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NpeaucnoBue

Lienu n npuHumnel ctangaprusauumn B Poccuinckon degepauum ycraHosneHol degepanbHbiM 3aKOHOM OT
27 pexabpsi 2002 r. Ne 184-$3 «O TEXHMYECKOM perynupoBaHuny, a NpaBuna NPMMEHEHN HaUMOHATbHbIX CTaH-
aaproB Poccuiickon deaepaummn — NOCT P 1.0—2004 «Ctangaprusauus B Poccuiickor Peagepaummn. OCHOBHbIE
MOSNOXEHNS»

CBepgeHuA o ctaHaapre

1 PASPABOTAH 3A0 «HayuHo-ucnbitatenbHbii ueHTp «CAMTI3C» n TexHM4eCckuM KOMUTETOM MO CTaH-
Aaprumsauum TK 30 «3nekTpomMarHUTHasi COBMECTUMOCTb TEXHUUECKUX CPEACTB» HA OCHOBE COOCTBEHHOIO ayTeH-
TUYHOTO NepeBoaa CTaHAAPTa, YKA3aHHOrO B NyHKTE 4

2 BHECEH TexHu4yeckum komuTeToM no ctaHaaptusauum TK 30 «OnekTpomMarHuTHass COBMECTUMOCTb TEX-
HUYECKUX CPeacCTBY

3 YTBEP>KEH 1 BBEJIEH B IENCTBME Mpuka3som deaepansHOro areHTCTBa no TeXHUYECKOMY perymu-
poBaHuio u MeTponorun ot 29 mast 2009 r. Ne 165-ct

4 HactoAwmn craHgapTt gBnsfieTcd MOANMMPUUMPOBAHHLIM MO OTHOLLUEHUIO K TEeXHUYECKOMY OTYeTy
MO3K 61000-1-5: 2004 «3nekTpomarHuTHas coBmectuMmocTb (BMC). HYactb 1-5. OcHOBbI. ONEKTPOMarHUTHbIe
6onbLuoi mowHocTn (BMBM) Bo3aencTBus Ha rpaxkaaHckue cuctembly (IEC 61000-1-5:2004 «Electromagnetic
compatibility (EMC) — Part 1-5: General — High power electromagnetic (HPEM) effects on civil systems»). Mpu
9TOM IONONHUTENbHLIE NONOXEHUS U TPeOOBaHUA, BKINIOYEHHbIE B TEKCT CTaHAapTa Ans y4eTta notpebHocTen
HauMoHarnbLHOW 3KOHOMUKM Poccuiickoii deaepaumm n 0co6eHHOCTEN POCCUICKON HAUMOHANbHOM CTaHaapTu3a-
LuK, BbiAENEHb! B TEKCTE CTaHAapTa KypCMBOM.

HaumeHoBaHue HaCTOAWEro cTaHaapTa M3MEHEHO OTHOCUTENBHO HAUMEHOBAHUS YKa3aHHOTO MexayHa-
poaHoro craHgapra 4nsa npuseaexuns B coorsercreue ¢ FOCT P 1.5—2004 (noapasaen 3.5).

Tekct nogpasgena 4.1 ykasaHHOro MexayHapoAHoro craHgapra npuBeaeH B BUAE A0MONHUTENBHOIO NPU-
noxexus A.

Mpu NpMMEeHeHUM HACTOoSALLIEero CTaHAapTa peKoMeHAYeTCA UCTONb30BaTh BMECTO CCbIMIOUHbIX MEXyHa-
POAHbIX CTAaHAAPTOB COOTBETCTBYIOLLME UM HaLMOHanbHble cTaHaaptel Poccuiickon ®eaepauum, cBeaeHus o
KOTOPbIX NPUBEAEHBI B AOMOSTHUTENBHOM NPUNOXEHUN B

