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TPUKOTAXKHI MOJZIOTHA A4 3AXUCTY BIA
ENEKTPOMATHITHOIo BUNMNPOMIHKOBAHHA:
BYAOBA, MPUHLUWNIM EKPAHYBAHHA TA
KOM®OPTHICTDb

HadiliHut 3axucm 8i0 0ii enekmpomazHIiMmHo20 sunpomiHroeaHHsa (EMB) moxe 6ymu docazHeHul
3@ paxyHoOK 8UKOpUCMAHHA MeKCMUJIbHUX eKpaHis, AKi OmpuMyome 3a pi3HUMU MeXHOI02IAMU.
TpukomaxxHi Mamepianu, AKi 00epXXaH( WAAXOM y8A3y8AHHSA 8 CMPYKMYypy CmMpyMONposiOHUX HUMOK
abo memanesux dpomis, Habysarome 8ce bUILWO20 pO3N0BCHOOXEHHSA 3 02/190y HA MOX/IUBICMb
iXHb020 N0OA/ILUIO20 BUKOPUCMAHHS Y 3aXUCHOMY O0A3L.

Memoto pobomu € OocnidxeHHs ekpaHyro4ux eacmugocmeli ma NOKAa3HUKI8 mepmoghizionoziyHoz2o
KoMgbopmy NnpoMuUC/iIo8UX MPUKOMAXHUX Mamepianie, fKi npusHadeHi O/ eKpaHy8aHHS
e/1eKMpOMAazHIMHO20 8UNPOMIHIOBAHHS.

Memodu. EcpekmusHicmb ekpaHy8aHHA mekcmusibHUX Mameplianie 0o dii EMB eusHa4asnu 8idnogioHo
0o ASTM 4935-10 e dianazoHi yacmom 30 MIy - 1,5 [Ty NokasHuku mensogizionoei4yHo2o komgpopmy
8U3HAYA/IU 30 CheyianbHO po3pobieHUMU MemoouKamu.

FonoeHi pesynemamu. Ceped mpukomaxHux nosomeH 014 3axucmy 8i0 e/1eKmpoMazHimHoO20
8UNPOMIHI0BAHHSA, AKI 06paHi 0415 JoC/iOXeHHsA ceped HAsABHUX HA pPUHKY YKpaiHu, Halsuujy
ekpaHyrody 30amHicme (noHad 50 0b) mMae ocHO808’A3aHULU MPUKOMAX nepensiemeHHs MpUKo-
CykHo. EppekmueHicmb ekpaHy8aHHA yb020 NoJ0MHa 3abe3neyyemecs, 20/108HUM YUHOM, MeXaH{3MOM
NO2IUHAHHA, 8 MOU 4ac K egheKmMUBHICMb eKpaHy8aHHs NOJIOMHA yMOK0B8020 nepensiemeHHs —
MexaH3Mamu NO2IUHAHHA ma 8i0bumms NpakmMu4Ho 8 pisHUX Yacmkax. JocaioxxeHI MpUKOMaxHi
mamepianu 074 3axucmy e6i0 EMB xapakmepu3yromecsa wupokum 0iana3oHOM 3Ha4eHb mensiogiBUYHUX
g/acmusocmeti ma 8UCOKUMU NOKA3HUKAMU NAaponpoHUKHOCMI, ujo 00380/14€ 8UKOpUCMO8Y8amu ix
Y cneyiasbHOMy ma noecsikOeHHOMY 0053(, Hadaro4u UoMy 3aXUCHUX YHKYIU.

HoeusHa pobomu nosiszae 8 ob2pyHmMosaHoMy aHanisi Haykosux nybaikayiti 3 po3pobku ma
JocniOXeHHs MpUKoOmMaxHux Mmamepianie 014 3axucmy 8i0 eleKmpoMazHIMHO20 8UPOMIHIOB8AHHA Ma
Y3a2a/1bHeHHI 20/108HUX pe3y/lbmamie nonepedHix po3pobok, wWo cmeoproe nidepyHmMa 015 po3pobku
HOBUX Ma yOOCKOHA/IeHHS ICHYHOYUX MPUKOMAXHUX Mameplianie 018 eKpaHy8aHHS.

MpakmuyHa 3Ha4yumicme pobomu nosif2de 8 MoMy, W0 OMPUMAHI 3HA4YeHHA egekmusHocmi
eKpaHy8aHHA Ma NoKAasHUKI8 mepMoghi3i0/102{4HO20 KOMEPOPMY MPUKOMAXHUX Mamepiasnie Moxyme
6ymu sukopucmari y skocmi 6azosux npu po3popobyi ma NpoOEKMYB8AHHI HOBIMHIX MEKCMUJIbHUX
Mamepianie 0418 3axucmy 8i0 e/1leKmpoMAazHimHo20 8UNPOMIHIOBAHHS.

Knro4doei cnoea. TekcmusbHi eKpaHu, eseKmpoMazHimHe 8UnpoMIHI8AHHSA, MPUKOMAX,
ecbekmusHiCMb ekpaHy8aHHs, mepmoghizionoziyHul kKomgpopm

KNITTED MATERIALS FOR ELECTROMAGNETIC RADIATION SHIELDING: STRUCTURE, SHIELDING
PRINCIPLE AND COMFORT
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Abstract. Reliable protection against electromagnetic radiation (EMR) can be achieved through the

use of textile screens, which are obtained by various technologies. Knitted materials produced by

28 / IM N1, 2022



HAYKOBWIM MOLLYK

incorporating conductive threads or metal wires into the structure are becoming more common due
to further use in protective clothing manufacturing.

The purpose of this work is to study the shielding effectiveness and thermophysiological comfort of
industrial knitted fabrics for electromagnetic radiation shielding.

Methodology. Standardized methods ASTM 4935-10 was used to determine the shielding effectiveness
of knitted materials in the frequency range of 30 MHz - 1.5. The indicators of thermophysiological
comfort were determined by specially developed methods.

Results. Three knitted fabrics for protection against electromagnetic radiation available at Ukrainian
market have been studied. The warp knitted fabric of locknit interlooping has got the highest shielding
efficiency (over 50 dB). The shielding efficiency of this fabric is provided mainly by the absorption
mechanism, while the shielding efficiency of filling knitted fabric is provided by the absorption and
reflection mechanisms in almost equal proportion. The studied knitted fabrics for EMR shielding are
characterized by a wide values range of thermophysical properties and high vapor permeability, which
allows them to be used in special and casual clothing with protective functionality.

The novelty of the work is in a thorough analysis of scientific publications on the development and
research of knitted materials for protection against electromagnetic radiation as well summarizing the
main results of previous developments, which creates a basis for creating new and developing existing
knitted materials for shielding.

The practical value of the work is in the future using the obtained values of shielding efficiency and
thermophysiological comfort of knitted materials as basic indicators for the design and development

of new textile materials for protection against electromagnetic radiation.

