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Hocmynuna 6 peoakyuro 4 dexabpa 2015

[lpuBeneHbl  pe3yNnbTaThl  HUCCIACHOBaHUN  KOI(D(UIMCHTOB  OTpaxKeHHs U  Mepelayd
3JIEKTPOMArHUTHOTO M3JIyYCHUS] THOKUX KOMIIO3HIIMOHHBIX MaTePHAaIOB Ha OCHOBE TEXHHYECKOTO
yriaepoja W ruzaporens B auama3zoHe 4dacToT 8...12 I'Tm. IIpoaHanusupoBaHBl CHEKTpPalbHO-
MOJIAPU3ALIMOHHBIE CBOMCTBA YIJIEPOAOCOAEPKALIUX MATEPUATOB B BHJIMMOM JHAama3oHe JJINH
BoutH (450...940 HM). [IpencraBieHsl peKOMEHIOAINH HCIIOJIB30BAaHHUS JaHHBIX MATCpPHANIOB IS
CKPBITHSI 00BEKTOB Ha (pOHE PA3IUIHBIX THIIOB MECTHOCTH.

Kniouegvie  cnoéa: TeXHWYECKHH yIJIepox, THAPOTENb, 3JEKTPOMAarHUTHOE W3IIydYCHHE,
K03()(DUIMEHT CTIEKTPaIbHOM IPKOCTH, CTETICHb NOJIAPHU3ALIH.

BBeaenune

MHorue To/ibl BelyTcsl UCCIIeI0OBaHUs B 00J1aCTH CO3J[aHUS CPEACTB CKPBITHS PACIIONIOKEHHS,
COCTaBa M COCTOSIHMS BOCHHBIX OOBEKTOB. MeponpHsTHE IO CKPHITUIO OOBEKTOB HAa3bIBACTCS
MAacKHUpPOBKOH, KOTOpas 3aK/IIoyaeTcsi B HEAONYLICHWHM MOSABICHUS WJIH B  yCTPaHEHHUH
JIEMaCKUPYIOIINX MPU3HAKOB BOMCK U OOBEKTOB.

B03MOXHOCTB CKPBITOTO MONY4YeHUs] HH(GOPMAIMK O 3alUIIAeMbIX 00BEKTaX MacCHBHBIMHU
METOAaMH Ha 3HAYMTENIBHBIX PACCTOSHHSX CBSA3aHA C HAINYMEM BH3YallbHO-ONTHYECKHX KaHAJIOB
yYTeUKHd WHGOPMALUH, KOTOpPBIE MOTYT HCIOJb30BaThCS KaK B BOCHHOE, TaK M B MHUPHOE BpeMS.
D¢ dexTUBHEIM METOJOM CHIDKEHHS YPOBHS WH(OPMAIMOHHBIX CHUTHAIOB B BUJIUMON M OJMKHEN
HK-obnactu sSBISETCS CHI)KEHHE KOHTPAcTOB OOBEKTOB C OKpYsKaromuMHu (poHaMu mMectHOCTH. st
JAHHBIX IIeJed HCIOJIB3YIOTCS Pa3IMYHble KOMIIO3MLHMOHHBIE MAaTepualibl HA OCHOBE MPUPOIHBIX
KOMIIOHEHTOB, KOTOpBIE JIOJDKHBI yMEHBIIATh pPAa3uuusi MeXAy KodpQHUIUEHTaMH SPKOCTH
MOBEPXHOCTEH OOBEKTOB M €CTECTBEHHBIX (DOHOB, SKPAHUPOBATH OOBEKTHI OT MEKTPOMATHUTHOTO
n3nydeHus (OMU), a Taxoke 0051a1aTh HU3KUMH MacCOrabapuTHBIMU XapaKTEePUCTHKAMHU.

B nanHoii paboTe B KadecTBE MPUPOHOTO MaTepHaia JUisl CO3/IaHUs CPEeJICTBA MAacCKUPOBKU
O0BEKTOB  MpPEIUIOKEHO  UCIOJIb30BaTh  TEXHWUYECKHH  yriepoa. PaHHee  TpoBeJeHHBIC
uccienoBanus [1, 2] mokasanu, 4To yriaepomocoepKaliue MaTepHualsl, HalpuMep, NIYHIHT, MOKHO
PEKOMEH/IOBATh JUIS CKPBITUSI KOHCTPYKTUBHBIX OCOOCHHOCTEH OOBEKTOB Ha (POHE UEPHO3EMHBIX U
CyIecuaHbIX TOYB.

