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FINISHING PANELS FOR ELECTROMAGNETIC SHIELDED PREMISES
ON THE BASIS OF NANOSTRUCTURED COMPOSITE MATERIALS

EXTENDED ABSTRACT:

A wide utilization of electronic equipment produces the necessity to inte-
grate building and shielding technologies. This would make it possible to con-
struct premises and buildings, capable of attenuation of the electromagnetic
fields, generated by industrial and household sources. Such kinds of premises
would solve the problems of electromagnetic compatibility, uncontrolled effect of
electromagnetic radiation (EMR) on human organism, protection of critical types
of information assets, processed by automatic facilities. In addition to the high
shielding effectiveness the materials should ensure the fire safety in the prem-
ises. The developed multilayered shielding materials based on composites, which
are characterized by high dielectric and magnetic losses, ensure the EMR attenu-
ation 20...35 dB in the frequency range of 0,7...17 GHz. The EMR reflection factor,
ensured by the suggested materials, is —5...—1 dB. Open fire (+1700°C) impact on
the developed materials was studied and the burning-through time for different
samples was determined. The burning-through time is sufficiently increased up
to 140 s due to hygroscopic aqueous solutions application in the composite mate-
rials content.
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OTAEJIOYHLIE NAHENN ANS CO3AHUSA IKPAHUPOBAHHbDIX
MOMELLEHWUN HA OCHOBE HAHOCTPYKTYPUPOBAHHbBIX
KOMNO3ULIUOHHBIX MATEPUAIIOB

AHHOTAIINA K CTATEE (ABTOPCKOE PE3IOME, PE®EPAT):

Pa3BuTtne 3JIeKTPOHHBIX YCTPONCTB M X IIOBCEMECTHOE PACIIPOCTPAHEHNE IIPUBOIUT
K HE00XOAMMOCTH MHTErPaAlii CTPOUTEIbHBIX M SKPAHUPYIOIIUX TEXHOJIOTUIl, YTO IIO3BO-
JUJI0 OBI CO3MaBaTh CTPOUTEIbHBIE MATEPHUAJBI AJIA 3TaHUI M BhIIEJEHHBIX IIOMEIIeHU,
CHHMKAIONIUX YPOBEHD PACIIPOCTPAHAIONIUXCS 3JIeKTPOMATHUTHBIX II0JIeH OBITOBBIX M IIPO-
MBIILIEHHBIX MCTOYHUKOB. TaKkue moMeneHnsa MOTYT HCII0Jb30BATHCA JIS PEellleHUs IPo-
0JieM 3JIEKTPOMArHNTHON COBMECTHMOCTH, HEKOHTPOJHPYEMOr0 BO3XEHCTBHUS 3JIEKTPO-
MarHUTHBIX n3ixydeHunii (OMU) Ha opraHu3M UeI0BeKa, 00ecIieYeHNA 3aUThI KPUTUIHOMH
uH(popManun, 00padaTbIBaeMoil aBTOMATHYEeCKMMHU cpeacTBamMu. IloMmumo BBICOKOH 3(h-
(heKTHBHOCTH SKPAHUPOBAHUS, MATEPHUAJIBI AJIA CTPOUTEIHCTBA UJIH OTHAEJIKY IIOMeIleHU i
OJI3KHBI YIOBJIETBOPATH ONpPeIeIeHHBIM TPeOOBAHMAM II0 MOKaPHOIT 6e3omacHocTH. IIpo-
BeJeHHbIe MCCJIETOBAHUA MHOTOCIOWHBIX dKPAHUPYIOIIMX MaTEPHAJNIOB HA OCHOBE KOM-
MO3UTOB ¢ MATHUTHBIMU U TUIJIEKTPUUYECKUMU IIOTEPAMU IIOKa3aJau, 4T0 3 (heKTUBHOCTH
axpanupoBanua IMMU cocrasasaer 20..35 b B quanasone vacrtor 0,7..17 I'Tu. Koaddu-
IMeHT oTpaskeHusa IMMU ucciaemoBaHHBIMHE MaTepHajJaMu cocTaBiadeT —5...—1 ab. Ilpu uc-
CJIeIOBAHUAX BO3[EHCTBUA OTKPHITOTO miamenn (+1700°C) onpemeasanoch BpeMsa CKBO3-
HOTO IMporopaHus oopasmnos. IlokazaHo, YTO HCIOJIb30BaAHNE B COCTABE KOMIIO3UITHOHHBIX
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MaTepuaJoB r'NTPOCKOIIMYHBIX BOAHBIX PACTBOPOB ITI03BOJIAET YBEJIMUYUTHh BPpeMdA CKBO3HO-
ro MporopaHus MaTepuaJja Toamunoi 0,3 mm go 140 c.

