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AHHOmMayus — PaspaboTaHa TexHOMNOrus W3roToBMeHuUs
KOMMO3MLMOHHBIX MOPOLUKOBbLIX MaTepuarnoB Ha OCHOBE LieMeH-
Ta 1 LWYHrMTa, KOTopble MOryT GbITb MCMOMNb30BaHbI B KavecTBe
OTAENOYHbIX MaTepuanoB Ans obecneyveHns 3neKTpoMarHuT-
HoW coBmecTMMocTn POA, 3awmTtbl MHgOpMaumMmM OT yTeYKn
no KaHanam nobOoYHbIX 3MEKTPOMArHUTHbIX U3MYYEeHWn U HaBo-
nok. MNpoBeaeHo nccnefoBaHne 3KPaHVPYIOLLMX XapakTepUCTMK
mMaTepunarnoB C MOMOLLbI MaHOPaMHOrO u3meputens Koaddu-
LMEHTOB nepepayn u oTpaxeHus. [lokasaHo, 4To MaTepuan
Ha OCHOBE LiEMEHTa W LUYHrMTa XapakTepuanpylTcs 3HaYeHu-
aMu  koadduuneHtoB nepegaum ot -10a4b pgo -30 b
B YacToTHOM aAnanasoHe 0,5-18 'Tu.

|. BBegeHue

3almTa OT 3MEeKTPOMarHWUTHBIX W3MyYeHUn BaXkHa
BCMNeACTBME 3KCMOHEHLUMAnbHOrO pocTa Konu4yecTsa
3NEKTPOHHbIX YCTPOWCTB, @ Takke No NpuU4MHe yBenuye-
HUS1 UX YYBCTBUTENBHOCTU, B YACTHOCTW, paamoyacToT-
HbIX YCTPOWCTB, KOTOPblE UMEIT TeHAEHUMIO K B3auMo-
OEencTeuio ¢ uMdpoBbIMK yCcTporcTBaMn. B yacTtHocTw,
co3aHue JKpaHupylLlime MaTepuansl MNPUMEHSIOTCS
ans obecnevyeHnss 3NeKTPOMarHUTHOW COBMECTMMOCTU
pagMoanekTpoHHon annapaTypbl (POA), 3awmTbl WH-
dopmaumm oT yTeuyku no kaHanam nobOYHbLIX 3MEKTPO-
MarHUTHbIX n3nyyeHun n Hasogok (MOMWH), ana cHu-
XEHUs pagnonoKaLMOHHOW 3aMEeTHOCTU OOBLEKTOB BO-
€HHOM TexHukK, 3awmtbl POA oT nopaxarowero Bo3-
OeNCTBMSA 3NEKTPOMarHUTHOro opyxus [1-2].

OKpaHuMpOoBaHWe  paguou3Ny4yeHUn MOXEeT  OCy-
LLEeCTBNATLCA TOKOMPOBOASALMMU Kpackamu, hOnbron,
MeTannuaMpoBaHHbIMK TKaHaMU. Kpome Toro, pasnuy-
Hble BUAblI U3OENMUIA, CHWXAIOLLMX YPOBEHb 3MeKTpomar-
HUTHOIO U3My4YeHusl, MOTryT U3roTaBNMBATLCS Kak B BUAE
pa3bopHbIX MOAYMbHbLIX KOHCTPYKUMA, Tak U B BuAae
nornowiarWwmnx OTAENOYHBIX W CTPOUTENbHbIX MaTe
puanos [3-5].

LlemeHT obnapgaeT oyeHb HeOONbLUOW MPOBOAMMO-
CTblO, COOTBETCTBEHHO, €r0 CNMOCOBHOCTbL 3KpaHMpPOBaTb
W nornoLatb 31eKTPOMarHUTHOE U3rydYeHne OYeHb HN3-
Kasi, N03TOMy cambiM NPOCTbIM 1 3 EKTUBHBIM CNOCO-
GOM YyBENUYEHWUs] €ro 3IKPaHUPYOLLUX XapakTepucTuk
SIBNSIETCS  WUCMOSMb30BaHNE MNPOBOASLLNX  BKIOYEHUIA.
CyLiecTByIOT ABa OCHOBHbIX METOAa CHUKEHUS YPOBHS
3MEKTPOMArHUTHbIX W3MNYYEHUA — 3KpaHUpPOBaHWE U
NPUMEHEHVEe MNOrnoTuTeNen, COOTBETCTBEHHO U MmaTe-
pyuanbl Ha OCHOBE LEeMeHTa MOryT ObiTb pasgeneHsbl
Ha [Ba Knacca — 3KpaHupyoLLme 1 nornowatome [6].

