IIpakTuyeckoe 3ansaTue Nel

SAHIUTA UHOOPMAIIUU OT YTEYKH 110 2JIEKTPOMAHUTHOMY
KAHAJIY

Hean padorsi: M3yunTh NMacCUBHBIE METO/ABI 3alllUThl MH(OpPMAIUU OT
YTE€YKA 10 DJJIEKTPOMAarHuTHOMY KaHainy 3a cuer I[IOMHWH, mnomyuuts
MIPAKTUYECKNUE HABBIKU MPU PACUYETE IKPAHOB JIEKTPOMATHUTHOTO U3IIYUECHUSI.

1. KPATKHUE TEOPETUYECKHUE CBEIEHUSA

[To6ouHbIe AneKTpOMarHuTHbIe U3nydeHus U HaBojku (IIDMUH) saasitores
HamOoJiee OIMACHBIM TEXHUYECKMM KaHaJIOM yTeUYKd HHGOpMAIMK CPEACTB
BbrunciutenbHoil TexHuku (CBT). Beimonnenne HopmatuBoB mo [IOMUH nHa
o0BeKTax HH(pOpMATU3AIMHI TAPAHTUPYET KOHPUACHIIMATBHOCTh 00padaThIBaeMOit
CBT wundopmanuu. OOBIYHO JUIsi BBIIOJHEHHS YKAa3aHHBIX HOPMATHBOB
MPUMEHSIOT aKTUBHYIO PAJMOTEXHUYECKYI0 MACKHPOBKY MOOOYHBIX H3ITyUYEHUH,
AJIIEKTPOMATrHUTHYIO OSKPAaHUPOBKY TMOMEINIEHUN, paboyux MecT U OOBEKTOB
uHdopmaTuzanuu wim camux CBT. D10 conpoBokaaeTcst psjioM HEJOCTATKOB, B
TOM YHCJI€ CYIIECTBEHHBIM YIOPOKaHHEM 3allUThl 3a CYET I0000pYI0BaHUSA
reHeparopamMu MmoMex oOBbeKTa WH(OpMaTHU3alMK U HEOOXOAUMOCTHIO OIICHKHU
CAHUTAPHOI'O COCTOSIHUSL TIOCJIEJAHETO, SIPKO BBIPAXKEHHBIM OTPHUIATEIbHBIM
BIIMSIHUEM Ha OPTaHU3M I0JIb30BATEIS.

Soft Tempest Texnooruun

B kadectBe ympasiseMoro kaHajia nepeiadi JaHHbIX MOKHO MCTOJb30BaTh
[IDMUH kommbrotepa. SOft Tempest - TeXHOIOTUK CKPBITON Tepenadyn JaHHBIX
M0 KaHaTy MOOOYHBIX JIEKTPOMATHUTHBIX U3ITYYEHUHN C MOMOIIBIO MPOTPaMMHBIX
CPEICTB.

Soft Tempest ataka MIO3BOJISAET c MTOMOUIBIO CHEeHHUATbHOU
MPOTrPaMMBI-3aKIAAKN, BHEIPSIEMOM C HCIOIB30BAHUEM CTAaHJAPTHOW TEXHHUKHU
npuMeHeHus: "BupycoB", '"uepBeil" wu "TposiHIIEB", HCKaTh HEOOXOAUMYIO

uH(OpPMAIUIO B KOMIIBIOTEPE M TMepeaaBaTh €€ MyTeM MOIYJISIUU U300paKeHUs
MoHuTOpa. [lpuHMMas MOOOYHBIE W3ITYYEHUS MOHHTOPA MOXHO BBIJCIHUTH
MOJIC3HBI CHUTHAJT M TaKUM OOpa3oM MOJYYUTh WH(OOPMAIUIO, XPAHSIIYIOCS B
KOMIIBIOTEPE.

[Mpocreiimmit  cioco6 Soft Tempest ataku ~ UCHOAB3yeT  AMILIUTYIHYEO
MOAYJISIMIO JIKPAaHHOTO W300pakeHWsi W craHaapTHei AM-npuemauk. Ilpu
nepepade wHGOPMAIMU JTHM MPOCTEHIIMM CIOCOOOM Ha HKpaHe MOHHUTOpa
BO3HHMKAET XapaKTEPHOE H300paKeHUE, BUJ KOTOPOTO OMPEACISIeTCS YacTOTOM
aAMILTUTYAHON Moaysuuu (puc. 1).
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Puc. 1. M300paxeHue Ha 5KpaHe MOHUTOPA MPU aMIUTUTYTHON MOYJISIIMK TOHOM

Pa3HOM YaCTOTHI

[Tono6uyto "psiOb" HA MOHUTOpPE TPYIHO HE 3aMETUTh. TakuM 00pa3oM, Mpu
nepenaye MHGOPMAIMH MyTeM YIPaBICHUS U3IyYeHUEM MOHUTOPA CTAIIKHBAIOTCS
C HEOOXOAMMOCTBIO PEIICHUS 3314l CTeTaHOTpaQHH B KJIACCHYECKON MOCTaHOBKE
(COBOKYMHOCTH CPENICTB U METO/IOB, UCIOJIb3yeMbIe sl (POPMHUPOBAHUS CKPBITOTO
KaHaja rnepeaayu HHQOpMaIliH).