Karouessle ciioBa: mmoskapHas 0e30IIaCHOCTb, KOMIIOSUI[MOHHBIE MaTepHasbl, s(PheK-
TUBHOCTDH 9KPaHUPOBAHUS.

DOI: dx.doi.org/10.15828/2075-8545-2015-7-5-87-101

MAMPHOYATAEMA ST HHOGOPMAIIHAA 0 CC-TUIEH3UA B METAJAHHBIX CTAThH (HTML-KOx):

<arel=»license» href=»http://creativecommons.org/licenses/by/4.0/»><img alt=»JIumnensus Creative Commons»
style=»border-width:0» src=»https://i.creativecommons.org/1/by/4.0/88x31.png» /></a><br />IIpoussenenue

«<span xmlns:dct=»http://purl.org/dc/terms/» href=»http://purl.org/dc/dcmitype/Text» property=»dct:title»
rel=»dct:type»>OTaenounblie naneau I CO3LaHUS YKPAHNPOBAHHBIX IIOMEIIEHUN HA OCHOBE HAHOCTPYKTYPUPOBAHHBIX

KOM- IO3UITMOHHBIX MAaTEePUAJIOB</Span>» CO3JaHHOEe aBTOPOM IT0 uMeHu <a xmlns:cc=»http://creativecommons.org/

ns#» href=»Hanorexuosiornu B crpourtenserse. — 2015. — Tom 7, Ne 5. — C. 87-101. — DOI: dx.doi.org/10.15828/2075-
8545-2015-7-5-87-101» property=»cc:attributionName» rel=»cc:attributionURL»>Axmexn A.A., Hacorosa H.B., ITyxa-

ko T.A., JIetabkoB JI.M.</a>, nybuuKyeTcs Ha ycaoBusax <a rel=»license» href=»http://creativecommons.org/licenses/
by/4.0/»>nmuuensuu Creative Commons «Attribution» («Arpubymnus») 4.0 Bcemupnasa</a>.<br />OcHOBaHO Ha IPOU3BEIEHUN C
<a xmlns:dct=»http://purl.org/dc/terms/» href=»http://nanobuild.ru/ru_RU/nanobuild-5-2015/» rel=»dct:source»>http://
nanobuild.ru/ru_RU/nanobuild-5-2015/</a>.<br />Paspelenus, BIXOAAIINE 38 PAMKY JaHHOU JUIEH3UH, MOTYT OLITH [0~
CTYIHBI Ha cTpaHuIe <a xmlns:cc=»http://creativecommons.org/ns#» href=»naig@tut.by» rel=»cc:morePermissions»>naig@
tut.by</a>.

a3BHUTHE 3JIEKTPOHHLIX YCTPOMCTB U pacillupene odJacTe nx Ipu-

MeHeHUs — B MeJUI[nHe, (PUHAHCaX, IPOMU3BOACTBE — U YBEeJINUYEHNe
CKopocTell 00paboTKy MH(MOPMAIIUY IIPUBOAUT K YCUJIEHUIO HEOOXOIMMO-
CTH VUUTHIBATEL BJANAHNE UX IMOOOUHBIX 3JIEKTPOMATHUTHBIX MU3JIyUYeHUI Ha
OKpYy:Kaloliee obopyIoBaHMe 1 paboTaroInuil mepcorna. Kpome Toro, uacto
2JIEKTPOHHOE 000pyZOBaHME MOJKHO OBITh 3J€KTPOMATHUTHO M30JUPOBA-
HO OT CpeJbl, B KOTOPOI OHO HAaXOAUTCHA, IJA 00ecIIeueHUs er0 yCTOMYNBOM
u OecriepeOoiiHO PabOTHI B HE3aBUCHUMOCTH OT BHEIIHMX BO3MYIIAIOIIUX
DJIEKTPUUECKUX IMEePEeXOAHBIX IPoIleccoB (MOJIHMI, MOIIHBIX IIepeKJIouaTe-
Jieii, MHTeHCUBHBIX PAANOYACTOTHBIX II0JIeii, MOIIIHBIX MArHUTHBIX IIOJIEH).
OTgenbHBIN KJacc TpeOOBAHUM IO OTPAHMUYEHUIO IIOOOUYHBIX dJIEKTpoMar-
HUTHBIX M3JyYeHUH CPeACTB 00paboTKuM MHMOPMAIUU YCTAHABJINBAETCS
IS CPEACTB TeXHUUECKOM 3aIUThl MHMPOPMAIIUKN OT YTEUKM II0 3JIEKTPO-
MAarHUTHBLIM KaHaJyaM. IIpu ncroasb30BaHNY BEIUYHCIUTEIBHON TEXHUKY JIs
00pabOTKY BLICOKOKPUTUUYHON MH(POPMAIMHK C BHICOKOM CTEIIeHbI0 KOHPIU-
IEeHIIUAJIbHOCTH, IIeJIOCTHOCTH TpeodyeTcs a(pheKkTuBHAA 3aIIUTa TAKOTO 000-
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PYyIOBaHUA OT BIUAHUA KaK HelpeJHAMEePEeHHBIX, TaK U IIpeJHaAMEePEeHHbBIX
BJIEKTPOMAarHuUTHBIX Bo3aelicTBuii [1, 2].