Il. PesynbTaTbl UCNbITaHUA

OkcnepumeHTanbHble 06pasubl IKpaHUPYOLWNX Ma-
Tepuanos nogrotasnueanuce B Buae cyxon cmecn 40%
wyHrnta n 25% uementa mapku L 500 020, koTtopas
3aTtem pasbasnsanacb 35% Boppbl. WyHMT — muHepan
C PaBHOMEPHbIM pacnpefenieHemM BblCOKOANCNEPCHbIX
KPUCTaNMMYeCcKUX CUMMKaTHBIX YacTul, B amMOPdHON yr-
nepogHoON MaTpuue, KOTOpbIA MO CBOWCTBaM CBSA3bIBa-
HWS BoAbl 6MM30K K MMHeparnbHbIM BeLecTBaM, BXOASA-
wmm B cocTtas uemeHTa L 500 [20.

Mposoannuce nsmepeHns koadduuneHToB nepena-
4YuM M OTpaXeHus ABYX rpynn obpasuoB: 3KPaHUPYHOLLMNA

OTOENOYHbIN MaTepuan TOMWMHON 4 MM; 3KpaHWUpyto-
LLNIA OTAENOYHbIN MaTepuarn TOMWWHON 4 MM, HaHEeCEH-
HbI Ha mMeTannuyeckyto cetky. Kpome Toro, 6binu npo-
BEAEHHbIM W3MEPEHUS 3SKPAHUPYIOLUMX XapaKTepUCTUK
camomn MeTannn4yeckon CeTKu.

OKpaHupyoLme XapakTepuCcTMKU MaTepuanoB U3-
MEepSANM C MOMOLLBLI0 NMaHOPaMHOro M3aMepuTens Koad-
duuMeHTOB nepefdaunM U OTpaxeHusi, paboTatoLlero
no NpUHUMNY pas3fenbHOro BblAeneHusl U Henocpen-
CTBEHHOIO AETEKTUPOBAHWUS YPOBHEN najarolen U oT-
pakeHHOW BOSH. WM3mepuTenb MMeeT KoakcuanbHbIN
CBY nameputenbHblii TpakT ceveHnem 7/3,04 mm.

Monockl KayaHusi 4YacToTbl M3MepUTENs: Npu nsme-
peHun koadpdpuumeHTa oTpaxeHmsa Si11 — 0,01-2,15 Ty
n 2-18ITu, a Nnpu n3mepeHnn koapduumeHTa nepena-
um Sp; — 0,01-3,0 My u 2-18 I'Ty, ¢ KONMYECTBOM Ya-
CTOTHbIX TOYEK, B KOTOPbIX MPOBOAATCA W3MEpPeEHUs,
paBHbIM 256 B KaXgoMm AuanasoHe. VMiamepeHus B Kax-
[OW 4acTOTHOW TOYKe BbIMONHANMUCL Mo 3 pasa ¢ ycpen-
HeHueMm pesynbTaTa.

Mpn n3amepeHnn koachpuUNEHTOB Nepeaaym no cxe-
Me, n3obpaxeHHon Ha puc. 1. Npu 3ToM reHepaTop Ka-
vatowlenca yvactotel (FTKY) wmameputens dopmuposan
CUrHamn B 3aaHHOMN nmoroce 4actoT M 4vepe3 6nok A/R
nogaean ero B NepefaoLLyto aHTeHHy. bnok o6paboTku
N3MepuTENbHbIX CUrHanoB peructpuposan OMW, npo-
weaLwee yepes uccrieqyemMbiin obpased.
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Puc. 1. CmpykmypHas cxema uamepumeribHol
yCcmaHo8KuU.

Fig. 1. The block diagram
of the measuring equipment

Mpn  unamepeHUn  KOIPPUUNEHTOB  OTPaKEHUSA
Ha BbIXxOde yCTaHaBNMBAarcsi KOpoTko3amblkaTtens, KY
nameputens cgopmupoBan curHan B 3agaHHoOM nonoce
yacToT 1 Yepes 6nok A/R nogasan ero B nepearoLlyro
aHTeHHy. Bnok o6paboTku M3MepuTENbHLIX CUrHaroB
perucTpmpoBan u3y4YeHue, oTpaKeHHOe OT 3KCNEPUMEH-
TanbHoro o6pasua. OTHOCMTEnbHas MOrpeLuHoOCTb W3-
MepeHun coctasuna 1 %.

3aBUCUMMOCTb  KO3(h(ULMEHTOB OTPAXKEHUS IKCMe-
pUMEHTarnbHbIX 06pa3LOB SKPaHUPYOLLErO OTAENOYHOro
mMaTtepuana OT YacToTbl B gnanasoHax 0,5-3 My n 2—
18 I'Mu, nokasaHbl Ha puc. 2.
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Puc. 2. 3HayeHus1 koaghghuyueHmos repedadu
Mamepuarna ¢ wyHaumom 8 duana3oHe 2-18 Ty.

