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MHOTI'OCJIOMHBIE DJIEKTPOMATHUTHBIE SKPAHBI HA OCHOBE
®OJbI'MPOBAHHBIX MATEPUAJIOB AJI51 SALIUTHI CPEJACTB OBPABOTKHA
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AnHoTanus. [IpencraBieHa TEXHOJOTHS M3TOTOBIECHHS MHOTOCIOMHBIX 3JIEKTPOMAarHUTHBIX 3KPaHOB
C MCTOJIb30BaHUEM ()parMeHTOB AFOMHHUI- HITH MEJIbCOAEPKAIUX (HOIBIUPOBaHHBIX MaTepHaioB. [IpuBeneHb!
3aKOHOMEPHOCTH HW3MEHEHMs TEMIIepaTypbl JIMIEBBIX M OOOPOTHBIX MOBEPXHOCTEH TaKWX OKPaHOB
B 3aBUCHMOCTH OT COOTHOIICHHS MEXIy CYMMAapHOH IUIOINAAbI0 YYaCTKOB IMOBEPXHOCTEH, MOKPBHITBIX TAaKUMHU
(parMeHTaMHM, M CyMMapHOW IUIOINA/ABI0 YYacTKOB ITOBEPXHOCTEH, HE IOKPBITBIX TaKMMHU (hparMeHTaMH.
CoriacHo 3TUM 3aKOHOMEPHOCTAM, Ipu yBenudeHuu ¢ 50,0 1o 75,0 % yka3aHHOTO COOTHOUICHHUS TeMIlepaTypa
JIMLEBOM TOBEPXHOCTH pPacCMaTPUBAEMbIX OKPAHOB, W3TOTOBJICHHBIX C KCIHOJb30BaHWEM ()parMeHTOB
aMIOMUHUIcOIep)KAIIUX  (DONBIUPOBAaHHBIX MaTepHualoB, yBenmumBaercs c 45,0+1,0°C mo 50,0+1,0 °C,
a obopotHoit — cHmkaercs ¢ 36,0£1,0°C mo 34,0£1,0 °C (B ycioBHSAX BO3ICHCTBUS Ha TaKhe AKPAaHBI
3NEKTPOMAarHuTHOTO m3imydennss VMK-anamasoHa [UIMH BOJH, TEeMIEpaTypa IOBEPXHOCTH HCTOYHMKA KOTOPOTO
cocraBsier 70,0+2,0 °C (Temmeparypa Bozayxa — 20,0£1,0 °C)). V paccmaTpuBaeMBIX 5KPaHOB, W3TOTOBIICHHBIX
C MCTIOJIb30BaHUEM (PparMEeHTOB MEIbCOMACPIKAIIUX (POIBTHPOBAHHBIX MATEPHATIOB, NMPH YKAa3aHHBIX YCIOBHAX
TeMmIepaTypa JHMIEBOH M OOOPOTHOH NOBEPXHOCTEH COOTBETCTBEHHO YyBennumBaercsi c¢ 43,0+1,0 °C no
47,0£1,0 °C u cHmwxkaerca ¢ 35,0+1,0 °C mo 33,0+1,0 °C. IlokazaHo, 4YTO WHCCIEIOBAHHBIE JKpaHbI
XapaKTepU3yIOTCs 3HAUCHUAMH K0d((HLMEeHTa IIepeiadn 3JIeKTPOMarHUTHOTO M3Jy4YeHHUs B AMAa30HE 4acToT
0,7-17,0Tu, wusmensrommumess B mpenenax ot —30,0 mo —-40,0 nb. Dtu 3kpaHbBl OpPEACTABISIOTCS
MEePCIEKTUBHBIMU JUISl MCIOJIB30BaHUS B LEJSIX 3alUTBl CPEICTB 00pabOTKM HMH(POPMAIMU OT BO3JCHCTBHA
CBUY- u TemI0BBIX MOMEX.

