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PO3PAXYHKOBI METOON BUSHAYEHHSA 3AXUCHUX BNACTUBOCTEMN
ENEKTPOMAIHITHUX EKPAHIB Y OAJIbHIUA 30HI ENEKTPOMAIHITHOIO NOnA

Bcemanoeneno, wo 0nst po3pobku ma 6npo8a0I’CeH st 3aXUCHUX eKPAHIB Y XEUNbOGIT 30HI eleKMPOMACHIMHO20
NOJIsL CNOYAmKY HeobXiOHO Nposecmu analimuyHe NPoSHO3Y8aHHs ix epexmusHocmi. JJosedeno, wo Koeghiyicnmu
BI0OUMMSL 3ANEAHCAMb GUKTTIOHUHO 6I0 eNeKMPOPIZUYHUX XAPAKMEPUCUK MAMEPIANy eKpaHa i He 3a1excams 6i0 2e-
omempuynux. /[ mouno2o po3paxyHKy, HeoOXiOHO po3ensoamu wje 00HYy KOMHOHEHMY 3a2dbHO20 KoeiyicHma
eKpAaHy8aHHs — GMpAmMu 6HACIIOOK 0a2amopaso06020 6i0OUBAHHS enekmpomacuimuol xeuni y moewi expana. Ha
OCHOBI MeopemuyHUX OOCTIONCEHD 3aNPONOHOBAHI PO3PAXYHKOGI MEemOoOU Oisl GUSHAYEHHS 3AXUCHUX 6]1aCMUBOCMEl

maxKux eKpawie.

Knrwouosi crosa: erexmpomacHimuuil eKpam, 30Ha iHOYKYii, XUIb0BA 30HA, eNeKmpomMasHimua be3nexa.

BcTtyn

IHocTanoBKa npodjaeMu. 3 TOUKU 30pY MOLIUPEH-
H$l, PI3HUX 3aKOHOMIPHOCTEH 3MiHHM 3 BiJICTAHHIO €JIEKT-
PHUYHOI 1 MarHiTHOI CKJIAJIOBHX €JIEKTPOMAarHiTHOTO MO-
JIs1 ICHYIOTB JIBi 30HH €JIEKTPOMAarHiTHOTO TTOJIST — OJIHK-
HS 1 JaJIbHSI.

BiImkHBOIO 30HOK (30HOIO 1HIYKINT) BBaXKAETHCS
MpOCTIp, KW BINNOBIAA€E BiACTaHI J0 JpKepena Iojs
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c(hOPMOBAHICTh Y Hilf IEKTPOMArHITHUX XBHWIb. SIKIIO
PO3TJISIHYTH €JICKTPOMATHITHI TMOJS HAaWOLIBII PO3IO-
BCIO/DKCHUX Y BUPOOHUYMX YMOBAxX 4YacTOT, TO JOBXKH-
Ha XBWJII €JIEKTPOMArHiTHOT'O ITOJIsl IIPOMHCIIOBOI 4acTO-
™ 50 I'm ckiamae 6 THC. KM, JOBXHHA XBHJI 3aC00iB
MoOiTEHOTrO 3B’ Ky yacror GSM 900 — Wi-Fi — 0,330 —
0,125 m. Ile 3a3maneriap 0OyMOBIIIOE Pi3HI MiIXOOU IO
3axHCTy Bi iX BIUUBIB. Tak, y mepuioMy BHNAAKY MH
3HW)KYEMO HAIPYKXEHOCTI €NEeKTPUYHOI Ta MAarHiTHOI
CKJIaJIOBHX KBa3iCTALlIOHAPHOTO IIOJS, a Y JAPYroMy —
3HW)KYEMO TOTIK €Heprii, o BIUIMBAaE Ha moauHy. He
BHUIIaJIKOBO, BUIPOMIHIOBaHHS YJIbTPABUCOKUX 1 BUIINX
YacTOT HOPMYIOTHCS 3a INUIBHICTIO TIOTOKY €Heprii
(MxBT1/cM2). BimoMo, 1o 3aXuCT BiJi BACOKOYaCTOTHUX
BUIIPOMIHIOBaHb TEXHIYHO MPOCTIIN, aje 31 3pocTaH-
HSIM YacTOTH yce Oijbllla 4acTka KoedilieHTa eKpaHy-
BaHHS NPUITaJae Ha BiIOUTTS €JIEKTPOMArHiTHUX XBHUJIb,
III0 B YMOBax HAasBHOCTI BHYTPIIIHIX JKepen BUIPOMi-
HIOBaHb Ta PI3HOCHPSIMOBAHUX 30BHIIIHIX KEPeN Tib-
KU TIOTIpIIYE €IEeKTPOMArHiTHY OOCTAaHOBKY Yy IMpHMi-
mieHHsAX. OcoOIMBO 1Ie CTOCYETHCSI 0araTornoBepXOBUX
aZMiHiCTpaTHBHUX Ta odicHuX npumimens. Ilix yac