[HopomuikooOpa3Hblii TEXHUYECKUH YriepoJ HpeAcTaBisieT coO0ol HabOp yacThl pa3MepoM
105...10° cM. K OCHOBHBIM XapakTEpMCTHKaM TEXHHMYECKOTO YIJIEpojaa OTHOCATCS [4]: ynenbHas
nosepxHocTh — 12...350 M?/r; pasmep gactun — 9...600 aM; cpeanmii pazmep yactun — 10...120 aM;
mwiotHocTh — 180...350 kr/m®.

Llenb qaHHBIX HCCIEAOBAaHUN 3aKII0YaIach B UCCIIEIOBAHUH CIIEKTPaIbHO-NOISPU3ALMOHHBIX
CBOWCTB KOMITO3HIIMOHHBIX MaTepHAOB HA OCHOBE TEXHHUYECKOTO YIIIepoja Jisi MPUMEHEHHs ¢
[IETTEI0 MACKUPOBKH O0BEKTOB B CIIEKTpaIbHOH obnacTtu 0,4...2,5 MKM.
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Mertoauka IKcniepuMeHTa

st mpoBeneHUs UCCIIeOBaHUH CIIEKTPaIbHO-TIOISIPU3AIIMOHHBIX CBOHCTB KOMIIO3UITMOHHBIX
MaTepHajIoB U3TOTABIMBAIKCH 00Pa3I(bl HA OCHOBE TOPOITKOOOPAa3HOTO TEXHUYECKOTO yriepoaa. Jis
¢uKcanuy 4acTUIl TMOPOIIKa Yriepoja MPeAsoKEHO UCIONb30BaTh MOIUAIEKTPOIUTHBIA THIPOTEIb
Ha OCHOBE BOJIOPAaCTBOPHMOTO COTOJMMEpa aKkpuiaMHIa W HATPUEBOW COJNIM aKPUIOBOM KHCIIOTHI.
Jannerii monnMep obiagaeT CBOWCTBaMHU CymnepBoioabcopOeHTa, a Takke crnocobeH GhopMUpOBaTh
MPOTSDKEHHYIO IIPOCTPAHCTBEHHYIO MATpHUIly C BBICOKOM aare3Weil K vacTUIaM TOpOIIKa H
METaJUINYECKUM TTOBEPXHOCTSIM.

OO0pasupl HW3rOTABIMBAIKCH IOCIEAOBATENIEHBIM JOOABICHHEM TIOPOIIKAa TEXHUYIECKOTO
yraepoaa B ruaporens. CMech TIIATeNFHO Pa3MEeNINBAIACh U 3aJIMBANIACH B MIPSIMOYTOIBHYIO (hopmy,
MPOBOJMINCH M3MEpPEeHus Macchl 00pas3noB. [logpoGHoe copepikaHne oOpas3loB NpPEACTaBICHO B
Tabm. 1. 3a cuer XuAKoW (azbl THAPOTENI CMECh CIIOCOOHAa MpUHUMATh 0Oy dopmy. TommuHa
oOpasna cocrapuia 2,5-3 mM. OOpasipl OMEIIAIUCh B CIIEHUAIBHBIN KOHTCHHEP IJIs 3aIlUThI OT
cBeTa W BiIard Ha 48 4 10 BhIchIXaHUS. HeoOXomuMo OTMETHTh, YTO JaHHbIe 00pa3lbl 00MagaroT
CBOMCTBOM T'MOKOCTH.

Janee mnpoBoammuch W3MEpeHHS Macchl 00pas3ioB. Ha oOcCHOBe HaHHBIX W3MEpEHHN
PacCYHTBIBAIIACH MACCOBASL OISt BOIBI ()} o ) B 00pasiax 10 H [OC/Ie BBIChIXaHMs 110 (Gopmyie

m
Op0 =i 100 %, (1)

rae My o —Macca BOIbI B cMecH, Iy M — o0rast Macca oOpasia, T.

Ta6n1/111a 1. HpOlIeHTHOC COIEepPKaHU € KOMIIO3UIIMOHHBIX MAaT€PHAJIOB HA OCHOBE
TEXHUYECCKOI0 yriepoaa u rujiporeJist

MaccoBas goins, % 06. %
Homep oGpasua Texanyeckuit Texaudyeckuit
T'unporens J—— I'unporens ——
Nel 90 10 83,8 16,2
Ne2 80 20 73,9 26,1
Ne3 60 40 50,8 49,2
Ned 50 50 46,4 53,6
Ne§ 40 60 37,9 62,2

Macca Bozbl B cmecu (M, ) ONpenensiiach Kak

M0 =M, =My )

rae M, — mMacca pacTBopa I'MApOrels, I; Meyxy — Macca CyXoro BellecTBa B rujaporeie, I, T. K. B
pactBope rumporens 13 macc. % cyxoro BemecTBa, TO Meyxp = 0,13:my=0,13-(M-my,), npu 3ToM
JIaHHbIE AJIs pacdeTa OepyTcst 0 BBICHIXaHUS 00pa3IoB.