Keywords. Textile screens,
thermophysiological comfort.

Bcmyn. HaBKOJINLLHBLOTO
cepegosuLLa €NeKTPOMarHiTHUM
BMNpomiHoBaHHAM (EMB) 3a octaHHI gecatunitra
3pocaa He MeHLUe HiXX Y MiNboH pasiB i Habyna
rnobasnbHOro  xapakrepy nepesaXuBLIM = 3a
3HAYEHHAM BMJAMB XiMIUHWMX Ta pagiauiiHux
dakTopis. PiBeHb eNeKTPOMarHiTHOro
BMMPOMIHIOBAHHA 3apa3 3HAauYHO MepeBuLLYE
NPUPOAHNI piBeHb, AKNI ByB BCTaHOBAEHUN Y
npoueci po3BuUTKy biocncteM. BUcokmnii cTyniHb
3arpo3 NOCUMNKOETLCA TUM, LLIO HACNIAKM MOXKYTb
BUABUTNCA Yepe3 JOCTaTHbO JOBrMW Mepiog
Yyacy Ta HeraTMBHO BMAMBATU Ha CTaH iMyHHOI
Ta reHETUYHOT CTIMKOCTI MOKOIHb.

3abpyaHeHicTb

Ana 3axucty Big EMB, WO BMNPOMIHIOETBCA
AIOUYNMU  eNEeKTPUYHMMUN Ta eNeKTPOHHUMMU
NPUCTPOAMMU, LLIMPOKO BMKOPWUCTOBYHOTb
€KpaHW Ha OCHOBI TEKCTUNbHUX MaTepianis, AKi
MatoTb pAg nepesar [1, 2]: Many Bary, rHyuKicTb
Ta kom¢opt. OcTaHHIN HabyBae paesanbluOl
Ba>X/IMBOCTI 3 TOUKM 30pYy 3aCTOCYBaHHA TaKmX
maTepianie B oassi [3] Ta nobyrTi [4].

TekcTab cam no cobi He 3axullaEe Big
EMB, opaHak, BiH Moxe 6yTn ycniwHO
NepeTBOPEHNN B 3axMCHUN MaTepian nicas
3MIHW  CMPOBWMHHOrO  CKnagy Martepianis,
CTBOPEHHA HOBOTo BMPOBHMYOro npouecy abo
afanTyBaHHA TEXHOOTIT, fAKi MOXYTb 3pobuTn
ix enektponposigHnmm [5]. OcHoBHI ny6aikaLii

electromagnetic radiation, knitted fabric,

shielding efficiency,

WOAO TEeKCTUAbHUX eKpaHIB ANA 3aXWUCTy Bij
eNleKTPOMarHiTHoro BunNpoMiHtoBaHHA (EMB)
CTOCYHOTbCA PO3POOKM  HOBUX TEKCTUIBHUX
mMaTtepianis [6] Ta meToaiB iX OTpuMaHHsa [7],
a TaKoX AOC/AIAXeHb IX @YHKLIOHaNbHUX
BAacTmBocTen [8]. TeKCTUAbHI 3aX1CHI MaTepianu
BUrOTOBAAOTL 3 MPOBIHMX  MOAIMEpIB,
MeTafeBMX BOJIOKOH, MeTafeBux ApOTiB
(antominin (Al), cpibno (Ag), Hikenb (Ni), migb (Cu)
i Hep>aBitoya cTanb (SS), HATOK 3 MeTaneBuUM
NOKPUTTAM ab0 KOMMAEKCHNX HUTOK.

MocmaHoeka 3aedaHHA. ICHYe MOX/MBICTb
OTPUMAHHA 3aXUCHUX TEKCTUAbHUX eKpaHiB
LWNAXOM NepepobKky CTPYMOMNPOBIAHMX HUTOK Ha
B'A3a/IbHOMY o6na,u,HaHHi TexHonOriA TPUKOTaXy
Hasa€ BibLL LUMPOKI MOXANBOCTI y GOPMYBaHHI
He TiNbkW NPAMONIHIRHUX AINAHOK NPOBIAHNX
HUTOK, a | QOpMyBaTK 3 HUX METAI Ta HaKUAW, WO
MOXe BMANHYTN Ha ePeKTUBHICTb eKpaHyBaHHSA.
[na OTPUMaHHA TPUKOTaXKHUX eKpaHiB ANS
3axucty Big EMB BUKOpuCTOBYHOTb fIK KyJipHe
B'A3aHHA [9] Tak i ocHoBoB's13aHHs [10].

[onoBHUMM nepenaeTeHHAMN, AKi
BUKOPUCTOBYIOTb AN OTPUMAHHSA TEKCTUNBHUX
eraHIB Ha KyJipHUX MallnHaXx € rnajb, Nactvk
Ta IHTepAoK. Tak, MeTOr AOCAIAXEHHS, AKi
nposoauB Tezel S 3 koneramm [11] 6yno
focnianTn  ePekTUBHICTb eNeKTPOMarHiTHoOro
eKpaHyBaHHA TOHKOTO i 1€rkoro TPUKOTaXHOro
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NoNIOTHa nNepenaeTeHHa rnadb, fKe MOXe
6yTM  BUKOPUCTAaHO AN MOBCAKAEHHOrO
oasry, Hanpuknag ¢ytb6onok. Pe3ynbtatn

BMNpPOOyBaHb METOAOM BUMiPHOBAHHSA BiIbHOTO
NPOCTOPY BUABWAW, LWLO TPUKOTaXHI MONOTHa
OAMHApPHOro nepensieTeHHA rnajb MatoTb
34aTHICTb 40 NoAApw3aLii eNekKTpUYHOro nons
B TOMY X HanpsiMKy, WO i OCHOBHWUA Hanpsm
eNeKTPonpOoBIAHNX MeTaNeBMX APOTIB Y MOAOTHI.
3a pesynbtatamu BI/II'IpO6yBaHb BCTAHOBJIEHO,
WO BCi CTPYKTYpWU AOCNIAXKYBAHUX MNONOTEH
MatoTb ePeKTUBHICTb eKpaHyBaHHA 6inbwe 7 ab
(80% abo BuLLE) ANS Aiana30HIB CTiIbHUKOBOIO
3B>a3ky GSM-850 ta GSM-900.