JIOCII/pKeHb MU (DiKCyBanu ofHOYacHe (pyHKIIOHYBaH-
HA 10 12 0e31pOoTOBUX KOMIT IOTepHUX Mepex. dDopma-
JIHO OOMEXHTH TX BUKOPUCTaHHSI HEMOXIIBO Yepe3 Te,
110 BUKOPUCTAaHHS 00JaJHaHHS, SIKE MPAIfoe Ha 4acTo-
tax 2,1 I'T, 2,4 I'Tu, 5,1 I'Tu He Mae 0OMeXeHb 1100
PO3MIIIEHHSI, a YaCTOTH HE MiJUISTAI0Th JIILEH3YBaHHIO.
TakuM yuHOM, pO3pOOJIEHHS 3aXOJIB 1 3aC00IB 3aXUCTY
BiJl BHIPOMIHIOBaHb YJIBTPABHCOKUX 1 BHIIMX YacCTOT
3aJIMIIAETHCS aKTYaJbHUM. AJie iX BIPOBAKEHHIO IT10-
BUHHE TIepeyBaTH OIIHIOBaHHS €()EKTUBHOCTI 3aXUCTY
Ta MPOTHO3YBAHHS 3MiH EJIEKTPOMArHiTHOI OOCTAHOBKH
3a meBHUX yMOB. lle MOXIIHMBO peani3zyBaTh, BUKOPHUC-
TOBYIOUM MaTeMaTHYHUI anapar Ta IporpamHi 3aco0H.

AHaJni3 ocTaHHIX AocaigkeHsb i mydaikaniii. Bu-
PIlIEHHIO 3a/la4 eKpaHyBaHHs €JIEKTPOMArHITHUX MOJIB
y BHUPOOHWYMX YyMOBax IPUCBSUEHO OaraTto JOCHi-
JDKEHB: K KJIACHYHUX, TakK 1 cydacHuX [1, 2]. Yactuna 3
HUX NPUCBSIUEHA PO3PAXYHKOBUM METOJaM BU3HAYCHHS
e(peKTUBHOCTI €JIEKTPOMArHITHUX E€KpaHiB, HaIIPUKIA]
[1, 3, 4]. Aye BoHM a00 HE MarOTh MPUKIAIHOIO 3HA-
yeHHs, sk [1, 3], abo npu3HaveHi a1 po3B’si3aHHS 3a-
a4 eNIeKTpoMarHiTHOI cymicHocti [4]. Jleski mocii-
JOKEHHS [S5, 6] crpsiMOBaHi Ha IiJIBUILEHHS €IEKTpOMa-
THITHOI O€3IeKHU MPAIFOI0YHX, ajle CTOCYIOThCS, B OCHO-
BHOMY, Ha/IHU3bKOUACTOTHHUX €JIEKTPOMATHITHUX IOJIB.
PobotH 11010 3aXHCTY TPAIIOIOYHUX Bijl BIUIUBY CJICKT-
POMarHiTHUX NOJIB Yy JaNbHIM 30HI (YJIBTpaBUCOKI i
BHIIl YaCTOTH) CIPSIMOBaHi, B OCHOBHOMY, Ha pO3p00-
JIEHHSI eKpaHiB BHCOKOI e()eKTUBHOCTI 0e3 ypaxyBaHHS
CHiBBI/IHOIIEHb BiJOMBabHOI Ta MOTJIMHAIBHOI CKJIa-
JoBUX KoedilieHTa ekpaHyBaHHA. Lle mOCHTh BaXkIMBO
SIK 3 TOYKH 30pY 3aXHCTY IPaIfOIouuX, Tak 1 3abe3rme-
YEeHHS. PO3IMOBCIO/KEHHS! 1HTEHCUBHOCTI BHIIPOMIHIO-
BaHHs, HEOOXiIHOTO U1 (QYHKIIOHYBaHHS 3aco0iB Oe3-
JIPpOTOBOTO 3B’s3Ky. Lle MOXINMBO 3a BHKOPHCTaHHS
OLIIHOYHUX PO3PaxyHKOBUX METOMIB Ha 3acajax po3yM-
HOT JIOCTaTHOCTI.

