONMIEHNUS DIIEKTPOMAarHUTHOTO HW3JIy4eHUs, Onarojaps CIIOCOOHOCTH BOJIbI
B3aMMO/JIEICTBOBATH C AJICKTPOMATHUTHBIM H3ITydeHreM. Vcrop30BaHue MOpOIIKa JUOKCH A THTaHA B
COCTAaBE PKPAHUPYIOUIMX MOKPBITUI MO3BOJIAET MOJYYHUTh BEIMYMHY OCHAONEHHUS 3JIEKTPOMAarHUTHON
sHepruu B npenenax 10,0...18,0 1b mpu xo3dpdunuente orpaxxkenns IMU B npenenax —2,0...—6,0 nb
aust quanasona 8...12 I'T [6, 7].

Hcnonb3oBaHue pacTBOPHBIX HAMOMHHUTENEH Pa3IMYHBIX COCTaBOB (C JOOABKOW XJIOPHCTOIO
HaTpUsl, TIMLEpUHA M Jp.) TO3BOJAET PErylIHpoBaTh 3HaueHHE KOXPQPHUUIMEHTA OTpPaKeHHSA IS
KOHCTPYKIIMH C TE€OMETPHUYECKMMU HEOIHOpomHOoCTsMu B mnpenenax -9,0...-21,0nb, a s
KOHCTPYKIUH C IJIOCKOH MOBEPXHOCTHIO B Auanazone —4,0...—7,0 a1b. Micxons U3 CripaBOYHBIX TaHHBIX,
HanOombIell 3Hepruer ruapataluu o0NagaloT COMM Pa3IMYHBIX MeTauioB. [ns crabuibHOrO
yAepKaHusS MOJIEKYJ BOJIBI B KauecTBE OJHOTO M3 KOMIIOHEHTOB pacTBopa ObLI BBHIOPaH KaJbIUi
xnopucteiii CaCly, npencrapnstonuii co00l HETOKCHYHYIO XOPOIIO PACTBOPUMYIO TMIPOCKOITUYHYIO
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https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D1%8F%D1%89%D0%B0%D1%8F_%D1%82%D0%BA%D0%B0%D0%BD%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BF%D0%B8%D0%BB%D0%BB%D1%8F%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B2%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7%D1%8B
https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B5%D1%80%D1%82%D0%BD%D1%8B%D0%B5_%D0%B3%D0%B0%D0%B7%D1%8B
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%B5%D1%81%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C#cite_note-Uch1-2

COlb  IIEeJIOYHO3eMenbHOro Meramia. OOpa3oBaHME XHMUYECKMX CBSI3€H MeXIy HOHaMH
JHMCCOIIMMPOBAHHON COJNM  INENOYHO3EMENPHOTO MeTallla M MOJEKyJaMHd BOJABI HPUBOANUT K
00pa30BaHMIO IKECTKHX COCIUHEHHH, KOTOpbIe MPEISATCTBYIOT HCIApEHUI0 MOJEKYJI BOJBI C
MOBEPXHOCTH U COCTaBa MOPOLIKOOOPAa3HOT0 HAMOJIHUTENS, TEM CaMbIM COXpaHss NMEepBOHAYATLHBIA
YPOBEHb BIIaroco/iep KaHiss KOMIO3UIIMOHHOTO S9KPAaHUPYIOMIETO TTOKPHITHSL.

[ToMHMO BBICOKHX ITOTJIOMIAIOIINX CBOWCTB BOBI, BOAHBIX PAaCTBOPOB, IIPHPOIAHBIX COPOCHTOB
B nuanazone CBY cHmwkenne ko3p¢dunuenTa oTpaskeHus JOCTUraeTcsl TakKe 3a c4eT (OPMHUPOBAHUS
TEOMETPUYECKH HEOAHOPOJHOM IOBEPXHOCTH DHKpaHa, dYTO MPHUBOAUT K BO3HMKHOBEHHUIO
MHOTOYHCIICHHBIX MTEPEOTPaKeHUI B 00beMe 3KpaHa 1 3aTyxanuro sueprun OMU [8-10].