Y iHwomy pocnigxeHHi [12] nepesary 6yno
BiAJaHO  BUPOOHMLTBY  ABOKOMMOHEHTHUX
BOJIOKOH: TWUTaHaT 6apito BMKOPUCTAHO fK
cepueBunHy Ans HagaHHA YHKLIOHaNbHOCTI
npsxi, a CTaHAAPTHY NonieTuneHTepedTanatTHy
npsXy — Ak 060NOHKY. TPUKOTaXKHI MOJ0THa
nepenneTeHHs rnajb  ABOX  LLiNbHOCTEWN
OTPMMaHO Ha KPYrnoB'a3anbHUX MawmnHax 14 Ta
22 knaci. MonoTHa, AKi MiCTATb TUTaHaT Hapito,
BUABMAWN BULLMIM PiIBEHb 3aXMCTY, HiX NOJOTHA
6e3 Hboro. 3HaueHHs ePeKTMBHOCTI eKpaHyBaHHs
NoaoTHa ctaHoBAATb NoHaa 10 aAb B iHTepBani
BunpomiHtoBaHHA ao 0,03-0,11 Ty i noHaa 7
Ab B iHTepBani go 0,34-0,77 ITu. Lii TKaHWHW
MO>XHa BWKOPUCTOBYBATU ANA BUTOTOBNEHHSA
NOBCAKAEHHOTO oasry abo odicHoi popmu.

[HWWn niaxig, ansa OTPUMaHHA
eNeKTPONpoOBIAHOT NPAXI NpPeAcTaBleHO Y
cTaTtTi [6], B Me>Xax AKOI TPMKOTaXKHI MOo/s0THa
nepenneteHb rnagb Ta nactuk 1+1 Bupobasanu
3 OAHO- i ABOLIAPOBOI TiGpUAHOI MpsAXi, Aka
OoTpMMaHa O6BMBaHHAM aKpPWAOBOI MPAXI
ApOTamMu 3 HepXKaBito4yoi CTani, Wo MatoTb jBa
Pi3HMX giameTpu. BctaHOBAEHO, WO 36iNbLLIEHHA
BMICTY ApOTy 3HauyHO 36i/iblUye NPOBIAHICTb
nonoTHa. NonotHa nepenaeteHHA nactuk 1+1
AEMOHCTPYHOTb KpaLli 3HaYeHHA epeKTUBHOCTI
eKpaHyBaHHA  MOPIBHAHO 3  MOAOTHaMu
nepenseteHHsa rnagb. NonotHa 3 ABivi 06BUTOI
nNpsXi Ta NONAOTHA, B AKX BUMKOPWUCTAHO APIT
MEHLLOro JiaMeTpy, [AEeMOHCTPYHOTb KpaLui
eKpaHytodi BAacTUBOCTI. HanBulle 3HayeHHA
edeKTMBHOCTI ekpaHyBaHHA EMB 6yno otprmaHo
ANA TPUKOTaXy /laCTUYHOrO nepenieteHHa 3
ApoTom 35 MKM 3 HepxkaBitouoi cTani. [6puaHi
TPVKOTa>XHi MNONOTHA, WO MICTATb MeTaNeBUM ApiT
Ta aKpWI0BEe BOJIOKHO, MOXYTb ByTN BUKOPUCTaHI
ANA BUTOTOBNEHHA 3aXMCHOMO TEKCTUAHO, TaKOro
AK LUTOPW, BIKOHHI eKpaHu Ta Kopnycu Ana
eNeKkTPUYHNX / eNeKTPOHHUX NPUCTPOIB

Y poboti [9] po3pobneHo Ta AOCAIAXKEHO
TPUKOTAXHi CTPYKTypu Tpbox TuMiB (rnassb,
noABiMHa rnagb Ta JABOWApPOBUM Ha 6Has3i
NOABIMHOI rNasi 3 NOEAHAHHAM B NMEBHMX pagax
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| TPOKNaAaHHSAM NOMepPeyYHUX YTOKOBNX HUTOK),
AKi MICTATb GepoMarHiTHi Ta eNeKTPOonpPOBIAHI
Matepiaau i npusHayeHi ans iHAMBIAyanbHOro
3aXUCTy Big4 BUPOBHWMYOI Hebednekn. AHani3
CTPYKTYp BKa3ye Ha eKpaHytoui BAAaCTUBOCTI K
e/1eKTPUYHOTO, TaK | MarHiTHOro NoAs B AeAKnx
BY3bKMX Aiana3oHax. B pe3ynbtati AgociaxeHb
BCTAaHOBJ/IEHO, WO TPUKOTaXHi CTPYKTYpU €
KpawMM BapiaHTOM A1s BUKOPWUCTAHHS B
3acobax iHAMBIAYaNbHOrO 3axm1cTy (KOMBIHE30HaxX
abo 0OMyHAMPYBaHHI), WO  3axuLaroTb
Big EMB 3a ymoOBW, WO BOHWM BUrOTOBJEHI
3 HanexHoro depomMarHiTHoro martepiany,
BK/IOUEHOTO B CTPYKTypy. EdekTuBHICTb
eKpaHyBaHHS TPUKOTaXKHNX MaTepianis
3a/1eXXNTb Bif po3TallyBaHHA pepoMarHiTHUX Ta
eNeKTPOMpPOBIAHNX HUTOK Y B'A3aHil CTPYKTYPI.

D. Soyaslan, S. Cémlekci and O. Goktepe
AOCNIAKYBAAN TPUKOTAXHI MOJIOTHA YOTUPLOX
nepenneTteHb (rnagb, nactmk 1+71 3BUMYaNHI
Ta 3 NPOKNaZaHHAM YTOKOBWUX HUTOK), fKi
BMUIOTOBJ/IEHO Ha MAOCKOB'A3a/bHI MalWHi 7
Kiacy i3 3acTocyBaHHAM 6aBOBHAHWX HUTOK Ta
migHoro apoty [13]. TpukoTax nepenneTeHHs
nactmk 1+1 3 yTOKOBOKO HUTKOIO BM3HAY€HO AK
Halkpalla CTpykTypa Ana pobotn obnagHaHHA
B CMy3i Yy/AbTPaBMCOKOI 4acToTu. LLinbHIicTb
B'A3aHHA € ePeKTVBHMM NapameTpoM Y JianasoHi
yactot 27-300 Mly, a BMICT CTPYMOMNpPOBIAHOrO
KOMMOHEHTY edeKTUBHUWA Yy Aiana3oHi 4acToT
27-800 Mlu. Ha uactotax, Wo nepesuLlytoTe
800 MTrlu, 36inblieHHA AK giameTpa, TaK i
BMICTY CTPYMOMNPOBIAHNX HUTOK He BMJIMBAE Ha
edeKkTVBHICTb ekpaHyBaHHA EMB TpukoTaxy.

Perumalraj R. and Dasaradan B.S. nposoanan
AocCnigKeHHA ebeKTUBHOCTI eNeKTPOMarHiTHOro
eKpaHyBaHHA TPUKOTaXXHOro NMOAOTHA 3 NpPAXi
3 MigHuM aapom [14]. BcraHoBneHo, wo 3i
36i/blLUEHHAM TOBLUMHW, KiNbKOCTI MeTenbHux
PAAIB Ta CTOBMYMKIB ePeKTUBHICTb eKpaHyBaHHSA
3pocTaE. TpMKoTaxkHe NONOTHO nepensieTeHHA
iHTepaOK Mae KpaLly edeKTUBHICTb
€/1eKTPOMarHiTHOro ekpaHyBaHHS, HiX 1acTuK
Ta rnagb. 3i 36inblUeHHAM AiameTpa MiZAHOro
APOTY CNOCTEPIraeTbCa 3HMKEHHA ePeKTUBHOCTI
eKpaHyBaHHA.