3amaya BCTpauWBaHUsA WHTEpeCyIoOUlell HWHPOpPMAIUU pEIIaeTcsl IMyTeM
nonbopa XapaKTepPUCTUK  YNPaBJSIONIMX CUTHAIOB, YTOObI uHGoOpMaIus,
u3dydaemMas B 3¢dup, oTaMyazach OT  oToOpakaeMol Ha  JKpaHe
MoHHTOpA. [Ipruem, 3T0 BO3MOXKHO HE TOJBKO ISl TEKCTOBOW MH(POpPMAIUH, HO U
TUTs1 TpaUIECKOM.

Yreuka ungopmanuu yepes noprsl IIK

OmgHuM W3 caMbIX Jy4IIUX METOJOB CKPBITOH Tiepenauu WHPOpMAIuM —
repenayda rno KaHajay, KOTOPbIM HE OXBa4y€H KOHTPOJEM. B 3TOM miiaHe KOHEYHO
Jy4ylle BCEro mepenaBaTb HMHQMOPMALMIO MMOCPEACTBOM  AJIEKTPOMATrHUTHBIX
W3JIy4YEHU KOMIIBIOTEPA.

OO6parnieHue K JII0OOMY YCTPOMCTBY U Jaxke K JIIOOOMY He3aJeHCTBOBAHHOMY
MOPTY BBI3BIBACT TMOSBJICHWE IMOOOYHBIX M3IYYCHUH Ha  ONPEICICHHBIX,
XapaKTEepHBIX ISl JAHHOTO MOPTAa, YAaCTOTaX U C OMNPEACICHHOW MOIIHOCTBIO.
[TosTomy Soft Tempest ataku MOTYT CyIIeCTBOBaTh BO MHOXKECTBE BAPHAHTOB, B
3aBUCUMOCTH OT TOTO, KaKO€ KOHKPETHO YCTPOMCTBO KOMIIbIOTEpA BBIOPAHO ISt
yhOpaBieHus: u3inydeHueMm. Ilpu s3ToM M mporpamma — 3akjajka MOMKET ObITh
3HAYUTEJILHO MPOIIE, YeM B PACCMOTPEHHOM BHIIIE Clydae, TaK KaK W BBIBOJ B
NOPT IPOrPAMMHO pealiu3yeTcs Mpoile, 4eM (popMupoBaHHe CreHATbHBIX KOJOB
UL MOIYJNALMM  Jiyda  TpyOKM  MOHMTOpa, U  He  Tpedyercs
NPUMEHEHUS CTeraHorpauYecKux METOI0B. CKpBITHOCTB nepenayn
o0OecreunBaeTcsi TeM, YTO CEroJiHd OTCYTCTBYIOT IITaTHbIE CPEICTBA KOHTPOJIS
U3ITy4eHU KoMIibioTepa. Mcnosib3oBaHMEe OOBIYHBIX CKAHUPYIOIIMX MPUEMHHUKOB
JUISL 1efieid KOHTpoJds Manod()@EeKTUBHO BCIEACTBUE TOrO, YTO KOMIIBIOTED
M3JIy4aeT B IIMUPOKOW ITOJOCE YaCTOT, U OTBICKATh B ATOM IOJOCE YAaCTOT Ty, Ha
KOTOPOM OCYHIECTBIIAETCS NIEpeAada, OYEHb CI0XKHO.