MeTtoauka NMPOBEACHUS IKCIICEPUMEHTA

s peanmu3anuM  MOCTaBJICHHOW 1€MW ObUIM  C(OPMHUPOBAHBI JIBE TPYMIBI. 00pa3lioB
KOMOUMHHPOBAaHHBIX KOHCTPYKLHUM C IUIOCKOH M NUPaMHUIAIBHOH ()OPMOH MOBEPXHOCTH, UL YEro
HCIONB30BAJICS. HETKaHbIM MaTepuall, Ha OCHOBE LIEJUII0I03bI (puc. 1.). [Inomanp ocHOBaHUS 00pa3LoB
nByx rpynn coctasmia 0,4x0,4 M2, BbicoTa MMpaMUAAIBHBIX 3IEMEHTOB KOHCTPYKIHUH (TOJBIX BHYTPH)
coctaBmna mnopsaka 0,45M, dYTro Koppenupyer ¢ pabdo4yuMHU JJIMHAMH BOJIH  pa3paboTaHHOU
KOHCTpyKItuH (puc. 1).

Puc. 1. BHenHui BU OKPHITHSI HA OCHOBE KPACKH «ATHUTEPM» C TIOPOIIKOOOPA3HBIM JPEBECHBIM
YIJIEM Ha LIeJUTI0JIO3HONW OCHOBE C IUIOCKOW U MUpaMUJaibHON OBEPXHOCTHIO

Jns cuHTe3a KOMIIO3UIIMOHHOTO TOKDPBHITHS Ha OCHOBE MOPOIIKOOOPA3HBIX MaTepHalIOB
MPOM3BOAMIM IIOMOJI JIpeBECHOro yriust Ao pasmepa dvactun 30-40 MKM Ha 3JIEKTPHYECKOH
MayorabapuTHOW MeNbHHLE. 3aTeM HpPOM3BOAMIM CMEIIMBaHME Iopomka yrias ¢ 45 macc. %
pacTBOPOM COJIM MIETOYHO3EMENBbHOr0 MeTaiia. JIns yBenWdeHHs IOIJIOIIAIome CroCOOHOCTH
CUHTE3UPYCMBIX HOKpI)ITI/Iﬁ B COCTaB€ KOMIIO3UTa HCIIOJIB30BaJICA )IOHOHHHTGHBHBIﬁ KOMIIOHEHT —
muokcun tutaHa TiOp. [ns IJIACTHYHOCTH MOKPBITUSL B KAdecTBE CBS3YIOLUIMX KOMIIOHEHTOB
WCTIOJB30BAIMCH: BOAHO-AMCIIEPCUOHHBIN COCTaB « ATHHUTEPM), TIOJMBUHUIIAIICTATHBIN KIIEH, MTUICpUH
C3HgOs. KoMMOHEHTHBIN cOCTaB CHHTE3MPOBAHHBIX KOMIIO3UIIMOHHBIX TOKPBITHH TPEACTAaBICH B
TabuLe.

KommnoHneHTHBII cocTaB CHHTE3NPOBAHHBIX KOMIIO3UITHOHHBIX JKP aHUPY O IIHUX HOKleTI/Iﬁ

Hanonuurens Hanonuurens Hanonuurens
Ob6paszen Turm noBepXHOCTH . . .
MIOPOIIKOOOpa3HbIi BOZIOCOAEPIKALIMI CBA3YIOIIHI
. BOJHO-/IUCIIEPCUOHHBIN
Ne 1 IIOCKast JPEBECHBIN yroJib -
COCTaB «ATHHTEPM»
. BOJTHO-JIACIIEPCHOHHBIN
Ne 2 IJI0CKast JPEBECHBIN yroJb 45 macc. % CaClz P
COCTaB «ATHHTEPM»
Ne 3 TUIOCKAsT JpeBecHsblil yroub, TiO2 45 macc. % CaClz riuiepus CsHsO3
Ne 4 ITpaMUJaIbHas JpeBecHbIi yronb, TiO2 45 macc. % CaClz C3HsOs3
Ne 5 MUpaMuaabHast JPEBECHBIN YTOJb 45 macc. % CaClz TIONMBUHHIIALETAaTHBIN KiIei

Ha moBepxHOCTM  00pa3smoB  ABYX TPYIIl  HAHOCWICS  CJIOW  CHUHTE3UPOBAHHOTO
KOMITO3UIIMOHHOTO TOKPBITUSL TONmuHOW 2 MM. [lo BpeMeHH mporiecc 00bEMHOW MOIMMEpU3aIIH
MIOKPHITHST COCTaBisLT OT 10 1m0 24 9 B 3aBUCHMOCTH OT THIIA HKCIIOIB3YEeMOTO CBS3YIOIIETO
HaTMONHUTENA. V3MEpeHus] SKPaHUPYIOIUX XaPaKTEPUCTHK MPOBOJMUINCH C MOMOIIBI0 HU3MEPUTEIIS
Moaysss kodpduuuentoB mnepemaun U orpakenus SNA 0.01-18 B guamazonme 0,7...17,0 I'T.