Macca pacTtBopa B KoMIo3ure (Mp) ornpeaensiach Kak

m,=M-m,, @)

r71e My — Macca IIyHTUTa, T.

s uccnenoBanus ko3 GULKEHTa OTPAKEHHS U EpPelaun 3JIEKTPOMAarHUTHOTO U3TYy4YEHHUS B
muanazone 8—12 'l ucnosb3oBajics naHopamMHbId m3Mmeputenb ocnabnenns u KCBH S12P—67 ¢
I'KY—61 1 BOJIHOBOJIHBIM TPAKTOM, KOTOPBIH OOECIIEYMBACT BhIICICHUE U JICTCKTUPOBAHUE YPOBHEMH
Majaroned U OTpakKeHHOW (WU TPOIIEIIIeH) BOJIH 3JIEKTPOMArHUTHOTO W3mydeHus. Kaambpomka
000pyZOBaHMA Iepel] HayajJoM H3MEpPEHMH, MPOLECcC W3MEPEHUs] MPOU3BOAMINCH O CTaHAAPTHOM
merouke [5].

Jns mccrnenoBaHus CHEKTPANTbHO-TIONSIPU3AIMOHHBIX CBOWCTB HM3TOTOBJIEHHBIX OOpas3IoB B
BUAMMOM Jauana3oHe AnuH BojiH (450... 940 HM) MCHONB30BANIMCh TOHMOMETPHYECKAsl YCTAHOBKA U
cunektpopaguomerp IICP—02, mno3BonsAOmMII  perucTpupoBaTh  CHEKTPAIBHYH0  IIOTHOCTH
sHeprerryeckoit sprkoctu (CIID51) 06pa3noB npu pa3INIHBIX MOIOKEHUIX OCH MOJISIPOUA.
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Crekrpopaauomerp [ICP—02 npenHasHayeH s POBEACHUS U3MEPECHUS B JIA0OPATOPHBIX U
nmoneBbIX  ycnoBusix  CIIDS, a Takke MOJSPU3ANMOHHBIX — XapaKTEPUCTHK  OTPAKEHHOTO
PaACTUTENHHBIMU SJIEMEHTAMH WM JIPYTHMHU OOBEKTaMU M3TyYeHHS B Juana3oHe JUH BojH ot 0,35
no 2,5 mxm [2]. Jns mpoBeaeHHS MHKPOCKOMMYECKOTO aHajh3a H3TOTOBICHHBIX 00pasoB
HCIIoNb30Baicsa Mukpockomr METAM-PI.

Pe3yabTaThl U HX 00CYIKIEHHE

Ilo pesynpTaraM pacyera BIIATOCOJACPIKAHUS B 00pasliax 10 BBICHIXaHUS M TOCIE
0oOHApyXEHO, 4YTO TNpW KOHIEeHTpammu ruaporesss 40 macc. % U MeHee B CMECH IMPOUCXOIUT
MPAKTHYECKA TMOJTHOE€ WCHapeHHWe BOIbI W3 BOJHOTO pacTBOpa TOJMMepa M IOJTYYEeHHBIH
KOMITO3UIIMOHHBIA ~ MaTephall  IpeACTaBisieT Co00M  MOPOMIOK  TEXHHYECKOrO  YIJIepoja,
pacnpesicieHHbId B TMOJMMEPHON Matpune (maccoBast noyis Boasl MeHee 20 %). B Tabm. 2
MPEICTaBICHbl 3HA4YCHWs] TapaMeTpOB, WCIOJIb30BAHHBIX IS pacdera BIATOCOJEPXKAHUS 10
¢dopmynaM 1-3 KOMITO3MIIMOHHBIX MATEPUATOB HA OCHOBE TEXHHUYECKOTO YIIepoJia W THIPOTelNs, B
TabJ1. 3 — MOJlyYeHHBIC B pe3yJIbTAaTe TAKOTO pacyeTa BETMUUHBI BIAr0COACPIKAHUS

Tabnuma 2. 3HayeHunst nmpaMeTpoB, UCNIOJIb30BAHHBIX pacueTa BJIarocoAepxaHus KOMNO3UMIIHOHHBIX MaTePUAJI0B HA
OCHOB€ TEXHUYECKOro yrjiepoaa u ruAporess