OnucaHHbIe BBIIIE IIPOOJEMBI IIOABOLAT K HOBOMY PEIIeHHI0 — CO3/a-
HUO THTETPUPOBAHHBIX DK PAHNPOBAHHBIX TOMEITEHUH, B KOTOPBIX MaTEPU-
aJIbl ¥ KOHCTPYKIIUU OJHOBPEMEHHO OTBEUAIOT TPEOOBAHUAM 3(h(DEKTUBHOTO
DKPAHUPOBAHUSA AJIS JIEKTPUUECKUX, MAaIHUTHBIX UJIU 3JIEKTPOMAarHUTHBIX
IMoJIeH 1 CTPOUTEJBCTBA B 3aBUCMOCTH OT IIOCTaBJIEHHOU 3anauu [3,4,5,6].
B zaBucuMoOCTHY OT Ha3HAYEHU A CYIIIECTBYIOIINE IIOMEIeHUA MOT'YT OT/IEJIbI-
BaTbCA CIENUAJbHBIMU 9KPAHUPYOIUMU MaTepUuaaMu IJd o0ecIeueHU s
BJIEKTPOMATrHUTHOU COBMECTUMOCTHU YCTPOMCTB, MPENATCTBOBAHUSA ITPOHUK-
HOBEHUS U3BHE U HAPYIKY 2JIEKTPOMATHUTHBIX BOJH U CHUMKEHUSA 3JIEKTPO-
MarHUTHOI Harpys3ku Ha paboTaromniuii mepcosad [7,8].

CospaHue sKpaHUPYWOIINX W paguororgomiaoinux OMU marepuasion
BKJIOUAET KaK IIPUMeHEeHUe MaTepHuaJioB, 00JamaiolnuX Pe3uCTUBHBIMU,
MATHUTHBIMUA W AUDJEKTPUUYECKUMU TOTEPAMM, TaK U IIPHUMeHeHNe KOH-
CTPYKTUBHBIX ITPUEMOB [IJIA IIOJaBJE€HUS SHEPTrUU IIaJal0IIero u OTpakeH-
HOT'O 3JIEKTPOMarHuTHOro naaydernunsd [9,10].

MuorocaoiHbIe KOHCTPYKIIUU MO3BOJAIOT YBEINUYUTH d3((PEKTUBHOCTD
skpaHupoBaHusa IMMU u cHu3UTHL KoaduiiueHT orpaskenua OIMU or KoH-
CTPYKIINU 34 CUET CO3[MaHUs YCJIOBUM IJIsI COTJIACOBAHUS BOJTHOBBIX COIPO-
TUBJIEHUII CBOOOJHOTO IIPOCTPAHCTBA M MaTepuasia, a TaKyKe IJs KOMIIEH-
carnuy 9HEePruu 3JIEKTPOMATHUTHBIX BOJIH, OTPA’KEeHHBIX OT I'PAHUIL pasaea
Mexay caoamu [11].

