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BNUAHUE NPUPOObI PACTBOPHbIX HAMOJIHUTENEWN 5
HA XAPAKTEPUCTUKN TMBKUX PAOUONOITNTOLWAKLWKUX NMOKPbITUN

Boryw B. A., 3ybapesuny O. L., KonbyH H. B., JTbiHbkoB J1. M., IMo3Hsik A. A.
Genopycckuli 2ocydapcmeeHHbIl yHUgepcumem UHopmamuku U paduosaieKmpoHUKU
yn. . Bposku, 6, MuHck, 220013, Pecnybnuka benapyce
men.: +375-017-2398957, e-mail: poznyak@bsuir.unibel.by

AHHomayusi — PaccMOTpeHbl MWKPOBOMHOBbLIE CBOWCTBA
rMBKMX BRarocodepXallmx 3KpPaHOB 3NIEKTPOMArHUTHOrO W3My-
YeHWsi Ha OCHOBE MaLLUMHHO-BSI3aHbIX TPUKOTAXHbIX NOMOTEH.

|. BBepgeHue

PaspaboTka cpeacTB nofaBneHWst 3MeKTpoMarHuT-
Horo mnanyyexusi (3MW), nposognmble B TeyeHne bonee
LWEeCTUAECATM NEeT, CBA3aHbl C UCCNegOBaHMEM pasnuy-
HbIX MaTepuanoB, BKMOYas KOMMO3ULMOHHbIE, N KOHCT-
PYKLUUA 3MNEeKTPOMAarHWTHbIX 9KpaHOB M paguvonorno-
LaKLWmMX NokpbITMR [1].

Creundunyeckme CBOWCTBA BOAbI, TakMe Kak BbICOKME
3Ha4YeHUs OUMNONbHOIO MOMEHTA MONEKYN U AU3NEKTPU-
YeckoW MpoHULAeMocTu, oDyCnoBnUBAOT €€ BbICOKUE
nornoLljaroLme CBOMCTBA MO OTHOLLUEHUIO K 3reKkTpomar-
HUTHOMY wu3nyveHuto CBY-gmanaszoHa. [lokasaHo, 4TO
npu paspaboTke pagvonorfoLawmx maTepuanos BO-
Oy MOXHO MCNonb30BaTb B CBA3aHHOM COCTOSIHWMM, BBO-
[0S ee B NOpUCTblE W TUIPOCKONWNYHbIE MaTtepuansl [2].
Takue CTpykTypbl 00nagatT BbICOKON 3EKTUBHOCTLIO
nopaeneHns 3MU 1 nepcnekTUBHbI 4S UCMONb30BaHWS
B KOHCTPYKUMSX 3MeKTpoMarHuTHbIX akpaHos [3]. lpe-
UMYLLECTBOM BArocoAepxallumx KOMMNO3MUUOHHBIX Cpes
SIBNSETCS BO3MOXHOCTb U3MEHEHUSI UX CBOWCTB 3a CYET
N3MEHEHUS XapakTepuUCTUK HamnonHUTens, KoTopoe ocy-
LLIeCTBMSETCA B 3aBUCMMOCTWN OT NpupoAbl (AreMeHTHO-
ro cocraBa, MOMEKYNsPHON Macchl, CTENeHW guccouma-
Unn, NOOBWKHOCTU MOHOB) M KOHUEHTpauuu JobaBok B
BOAHbIX pacTBOpax.

B HacTosilen paboTe npuBoasTCs pe3ynbTaTbl UC-
CnefoBaHW MUKPOBOJSTHOBbLIX XapakTeEpUCTMK MaTepua-
NOB Ha OCHOBE MAaLLWHHO-BSI3aHbIX MOSIOTEH C pacTBOp-
HbIMW HAMNOMHUTENSMU Pa3fUYHbIX COCTaBOB.

Il. 9KcnepuMeHTanbHasa 4acTb

BbIno nokasaHo [3], 4TO ocnabneHne 3Heprun anek-
TPOMarHWTHOM BOMHbI BrarocodepXalimMmm maTtpvuamu
3aBUCUT OT koadpcpuumeHTa KX BRarocogepXKaHws, no-
3TOMY 3arnoflHEHME MaLUMHHO-BA3aHbIX MOMOTEH MNpPOu3-
BOOWIOCHL [0 MOMHOro HachkllweHuss pactBopoM. O6bem
BBOAMMOrO pacTBopa paccyuTbiBanu, UCXoas U3 Makcu-
ManbHOro obbema BOAbIl, NOrMOLLAEMOro eanMHNLEN Mac-
Cbl MONOTHa, cocTaenaowero 1,667 mn/r. B kauecTtse ka-
NUNNSPHO-MOPVCTON MaTpuLbl MCMONb30Banocb CBEpPXY-
MMOTHEHHOE TMOMOTHO C MOBEPXHOCTHOM MIOTHOCTbLIO
1313 r/m° u3 NONNaKPUNOHUTPUIBbHBLIX BOFTOKOH.