5 BBEJEH BMNEPBbIE

Ungpopmavus 06 usMeHeHUaX K HacmosweMy cmaHoapmy rybriukyemces 8 exxe200H0 usdasaemMom UHOop-
MayUOHHOM yKa3amene «HayuoHanbHble cmaHdapmbi», @ MeKcm UsMeHeHul U nonpaeoK — 8 eXeMeCsI4HO
usdasaembix UHhOPMAaUUOHHBIX yKka3amensax «HayuoHanbHbie cmandapmsiy. B criyyae nepecmompa (3ameHbi)
unu ommMeHbl Hacmosaweao cmaHlapma coomseemcemesyrowee yeedomneHue 6ydem onybruKkosaHo e exeme-
CAYHO u3dasaeMoM UHpOPMAaUUOHHOM yKasamene «HauuoHanbHble cmaHdapmbl», Coomeemcemsyrouias
UHgopmayus, yeedomeHue U meKcmbl PasMewaromes makxe 8 UHhopmayUuoHHoOU cucmeme obuieao nosb30-
eaHus — Ha oghuyuanbHoM calime edepanbHO20 ageHMemea rno MexXHUYECKOMY peaynupoeaHuio U Memporo-
euu 8 cemu ViumepHem

© CraHgaptuHgopm, 2009

HacTosLuuii crangapT He MOXeT BbITb MOHOCTBIO UMW YAaCTUHHO BOCTIPOU3BEAEH, TMPAXXMPOBAH M Pacnpo-
CTpaHeH B Ka4yecTBe opruumMansHoro naaaHus 6es paspeLueHus degepansHoro areHTCTBa No TEXHUYECKOMY pery-
NNPOBAHMIO U METPOMNOMK
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BBepneHue k M3K 61000-1-5: 2004

HacTosawmin texHudeckuin otuetr MOK Bxoaut B coctas ctaHaapTos cepun M3K 61000, nyGnmkyembix no
BOMPOCAM 3MNeKTPOMarHUTHOW COBMECTUMOCTM B COOTBETCTBUM CO CIEAYIOLLIEH CTPYKTYPOIA:

-yacTb 1. OCHOBBI:

obLyee paccmoTpeHune (BBeeHne, yHaaMeHTanbHbIE NPUHLMMLI), ONPeAeneHusl, TEPMUHONOTUS;

-4acTb 2. SnekTpoMarHuTHas o6cTaHoBKa:

onucaHue aneKTpoMarHUTHO 0BCTaHOBKHU, KNaccuuKaLys 3NeKTPOMarHTHON 0OCTaHOBKM, YPOBHYU SNEKT-
pOMarHWTHON COBMECTUMOCTM!;

-4yacTb 3. Hopmsl:

HOPMbl NOMEXOIMUCCUU, HOPMbI MOMEXOYCTOMYMBOCTHU (B CRy4asix, €CNu OHU He ABMNAITCA NpeaMeToM
paccMoTpeHns TexHudeckumm komutetamu (TK), pazpabartbiBalolmmm CTaHAaPTbl HA MPOAYKLMIO);

-4acTb 4. MeToAbl UCMLITAHUIA U UBMEPEHUNA:

METOZAbI NCMNbITAHUIA, METOAbI U3MEPEHUN;

-4acTtb 5. PykoBoacTBa N0 YCTAHOBKE M NOMEXOMNOAABEHUIO:

pyKkOBOACTBAa N0 YyCTaHOBKE, METOAbI U YCTPOICTBA NOMEXONoAaBINeHUs;

-yacTb 6. O0uime cTaHaapThl;

-yacTb 9. PasHoe.

Kaxxaas 4actb nogpasaensieTcs Ha pasgerbl, KOTOpble MOTYT ObiTb OMyONMKOBaHbI KAk MEXAYHapOAHbIE
cTaHaapTbl NGO Kak TEXHUYECKME YCIOBUSA UM TEXHUYECKME OTHETBI. HEKOTOpbIE U3 yka3aHHbIX pa3enos onyo-
nuKoBaHbl. Apyrne 6yayt onybnukoBaHbl C ykasaHMueM HOMEpA 4acTu, 3a KOTOpbIM crneayeT aedwuc, a 3arem
HOMep pasgena (Hanpumep, 61000-6-1).

MO3K 61000-1-5: 2004 paspaboraH MoakomureTom 77 C « ONEKTPOMArHUTHbLIE NEPEXOAHbIE ABNeHust 6onb-
LLUOW MOLLHOCTU» TexHuyeckoro komutera MK TK 77 «OnekTpomarHuTHasi COBMECTUMOCTb.
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(M3K 61000-1-5:2004)

HAUVWOHANBHBLIN CTAHOAPT POCCUMNCKOWN PEQLEPALMUMU

CoBMeCTUMOCTb TEXHUYECKUX CPeACTB 3NeKTPOMarHuTHas

BO3OEWNCTBUA SNEKTPOMAMHUTHBIE BOSMbLLION
MOLHOCTU HA CUCTEMbI MPAXXOAHCKOIO HASHAYEHWS

OcCHOBHbIe NONOXeHNs
Electromagnetic compatibility of technical equipment.