© B.B. KoBanenko, B.A. I'nua, O.M. Tuxenko, C.O. JIyk’sHeHKO
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Merta cTaTTi — HaJaHHS Ai€BUX 1 MPOCTUX Y BUKO-
pHUCTaHHI PO3PaXyHKOBHX METOIIB €()EKTUBHOCTI 3aXH-
CHHX €KpaHIB y XBHJIbOBUX (JaJIbHIX) 30HaX €JIEKTPO-
MarHiTHUX TOJMIB.

Buknag ocHoBHOro maTepiany

VYc¢i po3paxyHKH 100 BU3HAYCHHSI 3MiH €JICKTPH-
YHOI Ta MarHiTHOI CKJIQJIOBHX €JIEKTPOMArHiTHOTO MOJIs
0a3yloThCsl Ha PO3B’s3aHHI pPiBHSIHL MakcBena. Tak,
HAINPYKEHOCTI 1 OTEHIia, 10 XapaKTepU3yTh Mpo-
CTOPOBHUI PO3MOII MAarHiTHOTO IOJISA, Y KOMIUICKCHIH
¢dbopMi po3paxoBYIOThCS 3 (YHIAMEHTAJIBLHOI'O CITIBBIJI-
HOIIEHHSI:

rot H =(y+jm£0e)E+J ,

ne H — KOMIIIeKCHA aMILTiTy/1a BEKTOPA HAIPYKEHOCT
MArHiTHOro 1onisi; K — KOMIUIEKCHA aMILTiTy/[a BeKTOpa
HaNpyXeHOCTI eJeKTPUYHOro moins; J — KOMIUIEKCHa
aMILTITyJ]a BEKTOpa TYCTUHU CTPYMYy CTOPOHHIX JKe-
pen; Yy — NMUTOMa eJEeKTPONpPOBIAHICTh, € — BiJHOCHA

JieNneKTpHYHA MPOHUKHICTh; €, — €JIEKTpUYHA CcTana

(8,85-10_]2 ®/M); ® — KOJIOBA YACTOTa; ] — KOMIUICK-

CHa OJIMHULIS.

[Ilo6 orpumaTn aHamiTH4YHI (QYHKIIT pO3paxyHKY
e(eKTUBHOCTI €KpaHyBaHHS HEOOXiJHO BU3HAYMTH Ha-
MIPYXKEHICTh €JIEKTPOMAarHiTHOI XBWJI, IO HPOXOIUTH
Kpi3b MaTepiai.

BimoMo, 1110 yacTku KoedillieHTa eKpaHyBaHHs, AKi
NPUNAJaroTh Ha BIIOWTTS Ta MOTJIMHAHHS eJeKTpoMar-
HITHOI XBHJII MaTepiaioM 3aJieXaTh BiJl CITiBBIJHOLICH-
HS XBWJIBOBUX OIIOPIB TPOCTOPY PO3MOBCIOKEHHS
XBUJIL Z( Ta XBUJILOBOTO OMOPY MaTepiany ekpaHa Z .

ITpu upomy 7, = M—O,aZ= J(D—.M,z[ec—
\jso \/c+]0)8

MIPOBIIHICTH MaTepialy eKpaHa.