Meranabsl 1 m3geansa Ha UX OCHOBe (JIUCTHI, CETKM, (poJibra, Kpacka
U 1Ip.) o6JamaroT BEICOKOI 3(P(PheKTUBHOCTHIO 9KpanupoBanusa IMMU za cuer
orpaskeHusa 99,9% mosu sHepruu mamaroInero 3JIeKTPOMAarHUTHOTO U3JIyyJe-
HUSA BCJIEICTBYE BHICOKOM IPOBOANMOCTHU 3TOT'O TUIIA MATEPUAJIOB.

deppuToBBIe MATEPUAJLI UCTOJIB3YIOTCA IJIA CHUMKEHUA Koo PUIineH-
Ta OTPAKEHUA METAJIJINUYECKUX TOBEPXHOCTEN B OTHOCUTEIBHO HEIITTPOKOM
nuarasoHe yacToT. MccaenoBanauch 00pasiibl SKPAaHUPYIONIUX MaTepPUaJIOB
B Bujze I19® TKaHBIX moJsi0oTeH ToaninHoi 0,3 MM ¢ BILJIETEHHBIM (beppoMar-
HUTHBIM MUKPOIIPOBOIOM. TKaHb BKJIIOUAET HUTH, BHITIOJITHEHHBIE U3 HAHO-
CTPYKTYPHOTO (DePpPOMArHUTHOTO MUKPOIIPOBOA B CTEKJITHHOM M30JIAIINU,
KoTtopble ckpyuensl npu 100—800 Kp/M ¢ OCHOBHBIMU M YTOUHBIMU HUTS-
MU 13 HATYPaJbHBIX 1/UJIN XUMHIYECKIX BOJOKOH 1 cocTaBisaioT 1,0—3,2%
OT IIOBEPXHOCTHOU IJIOTHOCTH TKaHu [12]. AMop(hHBINT HAHOCTPYKTYPHBIN
(heppoMarHUTHBIZT MUKPOIIPOBO, B CTEKJIAHHON U30JAINN COCTOUT U3 (ep-
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pomarautHoro cimiaasa Fe, Co, Ni u merannouna B, Si, C. B HuskouacToT-
"HoM puanaszone 30—100 MI'1 ociabaerne OMM Taxoii TKAHBIO COCTABJIISIET
20-40 gB. CooTHoIlleHre HUTEH YTKA K HUTSIM C (peppOMAarHUTHBIM MUKPO-
mpoBoaom — 1:2.

KoMiosuiinoHHbIe HeTKaHbIe MAaTEPHUAJILI C HAIIOJHEHNEM YTIJIEPOSHBIMI
BOJIOKHAMM TaKJKe MOTYT IIPUMEHSATHCA OJA CO3MAHNS PaLUOIOrIOTHTEe e
OMMN. IIpuHIUII AeHiCTBUA TAKUX MaTePHAJIOB OCHOBAH Ha PE3UCTHUBHBIX IIO-
TepAX B MaTepuaJje IPU IPOXOKACHNI IO HEMY 3JIEKTPOMATrHUTHOMN BOJIHBI.

Bricokue gusaexTpuuecKkue morepu Bogsl B CBU-guamasome o0yciios-
JIMBAIOT IPUMEHEeHNe ee U PACTBOPOB HA €€ OCHOBE IJIsI CO3TAHUS IIUPOKO-
IIOJIOCHBIX 9KpPaHoB u morjotuTteaeit OMU nuanasona CBY. Crabunusaunu
KOHIIeHTPAaIlii BOALI B COCTaBe MaTepHraJa MOMKHO JOCTHUYb, IPUMEHAI I'i-
TPOCKOIIMYHBIE COJIM B KaueCcTBe KOMIOHEHTOB pacTBopa. IIponuTka Bomoii
1 BOAHBIMI PACTBOPAMM BOJIOKHMCTBHIX MATPHIL C OOJBIION yIEJbHOM IIO-
BEPXHOCTHIO 00YCJIOBJINBAET IIPUCYTCTBUE 3HAUNTEJIbHOM SO HAHOCTPYK-
TYPUPOBAHHOI BOABI B HPUTPAHUUYHBIX C IIOBEPXHOCTHIO TBEPAOTrO TeJja
CJIOSIX, UTO, B CBOIO OUepelb, OTpakaeTcsa Ha 9JEeKTPO(PU3UUECKUX U DJIEeK-
TPOMATrHUTHBIX XapaKTePUCTUKAX TaKUX BOJOCOLEPIKAIINX KOMIIO3UIIMOH-
HBIX MaTepuajgoB. KoMOMHMpPOBaHNE MATEPHUAJIOB C PA3IMUYHBIMI THUIIAMU
IIOTEPDh A SJIEeKTPOMATHUTHOIO M3JIYUEHUS IIO3BOJAET IIOBBICUTH 3(deK-
THUBHOCTh SKPAaHNPOBAHUSA, YMEHBIIUTh KO3(pPuiineHT orpaskeHusa OMU
U PACIIUPUTD YACTOTHBIN JMAIIA30H IIOJYUYAE€MBbIX S9KPAHUPYIOIIUX 1 PaJI0-
IIOTJIOMIAIOIINX U3,

