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Mpeaucnosue

1 NOATOTOBJIEH 3aKkpbiTbiM aKLLMOHEPHbLIM 06LWECTBOM «Hay4Ho-ucnbiTaTenbHblli LeHTp «CAMTIC»
(BAO HUL, «CAMT3IC») 1 TeXxHN4eCKMM KOMUTETOM Mo cTaHgapTusaunn TK 30 «dnekTpomarHutHas cosme-
CTUMOCTb TEXHUYECKUX CPEACTB» Ha OCHOBE COGCTBEHHOIO NepeBoja Ha pPyCCKMii A3blK aHIN0SA3bIYHON BEPCUM
cTaHjaprta, yKasaHHOro B NyHkTe 4

2 BHECEH TexHuyeckum komutetoM no ctaHgapTtusaumu TK 30 «3nekTpomarHuTHas cCOBMeCTUMOCTb
TeXHUYECKNX CPeacTB»

3 YTBEPX/JEH W BBEJIEH B JENCTBUE lMpukasom ®efepannHOro areHTcTBa N0 TEXHUYECKOMY pe-
rynupoBaHuio n metponorum ot 29 maa 2009 r. Np 165-cr

4 HacTtoAwmin cTaHdapT ABASEeTCA MOANMULUPOBAHHBIM NO OTHOLIEHWNIO K MEXIoCcyAapCTBEHHOMY CTaH-
fgapty M3K 61000-1-5:2004 «3nektpomarHutHas coBmectumoctb (OMC). Yactb 1-5. OCHOBbI. On1eKTpo-
MarHuTHble 60/MblWON MowHOCTM (BMBM) BO3aeicTBUA Ha rpaxpaHckue cuctembl» (IEC 61000-1-5:2004
«Electromagnetic compatibility (EMC) — Part 1-5: General — High power electromagnetic (HPEM) effects on
civil systems». MOD). MNpwn 3TOM AONONHUTE IbHbIE MOMOXEHUSI N TPe6OBaHNA, BK/IIOYEHHbIE B TEKCT CTaHAap-
Ta ANA yyeta noTtpebHOCTe HauMoHanbHOW 3KOHOMUKM Poccuiickoit ®epepaunn n ocobeHHoOCTel poccuii-
CKOli HauMoHanbHOM cTaHfapTu3auun, BblgeneHbl B TeKCTe cTaHAapTa KypcuBoMm.

HanmeHoBaHVe HacToALWEro cTaHfapTa MU3MEHEeHO OTHOCMTE/IbHO HauMEeHOBAaHWA yKa3aHHOTo MexAay-
HapofHOro cTaHgapTa Ana npusefeHus B cooTsetcTeue ¢ FOCT P 1.5—2012 (nyHKT 3.5).

TekcT nogpasfgena 4.1 ykasaHHOro MexAyHapoAHOro ctaHgapTta npusefeH B BuAe AOMNONHUTENbHOIO
npunoxeHua A.

CBefeHNss 0 COOTBETCTBUMN CCbINTOYHbIX HALMOHANbHbIX U MEXrocyAapCTBEHHbIX CTaHAapPTOB MexXAayHa-
POAHbIM CTaHAapTam, UCMNO/Ib30BaHHbIM B KAYeCTBE CCbIIOYHbIX B NPUMEHEHHOM MeXAYHapoAHOM cTaHAap-
Te. NpuBeLEeHbl B AONO/HUTE/ILHOM NPUAOXeHUN A

5 BBEJEH BIMEPBbIE

6 MEPEN3JAHUNE. NioHb 2020 T.

MpaBnna NpMMeHeHNs HacTOALW ero cTaHAapTa yCcTaHOBMEHbl B CcTaTbe 26 ®efepanbHOro 3akoHa
0T 29 noHa 2015 r. Ne 162-®3 «O cTaHgapTusauum B Poccuiickoin ®egepauun». Nudopmayma 06 ns-
MEHEHUAX K HacTosWemMy cTaHAapTy Ny6nnKyeTCs B eXerogHoMm (Mo COCTOSIHUIO Ha 1siHBaps TeKyly ero
roga) nHcopmMaLunoHHOM ykasaTene «HaunoHanbHble CTaHAapThli», a o uunanbiWii TeKCT U3MEHEeHUI
M NONpaBoK — B €XeMeCSYHOM WH(OPMaUMOHHOM yka3aTene «HauuoHanbHble cTaHfapTbli». B cayyae
nepecmoTpa (3aMeHbl) UM OTMEHbl HacToAlLero cTaHAgapTa COOTBETCTBYH L ee yBefoMeHne 6yaeT
ony6/nkoBaHO B GAMXKalilLEM BbliMyCke €XeMeCAYHOro MHGOpMaLMOHHOro ykasaTens «HauuoHanbHble
cTaHAapTbl». CooTBeTCcTBYlO W aa MHPoOpmMaLms, yBegoMeHne N TeKCTbl pasMel,alnTcs Takke B WH-
¢hopmMaLMoHHOW cnucTeme o6l ero NoNb3oBaHNa — Ha ohuumnansilom caite ®efgepasnbHOro areHTcTBa No
TeXHNYeCcKoMy peryiupoBaHunio 1 MeTpoaornn B ceTn MHTepHeT (Www.gost.ru)

© IEC. 2004 — Bce npaBa coxpaHsalTCcA
© CrtaHgapTtuHchopMm. ocbopmnerne. 2009. 2020

HacTosawumii ctaHgapT He MOXeT 6bITb NOMIHOCTLIO UM YAaCTUYHO BOCMPOU3BEAEH, TUPAXUPOBAH U pac-
npocTpaHeH B kayecTBe oduumanbHOro n3gaHus 6es paspeweHus PegepanbHOro areHTCTBa N0 TEXHUYECKO-
My peryimpoBaHui0 1 MeTposiorum
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BeegeHue k M3OK 61000-1-5:2004

HacTtoswwnii TexHnueckunii otueT M3K BXxoaguT B cocTaB cTaHAapToB cepun M3IK 61000. ny6ankyeMblx No
BONPOCAaM 3/1eKTPOMarHMTHO COBMECTMMOCTM B COOTBETCTBMM CO CNeAyloLLeil CTPYKTYpOii:

- yacTb 1. OCHOBbI:

oblwee paccMoTpeHune (BBefeHue, yHAaMeHTaNbHble NPUHLMWNbI), ONpeaeneHns, TEPMUHONOTNS;

- 4acTb 2. sieKTpomMarHMtHas obcraHoBKa:

onucaHne 3NeKTpPOMarHUTHOlM 06CTaHOBKW, knaccudukaumsa 3NeKTPOMarHUTHOW 06CTaHOBKMU, YPOBHMU
3N1eKTPOMarHMTHO COBMECTUMOCTH:

- 4acTtb 3. HopMblI:

HOPMbl NOMEX03MUCCUU, HOPMbI NOMEXOYCTOWYMBOCTH (B CNyYasaX, €C/IM OHWU He ABNAKTCA NpeamMeToM
paccMmoTpeHns TexHuyeckumu komutetamn (TK). paspabaTtbiBarowumy cTaHgapTbl Ha NPOAYKLUIO);

- 4acTb 4. MeTobl UCMbITAHUIA N N3MEPEHWNIA:

MeTOoAbl UCMbITaAHWI, METOAbl N3MEPEHWIA;

- yacTb 5. PykoBoAcTBa N0 yCTaHOBKE M MOMEXONOAaBNEHUIO:

pyKOBOZACTBa MO yCTaHOBKE, MeTOAbl 1 YCTPOi/icTBa NOMeXonofaBeHuns;

- yacTb 6. O6LWwue cTaHgapThl;

- yacTtb 9. Pa3Hoe.

Kaxpgasa yacTb nogpasfenserca Ha pasfesibl, KOTopble MOryT 6bITb ONy6/IMKOBaHbI Kak MexAyHapoHble
cTaHfapTbl MMG0 Kak TeXHUYeckue yCnoBUSA WUAWU TeXHUYeckne oTyeTbl. HekoTopble M3 yKka3aHHbIX pa3genos
ony6nukosaHbl. Jpyrne 6yayT onyb6nmkoBaHbl € ykazaHMeM HoMepa 4acTu, 3a KOTopbiM cnegyeT geduc, a 3a-
Tem Homep pasgena (Hanpumep. 61000-6-1).

M3K 61000-1-5:2004 paspaboTaH MogkomutetoM 77 C «3NEKTPOMArHUTHble NepexofHble ABMEHUs
601blWON MOWHOCTU» TexHudyeckoro kommteta MK TK 77 «9nekTpoMarHMTHass COBMECTUMOCTb».



MOCT P 51317.1.5—2009
(M3K 61000-1-5:2004)

HAUMOHANBbHBIA CTAHOLAPT POCCUWCKOW SOELEPAUUMN

COBMECTUMOCTb TEXHUYECKUX CPELCTB 3/IeKTPOMarHuTHas

BO3AENCTBUA SNEKTPOMATHUTHBIE BO/bWOMN MOWHOCTU
HA CUCTEMbI TPAXAAHCKOIO HASHAYEHUNA

OCHOBHbIE NOMIOXEHUS

Electromagnetic compatibility of technical equipment. High power electromagnetic influences on civil systems.
Basic provisions

[Jata BBefeHns — 2010—01—01

1 O6nactb NpUMeHeHus

HacTtosiwuii ctaHAapT ycTaHaBAnBaeT OCHOBHble MOIOXEHUS B 06/1acTU AesATeNbHOCTU, CBA3aHHOI C
BO34ENCTBUAMYN 3NEKTPOMArHUTHbIX NOMel, TOKOB WU HanpshXeHuii 60NblWOoKk MOWHOCTU (Aanee — 3N1eKTpo-
MarHuTHble BO3AeicTBUS 60MbLIOK MOLLHOCTM) Ha CUCTEMbI FPaXAaHCKOro HazHauYeHus.

HacTtoswwmii ctaHgapT npejgHasHayeH AN NPUMeEHeHWs npu paspaboTke CTaHAAPTOB, MPUMEHAEMbIX
npu Co34aHnN 3N1eKTPOMarHUTHbIX BO34eNCTBUI 60/bLLOK MOLHOCTY 1 3aluTe CUCTEM FpaxjaHCKOro HasHa-
YeHUs OT NpejHaMepeHHOro 3/1IEKTPOMAarHUTHOTO BAUSHUSA.

YunTbiBas HOBble TEXHONIOTUN @HTEHH A1 UMMYJIbCHbIX W3YYEHUA 1 paclumpsioleeca nNpuMeHeHne
LMPpoOBOI 3MNEKTPOHNKN, HEOBXOAMMO NPUHMMATb BO BHMMaHWE BO3MOXHOCTb YMbILW/EHHOTO HapyLlleHus
(hyHKLMOHNPOBAHUS NN NOBPEXEHNA 060PY0BAHUS 3/1EKTPOMArHUTHLIMU BO34eACTBMAMK 60ONbLIOK MOLL-
HoCTW.

HacToswwuii ctaHaapT ycTaHasnnBaeT obliee BBeAeHNE B aHHYI0 061acTb AeATeNbHOCTW, TEPMUHBI U
onpejAenieHNs, a Takke COAEPXMUT CBefleHNs 06 3N1eKTPOMAarHUTHbIX BO3AeNCTBMAX 6OMbLIOA MOLLHOCTM, UX
B/INSIHUN HA CUCTEMbl FPaXAaHCKOrO HasHaYeHUs U MeTojax 3alWuTbl CUCTEM OT 3/1EKTPOMArHUTHbIX BO3Aeii-
CTBUI 60MbLION MOLLHOCTHU.

2 HopMaTuBHbIE CCbIIKK

B HacTosiLeM cTaHAapTe UCNOb30BaHbl HOPMATMBHbIE CCbINIKU Ha cnefytouime cTaHgapThbl:

FTOCTP 51317.4.4 (M3K 61000-4-4:2004) COBMECTUMOCTb TEXHUYECKNX CPEACTB 3/1€KTPOMATHUT-
Has. YCTOWYMBOCTb K HAHOCBKYHAHbIM UMNY/bCHbIM NOMexaM. Tpe6oBaHNs U MeTo bl UCMbITaHWU

FTOCTP 51317.4.5 (M3K 61000-4-5—95) COBMECTUMOCTb TEXHUYECKNX CPEACTB 3/TEKTPOMATHUT-
Hasf. YCTOWUYNBOCTb K MUKPOCEKYHAHBIM UMMNY/IbCHBIM NMOMeXaM 60/bllol 3Heprun. TpeboBaHUa U MeToAbl
ncnblTaHui

FOCT 30372 (IEC 60050-161:1990) CoBMeCTMMOCTb TEXHUYECKUX CPEACTB 3/1eKTpOMarHuTHas.
TepMuHbl 1 onpeaeneHus

MpumeyaHue — T[lpn NOMb30BAHWN HACTOSALLMM CTAHAAPTOM LieNecoobpasHo NpoBepuTL AeCTBME CCbIoY-
HbIX CTaHAAPTOB B MHC(DOPMALIMOHHOI CUCTEME OBLLETO MO/b30BaHWsi — Ha ohuLMaibHOM caiite defiepasibHOr0 areHT-
CTBa MO TEXHUYECKOMY PETY/IMPOBAHUI0 N METPO/IOTUN B CETU VIHTEPHET WK NO EXErogHoMy UH(DOPMAaLMOHHOMY yKa3a-
Teno «HauuoHasIbHble CTaHAaPTbI», KOTOPbIV OMy6/IMKOBaH N0 COCTOSHWIO HA 1 SiHBaps TEKYLLEro roga, v no Bbinyckam
€XeMecsUHOro MHGOPMALIMOHHOTO yKasaTens «HauyoHalbHble CTaHAapTbI» 3a TeKyLwuii rod. ECnv 3aMeHeH CCbINoYHbI
CTaHZapT, Ha KOTOpbIii JaHa HeAATMPOBaHHAs CChIIKa, TO PEKOMEHAYETCS! MCMO/b30BaTh AE/CTBYHOLLYH0 BEpPCUI0 3TOr0

[leiictyeT FOCT 30804.4.4—2013.

M3paHne ouymnansHoe
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cTaHgapTa € y4eToM BCEX BHECEHHbIX B JaHHYI0 BEPCUIO U3MEHEHWIA. EC/M 3aMeHeH CCbINIOYHbIV CTaHAAPT, Ha KOTOpbIi
[laHa JaTypoBaHHas CCbl/ika, TO PEKOMEH/yeTCa VCMob30BaTb BEPCUIO 3TOr0 CTaHAapTa € yka3aHHbIM Bbille FOfoM YT-
BEPXaeHUs (NpuHATMA). Ecnn nocne yTBEPXAEHNS HACTOSLLEro cTaHAapTa B CCbIIOYHbINA CTaHAapT, Ha KOTopblii AaHa
[laTMpoBaHHas CCbl/ika, BHECEHO U3MEHEHME, 3aTparmBatoLLee NosoXeHne, Ha KOTOpPoe AaHa CCbilka, TO 3TO MOIOXeHVe
pekoMeHayeTcs NpUMeHsATb 6e3 yueTa JaHHOTO U3MeHeHUs. ECn cCbIoYHbIV CTaHAapT OTMEHEH 6e3 3ameHbl, TO Noso-
XXEeHue. B KOTOPOM [laHa CCbl/IKa Ha Hero, pekoMeHAyeTCsl MPUMEHSATL B YacTu, He 3aTparvBatoLLeli 3Ty CCbIIKy.

3 TepMuHbI 1 onpeaeneHns

B HacTosiwem cTaHgapTe npuMeHeHbl TepMuHbl No FTOCT 30372, [1J, a Takxe crnegylowmne TepMmmn-
Hbl C COOTBETCTBYHO W UMW ONpefeneHnsamm:

3.1 aneptypa (aperture): OTBepcTue B 3NeKTpOMarHMTHOM 6apbepe (3KpaHe), yepe3 KOTopoe MOoryT
NMPOHMKaTb 3/1EKTPOMArHUTHbIE NONA.

3.2 oTHOWeHNe nonockl YacToT (bandratio) br. OTHOLWEHNE BEPXHENR N HWXHEN 4acToT, Mexay KoTo-
pbiMn cocpegotoyeHo 90 % aHepruun curHana. Ecnv cnekTp curHana umeeT 3HAYUTENIbHYI0 NOCTOAHHYO CO-
CTaB/IAOLWYI0. 3@ HUKHee npefe/ibHoe 3HaYeHne 4yacToTel npuHumatoT 1 Iy,

3.3 0THOWeEHMe nonochl YacToT B fgekagax (bandratio decades) brd: OTHOLWeEHWE NONOCHI YACTOT, Bbl-
paxeHHoe B fekafax, onpegensemoe no gopmyne ord = log,0 (OT).

3.4 a) wupokonosiocHas 3asnekTpomarHutHasa amuccusa (broadband emission): SnekTpomarHuTHas
3IMUCCUSA C WMPUHOW NONOChl YacToT 6onblieli, 4yeM TpebyeTca AN KOHKPETHOro M3MepuTenbLHOro npuéopa
NN NpUeMHuKa.

3.4 b) wnpokononocHoe yctpoiicteo (broadband device): YcTpolicTBO, WHpMUHA NOMOCHI 4ACTOT KOTO-
poro TakoBa, 4TO OHO CNOCOGHO NpUHUMaTL M 06pabaTbiBaTb BCe CNEKTpasbHble COCTaBNALLME KOHKPETHOW
3N1EeKTPOMarHUTHO aMnUCCUN.

3.5 KOHAYKTUBHas BocnpuumumnBocTb (conducted susceptibility): BocnpuMMuYnBOCTb CUCTEMbI K KOH-
OYKTUBHBIM CUTHanam B kabenax, NoAKMNIOUYEHHbIX K CUCTEME.

3.6 cBA3b (coupling): BlanmopgelicTBue anekTPOMarHUTHbIX Nonel ¢ CUCTEMOW, B pe3ynbTaTte KOTOPOro
BO3HMKAKOT TOKM N HANPSXXeHUS Ha NOBEPXHOCTAX U B Kabensix cMcTemsl.

3.7 HamMepeHHO COo3[aHHbIl NyTb 3/1eKTPOMArHUTHOro NnpoHMkHoseHuns (deliberate penetration): OT-
BepcTUe. HaMepeHHO Co3JaHHOe B 3/IEKTPOMArHUTHOM 3KpaHe AnA obecnevyeHns nyTu nepefaymn nonesHoro
CurHana B 3KpaHMpoBaHHYl 061acTb UM U3 3KPAHMPOBAHHO 06/11aCTV B OKpYXatoliee NpocTpaHcTBo. MyTu
3N1€eKTPOMarHMTHOro MPOHUKHOBEHWS MOTYT 6bITb TakXXe HaMepeHHO COo3AaHbl ANA nepegadu aHepruun, Boabl,
MexaHu4yeckux ycunuin unu Ana npoxoga nepcoHasna B 3KpaHMpPOBaHHOE NOMELLEHNE U U3 HEro.

3.8 nomexa (disturbance): Cm. 3.10.

3.9 anekTpomMarHuTHbli 6apbep (3kpaH) [electromagnetic barrier (shield)]: Tononornyeckn 3amkHyTas
NOBEPXHOCTb, CO3AaHHasa AN UCKTOYEHUS NN OTPaAHNYEHUA NPOHUKHOBEHUA 3/1EKTPOMAarHUTHbLIX NonAen nnu
KOHAYKTUBHbIX MepPexofHbIX NPOLECCOB BHYTPb 3aluiaeMoin 06nactun. dNeKTpoMarHUTHbIR 6apbep oKpyxa-
eT 3alUNLLEeHHbI 06BEM N COAEPXUT IKPAHUPYIOLLYI0 NOBEPXHOCTb U 3allULLEHHbIe TOUYKM BXOAa.

3.10 anekTpoMarHuTHas nomexa (electromagnetic disturbance): /llo60oe anekTpomMarHuTHoe siB/ieHWE,
KOTOpPOe MOXeT YXYALWNTb Ka4yecTBO (hYHKLMOHNPOBaHUA YCTPOCcTBa, 060pyA0BaHUSA UIN CUCTEMDI.

3.11 anekTpomarHutHoe BAusHue (electromagnetic interference): YxyglweHne kavyectsa YHKLNOHMN-
poBaHuA ycTpoiicTBa, kaHana nepegayv Uan CUCTEMbI, BbI3BAHHOE 3/IEKTPOMArHUTHOW MOMEXOW.

MpumeyaHne — INEKTPOMArHUTHOE BUSIHWE NpefcTaBnseT coboil creAcTBMe 3NEeKTPOMarHUTHOV nomexu,
3/1eKTPOMarH1THasi nomexa SB/AETCA MPUYNHON 3/IEKTPOMArHUTHOTO B/IMSHUS.

3.12 saneKkTpoMarHuUTHbIN cTpecc (electromagnetic stress): feiicTBue Ha o6opyaoBaHue anekTpomar-
HWTHOTO NONA, HanNpPsXXeHWs unn Toka. Ecnn anekTpomarHWTHbI cTpecc npeBbllliaeT NOPOroBoe 3HauyeHue
YySI3BUMOCTN 060pyf0BaHNS, MOTYT UMETb MECTO NOBPEXAEHNA UM HapyweHns PYyHKLMOHMPOBaHUS, NPUBO-
[AAlMe K NpeKkpaLLyeHunto BbiNo/IHEHUSA 060pyj0BaHUEM YCTAHOB/IEHHON 3afa4n. XapakTepucTukaMm afneKkTpo-
MarHMTHOro cTpecca MoryT 6biTb, HAMPUMEP, MMKOBOE 3HAYeHWe aMNAUTY/bl, BPEMA HapacTaHus uMnynbca,
ANNTENbHOCTbL MMMNY/bCA.

NMpumeyaHne — BHacTosWweM cTaHAapTe BMECTO TEPMUHA «3/IEKTPOMArHUTHBIA CTpecc» B COOTBET-
CTBUM C[2] NpUMEHEH TEPMUH «3/1€KTPOMAarHMTHOe BO3AeCTBMNE.

3.13 anekTpomMarHuTHaa BocnpuumunBocThb (electromagnetic susceptibility): Hecnoco6HOCTb yCTpOIiA-
cTBa. 060pyA0BaHMS UM cUCTEMBI (PYHKLMOHMPOBaTL 6e3 yXyAleHNs KkavyecTBa Npu Hanuyum anekTpomar-
HUTHOW Nomexu.

2
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MpumevyaHue — IneKTpOMArHUTHasi BOCMIPUMMUYMBOCTb NPeLCTaBnseT co6oii HeoCTaTOuHYH YCTOWUMBOCTD
K 3/1eKTPOMarH1THoli nomexe.

3.14 anekTpoMarHMUTHOE OKpYXeHue, OKpyxXeHue (environment): dnekTpomarHMTHoOe none, co3faH-
HOe BHELHWM YyCTPONCTBOM, KOTOpPOe BO3AeliCTBYeT Ha CUCTEMY, BO3MOXHO, Bbi3blBasi NOBpeXAeHue, Hapy-
WweHne PYHKLMOHMPOBAHNA WU NpeKpaLleHne BbINONHEHNA YHKLUN.

MpumeyaHne — BHacTosAWEM CTaHAAPTE LW E€CTO TEPMUHOB «3/1IEKTPOMArHUTHOE OKPY)XEHUE» N «OKPY-
XEHUE» B COOTBETCTBUM C [2] NPUMEHEH TEPMUH «3IEKTPOMArHMTHOE BO3A4ENCTBUEY.

3.15 yposeHb oTka3a (failure level): YcTtaHOBNEeHHblE 3HAYEHNSA NapamMeTpoB, onpeAensowmx amniu-
TYAHOE 3Ha4YeHne WA UHble XapakTepUCTUKN IN1EKTPOMArHUTHOIO NOMSA WM HaBeAEHHbIX HanpshKeHus unu
Toka, BO3/eliCTBME KOTOPbIX Ha 3/1€KTpUYeckne KOMMNOHEHTbl CUCTEMbl NPUBOAUT K MpeKpalleHnto BO3MOX-
HOCTW BbINO/IHEHNSA YCTPONCTBOM Tpebyemoi hyHKLun.

3.16 3neKTpPOMAarHWTHbIA MMNYyNbC BbICOTHOTO fAAepHOro B3pbiBa, 3MW BHAB (high altitude
electromagnetic pulse. HEMP). 31eKkTpoMarHnTHblii UMNY/bC, Bbi3BaHHbI A4E€PHbIM B3pbIBOM BHE aTMOC(epbl.

MpumeyvyaHne — TunnyHasa BbicoTa B3pbiBa paBHa 30 KM.

3.17 afnekTpomMarHuTHble Bo3faeicTBma 6onblwoii mowHocTn (high power electromagnetics. HPEM):
O6LWunit TepMUH, XapakTepusyLmnin o6nactb 4eATelbHOCTU UAN TEXHOOMNI0, CBSAA3aHHble C CO3JaHueM WH-
TEHCUBHbIX 3/1IEKTPOMArHUTHbLIX MOM1eA NN KOUAYKTUBHBIX HANPsHXXeHU U TOKOB, CMOCOOHbIX NOBPeAnTb 3/1ekK-
TPOHHbIE CUCTEMbBI UAN HAPYLWWUTbL UX (PYHKLMOHMPOBaHWe. B obLwem ciyyae ypoBHU 3N1€KTPOMArHUTHbLIX BO3-
felicTBuiA 60NbLIOKA MOLWHOCTY NPEBbILWAKT YPOBHU 3M1EKTPOMArHUTHbLIX NOMEX, AeNCTBYIOLWMNX Ha CUCTEMbI
npn 06bIYHbIX YCNOBUAX 3KcnayaTayum (Hanpumep, npesbiwatrT 100 B/m nan 100 B).

3.18 MuUKpoBOAHbI 6onblwoi mowHocTn (high power microwaves. HPM): Bug anekTpoMarHuTHbIX
BO3/eNCTBUI 60NbLIOKA MOLHOCTU, cOo3AaBaeMbIX, Kak NpaBuao, Npyu MCNONb30BaHUMN Y3KOMNONOCHbIX CUTHA-
NI0B 1 UCTOYHUKA U3TYYEHWUSA NMKOBOW MOLWHOCTb 60n1ee 100 MBT.

MpumeyaHne — [aHHoe onpefeneHne, CBA3AHHOE C MOLLHOCTBIO UCTOYHMKA U3/yYEHUS, CIOXWIOCL UCTO-
puyecku. B HacTosLem cTaHAapTe B OCHOBHOM paccMaTpuBaloTCs 3/1eKTPOMarHUTHbIE Moss, BO3AENCTBYIOWLME Ha Snek-
TPOHHbIE CUCTEMBI.

3.19 ycTONUYMBOCTb K 3/1IeKTPOMArHMTHOM nomexe (immunity (to a disturbance)]: Cnoco6HOCTb yCTpOii-
cTBa. 060pyA0BaHUA NN CUCTEMbI (DYHKUMOHUPOBaTL 6e3 yXyALeHUa KayecTsa Npu Hanmyuu anexkrpomMar-
HUTHOI NomexMu.

3.20 ypoBeHb YCTOWYMBOCTM K 3NeKTpOMarHMTHol nomexe (immunity level): MakcumanbHbli ypo-
BEHb 3/1IEKTPOMArHMTHOW noMmexu, BO3felcTBYIOLLeil Ha KOHKPETHOe YyCTPOWCTBO, 060pyJ0BaHNE WU CUCTEMY,
npn KOTOPOM OHO coxpaHsieT Tpebyemoe kayecTBO (PYHKLMOHUPOBAHUS.