KarueBple ciioBa: anroMAHUICOACpKAIINH (HOTBTUPOBAHHBIN MaTEepHAT, MEeIbCOAEPKAHMN (HOIBIHPOBAHHBIN
Marepua; TEIIoBasi TIOMeXa; TEXHOJIOTHS; SIEKTPOMArHUTHBIN 9KpaH.

MULTILAYER ELECTROMAGNETIC SHIELDS BASED ON FOILED
MATERIALS FOR PROTECTING INFORMATION PROCESSING EQUIPMENT
FROM UHF AND THERMAL INTERFERENCE
0.V. Boiprav, V.V. Lobunov
Educational Institution “Belarusian State University of Informatics and Radioelectronics”,
Minsk, Belarus

Abstract. The technology of manufacturing multilayer electromagnetic shields using fragments of aluminum- or
copper-containing foiled materials is presented. The regularities of temperature change of front and back
surfaces of such shields are given depending on the ratio between the total area of surface sections covered by
such fragments and the total area of surface sections not covered by such fragments. According to these
regularities, with an increase from 50.0 to 75.0% of the specified ratio, the temperature of the front surface of the
considered shields, manufactured using fragments of aluminum-containing foiled materials, increases from
45.0+1.0 °C to 50.0+1.0 °C, and the back surface temperature decreases from 36.0+1.0 °C to 34.0+1.0 °C (under
conditions of exposure of such shields to electromagnetic radiation of the IR wavelength range, the surface
temperature of the source of which is 70.0£2.0 °C (air temperature is 20.0+1.0 °C)). In the considered shields,
manufactured using fragments of copper-containing foiled materials, under the specified conditions the
temperature of the front and back surfaces increases from 43.0+1.0 °C to 47.0+1.0 °C and decreases from
35.0£1.0 °C to 33.0+1.0 °C, respectively. It’s shown that the investigated shields are characterized by of the
electromagnetic radiation transmission coefficient values in the frequency range of 0.7-17.0 GHz, varying
within the limits from —30.0 to —40.0 dB. These shields appear promising for use in protecting information
processing equipment from the effects of UNF and thermal interference.

Keywords: aluminum-containing foiled material; copper-containing foiled material; thermal interference;
technology; electromagnetic shield.
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BBeaenue

OxHUM W3 MEpONpHUSTHH, pean3yeMbIX B LENAX oOecrnedeHus WHEPOPMALUOHHOM
0€30I1aCHOCTH, SIBJIAETCSl 3alMTa CpeacTB 00paboTkM MH(GOpPMAUMU OT BHEIIHHX
JIEKTPOMAarHUTHBIX IOMEX. BBIIENAIOT yCIOBHO JBa NOAXOJa K pealu3aluyd TaKoro
MEpOTPUATHS:

1) pa3mernieHne cpeactB o0pabOTKM MH(OPMALMU OT IMOTCHIMAIBHBIX HCTOYHHKOB
IIOMEX Ha pacCTOSIHMM, Ha KOTOPOM aMIUIUTYyJa IOCIEIHUX XapaKTepU3yeTCsl 3HAUCHHEM,
COITOCTaBUMBIM CO 3HAYEHUEM aMIUTUTY/IbI (POHOBOTO AJIEKTPOMArHUTHOTO M3IIy4eHHUS,

2) pa3MeleHHEe MEXIy CpEeICTBOM 00paboTKH WH(OpPMAIMU M IOTCHIHAILHBIMU
MCTOYHUKAMU IIOMEX 3JIEKTPOMarHUTHOI'O KPaHa.