Y iHwin  poboti  [15]  mochigxeHo
TPUKOTaXHI MaTepiaan 3i CTPYMOMNPOBIJHUX
APOTIB MIJHOrO Ta 3 HepXXaBsitouyoi cTani, AKi
06KpyYeHi aKpuIOBUMU HUTKaMW, a TaKoX
CTPUXKHEBOI MPAXI 3 eNeKTPONpPOBIAHUX HUTOK
ANA NepeBipKN eNeKTPOMArHiTHUX 3axuCHUX
BJaCTMBOCTeN MonoTHa. BcraHoBneHo, Lo
netenbHa CTPyKTypa TKaHWH BrJIMBAE Ha
eeKTUBHICTb eN1eKTPOMAarHiTHOro eKpaHyBaHHS.
MNOpPIBHAHHAM  OAWHApPHWUX  MepenJieTeHHb
noxigHa rnajgb Ta nakocta 6yn0 BCTaHOBJ/IEHO,
LLO TPMKOTaX NepenieTeHHa 1akocTa Mae HinbLu



HAYKOBWIM MOLLYK

BMCOKI 3HayYeHHA ePeKTUBHOCTI eKpaHyBaHHSA,
0cob1BO B Aiana3oHax HU3bKWX YacToT. bisbLue
TOro, TPUKOTaXKHe TMOJNOTHO MepernJieTeHHA
nakocta edekTMBHe B LUIMPOKUX Jiana3oHax
yactor EMB. Omxe HaaBHICTb Hakugis vy
CTPYKTYpi TpUKOTaxy € ayxe edeKTUBHUM
ANA  BifOVIBaHHA eNneKkTPOMAarHiTHUX XBWJb.
JocnigxeHHa  edeKkTUBHOCTI  eKpaHyBaHHA
TPUKOTaXy MOABIMHMX MepenieTeHb IHTEPAOK
Ta nike mnoka3ano nogibHicTb pe3ynbTaTiB.
Jlnwe B cepegHbO-4YaCTOTHOMY AianasoHi
cnocTepiranocs 3HauHe 36iNblUeHHSA 3HAYEeHb
SE y TpukoTaxy nepenneTeHHs MoZBiviHe
nike. 3pobaeHO BUCHOBOK, LLO Lie MOXe byTn
MOB>A3aHO 3 HAABHICTIO JOBIUX NPOTAXOK, AKi
po3TalloBaHi 3a ocToBamu MeTesb y CTPYKTYpi
nonotHa. KpiMm TOro, nNonoTHa, fAKi 3B>A3aHi
Ha ABOX @OHTypax B>A3a/bHOI MaLIWHN 3
6iNbLUIOD KiNBbKICTFO CTPYMOMPOBIAHUX HUTOK
Ta 36iNblIeHOT Barn, He Moran 3abesneunTu
uinecnpaMoBaHe NoAINLWeHHA 3HayeHb
ePeKTUBHOCTI eKpaHyBaHHA Y MOPIBHAHHI 3
MONOTHaMW, AKi BUTOTOBJ/IEHI Ha OAHIA POHTYpI
B>A3a/IbHOI MaLUUHN.

KomaHgo  yecbkMx  Ta  YKpaiHCbKUX
HayKOBLiB pO3p0ObaeHO rMbpuaHi TPUKOTaXHI
MaTepianu 319 3aXUCTY Bij, eNeKTPOMarHiTHOro
BUMNPOMIHIOBaHHA [16], AKi yTBOpeHi fK
OfHOYAaCHUM  MNpPOB'A3YBaHHAM  CTa/JeBOro
APOTYy pa3om 3 6aBOBHAHOK MNpsAXer, Tak

I 4YepryBaHHAM CUPOBWHW 3a pParopTOM.
EpekTBHICTb  eKkpaHyBaHHA  po3pobaeHunx
MOAOTEH Ha HU3bKMX uyactotax (go 0,3

Mu) nepesuwye 10 ab | 3anexuTtb Big
po3TallyBaHHA HWTOK 3 Hep>KaBitouoi cTani
B CTPYKTypi TpukoTaxy. BcraHoBneHo, wWwo
Hakpalli eKkpaHyto4i BNaCTUBOCTI Ma€ TPUKOTaX
nepenfneTeHHs HaniB MiJIaHCbKUA  NacTUK.
Byno BuaBneHo, wWo ABoLAPOBI MaTtepianu
3abe3neuytoTb  30ibLIEHHS  ePEeKTUBHOCTI
eKpaHyBaHHA, a Mpw oOpieHTauil wWwapis nia
kKyTom 90° edekTnBHicTb 3pocTae Ha 10 — 15 ab
MOPIBHAHO 3 OAHOLLAPOBOIO CTPYKTYPOHO.

Hun3ky HayKoBUMX AOCNIAXEHb MNPUCBAYEHO
BMBYEHHIO eKCpaHyrumnx BJ1aCTUBOCTEN
OCHOBOB'si3aHOro TpukoTtaxy. Tak Yu Zhi-Cai 3
koneramu [8] gocniaxyBann enekTpoMarHitHe
eKpaHyBaHHSA Ta iHLWI GyHKLIOHaNbHI BAACTUBOCTI
eNacTUYHMX B'A3aHNX NONOTEH, AKI BUTOTOBAEHI
Ha TamMOypHii OCHOBOB'A3a/bHIA MaLlUWHI. Y
AKOCTi MOMEPEYHOro yTOoKy Ha NLbOBIV CTOPOHI
NONIOTHa BWKOPWUCTOBYBa/IM CTPYMOMPOBIAHI
KOMMO3UTHI HUTKW. B AKOCTI rPyHTOBOI HUTKMK
obpaHo nosiectep, a 419 HaJaHHA eN1aCTUYHOCTI
BBEZAEHO MOJiyPEeTaHOBI HUTKM AK MOB3J0BXHil
yTOK. EKcnepuMeHTanbHi pesyabTati nokasanu,
WO pO3TAryBaHHA CYTTEBO He BMUIMHYNO Ha
eKpaHyBaHHSA NONOTHA B Aiana3oHi NOAOBXEHHA
0 — 40 %. [Bowaposi NonOTHa 3 KyTaMu

HaknagaHHa 0°/90° AeMOHCTPYHTh Kpalyumi
3aXMCHUI  edekT BiZ4  €NeKTPOMarHiTHOro
BMMNPOMIHIOBaHHS MOPIBHAHO 3 MONOTHaMM 3
KyTamu HaknagaHHsa 0°/0°, ag>e B naMiHOBaHMX
MaTepianax 3 iHTepBasom 90° meTaneBui ApiT
YTBOPHOE CTPYKTYPY MeTaneBoi CiTKN.