High power electromagnetic influences on civil systems.
Basic provisions

Hara BBeaeHusas — 2010 — 01— 01

1 O6bnacTb NnpUMeHeHus

Hacrosimin ctaHpapT ycTaHaBNUBAET OCHOBHBIE NONOXEHUA B 06nacTu AesTenbHOCTU, CBA3AHHOW C BO3-
AENCTBUSAMM SMEKTPOMAarHUTHBIX NOSEN, TOKOB U HAMPSDKEHUI BONbLUIOW MOLLHOCTU (fanee — aneKTpomMarHuT-
Hble BO34eiCTBMS BOMbLLON MOLLHOCTU) HA CUCTEMBI FPaXKAAHCKOTO Ha3HAYEHUS.

HacrosAwwii ctangapt npegHasHaveH Ans npuMeHeHusl npu paspaboTke CTaHAapTOB, NPUMEHAEMbIX NPU
CO34aHUKN ANEKTPOMArHUTHbLIX BO3AENCTBMUI OOMbLUIOW MOLUHOCTU U 3aLUUTE CUCTEM rPAXKAAHCKOrO Ha3HaYeHUs!
OT NpeAHaMepPEeHHOro ANEKTPOMarHUTHOTO BIIUAHUA.

YuuTbIBas HOBbIE TEXHOMOMMU QHTEHH ANSA UMMNYIILCHBIX USITYYEHWUI U PaCLLMPAIOLLIEECA NPUMEHEHNE Lnud)-
POBOW 3IEKTPOHUKMN, HEOOX0AMMO NMPUHUMATbL BO BHUM@HWE BO3MOXXHOCTb YMbILLNEHHOTO HapyLUEeHWS (hyHKLMO-
HUPOBAHUS UK NOBPEXAEHUsi 060PYAOBaHUA 3NMEKTPOMAarHUTHLIMU BO3AEACTBUSIMU OOSbLLOI MOLLHOCTM.

Hacroawui craHaapt ycraHaBnvBaeTt obLiee BBeAeHUE B AaHHYIO 00nacTb AeATENbHOCTU, TEPMUHBI U
onpeaerneHus, a TaKkKe COAEPXKUT CBEAEHUS 00 3MEKTPOMAarHUTHLIX BO3AEWCTBUSIX DONbLIOW MOLLHOCTM, UX BIK-
AHWUM HA CUCTEMbI FPaXKAAHCKOro Ha3HaYeHUA U MeToAax 3aLlnTbl CUCTEM OT SNIEKTPOMAarHMTHbLIX BO3AEWCTBUM
00onbLLON MOLLHOCTH.

2 HopmatuBHble CCbIFIKU

B HacTosLWem cTaHAapTe MCMOMNb30BaHbl HOPMAaTUBHLIE CCbISIKM Ha CrieayoLmne CTaHaapThl:

FOCTP 51317.4.4— 2007 (MOK 61000-4-4: 2004) CosMecmumMocmb MEXHUHYECKUX cpedcmes ar1eKmpo-
MazHumHas. YemoUlqueocme K HaHOCEKYHOHbIM UMIMYIIbCHBIM nomexam. TpebosaHust u memoObi ucrnbimanull

FOCTP51317.4.5— 99 (MOK 61000-4-5— 95) Cosmecmumocmb mMexXHUYECKUX cpedcmes ariekmpomas-
HUMHas. Yemolqueocmb K MUKPOCEKYHOHbIM UMITYIIbCHbIM rTomexam 6onbuioli sHepauu. TpeboeaHus u Memo-
Obl ucnbimaHuli

MOCT 30372—95/IOCT P 50397 — 92 Cosmecmumocmeb MexXHUHYeCcKuUx cpedcmes 351eKmpomMagHUMHas.
TepmuHb! u onpedeneHus