3.21 HeHamMepeHHO CO3faHHbIl NyTb 3N1E€KTPOMAarHUTHOro NpoHUKHOBeHUA (inadvertent (EM)
penetration): OTBepcThe B 3/1EKTPOMArHUTHOM 3KpaHe, He SABJALWEECHs HaMepeHHO CO3faHHbIM, KOTopoe
MOXeT obecneynTb NyTb A4/19 NPOHUKHOBEHWNA 3/IEKTPOMArHUTHO 3HEpPrun yepes 3/1eKTPOMAarHTHbIA 3KpaH.
HeHamepeHHO co3faHHbIli MyTb 3N1€KTPOMAarHUTHOIO NPOHWKHOBEHUS, KakK NpaBuio, SIBAsieTCSA Hexenareb-
HbIM. TUMNYHBIM HEHAMEPEHHO CO3[aHHbIM NyTEM 3/IEKTPOMArHUTHOrO NPOHUKHOBEHUSA ABJIAETCA yTeuka npu
HeKkayeCTBEHHOI M30NALNY NPOBOAHNKOB.

3.22 npegHamepeHHOe 3aneKTpoMarHuTHoe BAnAHMe (intentional electromagnetic interference. IEMI):
Paspyuwienne, npusegeHune B 6ecnopafok 1 noBpexjeHne aIeKTPUYEeCcKnX U 3/1eKTPOHHbLIX CUCTEM B TEPPOPU-
CTMYECKUX U KPUMUHANbHBIX Lensx nyTeM HamMepeHHOW reHepauuun 3/71eKTPOMArHUTHOW 3HEpPrunm n BBeAeHUs
Lyma Wau CUrHasoB B 3/ieKTpuyeckme n aJIeKTpuHHbIE CUCTEMBI.

3.23 cxeMa nocnepgoBaTenbHOCTU B3ammopgelicTBus (interaction sequence diagram): paduueckoe
onucaHue nyTei, KOTOPbIMU BHELUHEE 31€KTPOMArHUTHOe nosie Morao 6bl MPOHUKHYTH Yepes OAUH UK He-
CKO/IbKO 3KPaHOB, OKpYXatLnx 060pyf0BaHNe Uan cuctemy.

3.24 y3kononocHbl i (narrowband): CurHan nnm npouecc, 4N KOTopbix 3Ha4YeHne pbw < 1% (cm. 3.27)
WU 3HaYeHne OTHOLWEHUA NON0Ckl YacToT br< 1,01 (cm. 3.2).

3.25 aneKTpoMarHUTHbI umMnynbc agepHoro B3pbiBa, OMU AB (nuclear electromagnetic pulse,
NEMP): SnekTpoMarHnTHble NOMs Pas/inyHbiX BU0B, Bbl3BaHHbIE AEePHbIM B3PbIBOM.

3.26 anekTpomMarHuTHOe NPOHUKHOBeHMe (penetration): NMepeAaya 3N1eKTPOMArHUTHON 3HePrUn Yyepes
3/1eKTPOMArHuUTHbIA 6apbep OT O4HOro o6bema K Apyromy. 31eKTpoOMaTUTHOE NPOHUKHOBEHME MOXET OCYy-
LWecTBNATLCA NPOHUKHOBEHNEM 3/IEKTPOMArHUTHOrO Nons yepes 6apbep Uau Yepes 0TBEPCTUA U HEOAHOPOL-
HOCTV B 6apbepe, N MPOXOXAEHNEM 3N1eKTPUYEeCKOro Toka B NPOBOAALLINX Cpefax, CoefnHAILWNX Ba 06bema
(npoBopax, kabenax, Tpybonposogax, pagmaropax).



FOCT P 51317.1.5—2009

3.27 wupuHa nonocsl 4acTtoT B npoueHTax (percentage bandwidth) pbw. LWupuHa nonocsbl YactoT
CUTHana, BblpaxeHHas B NPoLeHTax LeHTpasbHON YacToThbl aHHOro CUrHana.

MpumevyaHne — MakcumasibHoe 3HadveHne pbw paBHO 200 %. ecnu UeHTpasibHasa yacTtoTa npeacrasnsieT
co60li cpefHee 3HaYeHne BEPXHEeR U HKHEN YacToT cnekTpa curHana. 3HavyeHne pbw He NPUMEHSIOT A5 CUTHAN0B CO
3HauMTE/bHLIM COAEPXaHMeM NOCTOSIHHON cocTaBsAoLWein. Ecnv cnekTp curHana MMeeT 3HaunTe IbHyt0 NOCTOSHHYHO CO-
CTaBNAOLLYI0. NPUMEHSIOT OTHOLLEHWE NOMOCkI YacToT B fekadax brd (cm. 3.3).

3.28 Touka/nopT BXx0oga (point/port-of-entry. PoOE): OnpegeneHHoe MecTo (Touka/mopT) B afekTpomar-
HUTHOM Gapbepe, B KOTOPOM 3/1IeKTPOMArHUTHast 3HePrusi MOXeT BXOAUTb B TOMNOMOTMYECKUii 06bEM UK Bbl-
XOA4WTb U3 HEro Npu OTCYTCTBUMW afeKBaTHbIX YCTPONCTB 3aLuThl TOUYKM BXoAa.

MpumeyvaHnsna

1 Touk1YnopTbl BXOJa HE paccMaTpuBalOT Kak reoMeTpu4eckmne TOHKN.

2 B cOOTBETCTBUM C BUAAMM 3N1EKTPOMArHUTHOIO NPOHVKHOBEHWS TOUKWM/MOPTLI BXOJA NoApasAesistoT Ha Touku/nop-
Thl BXOfla — OTBEPCTUA 1 KOHAYKTUBHbIE TOUKW/MOPTLI BXOAA. B COOTBETCTBUM C BbINOMHAEMbIMU (PYHKLMAMU TOUKW/MOPTbI
BX0/a TaKxXe KNaccutuLmMpyoT Kak apXMTEKTYPHbIe, MEXaHNYeCcKne, CTPYKTYPHbIE U 3/1EKTPUYECKUE.

3.29 nanyyaemasn socnpuumunBocTb (radiated susceptibility): BocnpymM4nBOCTb CUCTEMBI K U3yyae-
MbIM 3/1EKTPOMArHUTHLIM NONAM.

3.30 apmaTypHbIil npyT (rebar): CTanbHOl CTepXeHb, pa3mMmellaemblii B 6eToHe ANA YCUNEHUSA CTPYyK-
TYPHOI O4HOPOAHOCTK.

3.31 akpaHupoBaHue (shielding): MpoBegeHne meponpusATUA NO NPUMEHEHUIO MPOBOAALLNX Cpes C Bbl-
COKOI1 3N1eKTpMYecKoii NPOBOAUMOCTbIO, TAKMX Kak CTasbHble INCTbI, PaMKU U3 apMaTypHbIX NPyTbeB, NpoBOAA
WT. 4. NS CHUXEHNA UHTEHCUBHOCTU 3N1€KTPUYECKOTO AN MarHUTHOro nons. MNog «akpaHMpoBaHMeM» 4acto
NOHMMAIOT Takxe co3faHne NoMeleHnin, obecneynBarLLMX CHMKEHNE UHTEHCUBHOCTU 3/1EKTPUYECKOTO WK
MarHUTHOro nons.

3.32 kpaTkoBpeMeHHbIi umnynbc (short pulse): CurHan, npeacTasnaoWuii co60i NnepexofHbli Npo-
Lecc. xapaktepusylouwimiica BpeMeHemM HapacTaHua U ANUTEeNbHOCTbIO, U3MEPAEMbIMU B NUKO- UAN HaHOCe-
KyHAax.

3.33 ycTpoWCTBO 3alWNTbl OT UMMNYNbCHBIX MEepeHanpsxXeHuii (surge protection device. SPD): YcTpoii-
CTBO. NpeAHa3Ha4YeHHoe ANA NoAAaBNEHNA KOHAYKTUBHbLIX NepeHanpsXXeHNn n UMNYNbCHbIX TOKOB B /IMHUAX.

3.34 cuctema (system):

COBOKYNHOCTb CBfI3@HHbIX APYT C APYrOM NOACUCTEM U COOPOK KOMMNOHEHTOB U /MAN OTAENbHBIX KOMNO-
HEHTOB. PYHKLMOHUPYIOLWNX COBMECTHO ANA BbINOMIHEHUA YCTAHOBNEHHON 3ajayun nnu

COBOKYNHOCTb 060pyfoBaHnA, nogcuctemM, o6y4eHHOro nepcoHana u TeXHUYecknx npuemos, obecne-
YMBaAKLWUX BbINOSTHEHNE UN NOAAEPXKKY YCTAHOB/IEHHbIX (DYHKLMOHANbHbLIX 3ada4y. MonHaa cuctema BKAKO-
yaeT B cebs OTHOCALLMECH K Hell coopyxeHua, obopyfoBaHMe, NogcucTeMbl, MaTepuansl, ob6cnyxmBaHve u
nepcoHan, Heobxoaumble AN ee MYHKLMOHUPOBAHUA B TOW CTeneHu, koTopas cuyuTaeTcsl 4OCTATOYHON AnA
BbINO/IHEHUA YCTAHOB/EHHbIX 3a4a4y B OKpyxatolieit 06CTaHOBKe.

3.35 Tononornyecknii KOHTponb (topological control): MogaepxaHne 3aMKHYTOro 3/1€KTPOMarHMTHOroO
3KpaHa BOKPYr CMCTeMbl U 060pyA0BaHUSA 4151 YMEHbLUIEHNSA BANAHNS BHELWHNX 3N1€KTPOMArHUTHbIX nonei
n obecneyeHns 3alnTbl 060py[0BaHMSA.

3.36 cBepxwupokononocHbiin (ultrawideband): CurHan nnun popma BOJHbI, XapakTepusytouimecs 3Ha-
YeHMEeM LMPUHBI NONOCHI YacTOT B npoueHTax pbw ot 163.4 % g0 200 % wamM 3HaYeHNEeM OTHOLIEHMSA NOJIOChI
yactoT 60nee 10. CBepPXLWMPOKONOMOCHbIE CUTHA/bI HA3bIBAIOT TaKXe rMNnepLnpPOKONOOCHbIMU.

4 O6uee BBeAeHUE

B nocnegHue 25 neT 6bln AOCTUTHYT 3HAYUTENbHBIN NPOrpecc B NOHMMaHUN NPOLEeCCOB BAUAHUA 3nekK-
TpoMarHuTHbIX noneii AMN BAB Ha anekTpuyeckne cuctembl n o60pyaoBaHne U cnocoboB CHUXEHUA 3TOr0
BVSAHUA. HaumHaa c nepBbiX 4OKYMEHTOB O xapaktepuctukax 3MWN BAB [3]. [4] n yunTbiBass HegaBHue pa-
60Tbl TeXHMYeckoro komuteta MK TK 77 «9nekTpomarHmtHas COBMeCTUMOCTb» N0 pa3paboTke cTaHfapToOB
B ob6nactu 3awuTel oT AMU BAB [5], umetoTca nogpobHble pekomeHgauun no metogaM U KOHCTPYKUUAM
YCTPOWCTB 3alnTbl 3/1€KTPUYECKMX cucTem [6]. HefaBHO 3T pekomeHaauun no 3auwute ot AMU BAB 6binn
BBeJEeHbl B NPakTUKy KOHCTPYMPOBaHMA BOEHHbIX coopyxeHuii [7]. [8]. Bbinn Takxe paspaboTaHbl cpefcTsa u
MeToAbl UCMbITAHWUIA, YyYnTbiBalOLWME 3/1EKTPOMArHUTHY0 06¢cTaHoBKY MU BSAB.

BmecTe ¢ TeM HeiaBHO 6bIIN CO3A4aHbl U NPEATOXEHbI 3/IEKTPOMArHUTHbIE BO34eCTBUS APYTUX BUAOB,
BK/II0YAs CBEPXLUIMPOKONONOCHbIE 31EKTPOMArHUTHbIE BO3A4ENCTBMA N KPATKOBPEMEHHbIE 3N1E€KTPOMarHNTHbIe
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nmnynbcbl [9] M y3KOMONOCHBIE MUKPOBOJIHbI GO/bLUOA MOLWHOCTA. 3TN CUTHAMbI 3aHUMAIOT y4YacTku paguo-
YacTOTHOrO cnekTpa cBbllwe Heckonbkux Iy [10]. Ana 0603HAYEHNS TakUX CUTHANO0B, a TakKe KOHAYKTUBHbIX
TOKOB W HanpshkeHwii 60MblIOK MOLWHOCTM MPUMEHSIIOT O6LLMIA TEPMUH «371EKTPOMArHUTHble BO34elCcTBUA
60/1bLWON MOLWHOCTU». B CBA3KM C TEM YTO KOHCTPYKLWMN COBPEMEHHbIX 31€KTPUYECKMX CUCTEM BK/IOYAKOT B
cebs undposblie yCTpoicTBa, CTaso 0Y4EBUAHBIM, YTO COBPEMEHHOE MOHMMAaHWe KOHLUEeNUun 3alnTbl cuctem
Heo6X0ANMO paclmpuTb, NPefyCMOTPEB yKa3aHHble Bbille 3/1eKTPOMarHnTHbIe BO3AeCTBUS 60NbLIONA MOoLy-
HOCTW.

M3BecTHO, 4UTO A5 aHanusa BAuaHua MU BAB Ha cucTembl (cm. 3.34) cyuiecTByeT Xopowo pa3pabo-
TaHHas MeTofo/10rus, KoTopas BKAOYaeT B ceba cnegyolymne waru:

1) onpefeneHne 3IeKTPOMArHUTHOW TONONOTNN CUCTEMBI:

2) onpepgeneHne KONNEKTOPOB 31EKTPOMAarHUTHOW 3Heprum;

3) naeHTUmkaLmio pasmelLeHna nHTepgencoB BOCIPMMMUYNBOTo 060pyA0BaHNS;

4) pacyeT 3/IeKTPOMArHMTHOTO BAWSAHUS Ha 3/1eMeHTbl NHTepdelicos;

5) onpefeneHne ypoBHSA O0TKa30B B UHTepdelicax;

6) conocTaBneHne 3HAYEeHUi UHTEHCUBHOCTU OMWN BAB u ypoBHEN OTKA30B A4S OLEHKW YA3BUMOCTHU
cucTembl.

Mopo6Has MeTof0/10MMA aHannsa Ao/KHa 6biTb pasBuTa M NOATBEPXKAEHA UCMbITAHUAMU NPUMEHUTENb-
HO K 3N1€eKTPOMarHMTHbIM BO3A4e/CTBMAM 60MbLION MOLLHOCTU Ha COBPEMEHHble cucTeMbl. B yacTHocTu, Tpe-
byeTcs U3yyeHue crefyoLmx BONPOCOB:

- Mogudukauma cnocoboB TOMOMOTMYECKON AEKOMNO3ULMK ANA yyeTa BbICOKOYACTOTHOIO Xapakrtepa
BO3JelCTBUI U pacnpefeneHHbIX 3/IEKTPOMArHUTHbIX Noseii:

- paclwupeHve mogesneit 3N1eKTPOMarHUTHOro B3aMMOAeincTBns (B YacTu CBA3M, MPOHUKHOBEHMA W pac-
NPOCTPaHEHNA) NPUMEHUTENBHO K 60nee BbICOKMM YacToTam (MeHbLWUM ANAUTENbHOCTAM HapacTaHus UM-
nynbCOB). XapakTepPHbIM A5 3/IEKTPOMArHUTHbLIX BO34eACTBMI 60/bLION MOLLHOCTH;

- COBEpLIEeHCTBOBaHNE MNOHUMAaHUA MOBELEHUA KOMMOHEHTOB W CUCTEM NPU 3/1EKTPOMArHUTHbIX BO3-
AencTBNAX 60MbLIOA MOWHOCTU, B TOM YUC/1le MEXaHU3MOB OTKa30B OTAE/IbHbIX KOMNOHEHTOB W HapyLleHui
PYHKUMOHMPOBAHUS, OTKIIOYEHMI N OTKA30B CUCTEM.

K HacToslwemMy BpeMeHn mMeTofbl UCMbITaHWil npn Bo3geincTeun OMU BSAB gocTtatoyHo paspaboTaHsbl.
OpfHako 3TM MeToAbl HEMPUMEHUMbl HENOCPEACTBEHHO K UCMbITAHUAM NPU 3NEKTPOMArHUTHbIX BO34EeNCTBUAX
60NbLLIOI MOLHOCTW HA COBPEMEHHbIe CUCTeMbl. He peLleH BOMPOC 0 TOM. KakoBbl AO/MKHbI GbiTb «CTaHAapT-
Hble» W «penpeseHTaTWBHbIEe» WCMbITaTe/bHble 3N1eKTPOMarHuTHble BO3AelicTBUS 60MblUOK MOWHOCTU. He
yCTaHOBNEHbl Takxe npoueaypbl UcnbiTaHnii. CnegyeT Takke y4nTbiBaTb, UTO B MOMEHT BHELIHEro 31eKTpo-
MarHUTHOTO BO3AeliCTBUS cUCTEMA MOXET HaXOAWTbCSA BO MHOTMX Pas3/IMyHbIX COCTOSSHUAX B 3aBUCUMOCTU OT
XapaKkTepucTuk ee YHKLUNOHNPOBaHUSA, U ee OTK/INK Ha BHELLHee 3/1eKTPOMarHuTHoe Bo3jelicTBMe MOXeT 3a-
BUCETb OT «HaYabHbIX YCNOBUIi» cucTeMbl. Bonee Toro, B xoAe NPOBOAUMbIX B HACTOSLLEee BPEMSA UCNbITAHWIA
npu Bo3gelicteun SMU BAB 06bIYHO HE KOHTPONMPYOT 0COBEHHOCTU UM BHECEHHbIE UBMEHEHMWS NPOrpamMmm-
Horo obecneyeHus, Tak kak Hanbonee BaxHbIM ANA UCMbITAHUIA CUMTAIOT KOHCTPYKUMO obopyfdoBaHus. Ans
Takux cucTem npMMeHsemoe nporpaMmHoe obecrneyeHmne 4acTo U3MEHSAIOT U MOANMULMPYIOT NPU NOATOTOBKE
K MPOBEAEHNI0 UCMbITAHWIA, TaK YTO UCMbITYEMble CUCTEMbI MOTYT HE OTpaXaTb CBOWCTB peasibHbIX CUCTEM.

Takum obpa3om, HeobxoAnmo paspaboTaTb NpuemMaemblii NOPAJOK UCMbITAHNIA CUCTEM NPU 3/1EKTPO-
MarHUTHbIX BO34elCTBMAX 60MbLIOK MOLWHOCTK, BKAOYaA npasuna, gonyckawuime rmb6kocTb NPporpaMmMmHoOro
obecneyeHus.

4.1 Mpumepbl 9N1€KTPOMATHUTHbLIX BO3A4eWCTBUI 60/bW O MOLWHOCTM HA CACTEMbI B NPOLL/IOM

TekcT nogpasgena 4.1 npusefeH B NpUNoOXeHUN A.

4.2 O6wmne MeToAbl 3N1E€KTPOMArHUTHOM 3aWNTbl B NTPUMEHEHUMN K CUCTEMAM TpaX4aHCKOro
HazHauyeHus

B pa3Butum meTtofoBs 3awuTbl 0T SMUN BAB cncTteM BOEHHOIO U rpaXAaHCKoro HasHavyeHus 6bin npose-
[eHbl 3HauuTenbHble paboTsl [24]. MeToAbl 3aWuThl BKAOYAOT B ce65 obLuee skpaHMpoBaHue (T. €. TONoOAOru-
Yeckunii KOHTpONb cuctem [25]), ycTaHOBKY OMIbTPOB U YCTPONCTB 3aLNTbl OT NEpPeHaNnpPsXXeHnii Ha BXOAALLMNX
CUNOBLIX U CUTHANBHbLIX TMHUAX [26]. @ Takxe 3awWwnuTy oTAeNbHbIX 06pa3L0B 060py0BaHNA, KOTOpPbIe MOTYT
6bITb 0C060 BOCNpUUMUMBLIMU K MU BAB [27]. [28].

MHorne n3 atux pabot, NpoBeAEHHbIX paHee, HENOCPEACTBEHHO NMPUMEHUMbI K 3aluTe 3NeKTPUYECKNX
CUCTEM U COOPYXEHWW OT BbICOKOYACTOTHbIX 3/1EKTPOMArHWTHbIX BO3A4elCTBUIA 60MblWON MoWwHOCTK. Kak
1 B cnyvae 3awutel oT MU BSAB. Han6onee BaXHbIMU MYyTAMU CBA3W C BHELIHUMU 31€KTPOMAarHUTHbIMU
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BO3A€NCTBNAMN 6ONbLIOIA MOLHOCTM ABAAIOTCA A/IMHHbIE NHWK, BXOAsSLWME B coopyxeHune. OfHaKo n3-3a
605ee BbICOKMX YACTOT COCTaBMANLWMUX CNeKTpa 31eKTPOMarHUTHbIX BO3AENCTBUIA GONbLIOK MOLHOCTU Ha-
Be/leHHble CUTHaNbl B 3TUX IMHUAX, KaK NpasBuio, UCMbITbIBAIOT 60/blIee 3aTyxaHne B 3aBUCUMOCTU OT pac-
CTOSIHWA. YeM CuUTHanbl, HaBedeHHble OMU BSAB. MoaToMy B HEKOTOPBIX CAyvasx TpeboBaHUs K ycTpoiicTBam
3alMTbl HAMEPEHHO CO3[4aHHbIX NyTeil 3/71eKTPOMAarHUTHOrO NMPOHWKHOBEHUS B COOpyXeHue (cM. 3.7) moryT
6bITb HE TaKuMU XeCcTKumMK, Kak gnsa MU BAB.

[na aneKkTpoMarHUTHbIX BO34eACTBUIA 60/bLLOK MOLWHOCTM NOMUMO «HaMepPEeHHbIX» CYLLeCTBYIOT Apy-
rme nyTu 3N1eKTPOMArHUTHOrO NPOHUKHOBEHUA. K HMM OTHOCATCHA TakK Ha3blBaeMble «HEHaMepeHHO COo3[aH-
Hble MYTU 3N1eKTPOMArHUTHOro NMPOHUKHOBEHMA» (CM. 3.21). KOTOpPble BO3HUKAKOT, HaNpumep, Korga 3nekTpo-
MarHuTHoOe nosie NMPOHWKaeT Yepe3 TOYKN HeCOBEPLUEHCTBA B 3KpaHe cucTeMbl. Kak npasuio, ecniun yacrtota
BHELWHEro 31eKTPOMarHMTHOro Bo3AeincTBns nosbllwaetcs, 3 HEeKTUBHOCTb NPOHUKHOBEHUS 3/IEKTPOMArHUT-
HOro NosA Yyepes flaHHble HeHaMepeHHO co3faHHble (M HeXenaTenibHble) NYyTU Takke Bo3pacTaeT. YNyuylleHue
o6uiero (Tonos0rMYeckoro) saKpaHMpoBaHUA paccMaTpmBaemoit cucTembl 6yaeT cnoco6CcTBOBATH pPeLUeHUto
npo6nemsi.

Tak Kak MHOTMe 3/IEKTPOHHbIE CUCTEMbBI, paccMaTpuBaeMble B HaCTOSIWEM cTaHfapTe, ABNATCA unud-
POBbLIMU. CYLLECTBYIOT AONOMHNTEbHbIE BO3MOXHOCTU /151 BAUSIHUSA 31€KTPOMArHUTHbIX BO34eicTBuii 60/b-
LWOW MOLHOCTWN Ha CUCTEMbl. DNIeKTPOMarHUTHble BO3AelcTBMA 60MbLON MOWHOCTU MOryT 6bITb NOBTOPSA-
IOWMMUCS. ¥ YACTOTbl NEPUOLNYECKMX I/TEKTPOMATHUTHBLIX BAUAHWUIA Ha CUCTEMY MOFYT cOBNafaTtb C Takumu
yactoTamu B 4N poBbIX cxemax. B pesynbTaTe BO3MOXHO HapylleHne paboTbl CUCTEMbI NpU onpeAeneHHon
KPUTUYECKON YacToTe UMMYNbCOB, AaXe eC/I MHTEHCUBHOCTb 3/1EKTPOMArHUTHOro Nons 6yaeT HUXe noporo-
BOr0 3Ha4YeHus NOBpPeXeHNss KOMNOHEHTOB. CneynanucTbl, 3aHUMalLWMecs BONPOcamMmmn 31EKTPOMArHUTHbIX
BO34€eNCTBUIA 60NbLIONM MOLWHOCTH, TAKOW NOAX0A 06bIYHO Ha3bIBAT «XUTPbIM». CnepoBaTtesibHO, Heo6Xxoau-
MO NPOBOAMNTbL AONOMIHUTENbHbIE MEPONPUATMA NO 3alnTe, 3aKkiyatLmnecs B TwartenbHoM MNMpoekTuposaHum
LM poBOIt 31EKTPOHUKM AN UCKIIOYEHUSA ee BOCNPUMMUYMBOCTH K MEepUOANYECKNM BO34EeACTBUAM.

[anbHeliline cBefeHUs U Tpe60BaHNA B OTHOLIEHUN PEKOMEHAYEeMbIX KOHLEeNuUuii 3awnTbl OT 3/1EKTPO-
MarHUTHbIX BO34elCTBUI 60MbLIOA MOWHOCTM U UX peanusauun 6yayT npuBefeHbl B HaLWOHaNbHbIX CTaH-
JapTtax. paspabaTbiBaeMbix Ha OCHOBe cTaHgapToB cepun M3K 61000.

5 Knaccudmkaumnsa anekTpoMarHMTHbIX BO3AEeRCTBMIA 6ONbLLOA MOLLHOCTM

TepMVH «3/1eKTPOMAarHuTHble BO3A4eiNCTBUSA 60bLIOK MOLWHOCTM» UCNOb3YIOT ANA 0603HAYEHNA Jnek-
TPOMAarHWTHbIX BO3AEeACTBUIA, reHepupyemblX yCTpOCTBaMK, CO34aHHbIMWN YeT0BEKOM, KOTOPbIE MOTYT OKa3bl-
BaTb HebnaronpuaTHoe BAMAHWE Ha DYHKLMOHUPOBaHWE 3NEKTPUUYECKUX CUCTEM. Takne aNeKTpoOMarHuTHble
BO34€NCTBMA MOryT 6bITb CO3AaHbl B BUAE UMMY/bCHbIX MOCbLIIOK 3HEPTUN MUKPOBOJIH, YAacTO Ha3biBaeMblX
MWKPOBO/THOBbLIMW CUTHaNamm 60/bLWOK MOWHOCTU. ANbTEPHATUBHLIM cNOCO6 cOo34aHMa Takux afnekTpomar-
HUTHbIX BO3AECTBUI 3aKNloyaeTca B reHepayum 31eKTPOMarHUTHOro MMnynbca B OCTATOYHO LIMPOKOW no-
floce 4acToT, 06bIYHO Ha3blBAEMOIO CBEPXLWMNPOKOMOSOCHBIM 3/1EKTPOMArHUTHLIM UMMYbCOM. Kak npasuo,
3HEpPrua 3NeKTPOMarHMTHbIX BO3AelCTBMIA 601bLIOIN MOWHOCTU NPUBHOCUTCA B CUCTEMY B (DOPMe BHeLIHEero
3N1eKTPOMarHMTHOro nons.