HNuTepec K mocienoBaTeIbHOMY TOPTY BBI3BaH OCOOEHHOCTBIO €ro
KOHCTPYKTHUBHOTO  ucnonHenus. llepemaua "1" wm  "0" ocymiectBusiercs
UMITyJIbCAMH  pa3HOM  MOJISIPHOCTH C  aMIuUTyaod OGomee S5 B. D10
MO3BOJIAET MPEANOJI0KUTh, YTO YPOBEHb H3Iy4EHWM, BBI3BAaHHOM Nepefayed B
noptT uH@GopManuu, OyAeT JOCTATOUYHO BBICOKHM, JIaXe€ €CIU K MOpPTYy HUKAKUE
YCTPOMCTBA HE MOAKIIOYEHBI (COOTBETCTBEHHO, OTCYTCTBYET OoJiee-MeHee
sbdexTuBHas anteHHa). Kpome Toro, mociemoBareibHas Iepefada JIErKo
MEPEXBATHIBACTCS M HHTEpHpeTupyeTca. K ToMy ke MocineqoBaTeIbHbIA HOPT
MTO3BOJIAET MPOrPAMMHO 33/1aBaTh CKOPOCTH MEpeIayu.

N3MeHeHne CKOpPOCTH MEpenadyd JAaHHBIX B TOPT, MOXHO MOJY4YUTh Ha
OTJEJIbHBIX YaCTOTaX CYIIECTBEHHOE MPEBBIIICHUE YPOBHS WU3IYYEHHS MOpTA HAL
YPOBHEM H3JIYYEHHS] OCTAIbHBIX JJEMEHTOB KOMIIblOTEpa. Ecim Kk mopry
MOJKJIIOYEHO KaKoe-TMOO yCTPONCTBO, TO COCAMHUTENbHBIA KaOelb UIPAET POJIb
aHTEHHBI. B 3TOM ciydae ypOBEHb U3IIyUEHUS IMOIYYa€TCs HACTOJIBKO BBICOKHM,
YTO MPUHUMATh HH(POPMAIMK MOKHO BeCbMa NMPUMHUTHUBHBIMU CpEICTBAMHU Ha
3HAYUTEIBHOM PACCTOSHUM.

Ho Haubosiee wuHTEpecHbIE pe3yibTaThl TMOIYYAIOTCS TMPH CKOPOCTH
nepenaun 9600. Pe3ynbpTaThl H3MEpEHUs YPOBHEN U3ITYyUYEHHUS ISl CITy4dasi, KOTJa K
MOPTY HE MOJKIIOYEHbl HHUKAKUE YCTpOWCTBA NpH cKopocTH mnepemaun 9600,
MPUBEICHBI HA pUC. 2.
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Puc. 2. YpoBHU n3iyyeHHs KOMITBIOTEPA YEPE3 MOCIEN0BATENBHBIN IOPT

Kpacnas nunus, U,, COOTBETCTBYeT 3HAYEHUSIM YpPOBHS U3IyUYCHHUS
KOMIIbIOTEpPA MpPU OTCYTCTBUM TMepefauyd HMHPOpMALMKU Yepe3 H3IydeHHUe
nocienoBateabHoro nopra. Cunss nuuus, Uq.y, - YPOBHSIM U3Ty4eHUS B MOMEHTBI
nepeaadn nHopMauu.

AHanu3 NpUBEACHHOIO rpauka MOKa3bIBAET, YTO AOCOIIOTHOE 3HAUYECHUE
YPOBHSI MOOOYHBIX M3TyYEHUW MPHU BBIBOJE MH(POPMALUKU B HE3a/1€HCTBOBAHHBIN
MOCJIEIOBAaTENbHBIM MOPT HA OTIAENBHBIX YacTOTaX MOXET ObITh BechbMa



3HaUUTENbHBIM. OJHAKO, MPEBBIINIEHUE 3TOTO YPOBHS HAJl YPOBHEM OCTAIbHBIX
NOOOYHBIX M3ITYYEHUH KOMIIBIOTEpAa BO BCEM JIMANa30HE YacTOT OCTaeTCs
HeOobIIUM. B yyriiem ciiydae OTHOIIIEHHE CUTHAJ/IIyM cocTaBisieT 2-3 ab.

Takas BenMYMHA TOBOPUT O TOM, YTO OOHAPYKHUTH PabOTy MPOrpaMMHOMN
3aKiaiKu, —mepenaromeid  uMHQopmanuio  yepe3  MOOOYHBIE — HU3ITYYCHUS
MOCJIEIOBATEIBHOTO MOPTA, MPAKTUYECKH HEBO3MOXKHO.