MpuMeYaHue—lpu Nonb3oBaHUU HACTOALLMM CTaHAapTOM Lienecoo0pasHo NpoBepUThb LelcTBIUE CChiIou-
HbIX CTaHAApPTOB B MHOPMALMOHHON cucTeMe OBLLEro NoNb30BaHNs — Ha oduLnanbHoM caiite defepansHoro areHT-
CTBa MO TEXHUYECKOMY PErynMpoBaHNio U METPONOTUW B ceT MIHTEPHET WNW Mo exerofHo M3aaBaeMoMy WHGOpMaLy-
OHHOMY YyKasaTento «HaLuoHanbHble CTaHAapThb», KOTOpbIA OMyGrvMkoBaH MO COCTOSHWIO Ha 1 siHBaps Tekyllero roaa,
W MO COOTBETCTBYHOLIMM EXEMECSYHO W3JaBaeMbiM WHMOPMALMOHHLIM yKasaTensM, ornyBruKoBaHHbIM B TeKylleM
rogy. Ecnin cchinovHblii CTaHAapT 3aMeHeH (M3MeHeH), TO NP NoMb30BaHWU HACTOALLMM CTaHLapTOM CriedyeT pyKOBOA-
CTBOBaTLCS 3aMEHSIOLWMUM (U3MEHEHHBIM) CTaHgapToM. Ecnn ccbinoyHbI cTaHgapT oTMeHeH 6e3 3aMeHbl, TO MNomoxe-
HWe, B KOTOPOM [laHa CChifika Ha Hero, NPUMEHSIETCA B YacTu, He 3aTparvBatolLei 3Ty CChIIKY.

M3naHue opuymanbHoe
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3 TepmuHbl M onpepeneHvs

B Hacmosuwem cmanGapme npumeHeHbl mepmuHbi o FOCT 30372, [1], a makxe cnedyroujue mepmu-
Hbl C coomeemcemeyouuMmu onpedeneruamu:

3.1 anepTtypa (aperture): OTBepcTue B anekTpoMarHuTHoM 6apbepe (skpaHe), Yepes KOTOPOe MOTYT NPOHU-
KaTb 3MEKTPOMarHUTHbLIE MOJA.

3.2 oTHOwWweHMe nonockl YacToT (bandratio) br: OTHOLLEHWE BEPXHEN M HUXKHEN YaCTOT, MeXAy KOTOPbI-
MK cocpeoTodeHo 90 % aHeprum curHana. Ecnm cnekrp curHana uMeeT 3Ha4YMTESNbHYIO NOCTOSHHYIO COCTaB-
NALLYIO, 32 HWXKHEEe NpeaenbHoe 3HaYeHue YacToThbl NpuHuMaloT 1 Mu.

3.3 oTHOWeHMe NOoNockl YacToT B Aekaaax (bandratio decades) brd: OTHOWEHME NONOCLI YacToT, Bbl-
paxeHHoe B Aekaaax, onpeaenaemMoe no copmyne brd =1og44(br).

3.4a) WUPOKONOSOCHaA 3IneKTpoMmarHuTHaa ammuccua (broadband emission): 3nekrpoMarHuTHas amMuc-
CUSI C LLMPUHOM NOSOCHI HACTOT OoMnbLUEH, Yem TPeByeTCs Anst KOHKPETHOTO 3MEpPUTENBLHOTO Npubopa unu nNpu-
eMHMKa.

3.4b) wupokononocHoe ycrpoictBo (broadband device): YCTpOICTBO, LUMPUHA NOMOCHI YACTOT KOTOPOTO
TaKOBA, 4YTO OHO CMOCOOHO NPUHMMATh M 0OpabaTbIBaTh BCE CMEKTPASbHLIE COCTABNAIOLME KOHKPETHOW 3MeKTpo-
MarHUTHON 3MUCCUMN.

3.5 KoHayKTMBHas BOCNPpUMMYMBOCTDL (conducted susceptibility): BocnpuuM4nBOCTb CUCTEMBI K KOHAYK-
TUBHBIM CUrHanaM B kabensix, MOAKIMIOYEHHbIX K CUCTEME.

3.6 cBA3b (coupling): Baaumoaencreme anekTpoMarHUTHbIX NONen ¢ CUCTEMOWN, B pesyrbrate KOTOporo
BO3HMKAIOT TOKM U HANPSHKEHUSA HA MOBEPXHOCTAX M B Kabenax cucTembl.