Fig. 2. The transmission properties of shielding materials
with schungite in the frequency range 2-18 GHz

lll. UHTepnpeTauus pe3ynbTaToB UCMbITAHUN

Mccnenyemble matepuanbl B OCHOBHOM XapaKTepu-
3MPYIOTCA HEBLICOKOM OTpakaTerbHOW CroCOBGHOCTLIO
B ananasoHe 0,5-18 Ty, n gobasneHue cnosi oTaenoy-
HOro MaTepuana npUHUUNMansHO He MEHSIET XapakTepa
3aBUCUMOCTUN KOI(PDULMEHTOB OTPaKeHUs1 OT 4acToTbl
B AvanasoHe 2-18 'Tu.

3HayeHusa koadhdprUMEeHTOB nepeaayn nccnegyemMbix
obpasuos B gnanasoHe 0,5-3 My coctaBunu oo —10 ob
W MpU UCMONb30BaHWM OTAENOYHOro MaTtepuana BmecTe
c ceTkon go —30 ab, a B gnanasoHe 2-18 Ty koadhu-
UMeHTbl nepedayn coctasunu —10-—30 b v npu wuc-
Nnosb30BaHUN OTAENOYHOro MaTepuana BMeCTe C CETKON
—23+-29 ab.

V. 3aknoyeHue

Moka3zaHa BO3MOXHOCTb CO3[aHWUsl OTAENOYHbLIX Ma-
TepvanoB Ans 3allWLIEHHbIX MOMELLEHWA Ha OCHOBE
WwyHrMTa. MccneqoBaHbl MX 3KpaHMPYHOLLME XapakTepu-
ctukn. MprBoasaTcs 3Ha4YeHUs KO3PULNEHTOB OTpaxe-
HUS 1 Nepedayn OTAENOYHbIX MaTepuarioB Ha OCHOBE
WyHrMTa B YyacTtoTHOM AunanasoHe 0,5-18 'Tu. lNokasa-
HO, YTO OTAENOYHbI MaTepuan Ha OCHOBE LUyHrMTa xa-
pPaKTEPU3MPYIOTCA 3HAYEHUsIMU KO3(PPULIMEHTOB Nepe-
naum ot —-10 ob oo —30 ab.
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Abstract — The technology for manufacturing of composite
materials on the basis of cement and shungite, which can be
used as finishing materials for providing electromagnetic compat-
ibility of electronic equipment, protect information from leaking via
electromagnetic radiation channels. The study of the characteris-
tics of shielding materials was carried out with panoramic meas-
urer of transmission and reflection coefficients. It is shown that
the material on the basis of cement and schungite is character-
ized by the values of transmission coefficients from —10 dB to —
30 dB in the frequency range 0.5-18 GHz.

|. Introduction

Protection against electromagnetic radiation is important
because of the exponential growth of electronic devices, as well
as due to the increase of their sensitivity, in particular, radio-
frequency devices, which has tend to interact with digital devic-
es. In particular, the creation of the shielding materials used for
electromagnetic compatibility of electronic equipment, the pro-
tection of information leakage through the electromagnetic
channels, decrease o the radar visibility of military equipment
objects, protection of electronic equipment from the striking of
the effects of electromagnetic weapons.

I, lll. Main Part

The transmission and reflection coefficients of the samples
of shielding finishing material were measured. For this experi-
ment finishing material with thickness 4 mm and finishing mate-
rial with thickness 4 mm, deposited on a metal mesh were
used. In addition, measurements of shielding characteristics of
the metal mesh were carried.

The experimental materials are mainly characterized by low
reflectivity in the range of 0.5-18 GHz, and adding a layer of
filling material, fundamentally do not change the nature of the
dependence of the reflection coefficient in the frequency range
2-18 GHz.

The values of the transmission coefficients of the samples
were —10 dB in the range 0.5-3 GHz and transmission coeffi-
cients of the samples with the mesh were up to —30 dB.

The values of the transmission coefficients of the samples
were —10+—30dB in the range 2-18 GHz and transmission
coefficients of the samples with the mesh were —23+—29 dB.

IV. Conclusion

The possibility of creating finishing materials for protected
areas, based on schungite is shown. Their shielding character-
istics are investigated. The transmission and reflection coeffi-
cients values in the frequency range 0.5-18 GHz are present-
ed. It is shown that finishing materials on the basis of cement
and schungite has values of transmission coefficient
—10 dB to —30 dB.
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