JIEKTPOMATHUTHOE U3JIy4eHne KOMIIbIOTepa

M cTOYHUK U3mydeHus Jlnarnas3oH 4acToT

CereBoit TpaHchopmarop 0J10Ka

IMUTaHUuA S0 FH

[IpeoOpazoBarenn HaIpsKEHUS B

HUMITYJIbCHOM OJIOKE MTUTAHMS 20 - 100 xI'n
Kanposas pa3sepTka 40 - 160 I'g
Crpounas pa3BepTKa 15-110 xI'g
YckopsAmoniee aHOOHOE — HaIPSHKECHHE

MOHHUTOpPA 0Tn
CucTteMHBIN 0JI0K 50Tm-4ITno
Zg&gl);c;]:;ﬂ BBOJa-BbIBOJA 0-50 I'n
Hctounuk 6ecriepeOOMHOT0 MUTaHUS 20 - 100 k"1

EcrecTBeHHO, HE BECh CHEKTP 3JIEKTPOMArHUTHOTO U3JIYYECHUSI KOMIIBIOTEPA
MOXET OBITb HCIOJB30BaH I TmepexBata uH(opmanuu. HHTepec B 3TOM
OTHONIIEHUHU TPECTABIIAIOT JIMIIb IIETH, 110 KOTOPBIM IepenaeTcss uHbopmalus.
[ToaTOMYy  DSJEKTpUYECKHME  LENM  KOMIIBIOTEpPA  MOXHO  pas3leiuTh  HaA
uHdopMaTuBHbIE U HeuH(popMmaTuBHBIE. [l TeEpCcOHAIBLHOTO KOMIIBIOTEpA
undopmatuBHbiMU [IDMUH sBrstoTcs uznydenus, GopMHUpyeMbI€ CIECTYIOITUMU
LETSIMU:

e Ienb, MO KOTOPOM MEPENAOTCS CUTHAJbl OT KOHTpOJUIEpa
KJIAaBUATYPbI K TOPTY BBOJIa-BbIBOJIa HA MATEPUHCKOM IIIATE;
® [IeNH, IO KOTOPBIM NEPEAAETCS BUACOCHTHAI OT BUAECOAAANTEPA 10
AIIEKTPOJIOB AJICKTPOHHO-Ty4E€BOU TPYOKH MOHUTODA,
1enu, GOpMUPYIOITUE IIMHY JAHHBIX CUCTEMHOM IIWHBI KOMIIBIOTEPA,;
nenu, GopMHUPYIOIIME MIMHY JAaHHBIX BHYTPHM MHUKPOIIpOIIECCOpa, U
T.J.

CootBercTtBeHHo HewHpopMmatuBHbiME [[DOMUH sBnsitoTcs u3myueHus,
dbopMupyeMBbIE CIEAYIONIMMHE IETISIMU:

e ey (OPMUPOBAHUS U TIEPEAYN CUTHAJIOB CUHXPOHU3AIINN;



e 1enu, GOpMUPYIOLIUE IMHY YIPABICHUS U IIWHY apeca CUCTEMHOU
IIUHBI;

e [ICNH, [IEPEAAIOIIME CUTHAIIBI allllapaTHBIX IIPEPbIBAHU;

® BHYTpPEHHUE IIeTH 0JIOKAa MUTAHHS KOMITbIOTEpa U T.1.

Pacyer 3xpaHa 3J1eKTPOMATHUTHOIO U3JTyYeHUs

9KpaHI/IpOBaHHe — JJOKaJIHU3alus SHGKTpOMaFHHTHOﬁ OHCPIUHA B
OIIPpCACICHHOM IIPOCTPAHCTBC C IIOMOMIIBIO 3KPAHUPYIOIIHNX HWJIN ITOTJIOIIAXOIINX
MaTCpUuaIoB.

B 3aBucuMMOCTH OT Ha3HA4YeHHS pA3IMYalOT dSKpaHbl C BHYTPEHHUM
BO30YXKJICHHEM SJCKTPOMAarHUTHOTO TIOJII, B KOTOPBIX OOBIYHO ITOMEIIASTCS
UCTOYHHK TTOMEX, ¥ SKPaHbl BHEIIHETO 3JICKTPOMArHUTHOTO IOJISA, BO BHYTPEHHEH
MOJIOCTH KOTOPBIX MOMEIIAOTCS YYBCTBHTEIbHBIC K 3THM MOJSM yCTpolcTBa. B
MEepPBOM cllydyae HKpaH MpeJHA3HAueH i JOKAJIM3alMUd TOoJsi B HEKOTOPOM
o0BeMe, BO BTOPOM — JIJIs 3alIUThI OT BO3JICHCTBUS BHEIIIHUX TOJICH.