OmXe npoBeseHNI aHani3 HayKOBOI NiTepaTypu
3 PO3PO6KM TPUKOTAXKHUX eKpaHiB ANs 3aXUCTY
Bifi eNeKTPOMarHiTHOro  BUMNPOMIHIOBaHHSA
nokasas, WO Ha edeKTVBHICTb eKkpaHyBaHHS
Takux mMatepianis BMiMBatoTb BUJ NepeneTeHHs
i Popma, AKy NPUNMaE CTPYMOMPOBIAHa HUTKa B
CTPYKTYPI, LWiNBbHICTb Ta TOBLUMHA TPUKOTaXYy, a
TaKO>X MOro 3amoOBHEHICTb.

Cnig  3a3HaunTW, WO CyYaCHUN PUHOK
TEKCTUNBHUX MaTepianiB  ANA  3axuUCTy Bij,
EMB npeacTaBneHUn LIMPOKUM  CMNEKTPOM

BUPO6HWMKiB, 30KkpeMa Bekaert (benbris), YSHIELD
(HimeuuwnHa), Jinan EMI Shielding Technology
CO (Kwutam), Holland Shielding System BV
(HigepnaHngy), Swiss Shield Ltd (Lsenuapis)
TOLLO.

B pobomi nposedeHO  [OCNIfKEHHS
€KpaHyrUMX BNACTMBOCTEM Ta  MOKA3HMKIB
KoMdopTy NPOMMUCIOBMX TPUKOTaXHNX

maTepianis, AKi NPWU3HaYeHi ANA eKpaHyBaHHSA
EMB. [JocnigxkeHHs npoBOAATbCA 3 Memoro
BCTaHOBJ/IEHHA 6a30BWX 3HaY€Hb MOKa3HWKIB NpW
PO3po6Lyi HOBOTO ACOPTUMEHTY TEKCTWUILHIX
Matepianis Ans eKpaHyBaHH: eJeKTPOMarHiTHoro
BUNPOMIHIOBaHHA. 3 Oraj4y Ha MOXJMBICTb
BMKOPWCTaHHA MaTepianiB B 0f4A3i, KomdopT
OLHIOBaNN 3a MOKa3HMKaMu TenaodisnyHmnx
XapakTepuCTUK Ta NapONPOHMKHICTHO.

Mpedmem OdocnidrkeHHA. na [OCNIAKEHHS
y poboti 6yno obpaHO HasiBHI Ha pPUHKY
YKpaiHu TPUKOTaXKHI MONOTHA 3 eKpaHyUYUMU
BNACTMBOCTAMWN. XapakTepUCTUKK MaTepianis
npeacraBaeHi B Tabn.1. Cepes AoCNiaXKyBaHMX
NONOTEH € KynipHe (BapiaHT 1), OCHOBOB'A3aHe
(BapiaHT 2) Ta yTokOoBe Ha 6asi snaHLOXKa
(BapiaHT 3) nonoTtHa. lNMosoTHa BapiaHTiB 2 Ta
3 MaroTb GiNbL BiAKPUTY MeETeNbHY CTPYKTYpY
3 HasiBHUMW OTBOpPaMW, B TOW Yac AK MONOTHO
BapiaHTy 1 WinbHe 3a paxyHOK BUKOPWUCTAHHSA
BMCOKOPO3TAXXKHMUX ~ HWUTOK  CMaHAeKC,  AKi
OZAHOYACHO HajalTb MOMY BUCOKOT PO3TAXKHOCTI
(50 % no wwmpwHi Ta 80 % NO AOBXMHI NONOTHA).
Ob6paHi NoNoTHa PI3HATLCA 3a MOBEPXHEBOHO
ryctmHoto (Big 40 go 130 r/m?), Wo cBigunTb NpPo
LWMPOKNIA CNEKTP MOKa3HMKa Ta MOXINBOCTb
BUKOPWUCTaHHA Y BUpoHax pi3HOro Npu3HayeHHs.
Yci nonoTHa MicTATb Cpibno, ogHaK y MONOTHa
3 BapiaHTy Moro BMIcCT He3HauHuh (1 %), ane
BOAHOYAC AaHe MOJOTHO Ma€ B CBOEMY CKAaAi
21 % migi.
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Tabnnusa 1 - XapakTepucTUKM TeKCTWIbHUX MaTepianis

B CPOBMHHMA Cknaz, MNoBepxHeBa | 3OBHIWHIN BUrAAA Npw 36inblueHHI: 5x (SEM)
apiaHT o rycTvHa, [r/ .
[%] M2 vue BMBOPIT
Cnanpgexc — 80
1| Cpibno - 20 130
Moniamia — 80
2 Cpibno - 20 40
Moniedip — 78
3 Migp — 21 65
Cpi6no - 1
Memodu OdocnidxkeHHA. EdekTVBHICTb  OTpMMaHO 6€3 MOro 3acToCyBaHHA i 3aneXHO
eKpaHyBaHHA TEKCTUAbHMX MaTepianiB A0  Bi4 TMNy npuiiMada mMoxe 6yTW BM3HAUEHO 3a

aii EMB  Bu3Hauanm BignosigHo po ASTM
4935-10 B piana3oHi yactotr 30 MIly - 1,5
My i3 3actocyBaHHAM EM-2107A (Electro
Metrics). [laHniA MeTOJ, BUKOPWUCTOBYHOTb ANS
BMMIprOBaHHA ePeKTUBHOCTI e1eKTPOMarHiTHOro
eKpaHyBaHHA  MJIOCKMX  MaTepianis  And
NAOCKOi XBWAi. EQeKTUBHICTb ekpaHyBaHHSA
BM3HAYAETbCA LUIAXOM MOPIBHAHHA Pi3HML
B 3racaHHi €eTafioHHOro 3pa3ky 3 TecTOBUM
3pa3koM 3 ypaxyBaHHAM BXIAHUX | BUXIAHUX
BTpaT. [poueaypa BUMIPHOBAHHA CKNaAa€ETbCA
3 [BOX eTaniB: Ha MepLloMy eTani eTalOHHWUN
3pa3ok MOMILLYETbCA B TECTOBUM agantep Ans
KOMMeHcaLii EMHOCTI 3B>A3Ky. 3pa3ok Mae dopmy
33-minimeTpoBoro kona scepegunHi 133/76-mm
Kinbus. Ha apyromy etani BMKOPUWCTOBYHOTb
3pa3oK AOCAIAXYBaHOro matepiany. JocnigkeHHa
NPOBOAVAN 3 BWUKOPWUCTAHHAM BEKTOPHOro
aHanizatopa Rohde & Schwarz ZNC3 (giana3oH
yactot Big 9 kl'y Ao 3 Tu).