HccaemoBaanuch »SKPAHUPYIOIHE XaPAKTEPUCTUKN MHOTOCJIOMHBIX
SKPAHUPYIONINX KOHCTPYKIIUUA, COCTOAINME M3 CJI0eB AUIJIEKTPUUECKUX
1 MarHAUTHBIX MATePHAJIOB HA MeTalInuecKoi moaaoxkke. CocTaB uccaeno-
BaHHBIX 00pas3IloB IPUBEEH B Ta0JI.

dororpapuu BHEIIHEro BuAA 00PAa3Il0OB MHOT'OCJIOHMHBIX SKPaHUPYIO-
IMUX KOHCTPYKIIUH IIpeAcTaBJIeHbI Ha puc. 1.

M3MmepeHUs 9KPaHUPYIOIIUX XapaKTepPUCTUK (ocaabieHne, KoahOuiiu-
eHT oTpaskenus IMMUN) mpoBoAMIINCH B IBYX YACTOTHBIX nuamna3onax:0,7...3,0
n 2...17 I'T'y Ha aBTOMATU3MPOBAHHOM M3MepPUTeJIe MOAYJIS KO3 (UIIEeHTOB
nepenaun u orpakeHusa SNA 0.01-18 omenkoit Koa(ppUIIEeHTOB Tepesaun
1 OTPaKeHHUs BOJHOBOJHOTO TpPaKTa ¢ PyHOpPHBIMU amTeHHamu 6II1-23M,
B PacKpbIBe PymHopa aHTeHHBI, B AuanasoHe yacToT 2...17 I'T' (puc. 2). Oc-
JabjaeHre, BHOCHMOE MCCJIeYEMbIM 00pas3IioM, OIIpeAesaeTcsa OTHOIIIeHueM
HAIIPSAKEHHOCTEe! BOJIH, IIafaloleil 1 mpolneaineii yuepes oopaselr, BbIAes-
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Tabauua

Onucanue 00pa30B MHOTOCIOMHBIX 9KPAHUPYIONIMX MAaTepPHAaJIOB

Oo6o3Hnaue- Cocras npo-
HUe 00- Cocras ciaoes IUTHIBAIOLIEe-
pasna ro pacTBopa

MackupoBouHaa [I9® ceTka / II9P moJI0THO ¢ BILIETEH- Boausbrit
1082 HBIM (hepPOMarHuTHBIM MUKPOIIPOBOIOM / TUBJIeKTpUUe- pacTBop
ckasa [I9T npocioiika MeTatanuecKas oJbra CaCl,
MackupoBouHaa II9® cerka / II9P moa0THO ¢ BILIETEH-
1083 HBIM (hepPOMarHuTHBIM MUKPOIIPOBOIOM / TU3JIeKTpUUe- -
ckad I[I9T npocioiika meTaniudeckasa poabra
MackupoBouHaa II9® ceTka / II9DP moJa0THO ¢ BILIETEH-
1084 HBIM (hepPOMarHuTHBIM MUKPOIIPOBOIOM / TU3JIeKTpUUe- Bona
ckada I[I9T npocioiika mertaniudeckasa poabra
MackupoBouHada [I9® mos0THO ¢ BIJIeTEHHBIM (DeppoMar-
1086 HUTHBIM MUKPOIIPOBOJOM / CHHTETUUYECKUI BOJOKHUCTHIN
HEeTKaHBIA MaTepuaJI C yIJIePOAHBIM HAIlOJHEHNEM / TUIICO-
KapToH ToamuHoi 10 Mmm
1090 II9®P 110/I0THO C BIJIETEHHBIM (DEPPOMArHUTHBIM MUK PO-
IIPOBOJIOM / TUIICOKAPTOH ToamuHoi 10 MM
Bogunbriii
1091-1 II9®P 110/I0THO C BIJIETEHHBIM (DEPPOMATrHUTHBIM MUK PO- ACTEO
IIPOBOJIOM / TUIICOKAPTOH ToammnHOoN 10 MM P CaCl P
2