DKpaH, 3aluinas enu, AeTanu, KojieOaTelbHble KOHTYPHI OT BO3ICHCTBUS
BHEIIHUX  TIOJIEH, OKa3blBA€T CYIICCTBEHHOM BJIMSHUE Ha  MapameTpbl
HKpAaHUPYEMBIX AJIEMEHTOB. M3-3a mepepacrpenesieHus 3JIeKTPOMAarHUTHOTO TOJIs
BHYTPH dKpaHa MPOUCXOAT U3MEHEHHUS UX MEPBUYHBIX MapaMeTPOB, B pe3yibTaTe
4yero, Hamnpumep, H3MEHSIOTCS MAarHUTHBbIC CBS3U, YMEHBIIACTCA TMEpBUYHAsS
WHIYKTUBHOCTh KATYIICK, YBEJIUYMBACTCS €MKOCTh KOHTYpPOB, BO3pacTaeT
aKTUBHOE COMPOTHUBIICHUE, YTO BEJET K U3MEHEHUIO YaCTOTHI.

DOKpaHHpOBaHHWE C KCIOJB30BAHHUEM BHUXPEBBIX TOKOB 00€CIEeUnBAET
OJIHOBPEMEHHOE OCJIa0JICHUE KaK MarHUTHBIX, TAK U DJICKTPUUYECKUX MOJICH. DTO
JTa€T OCHOBAHHME TaKOM CHoco0 AKPAaHUPOBAHUS HA3BIBATH DJIEKTPOMATHUTHBIM.
O(}dexTUBHOCTh IKpaHUPOBAHMS TaKOrO JKpaHa B OIKHEH 30HE (30HE
WHIYKIMK) OyJneT He OJWHAaKoBa I cocTamistomux mois. [losTtomy, kak
MpaBuIIo, Jisi OMUKHEN 30HBI CIIETYET BHIYHCIATH KAK/bIN U3 KOMIIOHEHTOB TTOJIS
B OTJICJIBHOCTH, IPUHUMAs BO BHUMAaHHE MPU ITOM, UYTO B JalbHEH 30HE (30HE
u3nydeHusi) A(M(PEKTUBHOCTH  DKPAHUPOBAHUS  COCTABJISAIONIUX  OKAXKYTCS
OJIMHAKOBBIMH.

duznueckas CYIIIHOCTh JIEKTPOMArHUTHOTO SKpaHUPOBAHMUS,
paccMaTpuBaeMasi C TOYKH 3PEHUS TEOPHUH AJIEKTPOMArHUTHOTO TOJISI U TEOpUHU
IEKTPUUECKUX IIeNed, CBOJUTCA K TOMY, 4YTO TOJl JEUCTBHEM HCTOYHHKA
AJIIEKTPOMArHUTHOM HSHEPTUM Ha CTOPOHE DKpaHa, OOpaIIeHHOW K HCTOYHUKY,
BO3HHMKAIOT 3apsijibl, & B €ro CTEHKaX — TOKH, MOJS KOTOPHIX BO BHEIIHEM
MPOCTPAHCTBE MO0 MHTEHCUBHOCTH OJIM3KH K TIOJII0 UCTOYHUKA, a 110 HAPaBIICHUIO
MIPOTUBOIIOJNIOKHBI €My U MOATOMY MPOUCXOAUT B3aWMHAas KOMIICHCAITUS TOJICH.
Takoe paccMoTpeHHe TPEACTABISICTCS YIPOIICHHBIM, TaK Kak MpUpoja
AJIEKTPOMATHUTHOTO YKPAaHUPOBAHHMS TOPA30 CIOKHEE.

C ToukM 3peHUsT BOJHOBBIX MpeACTaBiIeHUN dSOPEKT SKpaHUpPOBAHUSA
MPOSIBISIETCS.  M3-32 MHOTOKPATHOTO OTPAKEHHS JJIEKTPOMAarHUTHBIX BOJH OT
MOBEPXHOCTH DKpaHAa M 3aTyXaHWsl SHEPTHH BOJH MO ToimuHe. OTpaxkeHue



AIEKTPOMATHUTHOM  DHEPTUU  OOYCIIOBJICHO  HECOOTBETCTBHEM  BOJHOBBIX
XapaKTEePUCTUK JUAJIEKTPUKA, B KOTOPOM pACIOJOXKEH OKpaH U CBOMCTB
MaTepuana 3kpaHa. Yem OOJbIIE 3TO HECOOTBETCTBHUE, YEM OOJIbIIE OTIUYAOTCS
BOJIHOBBIE€ CONPOTHUBIICHUS dKpaHA U JUAJIEKTPUKA, TEM MHTCHCHUBHEE YaCTHUUHBIN
3 deKT IKpaHUPOBAHMUSI, ONIPEACIIIEMbIN OTPAKEHUEM DIIEKTPOMATrHUTHBIX BOJIH.