[nsa Toro 4yto6bl NOKasaTh pasnnyre Mexay MUKPOBOSIHOBLIMUY CUTHANAMMN 60/bLLIOK MOLHOCTU N CBEPX-
LIMPOKOMNOIOCHbIM 3/1€KTPOMArHUTHbIM UMMY/bCOM, ClefyeT NPOBECTU aHan3 ux CNeKTpoB B YaCTOTHOW 06-
nactu. Pe3ynbTatbl TAKOro aHanunsa npueejeHbl (B KA4eCTBEHHOW hopme) Ha pucyHke 1, rae npeacrtaBfeHbl
3Ha4yeHus cnekTpanbHOW nnoTHocTu. (B/M)/Iy TunoBoro mMonHWeBoro paspaga. MU BAB, MUKPOBOJIHOBbLIX
CUrHanoB 60/bWOA MOLWHOCTA U CBEPXLINPOKOMNOSIOCHOTO 3/1€KTPOMArHUTHOrO UMNynbca, CO3[4aHHOro Kpa-
TKOBPEMEHHbIM UMNYbCHLIM cUrHanom. CnegyeT OTMETUTb, YTO CNeKkTpasbHas NAOTHOCTb MUKPOBOJTHOBbIX
CUrHanoB 60MbLIOKA MOLLHOCTM U CBEPXLWMPOKOMOSIOCHOTO 3/IEKTPOMArHUTHOrO MMMyfnbca SIBASeTCA cylie-
CTBEHHOI Ha 4yacToTax cBbilwe 300 MIy. CnekTpanbHas NAOTHOCTb CBEPXLIMPOKOMNOMNOCHOIO 37eKTpomar-
HUTHOIO MMNynbca pacnpefeneHa B 4OCTATOYHO LUIMPOKON NONOCE YacToT, cnekTpasnbHas NA0THOCTb MUKPO-
BOJTHOBbIX CUTHa/I0B 60/bLIOK MOLHOCTM HanoOMWHaeT CNeKkTpasibHYyl MAOTHOCTb OAHOYACTHbIX CUTHANOB.
Cnepyet Takke OTMETUTb, YTO CMeKTpasibHas NIOTHOCTbL CBEPXLMPOKONO/IOCHOTO 3/1EKTPOMArHMTHOro UM-
nynbca MOXeT 4acTo yMeHblaTbCAa CBble YyacToT 3—5 MMy 1 4TO y3KONONOCHbIE «CTPesbl» CnekTpanbHON
M/IOTHOCTWN MUKPOBOJIHOBbIX CUTHAM0B 60/bLLIOM MOLLHOCTU MOTYT XapakTepn3oBaTbCa 60/bLINMN 3HAYEHNS-
MW cnekTpanbHON NAOTHOCTH.

Ha pucyHke 1 nokasaHo TakXe MHOXEeCTBO 3/IeKTPOMAarHUTHbIX MOMeX HU3KOro YPOBHSA. DTW afiekTpomar-
HUTHbIE NOMEXN NPeAcTaBNAT COO0A BHELWHUIA 3/1eKTPOMArHWUTHbI LWYM. Bbl3BaHHbI paboToil anekTpuye-
CKMX YCTPOWCTB, PacnofioXXeHHbIX B6AN3N OT MeCT U3MepeHUiA, 1 yaaneHHbIX UCTOYHUKOB 31€KTPOMarHUTHbIX
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nonei. ,ﬂ,aHHbIe 3N1eKTPOMarHnTHble NOMexXn Takxxe MOryT NnpuBecTn K 3N1EeKTPOMarHNTHOMY B/IMAHUIO Ha o060-
pyfoBaHue.

OneKkTpuyeckne cucTemsl, kak NpaBusIo, 3alluileHbl OT BO3AENCTBMA 3/IEKTPOMArHUTHbIX MOMEX HU3KOro
YPOBHS, €Cnn COOTBETCTBYIOT Tpe6oBaHMAM, YCTaHOB/IEHHbIM B CTaHfjapTax B o6nactu 3MC. pacnpocTpa-
HAOLWMNXCA Ha 3TN cucTeMbl. OfJHAKO UHTEHCUBHOCTb 3/IEKTPOMArHUTHbIX BO3felCTBUIA 60MbLIOH MOLHOCTN
MOXeT CyL|eCTBEHHO NPEBbLICUTL TUMNYHbIE YPOBHN NOMEXOYCTONUYMBOCTU CUCTEM FPAXAAHCKOTr0 Ha3HavYeHus,
COOTBETCTBYHLWMX Tpe6OBaHMAM cTaHAapToB B o6n1actn SMC.

CnekTtpasibHas
M/1I0THOCTL, (B'MyTL,

113HaunTeNbHbIE CNEKTPasIbHbIE COCTaBAALME HAa YacToTax A0 - 10 MIL B 3aBUCUMOCTM OT yAaNEHNA U napame-
TPOB MOJIHMEBOTO paspsja.
2| B nonoce yactoT npubansnTensHo ot 0,2 ao 5w,
He 0653aTenbHO ABNALWMECH 3NEKTPOMArHUTHbIMW BO3AEACTBUAMMN 6ONbLUONA MOLLHOCTY.

MpumeuyaHue — Ha puUCyHKe NPUMEHEHbI orapumMmuyeckme LWKasbl.

PucyHok 1 — Cxema CnekTpasibHOro cocTaBa MUKPOBOSHOBbIX CUTHA/I0B 60/1bLLIOIA MOLLHOCTY M CBEPXLUMPOKOMO/OCHBIX
3M1EKTPOMArHUTHBIX UMMY/IbCOB B CPABHEHUM C APYTUMU NIEKTPOMArHUTHBIMU U3ydeHusmMu (cM. [10])

Cnoco6bl reHepUpoBaHUS 1N U3/TyYEHUSI 3NEeKTPOMArHUTHbIX NOMei, a Takkke MexaHW3Mbl CBA3WN U BO3-
MOXHOCTU NOBPEXAEHUA NN HapyLWeHNs MYHKLMOHNPOBAHUA CUCTEM MOTYT B 3HAYUTE/IbHON CTENeHn pas-
nmyatbCcsA A1 3/1€KTPOMAarHUTHbIX BO3JeNCTBNI pasHbiX BUAOB, MpeAcTaB/ieHHbIX Ha pucyHke 1. OgHako
pesynbTaTbl BAUAHUA pa3HblX 3/1€KTPOMArHUTHbIX BO3A4EWCTBUI Ha 3NeKTpuyeckne CUCTeMbl MOTYT 6biThb
O MHAKOBbLIMUN W NPeACTaBNATb CO60I HapyleHne PyHKLMOHUPOBAHNSA UK (DU3NYECKOe NOBPEXAEeHNE CU-
CTeMbl.

NCTOUYHNKM MUKPOBOJIHOBbIX CUTHaN0B 6O0MbLIOKA MOLWHOCTA B 3@aBUCUMOCTM OT KOHCTPYKLMKM, KakK npa-
BW/O, TEHEPUPYIOT UMMYbCbl, NOAO06HbIE NEPUOANYECKM MOBTOPSAOLWMUMCSA CUHYCOMAaNbHbIM cUrHanam. Tu-
MWYHbIE 3HAYEHMS Hecylleil 4acToTbl AaHHbIX cUrHanos — ot 0,2 go 5 IMu. AAUTENbHOCTU uUMMyNbca — A0
HEeCKONbKMX MKC. [lpyrne BaxHble 0CO6EHHOCTU CUTHAMO0B [aHHOro BMAa 1 UX BO3AeiCTBUA Ha CUCTEMBbI yKa-
3aHbl HUXe:

a) UMMYNbCbl MOTYT 6bITh NOBTOPALWMUMUCA, NPUYEM Hecyllasd 4acToTa UMMNY/IbCOB MOXET U3MEHATLCA
BO BpeMeHu (MoAynnpoBsaTtbCs).

Mpwn atom:

- MakcumasbHas CB3b MOXeT 6bITb JOCTUTHYTA NPV COBMaAeHNN NnepecTpanBaeMoil Hecylleil YacToTbl
MMNYbCOB C YacToTaMu pe3oHaHCOB (hYHKLMM nepefayn CUCTEMbI:

- HeobxoMMOoe YMC/I0 UMMNY/LCOB Ha PE30HAHCHbIX YacToTax MOXeT 6bITb 0Kono 100:
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- Npy BO3AENCTBMW MUKPOBOJSIHOBbIX CUIHa/NOB 60MbLWOK MOLLHOCTU BO3MOXHO 3/1€KTPOMArHUTHOE
B/IMSAAHNE HA CUCTEMY Yepe3 HEHAMEPEHHO co3AaHHble NYyTU 31eKTPOMAarHMTHOro NPOHUKHOBEHUS U NOCTO-
AHHOEe (Phu3nyeckoe NOBpexXJeHne CUCTEMbl Yepe3 HaMepeHHO COo3faHHble MyTU 3NeKTPOMArHUTHOro npo-
HWKHOBEHMUSA.

b) MHOTME CUCTEMbI, NOABEpPraemMble BO3AENCTBUIO, UMEIOT 3HAYUTENbHY BOCNPUMMUYMBOCTbL Ha YacTo-
Tax pe3oHaHcoB (hyHkUMM nepegaun. MNpu 3TOM BO3MOXHA «HACTPOLiKa» MUKPOBOJTHOBbLIX CUTHANOB 60/bLION
MOLLHOCTY C Le/bi0 Bbi3BaTb KOHKPETHOE BO3AElCTBME HA CUCTEMY;

C) TUNUYHLIMW YCTPONCTBAMU ANS TeHepauumnm 31eKTPOMarHMTHbIX Noein Takoro poga ABNAKTCA reHe-
paTopHble Npubopbl pagMoNoKaLMOHHbIX CTaHLMIA U MUKPOBOJTHOBbIX Neyeil, pensaTUBUCTCKME MarHeTpoOHbl,
BUPKATOPbI WU CyneppenibTPOHbI.

[eHepauuna cBepXLWMPOKONO/SIOCHOTO 3/1IEKTPOMArHMTHOTO UMMy/ibCa NyTEM CO34aHUA KpaTKOBPEMEHHO-
ro NnepexoAHOro npouecca npeacrasnseT co60i NHON MexaHU3M pacnpefeneHns aHepruy B LWMPOKOL nonoce
4acToT. B 3TOM OTHOLWEHWN CBEPXLINPOKOMNOMOCHbI 31EKTPOMArHUTHLIA MMNYbC aHanornieH MU BAB.

OCHOBHble 0COBEHHOCTY CUTHAMIOB fL@aHHOTO BMUAA YKa3aHbl HUXeE;

a) TUNWYHble 3Ha4YeHus; BpeMsa HapacTaHus mmnynsca — 100 nc; AAUTENbHOCTb MMNynbca — 1 HC.
B pesynbTaTe 0OCHOBHble YaCTOTHblE COCTaB/IALWME N MOWHOCTL UMMY/NbCa pacnpefensnTca B BeCbMa LWn-
poKOIi mosoce YacToT, Npu6aM3nTeNnsHO oT 0,2 o 5 Mu:

b) CBEPXLIMPOKOMNONOCHbIE 31EKTPOMArHUTHbIE UMNYNbCbl MOTYT 6bITb NOBTOPAOWMUMUCSA. [pu 3TOM;

- MOXeT 6bITb 06ecneyeHo cCoBNajeHne 4acToT CNeKTpa C Pe30HAHCHbIMW YacToTamun PasfINyHbIX CUCTEM;

- 3Heprus oTAeNbHOro MMNy/ibca OKasblBaeTCA pacnpefesneHHol No MHOTMM yacToTaMm:

* cnekTpasibHas MNJOTHOCTb faHHbIX CUTHA/IOB MeHbLUe, YeM CnekTpasbHas NJI0THOCTb MUKPOBOJTHOBbIX
CUrHanoB 60MbLOK MOLLHOCTK.

C) Npu BO34elCTBUN CBEPXLIMNPOKOMNOMOCHBIX 3/TeKTPOMArHUTHBLIX UMMY/IbCOB 60/1ee BEPOATHO 3/1€KTPO-
MarHMTHOe B/IMSIHME Ha CUCTEMY, YEM MOCTOsIHHOE hn3nyeckoe NoBpeXAeHNe CUCTEMbI.

[na nyywero nOHMMaHNS BONPOCOB, CBA3aHHbIX C 3/1€KTPOMAarHUTHbIMW BO34ENCTBMAMM 60NbLION MOLL -
HOCTW Ha CUCTEMbI, MOXeT 6biTb MPOBEAEH aHaIN3 UK BbINOSIHEH 3KCMEPUMEHT C KOHKPETHOI cuctemoit. Ans
3TOro, Npexae Bcero, He06X04MMO YCTAHOBUTbL XapakTePUCTUKN 3N1EKTPOMAarHUTHbIX BO34ENCTBUI 60MbLIONA
MOLLHOCTHW, BAUAOWMUX Ha cuctemy (cm. 5.1).

5.1 N3nyyaemble U KOHAYKTUBHbIE COCTABAAOLLME 21EKTPOMATHUTHBIX BO3AENCTBUI 60M1bLWONA
MOLHOCTH

Mpu Bo3gelictBun 3MU BAB Ha cucTemMbl MOTyT ObiThb BblAeNeHbl N3ydyaemas coctaBnawuias, npeg-
cTaBnswwas coboli anekTpomarHnuTHoe none, U KOLAYKTUBHAA cocTaBnsawlasn, npegcrasnstowas coboin Tok
(cM. [5]). AHANOTUYHbIN NMOAXOA MOXET ObITb MPUMEHEH K 3/TEKTPOMArHUTHLIM BO34eACTBUSIM GOMbLIOK MOLL-
HOCTW Ha CUCTEMBbI.

K xapaktepuctukam usnyyaemol cocTaBnalowWwein 3NeKkTpoOMarHMTHOro Bo3aeicTena 601blWoK MOLy-
HOCTW OTHOCAT HaNPAXeHHOCTb 3/IEKTPUYECKOro (M BO3MOXHO, MarHUTHOr0) nons, oopMy BOJIHbI, & Takxe
cBeAeHUs 0 nonapusauunu, yrne HakoHa, pacnonoXxeHun n pasmepax MecTa BO3AeNCTBUA 3N1eKTPOMarHuT-
HOro MoNs Ha cucTeMy. Takum o6pa3oM, XxapakTepucTukn n3nyyaemoi coctaBnsaoLLeli 3NeKTPOMarHuTHoro
BO3JeiicTBMS 60OMbLIOA MOLWHOCTM NpeAcTaBAslOT CO60M XxapakTepucTUKM 31eKTPOMAarHUTHOrO MONs BHE
CUCTEMBI.

XapakTepuCcTUKN KOHAYKTUBHOW COCTaBNAOLWENR 3N1eKTPOMa/KTHOro BO34eNCTBMA 6ONbLIOK MOLLHOCTH
npeacTaBnsaoT co60i GOPMbl BOMHBLI U CNEKTPbI TOKOB B O4HOM WX B 60/blIEM YUC/e NPOBOAHUKOB B CUCTE-
Me. O6bIYHO 3TN XapakTepuUCTUKN yCTaHaBNMBAKOT B TOYKE 3/IEKTPOMArHUTHOrO MPOHUKHOBEHUA B CUCTEMY,
rae NpoBOAHWUK, B KOTOPOM BHELUHWM 3/1€KTPOMAarHUTHOM MOJIeM HaBefeH TOK. NPOXOAWUT yepe3 060/10uKy
CUCTEMbBI Y UHXEKTUPYET TOK BHYTPb CUCTEMbI.

5.2 Y3KOMNO/IOCHbIE 3/1€KTPOMArHUTHbIe BO3AeiicTBUA (HenpepbliBHbIe KonebaHns)

Y3KOMoJ/I0OCHblE N3nyvyaemble AN KOHOAYKTUBHbIE MUKPOBOJIHOBbIE CUTHAbI 60nbLoi MOLLHOCTH 06bIY-
HO npeacTaBnAwT co6oi MoAaynupoBaHHble CUHYyCcOMaAaNbHbIE KonebaHus. OJHUM 3 TakKnx CUTHas/I0B ABNAET-
cA CVIHyCOVI,an'IbeIVI cunanc rayccosoﬁ Mo,qynﬂu,meﬁ B COOTBETCTBUN C BblpaXXeHnem
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dopma BOMHbI (1) 3aBMCUT OT cNeayoLnX napameTpos:

AQ— NMKOBOE 3HaYeHe UMNYNbCa HaNPSAXXEeHHOCTM 3NEeKTPUYECKOro nons (B COOTBETCTBYOLWMX eANHNLAX);

fb— Hecywasn yacTtoTta curHana. Iu;

t0 — mepuog Hecyuiein yacToTel curHana (1/f0), c;

ts— BpeMeHHOW caBuUT curHana, c;

a — ahheKkTUBHAS WNPUHA raycCoBOl (DopMbl BO/HbI (Ha ypoBHe 1/e);

e — OCHOBaHue HaTypasibHbIX 10rapugmos.

B 3aBMcCUMMOCTM OT BMAA MCTOYHMKA WM3/1yYaeMOro 31eKTPOMarHUTHOrO NoAs Ha MpakTUKe BO3MOXHbI
curHansl no (1) ¢ pasnuyHbiMu ornbarwmummn (29). HopmMannsoBaHHbIi N0 aMNAUTyAe CUrHaa C rayccoBoOW
cdhopmoit moaynAuun napametTpom a = 10 * 1 BpEeMeEHHbIM CABUTOM S = 2a B PyHKLMUWN OT HOPMaIM30BaHHOIO
BpemeHun (O npeacTaBneH Ha pucyHke 2a). CurHan Ha pucyHke 2alecTecTBEHHO SiBNSeTCA Y3KOMNOJOCHbIM.
3HayeHne cnekTpanbHOW NAOTHOCTM AAHHOTO CUrHana NpeAcTaB/ieHo Ha pUcyHKe 2b). ®opma BOJIHbI B COOT-
BETCTBMW C PUCYHKOM 2 npepcTaBnsieT coboi NpocToii npumep 3N1eKTPOMarHMTHOro BO3AeNCTBUSA 6OMbLUOWA
3HEeprum, OTHOCALWEroca K BUAY MUKPOBOJIHOBbLIX CUTHANOB. [ONONHUTENbHbIE CBEAEHUA 06 Y3KOMOMOCHbIX
3N1EeKTPOMArHUTHbIX BO3A4ENCTBMAX GONMbLIOW IHEPTUUN, NX OXMAAEMbIX aMNANTYAAX, HECYLUX YacToTax U T. 4.
npusepeHsbl B [30].

SAWAa

'oCWAo

PucyHok 2 — lMpuMep y3KOMO/I0CHOTO 3/1EKTPOMArHUTHOIO BO3AEACTBUA 60MbLIOIA MOLLHOCTN —
CMHYCONAA/bHbIV CUTHAN C rayccoBOi Moaynsuueit (hopma BOsHbI U CEKTP)
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5.3 CBepXWWUPOKOMNONOCHbIA 3/1€KTPOMArHUTHbIA UMNY/TbC HA OCHOBE KPATKOBPEMEHHOTO
nepexogHoro npouecca

Lpyrim BO3MOXHbIM CMOCOGOM CO3[aHWsA 3/1eKTPOMArHUTHOTO BO3AeNCTBUSA 60/bLLONA MOLWHOCTMN ABAS-
eTcsa reHepauus CBepXLUIMPOKONO/I0CHOIO NepexoAHOro npolecca, NokasaHHoOro Ha pucyHke 3.

B 0T/IMUME OT Y3KOMOMOCHbBIX MUKPOBOJ/THOBLIX CUTHAMOB GO/bLLOI MOLLHOCTY AaHHas hopMa BOMHbI 6/113Ka
K 6UNONSPHOMY UMMNYNLCY W. KK CNeACTBUE, NMEeT CreKTpasibHble COCTaBSOLIME B BECbMA WNPOKOI Nonoce Ya-
CTOT*> Kak yka3aHo B [30]. BO3MOXHbI HECKO/bKO MPOCTbIX aHA/IMTUUECKUX BbIPAXEHWNIA, KOTOPbIE MOTYT BbITb UC-
Nonb30BaHbl A8 NPeACTaBNEHUS NOAOGHBIX WMPOKOMNONOCHBIX CUTHAMNOB. K HAM OTHOCSITCS rayCccoBblii UMMYNbC
1 [BOIHOM 3KCMOHEHLMANbHbIV NepexofHblil Npouecc, KOTOopbIi YacTo NPUMEHSIIOT 4151 NPeACTaBeHUs 31EeKTPOo-
MarHWTHbIX Nosel, CBS3aHHbIX C BbICOTHLIM siflepHbIM B3pbIBOM. [laHHasi (hopma BOJIHbI paccMoTpeHa B [27].

0)0, KB/

L0 (B/myly,

PucyHok 3 — lMprmep 31eKTPOMarHMTHOro BO34eiNcTBMS 60/bLLIOIN MOLLHOCTM HA OCHOBE CBEPXLUMPOKOOOIOCHOTO
nepexoAHoro npotecca (popma BOJIHbI 1 CNEKTP)

B cnekTpe usnyyaembix 3/1€KTPOMArHUTHbIX Noseii 60MbLLIOA MOLHOCTH JaHHOTO BiAA He JO/MKHO ObITb NOCTO-
AHHOV cocTaBnsoLeid. MoaTomy naowanb NoA Kpreol hopMbl BOMHbI, NPeACTaBNEHHOM Ha puUcyHKe 3a), unn nnowans
noA, KpBOI N06GOI aHaNMTUYeCKoii hopMbl BOMHbI, NPeACTaBNAoWElN AaHHbI B BO3AeCTBUA, JO/MKHA ObiTb paBHa
Hy/t0 (C y4UETOM 3Haka).

10
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5.4 ToBTOpsALWAanca reHepayusa

CBefieHus, npuBefeHHble B 5.1—5.3. nonyyeHbl B NPEN0I0OXEHNM, YTO (DOPMa BOJIHbI 3/IEKTPOMATHUT-
HOro BO3/eiCcTBUS GONbLUOW MOLHOCTM NpeacTaBnsieT co60i eANHUYHOE ABNEeHnEe — OTAeNbHbIA MOAYMPO-
BaHHbI CUHYycOUAANbHbLIA CUTHAN NMG0 OTAE/bHbI CBEPXLIMPOKONOIOCHbIA UMNYNbC. BO3MOXHO, OfHAKo,
nepuoanYecKkoe NOBTOPEHME AaHHbIX (POPM BOJIHbI, T. €. UMAY/IbCHAsA NOCNEA0BATE/IbLHOCTb (CM. PUCYHOK 4a).
Ha flaHHOM pucyHKe npeacTaBneHa hopMa BOJIHbI MO PUCYHKY 2@) NpW NeproAe OCHOBHOI 4acToThl (g. nepu-
ofMuecku NoBTopsiemasi ¢ nepuogom nosToperus Tp =40 (o

PucyHok 4 — Mpumep nocnefoBaTelbHOCTV UMMY/IbCOB, aHANOTMYHbIX NPEACTaB/IEHHOMY Ha PUCYHKe 2

dopma BO/HbI Takoro Buaa obecneuynBaeT nepegavy Ha obnyvyaemylo cuctemy 6onblei aHeprum. Ha
npakTuke 6bl/I0 NOKaszaHO, YTO MPU AaHHON (hopme BO/HbI pe3ynbTaTbl HapyweHns PyHKLUMOHMPOBAHNSA B
3HAYUTENbHON CTENEHN 3aBUCAT OT YaCcTOTbl NOBTOPEHUSA CUTHANOB (Npu ee usmeHeHun ot 100 go 1000 lu).
B uenom anekTpomarHuTHOe Bo3AelicTBue npu AaHHo hopmMe BOJIHbI MOXET Bbi3BaTb CEpPbe3Hble NPo6aeMbl
ana cuctem. CnefyeT yuntbiBaTb, YTO NEPUOAUYHOCTL CUTHANA NPUBOAUT K U3MEHEHUIO ero cnekTpa. Cnek-
TpasbHasa NAOTHOCTb Noc/nefoBaTelbHOCTU UMMNYLCOB NpeAcTaBfieHa Ha pucyHke 4b). MoXHO BMAETb, Y4TO
HenpepbiBHaA crnekTpasibHas M/IOTHOCTb O4WHOYHOrO UMMNysbca, NpeAcTaB/eHHOro Ha pPUCyHKe 2a). npeob6-
pasyeTcs B COBOKYMHOCTb CNeKTpasibHbIX KOMMOHEHTOB, pa3fefleHHbIX HOPMa/JIn30BaHHbIM YaCTOTHbIM WH-
Tepsanom Af= 0.025 fb. Ecnn nocnefoBatenbHOCTb UMNYNLCOB UMeeT GECKOHEYHYI0 ANNTENbHOCTb, CNEKTP
CTaHOBUTCA [UCKPETHbLIM.

OnpegeneHnio 3N1eKTPOMarHUTHbIX BO3AeicTBMii 60nblWOoK MowwHOCTH (cMm. 3.17) MOryT COOTBETCTBO-
BaTb CUrHasbl C MHOTUMM pasNyHbIMKU nNapameTpamu. [JONoNHUTENbHbIE CBeAeHNsa 06 CBepXLINpoKonoaoc-
HbIX 3/1eKTPOMAarHNTHbIX BO3AEWCTBMNAX 60MbLIOA MOLWHOCTU NpuBegeHbl B (30).
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6 3JnekTpoMarHuUTHbIe BO3Ll,el7|CTBVIF| 60/1bLUOM MOLLUHOCTN Ha CUCTEMbI

HamepeHHble BANSHUSA 3/1eKTPOMArHUTHbIX BO3AeCTBUIA 60/bLION MOLWHOCTA HA CUCTEMbI MOTYT 6bIThb
CBA3aHbl C U31y4yaeMol U KOHAYKTUBHON BOCNPMUMUYMBOCTLIO CUCTEM, KakK 3TO UMeeT MecTo U B ApYyrux 06-
nactax TexHonorum dMC.

MpUMEHUTENBHO K M3y4YaeMoi BOCMPUMMYMBOCTU CUCTEM Y4YMUTLIBAKOT PacnpoCTpaHeHWe 31eKTPo-
MarHWTHbIX Moneli, CoO34aHHbIX BHELWHUMU NCTOYHUKAMW, B BO3AyXe U UX BO3AENCTBME HENOCPeACTBEHHO Ha
BHeLWHNe Kabenn n aHTeHHbl o6opyaoBaHns. Kpome TOro, y4mTbiBalOT, YTO BHELIHWE 3/1EKTPOMArHUTHbIE NoNs
NPOXOAAT Yepe3 OTBEPCTUA B KOXYXax M MPOHUKAKT BHYTPb 3aliULLEHHOr0 06beMa, YTO MOXET Bbi3BaTb MNo-
BpeXAeHne cuctem nnm yxyaweHve ux pabortsbl.

MPUMEHNTENBHO K KOHAYKTUBHOI BOCMNPUUMYMBOCTU CUCTEM YUUTHIBAIOT, YTO 3/IEKTPUYECKME CUTHA-
Nbl MOTYT ObITb WHXEKTUPOBAHbI B CM/I0Bble Kabenu n kabenu curHanoB M CBA3U C UCMNOIb30BAHUEM He-
nocpeAcTBEHHON (rasibBaHW4YecKkoil), eMKOCTHON N WHAYKTUBHON CBA3W. [aHHble 3NeKTpuYeckne curHanbl
pacnpocTpaHslTCa ngocTuraloT obopyaoBaHns, NOAKNYEHHOTO K kKabenam. Mpun aToM dyHKLMKN nepegayn
npoBOAOB M Kabeneli MOryT orpaHuyYuTb pacnpocTpaHeHue COCTaBAAKLWMX BbICOKMX 4acToT. Hanpumep,
3NeKTpUYeckne NpoBoaa BHYTPM 34aHUA CYL,ECTBEHHO 0CNabnaoT CUrHanbl ¢ YacToTamun CBbilLe HECKOMb-
Kkux merarepuy. MNpu 3aTom gpyrme kabenwn, Hanpumep kateropum 5. npeAHasHayeHbl AN1A NPUMEHEHUS Ha
60nee BbICOKMX YacToTax (~ 1 ITy).

B HacToswem pasfene npuBefeHbl CBeLeHWS O MexaHu3max BO30YXAeHus cuctem, npeacraBneHumn
CUCTEM C WUCMONb30BAHWEM KOHLENUUIA 3N1eKTPOMArHUTHOMW TONOMOrMM U pas3/iMyHbIX pesdynbTaTtax BAUSHUSA
3N1€KTPOMAarHUTHbIX BO3A4ENCTBUIA 60NbLIOIA MOLLHOCTU Ha 3N1EKTPUYECKNE CUCTEMbI Y KOMMOHEHTHI.