[nsi nponuTKM MaTtpuL, UCMonb3oBanM OUCTUNMPO-
BaHHyto Boay, 0,1 M pactBopbl CcynbgocanuumnoBon,
LLaBENEBOW, MaroHOBOW, BUHHOW, FIMMOHHOW M GOpHON
kucnot; 0,1 u 1 M pacTBopbl XNOpuAOB HATPUA U Kanus,
rekcaumaHodeppata (lll) kanus; 0,1 n 0,4 M pacTteopbl
Ouxpomata kanus. [Insi CHUKEeHUs1 ucnapeHust XXMaKocTu ¢
NMOBEPXHOCTN 06pa3uoB 1 cTabunusaumm nx CBOWCTB Mo-
crie NponuTKW, NPOM3BOAUI FEpMEeTU3aUmMio C UCMOMb30-
BaHWEM MHOTOCMOWHbIX NMONU3TUINEHOBBIX MIIEHOK.

KoadpdpmumeHTel nepegaum n otpaxeHus OMU wnc-
cnepoBanu B AmanasoHax 4vactot 8...11,5; 38...55,4 un
78...118 [Ty. [Ona uamepeHUn MCNonb30Banucb NaHo-
pamMHble n3MepuTenn KoadULMEHTOB CTOSYEN BOIHbI

no HanpsikeHuto (KCBH) n ocnabnexus ¢ BONMHOBOAHbLIM
n3mMepuTeribHbIM TPaKTOM W BEKTOPHbIE aHanM3aTopbl
napameTpoB 4YeTbipexnontocHukoB. Obpasubl pasmeLla-
N BHYTPW BOJIHOBOAA WMU MeEXOY PYNOPHLIMU aHTEH-
HamMu nocne npeaBapuTENbHOM KarnvMbpoBkM M3Mepw-
TENbHOro TpakTa Ha nepedavy v oTpaxeHue.

lll. PeaynbTaTbl n 06cyxaeHune

Kak nokasbiBaloT nccneaoBaHnsi BO BCEX YaCTOTHbIX
OmanasoHax, CBOMCTBa IMOKMX 3KpaHOB Ha OCHOBE BO-
NOKHUCTBIX MaTpuy, MPOMUTaHHbIX OUCTUIIIMPOBaHHON
BOOOW M pa3baBneHHbIMW pacTBOpamMu KUCIOT, pasnu-
YalTCs HECYLIEeCTBEHHO, 4YTO OObSCHSETCs [OMUHU-
pylLMM BnusiHUEM pacTBopuTens, obnapawowym Bbl-
COKUM KoacbdpuumeHTom nogasneHns AMU. 31o npuso-
OWT K CHIDKEHMIO U3MEPSEMOro curHana Ao ypoBHs co6-
CTBEHHbBIX LLYMOB U3MepUTENBHOro 060opyaoBaHus.

PesynbTaTbl uamepeHusi koadULMEHTOB OTpaxe-
Hua 1 nepegayn (|S11| n |S21|, COOTBETCTBEHHO) HEKOTO-
pbix 06pa3uoB B 4YacTOTHOM auanasoHe 78...118 Ty
npeacraeneHbl B Tabn. Cnegyetr oTMeTUTb, YTO 3aBu-
CMMOCTM 3HayeHun KoadduruneHToB nepegayn n otpa-
XeHna ans Bcex obpasuoB MMenu HepaBHOMEPHLIN Xa-
pakTep, MO3TOMY M3Mepsnv MaKCMMasbHble 3HayeHus
Moaynen koaguuneHToB. TeM He MeHee, MOXHO Bbl-
OEenUTb HEKOTOpble 3aKOHOMEPHOCTW, CBsi3aHHblE C
BMUSIHUEM MPUPOAbI U KOHLEHTPALMU pPacTBOPEHHOrO
BELLlecTBa: Kak BWAHO M3 Tabnuubl, Npy yBeNUYEHUU
KOHLIEHTpauuM pacTBOPEHHOW conun Ansi Bcex obpasuos
YMEHbLLaEeTCsl MakcMarbHoe 3HaveHne koadduumeHTa
nepegayu, YTo COOTBETCTBYET MOBbILLEHNIO IDDEKTUB-
HOCTU 9KpaHMPOBAHUS.