90



Usmeputens nmeer koakcuanbHbli CBU m3meputenbHblii TpakT cedenueM 7/3,04 MM U pymopHbIE
antennsl OI1-23M. Tlonockl KayaHHs 4YaCTOTBl H3MEPUTENS: MpPU HU3MepeHuH Kod(dumnmeHTa
orpaxenuss S11 — 0,5...3,0ITu u 2...18 'Tu, npu m3mepenun kxodpdunmeHta nepegauun S21 —
0,01...3,0ITy u 2...18 I'Tu. Konu4uecTBO 4acCTOTHBIX TOYEK, B KOTOPHIX IMPOBOAATCA H3MEPEHMS,
cocTaBisieT 256 B KaKJOM U3 YKa3aHHBIX JHAITa30HOB.

O0cy:xneHue pe3yjbTATOB

HccnenoBanuch 3KpaHUpyIOIINE XapaKTEPUCTHKH IBYX TPYHIT 00pa3loB ¢ CHHTE3UPOBAHHBIMU
KOMITO3UIIMOHHBIMU IMOKPBITHSAMH Ha IUIOCKOH (pHC. 3, 4) U mupaMuIaibHOM (puc. 5, 6) MOBEPXHOCTIX
B auamnasone yactoT 0,7...18 I'T'.

Ha ocHoBaHMM Mony4YeHHBIX 3aBHCUMOCTeH ocnabdienuss OMMU oT 4acToThl ObIIIO YCTaHOBIICHO,
4TO0 00pas3Ilbl ¢ MOKPHITHAMHU HA OCHOBE JIPEBECHOTO YIJIS, HAHECCHHBIMU HA IJIOCKYHO ITOBEPXHOCTH B
muamazone 0,7...3,0 ['Tn, xapakrepusytorcs 3HaueHussMu ociabnerns OMU B npegenax ot 0,1 x1b mo
1,516 (puc.2: 1 — oOpasell TNOKPHITHS C HCIOJB30BAHUEM TOPOIIKOOOPA3HOTO HATIOJHUTEIS
(mpeBecHBIN yroyib); 2 — oOpasell MOKPBITUS C WCIOIb30BAaHHEM IOPOIIKOOOPA3HOTO HAMOJHUTEIS
(zpeBecHbIlt yromb), mponutaHHoro 45 % wacc. pactBopom CaClz; 3 — oOpasen mNOKpeITUS €
HCTOJBb30BaHNEM KOMOWHHPOBAHHOI'O MOPOLIKOOOPAa3HOro HAmoJHHUTENs (IpeBecHbI yromb, Ti02),
nponutaHHoro 45 % wmacc. pactBopom CaCly). Ilpu hopmupoBaHur KOMOMHUPOBAHHOTO TOKPBITHS C
ucronp3oBaHueM nopoiuka Ti0; HabmoIaeTes: XapakTepHoe H3MEHEHNE 3HaueHuH ocinabnenus MU B
mpenenax ot 1, b mo 4,0 nb. Ilpu sTom ko3dpdumment orpaxernns IMU s rpynm oOpasioB ¢
HAIOJTHUTEJIEM Ha OCHOBE JIPEBECHOTrO yriisa kojebnercs B mpexaenax —5,0...—30,0 nb B nuamnasone
gactoT 0,7...3,0 ['Tu. Iy rpynmbl 00pa3ioB ¢ KOMOMHUPOBAHHBIM MOKPHITHEM C HUCIOJIb30BAaHHEM
nopotka TiO; HabmomaeTcss U3MEeHEHHs 3HaUeHui Koddduimenta orpaxenuss DMU B cpeaHeM Ha
10,0 ab, uto cooTBeTcTBYeET 3HaUeHMsIM —3,0...—15,0 1b.