6.1 Tononorunyeckoe npegcraB/ieHNe CUCTEMbI

[lNs oueHKN pe3ynbTaToB BAUSHUSA 3/1€KTPOMArHUTHbIX BO34eCTBMI 60/bLIOA MOLHOCTN Ha CMIOXHYI0
cucTeMy Heo6xoAMMO, MpexAae BCero, NoHATb, Kak MPOBECTW aHanu3 BO3OYXAEHWA CUCTEeMbl U yyecTb Npu
3TOM 3/1€KTPOMAarHMTHoe B3auMofelicTBMe COCTaBHbIX yacTell cucTtembl. PaccMoTpeHue pasnnyHbix 6apbe-
pOB. CYLLECTBYIOLUX B COOPYXEHUN, @ TakKe BO3MOXHbIX NyTell pacnpoCcTpaHeHNa 3/1eKTPOMarHnTHOW aHep-
TN NPUBOAUT K MOHATUIO 3N1EKTPOMArHMTHON TONOOrMM cucTemMbl. KOHLenuns anekTpoMarHMTHOR Tononoruu
cuctemMbl 6blna npuMmeHeHa B (26). Mofxof, OCHOBaHHbLIA Ha AaHHOW KOHLenuuu, 3akniovaetca B TOM. YTO
cuctemMa paccmaTpuBaeTCcs Kak COBOKYMHOCTb 3/IeKTPOMArHUTHbIX 6apbepoB (3KpaHOB), MPenAaTCTBYIOLNX
Unu B onpegeneHHoi cTeneHn cnocobCTBYOLWMNX PACNPOCTPAHEHNIO 3/1€KTPOMArHUTHOW 3HEeprum oT TOYKM K
Touke. ICTOYHMKM 3N1EKTPOMArHUTHbIX Noneil 60blOoi MOLWHOCTM MOTYT 6bITb BHE CUCTEMbI, Kak 3TO UMeeT
MecTO B CyYasax MO/THUEBOro paspsfa, MHTEHCMBHOIO UCTOYHMKA PaAnonN3nyYeHns UM aNekTpoMarHuTHoro
BO3eNCTBUSA 6O/MbLLIOK MOLLHOCTHU.

MONHOCTbIO 3aMKHYTbIX 3/1€KTPOMArHUTHbIX GapbepoB MpakTUYeckn He cyuiecTByeT. B akpaHe Bcerpa
MOTYT 6bITb HECKO/IbKO OTBEPCTUIA, Yepe3 KOTOPble BO3MOXHO pacnpocTpaHeHne 31eKTPOMarHUTHON aHeprum.
OueBMAHO, YTO HANPSHXXEHHOCTb MO BHYTPU NPOM3BOJILHON 3KPaHMPOBAHHOWK 060/104kM ByeT MeHbLle, YeM
Hanps>XXeHHOCTb BHELLHEro Mnoss, Tak kak cylecTByeT 3aTyxaHue B NPOBOASALLMX CTEHKax 060/104KM 1 Npu Npo-
XO0XAEHUN CUTHANOB HEOCHOBHbIMU MyTAMU. OAHAKO faHHOe 3aTyxaHue 6yAeT UMeTb KOHEYHOE 3Ha4YeHune, 1
Hanuuue anepTyp (OTBEPCTUil) B 9KPAHNPOBAHHON NOBEPXHOCTM 1 HeAoCTaTo4YHas NPOBOAMMOCTbL MaTepuana
3KpaHa MOryT NpuMBECTU K MPOHWKHOBEHMWIO 3/1EKTPOMArHUTHbIX NoJieil Yyepes 060/104Ky.

MpurMep ynpoLLEeHHOW CXeMbl 3KpaHWPOBAHHOIO COOPYXeHUs, 06/ly4aeMoro BHELHUM 3/1eKTPOMarHuT-
HbIM MoneMm, npeAcTaBfieH Ha pucyHke 5. O4eBUAHO, YTO MPOHUKHOBEHMWE 3/1EKTPOMArHMTHOrO MONs B 3Kpa-
HWpPOBaHHOE CoOopyXeHne ByeT NPONCXOAUTb B KOHKPETHbIX MecTax 3/1eKTpOMarHuTHoro 6apbepa, Takmx kak
[iBEPHblE 3aXVMbl, NaHeNn AocTyna, 0TBEPCTMSA BO3AYLUIHbIX BEHTUIATOPOB, MecTa CBapku, HEOAHOPOAHOCTH
aKpaHa. Kpome Toro, BBOAMMbIE B 3KpaHUPOBAHHOE COOPYXeHne CuIoBble Kabenu, Nn30aMpoBaHHble OT 3Kpa-
HUpYyloLWero martepuana, npeAcTaBnsalT coboii NyTb, KOTOPbIM 3HEPIUA BHELIHEro 3/1eKTPOMarHUTHOro BO3-
[elicTBUSA MOXeT NMPOHUKaTb BO BHYTPEHHME NMOMELLEHUS 3KPAHVPOBAHHOIO COOPYXEHUS.
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Bo3gelicTaytolLee
3/IEKTPOMArHUTHOE foje

AHTEHHa SKpaHnpoBaHHoe

PucyHOK 5 — TMpuMep ynpoLLeHHO CXeMbl TUNOTETUYECKOTO COOPYXKEHUS,
06/1y4aeMOro BHELHUM 3/1EKTPOMArHATHBIM MosieM

PaccMOTpeHHbI Bbille cayyaid OTHOCUMTCA K 9KpaHWPOBAHHLIM COOPYXeHUAM. KOHeYHo, He BCce coopy-
XeHusa (NomeLLeHns) MOryT CYMTATbCA XOPOLLO 3KPaHMPOBaHHbIMU. Ha npakTuke BO MHOTUX Cny4Yasx He npeg-
NPUHUMAIOTCA MOMNbITKM 06ecneynTb 3N1eKTPOMarHMTHOe 3KpaHupoBaHme CUCTEM, Hanpumep, NPUMEHUTENbHO
K 06bIYHBIM 3[4aHWNAM, KOMMEPYECKMM COOPYXEHUAM U aBTOMO6GMNAM. TeM He MeHee BO3MOXHO YacTuyHoe
3JKpaHMpoBaHue NyTeM NPUMEHEeHUs apMaTypHbIX NPYTbeB U CTaNbHbIX 6aN0K B CTPOUTENbHbIX KOHCTPYKLMAX
1 3a CYeT Ha/Inuna MeTasl/INvYecKoro Kysosa y asTomobunsa. bonee toro, 4acTo NPpoBOAMTCA 3almUTa CUIOBbIX
N CUTHa/NbHbIX IMHWIA, BBOAMMbIX B NOMeLLeHMe, OT BO34eCTBUIA MONTHUEBbLIX pa3psanoB.

B 3TUX M BO MHOTMX APYrUX CAyvasx KOHLENUUA 31eKTPOMarHUTHON TONOAOrMN MOXET 6blTb NOME3HbIM
WHOTPYMBHTUM AN onpefefnieHnsa 3aluWeHHblX 30H. B KOTOPbIX MHTEHCUBHOCTb HaBefEeHHbIX 3neKTpomar-
HUTHbIX BO3AENCTBUI MEHbLUE, HEM BHE COOPYXeHUs (MoMeLLeHns).

Mcnonb3oBaHne KOHLENUUu 3N1eKTPOMAarHUTHOW Tononoruu 3aknwdvaeTca B cnegywowem. Cuctema
(cm. 3.34) paccmaTpuBaeTca Kak COBOKYMHOCTb OJHOI0 uau 6osiee yucnia 3/7eKTPOMarHuTHbIX 6apbepos
UM 3KPaHUPOBaHHbIX NOBEPXHOCTEN, Kak NnoKa3aHo Ha pucyHke 6. CoefNHEHUs MexAay AaHHbIMU NOBepXx-
HOCTAAMMW U BCE TOYKN NMPOHUKHOBEHUSA 3NE€KTPOMArHUTHON 3HEPrun NAEHTUULUPYIOT C YyCTAHOBNEHUEM UX
XapakTepucTuk.

Han60nbLlyo 3HAYMMOCTb NPUAAT BO3MOXHOCTU KOHAYKTUBHOTMO 3/IEKTPOMArHUTHOrO NPOHMKHOBEHNS,
Tak Kak Hanmune N301MPOBaHHbIX CUIOBbIX Kabenel, NPOXoAsaLLMX Yepe3 0TBEPCTUSA B NPOBOAALLEN IKpaHU-
poBaHHOW 060/104Ke, 06bIYHO NPUBOAUT K HANbOMbLWEMY 3/1€KTPOMArHUTHOMY B/IUSIHUIO HA cUcTeMy. Jiek-
TPOMarHMTHOe NPOHWKHOBEHME Yepe3 anepTypbl (0OTBEPCTUS) 06LIYHO MMeeT BTOPYH CTeMeHb 3HaYUumocTw,
Tak Kak AnddysHoe NpoHMKHOBeHNE MeHee 3hHeKTUBHO. BO3MOXHbI UHble MeXaHU3Mbl 3/1eKTPOMarHUTHOro
NPOHWKHOBEHUS, HANpPUMeEp, Yepes aHTEHHbI 1 Apyrue ycTpoiicTBa, obecneynBalLlme cBsi3b CUCTEMbI C BHEL-
Heli aN1eKTPOMarHUTHON cpepoii.

CymmapHbIA 3t eKT BAUAHMA HA CUCTEMY 3M1eKTPOMarHMTHOro BO34elCcTBUA 6O0/bWON MOLHOCTH,
CO3[aHHOr0 BHE CUCTEMbI, onpejenseTcsa guarpaMMoii nocnefoBaTelbHOCTU B3anMogeicTBus. flaHHasa gu-
arpamma WAACTPUPYeT pas/inyHblie acnekTbl reHepupoBaHWA 3/IEKTPOMArHUTHLIX NOfel, ux pacnpocTpa-
HEHWUS. B3aUMOAENCTBUSA C CUCTEMON W OTKAUKA CUCTEMbl Ha BO3fAeicTBue. ANa rmnoTeTMYecko cucTemsl,
npefcTaB/ieHHOW Ha pucyHke 5. guarpamma nocnefoBaTebHOCTV B3auMOAeicTBMA npeAcTaBneHa (B ynpo-
LLeHHOM BUAEe) Ha PUCYHKe 7.
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BHelLiHee anekTpoMarH1THoe rose

- 3NeKTPOMarHUTHbIN 6apbep {aKpaH); 1X 1 - npoHWKHOBEHWE Yepe3 Gapbep:
- pacnpocTpaHeH1e B NPOBOAHVIKE; e - MECTO CO3ZaHVsi 3M1IEKTPOMArHUTHOrO Mosisi.
- pacnpocTpaHeHne aNEKTPOMArHMTHOIO  ® - BO36Y)KAEHMEe 31EKTPOMArHUTHOIO MoJis;
nons;
0 - T7eeTo peakuyn 06opyaoBaHUs

PucyHok 6 — Tononoruyeckasi cxema NpocToi CMCTEMbI, NPeACcTaBNeHHOl Ha pUCyHke 5

PucyHok 7 — O606LeHHas guarpamma nocnefosaTe/lbHOCT B3aMMOAEeNCTBYA /151 CUCTEMbI, NPefCTaBeHHON Ha
pucyHke 5

6.2 MpumMepbl 31eKTPOMAarHUTHbIX BO34eiCTBUI 60NbW O MOLHOCTU HA 31EKTPOHHbLIE CUCTEMBbI
M KOMMNOHEHTHI

XOTSi UCNOMb30BaHUE TOMOJIOTMMYECKOW MOAENN NPU NPOBEAEHUM aHann3a CUCTEMbl NOMOraeT MOHATb,
KakK 3/1IeKTpOMarHMTHOE noJsie, NpejcTaBnstolee cob60oil 31eKTpoMarHUTHOe Bo3feicTBre 60/bLION MOLLHOCTH,
MOXET MPOHUKHYTbL € CUCTEMY M OKa3aTb B/NSIHWE HA €€ BHYTPEHHUE 3/1EKTPOHHbIE KOMMOHEHTbI, MPUMeHeHne
[aHHOro nogxofa Ans npefckasaHusi NOBPEXAEHNA UK HapYLWEHNA (PYHKUMOHNPOBAHMS CUCTEMbI 3aTpyaHe-
HO. DTO 06YC/NIOBMIEHO He TO/IbKO 3HAYUTESbHOW HEONPEAENEHHOCTLI0 XapakTepucTuK CBA3W, NPOHUKHOBEHUS U
pacnpocTpaHeHuns, HO U 3HAYMTEIbHON HEONpPeaeNeHHOCTLI0 CBeAeHN 0 BO3MOXHbIX PeakUnsaX 3/1eKTPUUYECKUX
KOMMOHEHTOB NpPU 3/1EKTPUYECKUX BO3AEHCTBUSAX. MNPEenMyLLecTBO UCMNOIb30BaHMs TONOIOTMYECKOK MOAEeNm 3a-
K/toYaeTcs TakKe U B TOM, YTO C €€ NMOMOLLbI0 MOXHO MOArOTOBUTL U NPOBECTY afleKBaTHbIE 3KCNEPUMEHTHI A/1S
OLEHKMN BNIUSIHWSA 3/1EKTPOMArHUTHbIX BO3AECTBMUIA 60/bLLIOA MOLLHOCTA HA CUCTEMBbI.

ECTeCTBEHHO, UTO pe3y/ibTaTbl MHOMMX UCMNbITATE/IbHbLIX NPOrpaMM, CBSI3aHHbIX C 3/1EKTPOMArHUTHbLIMYU
BO3/elCTBMAMU 60/bLIOK MOLLHOCTU HA CUCTEMbI, HOCAT 3aKPbIThIi XapaKkTep U HEU3BECTHbI LIVPOKOMY KpYry
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cneumanuctoB. BmecTe ¢ Tem pe3ynbTaTbl HECKOMBKMX UCMbITAHNI N3BECTHbI. Tak. B [31] npuBeaeHbl pesysib-
TaTbl pacyeToB METO0M KOHEYHbIX pasHoCTell 1 n3MepeHuii Npyu aHannse NPOHUKHOBEHUS 3N1€KTPOMAarHuTHO-
ro Noss B KOPMNyc TUNOBOro nepcoHasbHoro komnstoTepa (MK). NccneposaHns npoBoANINCE NPUMEHUTENBLHO
K pasnuuyHbimM KoHdburypaumam MK n Bknovyann o6ayvyeHme MaTepuHCKOR nnaTbl MPU HaIMUYUKM KOXyxa U npu
CHATOM KOXyXe. Llefiblo faHHbIX UccnefoBaHunii 661710 NTOHUMaHNe MeXaHU3MOB CBA3W MPU 3/IEKTPOMArHUTHbIX
BO3/eicTBUAX 60MbLIOI MOLWHOCTU Ha MK.

OCHOBHble aKCNepuMeHTasbHble pe3ynbTathl, Kak ykazaHo B [31], 3akiouanuce B criefyowem:

- HapyweHune yHkumnit MK nponcxoanno TonbKo Npu KOHKPETHbIX YacToTax NoBTOPEHMUS:

- BMecTe C TeM HapyleHune yHkunii MK nponcxoanno TonbKO NpU KOHKPETHOW nonspusauun Bosgeit-
CTBYIOLLErO 3/1€KTPOMAarHUTHOIO NosA:

- HapyweHue dyHkumii MK Bcerga 66110 CBA3aHO C BO3HUKHOBEHMEM HEWUCNPaBHOCTU TOTO WU/ WHOTO
TeXHNYEeCKOro cpeacTsa, U A8 BOCCTaHOB/IEHUA (DYHKLMOHUPOBaHUA MK 6bina HeobxoAnma ero nosTopHas
3arpyska.

3KCNepuMeHTbl C 3/1IEKTPOMArHUTHbIMU BO3AeACTBMAMM 60MbLIOA MOLWHOCTY Ha MK npoBoAunncs B 6es-
3X0BOW kamepe, rae ana o6nyveHuns MK npuMeHsnacb pynopHas aHTeHHa Npu paccTosHun obnydyeHus 1 m.
3HayeHne HanpsHXXeHHOCTM Nons 66110 NPpM6ANM3NTENLHO paBHo 100 B/M. Bbinu ucnbitanbl Tpu MK. Mpu ncnbl-
TaHUAX NPOBOAWUINCL U3MEHEHUS Hecyllel YacToTbl, HANPSXXEHHOCTU NoNsA 1 MoAynsauun curdHana. PesynbTa-
Tbl UCCNeAO0BaHWl NpefcTasBnieHsbl B Tabnuye 1.

PesynbTaTbl UCNbITAHWUIA, NpuBeAeHHbIe B Tabnuue 1. nokasbiBaloT, YTO BUA MOAyNAuUUN (HenpepbiBHbIE
Kone6aHus, amnauTygHas moaynauusa rnyéuHoli 80 %. yactotoit 1 kM. UMNYNbCHbIE CUTHASbI YacToTOMN no-
BTOpeHns 217 'y npu pabouyem umnkae 50 %) Takxe ABNAETCA KPUTUYECKMM NapamMeTpoOM B OTHOLIEHWUU Bbl-
3biBaeMbix athpekToB. HebnaronpuaTHbI pe3ynbTaT 3/eKTpoOMarHUTHoOro so3geictena Ha MK Habnwoganca
npu Bcex BuAax Momynauun. PesynbTarbl BO34eNCTBUSA U3MEHANNCL OT NOTEPU [aHHbIX, CAMOCTOATENIbHOIO
rnepesanycka CUCTEMbl 1 OLIMGOK 3anNnUCKu Ha AUCK 4,0 OTK/IIOUEHUA 3IEKTPONUTaHUSA, Korfa Tpe60Basiocb BHOBb
BK/IIOYUTbL KOMMbIOTEP.

Ta6nuua 1— UcnbiTyemble MK. napameTpbl 31eKTPOMAarHUTHbIX BO3AENCTBUIA 1 Habnogaemble pesynbTarsl (cM. [31])

Hecyuan HanpsxeHHoCTb
Bug NK yactota. Iy eﬂenK;j[-)l:.H:Cr:nOI'D Mogaynauyunsa Habnopgaemble pesynbraTthl
MeHTNyMm 2.713 30 HenpepbiBHbIE KONebaHns MoTeps faHHbIX
133 My 2.770 50 AM MoTepsa gaHHbIX
1,133 50 AM, nmnynbCebl Mepesanyck
2.675 50: 75 AM. nmnynbCbl MoTeps poctyna
2.887 75 AM MoTeps gocTtyna
MenTtnym i 1.070 100 Mnynbcbl OwnbKa 3anncy Ha anck
233 My 1.460 100 HenpepbiBHble kKonebaws. AM. uvnynbcbl  Olumbka 3anucy Ha guck
1.480 100 HenpepbiBHble KonebaHus OLwwmnbKa 3anmcy Ha [oek
MenTtnym Il 1.040 45 imMnynbcbl Owwbka 3anncK Ha ancK
300 Mry 1.400 100 HenpepbiBHbIE KONebaHna OwwnbKa 3anmcy Ha guck
100 AM Ownbka 3anncy Ha foek
100 AM Mepesanyck
75 Mmnynbebl Bbik/toueHve nutaHus
75 imnynbebl BbikntoueHve nutaHms
50 imnynbcbl BbIkntoveHve nutaHusa
85 Mmnynbebl Bbik/toueHve nutaHus

MpumeyaHunsa
1 MapameTpbl aMNAMTYyAHOK Moaynsaummn: raybuHa 80 %. yactoTta 1 kI,
2 MapameTpbl MMNYNLCOB: YacToTa NoBTOpPeHus 217 'y, pabounii umkn 50 %.
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HavMeHblWaa HanpsXXeHHOCTb 3/1eKTPMYECKOro Mons, Mpu KOTOPOW NPOMCXOAUAN HebnaronpusaTHble
adhpekTbl, paBHAnacsk 30 B/M. laHHble cBeAeHus 06 ahheKTUBHOCTN 3/1EKTPOMArHUTHbIX BO34EWCTBUIA BECb-
Ma nosie3Hbl 4NA NOHUMAaHWUS ABMEHNI 31eKTPOMAarHUTHOM CBA3M B 3/IEKTPOHHbLIX cUCTEMAaX. BaxHO oTMeTUTb,
4YTO HOBble KOHCTpykuuu MK. kak npaBuao, ny4yle CKOHCTPYMPOBaHbl C TOYKU 3peHus TexHonoruint 3MC, yto
NPOSIBAISETCA B TOM. UTO TUMNMUYHbIE 3HAYEHUA HANPSAXEHHOCTW NONSA, NPU KOTOPbIX NPOUCXOAAT 0TKa3bl OYHK-
LMOHNPOBaHNS KOMMNbIOTEPA COCTABNAT fEeCATKA U COTHM B/M. OTo 06ycnoBneHo 60nee BbICOKO/ TaKTOBOM
4acToTOI npoleccopa 1 CoOOTBETCTBMEM HOBOro 060pyAoBaHNA Tpe6OBaHNAM PACNPOCTPAHAOLWNXCSA Ha Hero
ctaHgaptos OMC. 4To NpUBOAUT K 6onee ahheKTUBHOMY IKpaHMPOBaHUI0 060PYyA0BaHNS.

PesynbTatbl MCNbITAHW KOMNbIOTEPOB U HE3KPAHWPOBAHHOIO BOEHHOrO 060pyAOBaHWSA, ycTaHaB/IMBa-
eMbIX Ha aBTOMOBUASAX NPN 3NEKTPOMArHUTHbIX BO3A4eNCTBMAX 60NbLWON MOLWHOCTH, NpuBefeHsbl B [32]. B ka-
4yecTBe UCTOYHMKA 3NEKTPOMArHUTHbIX BO3AeliCcTBUI 60MbLWON MOLWHOCTN 6bIN NUCNONb30BaHbI UMMNYNbCHbIE
P/IC ¢ Hecyuweli yacToTo 1—3 ITLY. ANMTENBHOCTLIO MMNYNLCOB 1—3 MKC M 4acTOTO NOBTOPEHWSI OKOJO
1 kly. HapyweHunsa dyHKUMOHNPOBaHNSA, Tpebylow e nepesarpyskun uam nepesanycka aBTOMO6UIbLHOIO KOM-
nbloTepa. UMenn MecTo NPy NUKOBOM 3HAYEHUWN CPOAHEKBaALPATUYECKOW HANPSXEHHOCTU NoNsA, paBHOM He-
CKOMIbKUM COTHSIM B/M. ®u3snyeckre noBpexgeHns BO3HUKAAWN NPW HANPSHKEHHOCTU NOJS, NOBbIWEHHOW ele
Ha 20—30 ab.

Pe3ynbTatbl AaHHbIX UCNbITAHWIA NO3BONAIT cAenaTb cneaylouime BbiBOAbI.

Mpyn MCNoNb30BaHWM WCTOYHWKA MWKPOBOJIH GOMbLIOA MOLHOCTW, pasMeLl,eHHOro B aBTOMOGU/IbHOM
chyproHe, HapyLlweHns OYHKLUOHNPOBAHUA He3aL UL EeHHbIX 3/1EKTPOHHbIX CUCTEM MOTYT 6bITb MHULMNPOBAHbI
C MakcMManbHbIX paccTossHWUii okono 500 M. Mpu MCNONb30BAHUN UCTOYHMKA MUKPOBOJIH 6OMbLLIOA MOLHOCTH
MEHbLINX pa3mepos, pasMellaeMoro B Heb60/bLWOM YeMofaHe, pacCTosHMe, Ha KOTOPOM MOXeT ObliTb 06e-
cneyeHO HapyleHne PYHKLMOHNPOBAHUSA He3allWLLEeHHbIX 3/1IEKTPOHHbIX CUCTEM, YMeHbllaeTcs 4o 50 m.

MoryT 6bITb TakXke cAenaHbl BbIBOAbl O TOM. UTO MakCuMasbHOe pacCTOAHUE, HA KOTOPOM MOXeT 6bITb
BbI3BAHO MOCTOAHHOE (DM3NYECKOe NOBPEXEeHNE 3/IEKTPOHHbLIX CUCTEM, AO/DKHO 6bITb NPUBAN3NTENBHO paB-
HO 15 M AN UCTOYHMKA MWUKPOBO/IH 6O/MbLIOK MOLHOCTM, pasMeL|eHHOro B aBTOMO6uAbHOM dyproHe. Vc-
TOYHUK MWKPOBOJIH 6GONbLLON MOLLHOCTM, pa3MeLLeHHbli B HE60NbLWOM YemoaaHe, 6yaeT cnocobeH Bbi3BaTb
NOCTOAHHOE PM3NYeCcKoe NoBpeXAeHNe 3/IEKTPOHHbIX CUCTEM NN b NPU €ro pasmelleHnun B HernocpeCcTBEH-
HOW 611M30CTN K CUCTEME UK faxe NPU HENOCPeACTBEHHOM KOHTaKTe ¢ cucTteMoi. O606LWeHHble pe3ynbTaThl
OaHHbIX UCNbITaHWI NpeAcTaBneHbl B Tabnuue 2.

Ta6nuua 2 — PesynbTaTbl 3/1€KTPOMArHUTHbIX BO3AeCTBUIA 60/bLUOA MOLLHOCTY Ha aBTOMOGWM B 3aBUCMMOCTU OT
paccTosiHAA U MOLLHOCTM UCTOYHMKA (CM. [32])

/eKTPOMArHUTHOE BO3AENCTBIE 6O/bLLOI MOLLHOCTY

PesybTar BO3AeiiCTBUS NPy PACCTOSHUN, bl

VICTOYHVIK, MOLLHOCTb Bug, 15 50 500

1 ABTOMOGWNBHBIN thyproH. P - 10 MBT MWKpPOBOHbI locTosiHHOE HapyLueHne HapyLueHve
60/bLUON hmsnyeckoe (OYHKUMOHMPO-  PYHKLMOHMPO-
MOLLHOCTY nospexgaeHue BaHus2l BaHWsA

2 He6onblwoi yemogaH'1lP = 100 kBt MWKPOBO/HbI HapyweHve HapyweHve DhdpekTbl
60nbLUON (PYHKUMOHMPO-  (hYHKUMOHMPO-  BO3AEACTBMSA
MOLLIHOCTH BaHuA2' BaHuA 2> OTCYTCTBYHOT

3 ABTOMOGWNbHBIN (PYProH, MOLLHOCTb YMEHb-  MUKPOBOSIHBI HapyleHuve AhhekTbl AhchexTbl

weHa Ha 30 b B cpaBHEHNW C MOLLHOCTbIO MC- 60/1bLUON OYHKLMOHUPO- BO3/eicTBUA BO3elicTBUA

TOYHMKa 1 MOLLHOCTMN BaHus OTCYTCTBYIOT OTCYTCTBYIOT

4 Heb60nbLIOW YeMofaH, MOLWHOCTb YMEHbLLE- MWKpPOBOHbI OdochekTbl OchdhekTbl DdhchekTbl

Ha Ha 30 Ab B CpaBHEHWM C MOLLHOCTbIO MC- 60/bLUON BO34encTBms BO34eNcTBuMsS BO34eNcTBMsS

TOYHMKA 2 MOLLIHOCTK OTCYTCTBYHOT OTCYTCTBYOT OTCYTCTBYIOT

Mpy Ucnonb3oBaHUN AAHHOTO UCTOYHMKA BO3MOXHO NMOCTOSIHHOE (hr3nyeckoe noBpexaeHne 3/1eKTPOHHbIX Ch-
CTeM Mpn pasmeLleHun 8 HenocpeaCcTBEHHOW 6/IM30CTY K 06bEKTY BO3AECTBUA (HA PacCTOSHUM HECKOMTbKMX METPOB).
2| HapyleHve thyHKLMOHMPOBaHUSA 03HaYaeT B OCHOBHOM BpPEMEeHHOe npekpalleHne BbINoHeHns dyHkumn. Og-

HaKO B HEKOTOPbIX C/lydasx BO3MOXHO Takxe NOCTOAHHOe q)VI3VI‘-IeCKO€ nospexaeHwve.