3MiMCHUBIIN CTaHAAPTHI TICPETBOPEHHS, MOXHA
OTPUMATH 3HAYCHHS KOCQII[IEHTIB CKpaHyBaHHSI 3a pa-
XYHOK BiJIOWTTS Ta TOTJTHHAHHS:

K

Zy
Bimb. — 20 lg E , Ab,

TOOTO, MEHIIIOMY OITOPY MaTepialy BiINOBIIAIOThH OLTBIII
koedimientn BinOUTTsA. 11006 3HM3UTH KOeQIIliE€HT Bija-
OUTTS, MOTPIOHO HAOIM3WTH 3HAYEHHS XBHJILOBHX OIIO-
piB. 3a3BMYaii Omip BUTLHOTO IPOCTOpy ckiaamae 377 Om.

3 HaBeJIEHOTO BHIHO, IO KOE(]ili€HTH BiAOHTTS
3aJie)KaTh BUKIIIOYHO Bifl €IEKTPO(I3MIHNX XapaKTepu-
CTHK MaTepialy ekpaHa i He 3aJeKaTh BiJ TeOMETpHY-
Hux (toBumHM). llomo xoedilieHTIB MOTIMHAHHS, TO
el TOKa3HHUK € KPUTUIHUM.

[Tpu oOupaHHI TOBIIMHU €KpaHa CIiJ| BPaXOBYBaTH
€KBIBaJICHTHY TJIMOMHY IIPOHUKHEHHSI XBIIL Y TLIO €Kpa-
Ha. Ii crannapTHe BU3HAUEHHS — L€ BiCTAHb BiJ MOBep-
XHi eKpaHa, Ha SKiH 1oJie 3HU3UThCS Y e pasiB (2,7), ToO-
10 8,7 nb. BoHa pO3paxoBYETHCA 31 CITIBBITHOIICHHS:

2
o= |—.
Ouc

A xoe(illi€HT MOTJIMHAHHS BU3HAYAETHCS SIK:

%
K =201ge’?, nb,
e A — TOBLIMHA €KpaHa.

Cri; 3ayBaKuTH, 110 XBHJIBOBHH OIp MaTepiary
eKpaHa TeX 3aKJIaJIeHUH y INTMOUHY TPOHUKHEHHS uepe3
Horo eneKTpodi3udHi BIACTUBOCTI.

JI71s1 TOYHOTO PO3paxyHKy HEOOXiITHO pPO3TJIAAATH
1€ OJTHY KOMITOHEHTY 3arajlbHOro KoedimieHra eKkpaHy-
BaHHS — BTPaTH BHACIIZOK 0araTopa3oBOro BiJOMBaHHS
€JICKTPOMATHITHOI XBWIi y TOBINI ekpaHa. Ile 00ymoB-
JIIOETHCSl HASIBHICTIO TPaHUIb PO3JLTY «BLIBHUH MpOC-
Tip — MaTepian eKkpaHa — BUIbHHHA NPOCTIpy.

Aute 3 MpakTUYHOI TOYKHU 30pY IieH BHECOK HE CyT-
TEBHH, Yepe3 HEeIOLUIBHICT, BUTOTOBJICHHS eKpaHa Be-
nuKoi ToBmuHU. HabaraTo pamioHanpHime Oyme BuOpa-
TH Matepiaji 3 NPUAHATHUMH €IeKTPO(I3MIHUMH Biac-
TUBOCTSIMH Ta BUTOTOBUTH €KpPaH MaJOi TOBILIHH.

BuHsTKOM € pe3oHaHCHI eKpaHH, 3pO0JIeHI TaKuM
YMHOM, 11100 TOHKHWH IIap MOTIMHAJIBHOTO MPOBIAHOTO
MaTepialy po3TalloBYBaBCs Ha BiJICTaHi YBEpPTI Majaro-
YOI eNeKTPOMArHiTHOI XBHJII BiJI MPOBIIHOT ITiKJIaHH-
ku. Taki ekpaHu MaroTh ayxe 100pi MOTJIMHAIBHI Biac-
TUBOCTI, aJie e(peKTUBHI Y TyXe By3bKili CMYy31 4acToT.

Jlemo crpoiieHui, ane MpakTUYHO 3HAYYIIUH ITi-
JIXiJ] BUKOPHCTOBYIOTH JUIsi BH3HA4YeHHS €()eKTHBHOCTI
3ac00iB 3aXHCTy Yy IUBLIBHIN aBiamii. Koedirientu Bi-

TIOIJI.