eMmbIx Oiokamu A u B. Koapdumuent orpakenus R xapakrepusyer Q0JIiO
nagaroiei saepruu OMU, orpamenuyio ot odopasiia. Hanpsa:xeHHOCTH IO
BOJIH u3MepsioTea 0aoxkamMu A u B, 3aTeM 0JIOK 00pabOTKM CUTHAJIOB IIPO-
M3BOAUT BbIUNCJIeHNEe oTHomIeHU. Kosdpuiument orpaskenuns OMU usme-
psAJics B pPeKUMaX COIJIACOBAHHOM HATPY3KH M TpPaKTa, HArPysKeHHOIo Ha
MeTaJLINUeCKYIO OTpakaromnlyio miactuny (K3):

nao

A=20log £ ,0b

R =20log

npout

omp

ob,

o

nao
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rue Eomp, E  ,— HaIPAXXEeHHOCTD I10JIfA, BBIAEJIEHHOI0 JeTEeKTOPOM OTpa-
JKeHHOU u majaromieit Boaua A/R; Enpow — HAIPAKEHHOCTD II0JIS BOJHBI, IIPO-
e Iei uepes oopaselr, BeIgeieHHAaA 0J10KoM B.

PesyabTaThsl n3MepeHNI YaCTOTHBIX XapPaKTEePUCTUK OCJIA0JIeHUA U OT-
paxkenuss IMU paspaboranusiMu odopasmamu 1082 u 1083 mpuBemeHbI Ha
puc. 3.

W3z-3a HAIMUMA MeTAJJIMUYeCKOro cjod ociaabdbiaenue AMU mHOTOCIONM-
HBIMHI 00pasilaMH COCTaBJIAET CBhINIEe 32 1B B mccaeoBaHHBIX AMAallad0OHAX

qacToT.

Puc. 1. BuenrtHMIT BUJ IIONMIEPEYHOTO CEUECHUS 00PA3I0B MHOTOCIOMHBIX
dKpaHUpYyOIuX MaTepuaaon: (a) 1082, 1083, 1084, 1086; (6) 1090-1

biok obpaboTku
H3MEPHTEbHBIX baok
CUTHAJIOB I'KY4

BJ% B BxoaR

OTIOPHBI i
CHTHAT

Baok B Brnox A/R -

Hccnenyemnrii
o0beKT

Puc. 2. Cxema ycTaHOBKU B peskuMe u3MepeHus ociaadiaennsa IMHU

G5 mm
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W W

QOcnabdnenne, 1b
t
S
Ocaadnenune, n1b

1,0 1,5 2,0 2.5 3,0 2 4 6 8 10 12 14 16 18
YactoTa, [T Hacrora, I'Tn

=

1
—_

b

{
h

1
(=)

1,0 1,5 2,0 2,5 3,0 2 4 6 8 10 12 14 16 18

Koa¢duunent orpakenns, 1b
A
Koa¢ppuuuenr orpakenus, 1b

1
~

Yacrora, I'Tn Yacrora, I'Tn

Puc. 3. YacToTHBIE 3aBUCUMOCTH OCJaa0JIeHu (a, 6) 1 KO3(P(PUIIUEHTOB OTPAKEHU ST
(B, r) 00pPa31[0B MHOTOCJIOMHBIX KOHCTPYKIIMI 1151 00pa3inos 6e3 mponuTku (B)
U IPONMTaHHBIX BoAHbIM pacTBopoMm CaCl, (C)

YacToTHasa xapaKkTepuCTUKa Koapduinuenra orpakenusa OMU mepas-
HOMepHa u uaMmensercs ot 0,5...—6,1 1B. B HuskouacToTHOM AualiasdoHe Ko-
a(h(PUIIMEHT OTPaAKEeHUA JOCTATOUHO BhICOK (—0,3...—1 1B), omHako c yBeu-
YyeHMeM YaCcTOThI OLICTPO yOBIBAET U B AuamnasoHe yactor 2,5...14 I'T' auxe
—4 1B nasa ob0pasiia ¢ HeIIPOINTAHHLIM IIOJOTHOM C BBA3aHHBIM (heppomar-
HUTHBIM MUKPOIIPOBOJOM.