PesynbTatbl BANSIHUA 3/1EKTPOMArHUTHbIX BO3A4ENCTBUI 6OMbLIOK MOLHOCTMA MPU UCAbITAHUSAX MHOTUX
3NEKTPOHHbIX YCTPOWCTB 06/1yHEHNEM UX 3IEKTPOMArHUTHLIM MOJIEM, BbI3BaHHbIM HENPEpPbIBHbIMU Koneb6aHu-
SIMUW. HA YacTOoTe MUKPOBOJIHOBbIX Neyvei 2.4 Iy, npusegeHsl B [10].
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Mpu npoBefeHWN AaHHbIX UCMNbITAHWA ANS U3NYYEHUA 3HEPruM KOMMEpPYeCKol MWKPOBOSTHOBOW neyn
MCMoNb30Bancs CcTaHA4apTHbI nupamuaanbHblii pynop. O6nyyeHuto nogsepranvicb o6pasubl pasinUyHbIX
3M1€KTPOHHbIX YCTPOWCTB. McnbiTyeMble yCTPOiicTBa pasMeLLasnncb Ha PacCcToAHUN 6 M OT UCTOYHMKA U3nyye-
HUA. HanpsXeHHOCTb BHELIHEro 3/1eKTPOMarHUTHOro noss coctasssffa okono 250 B/M. [laHHble ucCnbITaHUA
OEeMOHCTPUPYIOT peasibHble YyCNOBUSA CO3[4aHUS 3N1EeKTPOMAarHUTHbIX BO3AENCTBUIA 60NbLWOA MOLWHOCTM C UC-
NoNb30BaHNEM VMELLENOCA B HANIMYMN KOMMEPYECKOro 060pyA0BaHus.

Bo3gelicTBMIO 3/1EKTPOMArHUTHbLIX NoJel NnogBeprannch cneayolime ycTpoincTsea:

- pagmonpuemHsble yctpoiictea AM n ®M;

- 3/IEKTPOHHbIE Yacbkl B N1aCTMACCOBbIX Kopnycax;

- HeboNblIMe 3/1eKTPO3B3PbLIBHbIE YCTPOKCTBA;

- NOpTaTUBHbIE KANbKYNATOPbI;

- paguonornouiarouime matepuans;

- NIOMUHECLEHTHbIE NaMbl.

Hab6nwoganuce cnegyrowme 3 ekTbl 31€KTPOMArHUTHbIX BO34ENCTBUIA:

a) TepMuyeckne NoBpeXxaeHUs pagmonpuemMHbiX YCTPOCTB;

b) NONHOE NMoBpeXAeHne 4yacos B N1acTMacCcOBbIX Kopnycax;

C) NoApPbLIB 3N1E€KTPOBIPbLIBHLIX YCTPOWCTB (€CNM NPOBOAHUKMN 06pa3oBbIBaN NONYBOMHOBLIV BubpaTop);

d) noepexaeHune Kanbkynatopos, cropaHue XXK-gucnnees;

€) NoBbIWeHNe TemnepaTtypbl paguonoraowaknwmnx maTepnanos;

f) cBEUEHMe NIOMUHECLEHTHbIX namn.

[aHHble NnpuMepbl NOKa3biBaloT, YTO BANSIHUE 3/1IEKTPOMArHUTHbIX BO3A4ENCTBMI 60/1bLLOM MOLWHOCTM Ha
3/1eKTPOHHbIE CUCTEMbI B 3HAUYUTENbHOI CTENEHWN 3aBUCUT He TOJIbKO OT mapamMeTpoB BO34ENCTBUA, HO U OT
KOHCTPYKTUBHbIX 0CO6EHHOCTEN CamOoil 3N1eKTPOHHOW CUCTEMBI.

6.3 BblropaHue un pusnyeckme NOBpPeXAeHUs KOMNOHEHTOB/NOACUCTEM

PesynbTatbl UcnbiTaHWii, NpefcTaBNeHHbIX B 6.2, NMOKa3biBaKT, YTO Pe3y/bTaToM 3/1eKTPOMarHUTHbIX
BO34ENCTBMIA 6ONbLION 3HEPTNN HA CUCTEMbI MOXET 6bITb NGO BbiropaHue (husnyeckoe nospexaeHune) ob6o-
pygoBaHnsa nnbo HapyleHne PyHKLMOHUPOBAaHUS YCTPO/CTBa U3-3a COCTOSIHWUIA HEMCMPABHOCTU JIOTNYECKNX
cxem. Kak npaBuno, BbisiBieHWE BbiropaHusa ((hM3MyYeckoro noBpexaeHus) yctpolicTBa siBnsetcs Hambonee
3pPeKTUBHbLIM CNOCOBOM KONMMYECTBEHHOW OLEHKN 3D (PEKTUBHOCTN 3/1EKTPOMArHUTHOrO Bo3aencTeus. Mpu
3TOM c/ielyeT UCnonb30BaTh NpefesibHble 3HaYeHUs pas/inyHbiX NnapaMeTpoB curHana gss Toro, 4Tob6bl oue-
HUTb BAIMSAHWE 3/1EKTPOMArHUTHOrO BO3A4EeWCTBMUS Ha YCTPOUCTBO M HAWTU B3aMOCBA3b AaHHbIX NpeaesnbHbIX
3HaYeHUn ¢ oTkazamMmun (PYHKLMOHMPOBAHUS ycTpoilicTBa (cM. (24)). TunnuyHble npefenibHble 3Ha4YeHUs MoryT
BK/lOYATh B Ce65 NMKOBOE 3HAuYeHWe curHasna, BO3AeiCTBYIOLLErN0 HA KOMMOHEHT, CyMMapHOe 3HayeHne aHep-
rmun. nepefaBaemMoil KOMNOHEHTY, U T. 4.

MN3BecTHO, 4To nocne 1970 r. 6bINM NPeANPUHATBLI 3HAYUTENbHbIE YCUNNSA ANA TOro, YTO6LI onpeaennTb
1 YCTaHOBUTb YMC/IOBble 3Ha4YeHUsa napametpos OMW BAB. Bbi3biBAOLWMX OTKa3bl U HEMCMPABHOCTU KOMMO-
HEHTOB. 3Ha4YMTENbHOE YMUC/O0 AAaHHbIX, OTHOCALLUXCA K OTKa3aM KOMMNOHEHTOB B pe3y/nbTaTe BO34eicTBuUs
OMU BSAB. cogepxutca B [3]. pe3ynbTaTbl MHTEHCUBHbLIX UCMbITAHUA CUCTEM CBA3MW, 3/IEKTPOCHABXEHUA ©
KOMMOHEHTOB npusefeHbl B (33}—(44).

BmecTe ¢ TemM HefaBHO CTanu M3BECTHbl pe3ynbTaTbl psja 3KCMEPUMEHTOB MO OUEHKEe B/IUSAHUA WH-
TEHCMBHOCTW MepexoAHblX NMPOLECCOB, KOTOPble MOTYT OblTb OTHECEHbI K 3N1€KTPOMarHUTHbIM BO34eliCTBUAM
60/bLION 3HEPTNX, HA Bbi3biIBAEMbIE UMW OTKa3bl U HENCMPABHOCTU OTAE/IbHbIX KOMNOHEHTOB U NOACUCTEM (B
TOM yncne MK. nogknvYaemMbiX K CUIOBLIM SIMHUAM U NUHUSM CBA3M). MiccnenoBanncb Takke BO3MOXHOCTMW
pacnpocTpaHeHns BHYTPU 3[aHUA nepexofHblX NPoLeccoB, CO3AaHHbIX B IMHUAX 3NEKTPONUTaHnsa BHe 3ja-
HUA. PesynbTaTbl 3TUX paboT n3noxeHbl B 6.3.1—6.3.3.

6.3.1 loBpexaeHne KOMMNOHEHTOB

Kak oTMeyanoch Bbllle, XapakTEPUCTUKN U3NTYHYEHHbIX 3/IEKTPOMArHUTHbIX NONeN, OTHOCALWMUXCA K INeK-
TPOMarHMTHbIM BO3[elCTBUAM GOMbLIOKA MOLHOCTW, OT/IMYAKTCA OT XapakTepPUCTUK 3N1eKTPOMarHUTHbIX No-
nein 3MN BSAB. MoaTomy cBefeHns 06 oTKkazax KOMMNOHEHTOB B pe3ynbTate Bo3geiicTBua MU BAB He Mmo-
ryT 6bITb HENOCPEACTBEHHO NPUMEHEHbBI K U3YYEHUIO 3N1eKTPOMArHUTHbIX BO34elWCTBUI 6ONbLLIOA MOLHOCTH.
MccnepoBaHus BAMAHWS 3/IEKTPOMArHUTHbIX BO3AeNCTBWI 60/bLIONA MOLWHOCTM Ha KOMMOHEHTbl (cM. (45))
Nno3BONAT cAenaTb BbIBOA O TOM. YTO B OTHOLIEHWUW 3N1E€KTPOMArHMTHONW BOCNPUMMYMBOCTU K MUKPOBOSTHAM
60/bLION MOLWHOCTN CYLECTBYIOT 3HAYNTE bHbIE PA3NNYNA MeXAy LN POBbIMU CXEMaMUN pPasHbiX TEXHONO-
rMii n3rotosneHus. B (45) oTMeyeHa 6/M30CTb pe3ynbTaToB MCMbITAHWI ANSA pasMyHbIX 06pasyoB Ludpo-
BbIX CXEM OAHOr0 U TOrO X€ TUna, U3rOTOBMEHHbIX OAHUM W TeM xe npoussoguTenem. C fpyroii CTOPOHbI,
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NMoporoBble 3Ha4YeHUA BOCMPUUMUNBOCTN KOMMNOHEHTOB, U3rOTOB/IEHHbLIX Pa3/IN4HLIMU NPOU3BOAUTENIAMU, MO-
ryT pasnuyatbcs o 16 gb. OTmeuyaeTcs yBesiMyeHne noporoBoro s3HayeHns BOCNPUMMUYNBOCTN KOMMNOHEHTOB
C POCTOM 4acCTOTbl 3/1EKTPOMArHUTHOrO BO3AeiicTBNA. [laHHblii adhhekT 415 UNdPOBLIX CXxeM TexHonorum TTL
npeAcTaB/ieH Ha pUCyHke 8.

Cnepyetr OTMETUTb, YTO BOCMPUMMUYMBOCTb CUCTEMbI B LLE/IOM K 3/IEKTPOMArHUTHLIM BO3AEWCTBUAM
60/1bLIOA MOLLHOCTW MOXET OTANYaTbCS OT BOCNPUMMYNBOCTN OTAE/bHLIX KOMMNOHEHTOB.

MNopsoavmas
MOLLHOCTb, BT

— - WHTerpasibHas cxema 1;
-C—- WHTerpasibHas cxema 2;
—*— VHTEerpasibHasA cxema 3

PucyHOK 8 — Pe3ynbTartbl U3MepeHuii 3aB1CMMOCTM NOPOroBbIX 3HAYEHUI BOCIPUMMUMBOCTY
VHTerpasibHbIX cxeM TTL OT 4acToTbl, MAMOCTPUPYIOLLME BO3pacTaHVe NOPOroBbIX 3HAUEHUI
BOCMPUVMUYMBOCTY C NOBbILIEHWEM YACTOTbI

6.3.2 Bo3geiicTBve KOHAYKTUBHBIX NEPEeX0OAHbIX npoueccoB Ha MK

B [46J npuBefeHbl pe3ynbTaTbl UCMbITAHUIA C NPUMEHEHMEM MCNbITaTebHbIX FTeHepaTopos, obecneyu-
BalLWMX co3faHne KanmbpoBaHHbIX 1 BOCMPOU3BOANMbIX NEePexoAHbliX NPOLECCOB, MMUTUPYIOLWKNX NPOLECCHI,
BbI3blBAEMble MOJIHUEBLIMU paspafamMmu U ABMEHUAMU KOMMYyTauuu B 3NeKTpuyeckux cetax [47], [48]. Ona
3TOl Lenn NCnosib30BanCh UCNbITaTe/IbHble FeHepaTopbl MUKPOCEKYHAHbIX MMNY/bCHbIX MoMex (MUM) 605b-
woi aHeprum no FTOCT P 51317.4.5 n HaHOCEKYHAHbIX MMNyAbCHbIX nomex (HAM) no FOCT P 51317.4.4.
MpumeHsanuce MM ¢ napameTpamn 1/50—6.4/16 mkc n 6.5/700—4/300 mkc (cm. TOCT P 51317.4.5) n H/N
¢ napameTtpamu 5/50 Hc (cm. TOCT P 51317.4.4).

6.3.2.1 NcnbiTyemoe o6opypoBaHne

VcnbiTaHnAM nogBeprannuck YeTbipe NepcoHanbHbiXx KoMnbloTepa (MakmHTow SE. MeHTuym 66 MI'y, MeH-
TMyMm 486. MeHTuym 120 MI'y). Ha WHYypbl 3N1EKTPONUTAHUA AaHHbIX KOMMNbIOTEPOB nogasannce HUM n. kpome
TOrO, Ha WHYpbI 3nekTponutauusa gsyx MK MeHTnym 66111 nogausl MUM ¢ napameTpammn 6.5/700—4/300 mkc.
HWM 6b11n Takxe nofaHbl Ha kabenu Mbllwun, KNasuatypbl 1 NpoBoAa, NOAKIYEHHbIE K MOAEMY.

Bo BTOpOIi cepumn ncnbiTaHmii, kak ykasaHo B [46], HAM. a Takke MWM ¢ napameTtpamn 1/50—6.4/16 mkc
n 6.5/700—4/300 MKC nogaBanncb Ha Kabenun nokanbHbIX BblUMCAUTENbHbLIX ceTelt Ethernet, AppleTalk, noa-
KHOYEHHbIE K KOMNbOTEPaM.

6.3.2.2 Pe3ynbTaThl ucneitanuii (MUIM)

MW nHXeKTMpoBanuCh B LWWHYPbl 3NEKTPONUTAHNS KOMNbIOTEPOB Y NPOBOAA NOKANbHbBIX BbIYNCAUTENb-
HbiX ceTeil Ethernet. AppleTalk.

O606LeHHble pe3ynbTaTbl UCMbITaHWi Npu nogavye MUM Ha nopTel anekTponuTaHua n ceasu MK npu-
Be/eHbl HMXe.
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1) MopTbl anekTponutaHusa (napametpbl MM 6.5/700—4/300 mKc)

OTCYyTCTBYIOT NOBPEXAEHUS UNN HapyweHUa yHKUnoHnposaHusa MK Npu NOBbIWEHUN HANPSXXEHUSA UC-
nbiTaTeNIbHOro reHeparopa BM/0Th [0 MakCUMasibHOro 3HaMeHus.

OTMeueHbl NepeKkpbITUA HANPAXEHUSN.

TuUNUyHble MakcuMasbHble 3HAYEeHUA HanpsHKeHUA WU ToKa Ha Harpyske cocTaBnsalT (MPU HanpsaxXeHun
X0M0CTOro Xofa ucnblTaTenbHoOro reHepatopa 4.5 kB):

1.2 KB (NMKoBOe HanpsikeHne umnynbca ANUTENbHOCTLIO 4 MKC), 200—300 B (Mef/ieHHOe yMeHblUeHne
HanpshxeHus, anutenbHocTb 300 MKC);

300 A (NMKOBOe 3HaYeHne ToKa, orpaHnyYnBaeMoe UCNbITaTelbHbIM FeHepaTopomMm).

2) MopT cBA3M (KoakcmanbHblli kabenb Ethernet)

MoBpexaeHue nopta npu nogavye MM ¢ napameTpamun 1/50—6.4/16 mkc HanpsxeHuem 500 B.

OTCYTCTBYIOT NOBpexXAeHUss B KOHCTPYKUun MK 3a ncknoyeHmem nnatel Ethernet.

3) MopTt cBa3n (Butas napa Ethernet)

MoBpexaeHue nopta npu nogavye MUM c napametpamun 6.5/700—4/300 MKC HanpsbkeHnem 4 kB.

[ns noBpexaeHna Heobxogmma aHeprusa 4 Ox.

OTMeuUeHbl NepPekpbITUA HANPSHXXEHUA Npu HanpsxeHun 3 kB.

OTCyTCTBYIOT NOBpeXAeHNa B KOHCTpykuuu MK 3a ncknioyeHnem nnatol Ethernet.

Mpu nogaye MUM Ha WHYpbI 3/1EKTPONUTAHNSA He OblIN OTMEYEeHbl BOCNPOU3BOAUMbIE 3hhekTbl BNNOTL
[0 HanpsXXeHna X0/0CTOro xofa ucnbiTatenbHoro reHepartopa MUI 4.5 kB. lMpu aToM HanpsaxeHue, Heno-
cpeAcTBeHHO nogaBaemoe Ha MK, coctaBnsano nuwb 1.2 KB npu gnutenbHocTU umnynsca 4 mkc n 300 B npu
AnutenbHocTU nMmnynbca 300 MKc. Mpy McnbITaHUAX OblIYM OTMEYEeHbl NMepekpbITUA HanpsxeHus. Bmecte ¢
TeM nocne ucnbiTaHuii kakne-nn6o pesynbTatbl Bo3AeincTBuii Ha MK He 6blM 0TMEYeHbI.

Mpu nogavye MUM Ha KoakcuanbHble Kkabenu npoucxoamno nospexgeHue nnat Ethernet npu mMuHu-
MasibHOM HanpsxeHun nomexu 500 B. Bblno oTMeYeHo, YTO Npu nogayve Ha Kabenb NOCTOSAHHOrO HanpsaXeHus
Takke npoucxogmno nosepexgeHue nnat Ethernet. Mpu npoBepke 6bl0 BbIABAEHO, UYTO 3KpaH kabens He
6bIN 3a3eM/eH B nnarte, YTO NPMBENO K Npeobpa3oBaHUio 06LWEero HECUMMETPUYHOTO HANPSXXEeHNA NOMexn B
CUMMeTpUYHOe HanpsxeHne. Heob6xoanmo oco60 OTMETUTb, YTO NPU NnoepexaeHun nnatol Ethernet n notepe
CBSA3W B /I0Ka/IbHOW BblYMCAUTENBHON ceTu MK He 6bl1 NOBPeXAeH.

Mpu nogave HUM Ha BUTble napbl NI0OKaNbHON BbluMCAUTENbHON ceTu Ethernet Habnwganucb aHano-
rMYHble pe3ynbTaTtbl, XOTA HapyweHa PYHKLMOHUPOBAHUA MPOUCXOAUNN MPU CYL,EeCTBEHHO 60/1ee BbICOKNX
ypoBHAX nomex. Mpu nogave MUM ¢ napameTtpamun 6.5/700—4/300 MKC HapylweHUsa PYHKLMOHUPOBAHUA OT-
Meyanucb Npu HanpsxeHuu 4 kB (npu nogaye nomex no cxeme «nNpoBoj — NPoBOA»). MNepekpbITUA Hanpsxe-
HUA Habnwganucb npy HanpsxexHun 3 kB.

Ha pucyHke 9 npeacTaBieH pa3beM, MOBPEXAEHHbIN NPy NepekpbiTUN HANPSXXEeHUs B XOA4e UCMbiTaHni
npu nogaye MWUM c napametpamn 6.5/700—4/300 MKc. DHeprus, Heobxoaumas ANS NOBPEXAEeHWsA nnaThbl
Ethernet, 6bina pasHa 4 [x. Kak n B cnyyae nogaunm HUIM Ha KoakcuanbHble Kabenu nokanbHol ceTu, KOM-
nbloTep He 6bl1 NOBPEXAEH NPU UCMbITAHNAX.

PucyHok 9 — Mpumep NoBpexaeHunii, Bbi3BaHHbIX OAVHOYHbIM UMMY/IbCOM HanpsbkeHnem 4.5 kB
ncnbiTatenbHoro reHeparopa MAM (6,5/700—4/300 nkc) nolfOCI P 51317.4.5

19



FOCT P 51317.1.5—2009

Takum o6pa3om, nokanbHas BblYNCAUTENbHASA CeTb C BUTBIMU Napamu CyLeCTBEHHO MeHee BOCMPUUM-
ymBa k Bosgenctesuam MUM. Hanbonee achpekTuBHOM ABnseTca nogavya MUM no cxeme «npoBoA — MNpoBOaA»
(cummeTpuYHOe HanpsxeHune).

6.3.2.3 PesynbTathl ncnbiTaHun (HUM)

HWM nogaBanuch Ha LWHYPbl 31€KTPONUTAHWA BCEX YeTbipeX KOMNbIOTEPOB C NPUMEHEHUEM EMKOCTHbIX
knewieit cBsis3u no TOCTP 51317.4.4. X0TA Gbl/I OTMEYEHbl HEKOTOPbIE HeGNaronpusTHble acphekTbl, HaNpu-
Mep. HEMPOU3BO/bHbIE ABVKEHNS Kypcopa, nepe3anyck KoMmnbloTepa He noTpeboBasncs. B 60AbLINHCTBE CAY-
yaes 6blN10 OYEBUAHO, YTO A4S NOMYYEHUS BOCNPOU3BOAMMBIX HapyLeHnit YHKLMOHUPOBAHUA KOMNbOTEPa
HeobXxo4MMO HanpsaXeHue UcnbiTaTeNbHOro reHepaTtopa 6onee 4.5 kB.

Mpu NnpoBeAeHNN UCnNbITaHU ¢ Nogayeli NoOMex Ha NopTbl, MOAKNOYAEMbIe K TOKANbHON BblUMCANTENb-
HOW ceTu, ucnblTaTenbHblli reHepatop HUIM HenocpeACTBEHHO NOACOEAMHANCA K KOMNbIOTEPY (HanpsxeHue
Ha nopTtax CBfA3K 6bIN0 paBHO HaNPSAXEHUIO UCNbITaTeNbHOro reHepartopa). Mpu aTuX ycnosusax 6olam oTme-
YeHbl BOCMPOM3BOANMbIE HAPYLUEHNA PYHKLMOHNPOBAHNA UCMbITAHHBIX 06Pa3L,0B KOMMNbIOTEPOB ANA Pa3nuny-
HbIX BMAOB NOPTOB CBA3W. B Tabnuue 3 nokasaHa 3aBUCMMOCTb Mexay HanpsxxeHnem HUM 1 yncnom mHxek-
TUPOBAHHbIX UMNY/IbCOB, HEOGXOAUMBIM AN HAPYLWEHUA PyHKLMOHMPOBaHMA KOMNbloTepa (Npu nogave HUM
Ha kabenb nokanbHoi cetn AppleTalk, noaknUYeHHbI kK KOMNbOTEPY MaknHTOow SE).

Ta6nunua 3 — Pesynbtarbl uHxekuun HAM B kabenu cBsi3av N0KaibHON BblunciMTensHoi cetn AppleTalk

Yucno HapyweHnit PYHKLMOHNPOBAHUA KOMNBLIOTEPA, UNCNO NHKEKTUPOBAHHbIX
nocneposatensHocTeil HUAM
YacToTa nosTopeHus HUM.
«lu/ymcno nmnynbcos

npu ucnolTatenbHom yposHe HUM. B
B NoC/neA0BaTebHOCTU

1000 1500 2000 3000 4000 4500
1000/20 000 0/3 4/4 3/3 3/3 3/3 2-2
100/2000 0/5 4/4 3/3 3/3 NcnbiTanus 3/3
He NpoBoAM-
nuck
10/200 0/4 4/4 3/3 3/3 NenbiTanms 3/3
He npoBoAN-
nuck
1/(20) 0/5 4/4 3/3 3/3 4/4 3/3
O,D'VlHOqule NMNynbChbl 0/6 McnbiTaHna 0/2 0/2 0/3 1/0
He NpoBoAx-
NnCb

| |— oTcyTCTBME HapyLUEeHWA DYHKLMOHNPOBaHUS;
| |— cnyuvaliHble HapyLLeHWst (PYHKLMOHNPOBaHUS;
| ' |— HapyleHve hyHKLMOHMPOBaHNS MPU KaXXA0M MHXEKTMPOBaHHONM nocnegoBaTenibHocT HAM

PesynbTathl, NpuBefeHHble B HWXHell rpade Tabnuubl 3. mokasbiBalOT, YTO MPU WHXEKLUN OAUHOYHbBIX
uMnynecos HUIM HapyweHus YHKUMOHUPOBAHUA KOMMbIOTEPA OTMEYEHbl NUWb NPU HanpskeHun 4.5 kB.
npuyem Ha 10 MHXEKTUPOBAHHbLIX UMMY/bCOB NPUXOAUTCA NNLLbL OAHO HapylleHne MYHKULNOHUPOBAHUSA KOM-
nbtotepa. Mpy MHXEKLUN nepuoanyecknx UMnynbLCcoB, Hanpumep, nocnaefosatesibHOCTM 13 20 MMNYNbLCOB C
yacTtoToil moeTopeHus 1 kly, HapyweHWa (PyHKLMOHMPOBAHMA KOMMbIOTEpa Ha4yWHAOTCSA MPU HanpshKeHuu
HWM 2 kB. Mpu HanpsxeHun HUM 4.5 kB nogaya Kaxpaoro naketa MMnynbCoB NPUBOAUT K HApPYLLUEHUIO hYHK-
LMoHMpoBaHua komnbioTepa. Mpu yactote noBTopeHms HUM 6onee 10 klMy HapyweHUs yHKLMOHUPOBaHNSA
KOMMbloTEepa nNponcxoaat npu HanpshxeHnn 1500 B.

AHanornyHan 3aBUCUMOCTb MeXAy HanpskeHnem HUIM n 4yncnoM MHXEeKTUPOBaHHbLIX nocnenosaTeb-
HocTeli HUM. Heo6xoaMMbIX ANS HapyweHUs hYHKLMOHUPOBAHUA KOMMNboTepa npu nogade HWUM Ha BUTble
napsel nokanbHol ceTn Ethernet, npeactasnerna B Tabnuue 4. O4eBNAHO, YTO OTAE/NbHbIE HAPYLWEHNS DYHK-
LMOHMPOBAHUA UMEIOT MECTO gaxe npu HanpsxkeHun HUM 1 kB.
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Ta6nuua 4 — Pe3ynbtatbl nHxekuum HAM B BUTbIE Napbl 10KaNbHON BbluMCMTENbHON ceTn Ethernet

Uucno HapyweHnit PyHKLMOHNPOBAHNA KOMMbIOTEPA'YNCIO UHXEKTUPOBAHHbIX

nocneposatensHocTed HAM
YactoTa nosTopeHus HUM, A

KCy/uncno umnynbLcos

npn ncneitatenbHom yposHe HUM, B
a nocnejoBaTenbHOCTH

1000 1500 2000 3000 4000 4500
1000/20 000 0/7 2/5 1/5 3/3 3/3 WcnbiTaHus
He npoBoau-
nmcb
100/2000 719 3/3 3/3 3/3 2/2 WcnbiTaHus
He npoBoaw-
nmcb
10/200 6/8 1/3 3/3 3/3 2/2 McnbiTanus
He npoBoaw-
nmcb
1/(20) 0/6 215 3/5 6/8 3/3 VcnbiTaHnsa
He npoBoau-
nmcb
OAMNHOYHbIE UMMNYSILCBI 0/2 Vcnbiranusa 0/3 1/3 0/3 4/4
He NpoBoAu-
nmcb
r | — oTcyTcTBME HapyLleHNi (yHKLMOHMPOBaHKS:
| |— cnyuvaiiHble HapyLleHUs (hYHKLMOHNPOBaHWSA:
[ | — HapyLeHne yHKLMOHMPOBAHUSA NMPU Kax0l UHXEKTUPOBaHHOM nocnefosaTenbHocT HAM

PesynbTaTbl MHXekuun HAM B KoakcnanbHble kKabenun nokanbHOW BbluucNUTeNbHON ceTn Ethernet npea-
cTaBfieHbl B Tabnuue 5. NMoporosoe 3HavyeHne BOCNPUUMYNBOCTU NMPU UHXEKLUN OANHOYUYHbBIX UMNY/IbCOB paBHO
2.5 kB. CnegyeT oTMeTUTb, YTO A4NA NOKanbHO ceTn Ethernet ¢ BUTbIMM Nnapamu 3To 3HauYeHWe paBHo 4.5 kB,
a ans nokanbHoi cetn AppleTalk — 6onee 4.5 kB.