O} PeKTUBHOCTh INEKTPUUECKH 3aMKHYTOTO 5KpaHa, T.€. CIIOCOOHOTO
OTrpaHUYMBaTh MPOHUKHOBEHHE CHUJIOBBIX JMHHUN 3JIEKTPUUECKOTO TMOJs BHE U
BHYTPH SKPaHUPYEMOT0 MPOCTPAHCTBA, OIpeaeseTcs PopMyIIo:

3(] = 3-::’1'5} X 3r1u:ur'.:1 X 35:—{.::-'1'[:” (1)

rae Do, — OCIa0NIeHHe DHEPrHU MAfaloNIMX BOJH 3a CYET OTPAKEHUS Ha
TpaHMIIE Cpel,
Ororn — OCIIA0JICHHE BCIICICTBHUE 3aTyXaHUs SHEPTUH B TOJIIE dKpPaHa,
Dpi.orp — OCIA0IECHUE U3-3a BHYTPEHHUX OTPAKEHUHN B CAMOM DKpaHe.
OO0BI4HO, eciU Dyor>=10ab, TO Dpyorp=1, MO3TOMY 3TOH coOCTaBIIAIOLIECH
MOXHO MpPeHeOpeyb, U TOT/1a:

3i_'ll = 3::-'1'[& X 3m:|r':1’ (2)
WIN B Jenuoenax:

S'D = 20X ]‘g(BDTp) + ZUlgianDnﬂ) ) (3)

Pacder 351eKTpOMarHuTHBIX 3KPaHOB C JOCTATOYHON TOYHOCTBIO BO3MOKEH
TOJBKO B HEKOTOPBIX B MACATU3UPOBAHHBIX cilydasx. K HUM oTHOCATCS:

1. becKOHEUHO TUIOCKHI 3KpaH Ha MyTH paclpOCTPAHEHUS MJIOCKOM BOJIHBI;

2. PazMelieHe  TOYEYHOTO HWCTOYHWKA B IEHTPE T'€PMETUYHOTO
UJICATBHOTO MPOBOISIIETO dKpaHa cepruueckont Gopmbi;

3. beckoHe4YHO MJIMHHBIN HI€ATBHO MPOBOISIINNA UIUHAP C U3TydaTesieM
B BHUI¢ OECKOHEUHOIN HUTH, PACIIOJIOKEHHON Ha OCH TOTO IUJINHIpA.

Bce atu cnydanm He OTpakalOT pealbHBIX YCJIOBHM paboThl HKpaHa,
IIOCKOJIbKY HE YYUTBIBAIOT COOTHOUIEHUSI MEXAY JJIMHOM BOJIHBI U JIMHEUHBIMU
pasMepaMu 3KpaHa, XapakTepa HCTOYHUKA, HEPABHOMEPHOCTH pacHpeAcIICHUs
IIOJIs1 BHYTPH dKpaHa, HEOAHOPOAHOCTH MaTepralia U KOHCTPYKIIUHA CaMOTO dKpaHa
YW TJIaBHBIM O0pa3oM BO3MOXXHOCTH TIPOHMKHOBEHHMS TIOJISI 4epe3 IIeTu |
OTBEPCTHSI, UMEIOLIUECS B DKPAHE.

OnHako BBIIIE TEPEUYUCIIEHHBIE CIIy4au IO3BOJISIIOT MOJYYUTh MHOTHE
oOlue 3aBUCHUMOCTH, HAlpuMeEp, MpU NaJACHUM IUIOCKOH BOJHBI Ha TUIOCKHM
OecKOHEUHbI dKpaH. B »TOM ciyyae BenWYMHBI MOTEPh HA OTPAKEHHUE W
MOIJIOLICHUE ONPEACISIIOTCA OJMHAKOBO, T.K. B TOJIIIE Marepuaja 3KpaHa Kak
Ia/IAr0IIAast, TAK U OTPAXKEHHAS BOJIHBI PACCMATPUBAIOTCS KaK IIOCKHUE.

B meramne snekTpoMarHuTHas BOJHA 3aTyXaeT MO 3KCHOHEHUHATbHOMY
3aKOHY. Mepoil CKOpOCTH 3TOrO Tpoliecca SBISIETCS TIIyOWMHA TPOHWKHOBEHHS



BOJIHBI WJIM TOJIIIIMHA TOBEPXHOCTHOTO Ci10s O. [Tpr mMpOX0XICHUH BOJHBI Yepes

TOJIIIIMHY TOBEPXHOCTHOIO CJiost & OHAa ociabeBaeT B € pa3. Ecimu ke TonmuHa
. d

MaTepHala OyeT paBHOH 8, oHa Gyxer ociabesats B €7° pas. Torma:

= (@)

rae d — TodmurHa MaTepuana SKpaHa, M.
['myOriHa NPOHUKHOBEHMS MPEICTABISAET COOON IMOCTOSHHYIO BEJIMYUHY,
XapaKTEPHU3YIOUIYI0 MaTEpHal SKPaHa U 3aBHUCSIIYIO OT YaCTOTHI:

Axp p
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TZI€ P - YAEIbHOE COPOTUBJIEHUE MaTepralia SIKpaHa, DM'TMMZ,
A - IJIHA BOJIHBI B BO3IYIITHOM MIPOCTPAHCTRBE, M,
f —gactora, MI'11,
Ly — OTHOCUTEIbHAA MarHUTHAsI IPOHUIIAEMOCTh MaTepHaa 3KpaHa,
O - TOJIIIIMHA TTOBEPXHOCTHOIO CJIOS, M.

Ha wacrorax 0,1 - 1 k'l 3kpaHupoBaHUE BUXPEBBIMH TOKaMHU JEHCTBYET
c1ad0 W MAarHUTHOE TI0JIE MOKHO OCJHaOUTh TOJBKO IIYHTUPOBAHHEM
ero (heppOMarHUTHBIM MaTepuaioM ¢ OoapmuM . C  MOBBIIIEHUEM YacCTOTHI
YBEIIUYUBACTCS BBITECHCHUE MarHUTHOTO oJst u3
o0beMa eppOMarHUTHOTO MaTepralia BCJIEACTBUE MMOBEPXHOCTHOIO 3ddekTa,
YMEHBIIIAETCs JCHCTBYIONIAsT TONIIMHA dKpaHa U d(PPEKTUBHOCTh IKPAHUPOBAHUS
IIYHTUPOBAaHUEM TIOJISI TMAJIA€T, & C BBITECHEHHWEM MoJig pacteT. B nuama3zone
gactoT 0,1 - 1,0 x['11 3KpaHMpOoBaHME MAarHUTHOTO TOJISI SIBISIETCS TpyAHEUIIEH
3a/1aueit ¥ K HeMy NpuOeraroT KpaiHe peKo.

[Torepu Ha oTpakeHMe Ha TpaHULE pa3deia ABYX CPEJ CBSI3aHbI C PA3JIUYHBIMU
3HAQYEHUSMU IIOJIHBIX  XapaKTEPUCTUUECKUX CONPOTHUBIEHUU ITUX cped. llpum
HPOXOXKJICHUH BOJIHBI Yepe3 SKpaH OHA BCTPEUACT Ha CBOEM ITyTH JIBE TPAHUIIBI pa3ziea:
BO3AYyX—MCTAJlJI © MCTAJIJII-BO3AYX.

XOTsI AMEKTPUYECKOE ¥ MAarHUTHOE TOJISI OTPAXKAIOTCS OT KaKAO# TpaHHUIbI TI0-
pPa3sHOMY, CYMMapHBIH 3P (HEKT Mmocie MPOXOoXKAEeHUS 00enX TpaHuUIl OJTMHAKOB JIJIs 00eHnx
cocTaBnsOmMuUx nous. [Ipu 3Tom Hanbombliee OTpaxeHUE MPU BXOJIe BOJIHBI B dKpaH (Ha
HepBOﬁ I'paHHUIIC pa3z[eﬂa) HUCIBITBIBACT JJICKTPUYCCKAdA COCTABJIAIOIIAA IIOJA, a IIpHU
BBIXOJIC M3 DKpaHa (Ha BTOPOU TpaHUIIe pa3jieia) HauOoJbIlee OTPAKEHHE UCIBITHIBACT
MarHuTHasa COCTaBJIAROIIAA ITOJIA. I[J'If[ MCTAJNIMYCCKUX 3KPAHOB IMOTCPU HA OTPAKCHUC
OMPCACTIAIOTCA BBIPAKCHHUEM

1
Jorp =20 X Ig (15 X fprxu) (6)




OTKyza cleyer, 4To HOTepH Ha OTPAKCHHE BEJIMKU Y dKpaHa, U3rOTOBICHHOTO
M3 Marepuala C MaJbIM  yICIbHBIM CONPOTHBICHHEM ¥ Majoil MarHHTHOW
IPOHUIIAEMOCTBIO.

[lorepy Ha MHOTOKpaTHbIE OTPAKEHMsI B CTEHKAX OHKpaHa CBS3aHbI C
BOJIHOBBIMM IpOLIECCAMU B TOJIIE OHKpaHAa M B OCHOBHOM OIIPEIEISIOTCS
OTPaXEHHWEM OT €ro rpaHuil. Jias SIeKTpUYECKUX MOJEH MOYTH BCSI DHEPIUs
NaJaloIIel BOJHBI OTpPa)kaeTcs OT MEPBOM I'paHULbI (BO3ILyX—METal) U TOJBKO
HeOosbIllass €€ 4YacTb IpPOHMKaeT B 3KpaH. [lo3ToMy MHOrOKpaTHBIMU
OTpPa)KEHUSMU BHYTPU IKpaHA JUIsl SJEKTPUUECKUX MOJIEH MOKHO MPEHEOpEeUb.