YMeHbIIIeHre TVIYOMHBI IPOHUKHOBEHUSA IIOJIS B SKPAHUPYIOIUII Ma-
TEePHAJI C YaCTOTOI BBIPAXKAETCSA B CHMMKEHUU dPPEeKTUBHOCTU OTPAKEHUSI
mortrHocT IMMU, a caemoBaTeabHO, 1 Kod(duiimeHTa orparmenus OMU.

IIponuTKa moJ0THA ¢ MAarHUTHBIM MaTePHAaJIOM IIOJISIPHON JKUIKOCTHIO
MIPUBOAUT K HAPYIIEHUIO YCJIOBUII B3aumogeiictsusa OMU ¢ marepuaiom,

e OO
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U BeJINUMHA KO3 PUIIMeHTa OTPaKeHsI U YaCTOTHBIN AUAaNa3oH N3MeHAI0T-
Cs II0 CPABHEHUIO C HEIIPOIUTAHHBIM MaTepPUAJIOM.

IToMmuMo BBICOKOUM 3(Ph(PEeKTUBHOCTH SKPAHUPOBAHUS TOTOBBLIE WM3AEJIUA
IOJIZKHBI 00J1a1aTh OIIPeIeIeHHBIMY 9K CILIyaTallMOHHBIMY ITapaMeTpamu [ 13].
I[IpuMeHeHME PKPAHUPYIOIINX MAaTEPHUAJIOB AJS OTAEJKU IIOMEIeHUN ycTa-
HaBJINBAET ONpeieJIeHHbIe TPeOOBAaHMUA K HUM 110 TTOJKapHO 6€301acHOCTHU.

1090 (3 s) 1091-1 (3 s)

Puc. 4. DparmeHTHI 00pa3I[0B MHOTOCJIOMHBIX KOHCTPYKIIMI IIPH BO3AeHCTBUH
OTKPBITOIO IIJIAMEHH B TeUeHHe 3 CeK

e O
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B coorBercTBuu ¢ Hopmamu nmosxkapuoi 6e3omnacHocTu Pecnybauku Be-
Japychk ooOpasmnel mMmeau pasmep 220x170 MM, MCIOBITAHUSA IIPOBOIUJINCH
B cooTBeTcTBUM C [14]. Beicory mmamenu (+1700°C) peryiupoBaau BeHTU-
JieM, 1 B BepTUKAJbHOM MOJIOKEHNU IOpeKU OHa cocTaBiasaaa (40+=2)mm.

B xome mcciiemoBaHUA BO3IEMCTBUA OTKPBITOTO ILJIaMEHU Ha 00pas3Ilbl
OIIpeesisaIOCh BpeMs CKBO3HOIO IIporopanus oopasos. Ha puc. 4—7 mpuseze-
HEBI (hoTorpadmy COCTOAHMS IIOBEPXHOCTH 00Pa3I[0B B TeUEHNIE Y9KCIIEPUMEHTA.

Kak mokasaau pesyJbTaThl UCCJIEeNOBAHUM, BpeMs CKBO3HOTO IIporopa-
HUSA MHOTOCJONHBIX 00pa3IloB 13 CUHTETUUYECKUX MATEePHUAJIOB 0e3 IPOIUT-
KM COCTaBUJIO OKOJIO 3 ¢. OOpasIibl, B COCTaB KOTOPBLIX BXOAUT CJIOM I'MIICO-
KapTOHAa, PaspyIIUINCh 10 CJI0I T'MIICOKAPTOHA, TaJbHEHNIIero pa3pynieHus
MaTepuaJa He IIPOU3O0IILIO.

BosgeiicTBre OTKPBITOrO IIjIaMeHu B TeueHue 30 ¢ mpuBeJO K HcIape-
HUIO BOABI 13 cjoda IIO® mosoTHA ¢ BIIeTEHHBIM ()epPPOMATrHUTHBIM MUKPO-
npoBogoM obpasiia 1084, mocJie 4ero MCXoaHbIe CJION MAaTEePUAJIOB JeCTPYK-
THPOBAJIMN.