Macca, r
J10 BBICBIXaHHs T10CJIC BBICBIXaHUA
&
é s B 8 R s B S R
® ®
S &3 =55 3 3 &3 =5 % 3 5
2| E£8 | 25 5 : =2 25 ¢ 5 =
2 E g&3 8 g g E 583 2 g
o E SRS SIS B E e
1 27 3,6 23,4 30 19 3,6 15,4 22
2 24 3,2 20,8 30 11 3,2 7,8 17
3 18 2,4 15,6 30 8 2,4 5,6 20
4 15 2,1 12,9 30 2,1 1,9 19
5 12 1,6 10,4 30 2 1,6 0,4 20

Tabmuma 3. BeTHUHHBI BJIArocoiepKaHusi KOMIO3MIIHOHHBIX MATEPHAIOB
HA OCHOBE TEXHHYECKOI'0 YIJIepoaa U ruApores

Brnaroconep:xanue, macc. %
Ne o6pazma
JI0 BBICBIXaHHS TIOCJIC BBICHIXAHUS
1 0,86 0,81
2 0,86 0,71
3 0,86 0,70
4 0,86 0,49
5 0,86 0,19

B pesynpTaTe MHUKPOCKOMUYECKOTO aHANM3a MOoJyueHbl IudpoBbie (oTorpadum s
oOpatHOH 1 pabodeil MOBEpXHOCTH BeeX 00pasioB. st yriaepogoconepkaiiero KoMno3ura oopasmna
Nel mpum TpPOUEHTHOM COOTHOINEHWM TexHHueckoro yrimepoma (10 mace. %) w  ruaporens
(90 macc. %), ObUTO BBISIBJICHO, 4YTO pabodas MOBEPXHOCTh (pHc. 1, @) mpenacraBiser coOoit
TEXHUYECKUH YTJIepOJ, pacrlpeNeieHHbIi B MaTpuile TUAporeisi, obpartHas cropona (puc. 1, 6)
COJICPYKUT TOJIbKO Tuaporenb. Ha puc. 1, 6 cTpenkaMu mokas3aHbl YaCTHIII YIIIEPOIa.

Cuenap nomnepeunbiii cpe3 oOpasmoB Ne 1, Ne3 u Ne 5, nHaOmromaem, uto B oOpasie Ne 1
(10 macc. % TexHuueckoro yriepona) (puc. 3, a) CTPyKTypa yIJIepoIOCOACpKaIero MaTepHaia 1o
BCEMY Cpe3y COJACPXKUT monumep rujaporess. B oopasie Ne 3 (40 macc. % TeXHHUECKOTO YIiiepo/a)
pabodvasi MOBEPXHOCTh MOJHOCTHIO COCTOMT M3 TEXHUYECKOrO YyIriiepoja, a cepeinHa W oOpaTHast
CTOPOHA COIEPIKUT THUAPOTeNb B HebombimoMm koiuuectBe (puc. 3, 6). B obpasme Ne 5 (60 macc. %
TEXHHYECKOTO YIJIeposa) THIpOreib CKaIIMBaeTCs B cepeaune odpasua (puc. 3, 6).
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Puc. 1. DnekTpOHHO-MUKPOCKOMYESCKHA CHUMOK padoueii (a) u 00paTHO# (6) MOBEPXHOCTH KOMIIO3HTA HA
ocHoBe TexHmdeckoro yriepoaa (10 macc. %) u ruaporens (90 Macc. %)

Puc. 2. DnexTpoHHO-MUKPOCKOIMYECKIA CHUMOK padoueii (a) u 00paTHO# (6) MTOBEPXHOCTH KOMIIO3HTA Ha
OCHOBe TexHmdeckoro yriepoaa (60 %) u rumporens (40 %)

a

Puc. 3. DieKTpOHHO-MUKPOCKOIUYECKUI CHUMOK MOMIEPEYHOro cpe3a komrosuta obpasia Ne 1 (a), Ne 3 (6),
Ne 5 () Ha OCHOBE TEXHUYECKOTO YIiepoaa 1 THAPOTrest

B mpomecce ¢dopmupoBaHus Martepuaiga TOJ[ JEHCTBHEM CHIIBI TSDKECTH THAPOTENb
orryckaercsi Ha JIHO (OpMbI, 00pa3ys IIIaJKyl0 MOBEPXHOCTh C BBICOKHM COZEpKaHUEM IOJMMEpa, a
BepxHss (pabouasi) MOBEPXHOCTh HMMEET IIEPOXOBATYH) CTPYKTYpy, OOpa30BaHHYIO YacTHUIIAMHU
TEXHUYECKOT0 yIieposia ¢ HEOONBIIMMU TPOCIOWKAMH CBS3YIOIIETO ToiauMmepa. B pesynbrarte
MOJTy9YaeTCsl IPaJMeHT KOHIICHTPAIIMA KOMIIOHEHTOB T10 TOJIIIMHE 00pas3iia.