3.7 HaMepPeHHO CO3AaHHbIA NYTb ANEKTPOMAarHMTHOro NPoHUKHoBeHUA (deliberate penetration): OT-
BEpPCTUE, HAMEPEHHO CO3/1aHHOE B ANIEKTPOMArHUTHOM 3KpaHe AnsA o6ecneyveHus nyTu nepeaayuu nonesHoro
CUrHana B 9KpaHWPOBaHHYIO 06GNMacTb UNK U3 IKPAHMPOBAHHOM 0BNACTU B OKpY>KaloLLee NPOCTPaHCTBO. MyTn anek-
TPOMAarHUTHOTO NPOHUKHOBEHWS MOTYT ObITb TAKKE HAMEPEHHO CO34aHbl ANA Nepefadn dHeprum, Boabl, Mexa-
HUYECKMX YCUNNIA UK ANSA NPOX0Aa NePCoHana B 3KPaHMPOBAHHOE NOMELLEHUE U U3 Hero.

3.8 nomexa (disturbance): Cm. 3.10.

3.9 anekTpoMarHuTHbIN 6apbep (3kpan) [electromagnetic barrier (shield)]: Tononornuecku 3amkHyTas
NMOBEPXHOCTb, CO3AaHHAA AT1A UCKNIOYEHUS U OTPAHUYEHUA NPOHUKHOBEHUS 3MEKTPOMArHUTHLIX NOnewn unu
KOHAYKTUBHbIX NEePEX0AHbIX NPOLIECCOB BHYTPb 3aLLmLLaeMoli 06nacTu. SNeKTpoMarHUTHLIA 6apbep okpykaet
3aLUMLLEHHbIN 0OBEM U COAEPXKUT SKPAHUPYIOLLYIO MOBEPXHOCTb U 3aLLMLLIEHHBIE TOYKM BX0AA.

3.10 anekTpomarHuTHaa nomexa (electromagnetic disturbance): Jlio6oe anekTpoMarHUTHoOe siBNeHue,
KOTOPOE MOXET YXYALUUTb KaYeCTBO (DYHKLIMOHUPOBAHWA YyCTPOINCTBA, 000PYA0BAHNA UNU CUCTEMBI.

3.11 anekTpomarHuTHoe BnuAHue (electromagnetic interference): YxyaweHue ka4ecTsa (PyHKLUMOHNPO-
BaHWA YCTPOWCTBA, kaHana nepeaayu uim CUCTEMbI, BbI3BAHHOE SM1EKTPOMAarHUTHOM NOMEXON.

Il punmMmedyaHne — SﬂeKTpOMaI'HVITHOG BIiUAHWE npepcTaBnAaeT coboli criefcTeue SJ'IeKTPOMaFHMTHOﬁ nomexu,
SNEeKTPOMarHUTHaa nomMmexa ABnAeTCA I'IpI/ILWIHOVI SNEKTPOMarHUTHOro BIUAHUA.

3.12 aneKTpoMarHuTHbIN cTpecc (electromagnetic stress): [encrane Ha 060pyaoBaHne anekTpOMarHuT-
HOTO MONSi, HANPSHKEHUSA UNK Toka. ECnn anekTpomarHuTHbIN CTPECC NPEBLILLAET NOPOroBOE 3HAYEHME YA3BUMO-
CTW 060pyA0BaAHUSA, MOTYT UMETb MECTO MOBPEXAEHNUS UMK HAPYLUEHUA PYHKLIMOHMPOBAHUSA, NPUMBOAALLME K Npe-
KPaLLEHWIO BbIMONHEHNUA 060PYA0BAHUEM YCTAHOBIIEHHOMW 3a4a4u. XapakTepucTMkaMm 11eKTPOMarHUTHOro CTpec-
ca MOryT ObITb, HANPUMMEpP, MMKOBOE 3HAYEHUe aMNUTYAbl, BPEMSI HAPACTaHMA UMNYNbCA, ANMUTENBHOCTb M-
nynbca.

lTpumeyaHue — B Hacmoswem cmaHOapme 6Mecmo mepMuHa «31eKmpoMacHUMHbIL cmpecey
8 coomeemcmeuu ¢ [ 2] NpuMeHeH MepMUH «3leKmpoMasHumHoe o3deldcmeauey.

3.13 aneKkTpomarHMTHas BOCNpuMMUYUBOCTL (electromagnetic susceptibility): HecnocobHOCTb YCTPOR-
cTBa, 060pyA0BaHMS UM CUCTEMbI (DYHKLIMOHUPOBATL €3 yXyALLEeHUs Ka4ecTBa Npu Hanmu1um aNekTPOMarHUTHo
NMnoMexu.