B PEKUME KOPOTKOI'0 3aMbIKaHUA Ha6J’IIOI[aeTC$I SHAYUTCIIBHOC YBCIMYCHUC 3HAUCHUI
ko3 dunmeHToB oTpakeHuss DMU He3aBUCHMO OT THIA UCIOJNBE3YEMOTO HAIMOJHHUTENS Ha MIOCKUX
MOBEPXHOCTSIX BCEX TPYII 00pas3lloB U C HCIOJb30BaHHMeM mopoiika 1102 HaXOMATCsA B Mpereax
—0,1...-4,0 nb Bo Bce uccnenyemoM auamnazone yactot 0,7...3,0 [T,

Yacrora,I'T'u Yacrora,l Tu
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Puc. 2. YacToTHast 3aBUCUMOCTb SKPaHUPYIOMINX XapakTepucTHK B quanazone 0,7...3,0 [T oOpasmos
C CHHTE3UPOBAHHBIMH KOMIIO3UIIMOHHBIMH MOKPBITHAMH Ha TUIOCKOM MOBEPXHOCTH: a — ocnabsenne OMU;
0 — ko3¢ punument orpakernss OMU B pexnme corilacoBaHHON HArpy3ku; ¢ — ko3 ¢puuneHt orpakerns MU
B PEKUME KOPOTKOTO 3aMbIKaHUS

C pocroMm 4acTOThl HAOJIOAAETCSA YBEJIWYCHHE 3HAYCHUH BeNW4YMHBI ociabnenus OMU Ha
2,0...4,0 nb nmust Bcex rpynm 00pa3loB ¢ IJIOCKOW MOBepXHOCTHIO (puc. 3: 1 — oOpasern MOKphITHS C
WCIOJIb30BAaHUEM TOPOIIKOOOPA3HOTO HAIOJHUTENS (JIPEBECHBIH yroiib); 2 — o0pasell MOKPBITUS C
WCIOJIb30BAaHUEM ITOPOIIKOOOPA3HOTO HAIOJHUTENS (JAPEBECHBIN yroib), mpomuTaHHoro 45 % macc.
pactBopoM CaCly; 3 — oOpasel] MOKPHITHS ¢ UCIIOJIb30BAHHEM KOMOMHHUPOBAHHOTO MOPOIIKOOOPA3HOTO
HarnolHUTENs (ApeBecHbIN yroib, Ti0), mpomutanHoro 45 % wmacc. pactBopom CaCly). Tak, B
muanazone vactor 7,0...10,0 I'Tu 3nauenwe BenwumHbl ocnabineHus OMU s rpymnm oOpas3ios ¢
HAIIOJTHUTEJIEM Ha OCHOBE IPEBECHOTO yIiia cocTaBisier mopsiaka 1,0...3,0 nb, Torma kak mpu
HCIIONb30BAaHNKM KOMOMHHPOBAHHOTO HAMOJMHMTENS ¢ jgobaBienueM mopomka T1i0, B cocTas
JPEBECHOTO YIJIA, YCTaHOBIEHO, uTo B auamnazoHe 7,0...17,0 I'T'n 3HaueHWe BeMWYHMHBI OclnaOiIcHHS
OMMU cocrasnser nopsaka 4,0...8,0 ab. Ilpu sToM 3Ha4yeHus kosdduuuenta orpaxenus SMU npu
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yBermdeHun 4actoThl coctaBisitoT —0,1...—20,0 nb ans mepeeix AByx rpymm o6pasuoB u —2,0...—10,0 n1b
JIUISE TPYTIITHI 00Pa3IoB ¢ KOMOMHUPOBAHHBIM MTOKPHITHEM Ha OCHOBE JipeBecHOro yriisi u T10y.
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Puc. 3. YacToTHas 3aBUCMOCTb 9KpaHUPYIOIINX XapaKTepucTHK B auanazone 2,0...17,0 I'Tu o6pa3zuamu
C CHHTE3UPOBAHHBIMU KOMIIO3UIIMOHHBIMH MOKPBITUSAMH Ha IUIOCKOH OBEPXHOCTH: ¢ — ociiabyneHue OMU;
6 — ko3 punmeHt orpakernss IMU B pexxrMe coriiacoBaHHOW Harpy3ku; ¢ — k03 GuuueHt otpakerns MU
B PEXKHUME KOPOTKOTO 3aMbIKaHHsI