EdektmBHicTb  ekpaHyBaHHA  (SE), aka
BMpaxaeTbca Yy Jaeumbenax [ab], € cymoto
BTPAT BiABUTTA Ta MOrAMHaHHSA. Ii BU3HaYatoTh
BIAHOLIEHHAM eHeprii, fAKy OTPUMaHO npu
BMKOPWCTaHHI MaTtepiany A0 eHeprii, AKy
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HacTynHUMK GopmMynamm:

SE= 10 log P/P,= SE, + SE, + SE,, [35], (1)

Ae P, — MOTyXHiCTb, AKYy OTPUMaHO npw
BMKOPWCTaHHI MaTtepiany;
P, — NOTyXHicTb, AKy oOTpumaHo 6e3

BMKOPWUCTaHHA MaTepiany:

SE, — edeKT1BHICTb eKkpaHyBaHHA 33 paxyHOK
NOTrINHAHHSA;

SE, — edeKTVBHICTb eKpaHyBaHHA 33 paxyHOK
BUABUTTS;

SE,, — edeKTMBHICTb ekpaHyBaHHA 3a paxyHoK
6araTtopa3oBoro BUAGKTTA B CTPYKTYPI.

BusHaueHHs  Buay nepenneTeHHA  Ta
napamMeTpiB CTPYKTypu TPUKOTaXKHMX MOJOTEH
NPOBOAVAN 3@ CTaHAAPTHUMW  MeToAamu
BignosigHo 1SO 23606:2009, EN 14970:2006 Ta
ISO 5084:1996

JocnigxxeHHs obpaHmx NOKa3HMKIB
KOMGOPTHOCTI MPOBOAWAM 3a CreujianbHO
po3pobieHNMU MeToAMKaMMU. BigHOCHY

NaponpoHUKHICTb P [%] nonoTeH gocnigxysanm
Ha npwnagi «<PERMETEST». MNpoby TekcTMAbHOro
mMaTtepiany giametrpoMm 90 MM pO3TallOBYHOTb
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Ha Bigctani 1,0 1,5 MM Big nonepeaHbO
3BOJIOXEHOI MOPWUCTOi MOBEPXHi. TensoBuin
NOTIK, AKNIN reHepyeTbCA Nif Yac BMNapOoBYBaHHSA
piAKOi  BONOrM 3 MOPUCTOI  MOBEPXHI,
BMMIPIHOETbCA  AaTYMKOM. Yac AochigXeHHA
2 + 8 XBWUAWH. BumiproBaHHA TenaodiznyHmnx
XapaKTepucTnK TEKCTUIIbHNX maTepianis
34iicHoBanM Ha npunagi «<ALAMBETA» npwu
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PucyHok 1 - EpekTuBHiCTb ekpaHyBaHHA
TPUKOTaXKHUX MaTepianiB: a — BapiaHT1; 6 -
BapiaHT 2; B — BapiaHT 3

nepenagi temnepatyp 10°C n Tncky Ha npoby P
= 200 lMa. TemnepaTypa BepxHbOi 0birpiBaeMoi
nnactuHK ctaHosmna 34°C. B ocHoBy poboTu
npuaagy NoknaZeHu NPUHLMN CTalioHapHOro
TENJA0BOro MOTOKY Bif, NAACTUHW 3 MOCTIMHUM
y yaci TeMnepaTtypH1UM noaem yepes marepian
A0 NAACTUHU 3 TemnepaTyporo, Aka AOPIBHIOE
TemMnepaTtypi HaBKOJWLIHbOrO CepefoBMULLA
(24°C). Y pe3synbTati B Npobi TEKCTUABHOrO
MaTepiany CTBOPHOETLCA Pi3HMUA TemnepaTyp,
O AOBOAMTLCA AO CTANOCTi i MO 3aKiHYEHHIO
BMMIPY Ha Ancnaei npuaagy BUAAOTLCA HACTYMHI
Tennodi3nyHi xapakTepucTmku: ToBLMHa, h [Mm];
koediuieHT TenaonposigHocTi A-1073 [BT/(M-K)];
koediLieHT TemnepaTyponpoBogHocTi, a-10¢
[M?/c]; KoediLieHT Tens1oBOro noranMHaHHa, b
[BT-c2/m?K]; TennoBuin onip, R-103 [K-m?/BT];
WiNbHICTb TennoBoro notoky, g-102 [B1/m?].

Pesyremamu  docnidkeHHA ma  ix
062080peHHA.

EchekmusHicmb eKpaHy8aHHSA NPOMUCI08UX
mpuKomaxHux mamepianie 0/ 3axucmy gio
EMB. Pe3ynbTatn AOCAIAXEHHA ePeKTUBHOCTI
eKpaHyBaHHSA B Aiana3oHi YacTtot Big 9 kl'y, ao
3 Ty npeactaBneHi Ha rpadikax puc.1 B po3pisi
OCHOBHUMX MexaHi3aMiB nocnabneHHa EMB:
NOrNMHaHHA Ta BiAbuTTA. Chig 3a3HaunTy, WO
BCi MaTepiann MaroTb 34aTHICTb A0 eKpaHyBaHHSA
eNeKTPOMarHiTHoro BMMNPOMIHIOBaHHSA y
AOCNIAKYBaHOMY Aiana3oHi.

HamBuwii ekpaHytouy 3gatHictb (SE=50+60
Ab) Mae ocHOBOB'AI3aHWI TPUKOTaX BapiaHTy 2
(pnc.1.6), Npu LIbOMY NMOKa3HWK AeLLO 3HUXKYETbCA
npv 36inbweHHI YactoTn. KynipHuiA TpukoTax
BapiaHTy 1 (pwuc.1.a) Mae NpPakTU4Hy OAHAKOBY
edeKkTMBHICTb ekpaHyBaHHA (SE=45 pb) vy
AOCNIAXKYBAHOMY Aiana3oHi 4acTtoT. TpukoTax
YTOKOBOrO nepensieTeHHs BapiaHty 3 (pwvc.1.B)
Ma€E HaWHWIKYY ePeKTUMBHICTb eKpaHyBaHHS
cepea AOCNIAKYBaHNX MaTepianis, AKa 3HaYHOO
MIpOKO 3aNeXWTb Bij, YaCTOTHOrO JianasoHy.
Hanbinbl ebekTVBHMM € BUKOPUCTaHHA AaHOro
TpUKoTaxy npwn sunpomiHtosaHi 1,4 Iy (SE=40
AB), noganblue 3MeHLWeHHA abo 36inblUeHHS
4yacToTu BMMPOMIHIOBaHHA NPU3BOANTb
AO  3HWXKEHHA edeKTUBHOCTI  eKpaHyBaHHA.
PisHMUtO B nNOKa3HMKax MOXHa MOACHUTU
PI3HOKO CTPYKTYpOK MONOTEH Ta ¢HOPMOro
i po3TalyBaHHAM MNPOBIAHUX €NeMeHTIB B

CTPYKTYPI.