MpuMeyaHune— BrekTpoMarHUTHas BOCNIPUMMUUBOCTL NPefCTaBnsaeT coboi HeJOCTaTOUHYI0 YCTONYMBOCTL
K SJ'IeKTpOMaI'HVITHOIZ nomMexe.

3.14 anekTpOMarHMTHOE OKPYXeHue, OKpyxkeHue (environment): SnekTpoMarHMTHOE norne, co3gaHHoe
BHELUHWM YCTPOWCTBOM, KOTOPOE BO3AENCTBYET HA CUCTEMY, BO3MOXHO BbI3blBasi MOBPEXAEHME, HAPYLLEHNE
YHKLMOHMPOBAHWS UMW NPEKPALLEHWUE BbINOMHEHNSA OYHKLUK.

lTpumeyaHue— BHacmosuem cmaHOapme 8MECmO MePMUHO8 «3/1eKMPOMasHUMHOE OKPYXeHUe»
U «OKpyXeHue» & coomeemcmeuu ¢ [ 2] npuMeHeH MepMUH «31eKmpoMasHUmMHoe eo3delicmeuey.
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3.15 ypoBeHb oTkasa (failure level): YcTaHOBMNEHHbIE 3HAYEHUS NapaMeTPOB, ONpeaensALLMX amnuTya-
HO€ 3Ha4YEeHME NN UHbIE XapaKTepPUCTUKN SMEKTPOMAarHUTHOro NOMsi UMM HaBeAEeHHbIX HANPSHKEHUA UNK TOKa,
BO34EWCTBUE KOTOPbIX HA 3NeKTpuyeckue KOMMOHEHTbl CUCTEeMbl MPUBOAUT K MPEKpaLLeHUo BO3MOXHOCTU
BbIMOSIHEHUS] YCTPOWCTBOM Tpebyemon (yHKLMK.

3.16 3MeKTPOMarHUTHbIAN UMNyNbC BbLICOTHOrO fgepHoro B3pbiBa, AMWU BAB (high altitude
electromagnetic pulse, HEMP): SnekrpomarHWTHbIA UMMYNbC, BbI3BAHHLIN SAEPHbLIM B3PbIBOM BHE aTMocdepbl.

MpuvuMeyaHue — TunuuHasa BoicoTa B3pbiBa paBHa 30 KM.

3.17 aneKTpoMarHUTHble Bo3aeicTBUA 6onbloi mowHocTu (high power electromagnetics, HPEM):
OBt TEPMUH, XapakTepu3yoLLMin 06nacTb 4eATENIbHOCTU UMW TEXHOTOMNIO, CBA3aHHLIE C CO34aHUEM WHTEH-
CUBHbIX 9NIEKTPOMArHUTHBIX NONEN MW KOHAYKTUBHBIX HANPSXEHWI U TOKOB, CMIOCOOHBIX NOBPEAUTL ANEKTPOHHbLIE
CUCTEMbI U HAPYLLIMTb MX (DYHKLMOHMPOBaHMe. B 06LLEM Criy4Yae ypOBHU 3neKTPOMarHUTHLIX BO3AENCTBUN 6OMb-
LLIO MOLLHOCTM NPEBLILLAIOT YPOBHU 3M1EKTPOMAarHUTHbIX NOMEX, 1EACTBYIOLLMX HA CUCTEMBI NPU OBbIYHLIX YCNo-
BMSIX 3KCnnyaTauyum (Hanpumep, npesbiwatot 100 B/m unu 100 B).

3.18 MukpoBornHbl 6onbwon mowHoctu (high power microwaves, HPM): Bug anekTpoMarHUTHbIX BO3-
AencTBUN GOMbLUOM MOLLHOCTM, CO34aBaeMbIX, Kak NPaBuo, NPy MCNONL30BaHUN Y3KOMNONOCHLIX CUTHANMOB W
UCTOYHUKA U3NYHEHNUS MMKOBOM MOLLHOCTLIO Gonee 100 MBT.

M punmMmeyvyaHune — HaHHoe onpepeneHne, ceA3aHHOe C MOLLHOCTbHO UCTOYHUKA U3INyYeHUA, CITOXUIOCh
UCTOPUHECKHN. B HacTosAlleM CTaH4apTe, B OCHOBHOM, pacCMaTpuUBalOTCA 3NEeKTpOMarHUTHble MNonA, BOBAeVICTByIOLU.I/Ie
Ha 3IeKTPOHHBIE CUCTEMBI.