s obecrieyeHns: HAMMEHBILETO OTPAXKEHUS OT BHEIIHEH MOBEPXHOCTH 00pasLia, 0OpaleHHOM
K uctouHnky OMU, TpebOyercss peann3oBaTh IIABHBIA MEPEX0/ BOJHOBBIX XapaKTEPUCTHUK OT BO3AyXa
K paboueMmy Matepuaidy dKpaHa. s 3tux 1enedt oOpasily mpumaercs CTpykTypa win (opma,
yBeJIMYMBAOIIasg ero akTUBHYIO TMOBEpXHOCTh. [lajmas Ha Takyio moBepxHocTh, OMB MHOrokpaTHo
OTpaXkaeTcsl M TepseT 3HAUUTEIbHO OOJIbIIE PHEPrUH, YeM NpHU IaJeHUH Ha POBHYIO MOBEPXHOCTb.
[Mopo6HOrO 3¢ dexTa noOUBarOTCs, KOTJa CIOH MOTJOMIAIONIEro MaTepraia pacloiaraloT B MOpPsIKe
BO3pacTaHusi MX IUIOTHOCTH [0 Mepe yJaleHWs OT ~BHEIIHEH IOBEPXHOCTH JKpaHa, T.e. IMpH
MOCTETICHHOM YBEIMYCHUH KOHIEHTPALUH MPOBOISINX 100aBOK 10 MEpe yIaleHHsI OT MOBEPXHOCTH
MaTepuaia. lcciemoBaluch SKPaHUPYIOIIME XapaKTEPUCTHKH OO0pa3loB C CHHTE3MPOBAHHBIMU
KOMIIO3UIIMOHHBIMH  MOKPHITUSIME Ha MHUPAMHUJAIBHBIX IOBEPXHOCTSX B JMAla30HE YacToT
0,7...18,0I'Ty (puc.4,5: 4 — oOpazen MOKPHITHA C FWCIOJB30BaHUEM KOMOWHHPOBAHHOTO
MOPOLIKOOOPAa3HOro HAMOMHUTENS (ApeBecHbll yronb, 1102), nponutanHoro 45 % macc. pacTBOpOM
CaCly; 5 — oOpa3sell MOKPBITHS C HCIOIB30BAHUEM MOPOIIKOOOPAa3HOTO HATOJIHHUTENS (JAPEBECHbIM
yroje), nponutanHoro 45 % wmacc. pactsopom CaCly). Ha ocHOBaHHMHM TMOJYYEHHBIX 3aBHCHMOCTEH
ociabiennst MU oT yacTOThI OBLIO YCTAaHOBICHO, YTO 00pa3Lbl C MOKPHITUSIMH HAa OCHOBE JIPEBECHOTO
Y15, HAHECEHHBIMU Ha MHUpaMHUAaIbHYIO MoBepxHOCTh B auamnazone 0,7...3,0 [T, xapaxkrepusyroTcs
3HaueHusIMH ociabnernss OMU B mpenenax 2,0...17,0 ab (puc. 4). Ilpuuem pasHuia B 3HaAUEHHUSIX
ocnabneHuss OMUW B 3aBHCHMOCTM OT COCTaBa HAINOJHUTENS Haxomutcss B mnpeaenax 2,0 nb.
YcraHoBneHo, 4TO 3HaYeHHE Koddduimenta otpaxerans DMU Haxonutcs B mpenenax —4,0...—22 nb
Ha yactoTtax 0,7...3,0 T He3aBHCHMMO OT cocTaBa MOKPBITHHA, YTO OMNpEeNseTcss MUpaMUIaTbHON
MOBEPXHOCTHIO 00pa3LoB. B pexume KOpoTKOro 3aMblkanus B Auanasone yactot 0,7...1,5 I'Th paspeis