Ha ocHoBannn m3mepenuii ocnadnennss 1 KCBH Obut mOCTpOEHBI W MPOAHAM3HPOBAHBI
YaCTOTHBIE 3aBHCHMOCTH Kod(hduimeHTa mnepemnaun u orpaxkeHus DOMU (puc. 4, 5). Ucxons u3
YaCTOTHOW 3aBHCUMOCTH KOd(h(UIMEeHTa Tepefayd KOMIIO3MTHBIX MAaTepHalioB Ha OCHOBE
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TEXHUYECKOTO YIJIepojia U ruaporens B auanazoHe 4actoT 8...12 I'T (puc. 4), MOXKHO 3aKITHOYUTH,
gto anms obpasma Ne 2 (20 macc. % TeXHWYECKOTO yriiepona) Kod(p(HUIIHeHT Mepeladd COCTABISET
—16...—20 nb. Tlpu yBenn4yeHUH KOHICHTPAIMU B cOCTaBe Kommo3uTa a0 S50 macc. % TEeXHHUYECKOTO
yraepona (oOpaser; Ne 4) koaduiueHT mepepayu yMeHbIaeTcs a0 3HadeHud —25...-26 nb. Jlns
obpasira Ne5 (60 macc. % TexHHYECKOro yriepoaa) KOIPQUIMEHT mepeaadyd  COCTABISIET
-24.9...-25,3 nb. Hammenpmmm kodddurmentom mnepemaun (—40 nb) obmamaer TeXHUUISCKUN
yraepoJi, He UMesl B CBOEM COCTaBe TUAPOTeIib.

Yacrora, I'Ty
8 8.5 9 95 10 105 11 115 12

0 ' ' ' L ' L
R ——Nel —H— No2
= —— o3 —8— e

210 —@— Nes — - Texyrmepog

bl

[=e
"

:

'
D b
=
L

o

Koydpinprent neexaw, 1b

£
!
1

B
wn

Puc. 4. YacToTHbBIC 3aBHCUMOCTH KO3 DHUIMEHTA MTepeadyi KOMIIO3UTHBIX MAaTCPHAIIOB Ha OCHOBE
TEXHUYECKOI'0 YIiepoia ¥ THIporeNs B Auana3zone 4actot 8...12 [T

HccnenoBaB 4YacTOTHBIE 3aBUCHMOCTH KO3(pQHIIMEHTa OTpaKeHHs, HW3MEPEHHOTO C
METAIUTHIECKUM OTpaXkaTesieM, IIPU PACIIONIOKEHIH KOMITO3UTa Ha OCHOBE TEXHUYECKOTO YIiepoaa u
ruaporens pabodeld MOBEpXHOCTHIO (puc. 5, a) B mmamazone yactor 8—12 [T, MoxHO cuenaTsh
BBIBOJI, YTO CaMbIM OOJIBIIIMM 3HaueHHEeM Kod(pduiuenta orpaxkenus (—2,1...—2,2 n1b) obOnagaroT
obpazert Ne 2 (20 macc. % TEXHMYECKOTO YIIIEpoaa) M TEXHUYEeCKWi yriepoa. HauMeHbImuMu
3HaYeHusMH Kod(dunmenta orpaxenus (—4,6...—5 nb) obmamaer obpazen Ne 1 (10% TexHuueckoro
yriepoaa) u obpaser; Ne 4 (50 mace. % TexHmdyeckoro yriepona). Ha ocHoBe pe3ynbTaToB aHain3a
YaCTOTHBIX 3aBUCUMOCTEH KOA(QQHUINEHTA OTPAKEHHUS, K3MEPEHHOTO ¢ METAJUIMYECKUM OTpaXkaTesieM
IPU PacIiojOKEHUH KOMIIO3UTA Ha OCHOBE THIPOTEIIS M TEXHHYECKOTO Yriiepoaa oOpaTHON CTOPOHOM
K wm3ny4arenmto (puc.5, 6) B amamazoHe 4actoT 8—12 I'Tm, BeIABIEHO, YTO CaMbIMH OOJBIITUM
sHauenueM (—2,1 1b) obmamaror obpasier Ne 2 (20 macc. % TEXHHYECKOTO YTIIEpo/a) U TEXHUUECKHUit
yriepoa. Haumensiinm 3HaueHneM ko3 duimenrta orpaxenus (—4,6...—5 1b) obnanaer obpaser Ne 4
(50 macc. % TexHHYeCKOro yrieponaa). IJTOT oOpasen 00JagaeT NPAaKTHYECKH OJWHAKOBBIMH
3HAYCHUSMH K03 (PUIIMEHTOB OTpasKeHHsI OTHOCUTETIHLHO padoueii 1 00paTHOI CTOPOHBI.