Tabnuua. 1. PesynbTaTthbl M3amepeHns KoadduLMeHToB
nepefayv n oTpaxeHus pacTBOPOCOAEPKALLMX
MaLUUHHO-BSI3aHbIX NOSIOTEH B YACTOTHOM AuManasoHe
78-1181TTy

Table. 1. Transfer constants and solubility of solution-
containing machine-tied canvases within 78 — 118 GHz

MakcumanbHoe 3HavyeHne
KoHueHTpauus S-napameTpos, b
Han?:Tl?:rTenb conientrF;ti%n, S-paranﬁeterspmaxitrlnum
M value, dB
[Sa1 [S11]
H,O gucrt. -25 -7
KCI 0,1 -28 -10
g @ KCI 1 -31 -7
9 9 Ks[Fe(CN)g] 0,1 -24 -12
g = Ks[Fe(CN)g] 1 -31 -14
o 9 KCr,07 0,1 -27 -13,7
K>Cr,07 0,4 -30 -14.6

HaumeHbwnm koadbduumeHTom oTpaxeHnsa obna-
JatoT NonoTHa, nponuTaHHele pacteopoM KyCraO7, npu-
YeMm Mpu yBENUYEHUM KOHLEHTPaLUKN pacTBOPSIEMON CO-
M KO3(hPULNEHT OTPAKEHUSA YMEHbLIAETCS, YTO yKasbl-
BaeT Ha yBenuueHve KoadduuMeHTa MornoLweHus
OMW. AHamnornyHo BegyT cebs MonoTHa, copepxalime
Ks[Fe(CN)e].
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Puc. 1. YacmommHsle 3agucumocmu ocriabrieHus
(a) u koaghpuyueHma ompaxeHusi (b) MU
pacmeopocodepxaujix 80/10KHUCMbIX Mampuy.

Fig. 1. Suppression (a) and reflection (b) coefficient
of solution-containing fiber matrixes as a function
of electromagnetic radiation frequency

Mpu aHanu3e CBOWCTB NOKPbITWIA, NPONUTAHHbIX pac-
TBOPOM XIlOpvAa Kamnus, yCTaHOBIEHO, YTO Koaddumum-
€HT OTPaXeHMs Takmx MOSIOTEH YMEeHbLUaeTcs npu yBe-
NMYEHNN KOHLEHTPALUN COMM B pacTBOpe, YTO CBA3aHO
C yBENMYEHUEM INEKTPONPOBOAHOCTM cpedbl 1, criefo-
BaTeNbHO, C YMEHbLUEHNEM BOJTHOBOrO COMPOTUBIIEHMWS
3KpaHa. 3a cyeT yBenu4yeHus pasHuLbl MeXay BOMHO-
BbIMW COMPOTMBNEHUSMM CBODOAHOrO MPOCTPaHCTBa U
MonoTHa NPONCXOANT yBENUYEHNE YPOBHSA OTPaXXEHHOro
U3ny4yeHnsa n nosblillaeTcs obwas aPdEeKTUBHOCTb K-
paHa.

B wuvactotHom pgmanasoHe 38...554T1Tuy B cuny
MEHbLUEro AMHaMUYeCcKOro AmanasoHa WM3MepUTErbLHOWN
YCT@HOBKM pasHUUbl MexXay XapakTtepucTukamun Gonb-
LUMHCTBA MOKPbITUI He Habnoganock. MpakTtuyeckn ons
BCex 00pasuoB Ko3(PULMEHT nepedayn CTPEMUNCA K
Hyno (T.e. U3MEPSINUCb BHYTPEHHME LLYMbl YCTAaHOBKM),
a ko3(pULMEHT CTOAYEN BOMHbI MMen 3HadeHue 1,2 —
1,25, 4TO C y4eTOM KanMOpOBKM Ha COrMacoBaHHYH Ha-
rpysky co 3HadeHnem KCBH nopsigka 1,2 nokasbiBaeT,
4YTO MpakTuyeckn Bca nagawowas CBY mouwHocTb no-
rnowiaeTcs B MOJOTHE.

PesynbTaTbl uccrnegoBaHUM CBOWCTB  HEKOTOPbIX
NPONUTaHHbIX MaLUMHHO-BA3aHbIX MOMOTEH B MHTEpBane
yactoT 8...11,5Tu, noaTBepxaaroLwme TeHAeHUNN, Xa-
pakTepHble Ans 6ornee BbICOKOYACTOTHBIX AMana3oHoB,
npuBeneHbl Ha puc. B aTom cnyyae onTuMarnbHbIMU Na-
pameTpamu obrnagalT BrarocogepXailime MaTpuubl C
pobaeskamn KoCr,O7 n Ks[Fe(CN)s] B MakcMmanbHOM
KOHLEHTpauun. SKkpaHam, cogepallumm xrnopuabl kanvs
W HaTpus, Npucywm B Uenom Gornee HU3KME 3HayeHus
ocrnabneHus n nNoBbILEHHOE oTpaxeHune OMU.