B 3HAa4YCHUAX ~KOdQuuueHTOB oTpaxeHuss OMM 3uauurensHelid. Tak, [UIg MOKPHITUH C
WCTIOJIB30BAaHAEM JPEBECHOTO YTJISi B COCTaBE MOKPBITHS 3HaueHWe Kod(duuueHTa orpaxenus IMU
Haxoautcs B npezaesax —8,0...—26,0 nb, Torna xak s 00pa3oB ¢ KOMOMHUPOBAHHBIM MOKPHITHEM
(npeBecHblii  yromb, T102) 3HaueHus KOd(DGHIMEHTA OTPAXKCHUs HAXOIATCS B  Ipeiernax
=2,0...-10,0 nb. C yBemuueHnueM dyactoThl B amanazoHe dactoT 2,0...17,0 I'Tm HaOmomaeTcs
3HAYMUTENILHOE yBeNW4YeHHWe 3HaueHudd ocnabmenuss DMU B mpenmemax 2,0...10,0 nb anst rpymmst
00Pa3LoB C MOKPHITHEM N3 KOMOMHUPOBAHHOTO MOPOIIKOOOPA3HOTO HATIOJIHUTENS (APEBECHBIN YIOJIb,
TiOy), npomutanHoro 45 % wmacc. pactBopom CaCl,. [lns rpymmsl  00pasioB MOKPHITHS ¢
HCIIOTH30BAHUEM ITOPOIITKOOOPA3HOTO HAIOJHHUTENS (APEBECHBIN yrob), mpomuTaHHoro 45 % macc.
pactBopom CaCly, 3mauenms ocmabiaenmss DOMU Haxomsrcs B mpemenax 6,0...14 1b Bo Bcem
uccnenyeMom auanaszone dactor 2,0...17,0 I'Tu. M3mepenuss B pexuMe KOPOTKOTO 3aMbIKaHHSA
[MOKa3bIBAIOT, YTO 3HaYeHHE Kod(duimenta orpaxenuss IMU cocrarnser —4,0...—18,0 a1b B nuanazone
gactoT 2,0...17,0 [T, He3aBHCHMO OT cOCTaBa MOKPHITHA HA THPAMHUIATIHLHON TOBEPXHOCTH.
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Puc. 4. YacToTHas 3aBUCMOCTb 9KpaHUPYIOIINX XapakTepucTHK B auanazone 0,7...3,0 [T obpazuamu
C CHHTE3UPOBAHHBIMHM KOMIIO3UIIMOHHBIMU MOKPBITHAMH Ha MMUPaMUIAIbHON IIOBEPXHOCTH: a — ociabuerne DMU;
6 — ko3¢ punmeHT oTpakeHNss DMU B pesxknMe coTIacoBaHHON HATPY3KH; 6 — KodpduuueHT oTpakeHnss DM
B PEXKHME KOPOTKOI'O 3aMBIKaHUS
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Puc. 5. YacToTHast 3aBHCHMOCTB SKpaHUPYIONINX XapaKTepucTHK B nuamnazone 2,0...17,0 I'Ta o6pazmamu
C CHHTE3UPOBAHHBIMH KOMIIO3HUIIHOHHBIMH MOKPBITHAME Ha MIPaMUAATbHON IIOBEPXHOCTH: a — ocnabnenne DMU;
6 — ko3¢ dunmeHT oTpakeHNss DMU B pesxknMe cOTIaCOBaHHON HATPY3KH; 6 — KO3 duuueHT oTpaskeHuss DMU
B PE&XKMME KOPOTKOTO 3aMbIKaHHS