Cnig 3BepHyTM yBary, WO epeKTUBHICTb
eKpaHyBaHHA mnonoteH BapiaHTiB 1 (puc.1.a)
Ta 2 (pnc.1.6) 3abe3neuyeTbCsi, TONOBHUM
YMHOM, MEXaHi3MOM MOIIMHAHHSA, B TOW Yac fAK
eeKTUBHICTb eKpaHyBaHHS MOJIOTHa BapiaHTy
3 (puc.1.B) 3abe3neuyetbcsi  MexaHisMamMu
MOrIMHaHHA Ta BIAOUTTA NMPaKTUYHO B PIBHUX
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YyacTtkax. Taky Pi3HULO MOXHA MOACHUTH, NepLu
3a BCe, pi3HOIO OyA0BOKO MaTepiany: MONOTHO
YTOKOBOrO nepeneTeHHAa Ha 6asi naHuroXKa
(BapiaHT 3) Ma€ HanbisbLLi OTBOPW, LLLO 3HUXYE
edeKTMBHICTb MexaHi3My MOrNNHaHHA. 3 iIHWOoro
60Ky, Lie MONOTHO Ma€ He3HaYHWIN BMICT cpibaa,
ane B HbOMY MPUCYTHA Mifb, IO TaKOX MOXe
NIABULLNTL ePEKTUBHICTb MeXaHi3My BUAOUTTA.

lMepennemeHHA ma napamempu cmpykmypu
MmpuKomaxHux mamepianie 04 3axucmy 80
EMB. Pe3ynbtaT¥ BW3HAUEHHA CTPYKTYPHUX

XapaKTepUCTUK  AOCNIAXYBaHUX  MOJOTEH
npeacrasneHo y Tabaumuyi 2. OueBUAHO,
WO  MNONAOTHO  KYNIPHOrO  nepenaeTeHHA

rnagb (BapiaHT 1) € Hanbinbw WinbHUM 3a
PaxyHOK  BMKOPWCTaHHA  BUCOKOMPY>XKHUX
HUTOK CMaHAeKC Ta Ma€ Hanbinbluy TOBLLMHY.
OcHoBOB'A3aHe MNOJIOTHO BapiaHTy 2 BUrOTOB/IEHE
ABOrpebiHKOBMM OfMHAPHUM MepenieTeHHAM
TPUKO-CYKHO 3 3aKPUTUMM NETAAMU NPYU NOBHOMY
HabunpaHHi 060X rpebiHOK Ta iX 3yCTpiYHOMY 3CyBi
3@ CMVHKamMn rofok, WO A03BOAAE OTpUMATH
BEPTUKa/NbHI MeTeNbHi CTOBNUMKM 6e3 Haxuay
OCTOBIB NeTesib Y HUX. TPMKOTaX Ma€ HacKpi3Hi
OTBOPW PI3HOI KOHIrypauii, AKki 3yMOBAeHi
B3aEMHMM pO3TallyBaHHAM MPOTAXOK [JBOX
rpebiHoK.

Tabnuusa 2 — Bup, nepensieTeHHA Ta NnapamMeTpy CTPYKTYpPU TPUKOTaXKHUX MaTepianiB

r . . Kinbkictb y 100 Mm
BapiaHT | Mepenie-TeHHA paq)'q:l;']zfea::;c nepe- neTeNbHMX ToBLWMHA, MM
pajis CTOBMYMKIB

1 Mnagpb (o) ) () (o) 540 + 0 330 + 0 0,371 + 0,000

2 TpWKO-CYKHO 260 + 6 170 £ 5 0,295 + 0,002
0] o) 0]
O @)
@] 0

3 YTOK-N1aHLHOXKOK 5 N 320+ 2 95 + 1 0,270 + 0,001
o) o]
9] O

HalMeHLW LWinbHy CTPYKTypy Ma€ MOJOTHO
BapiaHTy 3, TPYHTOBMM MepeneTeHHAM fKOro
€ NaHUoXOK. [poknagaHHA rPyHTOBMX HUTOK
BiAOyBasoCA He Ha KOXHY roJIKy, L0 J03BOANIO
CTBOPUTU 3HaYHYy (MoHag 1 MM) BigCTaHb MiX
CyCiAHIMW NeTeNbHUMKN CTOBMYMKaMK. 3 METOHO
YTBOPEHHA  UIiTKO BMPAaXEHUX HaACKPI3HMX
KBaApaZHMX YapyHOK NMonepeyHi yToKOBI HUTKM
NPOK/NaZleHO B KOXHOMY 4YeTBEepTOMYy pAdi.
OTmxe AaHWIN BapiaHT TPUKOTaXy € HanbinbLl
NOpWCTMM 3 OoTBOpamMu rnuiowieto 6ina 1 mm? Ta
Ma€ HaMeHLLy TOBLLMHY.

lMokasHuku KoMgopmy  npomucao8ux
mpukomaxHux mamepianie 048  3axucmy
gi0 EMB. KombopT oaary Mae gBa OCHOBHUX
acnekT — TepMOQiioNoriyHN i CeHCopHUI
KOMOPT. MepLUnit CTOCYETbCs 34aTHOCTI TKAHNH
AO MOTJIMHAHHSA | PO3CitoBaHHsA MeTaboniuHOro
Ternsa i BOAOrKW, TOAi sIK OCTaHHIN BiAHOCKTLCS
A0 B3aEMOAii maTepiany 3 opraHaMmu NOYyTTIB
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KopucTyBaya, 0cobAMBO 3 TaKTUAbHOK peakLi€ro
WKIPW Ha 3MiHY TeNAOTU | BONOTOCTI.

JocnigxeHi TPUKOTaXHi martepiann
XapaKTepu3yTbCA  WMPOKMM  Aiana3oHOM
3HayeHb Tenno¢i3|/|qux BlacTMBOCTEN (Tabn.3).
Koeq)lu,lem Tel'anI'IpOBI,D,HOCTI (A) xapakTepu3sye
CTyMiHb IHTEHCMBHOCTI MPOXOXKEHHH Tenia Yepes
TEKCTUAbHWIA MaTepian: HaNMeHLLE 3HaUYEeHHS BiH
Mae€ y MON0THa BapiaHTy 3 3 HanbinbLl NOPUCTOHO
CTPYKTYPOIO, @ Hanbinblue — y HaWLLiNbHIWOro
nonoTtHa BapiaHTy 1. Taka 3ai1eXHiCTb BKa3ye Ha
BM/MB MOBITPA, AKE 3aNOBHIOE NOPK MaTepiany
i Ma€E JyXe HMW3bKe 3HayeHHA KoediljieHTa
TennonpOBi,qHOCTi A = 26,0103 Brm"-K7).
Tennoswuii onip (R) TpMKOTaXHMX MaTeplamB ans
eKpaHyBaHHs EMB € He3HauHMM | 3HaxoanTbCA
B Mexax Big 6,4-103 go 10,3-103 Bt "-K-Mm?, oTxe
JaHi  MaTepiaan He MakoTb Tena03axXMCHUX
BN1AaCTUBOCTEN.
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Tabanuysa 3 - MokKa3sHUKKN TeN/IONPOBOAHOCTI Ta NAaPONPOHMUKHOCTI TPUKOTa)KHUX MOJIOTEH

