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[IpencraBneHbl pe3yinbTaThl HCCIEIOBAHUS BIHSHUS BHICOTHI TEOMETPHICCKUX HEOTHOPOIHOCTEH
MMOBEPXHOCTH KOHCTPYKIHN SIEKTPOMArHUTHBIX 3KPAHOB, BBITIONHEHHBIX U3 (POIBTHPOBAHHBIX
MaTepHaJiOB Ha OCHOBE AJIOMHUHFS, Ha 3HAYCHHSA WX KOX(PPHUIHECHTOB OTPAKCHHS W Tepenadu
ANIEKTPOMArHUTHOTO W3Ny4eHHs B amamasoHe dbactor 0,7...17 [Tu. IlpemnoxeHsl cmOCOOBI
MIPAKTUYECKOTO IPUMEHEHHUS TAKUX KOHCTPYKIIHMA.

Kniouesvie crosa: amoMUHUM, KOY(PQUIMEHTH OTPaKCHUs M Iepelaud 3JIEKTPOMArHUTHOTO
n3IyueHus1, GoIbrUPOBAHHBII MaTepuall.

BBeaenne

B nacrosmiee Bpemst 151 U3TOTOBJICHUS 3JIEKTPOMAarHUTHBIX 9KPAHOB IIUPOKO HCIOJB3YIOTCS
(onprupoBaHHbIe MaTepUalbl HA OCHOBE ATIOMHUHUS. DTO CBA3aHO C TEM, YTO OHHM XapaKTEPU3YIOTCS
CBOWCTBOM AJIGKTPHYECKON MPOBOAMMOCTH, OOYCIIaBIMBAIONICH BO3MOXKHOCTH MOJYYEHHs] Ha WX
OCHOBE KOHCTPYKLHMH 3JIEKTPOMArHUTHBIX OSKPAaHOB, OTIMYAIOIIMXCS HHU3KMMU 3HAYECHUSIMU
ko3 duumenra orpaxenus DMU B quanazoHe 4acTOT OT JECATKOB Merarepll 10 AECATKOB rUrarepi u
BBICOKOW 3 eKTHBHOCTBIO dKpaHUpoBaHWs. Kpome TOro, QOJIBTUPOBAHHBIM MaTepualiaM
CBOMCTBEHHBI MMOHIKEHHAs Macca (110 CpaBHEHHUIO ¢ METAINTMYECKUMH JIMCTaMi) B THOKOCTh. OHAKO
IUIsl TAKUX KOHCTPYKIMH XapaKTepeH HEJOCTaTOK — BBICOKHE 3HaueHHsS KO3((HULIHMEHTa OTPaKEHUs
OMMU. Oto B pane ciaydaeB MOXKET 00YCIIaBIMBAaTh BOSHUKHOBEHHE CTOSYMX 3JIEKTPOMArHUTHBIX BOJIH
(sBeHMs WHTEpQEpEeHIIMH BOJH, MAJAlONIMX HAa TOBEPXHOCTh KOHCTPYKIMH DJIEKTPOMArHUTHOTO
9KpaHa, W BOJIH, OTPaXXaeMbIX OT 3TOH MOBepXHOCTH). OAMH U3 CIOCOOOB UCKIIIOYEHHS Ha3BAaHHOTO
HEIOCTaTKa 3aKitovaeTcs B (JOPMUPOBAHMM HA MOBEPXHOCTH TaKUX KOHCTPYKLUHUH I€OMETPUYECKUX
HEOJHOPOJHOCTEH  ONpEACNEHHOro  pa3Mepa, KorTopele  Oyayr  auddy3Ho  pacceuBaTh
3JIEKTPOMArHUTHBIE BOJHBI, B3AUMOICHCTBYIOIINE C HUMH.

Llens HacTosmIEeH pabOTHI 3aKII0YAIACH B MCCIEIOBAHUH BIMSHUS BBICOTHI T€OMETPUUECKUX
HEOJTHOPOJIHOCTEH MOBEPXHOCTH (HOJIBTUPOBAHHBIX MATEPUATOB Ha OCHOBE AIOMHHHUS HAa 3HAUYCHHUS
ko3 pumenToB orpakenuss u nepemaun OMU B mmamazone dactor 0,7...17 [T KOHCTpYKITHI
9KPaHOB HA X OCHOBE.