1091-1 (30 s)

Puc. 5. ®parMeHTHI 00Pa31[0B MHOTOCJIOMHBIX KOHCTPYKIIUI IIPH BO3IEHCTBUHI
OTKPBITOrO maamMeHu B TeueHue 30 cex
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1082 (60 s) 1091-1 (60 s)

Puc. 6. ®DparmeHTHI 00pPa31[0B MHOTOCJIOMHBIX KOHCTPYKI[MI IIPU BO3AE€HCTBUH
OTKPBITOTO IJIaMeHH B TeueHune 60 cex

Boiiee pauTebHOE BO3AeCTBIE OTKPBLITOTO IJIAMEH! IPUBEJIO K IIPOTro-
pauwuio oopasma 1091-1, cocrosiero us IIO® mosioTHA ¢ BILJIETeHHBIM (hep-
POMarHMTHBIM MUKPOIPOBOAOM, IPONIUTAHHOTO BOAHEIM pacTBopom CaCl,,
PacIoJIOMKEeHHBIM Ha CJ0e T'MICOKapToHa ToamuHoi 10 MM, uepes 60 ¢ mociie
HauvaJjia BO34eHCTBUA.

HauboabIiee BpeMsi YCTOMUYMBOCTY K BO3AEHCTBUIO OTKPBITOrO IIJIaMe-
HU IMoKasaJ oopaselr 1082, B KOTOPOM IJid MPOIMUTKN TKAHBIX IOJOTEH IC-
noJ1b30BasIcA BoAHBINA pacTBop CaCl,. ITo cBA3aHO C TeM, UTO HA HCIAapeHne
MOJIEKYJI BOJbI, CBSI3AHHBIX C MOJIEKYJIaMi TMTI'POCKOINYHOM COJIH, IIOTJIO-
THIJIOCH 00JbIIee KoauuecTBo MK-sHeprum, a ocTaBIINICS IIOCTIe NCIIaPEeHU I
mosteky1 Bogbl CaCl, mog BosfeiicTBreM BBICOKOM TeMIIePaTyPhl IIPEeBPATHII-
¢ B KOKC — BREICOKOTEMIIEPATYPHYIO KEPAMUKY, BEIAECP:KUBAIOIYIO BO3AE-
CTBUE BBEICOKHX TeMIIepaTyp u skpaHupyioimyio UK-usayuenue.

1082 (140 s)

Puc. 7. DparmeHTHI 00pPa31[0B MHOTOCJIOMHBIX KOHCTPYKI[MI IIPU BO3AEHCTBUH
OTKPBITOrO IjiaMeHu B TeueHnne 140 cex

90 mm
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B pesyabTaTe mpoBeAéHHON PabOThHI MOJIyUYeHbI 9KPAaHUPYIOIIHe XapakK-
TepucTuKku (ocjaabdiaenue, KoapduiimeHT orpaskenusa IMU) obpas3oB MHO-
TOCJIOMHBIX SKPAHUPYIOIINX KOHCTPYKIIMII B BHUAE OTAEJOUHBIX IIaHeJ e
IS MHTEeTPUPOBAHHBIX SKPAaHMPOBAHHLIX IMoMelnenuii. Ilokasaso, 4To uc-
II0JIb30OBaHNE KOMIIO3UTOB C MATHUTHBLIMHU U JU3JEKTPUUECKUMU IIOTEPAMU
B MHOTOCJIOMHOI CTPYKTYPE MO3BOJISIET HOJYUYUTh 3(PpPeKTUBHOCTh SKPAHU-
poBaHusa IMU nopanxa 20...35 1b B guanasoue uactor 0,7...17 I'T'1; mpu Ko-
s(ppurnmenTe orparkenuss OMU B npegenax —5...—1 1B. B coorBercTBuu ¢ Hop-
MaMU IIoJKapHoii 6e3omacHocTy PB mmpoBeseHbl MCIIBITAHMS MHOTOCJIOMHBIX
KOHCTPYKIIMI Ha BpeMs CKBO3HOTO IIPOTOPAHUS 00pasiioB. Y CTAHOBJIEHO,
YTO IIPU BO3AelcTBUU OTKPBITOro miaamMmenu (+1700°C) Ha moBepXHOCTDH HC-
caenyeMbIX 00pasoB ToaniuHou 0,3 MM, BpeMs IIPOTOPaHuA MHOTOCJIONHOM
SKPAHUPYIONIe KOHCTPYKIIUY MOYKHO YBeJTUUYUTD 10 140 ceK mpu UCIIoIb30-
BAaHUU B COCTaBe KOMIO3UI[MOHHOTO MATEPHAa TUI'POCKOINUYHELIX BOSHBIX
PacTBOPOB.
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