JUIs MarHuTHBIX TOJIeH OOJipIIasi 4acTh IMAJAIOLIEH BOJIHBI IPOXOIUT B
9KpaH, B OCHOBHOM OTPa)KasCh TOJIBKO HAa BTOPOM rpaHule (METaUI—BO3AYX), TEM
CaMbIM CO37aBasi MPEANOCHUIKA K MHOTOKPAaTHBIM OTPa)KEHUSIM MEXAY CTEHKaMHU
skpaHa. Koppekrtupyromuii kKo3QpQUIHUEHT O,,,,,, MHOTOKPATHOIO OTPAKEHUS NI
MarHUTHBIX TMOJE€M B DSKpaHe C TOJMMMHOW cTeHKH d 1mpu  riyOuHe
IIPOHUKHOBEHUS O PABEH

Dyor = 20X Ig(1— exp(—2x d X p)) (7)

Bennuuna O,,,,,, IMEET OTpULATENLHOE 3HAYEHHE, T.€. MHOIOKPATHBIE
OTpaXEHUs B TOJIIE SKpaHa yXyAmawT 3()PEeKTUBHOCTh 3KpaHupoBaHus. C
yMeHblIIeHuEM 3(PPEKTUBHOCTU MOKHO HE CUMTATHCS B CIy4asx, KOI/la Ha TaHHOU
YaCTOTE BBINOJHACTCA ycioBUe 0>0, HO WM Helmb3s TNpeHeOperatb IpH
OPUMEHEHUU TOHKUX OKpPaHOB, KOTJa TOJIIMHA SKpaHa MEHbIIE TIyOUHbI
IIPOHUKHOBEHU.

2. BAIAHUE

1. Paccunrats 3¢dexTuBHOCTS KPaHUPOBAHUS (Dorp, Inorm Dsmorps J0)s U
rJIyOMHY MPOHUKHOBEHMS 3JEKTPOMArHUTHOIO MOJsi B Marepuan skpaHa OMU c
3a/ITaHHBIMU TTapaMeTpaMu:

A) s TonmmuHbl Skpana 0,1 mM;

b) nnst ronmmasl 5kpana 0,5 mwm;

B) n1s Tonmunel 3kpana 1 M.

2. [TocTpouTh YaCTOTHYIO 3aBUCUMOCTH PACCUMTAHHBIX IMMAPAMETPOB IS
muan3aona 0,1-1 kI'm u gg quamazona 1-100 kI,

3. Cnenatp BbIBOJ 00 3(h(HEKTUBHOCTH NPUMEHSEMBIX MEp IMacCCHUBHOM
3aIUTHI.

4. OpopMHUTH OTYET.

3. COAEP)KAHUE OTYETA

1. llemb pabGOTHI.
2. Pacder ah@dexkTHBHOCTH IKpaHUPOBAHHS WM TIYOWHBI MPOHUKHOBEHUS
AJIIEKTPOMATHUTHOTO TIOJIA.



3. YacTtoTHast 3aBUCUMOCTh PaCCUNTAHHBIX MTAPAMETPOB.
4. BriBog.
5. OTBeTHI HA KOHTPOJIbHBIE BOITPOCHI.

4. KOHTPOJIBHBIE BOITPOCHI

1. B yem cmbicn Soft Tempest rexHomoruii?

2. 3a cyeT yero MpouCcXoAMT yTeuka uHdopmaiuu yepe3 noptsl [1K?

3. Ha3nauenue skpaHa 3J€KTPOMarHUTHOTO U3ITy4YCHHUS?

4. ®Ouznyeckuii CMbICI TIyOUHBI MPOHUKHOBEHHUS 3JIEKTPOMArHUTHOTO
MOJIsSL B MaTepuai 3KpaHa?

5. Yto Takoe 3QHeKTUBHOCTH SKPAHUPOBAHUS?

5. MPUJIOKEHHUE

XapaKTEpUCTUKU HEKOTOPBIX METAILIOB

VIenpHOe COIPOTHRICHHE
Metann Om: Mm? n
0

Mens 0.0175 1

JIaTyHB 0.06 1

ATIOMHHHH 0.03 1
50
Crans 0.1 300

TTepMmario# 0.65 12000