Yacrora, I'Ty acrora, I'Ty
8 8.5 9 95 10 105 11 1L3 12 8 8.5 9 95 10 105 11 115 12

—a— Mo —= N2
-6 —— 03 —— Ned

—i— Nel == No2
-6 —o—Ne3 —B—Ned 7
—@— Ne5 =+ =Texyrnepoa

—@— N5 =+ =Texyrnepog

Kosdpinnient orpazkernis, 1b
Koyddinnient orpakenns, 1b

a 6
Puc. 5. YactotHble 3aBUCHMOCTH KO3 (PHUIHEHTA OTPAXKEHUS, U3MEPEHHOT'O C METAIUTMYSCKIM OTpaKaTeIeM
MIPH PaCIOI0KESHUU KOMITO3UTA Ha OCHOBE THAPOTEIS U TEXHHYECKOTO yriIepoaa pabodei MOBEPXHOCTHIO (a) ’
00paTHOW TOBEPXHOCTHIO K H3ITydyaTelro (6) B Auana3one yactot 8...12 I'Tn

Pesynbrater uccnenoBanus KCS u crenenn nmomsipuzanun CI1 KoMIO3UIIMOHHBIX MaTEpPHAaIOB
HA OCHOBE TEXHUYECKOI'O YIJIepoJia U TUAPOrelsl B BUINMOM M OJIM)KHEM WHPPAKPACHOM JIMAra3oHe
uiH BoiH (450...940 um) npencrasiensl Ha Tadi. 4 u puc. 6. Usmepenuss KCA u CII npoBoaunocsh
Ui pabouell 1 00paTHOM MOBEPXHOCTEH KOMIO3WIMOHHBIX MAaTEPUAIIOB HA OCHOBE TEXHUYECKOrO
yriepoja u ruiporess.
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Tabnuua 4. CpaBHuTe/IbHas XapakTepucTuka KCS KoMIo3MIIHOHHOIO YIJIepoA0CcoAep:Kalero MaTepuaia 1
Pa3/IMYHBIX THIIOB MOYB /ISl YIJIa Ha0/ o1eHus 45°

Tumn noussl,
] Tun nousei, COOTBETCTBYIOILUI
< SE o .
5 Z g KCH, otH. en COOTBETCTBYIOLIHN paboueit 0BpaTHOH MOBEPXHOCTH
S % 8« S HOBerHOCTI/I KOMIIO3UTa
[l=} % ql:): g KOMIIO3HUTa
o
ol q = 3
< g > Pabouas Oo6parHast Hassarme KCH4l, Haspasme KCHl,
HOBerHOCTL HOBerHOCTb OTH. €. OTH. €1.
2 20 0,099...0,1 013..014 | Cymmmmcran | 085...0,12 | Braxnaz 0,1...0,15
YepHO3EeMHas
3 40 0,027...0,033 0,12..013 | Topd 0,01...0,04 | Momsomucras | 0,12...0,15
carHoBEIH
5 60 0,021...0,024 0,12..0,14 | Topdmua 0,01...0,04 | FcpHoBO- 0,12...0,15
HU3WHHAaA IIOA30JIUCTast
1 1
0.9 — T2 0.9 —0 —i
> —r /] 57 —— (37 > \ 5.00%0 500 O \—.—45‘1' —— () 57
0.8 0.8 l-.—%,.,r'* A
i 0 i 0
£ £ 0 T,
E: H:4 3 E: ():4 ~ J/\\\X
0.3 3 addihe an. 03 \ A4 \] %
021 e ’_\\\ 0.2 \ Ve
0.1 e, ’ 0.1
0 ; 4 0 —
450 490 548 597 646 GO5 744 793 8§42 8§91 940 450 499 548 507 646 695 744 793 842 891 940
2, HM .y HM
a 7]

Puc. 6 3aBUCHUMOCTh CTEIIEHU MoJiApu3aly OT AJIMHBI BOJIHBI B BUAUMOM JUANIA30HE JIA yTJia HaJCHU
cBera 45° npu yrinax HaOmoaenus 0°, 25°, 45° u 65° nnst paboueit (@) 1 0OpaTHON MOBEPXHOCTH (6) KOMITO3UTA
Ha OCHOBE MOPOILKa TeXHHYecKoro yraepoaa (20 %) u rugporemnst