MeTtoauka NMPOBEACHUSA IKCIIEPUMEHTA

Jniss MOCTYDKEHHS IIeH, TOCTAaBICHHOM B paMKax Hacrosmield paboThl, ObUIM pElIeHBI
CJIEAYIOIIUE 3a1a4u:

1) u3rotoBneHsl  00pa3lbl KOHCTPYKIMH  JJIEKTPOMArHUTHBIX ~JKPaHOB Ha  OCHOBE
(OB IPOBaHHBIX MAaTEPHUAIOB C TEOMETPHUECKUMHI HEOTHOPOIHOCTSIMH TTOBEPXHOCTH 1 06€3 HHX;

2) B COOTBETCTBHH € MeToauKoi [1] mpoBeaeHsl uamepeHus Ko3hGHUIMEHTOB oTpakeHus (B
peXUMax COrJIaCOBaHHOM Harpy3KH M KOPOTKOTO 3aMblKaHus) U nepegaun MU B nuana3oHe 4acToT
0,7...17 I'T'1 M3rOTOBIIEHHBIX 00PA3I[0B KOHCTPYKIUHA DIIEKTPOMArHUTHBIX YKPAHOB;
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3) BBIMIOJTHEHO AHATIMTHYECKOE CPABHCHHE XapPAaKTEPHCTHK OTpaKeHHs W meperdaun OMU B
muanazoHe gactot 0,7...17 I'T' n3roToBneHHBIX 00pa3oB KOHCTPYKIINI AIIEKTPOMArHATHBIX SKPAaHOB.

B  pesymprare pemieHMs ~TepBOM  3aJadd  MONY4YEHBI  OOpas3mbl  KOHCTPYKIIUH
AJIEKTPOMATrHUTHBIX SKPAaHOB TPEX TUIIOB. BBICOTa reOMEeTPUUECKUX HEOTHOPOAHOCTEH MOBEPXHOCTEH
obpasmoB TumoB 1 u 2 cocraBisna coorBerctBeHHo 0,5 m 1 cm. Ha moBepxHOCTH 00pasma thma 3
OTCYTCTBOBAJIM T€OMETpHUYECKHEe HEOMTHOPOIHOCTH. [Ipomecc n3roroBieHns: 00pasmoB 3aKI0Yalcs B
3aKpCIUICHUM Ha IIEJUTIOJIO3HBIX TMOJUIOKKAX C KCIOJIb30BAHUEM KIIEEBOTO COCTaBa  IOJIOC
(hOJIErMpOBAaHHOTO Marepuana Ha ocHoBe amomunus. I[llupuna momoc — 1cm. llemtronosHbie
MTOJIOKKHY, WCIONB30BaHHBIE JUIS WM3TOTOBIEHHUS OOPa3OB KOHCTPYKIHUH DIEKTPOMArHUTHBIX
9KpaHOB THUIOB 1 W 2, MpEeACTaBIsUIM COOOW JUCTHI TOPPOKAPTOHA ¢ OOBEMHBIMH DJIIEMEHTAMH Ha
moBepxHOCTH (puc. 1). [y M3roToBiIcHUs 00pa3iia KOHCTPYKIIUU IEKTPOMAarHUTHOTO KpaHa Tuma 3
B Ka4eCcTBe IEJUTIOI03HOM MOT0KKH MCTIOIh30BaH JIMCT roppoKapToHa 63 00beMHBIX HIEMEHTOB Ha
MTOBEPXHOCTH.

a 6
Puc. 1. Cxemarudeckoe n300pakeHHE BHEITHETO BUA CBEPXY (@) U cOOKY (6) LEIUTFOIO3HBIX TOJJIOKEK,
HCIIONIb30BAHHBIX ISl H3TOTOBICHUS 00pa3I[0B KOHCTPYKIUI JIEKTPOMATrHUTHBIX 9KPAHOB THIOB 1 1 2:
1 — 0ObeMHBII 3JIEMEHT MOBEPXHOCTH TOJI0KKHU; 2 — JIUCT TOPpoKapTOHA

Ha puc. 2 nmpencraBieHo cxemMaTHYecKoe H300pa)KeHHWE BHEIIHETO0 BHAA H3TOTOBJICHHBIX