Ta6nuua 5— Pesynbtatbl nHxekumm HAM B koakcuanbHble kabenu nokanbHol BbluMcautenbHoi cetu Ethernet

Yucno HapyweHnit hyHKLNOHMPOBAHNSA XOMMbIATEPA/YUCA0 NHXEKTUPOBAHHbBIX

YacTtota nostopeHua HUM. o
P nocneposatensHocTein HAM npu ncneitatensHom yposHe HUM. B

kFu/4ncno mmnynbcos
Il nocnefoBatenbHOCTH 500 1000 1600 2000 2500 3000 4000 4500

OfMHOYHbIE UMMY/bCbI 1/6 3/6 316 4/6 3/3 3/3 6/6 4/4

— c/lyyaliHble HapyLleHWs (YHKLIMOHUPOBAHNS:
— HapylueHVe (PYHKLMOHNPOBaHWS NPU KaXKAOM MHXEeKTUPOBaHHO nocnegosaTensHocTy HAM

6.3.2.4 BbiBOAbI NO BANAHUIO KOHAYKTUBHBIX NMEPexXofHblX NpoLeccoB

WcnbiTaHusa, npegcTaBneHHble B 6.3.2.1—6.3.2.3. 66111 NpoBeAEHbl NP OrpaHUYEHHbIX MUKOBbLIX HaNps-
XEHUSX UcnblTaTeNbHbIX reHepaTopoB. BMecTe ¢ TeM pe3ynbTaTbl AaHHbIX CMbITaHWI NokasbiBaloT, 4To MU
no FOCT P 51317.4.5 npeactaBnaioT onpejenieHHy0 ONacHOCTb ANSA S1I0KaNbHbIX BblYUCAUTENbHbLIX ceTel
Ethernet. Mpu nx nHxekunmn B kabenun nokanbHbIX CeTEN BO3MOXHO noBpexaeHune nnat cuctem Ethernet. Yuum-
ThbiBas. YTO YaCTOThl CMeKTpanbHbIX cocTaBnAwwmnx MM He npeBbiwaT 1 MIy. gaHHble NOMexyu CBO6OAHO
pacnpocTpaHaTCsa No No6bIM Kabensam nokanbHbix ceTeli. MHxekuyns HAM no TOCT P 51317.4.4 npeacrtas-
NAeT cepbe3Hyl0 ONacHOCTb A1 NOKaNbHbIX CeTel, Bbl3blBaA NOBPEXAEHNS KOMMNbIOTEPOB NPU OTHOCUTENBHO
HU3KOM HanpsheHun nomex (1,5—2 kB). laHHble MnynbCbl 6yAyT UCMNbITbIBATL 3aTyXxaHue npu pacnpocrtpa-
HeHun no kabensam kateropun 5, HO 3TO 3aTyxaHue ABnseTcs npuemnembiM (30 % Ana paccTosiHusa 50 m).

YTo KacaeTca MHXeKUUU nepexofHblX NMpoLeccoB B CETU 3/1eKTPONUTAHUA, TO OTpaHUYEHUs BbIXOAHbIX
HanpsXkeHnii cTaHAapTW30BaAHHbBIX WCMbITATe/IbHbIX FEeHepPaToOpoB He MO3BOMSAT NONAYy4YNTb 3P eKTUBHbIE
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pesynbTatbl npu nogavye MM n HAM. BmecTe ¢ TeM npu nHxekymm HAM HapyweHnsa pyHKLMOHMPOBaHUSA MO-
ryT UMeTb MecTO Npu HanpsXxeHun 2 kB. Mpu nHxekuun MUM HanpaxeHne Ha Harpyske He npesbiwaeT 1 kB.
B pe3y/nbTaTe Yero NOBpPeXAeHW KOMNbIOTEPOB U HaPYLIEHUA X PYHKLMOHNPOBAHUSA HE Gbl/I0 OTMEYEHO.

6.3.3 KOHAQYKTUBHbIE UCMbITAHUA B 3f4aHNAX

MoBbIlWeHHOe BHMMaHWe B NocnefHue rofbl yaensaeTcsa BO3MOXHOCTM YMbILW/IEHHOTO CO34aHUA npecTyn-
HVKaMU UM TeppopucTamy 371eKTPOMAarHMTHbIX KPaTKOBPEMEHHbIX MPOLEeccoB A1 HapyLleHUss HopMasbHOW
paboTbl KOMMEPUYECKUX U MHbIX OpraHnsaunii. MHorme N3 paccmaTtpuBaeMbiX B HacTosilL,ee BpeMs yrpo3 Takoro
poja npefycMaTpuBalT BO3MOXHOCTb CO3[aHMA B 34aHNAX BbICOKOYACTOTHbIX 31€KTPOMarHuTHbIX nonei. Oa-
HaKo BEPOATHbI U ApYrne Yyrpo3bl, BKIOYAKLWMNE UHXEKLMNIO KOHAYKTUBHBIX NEPEXOAHbIX 3NEeKTPUYECKUX npouec-
COB B Kabenun afekTponuTaHusa, BXoAsL e B 34aHne, npu yCaoBUM 4TO 4OCTYN K TakuM KabensiMm He orpaHuyeH.

Hwxe npuBegeHbl 0606l eHHbIe CBefeHnA 0 paboTax, B KOTOPbIX NPOBOAMAACH UHXEKLNS NepexofHblX
CUrHaN0B pas3/IMYHbIX BUAOB B Kabenu anekTponutaHua, Bxogauwme B 3gaHue (cm. (49]. [50]). Uenbto aTux pabot
6b1710 UCCief0BaHNe xapakTepUCTUK pacnpocTpaHeHNs AaHHbIX NepexoAHbIX CUTHano0B OT BBOAA B 3faHue 40
HaCTeHHbIX LWTencenbHbIX PO3eTOK BHYTPK 34aHus. Kpome toro, B [49]. [50] nccnegosanncb Buabl NnepexofHblx
npoLeccoB, AeNCTBYIOLWMNX B 3N1E€KTPUYECKOW CeTn, CNOCOGHbIX BbI3BaTb NOBPEXAEHNEe KOMMbloTepa.

6.3.3.1 WcnbiTatenbHas ycTaHoBKa

McnbiTaHUA NPOBOANANCH B 34aHUK, PSIAOM C KOTOPbIM OblN1 yCTaHOB/EH cunoBoii TpaHcdopmaTop 10 kB/380 B.
coefIMHeHHbIi No AenbToo6pa3Hoii cxeme, MOLLHOCTbIO 1 MBT. Kak nokasaHo Ha pucyHke 10. VicnbiTaTenbHas ycta-
HOBKa BK/lOYasna B Ce6s rnasHblii pacnpegenuTenbHblii WUT 3aHnsa 1 pacnpefennTesibHble WNTbl Ha aTaxax.

*

TS — TpaHcthopmaTopHasa noactaHums; MSB — TaliHblil KOMMYTaUMOHHBIA WKUT; FS8 — 3TaXHbIil KOMMYTaLNOHHbI
wut. REE — yfaneHHblit 2asemnsaowmnit anektpos. EES — sasemnsiowasn cuctema tpaHcthopmaTopHOil noacTaHumu;
VI,. A2 — mecTa npoBejeHUss HamMmepeHuii
MpuMeyaHne — OTaxu 34aHMA 0603HAYEHBI: HKHUIA 3TaX — HA3EeMHbIA: cnegylowmii 3a HUM — nepBblii
3Tax; cnepyoLmin — BTOPOA U T. 4.

PucyHok 10— OnwvcaHve aKkcnepuMeHTa no UHXeKUUM KOHAYKTUBHbIX 3/1IEKTPOMArHUTHbLIX NOMeX

Mpy npoBeAEHUN UCMbITAHWUA UMMYNbCbl UHXEKTUPOBANIUCL BO BTOPUYHYHD OOMOTKY CWU/I0BOTO TpaHC-
opmaTtopa. TpaHccopmaTop 6bin 06ecToveH ANA yaobcTBa NPOBEAEHUS UCNbITAHWA, Tak Kak HeT npensaT-
CTBUIA K MHXEKLUN NOMEX B YC/IOBUAX pabounx HanpsxeHuin Ha kabenax, BXOAAWMX B 34aHue.

VHXeKUunsa nMnynbcoB NpoBOAUIaCh:

- Mexay asHbiM NpoBOAOM 1 U HEeATpasbHbIM NPOBOAOM;
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- MexAay hasHbIM NPOBOAOM 2 U HEWTPasbHbIM MPOBOAOM:

- Mexay hasHbiM NpoBOAOM 1 M yAaneHHbIM 3a3eMAALWNM 3N1eKTPOAOM;

- Mexay hasHbiM NPOBOAOM 2 U YAANEHHbIM 3a3eMAAILWNM 3N1eKTPOAOM;

- MexAy HeliTpanbHbIM NPOBOAOM U yAaNeHHbIM 3a3eMAKLWNM 31EeKTPOAOM.

M3mepeHusa B 3gaHnn NPOBOAUNMUCHE BO BCeX Cyvaax Mexay hasHbiM NpoBOAOM 1 1 HelTpanbHbIM Npo-
BOAOM B Pa3/IMYHbIX HACTEHHbIX WITENCE/bHbIX PO3eTKaxX Ha aTaxax.

WNHXeKTMpyeMble CUrHanbl BKIYanu B cebs HenpepbiBHble Koe6aHUA MU MMMYyNbCbl. XapaKkTepucTukn
MMNYNbCOB U3MEHANUCH, HO B OCHOBHOM BPEMS HapacTaHUsa UMMNYbCOB 6b110 30 HC NPY ANUTENBHOCTU MeXay
30 Hc 1 10 MKc. yacToTa noBTopeHua 5 Ny, B Touke nHxekuun amnautyga nmnynbcos coctasnsna 1500 B. Ove-
BWAHO, YTO UHXEKLMUA MMMNYNbCOB amnauTyoi 1.5 kB He Morna Bbi3biBaTb NOBPEXAEHVE U30NSALUN B 3N1EKTPO-
npoBoake 3gaHus. Mpu nogave HenpepbIBHbIX KOebaHnin cnonb3oBannuchb YacToTbl Mexay 500 'y n 1 Mlu,.

6.3.3.2 Pe3ynbTaTtbl UCNbITAHWUI B 3gaHNAX

OyeBUAHO, YTO HaMMeHbllee 3aTyxaHue curHana Ha nyTu OT BXxofa B 3faHuWe A0 HaCTeHHbIX wWTen-
CeflbHbIX PO3eTOK ByfeT NMeTb MEeCTO, eCIN U3MEPEHUNA HANPSHKEHUA N NHXEKLMIO CUTHaNna NpoBOAAT Mexay
OA4HUM U TeM Xe ha3HbIM NPOBOLHUKOM W HENTPaNbHbIM NPOBOAHMKOM. B xofe ucnbiTaHuii 66110 BbIABAEHO,
4YTO 3aTyxaHne nmeeT MUMHUMasbHOE 3Ha4YeHne npu Hanbonblwen anutensHocTn umnynsca (10 mkc). Mpwu npo-
BEAEHUN UCNbITAHNI C NCTOYHWKOM HenpepbiBHbIX KonebaHuii 3aTyxaHne yBennumBasnocb C POCTOM YacToTbl
npy MmakcumasnbHOM 3HayeHuun 3atyxaHus 5 b Ha yacTtoTte 1 MIy. MNukn 3aTyxaHus oTcyTcTBoBaan. MNpu npo-
Bepke 3(hheKTUBHOCTM CBA3N MEXAY Pa3/MUHbIMU (ha3HbIMU NMPOBOAAMU GbINO BbISBEHO, HYTO NPU MHXEKLUN
cCUrHanoB mexay dasHbiM NPOBOAOM 2 W HelTpasbHbIM NPOBOAOM W NMPU U3MEPEHUN MeXAy dhas3HbIM Mpo-
BOAOM 1 M HeliTpasbHbIM NPOBOAOM 3aTyxaHue 66110 paBHo oT 30 4o 50 b Ha yacTtoTax Mmexay 0.1 n 1 Mlu,.
Mpun aToM Habnwaganuck peskme pe3oHaHchbl Ha YactoTax 250 1 900 kI'y. Mpy MHXeKLMK curHana mexay as-
HbIM (MU HeWTpanbHbIM) NPOBOAOM W YAANEHHbIM 3a3eMNAIOLWNM 3NEKTPOAOM U U3MEPEHUN MeXAY Pa3HbIM
npoBoAoM 11 HeliTpanbHbIM NPOBOAOM 3aTyxaHue B TOW e nosoce 4yacToT 66110 paBHO 40 Ab.

6.3.3.3 ICTOYHMKM NUTaHUA KoMnbloTepa

BTopasi yacTb pa6oT, onucaHHbIx B [49], [50]. Bkntoyana B cebsi nccnenoBaHusa yasBMMOCTM MCTOPUKOB M-
TaHWs KOMMNbIOTEPOB NPW UMMNY/IbCHBIX NEPEXOHbIX NpoLeccax B kabene anekTponuTaHus. Tak kak 6b1/10 AICHO, YTO
npv npegHaMepeHHOM BO34EeNCTBMM Hanbonee BEPOATHLI NOBPEXAEHMSA M O0TKa3bl B cxeme (huibTpa CUI0BOro nu-
TaHuA. 6bl1N NPoBeAEeHbl UCCNeA0BaHNA TPEX Pa3/IMYHbIX CXeM ubTpa CUN0BOro NUTAHNA — A5 Manoil Hady3xu
(HOMUMHanbHoOI MowHOCTLI 200 BT), ANs Harpy3ku cpegHei mowHocTn (500—800 BT) 1 npoMbIWNEHHOTO hnnbTpa.

WNccnepoBaHusa 6blv NpoBeAEHbl NPU Pa3/InyHbIX XapaKTepPUCTUKax BXOAHbIX UMMNY/bCOB MPU UHXEK-
LMn no cxeme «asHblli NPOBOAHUK — HeliTpanbHbI/i NPOBOAHUK» Ha WTencenbHol BUAke. Bbinn paccmoTpe-
Hbl HENMMHEHbIE N Napa3nTHble 3/1IeMEHTbI (OUbTPOB CETEBOrO NMTaHUsS. Pe3ynbTaTbl aHanm3a nokasanu, 4To
NPV UHXEKLMN UMNYNbCOB ANUTENbHOCTLIO 100 MKC AO/DKHbBI OXuAaTbCcsa cregyowne apdekTol;

- Npo6oii KoHAeHcaTopa hunbTpa — NpU HanpsHXeHun umnynoca 3—4 kB;

- Npo6oii BbINPAMUTENBHOTO ANOAA — NPU HaANPsHKEeHUWN nMmnynbca 5—6 KkB;

- NnepeHanpsxeHne Ha UAbTPE BbINPAMUTENS — NPU HANpPsHXeHun nMmnynoca 3— 4 kB.

Mpu npoBegeHn NcnbiTaHUn ANA NPOBEPKM OTAENbHbIX pPe3ynbTaToB faHHOro UccnefoBaHusa Ha BXOA-
Hble pa3bembl UCTOYHMKA NUTAHUA NofaBauCb UMNY/bCbl C XapakTepucTukaMmu, NPUHATLIMU NpU Nposefe-
HUW pacyeToB, HauyuHas ¢ HanpsxeHua 3 kB. Mpo6oii KoHAeHcaTOpPa NPOUCXOAUN B CXEME NPU HaNPSXeHUn
0T 4.2 0 5.6 KB. UTO HECKO/IbKO Bbille pacHeTHbIX AaHHbIX, HO HAX0ANNOCH B NpeAenax TOYHOCTU pacyeTos.

[na nposepky KavyecTBa MPYHKLULMOHNMPOBAHWUSA KOMMNbOTEPA NPV UCNO/Ib30BAHUN MPOMBILINEHHOTO PUb-
Tpa B CXeMy nojaBasnucb MUMNYAbCbl ANTENBHOCTHI 50 MKC. MpU McNbITaHUSAX GbIIO BbISIB/IEHO, YTO OTKa-
3bl UICTOYHMKA NMUTAHUA KOMNbIOTEPA MMEKT MECTO MPU MHXEKLUN MMNYNbCOB HanpsaxeHnem 6 kB. B cxeme
hunbTpa UCTOYHMKA NMUTAHUA ObINN BbISBNEHBI NOBPEXAEHNA: ABYX ANOL0B, TEPMOKOMMNEHCUPYIOLWETO pe3un-
cTopa u npegoxpanutens. MpoBeAeHHbI aHann3 BAUAHUSA ANMTENbHOCTU UMNYybca Ha 3 (DEKTUBHOCTb BO3-
AeNcTBMA nokasan, 4Tto Npu 4ANTENBHOCTU MMNyAbca 1 MC OXuAaeMblli ypoBEHb O0TKa3a MOXeT 6biTb 1—2 kB.

6.3.3.4 O606WeHHble pe3ybTaTbl KOHAYKTUBHbLIX UCMNbITAHWUI B 3aaHUSAX

PesynbTartbl ucnbiTaHuii, npeacTasieHHble B [49]. [50]. cBUAETENbCTBYIOT O TOM. YTO HaNPsHKeHUs, UH-
XeKTUpoBaHHble B Kabenu, BBOAWMbIE B 3[aHNe, MOTyT pacnpoCcTpPaHATLCA C MasbiM 3aTyxaHMeM B NpoBofax
3NEeKTPOYCTaHOBKMN 3aHNa faxe Npu HaNnuynm HeCcKobKUX pacnpefenntenbHbiX WUTOB B 34aHun. Manoe 3a-
TyXxaHue npu pacnpocTpaHeHUn UCNbITLIBAKOT HeNpepbIBHbIe KolebaHns YyacToToil meHee 1 MYy U UMNybChI
AnuTenbHoOCTbi0 6onee 1 MKC.

XOTS BOMPOCHI, OTHOCALLMECH K HApPYLIEHWUIO U30NAUUN INEKTPONPOBOAKN B 34aHUN NPU UHXEKUUN Ha-
NpsXXeHWin. HenocpecTBeHHO B [49]. [50] He 3aTparuBanncb, MOXHO nosnaratb, YHTO NMKOBOE 3HAYEHMNE Hanps-
XeHua Nnpobos N30NAaLUMM HOPMasbHON 3N1EeKTPUYECKOn NPOBOAKM MOXET 6biTb He MeHee 10 kB.
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Mpn paccmoTpeHuy BOMNPOCOB YA3BMMOCTU KOMMbIOTEPOB pe3y/bTaTbl aHann3a v NpoBeAeHHbIX orpaHnyeH-
HbIX UCMbITAHWI MOKa3bIBaOT, YTO UCTOYHUKM MUTAHUA KOMMbLIOTEPOB, B YACTHOCTU BXOAHble (DULTPLI, YA3BUMbI
K MMynbcaMm ANTENbHOCTbI0O 50 MKC Npu HanmpskeHun 6 kB. BblumciieHns nokasbiBaloT, YTO MpW BO3AeiCTBUK
MMNYNbCOB ANNTENBHOCTBLIO OKOMI0 1 MC NoBpexaeHnsa 6yayT uMeTb MeCcTo Npu HanpshkeHun 1—2 kB. B uenom pe-
3y/nbTatbl PpaboTbl CBUAETENLCTBYIOT O TOM, YTO B kKabesin 3/1eKTPOYCTaHOBOK 3/laHN1 BO3MOXHO UHXEKTUPOBATb CUT-
Hasbl NPU 3HAYNTENILHOM HaNpPsKeHUW. VIHXEeKTUPOBaHHbIe HanpsXXeHUs pacnpoCcTPaHATCA C MasibiM 3aTyXxaHnem
B Kabenax 3/1eKTPOyCTaHOBKMN 34aHUSI U CNOCOGHbI Bbl3BaTb NOBPEXAEHUS UCTOYHNKOB NUTAHUS KOMNbIOTEPOB.

6.4 HapyweHus pyHKLNOHUPOBAHUA NOTUYECKUX CXeM (npekpalieHns PyHKLNOHNPOBaHMNS)

Haunb6onee BeposATHbIM pe3ynbTaTOM BJ/IUSHUS HA CUCTEMbI 3/IEKTPOMArHWTHbIX BO34eNCTBUIA 60/1b-
WO MOLWHOCTN ABNSETCS BPOMEHHOe HapyleHne PYHKLUOHUPOBAHUSA BHYTPEHHUX LUGPOBBLIX CXEM, KOTO-
poe BoCCTaHABNMBAETCSA CAMOCTOSITE/NIbHO NOC/E OKOHYaHWA BO3AEWCTBUA, UM HapyweHue (NpekpalyeHune)
(hyHKLMOHMPOBaHUS, yCTPaHAEMOE NoSib30BaTesieM MyTeM Nepe3arpy3ku (MOBTOPHOIO BK/IKYEHUSI 31EKTPO-
nuTaHus). NMporHo3nMpoBaThb yA3BUMOCTb CUCTEMbI B OTHOLIEHUUN JaHHbIX BUAOB HApyLIeHWii (hyHKLUMOHMpOBa-
HWSA LOCTATOUYHO C/TOXHO M3-3a HEONpPEeeHHOCTH.

a) COCTOSIHWSA NIOTUYECKMNX CXEM U BbINOJIHAEMbIX MU ONepaLnii B MOMEHT 3/1IEKTPOMArHUTHOTO BO3AeNCTBUSA:

b) COCTOSIHUS CBSI3W BNUSIOLLETO 3/1€KTPOMArHMTHOIO NOJIA C CUCTEMOM, KOTOPOE 3aBUCUT OT 6O/bLLIOTO
yncna pasnInuHbIX NapaMmeTpoB, 3HAUEHUS KOTOPbIX HEU3BECTHbI;

C) 3HAYEHWl yAaneHns CUCTEMbI OT UCTOYHUKA 3/IEKTPOMArHUTHOIO BO3ENCTBUS M OpUEHTALUNUN cCUCTe-
Mbl OTHOCUTE/IbHO UCTOYHWKA, KOTOPbIe, KakK NPaBnio, HEU3BECTHbI;

d) cTeneHu N3MeHeHUs ysiI3BUMOCTU 06bEKTA MPU Nepexofe OT OAHON MOAENN CUCTEMbI K APYroii.

Mo3TOMy NPUMEHEHNE aHANTUYECKUX METOAOB /151 BbISIBIEHUS BO3MOXHbIX HApPYLWeEHUA (hYHKLNOHU-
pOBaHWsA CUCTEM NPU 3NEKTPOMArHUTHLIX BO3AENCTBUAX 3aTPYAHEHO, U ANS NMOHUMAHUS 3D PEKTOB 3N1EKTPO-
MarHUTHbIX BO34eicTBUI 60/bLIOK MOLLHOCTY HA CUCTEMbl HEOGXOAMMO NPOBEAEHUE UCMbITAHWUI CUCTEM.

BmMecTe C TEM. UCXOAA M3 M3BECTHbIX 3HAYEHMWI HANPsHKEHWI NepekslYeHnidi B JIOTMYECKUX CXemax,
CylecTByeT BO3MOXHOCTb YCTAHOBUTL TpeGoBaHMe K CUCTEME, 3akK/ioyalleecss B TOM. YTOGbl HanNpsxeHue
Nto60ro curHana, BO3HMKAKLWEro B CUCTEME B pesy/bTaTe 3/1eKTPOMArHUTHOTO BO34eiCTBUS 6O/bLIOK MOLL-
HOCTU. BbINI0 3HAYMTESIbHO MEHbLUE, YEM HOPMasibHbIE HAMNPSKEHNS NMePEKTIOYEHNI Nornyecknx cxem. Pea-
M3aums faHHOTO KOHCepPBATUBHOIO NOAXOAA MOXeT NPUBECTU K U3NTULIHENR 3al L EeHHOCTN cucTeMbl. O 4HaKo
[aHHbI N0AX0A MOXET 6bITh MPUHAT B KAYECTBE OCHOBHOTO NpPW 3alLuUTe OT 3/IEKTPOMArHUTHbIX BO34eicTBuUiA
60/1bLIOI MOLHOCTW CUCTEM BbICOKON KPUTUUYHOCTH.

7 KoHuenuuu 3awmnTbl OT 3N1EKTPOMArHMTHbIX BO3AeACTBUIA 6ONbLLOK MOLLHOCTK

YcTaHoBNEHO (CM. pasfesnbl 4— 6). 4TO 3/1eKTPOMarHUTHble BO3AeNCTBNSA 60/bLION MOLWHOCTY Ha cucTe-
Mbl MOTYT NMPUBECTU K CAeAYIOWUM pe3ynbTaTam (B nopsigke y6biBaHUA XECTKOCTU BO3AeicTBuUA):

a) NOCTOSSHHOMY (PU3NYECKOMY MOBPEXAEHNIO CUCTEMBbI;

b) NOCTOAHHOMY NpeKpaLLeHN0 BbIMOMHEHUS YCTAHOBNEHHO (hyHKLUN:

C) BpEMEHHOMY NpeKpaLLeHnio BbINOMIHEHUS YCTAHOBNEHHON (hYHKLWK;

d) yxyAWeHno xapakTepucTuk YHKLUVOHNPOBAHUS!

€) BpEMEHHOMY HapyLUeHW0 (YHKLWOHUPOBAHUS, KOTOPOE MOXET ObITb YCTPaHEeHO AeiCTBUAMM onepartopa.

B HeKOTOpbIX Cnyyasx MoOXeT NoTpe6GoBaTbCsA 3aAWUTUTL CUCTEMY OT 3/1€KTPOMArHUTHbLIX BO3AelcTBuUiA
60/1bLWOA MOLLHOCTH.

B HacTosLeM pasgene npueseH 0630p PasIUUHbIX CXEM 3aLYUTHI.

7.1 CTtpaTterus Bbibopa YpoBHEW 3alNLLEHHOCTHN

BaxHelilwel cocTaBHOI YacTbio MEPONPUATUIA MO 3aluTe OT 3/1eKTPOMAarHUTHbIX BO3eNCTBUI 60/bLLON
MOLLHOCTK ABNSeTCA 060CHOBaHNe Heo6X0AMMOl cTeneHun cTolikocTn cuctemsl. CTONKOCTb CUCTEMbl 06bIYHO
BblpaXxalT BEPOATHOCTbIO OTKasa (MpekpalieHns BbINOJIHEHWA YCTaHOBMEHHOW (PYHKLUWN) NPU KOHKPETHOM
3/1eKTPOMarHMTHOM BO3AelcTBUN. Heobxoammasa cTeneHb CTOWKOCTU CUCTEMbI AO/DKHA 6biTh OnpefesieHa Ha
CTaTUCTUYECKOW OCHOBe, y4nTbiBas HeonpeAesIeHHOCTU U3MepPeHUil NnapamMmeTpoB 31eKTPOMArHUTHbIX Mone,
BO3/elCTBYIOLNX HA CUCTEMY, U U3MEHEHNSA NapamMeTpoB CUCTEMBI.