Bropoii 13 BbIlIENPEICTABICHHBIX MOAXO0J0B Ha IPAKTUKE MPUMEHSETCs yalle, 4eM
NepBbIiA. TO 00YCIOBIEHO TEM, YTO MOTCHIUAIBFHBIE HCTOYHUKH AJIEKTPOMArHUTHBIX TIOMEX
JUIs cpeicTB 00pabOTKM MH(POPMALMU M CaMHM TaKHe CPEICTBA pacloyararoTcs B Ipeaeiax
OJTHOTO TIOMEIEHHS WIIM B TpeAeiax CMEXKHBIX MOMEUICHUH, mapaMeTphl TPaHUL] KOTOPOTO
(KOTOpBIX) MEHbBILIE PACCTOSIHMSL, YIOBJIETBOPSIOIIETO YCIOBUIO, COOTBETCTBYIOLIEMY
NIEPBOMY U3 BBILLIEIPEICTaBICHHbBIX M0AX0A0B. O003HaUeHHAass 0COOEHHOCTD SIBJISETCS OJHOMN
U3 TPUYMH Pa3BUTUS HAa BBICOKOM YPOBHE WCCIECIOBAHUMN, ITOCBSIIEHHBIX pa3paboOTKe
Y COBEPIICHCTBOBAHUIO TEXHOJIIOTHI M3rOTOBJICHHUS AJICKTPOMArHUTHBIX SKpaHoB [1].

Llenp wuccnenoBaHus, pe3ysbTaTbl KOTOPOrO IPEACTAaBICHBI B CTaTbe, COCTOSIIA
B OKCIIEPUMEHTAIILHOM  OOOCHOBAaHMM  TEXHOJIOTMUM  M3TOTOBJIEHUS  MHOTOCJIOMHBIX
DIIEKTPOMArHUTHBIX ~ JKpaHOB, oOecneunBarommx dS((EKTUBHOEC CHUKECHUE HSHEPrHU
anekTpoMariutHoro u3nydenuss CBY- u UK-nmanazonoB jummH  BoiaH. OCHOBHOE
[IPEUMYIIECTBO TAKUX PKPAHOB I10 CPABHEHMIO C UX aHAJIOTaMU 3aKJIF0YAETCs B TOM, YTO C UX
UCIIOJIb30BAaHUEM MOKHO OO€CTeYMBaTh 3aIIUTy CPEeACTB 00pabOTKH MHGOPMALIUU U APYTHX
PaAMOANIEKTPOHHBIX CpeACTB He ToJIbKO 0T CBU-oMex, HO U OT TEIJIOBBIX ITOMEX.

OcHoBHAA YaCTh

Pa3paboranHas TeXHOJIOTHS BKJIIOYAET B ce0sl CIIEIYIOIINE Oepaliu.

1. OTkpauBaHue dYeTHIpEX OJHOOOPA3HBIX (PPArMEHTOB CHHTETHYECKOTO HETKAHOTO
MaTepuana, pasMepsl U (QopMa KOTOPbIX COOTBETCTBYIOT pa3Mmepam U (opme
M3TrOTaBIMBAEMOI0 3JIEKTPOMArHUTHOTO SKPaHA.

2. OTkpauBanue (pparMeHTOB ATIOMHHHUN- WM MeIbCOoJepkKamero (oIsrupoBaHHOTO
Marepuana, JUIMHA W IIMPUHA KOTOPBIX HE MPEBBILAIOT coOoTBETCTBEHHO 3,0 m 1,0 cm,
a cymmapsas twiomanas — 60,0 % oT tuomaam ¢GparMeHTOB, OTKPOECHHBIX B pe3yibTare
peanu3auuu onepamuu 1.

3. PaBHOMepHOE XaOTHYHOE pacrpeseieHne (HparMeHTOB, OTKPOSHHBIX B pe3ysbTaTe
peanu3ayy oneparyu 2, Mo NOBEPXHOCTH OJHOTO U3 (PparMeHTOB, OTKPOCHHBIX B pe3yibTare
peanu3aruu orneparmu 1.

4. PacmionokeHue Jpyroro u3 (pparMeHTOB, OTKPOCHHBIX B pPE3ylbTaTe pealli3aliu
orepanuu 1, moBepx GpparMeHTOB, paclpeie]ICHHBIX B pe3yIbTaTe pealn3ainuy orepanun 3.

5. BeiiepkuBaHre KOHCTPYKIIUU, TIOTYYCHHON B pe3yNbTaTe peallu3aliy orneparui 2—
4, B tepmornpecce B Teuenue 10,0 mun npu temmnepatype ~ 250,0 °C.