OuTTS K56 Ta HPOXOMKEHHS K,  €IeKTpOMArHiTHOI

XBWJII BU3HAYAIOTH 31 CIIIBBIIHOIIEHHSA XBUILOBUX OIIO-
PiB IBOX CyMDKHMX CepefoBUIl Z; Ta Z,:

_ 7, -7,
Biz0. ZZ +Z] ’
27
op, = 222
2y + 7

SIK110 cepeoBHUIIa 3a OMOpaMH Y3TOIDKEHi, TOOTO

< .
ZI=ZZ’TO M%z % 1kBiI[6.=O‘

Aue 11t OUTBII TOYHHUX PO3pPaxXyHKIB IPH BH3HA-
YEeHHI MTOTJIMHAIBHUX CIIPOMOXKHOCTEW eKpaHa MOTPiOHO
PO3paxoByBaTH TAHTCHCH KYTiB enekTpuuHuX (tgl,) Ta

MarHitHux (tgl, ) Brpart:

tgL] =SAU tng =MAH

e €', ¢" — nmilicHa Ta ysBHA JieJICKTPUYHI MPOHUKHOC-
Ti cepenoBuina, W', pu" — jilicHa Ta ysBHa MarHiTHi
MIPOHHMKHOCTI cepenoBuia. [Ipu mpbomy €" Ta pu'" xapa-
KTEpU3YyIOTh €IEKTPUYHI Ta MarHiTHI BTpaTu y cepeno-
BUIIII.

Pa3zoM 3 THM, KOMIUIEKCHE XBMIIbOBE YHCIIO (cTana
PO3TIOBCIOIKEHHS TIOJIs) y JaHOMY cepemoBuili K Bu-
3HAYAETHCS SIK:
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Kv — m\/(gv_jgu)(uv_jun) — Kv_an’
ne K'= 2% — JificHA CKJIaJI0Ba XBMJILOBOI'O YMCIIA, A —

JIOBXKMHA eJeKTpoMarHiTHoi xBwii, K" — xoedimieHT
MTOTJIMHAHHS SHEPTil MOJISA Y CEPEIOBHIIT.

B nanuit yac 6araTo yBaru IpUAUIAETHCA METAJIO-
MOJIIMEPHUM 3aXHCHHM MatepiaiaM. Sk ekcriepuMeHTa-
JILHO TTOKa3aHo y [2], Taki eKpaHH MArOTh CKJIaJHI CITiB-
BIIHOIICHHS BiJOWBAJIBHUX Ta MOTVIMHAJIBHUX BJIACTHU-
BOCTel. IX HeoOXimHi MmapaMeTpy MOKHA BH3HAYHTH
(mpuHaliMHI a1 (ikCOBaHOI KOHIICHTpAIlii MeTaJeBUX
BKJIIOYCHb Yy HEMPOBIJHY MATPHIIO), PO3paxyBaBIIU
BXiHUH omip Z:

7 Zi-iZyekd)
Zy - jZytg(kyd)

ne Z, — XBWIbOBHI omip Merany, Z, — XBHJIbOBHUIi

2

omip momimepy, k — XBWibOBiI uucia, d — TOBIIMHA
eKpaHa.

IMepcrieKTHBHUM, Ha HAII MOTJISA/, € IOUIYK MOX-
JMBOCTE BpaXOBYBATH y PO3PAaxyHKaX He TiJIbKU Baro-
BUI BMICT MeTaleBUX BKJIIOYCHb y HEMPOBiIHUI MaTe-
pian, a W OCOONHMBOCTI IX MPOCTOPOBOrO PO3MOALTY Y
T expana. Ile HamacTh 3MOry TMOEIHATH IEpPEBaru
METaIONOMIMEPHHX Ta TPAIi€HTHUX EKPaHiB IS 3aXHC-
Ty BiJ BIUIMBY e€JNIEKTPOMATHITHUX IIOJIB IpUHAWMHI
YIABTPABUCOKHUX 1 BUIIUX YACTOT.

BucHoBKMu

1. [ns mpaiorouux y AanbHii (XBUIIBOBiH) 30HI
HEOOXiHO PO3POOUTH W BIPOBAIUTH 3aXUCHI EKpaHH,
ayie Crovyatky HeoOXiJJHO IPOBECTH OLIHOYHE aHaJiTH-
YHE MPOTHO3YBaHHS 1X €()eKTHBHOCTI.