00pas3IoB KOHCTPYKITUI 3JICKTPOMAarHUTHBIX SKPaHOB.
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Puc. 2. Cxemarndeckoe n3o0pakeHUE BHEIIHETO BHIA CBEPXY (@) U cOOKY (6) U3TOTOBICHHBIX 00pa3IOB
KOHCTPYKIMH JIEKTPOMAarHUTHBIX SKPaHOB: | — reoMeTpHiecKast HEOAHOPOIHOCTh ITOBEPXHOCTH 0Opasna
KOHCTPYKLIMH DJIEKTPOMarHUTHOTO 9KpaHa (Juist 00pa3uoB TunoB 1 u 2); 2 — nosoca GposibrupoBaHHOTO
MaTepHalla Ha OCHOBE aJIFOMUHUS; 3 — JIUCT ropOKapTOHA

Pe3y.]'ll)TaTbl H UX oﬁcymz]elme

B pe3ynbTare mpoBEAEHHBIX KCIEPHUMEHTOB YCTAHOBIIEHO, YTO MapaMeTPhl T€OMETPUIECKUX
HEOJHOPOJHOCTEN MOBEPXHOCTEH KOHCTPYKLHUH 3JIEKTPOMArHUTHBIX HKPAaHOB, H3TOTOBIEHHBIX W3
(ONMBTUPOBAaHHBIX MAaTEepHAJOB HAa OCHOBE AQIOMHHHSA, OKa3bIBAIOT BIMSHHE Ha 3HAYCHUS
koa(dunmenta orpaxenuss IMU B muanazone vacror 0,7...17 I'T u kosdduimenta nepenaun SMU B
nuanasone 4actoT 3...17 I'T'm Takux koHcTpykumit. Ha puc. 3-5 mpencraBieHbl XapaKTepHUCTHKH,
COOTBETCTBYIOIINE 3aBUCHUMOCTSIM Ha3BaHHBIX KO3((HUIMEHTOB OT yacToThl B auamnasone 0,7...17 I'To.
[Nokazano, uto 3HaueHus Kodpduipenta orpaxkenns OMW B auwanaszone yacror 0,7...3 I'Ti
HCCIIEJOBAaHHBIX O00pAa3LOB KOHCTPYKIMH 3JIEKTPOMATHUTHBIX 3KPaHOB THIOB 2 W 3 COCTaBISIIOT
—0,5...-3 nb, a B quanazone 3...17 ['Tu —0,5...—10 nb. BennunHel Ha3BaHHOTO MapaMeTpa B yKa3aHHbBIX
JMana3oHax sl KOHCTpyKiuu Tma 1 coorBercTBeHHO cocrapisitot —0,5...—5,5 1b n —0,5...-18 ab.
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Puc. 3. YacrotHsle 3aBHcHMOCTH KO3 dumenTa otpaxkenus MU B nuanazone 0,7...3 I'T' necaeqoBaHHBIX

00pa31oB KOHCTPYKIHIA 3JIEKTPOMAarHUTHBIX 9KPAaHOB Ha OCHOBE (DOJILTIPOBAHHBIX MaTEePHAJIOB:
1 — obpazen tuma 1; 2 — obpazern tuna 2; 3 — obpaser Tuma 3
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Puc. 4. YacrotHble 3aBUcHMOCTH KO3 dumreHTa otpaxkenus OMU B nuanazone 3...17 I'T nccnenoBaHHBIX
00pa3IoB KOHCTPYKITHHA JIEKTPOMarHUTHBIX 3KPAaHOB Ha OCHOBE ()OJTBTHPOBAHHBIX MAaTEPUAIIOB:
1 — obpazen tuma 1; 2 — obpaszern tuna 2; 3 — obpaser Tuma 3
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Puc. 4. YacToTHble 3aBHCUMOCTH KO3 durrenta nepeaaun MU B nuanazone 3...17 I'Tn uccaemoBaHHBIX

00pa3IoB KOHCTPYKITHHA 2JIEKTPOMarHUTHBIX 9KPaHOB Ha OCHOBE (hOJIBTUPOBAHHBIX MATEPHAIIOB!
1 — o6pazern Tuna 1; 2 — obOpaszer Tumna 2; 3 — obpaser Tuma 3