6. IToBTOp Omeparuii 2-5.

7. HutouHoe coeAMHEHHE IO MEPUMETPY KOHCTPYKIMH, MOJIYYEeHHOM B pe3yibTare
peanu3auuu omnepauuid 2—-5, W KOHCTPYKUMHU, TMOJYYEHHOW B pe3yibTaTe pealn3aluu
oreparuu 6.

B cootBercTBHEM ¢ pa3pabOTaHHONW TEXHOJOTHEH OBUIM HM3TOTOBIICHBI IIECTh BUJOB
o0pasnoB 3kpaHoB. OOpasnpl KKIOTO W3 BHAA OTIHYAIUCh 3HaueHneM C W TUIIOM
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¢bparMeHTOB (QOJBIMPOBAHHBIX MATEPUAIOB, C KCIOIb30BAaHHEM KOTOPBIX OHHU OBLIN
U3rotoBieHsl, rae C — 3TO COOTHOLIEHHE MEXIYy CYMMapHOW IUIOIIAJbI0 Y4YacTKOB
MOBEPXHOCTU 00pa3la, MOKPHITHIX YKa3aHHBIMU (parMeHTamMH, U CyMMapHOM ILIOIIAIbI0
YYaCTKOB TOBEPXHOCTEH, HE MOKPBHITBIX TaKUMU (parMeHTamu, %. XapaKkTepUCTHKH
M3TOTOBJICHHBIX 00pa3lloB 3KPAHOB Mpe/ICTaBIeHbI B Ta0uIe 1.

Tabauna 1. XapakTepuCTHKH W3TOTOBJICHHBIX 00pa3IOB SYKPaHOB
Table 1. Characteristics of manufactured shields samples

Haunmenosanue Tumn ¢pparMeHToB (HONBIUPOBAHHBIX MATEPHAIIOB, ¢ UCIIOIH30BAHUEM C %
00pa3sIoB 3KPaHOB KOTOPBIX OBLUTH U3TOTOBJIEHBI 00PA3Ibl SKPAHOB '
O06pa3ip Trmna 1 50,0
O06pa3ipl Tra 2 AroMHUHUICOIepKATIIE (PPAarMEHTHI 65,0
OO6pa3ip! Trmna 3 75,0
OO6pa3sip Tra 4 50,0
OO6pa3sipl THIA 5 Menbcoaepxaiiue GparMeHThI 65,0
O06pa3sipl THIIA 6 75,0

C WHCMoJb30BAaHUEM BBIIICIPEICTABICHHBIX OOPA3I[OB BBIMOJIHEHBI HCCJICIOBAHUS,
HAIPaBJICHHBIC HA YCTAHOBJICHUE 3aKOHOMEPHOCTCH W3MEHEHHUS TEMIICpaTyphl JIMIICBOW |
000OpOTHOM IMOBEPXHOCTEH 3KPaHOB, H3TOTOBJICHHBIX B COOTBETCTBHH C pa3pabOTaHHON
TEXHOJIOTHEH, B 3aBUCUMOCTH OT XapaKTEPHOTO Uil HUX 3HadeHus C. DTH HCCIEIOBaHUS
BBIIOJIHEHBI COIJIACHO METOJHMKE, NpPEICTaBiIeHHOM B pabore [2]. YcmoBus mpoBeneHus
UCCIIEIOBAaHH OBUTH CIICAYIONIMMU:

— TeMIepaTypa TOBEPXHOCTH  HCIIOJIB30BAaHHOTO  UCTOYHMKA  MK-m3imyueHus—
70,0+£2,0 °C;

— IPOAOJKUTENBHOCTE Bo3AeicTBus MK-u3nydenus Ha obpazer; — 60,0+1,0 Mun.

— TemmiepaTypa Bozayxa — 20,0£1,0 °C.