3nauenne KCS mist pabodeit MOBEPXHOCTH KOMIIO3UIIMOHHOTO MaTepHaia € COJACpKaHHEM
TexHuueckoro yriepoaa 20 macc. % npu yriae Habmonenus 45° cocrasnser ~ 0,1 oTH. en, npu yrie
HaOmoenus 65° 3nauenne KCA cocrasnser 0,08 otH. exn, npu yriie HabmoaeHus 25° — 0,04 otH. en.,
npu yrie Haomoaenus 0° — 0,03 otH. en. [laHHbIC 3HAYEHUS COOTBETCTBYIOT BIQXKHON CYTJIMHHCTOM
moyBe, cepoBaTo-Oyporo mBera. J[ns oOpaTHON CTOpOHBI KOMHO3WIMOHHOTO Marepuana ¢ 20 %
yraepona 3Hauenue KCA mpu yrime nHabmogenust 45° cocraBiser ~0,14 oTH. ex., mpu yrie
Habmonenust 65° — = 0,11 otH. en., npu yrie HaboneHus 25° — 0,06 oTH. ex., mpu yriie HaOIOACHUS
0°— 0,03 otH. en. 3nauenust KCA ob6paTHOIl moBepXHOCTH 00pasiia cCOOTBETCTBYIOT 3HaueHusiM KCS1
BJIa)KHBIX YEPHO3EMHBIX NOYB. J[JI51 KOMIO3UIMOHHOIO MaTepualia Ha OCHOBE TEXHUYECKOI'0 yriepoaa
(40 %) u rugporesst (60 %) 3nauenus KCS yBenuuuBarorest, u i yria Hadbmogenus 45° KCA mis
paboueii mosepxHocTH coctasisieT 0,027...0,03 otH. ex. Jns oOpaTHO# CTOPOHBI KOMIO3UITHOHHOTO
MaTepuaja Ha OCHOBe TexHuueckoro yriepoaa (40 %) u ruaporens (60 %) 3nauenus KCA
YMEHBIIAIOTCS ¥ COCTABIISAIOT JJIs yriia HaOsroaenus 45° 0,12 oTH. ex.

Hcnonp3oBaHre JIAHHOTO KOMITO3WIIMOHHOIO MaTepualla Ha TIOBEPXHOCTH OOBEKTOB
CHELMAIFHOIO Ha3HAYEeHHUs IO3BOJSIET CKPHITh MX Ha (oHe TOpPAHBIX c]arHOBBIX MOYB (IIpH
pacrmoyiokeHun pabodeld MOBEPXHOCTHIO KOMITO3MIIMOHHOIO MaTepuaja BBEpX) WM Ha (¢oHe
MOJI30JIUCTBIX TMOYB (TIPU PACHOJIOKEHUH OOpPaTHOH TMOBEPXHOCTHIO KOMITO3MIIMOHHOTO MaTepuala
BBepx). 3HadeHuss KCS ans KOMITO3MIIMOHHBIX MAaTepHalloB C COJCPKAaHHEM TEXHHYECKOTO
yrinepona (60 %) miast pabodeil moBepxHOCTH W yriioB HaOmogenust 0°, 25° 45° cocraBusioT
0,021... 0,23 otH. en. Hannsie 3naueHns KCS cootBercTByIoT 3HaueHusIM KCS TOpQSIHBIX HU3UHHBIX
mouB. 3nadeHuss KCS mms KOMIO3WITMOHHOTO Marepriaiga C COACpKaHMEeM TEXHUYECKOrO YTriiepoja
(60 %), s obparnoii moBepxuocty — 0,12... 0,14 oTH. en. w14 yriia HabmoaeHus 45°. JlaHHbIe 3HaYCHUS
KCH xoppenupytot co 3Hauenusimu KCS 1epHOBONOA30UCTHIX TTOYB.

CreneHb MONISIpH3allMM  pa0bovell IMOBEPXHOCTH Uil KOMIIO3UIIMOHHOTO MaTepualia ¢
coJepkaHueM TexHuueckoro yriepoaa (20 %) cocrasnser 0,6 OTH. €. Juid yriioB HaOIIOIEHHS
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45° u 65° (puc. 6, a). s odparHoii moBepxHocTH oOpasua CIT yBenuumnBaeTcs v isl yriia HaOJTFOICHHS
65° cocramisier 0,04... 0,9 otH. ex (puc. 6, 6). Takoe m3menenue 3Hadenuit CI1 it paboueit u 0OpaTHOM
MOBEPXHOCTH 00pasiia OOBSACHAETCS CKOIUICHHEM OOJBIIOr0 KOJMWYECTBa THUAPOTeNs y oOpaTHOI
MoBepxHOCTH 00pasia. [ maporens 3a cueT BHICOKOTO BIarocoiepaHus nMeeT Beicokoe 3HadeHue CIT.