IV. 3aknoyeHue

[pennoxeHo Mcnonb3oBaTh MalUMHHO-BA3aHble MO-
NoTHa Ans NPOCTPaHCTBEHHOW (OUKCAUUKU XUOKUX pa-
aunonornowanumx mMartepunanos. OueHeHo BnMsiHWE
KOHUEeHTpaunun n npmnpoabl nobaBok Ha MUWKPOBOJTHOBbIE
CBOWCTBa pacTeopocoaepXawnx NoNnoTeH.
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EFFECT OF SOLUTION NATURE
ON PROPERTIES OF FLEXIBLE
MICROWAVE ABSORBERS

Bogush V., Zubarevitch O.,
Kolbun N., Lynkov L., Poznyak A.
Belarusian State University
of Informatics & Radioelectronics
P. Brovki Str. Minsk, 220013, Belarus
Ph.: +375-017-2398957,
e-mail: poznyak@bsuir.unibel.by

Abstract — The paper presents microwave properties of
flexible electromagnetic shields based on solution-containing
knitted linens.

|. Introduction

Development of electromagnetic shields and microwave
absorbers is based on investigation of material properties and
screen design [1]. Specific properties of water such as high di-
pole moment and dielectric constant make it applicable for mi-
crowave absorbers where aqueous solution is fixed in porous
and hygroscopic media [2]. Such structures demonstrated high
efficiency of electromagnetic wave reduction [3]. They are very
perspective for electromagnetic shields application with charac-
teristics changed by different nature and concentration of addi-
tives in solutions.

The paper presents effect of different solution composition
on microwave properties of solution-containing flexible knitted
materials.

II. Experimental

It was shown [3] that attenuation of electromagnetic radia-
tion (EMR) by solution-containing matrixes is a function of their
moisture content, so impregnation of knitted linen was carried
out till full saturation. The volume of solution was 1,667 ml/g,
depending on volume of absorbed water. Knitted linen from
polyacrylonitrile fibers with surface density of 1313 g/m? was
taken as a porous matrix.

We studied effect of distilled water, 0.1 M solutions of sul-
fosalicylic, oxalic, malonic, tartaric, citric and boric acids,
0.1 and 1 M solutions of KCI, NaCl, Ks;[Fe(CN)g], 0.1 and 1 M
solutions of potassium bichromate. Encapsulation by multilayer
polymer films was employed for reduction of solution evapora-
tion and stabilization of samples properties. Reflection and
transmission coefficients were measured in 8...11,5; 38...55,4
and 78...118 GHz frequency range using panoramic indicator
and vector network analyzers with wave guide transmission line
and horn antennas. Sample was place between horn antennas
or in wave-guide after calibration procedures.

I1l. Results and Discussion

It was found that microwave characteristics of flexible fiber
matrixes with water or diluted acids did not demonstrate big dif-
ference due to dominant effect of solvent with high absorption
of EMR. This results in decrease of measured signal level down
to internal noise of equipment.

Results of measurement of reflection and transmission co-
efficients (]S11] and |Sz4|, respectively) of some samples in fre-
quency range 78...118 GHz are presented in Table. As shown
in table, the higher the concentration of dissolved salt the
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smaller the maximum value of the transmission coefficient
module that corresponds to higher shielding efficiency.

Reflection coefficient of samples, containing KCI solution,
decreased with increase of salt concentration due to increase of
material conductivity that results in decrease of shield wave re-
sistance. Increased difference between wave resistance of
shield and free space brings to increase of reflected power and
total shielding efficiency.

Similar dependences of reflection coefficient and attenua-
tion of solution-containing fiber matrixes was found in frequency
ranges 38...55,4 and 8...11,5 GHz.

The lowest reflection coefficient was achieved by using of
K,Cr,0; solution while increase of salt concentration leads to
decrease the reflection coefficient that indicates the increase of
EMR absorbing coefficient. Samples with K;[Fe(CN)g] solution
demonstrated similar behavior.

IV. Conclusion

We propose application of knitted fiber matrixes for fixation
of microwave absorbing liquids. The effect of concentration and
nature of additives in aqueous solutions on microwave absorb-
ing properties of solution-containing structures was discussed.
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