[lokazano moBelIeHne 00mIeH 3PPEeKTUBHOCTH 3KpaHUpoBaHUsS OMMU HOKPBITHAMHU 3a CuUeT
JIOTIOJTHUTENIBHOTO paccesHusl MaJalolINX O3JEKTPOMArHUTHBIX BOJIH M TMEPEOTPAKECHHUS UX MEXIY
rpaHsMu nupamud. Ilpw 3TOM 107 9HEPrHM 3JIEKTPOMArHUTHBIX BOJH, PaCHpOCTPAHSIOLINXCS B
HaNpaBJICHUH WCTOYHUKA, CYIIECTBEHHO CHIKAeTCs M KO(P(HUIMEHT OTPaKEHHUS TaKOW KOHCTPYKLUH
MEHbBIIIE 10 CPAaBHEHUIO C OKPaHOM C IUIOCKOW MOBEPXHOCTHIO, A(PPEKTHBHOCTH KOTOPOTO

o0OecrieunBaeTCss 3a ~CYET JMANCKTPUYECKUX IOTEPh PACTBOPHOIO  HAMOJHUTENS W THIIA
MOPOIIKOOOPa3HOT0 HATIOJIHUTEIISI [IOKPBITHH.
3akiIouyenne

HccnemoBaHo BIMSHHUE COCTaBa KOMITO3UITMOHHOTO TIOKPBITHS HA OCHOBE MOPOIIKOOOPa3HOTO
JIPEBECHOr0 YISl C Pa3JIMYHBIMHU CBS3YIOIIMMU KOMIIOHEHTaMU Ha XapaKTEPUCTUKU IKPAaHUPOBAHUS
JMEKTPOMArHUTHOTO u3dydeHus B auanazoHe uyactor 0,3...17 I'Tm. B pesynbpTare npoBeneHHBIX
HCCJICIOBaHN MMOKa3aHa BO3MOXKHOCTh HAHECEHHE Pa3pabOTaHHOIO KOMITO3UIIMOHHOTO MOKPBITUS Ha
MOBEPXHOCTh KOHCTPYKLMH C MUPAMUJAIBHBIMU HEOJAHOPOJHOCTSIMH, YTO MPUBOJUT K YBEIMYCHUIO
3¢ ()EKTUBHOCTH SKPaHHPOBAHUS JJIEKTPOMArHUTHOTO M3iydeHUs B cpexaneM Ha 10...12 nb Bo Bcem
HCCIIelyEMOM JIMana3oHe 4acToT.

[ToydeHHble pe3ynbTaThl MO3BOJISIOT PEKOMEHIOBATh pa3pabOTaHHYI0 METOAMKY CO3JIaHUS
o0pa3noB s (OPMUPOBAHUS OTAEIOYHBIX TMaHEeNeld Ui 3JIEKTPOMArHUTHOTO 3KPaHWPOBaHUS
CBUY-ucTOYHHKOB © OOECIEUEHHUS HSKOJIOIMYSCKOW 3allMThl OOCIYXKHBAIOIIEr0 IepCOHAda U
noabs3oBatenei [IK 1 MeAUIIMHCKUX U TPOMBIIUIEHHBIX YCTaHOBOK. IIOMMMO BBICOKMX MOTJIOIIAIOIINX
CBOWCTB PAacTBOPHOTO W MOpPOIIKOOOpa3HOro HamonHuTenel B nuanazone CBY  cHmwxeHue
K03 UIIMEHTA OTPAXKECHHUS JOCTUTAETCS TAKXKe 3a cYeT (DOPMUPOBAHHUS T€OMETPUUECKH HEOIHOPOIHOM
MMOBEPXHOCTH 3KPaHa, YTO MPUBOJIUT K BOZHUKHOBCHHIO MHOTOYMCIICHHBIX MMEPEOTPAKEHUH B 00beMe
9KpaHa U 3aTyXaHHIo 3Hepruu OMU.
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dopmupoBaHue MUPaMUIATEHBIX KOHCTPYKITUH 9KPaHOB u3 pa3zpaboTaHHBIX
BJIATOCOCPIKAIITIX MaTepHaIoB obecrieunBaeT ociabieHue OMU TopsIIKa
2,0...9,0 1b B mmana3zone yactor 0,7...3,0 T u 6,0...17,0 1b B mmanazone yacror 2,0...17,0 I'T'1,
mpu koadduimente orpaxenus —4,0...—22,0 1b Bo BceM HCCIeayeMOM IUana3oHE 4acToT. Takum
o0pazoMm, THMpaMujadbHas KOHCTPYKIHS  BIIArOCOJACPXKAINMX 3KPaHOB €  pa3pabOTaHHBIMU
KOMOWHHPOBAHHBIMHU MOKPBITHSIMHA Ha OCHOBE JIPEBECHOTO YIJIsl TIO3BOJISIET MOBBICHTE 3()(EKTHBHOCTh
skpanupoBanus OMMU B wactoTHoM nuanazone 2,0...8,0 I'Tn B cpennem na 10,0 1b mo cpaBHeHMIO €
9KPaHOM C IUIOCKOM TTOBEPXHOCTHIO, YTO MOXKHO YUECTh MPH CO3JaHUU BHICOKOA()()EKTUBHBIX 3KPAHOB
u nornoturened 9MMU nuamazona CBY.

INFLUENCE OF COMPOSITE COATINGS BASED ON POWDERED CHARCOAL
ON ELECTROMAGNETIC RADIATION SHIELDING

H.A.E. AYAD, E.S. BELOUSOVA, T.A. PULKO

Abstract

The influence of composite coating composition based on powdered charcoal with different
binders on the characteristics of electromagnetic radiation shielding in the frequency range
0,7...17 GHz are researched. It is shown that the deposition of a composite coating on the developed
surface structure with pyramidal irregularities increases the efficiency of electromagnetic radiation
shielding an average of 10...12 dB throughout the investigated frequency range.

Keywords: composite coating, powdered charcoal, pyramidal structure with irregularities.
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