KoediuieHT KoediuieHT KoediuieHT < .
Tenaonpo- TemnepaTypo- TennoBoro Tegﬁ?sm E;AZ?_IC'?_
BapiaHT BiZJHOCTI, NPOBOAHOCTI, MOrNHaHHSA, 15)_'3 porip
A- 1073, a-10°, b, AL HIKHICTE,
Br-m'-K' M2 - ¢ Br-cvz/mz-Kk | BT KoM P%
1 574 0,3 0,073 + 0,001 2127 £ 29 64 £ 0,1 79,0 £ 0,5
2 32,8+ 0,6 0,051 + 0,009 147,6 = 8,3 9,1+01 88,2 +0,7
3 26,0 £ 0,3 0,045 + 0,005 1246 + 7,5 10,3 £ 0,1 87,5+0,5
KoediuieHT TemnepaTtyponposigHocTi (a)  uvactot Big 9 kl'y go 3 Ty, HarBuLi ekpaHyrouy
XapakTepu3ye  LWBWAKOCTI  BUPIBHIOBAHHA  3aaTHiCcTb (SE=50+60 ab) mae ocHoBOB'A3aHMI

Temnepatypu B PIi3HUX TOYKax TEKCTUAbHOTO
mMatepiany i ANA AOCNIAXKYBAHUX MOJIOTEH €
He3HauHUM (@ < 0,1-10° m? - ). KoediuieHT
TENJI0OBOrO NOrANHaHHA (b) € Noka3HUKOM, AKUIA
XapakTepusye Tern/joBe BiAuyTTa NHOAVHU NpU
AOTOPKaHHI JO TeKCTUAbHOro marepiany. Voro
BM3HayatoTb AK . 3i 36i/blIEHHAM YMCAOBOrO
3HayeHHA Uboro koediuieHTa NigBULLYIOTHCA
HErNpUWEMHI XONOAOBI BIAUYTTA NHOAUHU NpU
TOPKaHHI TEKCTUABHUX MaTepianie. PesyabTati
npoBeAeHNX  AOCAIAKEHb  Mokasanu, LWo
Hanbinbll MPUEMHMM Ha AOTUK € MONOTHO
BapiaHTy 3, @ HaIMeHLU MPUEMHUM — BapiaHTy 1.

JocniaxeHi TEKCTUbHI MaTtepianu
XapakTepu3yrTbCa  BUCOKMM  3HaAUYEeHHAM
NaponpoOHUKHUX  BAacTuBocTen  (Tabn.3),

WO nOB'A3aHO 3 X 34aTHICTIO MepeHOCUTH
BOJIOry yepes cBoto cTpykTypy. OCHOBOB'A3aHi
TPUKOTaXHI NONOTHa (BapiaHTK 2 Ta 3) MatoTb
BVLLI 3HAaYeHHA MNO3HWKA, agXe iX CTPyKTypa
€ 6inbl NOPUCTOO, @ Ha AOAAHOK iX TOBLUMHA
3HaYHO MeHLUa HiX KyNipHOro nosioTHa (BapiaHT
1).

BucHoeku

Cepeg, TEKCTUABHUX MaTepianis Ana 3axucty
BiA EMB unHHe Mmicue 3ariMatoTb TPUKOTaXHI
maTtepianu, AKi OTPMMaHI LWAAXOM NPOB'A3yBaHHA
CTPYMOMPOBIAHUX HUTOK Ta MeTaneBux ApPOTiB
(cpibna, Migi, HepxaBitouoi cTani) y neThi.
JocnigKyBaHi TPMKOTaXHI MaTepiann ana ans
3axucty Big EMB, Aki HaaBHI Ha pUHKY YKpaiHu,
MarTb BUCOKY 3JaTHICTb A0 eKpaHyBaHHA
€/1eKTPOMarHiTHOro BUMPOMIHIOBaHHS Yy Aiana3oHi

TPUKOTaX nepenneTteHHA TPUKO-CYKHO.

B pe3ynbtati  npoBeeHWX  AOCHIAXKEHb
BCTAHOBJ/IEHO, LLO MEXaHi3M MOTMHaHHA TPaE
FONIOBHY pPoOJib Yy eKpaHyBaHHI MOJIOTHaMU
nepenneTeHb ragb Ta TPUKO-CYKHO, B TOM Yac ik
edeKTMBHICTb eKpaHyBaHHSA MOJOTHa YTOKOBOTO
nepeneTeHHs 3abe3neuvyeTbca MexaHi3Mamu
MNOF/IMHAHHA Ta BiAOUTTA NPaKTUUYHO B PIBHUX
yacTkax.

MNonoTHO KyNnipHOro nepenneTeHHA rnajp €
HanbiNbL LWiNbHUM 33 PaxyHOK BMKOPUCTaHHSA
BMCOKOMPY>XXHNUX HUTOK CMaHAekC Ta Mae€
Hanbinbly TOBWMHY. HalmeHWw  winbHy
CTPYKTYpy Ta HaVMeHLWy TOBLMHY Ma€
OCHOBOB'A3aHe NONOTHO, rPYHTOBUM
nepenfeTeHHAM fAKOro € JIaHUIOXOK, a
nonepeyHi yToKOBI HATKN MPOKAaAeHi Y KOXXHOMY
yeTBEPTOMY pPAAl, WO JO3BONAE CTBOPUTH
HacKpi3Hi oTBOpYM naowero 1 MM,

JdocnigxeHi TPUKOTaXHi maTepiann
XapakTepusytoTbCA  BUCOKMM  3HaAYeHHAM
MapoONPOHUKHMX  BAAcTUBOCTEN, a TaKOX

LWMPOKUM Aial’laBOHOM 3Ha4eHb Tel'lﬂoq)i3l/ll-IHI/IX
BﬂaCTMBOCTelz, WO AO3BOJAE BUKOPUCTOBYBATU

iX Mpyv NPOEKTYBaHHI  3axMCHOro  oAAry
AK  creuianbHOro TaK | MNOBCAKAEHHOrO
NpU3HayYeHHs.

OTtpumaHi 3HayeHHsA AOCNIAKYBaAHNX

napameTpiB MOXYTb ByTV BUKOPWUCTaHI y AKOCTI
6a3oBux nNpu po3popobui Ta NPOEKTYBaHHI
HOBITHIX TEKCTUNBHUX MaTepianiB ANA 3aXUCTy
Bif, €1€KTPOMarHiTHOro BUNPOMIHIOBaHHS.
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