Ha ocHOBe mMOJy4YeHHBIX peE3yNbTATOB H3MEPEHUN MOXKHO CHAENaTh BBIBOJ O TOM, YTO
(hopMupoBaHHE Ha TOBEPXHOCTH KOHCTPYKIIMHM 3JIEKTPOMArHUTHOI'O 3KpaHa, M3rOTOBIEHHOIO W3
(honprupoBaHHOTO MaTepHaa Ha OCHOBE ATIOMHHWSI, TEOMETPUIECKUX HEOTHOPOIHOCTEH BBICOTOM
0,5cM He oKasbIBaeT CYIICCTBEHHOTO BIUSHHUS Ha 3HaueHHUs kKoddduiueHtra orpakenus OMU B
nuanazone uyactoT 0,7...17 I'Tn Ttakoit koHcTpykuuu. VYBemuuenue ¢ 0,5 mo 1cM  BBICOTHI
FEOMETPUYECKUX HEOJHOPOJHOCTEM MOBEPXHOCTH PACCMATPUBAEMBIX KOHCTPYKLUHUU NPUBOIUT K
camkennto Ha 0,5...4 nb 3HaveHuit ux kod¢p¢uimenta orpaxenus DMU B auanazoHe yactor
0,7...2,2ITuuua 0,5...12 a1b B guamazone 4actotT 3...17 I'T'. DTo MOXKET OBITh CBSI3aHO C TEM, UTO
BBICOTA TE€OMETPUUYECKUX HEOJHOPOJAHOCTEH MOBEPXHOCTEH KOHCTPYKLMM 3IIEKTPOMArHUTHBIX
SKpaHOB, 3HAYCHUE KOTOPOU cocTaBiseT 1 cM u Ooyiee, COOTHOCHUTCS C JUTMHOMN DJIEKTPOMArHUTHBIX
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BosiH B auanaszone 0,7...17 [T B cooTBeTcTBUM ¢ KpuTepueM Pernes, uTo 00ycinaBinBaeT siBICHHE UX
¢ Gy3HOTO paccessHUs Ha TaKUX HEOTHOPOMHOCTAX [2]. 3HaueHus kodhdunmenta nepenaun MU B
muamazone gactotT 0,7...3 I'T'm uccnemoBaHHBIX 00pas3oB KOHCTPYKIIUI AIIEKTPOMAarHUTHBIX SKPaHOB
HE3aBUCHMO OT WX THIA (T.e. HE3aBUCHUMO OT BBICOTHI T€OMETPHUYECKHX HEOIHOPOAHOCTEH HX
noBepxHocter) coctaBisitor —10...—30 n1b. B amanazone wactor 3...17 [T BenmuunHa yka3zaHHOTO
rmapaMeTpa JUIsl HCCIACHOBAaHHBIX 00pasmoB cocraBmsger —0,5...—17 nb. VYcraHoBieHo, dTO
¢opMHpOBaHHE Ha MOBEPXHOCTH KOHCTPYKLHMH 3JEKTPOMATHUTHBIX 3KPAaHOB T'E€OMETPHUUECKUX
HEOJHOpOIHOCTeH BbIcOTOM 0,5 cM HE OKa3bplBaeT CYHIECTBEHHOTO BIHMSHUS Ha 3HAYEHHUS HUX
kodurmenTa nepenaun IMU B auamazone yactot 3...17 I'T. Yeenmnuenue ¢ 0,5 10 1 cM BBICOTHI
STHX HEOJHOPOJHOCTEH Ha TMOBEPXHOCTH PAaCCMATPUBAEMBIX KOHCTPYKIM SKPAaHOB NPHUBOIUT K
yBenuueHnto Ha 1...12 b 3Havenuit ux kodduuumenta mepegaun OMU B guamazoHe 4acToOT
3...171Tu. Oro Moxer OBITH cBsi3aHO C TeMm, uro c yBenmudenneM ¢ 0.5 g0 1cM BBICOTHI
reOMETPUUYECKUX HEOITHOPOIHOCTEN TOBEPXHOCTEN HCCIIeIOBAaHHBIX KOHCTPYKUUHU
AIIEKTPOMAarHUTHBIX JKPAHOB YBEJIWYHMBAIOTCS TEOMETPUYECKHE pasMepbl WX OTBEPCTHH, 4TO
MPUBOIUT K YBEITUUEHHUIO SHEPTUHU 3JICKTPOMArHUTHBIX BOJIH, MPOXOASALINX Yepe3 3TH OTBEPCTHSI.