HekoTopble CMCTEMbI MOTYT 6bITb OTHECEHbI K «CUCTEMAM KPUTUYHOTO (PYHKLMOHMPOBaHMSA». 1N yKa3aHHbIX
CUCTEM A0/KHbI OblTb YCTAHOB/EHbI fOCTATOYHO XeCcTkne TPpe6oBaHNA K BbDKMBAEMOCTW NPU 3/1EKTPOMArHUTHbIX
BO3/elicTBNAX 60/1bLWONA MowHOCTM. O6oCcHOBaHWEe TpeboBaHWii K BEDKMBAEMOCTN CUCTEMbI ABASAETCS CMOXHbIM
1 AO/DKHO NPOBOANTLCA HA OCHOBE CTATUCTUYECKMX PeLUeHNli C y4eTOM clieHapueB HanageHusl, CTOMMOCTU U T. 4.
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[ONs TOro 4To6bl OLEHUTL HEO6XOAUMOCTL MPOBEAEHNS MEPONPUATUAI NO 3aWUTe OT 3/IEKTPOMATHUTHBIX
BO34eiCTBNA 60/bWONA MOLHOCTW, TPE60BaHUSA K BbIXKMBAEMOCTU CUCTEMbI JOMKHbI BbiTh YCTAHOB/IEHbI C y4e-
TOM ee B3auMOAeNCcTBUA C APYrMMY KOMMOHEHTAMU UHDPACTPYKTYPbI, BK/OUalowWw el B ce6a AaHHy0 CUCTEMY.

Hanpumep, ecnu paccMatpuBaemas cuctema npejctaBnsieT co60il cUCTeMY CBsi3u, o6GecneynBatoLLyto
ynpaBfeHne n KOHTPOSIb B CUCTEME TPaKAAHCKOW 060POHbI, ee (DYHKLMOHMPOBaHUE ABAETCA KPUTUUHBIM A
o6ecneyeHns QPyHKLMOHUPOBaHWS BCeii cucTembl. C ApYroii CTOPOHbI, €C/IM (OYHKLMOHUPOBaHNWE AaHHOI cucTe-
Mbl HE AB/SIETCS KPUTUUYHBLIM (HanpuMep, CBA3aHO C NPUrOTOB/IEHNEM KO(he), Tpe6oBaHUs K ee BbXKUBAEMOCTU
ABNAOTCA MUHUMA/bHLIMUW. [O3TOMY Npu onpeaenieHnn Tpe60oBaHnii K 3alnTe OT 31eKTPOMArHUTHbLIX BO3Aei-
CTBUIA 60MbLIOJ MOWHOCTN HEO6X0AUMA AeTaslbHas OLeHKa (OYHKLUIA, BbINOTHSEMbIX KOHKPETHO! CUCTEMOIA.

7.2 O630p MeTOA0B 3aliNTbl OT 3/1eKTPOMArHUTHbIX BO3AENCTBUIA 60NbLWON MOLWHOCTH

Ecnu B pesynbTaTe NMpoOBEAEHHOr0 aHanu3a WaW MUCNbITAHUA CUCTEMbl BbisiBleHa HE06X0AUMOCTb 3a-
WNTUTb CUCTEMY OT 31€KTPOMArHUTHbIX BO34eNCTBUI 601bLIOA MOLWHOCTHM, cneayeT y4nuTbiBaTb BO3MOXHOCTb
NPUMEHEHNA HECKONbKNX METO0B:

a) 3almnTa KOHKPeTHO CUCTeMbl OT 3/1IEKTPOMArHUTHbIX BO3AeCTBHIA;

b) KOHCTPyMpOBaHMe TEXHUYECKNX CPEACTB U COo3faHne NporpammMHoOro obecneyeHuns, yCcToiumBbIX K OT-
KasaM OTAefIbHbIX 3/1IEMEHTOB;

C) MOHUTOPUHT OKpyXatoLweli 06CTaHOBKN C Lefblo BbIABEHUSA 3N1€KTPOMarHUTHbIX BO3A4eicTBMiA 60/1b-
LWOW MOLHOCTH;

d) ob6ecneyeHune husmyeckoii 6€30nNacHOCTN CUCTEMBI;

€) N36bITOYHOCTb CUCTEMbI NPW BbIMO/THEHWN YCTAHOBAEHHbIX DYHKLMWIA.

MeToA No MepevyncneHnto a) B 3Ha4YMTEIbHOW CTeneHn aHanormyeH mMetojam 3aluTbl cuctem ot MU
BAB (cm. [26]). AaHHbIA MeTog BktoYaeT B Cebsi; KOHTPONb 3NEKTPUYECKON KOHuUrypaymm cuctembl gns
YMEHbLUEHNA CBA3M C BHELWHUMU 31€KTPOMArHUTHBIMKU MOASIMU, MOBbilWeHne 3heKTNBHOCTU 3KpaHMpoBa-
HUS cucTembl nNyTeM 06paboTkM anepTyp WM TOYEK MPOHUKHOBEHWUA KOHAYKTUBHbLIX BO3AEWCTBUIA B cuctemy,
YCTAHOBKY YCTPOWCTB 3aluTbl OT UMMNYNbCHLIX MEepeHanpsxXeHnin B Toukax Bxoja.

Tak Kak MHOTMe cucTeMbl SIBAATCA LMPPOBbLIMK, CyLecTBYeT BO3MOXHOCTb CHU3NTb BEPOSATHOCTb
HapyleHns PYHKLUOHUPOBAHUSA CUCTEMbI MPU HU3KUX YPOBHSX 3/1EKTPOMArHUTHbIX BO3AelCTBUIA 60bLION
MOLLHOCTM 32 CYET NPUMEHEHUSA METO0B KOHCTPYNPOBAHUA TEXHUYECKUX CPEACTB M CO3aHUsA NPOrpamMmmMHOro
o6ecneyvyeHmns, yCTONUYUBBIX K OTKa3aM OTAe/IbHbIX 3/1IEMEHTOB (CM. nepeyncneHve b). [laHHbli MeTOA, OAHAKO,
HenpuMeHnM A5 3awWnTbl OT hru3nyecknx NOBpexXAeHnii Npum BO34eiNCTBMM 3NEKTPOMArHUTHbIX Nonei.

MeTon 3aluTbl MO MEpPeyYncseHnto €¢) 0COGEHHO No/ie3eH NpuM NOBTOPSIOLWMUXCSH 3NeKTPOMAarHUTHbIX
BO3JelicTBMAX 60MbLWOA MOLWHOCTN. B COOTBETCTBMM C AA@HHLIM METOAOM COGCTBEHHUK COOPYXEHUS MOXeT
NpoBOAUTL MOUCK UCTOYHMKOB 3/IEKTPOMArHUTHbIX BO34eNCTBUI 60/MbLIOA MOLWHOCTU. Hannume ucTouyHuka
03HayaeT HanajeHue Ha coopyxeHue. NpoBefeHNE MOHUTOPUHIA MOXET ObiTb MOJIE3HbIM elie W noTomy,
UYTO MCTOYHWK INEKTPOMArHUTHbIX BO34elCTBUIA 60/bLIOK MOLWHOCTM C 60/bLUOK BEPOATHOCTLIO AO/KEH Ha-
X0A4MTbCSA NO6AM30CTU OT 06BbEKTA BO3AENCTBUS.

MeTog no nepeuncnexuto d) siBNsSieTCA NPEBEHTUBHLIM W HaNpaB/eH Ha UCK/OYeHMe focTyna B MecTa
noTeHUManbLHOro HanajeHns Ha cucTemy.

HakoHel, meToa BBeAeHNA U36bITOYHOCTU MO NEepPeyvncreHnto e) ymeHblliaeT yA3BUMOCTb CUCTEMbI, Ha-
npumep, 3a cYeT TOro, YTO noAcuctema, PYHKLUOHMPOBAHUE KOTOPOW HapylleHo, 3aMeHsieTca WAEHTUYHON
noAcCUCTEMO, 3alUNLLEHHOI OT 3/IEKTPOMArHUTHbIX BO3AENCTBUIA.

7.3 Peanvlaau,vm MeTo[0B 3alWNTbl OT 3TEKTPOMArHNTHbIX BOB,quICTBI/Iﬁ 60NblOWA MOLWHOCTHN

B3anmopgelicTBue 3NeKTpOMarHuTHbIX BO34ENCTBUIA 601bLWOIA MOLHOCTU C CUCTEMOW MOXET ObiTb B Le-
JIOM npeAcTaBneHo npousBefeHnemM (YHKUNA nepefayn nocrnefoBaTesibHbIX 3BEHbEB, 3aK/THUYEHHbIX MEXAy
NCTOYHMKOM 3M1EKTPOMArHUTHbLIX BO34ENCTBUIA 6ONbLIOA MOLHOCTA ¥ NOPTOM CUCTEMbI, NOABEPraemMbliM BO3-
AeicTBUlo (Hanpumep, KOMNOHEHTOM) (CM. PUCYHOK 7). AnA Takoro nyTv B3aMMOAEWCTBUS MOXET OblTb Mpo-
BefleH aHanu3 oTAesnbHbIX 3BEHbEB, OnpeAeneHbl UX OYHKLMM nepejauun, a 3aTeM — onpegeneH pesynbrart
BO34€eNCTBMA Ha cucTemy. 3To 60nee AgeTanbHblil, HO BMecTe ¢ TeM U 60nee CNOXHbIA noaxos, YeMm noaxos,
OCHOBAaHHbIi Ha yYeTe MEeCT «yTeuku» B 3KpaHe W NMPUMeHeHUn uNbTPOB B Kabensx.

Mcnonb3ysa NOHATWE «TOMOJIOrMA CUCTEMbI», BBEAEHHOE B COOTBETCTBMM C 6.1. yA06HO OTHOCUTbL NyTK
3/1eKTPOMAarHUTHOTrO NPOHUKHOBEHMNS K «kHAMEPEHHO CO3[aHHbIM» U «KHEHAMEPEHHO CO3[aHHbIM».

Kak nokasaHo Ha pucyHke 11, HAMepeHHO CO34aHHbIN NyTb 3N1EKTPOMArHUTHOTO MPOHUKHOBEHMWA Npej-
cTaBnseT coboii oTBepcTNe B 3/1EKTPOMArHMTHOM 3KpaHe, cOo3faHHOoe ANA BBOAa MHGOpMauun (CUrHanos),
3NeKTPONMTaHNS, BOAbl, MEeXaHUYeCckux yecunuii uan na npoxoga nepcoHana B sKpaHMpoOBaHHOE NoMeLlleHne
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1 13 Hero. MNpu Takom onpegeneHnm Heo6Xo4MMO OTHOCUTL NMYTU 3M1EKTPOMArHUTHOTO NMPOHUKHOBEHUSI BHYTPb
9KpPaHUPOBAHHOM 060/104KN Yepes aHTEeHHY, CU/I0BbIE U CUTHAJIbHbIe Kabenu, Kak NnokasaHo Ha pucyHke 11. K
HaMepeHHO CO3[4aHHbIM NyTAM 3/1eKTPOMArHUTHOTO NPOHUKHOBEHUS. TakuM 06pa3oM, NyTb 31EeKTPOMArHuT-
HOro MPOHMKHOBEHUSA Yepe3 MGy anepTypy paccMaTpuBalOT Kak HAMEPEeHHO CO3AaHHbIi, ecnn anepTypa
(OKHO, ABEpb W T. 4.) HAMEPEHHO Co3faHa B 3KpaHe A5 MPOXOXAEHUN «MHDOPMALUN».

3neKTpoMarHUTHoe Bo3gelicTene
60/1bLUIOK MOLLHOCTM

HeHamepeHHO po3aaHHble MyTu MPOHMKHOBEHME Yepes
3N1EKTPOMArHUTHOO MPOHUKHOBEHUS! y | oTBepctve (aBepb)

HamepeHHo co3paHHble

s2n nyTn 3N1EeKTPOMarHUTHOro
BHELUHMI Ny e MPOHUKHOBEHMS!
'OKpaHbl
Kabeneity,
Vi <-I AHTEHHa, /IMHUA 3NEKTPONUTAHS
VNN CUrHa/TbHas IMHUS

Bapbep S,
O6onouka cucTembl

PucyHok 11 — CxemMa HamMepeHHO 1 HeHaMepPeHHO CO3AaHHbIX MyTeli 31EeKTPOMArHUTHORO NMPOHUKHOBEHUS
NMPUMEHNTESIBHO K CUCTEME, NPELCTaBEHHON Ha prCYHKe 5

C ppyroii CTOPOHbI, NYyTb 31€KTPOMArHUTHOTO NMPOHUKHOBEHUS Yepe3 anepTypy, 06pa3oBaHHy0 B LUBE
Mexay ABYMS naacTuHaMy aKkpaHa 060/104KM CUCTEMBbI, cliedyeT OTHECTM K HEHaMEepPEeHHO co3faHHoMy. MyTb
NPOHWKHOBEHNSA 3/1EKTPOMArHUTHOIO MONS Yepe3 HeKauyeCTBEHHbI M30NUpYHOLWMI MaTepuan Takxe npeg-
cTaBnsieT co6oil NpuMep HeHaMepeHHO CO34aHHOro NyTU 31EKTPOMArHUTHOIO NMPOHUKHOBEHUS.

XO0TA MexaHu3M CBSA3W NPU HAMEPEHHO CO34aHHOM MYyTW 3N1E€KTPOMArHUTHOTO MPOHUKHOBEHUS YacTo AB-
nseTca M3BECTHbIM U pasfinyHbie hyHKUUU nepegayun npu 3TOM ABAAKTCA U3BECTHbIMU NMGO MOryT 6bIThb
paccuuTaHbl, 3almuTa AaHHOro NyTW NMPOHUKHOBEHWA, Kak NpaBuo, ABnsetcs 60ee CNOXHOW, YeM 3awmTa
HEHaMepeHHO CO34aHHOro NyTW 3/IEKTPOMArHMTHOTO NPOHWKHOBEHUSA. [ANsA 3alnTbl HEHAMEPEHHO CO34aHHO-
ro nyTu 31eKTPOMarHMTHOIro NPOHNKHOBEHUS MOXET BbliTb NPUMEHEHA CTaHAapTHas TexHonorusa obecnevyexHns
OMC. ocHOBaHHasa Ha NPYMEHEHUN NPOKNAaL0K, PUIbTPOB, IKPAHUPOBAHHbIX Kabeneit n T. 4. ECNN UHTEHCUB-
HOCTb OXMAAaeMbIX 31€KTPOMarHUTHbIX BO3AEWCTBUIA ABNAETCS 3HAYMTENIbHON, HE0O6X04MMO MHOTOYPOBHEBOE
npuMeHeHne CpeacTB 3aluTbl, O4HAKO C UCMOb30BaHWEM CTaHOAPTHbIX TEXHOMOTUNA.

C [pyroit CTOPOHbI, ANS 3aWWUTbl HAMEPEHHO CO34aHHOr0 NYTW 3/IEKTPOMArHUTHOTO NPOHUKHOBEHMA Ya-
CTO 6blBaeT TPYAHO HANTN NOAX0AALIME CpefCcTBa 3aWnThl, Tak Kak 0JHOBPEMEHHO A0/KHO O6bITh 06ecneyeHo
NPOXOXAEHMNE NOMNE3HbIX CUTHANIOB M OTPaHNYEHO BAUAHUE 3N1E€KTPOMArHUTHbIX BO3AENCTBUIA 6ONbLIOK MOLL-
HOCTW. ONsi 3aluTbl HAMEPEHHO CO34aHHOr0 MyTU 3M1EeKTPOMArHUTHOrO NPOHWKHOBEHUSA 4YaCTO paccMaTpu-
BalOT NPUMEHEHNE HeNMHeNHbIX cxeM. OAHaKo, ecm UMNY/bCbl 3N1eKTPOMarHUTHbIX BO3AeCTBUIA 60/bLLION
MOLLHOCTU SABNAKOTCA KPATKOBPEMEHHbIMU, OTK/IMK YCTPOWCTB 3aluUTbl MOXET OblTb HEAOCTATOYHO ObICTPLIM
ANS TOro, YTo6bl NOrOTUTL SHEPTUI0 UMNYybca. 151 HEKOTOPLIX BUAOB HAMEPEHHbIX MyTei 3N1eKTPOMarHuT-
HOrO MPOHMKHOBEHWSA AOCTATOYHO TPYAHO HANTKN agekBaTHble CNOCOo6bl 3alnThl.

Mpn paccmMoTpeHun mep 3aluTbl HEOO6XOAMMO YYUTbIBATbL, YTO BbICOKOYACTOTHbIA XapakTep 3/1eKTpo-
MarHUTHbIX BO34EeACTBUI 6OMbLION MOLWHOCTY 3aTPYAHAET onpeaeneHme Hamxyawero acdekta Bo3gelicTeus
6€e3 NpoBeAeHNss MHOTOYNC/IEHHbIX U3MEpPEeHUNi. BMecTe ¢ Tem 3aTpyaHaeTcs n TpebyeT 3HauMTeNbHbIX 3aTpart
BpPEMEHV NpoBeeHNE UCNbITAHWUIA C LLeNbio NPOAEMOHCTPMPOBATL, YTO CUCTEMA HE ABNAETCA BOCNPUUMYMNBOIA
npu N 6bIX yrnax Bo34eicTBMA afieKTpoMarHuTHoro nons [51].

7.3.1 3awmuta HaMepeHHO co34aHHblX NyTelh NPOHUKHOBEHWS 3/1eKTPOMATrHUTHbIX BO3AelicTBUI
60NbLION 3HEPrUM

LNns 3aWmnTbl CUCTEM OT 3N1E€KTPOMArHUTHbIX BO3A4eiCTBNIA 60MbLIOIA MOLLHOCTU C YCTAHOB/IEHHbLIM YPOB-
HEM BbDKVMBaHWS HEO6XOAMMO NPOBOAUTH 3aAWWUTY HAMEPEHHO CO34aHHbIX MyTel 3/1eKTPOMarHUTHOro Mpo-
HWKHOBEHUA. MpuUMeHsieMble cpeacTBa 3aWWTbl AO/KHbI, C OAHOW CTOPOHbI, HE HapywaTb HOPMasbHOro
(PYHKLMOHMPOBAHNS CUCTEMbI, & C APYIO — HEe BbIXOAWUTb M3 CTPOS NMPU 3/1EKTPOMATrHUTHbLIX BO3elCTBUSIX
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60/bLLIOI 3HEPrMUn, ecNu AaHHble CPeACcTBa HE CKOHCTPYMPOBAaHbI Kak CPpefcTBa «OAHOT0 yAapa», nofo6Hble
nnaskuM NpeAoxXpaHuTenNsim.

MpoBeaeHnio MeponpuUsATUIL 3alKUTbl CNOCOB6CTBYET TO, YTO NYTW CBA3W NPU 3TOM, Kak Npasuio, XopoLwo
M3BECTHbI U KOHTPO/IMPYHOTCS. Hanpumep, paccMOTPUM FMNOTETUYECKUI NyTh CBA3U, NOKA3aHHbI HA PUCYHKe
12a). [aHHbI NyTb CBA3M MOXeT 6biTb NpeAcTaBfieH NoC/nef0BaTeIbHOCTbIO COEAUHEHHbIX A4PYT C APYTOM
[ABYXMNOPTOBbLIX CXEM, KaxAas U3 KOTOpbIX MMeeT (DYHKLMI0 nepegaun Tr Kak nokasaHo Ha puUcyHke 12b).

a) CTpyKTypHas cxema

dnekTpuyeckoe Vunl

b) Mogerb hyHKunii nepeganm

E— HanpsXeHHOCTb BHEWHEro 3/1IeKTpU4YeCcKoro nonsq; ZQ* nonHoe conpoTuesieHne o6TekaTens.

— (byHKUMA nepegaun
ob6TekaTens;

yHKLMA nepefaun aHTeHHbl. [Ja— yHKUMA Nepegauun cornacyouieii uenn; Tv — dyHKUMA Nepejaun NuHuu;
TK tr— dyHKUMSA Nepefayn NnpueMHuka. — Harpyska

PucyHok 12 — MprMep HamMmepeHHO CO3/aHHbIX MyTel 3N1eKTPOMarH1THOrO NPOHUKHOBEHUS B CUCTEMY

dyHKLMM Nepefaun Ha pucyHke 12b) B OCHOBHOM U3BECTHbI B NMO/10CE paboymx 4acToT CUCTEMBI.

3alnTa AaHHOW CUCTEMbI MOXET GbiTh BbINO/IHEHA ABYMS Pa3/IMuHbLIMKU crnoco6amu:

a) fo6aBfieHUeM B NyTb NPOXOXAEHUS CUTHANA NOC/Mef0BATENBHO UM NapasniesibHO YCTPOWCTB 3aLiu-
Tbl. Kak NokasaHo Ha pucyHke 13. unu

b) KOHCTPYMPOBaAHNEM 3N1E€MEHTOB CUCTEMBI (T. €. NOAGOPOM PYHKUUIA Nnepegaumn () Tak. 4To6bI UCKIO-
YNTb BHEMOJIOCHbIE CUTHASbI.

Asfiwir 3auunTHoe yCTpOﬁCTBO, napannesibHO BK/IlOYEHHOE B NyTb NMPOXOXAEHNA CurHana; 3ayuntHoe yCTpOIZCTBO,

nocnepoeaTtesibHO BK/IIOYEHHOE B NYyTb NMPOXOXAEHUA curHana

PucyHok 13 — BkntoyeHue yCTpocTB 3aLLyThl B HAMEPEHHO CO3/aHHbI NyTb 3/1EKTPOMArHUTHOTO NPOHUKHOBEHUS
[N15 3aLWTbl OT BHEMOMOCHBIX NMOMEX
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YcTpoiicTBa 3alWuThbl, NpefcTaBieHHble Ha pUcyHke 13, MOryT 6bITb HECKONbKMX BUAOB. Ha HU3KMX Ya-
cToTax MOryT 6blTb MCMOMb30BaHbl PUALTPLI C COCPEAOTOUYEHHbIMW NapamMeTpaMu, Ha BbICOKMX YacToTax —
BOJ/IHOBO/Hble (hnnbTpbl. Kpome TOro, 06bIYHO MPUMEHSAIOT HeNMHEliHble OrpaHnynBalLLme yCTpoiicTBa, BK/I0-
yaa AMOAHbIE OTPaHNUYNTeNn, ra3oBble paspagHUKM, heppuTOBbIe OrpaHNYNTeNn n nepeknyaTenu.

MoMMMO 3aluTbl HaMEpPeHHO CO3[aHHbIX MyTeil 31eKTPOMAarHUTHOro NPOHUKHOBEHUS fo6aBneHneMm
cneynanbHblX KOMMTOHEHTOB B Lienb PyHKLUIA nepefayn, BO3MOXHO U3MEHEHNE KOHCTPYKLUN CUCTEMBI.

Hanpumep, NpMMeHNUTENbHO K aHTEeHHe, NpeACTaBMEHHON Ha pUCyHKe 12. BO3MOXHO M3MeHUTb noaocy
4acToT NPO3payYHOCTN 06TeKaTeNIq aHTEHHbI C UCMOb30BAHUEM CMeLnanbHbiX MaTepnanos ANS OrpaHnyeHmns
3HEeprun BHEMO/IOCHbIX CUTHAOB, AOCTUraKwLl el aHTeHHbl. Bonee TOro, KOHCTPYKLMA aHTEHHbI MOXeT obe-
cneymBaTtb ynpasJieHnWe nonspusaumein U WKUPUHONA Ny4ya, YTO MO3BONSAET YMEHbLINTb BAUSHWE 3/1eKTpomar-
HUTHbIX BO3JeicTBUIA 60NbLWOK MOLHOCTU. Kax/Joe U3 3TUX KOHCTPYKTUBHbIX U3MEHEHWI NPUBOANT K KOppek-
TUpoBKe MYHKLMII Nepefayn B Mosiocax 4acToT, OT/IMYHLIX OT MOA0CHI 4acTOT NOME3HOr0 cUrHana.

3almTa HaMepeHHOo Co3/AaHHbIX NyTeil KOHAYKTUBHOrO NPOHWKHOBEHUS, OTANYAKOWMXCA OT nyTei npo-
X0XAEHNA NOMEe3HOro curHana, Takke MoxeT 6bITb 06ecrneyeHa yCTaHOBKOW (PUAbTPOB M YCTPOWCTB 3aLUTbI
OT UMMY/bCHbIX NepeHanpsxeHnii. Mpumepamu Taknx nyTeil NPOHUKHOBEHWA ABMAAIOTCA MPOXOXAEHUE 3Kpa-
HUPOBaHHbIX kabenei ynpaBneHus, BpalialowWwnxca oceld, BOAAHbIX TPy6 U T. A. OCHOBHaA KOHUenuus ux
3aWmuThl 3akivaeTcs B NpeAoTBpalleHUn HenocpeCTBEHHOW MHXEKLUU Toka B CUCTEMY, 4TO MOXeT 6biTb
[OCTUTHYTO XOPOLUMM 3M1EKTPUYECKMM COeNHEHEeM (CBapKOi) B TOUKax NMPOHUKHOBEHMUSA n/unun fobasneHnem
MexaHU4eckMx N30n8TopoB, (UNbTPOB, NojasuTeneli nomex. Boibop KOHCTPYKUWUIA YCTPOWCTB 3alnUThbl 3aBu-
CUT OT KOHKPETHbIX XapakTepucTuK MyTy NPOHUKHOBEHUS.

7.3.2 3awuTta HeHaMepeHHO CO3JaHHbIX MyTel 3NeKTPOMAarHMTHOIO MPOHNKHOBEHNSA

Kak oTMeuyeHo paHee, OCHOBHbIMW HEHAMEPEHHO CO3AaHHbIMN MYTAMU NPOHUKHOBEHUS 3N1eKTPOMarHnuT-
HbIX Noneit 60NbLWOK MOLWHOCTY SABNAIOTCA NPOBOASLLME NOBEPXHOCTU IKPAHA CUCTEMbl W OTBEPCTUS, LLenw,
WBbI, MECTA COEANHEHWNII 3NEKTPOMArHUTHOTO 3KpaHa.

KoHuenuusa 3awmTbl HEHAMEPEHHO CO3[4aHHbIX NyTel 31eKTPOMarHMTHOro NPOHNKHOBEHNSA NpocTa: He-
06X0MMO 3aKpblTb BCE OTBEPCTUA B 3/1IEKTPOMArHUTHOM 3kpaHe (3KkpaHax) cuctembl. Ha pucyHke 14 B 0606-
LLleHHOM BU/Je Nokas3aHo, Kak 3TO MOXeT OblTb BbINOIHEHO HECKO/IbKMMU pa3NyHbIMU crnocobamm.

MoaroTtoBka oTBEpCTUl Metannuuecxuii Moparotoeka BBOAOB NPOBOAHUKOB
(3a3emnieHne OTBEPCTWIA, NOKPbITUE CETKOM, (anekTpuyeckoe coeguHeHve,
NPUMEHeHVe NPOBOASALLMX MOKPbLITUIA anekTpuyeckas U3onaumus, NPUMeHeHe
NnpUMeHeHVe 3anpeserbHbIX BOTHOBOAOB) (hUNBTPOB 1 MOMEXONOAAB/ISHOLLNX
YCTPOICTB)

OTpaXKeHHbIn ToK

MpoBoaHUK
3aKpbIThiiA 3KpaH
LLlyHTMpOBaHHbIiA
OKpaHVpOoBaHHbIe kabenn 1 1 1 v $0K
’
Apylie K n BHyTpeHHee
cncTemsl 3a3emsieHne
BHeluHee

YcuneHHas cuctema 3a3eMIenme

'Xopoluee anekTpuyeckoe
coevHeHve

PucyHok 14 — TunuyHble cnocobbl 3almUTbl HEHAMEPEHHO CO34aHHbIX NyTei 3/IEKTPOMAarHMTHOro NPOHUKHOBEHWS

Bo-nepBblX, BHELWHWUA 3KpaH CUCTEMbI JO/DKEH OblTb W3rOTOBMEH M3 MaTepuasna C BbICOKON NpoBoAU-
MOCTb0. J1lo6ble 0TBEPCTUSA AO/KHbI 6biTh 3aLULLEHbI C UCNOMb30BAHWEM NPOBOASLLNX MATEPUANOB, CETOK,
NPOBOASALLMX MOKPbITUIA. MpK HEOGXOAMMOCTM UCNOJb3YIOT 3anpefenbHble BOIHOBOAbLI. Ha pucyHke 14 npeg-
CTaB/ieHbl Takke Tpeb6oBaHUS K cucteme 3aszeMneHus. [lo/KHbl GblTb Kak BHELWHAS, Tak U BHYTPEHHAA cu-
CTEMbl 3a3eM/IeHns, NpuyeM WHTepdelicom MeXAy HUMU [Oo/MKHA OblTb 3KpaHUpYyoLWas NoBEPXHOCTb, a He
npoBufa. NPUXoasLLMe Yepes 3KpaH.