2. OcoOJIMBICTIO €KpaHyBaHHs €JIEKTPOMAarHiTHHUX
TIONIB y JajbHIM 30HI € 3HAYHUI BHECOK y 3arallbHUN
Koe(illieHT eKpaHyBaHHs BiAOMBaJIBHOI cKianoBoi. Lle

00YMOBIIIOE HEOOXIHICTh pallioHaNi3yBaTH iX CIHIiBBiI-
HOIICHHS!, BUXO/ISTYM 3 IPUHIMITY PO3YMHOI JOCTaTHOCTI.

3. Meronuka po3paxyHKy IIOJI0 BU3HAUEHHS KOe-
GbilieHTIB BIAOUTTS Ta MOTJIMHAHHS IOBUHHA OYTH TIPO-
CTOI0 y BUKOPHUCTaHHI, aje MPUHHATHOIO 3a MPHITYIICH-
HSIMHM 1 CIIPOIIEHHSIMHU.

4. TlepcrieKTHBHUM € CTBOPEHHS TAKOTO METONY BH-
3HAYEHHSI 3aXMCHUX BJIACTHBOCTEH, KM JO3BOJIUTH OJI-
HOYAaCHO BHM3HA4YaTH €()EeKTUBHICTH METAJIONOIIMEPHOIO
€KpaHa 3 rpaJiieHTaMH BMICTy METaJIeBUX BKIFOUYEHb.
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PACYETHbIE METOAbI ONPEAENEHNA 3AWMUTHBIX CBOMWCTB 3NIEKTPOMAIHUTHbIX 3KPAHOB
B OAJIbHEN 30HE 3JIEKTPOMAITHUATHOIO NOJA

B.B. Kosanenko, B.A. I'neiBa, O.H. Tuxenko, C.A. JIykbsiHeHKO

Yemanosneno, umo ona paspabomiu u gnedpenus 3auWUmMHbIX SKPAHOB 8 60IHOBOU 30He DNEKMPOMACHUMHO20 NONA, CHA-
uana HeoOXO0UMO NpOGecmu AHATUMUYECKOe NPOcHO3Uposanue ux s¢p@exmuenocmu. bvino ookasano, umo kospguyuenmol
OMPadICeHUs 3a8UCAM UCKTIOYUMETLHO O JNeKMPOGUIUYECKUX XaPAKMEPUCTNUK MAMEPUAnd IKPAHA U He 3d6UCIM Om 2e0Ment-
puueckux. [[ns mouno2o pacuema HeoOX00UMO paccmMampusams euje 00Hy KOMNOHeHmy obujeco Kodgduyuenma 3Kpanuposa-
HUsL — NOMepu 8Ce0CMBEUe MHO2OKPAMHO20 OMPAICEHUS INEKMPOMASHUMHOU 60JHbl 8 monwe dKkpana. Ha ocnose meopemuue-
CKUX UCCTIE008ANHULL NPEONONCEHBI PACUEIHbIE MEMOObl Ol ONPEOeaeHUs 3AUUMHBIX CEOUCTE MAKUX IKDAHOS.

Kniouegwie cnosa: snexmpomacnumubwlii SKpam, 30na uHOYKYuU, BOTHOBAS 30HA, DNEKMPOMASHUMHAS OE30NACHOCHb.

METHODS FOR CALCULATING THE ELECTROMAGNETIC PROPERTIES OF THE PROTECTIVE SHIELDS
IN THE WAVE ZONE OF THE ELECTROMAGNETIC FIELD

V.V. Kovalenko, V.A. Glyva, O.M. Tykhenko, S.O. Lukyanenko

To develop and implement protective screens in the wave zone of the electromagnetic field, first necessary carry out an
analytical prediction of their performance, it was found. Coefficients of reflection depend exclusively on the electrical character-
istics of the material of the shield and do not depend on the geometry, it has been proved. For exact calculation it is necessary to
consider another component of the total shielding coefficient - loss due to multiple reflection of the electromagnetic wave in the
thickness of the shield. On the basis of theoretical investigations proposed calculation methods for determining protective prop-
erties of these shields.

Keywords: electromagnetic shield, the induction zone, wave zone, the electromagnetic safety.
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