[TomyueHHBI€ 110 pe3ynbTaTaM MPOBEIECHHBIX UCCIEA0BaHUN IpadUuecKre 3aBUCUMOCTH
MpeICTaBJICHBI Ha puc. 1.
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Puc. 1. 3aBucumocTy TemMrnepaTypsl JIMIEeBoi (kpuBast 1) u 060poTHOH (KpHBas 2) HOBEpXHOCTEN
o6pasuos Tunos 1-3 (a) u oopasuos tunos 4—6 (b) ot cootHomenus C
Fig. 1. Dependences of the temperature of the front (curve 1) and back (curve 2) surfaces of the samples types
1-3 (a) and the samples types 4-5 (b) on the ratio C

W3 puc. 1 crmenyer, uro B pesyiabrare yBenmueHus ¢ 50,0 mo 75,0 % 3uadenus C,
XapakTepHOro ISl  DJIEKTPOMAarHUTHBIX 9KPAaHOB, M3TOTOBJIEHHBIX B COOTBETCTBUU
C pa3pabOTaHHON TEXHOJIOTHEH ¢ HCHOJIb30BaHHEM (PArMEeHTOB ATFOMUHHMCOIEPIKAIINX
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(G OJBTUPOBAHHBIX MAaTEPHAIOB, TEMIIEpaTypa WX JIMIEBOW MOBEPXHOCTH YBEIIMYHUBACTCS C
45,0£1,0 °C mo 50,0£1,0 °C, a obopotHoii — cHmxkaercs ¢ 36,0+1,0 °C mo 34,0+£1,0 °C npu
YCIIOBHSIX, B KOTOPBIX MPOBOJMJIMCH HCCAeAOBaHUA. I[Ipy aHAJIOTMYHBIX  YCIOBHUAX
TeMIiepaTypa JIMLIEBOM H OOOPOTHOM TMOBEPXHOCTEH SJIEKTPOMArHUTHBIX OSKPAHOB,
W3TOTOBJICHHBIX B COOTBETCTBHH C pPa3pabOTaHHON TEXHOJIOTHEH C HCIOJIb30BaHHEM
GparMeHTOB  MeIbCOJEpKalIMX  (DONBTUPOBAHHBIX  MaTEPUAJIOB, COOTBETCTBCHHO
yBenuuuBaetcs ¢ 43,0£1,0 °C no 47,0+1,0 °C u camxkaercs ¢ 35,0+1,0 °C no 33,0+1,0 °C.

B cooTBeTCTBMHM C METOIMKOW, MPEACTaBIeHHONH B pabore [3], ycTaHOBICHO, 4YTO
AJIEKTPOMArHUTHBIC IKPaHbI, U3rOTOBJICHHBIE B COOTBETCTBUU C pa3pabOTaHHOW TEXHOJOTHEH,
XapaKTePU3YIOTCS 3HAYCHUSMHU KOX(P(UIIMEHTA Tepeaadd IJICKTPOMArHUTHOTO HU3TyYCHUS
B nuana3one yactot 0,7-17,0 I'T'u, uzmenstoummes B ipeaenax ot —30,0 no —40,0 ab.

3akjaueHue

TakuMm o00pa3oMm, SJIEKTPOMarHUTHBIC SKpPaHbl, H3TOTOBJICHHBIE B COOTBETCTBUH
C pa3pabOTaHHOW TEXHOJIOTHEH, MPEICTABIISIOTCS MEPCICKTUBHBIMUA IS HCIIOIH30BAHUS
B LICJISAX 3aIUTBhl CpencTB 00padoTku wmHbopmaruu ot BosaehcTBus CBUY- u TemmoBhIX
nomex. C NMpUMEHEHHEM TaKUX JKPAHOB MPEACTABIISICTCS PAIlMOHAIBHBIM M3TOTABIIUBAThH
IIUPMBI TSI 30HUPOBAHMS TIOMEIIEHUNA WU I 3aKPEIUICHUS B JBEPHBIX WJIM OKOHHBIX
npoeMax MocjiaeaHuX.
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