HakoHel, no60e afnekTpuyeckoe coefMHeHNe C BHeLIHel CUCTeMOI AOMKHO BKYATb NPOLO/MKEHNE
06LLero akpaHa CUCTeMbI, Kak 3TO MOKa3aHO Ha puUCyHke 14.

BaXHO OTMETUTb, OAHAKO, YTO 3alMTa HAMEPEHHO CO3[aHHOro NyTW MPOHWKHOBEHUS MOXET 3allyu-
TUTb 06opyfoBaHNe OT NoBpealleHunsi, Ho He 0643aTeflbHO OT BPEMEHHOT0 HapylleHUs yHKLMOHMPOBaHMUSA
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(Hanpumep, BCNeAcTBME BPEMEHHO NOoTepu NOMe3HOro curHana). HanpoTtus, ajekBaTHasa 3awuta HeHame-
PEHHO CO3JaHHOro MyTW NMPOHUKHOBEHWUA 06ecneynT 3alnTy CUCTEMbI U OT NOBPEXAEHWUIA, N OT HapyLleHui
PyHKLMOHMpPOBAHUA.

7.3.3 AnbTepHaTuUBHble CXeMbl 3alUTbl OT 3/1IEKTPOMArHUTHbIX BO34elNCTBUI 60NbLIOA MOLWHOCTMN

Ecnu xapakTepucTukn CUCTeMbl TaKOBbl, UTO MTHOBEHHOE KaTtacTpoduyeckoe nospexsfeHne KOMNoHeH-
TOB CUCTEMbI UCK/TIIOYEHO Y OMACHOCTb A1 CUCTEMbI NPEACTaBAIT HAPYLWEHUA UIn npekpalleHns PYHKLNo-
HUPOBaHWSA. Bbl3BaHHble BO3MOXHbIMWU OTKaszaMy S1I0TMYECKMX CXeM, NPUMEHUMbl afibTepHaTUBHble MeToAbl
3alUTbl OT 3/1EKTPOMArHUTHbLIX BO34eNCTBUI 60/bLON MOLHOCTN, OCHOBAHHbIE HA TOM, YTO BPEMS «NOBPEX-
[leHNA» CUCTEeMbl CPABHUMO C A/IMTENLHOCTbI0O HECKO/IbKMUX LIMKI0B PaboTbl IOTMYECKUX CXeM, 4YTO NpejocTas-
nAeT AoCTaTOYHOE BpeMs [/19 OCYLeCTBAEHUSA «[UHAMUYECKON 3alynUThbl».

AnbTepHaTUBHbIe CXeMbl 3alnTbl OT 3/1EKTPOMArHUTHbLIX BO3elCTBUIA 60/bLION MOLHOCTU BKIKOYAOT
B cebs:

a) aKTUBHYIO 3aLuTy;

b) BBEfleHne N36bITOYHOCTN CUCTEMbI;

C) BblfIBJIEHNE OWMNGOK U NPUMEHEHNE KOPPEKTUPYHOLEro NporpaMMHOro obecneyeHus.

KoHuenumsa akTUBHOW 3alinTbl OCHOBaHa Ha NMPVMEHEHUN OTAEeNbHbIX YCTPOWCTB, 06HAPYXMUBAOLWNX Ha-
YyasibHbli MOMEHT B/IMSAHUA Ha CUCTEMY 3JIEKTPOMArHUTHbIX BO34eNCTBUI 60MbLION MOLWHOCTK, U Ha NpoBefe-
HVW OMepaTMBHOW 3alNTbl CUCTEMbI ;O MOMEHTA BO3HUKHOBEHNA HapyLWeHU A (DYHKLMOHNPOBaHNA. AKTUBHAA
3alnTa HamepeHHo COo34aHHbIX MyTel 3N1eKTPOMarHUTHOro MPOHMKHOBEHUS NPUMEHSAEeTCS B cUcTeMax paguo-
nokauuu v cBa3n. BaxHelWwnm ycnosmeM NpUMeHeHUs AaHHOro meTofa fBNAeTCA AOMNYCTUMOCTb 3afepXKu
npuema nosie3Horo curHana. [lonyctumoe BpemMsa 3afepXkn JO/HKHO 6blTb AOCTATOUYHLIM AN1A cpabaTbiBaHUA
YCTPOWCTB 3aluTbl 1 BMECTE C TeM He BAUATb HA HOpMa/sbHOe (PYHKLMOHMPOBaHNE CUCTEMbI.

Ncnonb3oBaHne M36bLITOYHOCTU CUCTEMBbI B LENAX ee 3aluTbl OT 3/1eKTPOMarHUTHbIX BO3AeNCTBUl
60/bLIOI MOLIHOCTU Lieflecoobpa3Ho B Tex cly4yasx, korga TpebyeTca NoBblleHHas HafeXHOCTb CUCTEMBI.
BBegeHne n36bITOYHOCTH obecneynBaeT 3almMTy CUCTEMbI Kak OT NOBPEXAEHMWN, Tak U OT HapyLlweHnin PyHK-
LuoHuposaHusa. KoHuenuns seefeHnsa n3bbITOYHOCTU OCHOBaHA Ha NPUMEHEHNN HECKO/IbKMX NOACUCTEM WK
KOMMOHEHTOB, BbINOJHAOLWMNX O4HY 1 Ty Xe (YHKLMI0 (HanpuMep, KOMNbLIOTEPOB B CUCTEME CBA3MN), BbIXOAHbIE
CUTHaNbl KOTOPbIX CyMMUpPYIOTCA. B pe3ynbTate 06w Kii ypoBEHb BbDKMBAEMOCTI CUCTEMbI CTAHOBUTCS BbilUe,
YeM YpOBEHb BbXXMBAEMOCTU OTAe/bHO NOACUCTEMBI.

BbisiBieHne OWKNG0K U NPUMEHEHE KOPPEKTUPYIOLWKUX NPoLeAyp B 3/IEKTPOHHbLIX CXemax Toxe obecne-
ynBaeT NOBbILLEHNE HAfEeXHOCTU CUCTEM.

B uenom gns 3awutbl CUCTEM OT 3/1€KTPOMArHUTHbLIX BO34eNCTBUI 60/1bLWIONA MOLWHOCTN CriefyeT npume-
HATb METO/bl KOHCTPYMPOBAHUA TEXHUYECKNX CPELCTB M CO3aHNsA NporpaMMHOro obecrneveHus, obecneynsa-
lowe CTOMKOCTb K 91eKTPOMAarHUTHbIM BO34eACTBUAM 60/bLIOA MOLHOCTU, COBMECTHO C OCYLLEeCTB/EHNEM
KOppeKLun oWwmnboK 1 NponyckoB CUrHanoB. Bo3MoxeH Takxe nepnoanvecknini MOHUTOPUHT (aBTOMATUYECKUiA
AN PYYHOI) hYHKLMOHNPOBAHWNSA CUCTEMbI U HANIMYUS 3/1EKTPOMArHUTHbIX BO3JeiicTBUI 60/bLLIOIA MOLHOCTN
1 ocyuiectBneHne (Npu Heo6xoANMMOCTUN) nNepesarpysknm cucTem.
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MpunoxeHne A
(cnpaBoyHoe)

Mpumepbl 31EKTPOMATHUTHBIX BO34eNCTBUIA 60NbLWOK MOLWHOCTY HA CUCTEMbI B MPOLWIOM

B npoLwwuno»/ nbeenm MecTo HeckosIbKO NOAPOGHO AOKYMEHTUPOBAHHBIX CyYaeB HeXenaTesibHOro 3/1eKTPoOMarHuT-
HOTO BAVSIHWSA NPU 3/1IEKTPOMArHUTHbIX BO3AEWCTBUSAX HA CUCTEMbI, MHOTAA C pPa3pywuTesbHbIMU NOCNeAcTBUAMU. Psg
COObITUIA, BbI3BAHHbIX 31EKTPOMArHUTHBLIMU BANAHUAMM, U3yyeH B [11], HEkOTOpbIe N3 HUX ByAYT KPaTKO N30XEHbI HUXE.

MpoLwnblii ONbIT NOKa3biBAET, YTO HAPYLLUEHNS PYHKLMOHMPOBAHNSA CUCTEM HE CBSi3aHbl C NPUMEHEHUEM TOJIbKO CO-
BpeMeHHoro o6opyaoBaHus. Hanbonee paspylumntenbHble NOCNeACTBUA 3NEKTPOMAarHUTHbIX BO3AENCTBUIA 60/1bLIONA MOLL-
HOCTV nmenn »/ecto B 1967 1. n 6bln cBA3aHbl C aBnaHocuem «doppecton» BMC CLIA. B cootBeTcTBuM C [11]:

«B 1967 r. y nobepexbsi BbeTHama npu nocajke peakTMBHOro ca»/oneta BMC Ha aBmaHocel, «®oppecTosi» npo-
130LW/10 HEKOHTponupye»/oe cbpacbiBaHne aBnabom6, KOTOpPbIMK Obl1 HAHECEH yAap MO MOJIHOCTbIO CHapsSHXKEHHOMY W
3anpas/ieHHOMY UcTpebuTenio Ha B3NeTHOW nany6e. MocneaoBanu B3pbiBbl, B pe3ybTaTe KOTOPbIX 6bi1n youtsl 134 ma-
Tpoca M MPUYMHEHbI Cepbe3Hble MOBPEXAEHNA aBuMaHocLy U camonety. [laHHblli UHUMAEHT 6bla Bbi3BaH 06/yYeHneM
camosieTa pagnonokaunoHHOR cTaHumed aBuaHocLa. PesynbTupyloliee afiekTpoMarHuTHOe BAUSIHWE NpUBeno K nogaye
HexXxenaTesbHOro CMrHasa Ha cucteMy BoopyXeHus. [poBefeHHOe paccnefoBaHne nokasano, YTo CTeneHb 3KkpaHupoBa-
HKA cucTemM camorneTa 6biia NOHWKXEHHO, YTO 1 a0 BO3MOXHOCTb pafno/oKalMOHHOM CTaHLUW oKa3aTb BAUSIHAE Ha UX
HopMmasibHOe PyHKLMOHUpoBaHue. C y4eToM 3TOr0 UHUMAEHTA CUCTEMHbIV ypoBeHb TpeboBaHnii AMC 6bin1 NepecMoTpeH,
nprvyem ocob6oe BHMMaHWe 6Gbif0 06paLleHO Ha 3/1eKTPOB3PbIBHLIE YCTPOACTBAY.

Bblnn 0TMeueHbl cnegyrowme Nnpobaembl ¢ cMcTe»/aMu ynpaBieHust noneTom nctpebutens F-16:

«McTpebutens F-16 notepnen aBapuio B6/M3M paguonepejarwoLlein ctaHunm «fronoc AMepukm» 13-3a Toro, 4To ero
cucTe»/a ynpasaeHns nonetom 6bia BOCIPUMMUNBOIA K PaAMoYacTOTHLIM 3/1EKTPOMArHUTHBIM MOISIM BbICOKON UHTEHCKB-
HOCTUW. U3Nlyyaembl»/ NnepeaaTunkom. V13-3a HeycTolUMBOCTM, CBOMCTBEHHON F-16. NUAOT f0/MKEH Gbin NosaratbCs Ha 60p-
TOBOI KOMMbIOTEP MPW YyNpaB/eHNN CaMONeTOM. YUnTbIBasA 3TO. MHOTMe U3 camosneToB F-16 6binn MognduunpoBaHbl Ans
VNCK/IOYEHNA 3NEKTPOr/arHUTHOIO BANAHWA, 00YCNOBEHHOTO HeafleKBaTHbIMW BOEHHbI»/N TEXHUYECKU»/n TpeboBaHuAr/n
K KOHKPETHbIM paAno3NeKTPOHHbIM cuctema»/. [laHHblii cnyvail ¢ camonetom F-16 aBuACA ofHON U3 NPUYMH BBeAeHUs
depepanbHOl aBnalMoHHON agmuHncTpaunei (PAA) nporpammbl cepTudUKaLuy B OTHOLEHUN PaANOYacTOTHbIX U3NY-
YeHWIi BbICOKOW MHTEHCUBHOCTU».

Bbln Takke OTMeYeH crefyoLwmnii cnyyaii, CBA3aHHbIN ¢ Bo3aeiicTBue»/ Ha BeptoneT UH-60 nsnyyeHunit ot pacnono-
XEHHbIX N06130CTU pagnonepesaTUHNKoB:

«[Mpwn nponete B 1987 1. BepToneta UH-60 ap»/un CLUA Bo3ne pagnonepegatouein 6awHy B 3anagHol FepmaHum npo-
N30LUJI0 HEKOHTPO/IMpYe»/oe AABNXeHNe cTabunmnsaTopa. OTMeyanoch Takke HenpeaHa»/epeHHoe BKII0YEHNE UHANKATOPHbIX
namn n aBapuiiHbIX CUTHaNOB B KabuHe. [lanbHeiwne nccnefoBaHnsa U UCMbITAHWA NOKasanu, YTo cucte»/a ctabunmsaunm
3TOro BepTofieTa NoABEPXeHa BO3AENCTBUIO PafMoyacTOTHbIX U3yYeHNi BbICOKOM MHTEHCUBHOCTU. BepToneT UH-60 6bin
OCHalLleH 06bIYHOI MexaHYecKoii cucTe»/oi ynpasneHuns noneto»/ ¢ rugpoycunutenamu. OgHako B cMcTeme ctabunmsaunm
6blna Mcnosb3oBaHa nepefgayva UMQPOBbLIX CUTHANOB aBTOMATUYECKOro yrnpas/ieHWs NOJI0KEeHMEM BepTofieTa Ha OCHOBe
napa»/eTpoe noneTa v CUHranoB ynpasnexus. Vi»/eHHo cucter/a nepegaun aTux LM poBbIX CUTHANOB OKkasanacb BOCMPUUM-
YMBOIA K PaANOYaCTOTHBIM U3/TyYeHWsI»/ BbICOKO MHTEHCMBHOCTW. B nepnof KOHCTPYMpPOBaHWSA BepToneTa ANs HYX[ ap»/um
CLUA eue He 6b110 ONbiTa Pery/sipHblX N0METOB B6M3MN »/0OLHbIX UICTOYHNKOB PaAnovacToTHOrO UsnyyeHns. Bmecte ¢ tem
Bepcua gaHHOro BeptosneTa, paspaboTtaHHaa aAns BoeHHo-mopckux cun (SB-60). He n»/ena nogo6HbIX Npo6aem ¢ BAUAHU-
€M 3/1eKTPO»/arHUTHbIX NOMexX 60MbLUOK MOLHOCTH, Tak kak Ans SB-60 6bin ycTaHOBNEHbI 60onee xecTkme TpeboBaHus,
YUUTbIBAKOLLME MOLLHbIE UCTOYHWUKN 3N1EKTPOr/arHUTHOTO M3/TyYEHUs, UMetoLMecs Ha 60pTy COBPEMEHHbIX MOPCKMUX Cy[OB.
Apmueit CLWA 6binm naeHTUUUNPOBaHbI HECKONIbKO COTEH «MPOBGAEMHbIX» WUCTOYHUKOB U3NyYeHns, U 6bio NpoBeaeHo
VNHCTPYKTUPOBaHNE MUI0TOB O HEO6XOAMMOCTM CO6M0AaTL COOTBETCTBYOWME Ge3onacHble yaaneHmsa oT Hux. Hecmotps
Ha 370. ¢ 1981 no 1987 r. naTb BepToneTos UH-60 noTepnenu asapuu, KOTOpble NPUBENN K TMGEN UNN paHEHUAM BCeX, KTO
Haxoguacs Ha 6opTy, Npuye»/ Npu kaxAol U3 aBapuii BepToNeTbl NposieTany CAWXom 671M3Ko OT paguonepeaaTymkos. Ans
MOJIHOTO pelleHns faHHo! Npo6nB»/bl NOTPe60BaNoCh yNyyLlNTb 3KPaHNPOBaHNE 31EKTPOHHbIX CUCTEM. BOCMPUM»/YMBbLIX K
BO3AeCTBUIO 3/IEKTPOMArHUTHOro Nons, n obecneynTb fybnmpoBaHne paboTbl HEKOTOPbIX aBTOMATUYECKUX CUCTE»/».

Cnyyawn Hexenarte/lbHOro 3NeKTPOMarHMTHOTO B/IMSIHASA He OrpaHnYnBannCh TONIbKO BOEHHOI chepoil, 4To oyeBns-
HO C y4eTOM MpUBEAEHHOTO HWKe NprMepa, CBA3aHHOro C aBTOMOOMAAMNU:

«B HavanbHbIl Nepuoj yCTaHOBKM Ha aBTOMOGUASX aHTUGMOKMPOBOUHbLIX cucTeM Top»/o30B (ABC) oT»/evanuch
cepbe3Hble HapyLeHWs Npy TOPMOXEHMUN aBTOr/o6uneii. OCHaleHHbIX TaKUMK cucTe»/aMn. Ha onpeAenieHHbIX yyacTkax
HemeLKkux aBTo6aHoB. Ecnn BogUTeNy Npur/eHsann TOpMoXeHne Ha U30rHyTbiX yyacTkax aBTo6aHoB B6/IM3KN OT MeCT pac-
NoJIOKEHNA MOLLHbIX pajuonepeaarynkos, TO U3NTyYeHUsA 3TUX pajuonepeaarynkoB OKasbiBasv BAUAHWE Ha CUCTEMbI
ABC. B kauecTBe nepBoHa4Ya/IbHOIO pPeLleHUst AaHHOW nNpo6nex»/bl GbIN0 NPEANPUHATO IKPAHUPOBAHME YYaCcTKOB aBTob6a-
HOB NPOBOJIOYHOV CeTKON AN ocnabneHns aneKTpoMarHMTHbIX noneil. 3To obecneunno Hop»/anbHoe YHKLWOHNPOBA-
HUE TOPMO3HbIX CMETEM>.

OneKTpoMarHnuTHoe BAUAHME 6bl/1I0 OTMEYEHO TaKkKe NPUMEHNTENbHO K »/eANLNHCKAM U34ennsaM, 0 YHem CBuaeTe b-
CTBYET NPUBEAEHHbIV HUXE Ccnyvaii:
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«COCTOsiHUe BOCMPUMMYMNBOCTY MEAULMHCKNX U3AENNiA K KOHAYKTUBHOW AN U3ny4yaemoin 31eKTpoMarHuTHO amuc-
CWK Bbli3blBaeT 03a604EHHOCTb NPUMEHNTEIBHO K MOHUTOPaM cepAeyHoii gedaTensHocTu/gednbpunnatopam. MCNob3y-
eMbIM B MEANLMHCKNX yupexaeHusx. Vimen mecto cnyyai, korga 93-neTHuii naymeHT ¢ cepAeyHbIM NpucTynom 6bia no-
MeLleH B rocnutanb, U MeAWLUHCKUI NepcoHan NpYMeHn ANA fleYeHns naureHTa MOHUTOP CepAeyHoil aeaTenbHocTn/
fednbpunnatop. Kaxaplil pas. korga MeguunHckue paboTHVKN BKIOYAIN paguonepeaatynk npyu NpoBefeHnn KOHCynbTa-
uuii no paguo, AednbpunnaTop cosgasan anekTpuyecknii paspsag. B pesynbTtaTte nauveHT ymep. ViccnegosaHua nokasa-
NIN. YTO MOHUTOP.'[edn6PUIIATOP NOABEPrancs BO34eNCTBUIO NCKIIOUUTEbHO CUbHBIX 3/IEKTPOMArHUTHBIX U3/TyYEHWUH,
Tak Kak Ha Kpbllle MeANLMHCKOrO yupexeHus 6blna ykpenneHa AnMHHas pajmoaHTeHHa, 1 kpblwa 6bina caenaHa He ms
meTanna, a u3 nnactuka. HegoctatouHoe skpaHVpOBaHME B COYETAHUN C MHTEHCUBHBIMY U3/TyYaeMbIMU pagnocurHanamm
NPUBENO K 3/1EKTPOMArHMTHOMY BIVSIHWIO HA YCTPOICTBO XN3Heo6ecneueHuns».

MprBefeHHble Bbile NpYMepbl BO3AEWCTBAA 31E€KTPOMArHUTHbIX Noneli 60/blIO MOLHOCTM Ha 3NekTpuyeckne
cucTeMbl nNpefcTaBnany coboit HenpegHamepeHHO BO3HUKatoLWMe NOCNeACTBUA NI0XOM KOHCTPYKLUN CUCTEM UNWN HEHOP-
MasibHO BbICOKO/ MHTEHCUMBHOCTU 31€KTPOMAarHWTHbIX MOMEW, AN 1 TOFo U ApYroro.

B0O3MOXHO Takxe MCrnosb30BaHWe UCTOYHUKOB 3/1EKTPOMArHUTHbIX BO3AeiCTBUI GONbLUIOA MOLWHOCTU B LeNsax Ha-
MEPEHHOr0 HapylleHns PYHKLMOHUPOBAHNSA WU NOBPEXAEHUA cucTeM. NpUMeHeHne 3N1eKTPOMarHUTHbIX BO3feicTBuii
60NbLIOK MOLLHOCTMW 4151 AOCTUXEHUS AaHHbIX Liesleil MOXeT UMeTb MECTO B BOEHHOI 06CTaHOBKE, NPV KOTOPOI 3/1€KTPo-
MarHuTHble BO34eNCcTBNA 60/bLION MOLHOCTY MOTYT 6bITb HanpaBieHbl MPOTUB BPaXECKNX pPakeT, CaMoseToB UKW ApYrnx
cucTem, cofiepXallnx BOCNPUUMUMBBIE 3M1eKTPOHHbIE YCTpOicTBa.

AHanornyHoe BOEHHOMY HanajeHve MoxeT 6biTb NPeANPUHATO Xakepamu, TeppopucTaMmn Uan Apyrumun opraHusa-
LUMAMK NPOTUB FPaXAaHCKUX CUCTEM, YTO BbISI0 ONpefeneHo Kak «3/1eKTpoOMarHuTHbIi Teppopuam» {12]. (13] unn «npeg-
HaMepeHHOe 3/1eKTPOMarHMTHoe BAUSHNE>.

BO3MOXHOCTM Takux HanageHwii ctannm npegMeToM 06CYXAEHUA C TEXHUYECKOW TOUKM 3PEHNS Ha HECKO/bKMX Ha-
YUYHbIX cumMno3nymax (cm. [14]—[17]) n npogonxkaloT o6CyxaaTbCs B LWUMPOKOW neyvatun (cMm. (18]. (19]). Heckonbko oT4eTOB
06 MMEBLIMX MECTO C/y4Yasx UCMONb30BaHNSA TaKoro («3/1eKTPOMarHUTHOIO») OPYXUSA MPOTUB FPadKAaHCKMX Y BOEHHbIX
cuctem (cM. [20]. [21]) HOCSIT cnoOpHbI XxapakTep. MNo3ToOMy HEOGXOAUMbI SiCHblE, y6eaAUTeNbHbIE U LOKYMEHTUPOBAaHHbIE
CBUAETENbCTBA O MPUMEHEHNN 3/1EKTPOMArHUTHbIX BO3AENCTBUIA 60/bLIOA MOLLHOCTU.

OfHako gaxe B OTCyTCTBME 6ECCMNOPHbIX AOKa3aTeNbCTB NPUMEHEHUS UCTOYHUKOB 3/1eKTPOMAarHUTHbIX BO3Aei-
CTBWIA 60NbLUIOI MOLLHOCTU MPOTMB FPaXAaHCKMX CUCTEM NPaBUTeNbCTBA HECKO/IbKMX CTPAH pas3BepHy/In nccnegosaTesb-
CKie nMporpammbl C Leflbio OLeHUTb BO3MOXHbIe NOCNeACTBUA 3/1eKTPOMAarHUTHbIX BO3AEeACTBMIA 60/bLIOA MOLLHOCTUA Ha
CBOM CUCTEMbI U MHPpacTpykTypy. PaboTa Takoro poda 6bina, Hanpumep, nposejeHa B Lseunn [22]. Kpome Toro, BO3-
MOXHOCTW UCNONb30BAHNA «BbICOKOYACTOTHOIO» OPYXMA 6blnn nsnoxeHsl B [23] ana KoHrpecca CLUA.

[JanbHeiiline ceefeHuns, KacaLwmnecs HaMepeHHOro NCNOo/b30BaHNS 3/IEKTPOMArHUTHbIX MOMeX 60bLIOK MOLHOCTK,
npvBefeHbl B CrelmanbHOM BbiMycke XypHana [52]. NocBsilLeHHOM npefHamMmepeHHbIM 3/1eKTPOMAarHUTHbIM BAVSHUSM.
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Mpunoxenne OA
(cnpaBouHOE)

CBefeHNss 0 COOTBETCTBUN CCbIZTOYHbIX HALMOHANbHbIX U MEXIOCYLapCTBEHHbIX CTaHAapPTOB
MeXAYHapo4HbIM CTaHAapTam, UCNOJIb30BAaHHbIM B KAYECTBE CCbI/TOYHbIX B MPUMEHEHHOM
MeXAyHapogHOM cTaHgapTe

Ta6bnunya A1

O603Ha4eHME CCbIIOYHOTO

HaLWOHAasbHOIO, c og:;%'::m O603HaueHVie N HaMMEHOBaHME CCbIIOYHOTO MeXAyHapoAHOK CTaHaapTa
MEXTrocy/JapCTBEHHOTO CTaHJapTa
FOCT P 51317.4.4—2007 MOD IEC 61000-4-4:2004 «3nekTpomMarHuTHas coBMecTumocTb (OMC).
(M3K 61000-4-4:2004) YacTb 4. MeTofbl UCNbITAHWI N n3MepeHunii. Pasaen 4. VicnbiTaHus
Ha yCTONYMBOCTb K 3/IeKTPUYECKM BbICTPbIM NepexofHbIM npoLec-
cam/navkam»
FOCTP 51317.4.5—99 MOD IEC 61000-4-5:1995 «3nekTpomarHutHas coBMecTumocTb (OMC).
(M3K 61000-4-5—95) YacTb 4. MeToAbl UCMbITAHWA 1 usmepeHuii. Paszaen 5. McnbitaHna
Ha yCTONYMBOCTb K UMNYNbCHBIM NepeHanpsixeHnsm»
FOCT 30372—2017 MOD IEC 60050-161:1990 «MexAyHapoAHbI/i 3N1eKTPOTEXHUYECKMNIA cno-
(IEC 60050-161:1990) Bapb. [NaBa 161. nekTpoMarHMTHas COBMECTUMOCTb»
MpumeuyaHnune — B HacToswel Tabnmue NCNonb30BaHo caejylouiee ycoBHOe 0603Ha4YeHne CTeneHn cooT-

BETCTBUSA CTaHAapPTOB:
- MOD — MoanULMpOBaHHbIE CTaHAAPTbI.
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