YcTaHOBNIEHO, 4YTO 3aKperieHHe Ha METaUTMYeCKOM OTpakaTele HCCIIEOBAHHBIX
KOHCprKHI/Iﬁ QJICKTPOMArdHMTHBIX 3KpaHOB HE OKa3bIBACT CYHICCTBCHHOI'O BJIMAHUA Ha 3HAYCHUA
koadduumenrta otpaxxkenuss DMU B nuanazone yactot 0,7...17 [T,

3akaoueHnne

Ilokazano, uTo myTeM (OPMHUPOBAHUS TE€OMETPUIECKIX HEOIHOPOIHOCTEH Ha MOBEPXHOCTH
KOHCTPYKIIUH 3JICKTPOMAarHUTHBIX 3KPaHOB, W3TOTOBJICHHBIX M3 (DOJBCUPOBAHHBIX MaTEPUATIOB Ha
OCHOBE aJIIOMUHMS, MOXKET ObITh oOecneueHo cHmwxkenue ¢ —0,5...—10 1b go —0,5...-18 n1b 3Hauenuii
nx kodpdunuenrta orpaxenns MU B muanazone gactot 0,7...17 ['T1. 310 00ycnOBICHO SBIEHUEM
TG Gy3HOro paccesHusl Ha TEOMETPUISCKUX HEOAHOPOIHOCTSIX €€ TIOBEPXHOCTH JICKTPOMArHUTHBIX
BOJIH, B3aUMOJEHUCTBYIOIIUX C TaKOM KOHCTpYKUUeH. IIpu 3TOM BBICOTa TaKMX HEOJHOPOMHOCTEH
JOJDKHA COCTaBIATH 1 cM u Oosee. Tak Kak 3aKperuieHne KOHCTPYKIUN IIEKTPOMATHUTHBIX 3KPaHOB C
FCOMETPUYCCKUMH  HEOJHOPOJHOCTSIMHU IOBEPXHOCTH, H3TOTOBJICHHBIX U3  (DOJBrUPOBAHHBIX
MaTepUaIOB HA OCHOBE ATIOMHUHUS, Ha METALTHYSCKOM OTpa)KaTele He OKA3bIBACT CYIIECTBEHHOTO
BIUSHUS Ha 3Ha4YeHHs WX kodddunmenta orpaxenus OMU B mmamazone yactror 0,7...17 ['Th, To
TaKWe KOHCTPYKIIHMM JIOMYCTUMO TIPUMEHSATh B IEJNAX YMEHBIICHUS DSHEPTrUU  CTOSUUX
AJIEKTPOMATHUTHBIX BOJH B TIOMEIIEHHUSAX, SKPAHUPOBAHHBIX MTOCPEJICTBOM METAUTHYECKUX JTUCTOBBIX
MatepuaioB. [Ipm 3>TOM Ha TMOBEPXHOCTAX TAaKUX MAaTEPHAIIOB HEOOXOAMMO 3aKpEIUISITh
MIPeIJIOKEHHBIE KOHCTPYKIIUHU SJIEKTPOMArHUTHBIX SKPaHOB.

INFLUENCE OF SURFACE MICRORELIEF PARAMETERS OF
ELECTROMAGNETIC SHIELDS CONSTRUCTIONS BASED ON FOIL
MATERIALS ON THEIR REFLECTION AND TRANSMISSION COEFFICIENTS

E.A.A. ALMASHAT, O.V. BOIPRAV, L.M. LYNKOU, N.I. MUKHUROV
Abstract

The research results of influence of the surface geometrical irregularities height of electromagnetic
shields constructions made from foil materials based on aluminum on their electromagnetic
radiation reflection and transmission coefficients values in frequency range 0.7...17 GHz are
presented. The practical utilization ways of such constructions are proposed.

Keywords: aluminum, electromagnetic radiation reflection and transmission coefficient, the foil
material.
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