CreneHb MONSIPU3AIMH JUII KOMIIO3UTA C COJACPIKAHMEM TEXHUYECKOrO yriepoja MOopsaKa
40 % nns paboueil TIOBEPXHOCTH NpU yrie HaOmoaeHus 65° mmeer 3HadeHus ot 0,03... 1 oTH. en.
Hnst oOpaTHOW MOBEpXHOCTH KOMIIO3UTa C cojAepikaHheM TexHuueckoro yriepona 40 % CII ans
yriaoB HaOmoneHus 65°, 45° u 25° cocrapnser 0,05... 1 oTH. en., uTO OOBACHICTCS PAaBHOMEPHBIM
pacrmpe/ielieHieM THAPOTells TIo ToJIHe 00pasma. J[st pabodeii MOBEpXHOCTH KOMITO3UTa HA OCHOBE
ruaporens (40 %) u Texanaeckoro yraepoxaa (60 %) 3nauenne ClI ans yrna mabmronenus 45° u 65°
cocrasiuset 0,05... 1 otH. en. J{nsg oOpaTHOI MOBEPXHOCTH KOMITO3UTa Ha OCHOBE ruaporels (40 %) u
texamdeckoro yrimepoma (60 %) 3magenme CII s yrma wHabmiomeHust 65°  cocTaBisieT
0,07... 1 otH. ex. Takoe nzmenenue ClI xapakTepHO AJIs YTIIEPOIOCOAEPIKAIIIX MAaTEPHAIIOB.

3akiaouyenue

Ha ocHOBe TmpenCTaBICHHBIX HCCICAOBAHUI MPEAJIOKEHO HM3TOTABIMBATH  IKPaHbBI
ANIEKTPOMArHUTHOTO M3JTyYeHHsS, KOTOPbIE MPEACTAaBIAIOT COOOH CKpEIUIeHHbIE BHAXJIECT 0Opa3Ibl
KOMITO3UTa W3 THAPOTrelisi ¢ Jo0aBieHHeM TexHuuyeckoro yriepona (50 macc. %). JlaHHble 3KpaHbI
OMMU obnagatoT ko3ddunmentom orpakenus —4,6...—5 nb u kosppunuenrom nepenaun —26 n1b. Ha
OCHOBE CIIEKTPAJIbHO-TIOJISIPH3AIIOHHBIX HCCIICIOBAHUN JAHHBIE SKPaHbl MOYKHO PEKOMEHI0BATh IS
CKPBITHSI 00BEKTOB Ha (poHE TOP(MAHBIX MOYB (TIPU PACHOIOKEHHH pabdoveil TOBEPXHOCTHIO BBEPX)
i Ha (oHE WOA30IMCTHIX TOYB (IIPH PACIIONIOKEHHH OOpaTHOW TOBEPXHOCTHIO BBEPX).
Bonoconepkame 3KpaHbl 3JIEKTPOMarHUTHOTO M3JIYYEHHsS Ha OCHOBE YIIIEPOJOCOJEPIKAIIero
KOMITO3UTa MOTYT TIPHUMEHATHCA M B JIPYTHX OTPACIAX JUIS 3aIIUTHI 3JIEKTPOHHBIX MPHOOPOB OT
MOOOYHBIX 3JCKTPOMArHUTHBIX ~HW3AYYCHHH, JUIS 3alUThl OOCIY)KHBAIOIIET0 IMepcoHala OT
BozaeiicTBust OMMU pagnoyacToTHOrO AMANa3oHa.

COMPOSITE MATERIALS BASED ON CARBON BLACK AND HYDROGELS
USED FOR HIDDEN OBJECTS FROM TECHNICAL INTELLIGENCE SERVICE

E.S. BELOUSOVA, AM.A. MOHAMED, S.N. KASANIN

Abstract

The research results of reflection and transmission coefficients of flexible composite materials
based on carbon black and hydrogels in the range 8...12 GHz are presented. Spectral and polarization
properties of carbon materials in the visible wavelength range (450 ... 940 nm) were analyzed.
Recommendations for using composite materials based on carbon black and hydrogels for hiding
objects on different background were formed.

Keywords: carbon black, hydrogel, electromagnetic radiation transmission and reflection
coefficients, spectral brightness coefficient, polarization degree.
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