3.19 yCcTOMYMBOCTbL K 3reKTpoMarHuTHou nomexe [immunity (to a disturbance)]: Cnoco6GHOCTb yCTpOM-
cTBa, 060pyA0OBaHUA UMK CUCTEMbI (PYHKUMOHUPOBATH 6€3 yXyALLIEeHNs KaYeCTBa NPU HAaNUYUKU ANEKTPOMAarHuT-
HOW noMexu.

3.20 ypoBeHb YCTOMYMBOCTH K 3FIeKTPOMarHuTHOU nomexe (immunity level): MakcumanbHbii ypoBeHb
3MNEeKTPOMarHUTHON NOMEXU, BO3AEICTBYIOLLIEN HA KOHKPETHOE YCTPOMCTBO, 000PYA0BaHNE UK CUCTEMY, NPU KO-
TOPOM OHO COXpaHsaeT Tpebyemoe kayecTBo (PyHKLIMOHUPOBAHUS.

3.21 HeHaMepeHHO CO3A4aHHbIA MYTb 3MIEKTPOMAarHUTHOrO NPOHUKHOBEHMA [inadvertent (EM)
penetration]: OTBepcTUE B INEKTPOMArHUTHOM 3KpaHe, He ABNSAIOLIEeEeCs HaMepPEHHO CO3A4aHHbIM, KOTOPOE MO-
XeT obecneynTb NyThb ANA NPOHUKHOBEHWUA 3NEKTPOMArHUTHON SHEePruM Yepes aNeKTPOMarHUTHbIN akpaH. HeHa-
MEPEHHO CO3aHHbIN NYTb 3NEKTPOMArHUTHOrO NPOHUKHOBEHUA, KakK NPaBUNO, SABMAETCS HEXENaTerbHbIM. Tunuy-
HbIM HEHaMEPEHHO CO3A4aHHbIM MYTEM 3MEKTPOMarHUTHOrO MPOHUKHOBEHUS SBMSIETCS YTeYka NPU HEKAYECTBEH-
HOM U30MALMKU NPOBOAHMUKOB.

3.22 npegHamepeHHOEe 3neKTpoMariuTHoe BnusaHue (intentional electromagnetic interference, IEMI):
PaspyLieHue, npusegeHue B 6ecnopsiaok U NOBPEXAEHNE INEKTPUYECKUX U INEKTPOHHLIX CUCTEM B TEPPOPUC-
TUYECKUX U KPUMUHAMbHbIX LIENAX NyTEM HAMEPEHHON reHepaLumn 9NeKTPOMarHUTHON 9HEPrUM U BBEAEHUS LUyMa
U CUTHATOB B ANEKTPUYECKUE U ANEKTPOHHbIE CUCTEMBI.

3.23 cxema nocnepoBaTenLHOCTU B3aumoaencTBus (interaction sequence diagram): Mpacuyeckoe onu-
caHue nyTen, KOTOPbIMU BHELLIHEE ANIEKTPOMArHMTHOE NofMe MOrno Obl NPOHUKHYTL Yepe3 0ANH UNU HECKOMbKO
3KPaHOB, OKPY>XatoLLux 060pya0BaHUE UK CUCTEMY.

3.24 yakononocHbin (narrowband): CurHan unu npoLece, Ans KOTopbix 3HaYeHue pbw< 1 % (cm. 3.27) unu
3Ha4YeHne OTHoLWEHMA nonockl YactoT br<1, 01 (cm. 3.2).

3.25 anekTpoMarHMTHbIN UMNYNbLC AAepHOro B3pbiBa, AMU AB (nuclear electromagnetic pulse, NEMP):
OneKkTpoMarHUTHbIE NOMNA Pa3NUYHbIX BUAOB, BbI3BAHHbIE Si1€PHbIM B3PbIBOM.

3.26 aneKkTpomarHuTHOe NPOHUKHOBeHUe (penetration): MNepegaya anekTpoMarHUTHON HEPIUK Yepe3
3MEeKTPOMAarHUTHLIN Bapbep OT 0AHOro 06bLeMa K ApPYromy. SNEeKTPOMArHUTHOE NPOHUMKHOBEHNE MOXKET OCyLLe-
CTBINSATLCA NPOHMKHOBEHWEM 3MEKTPOMArHUTHOrO Nons yepes 6apbep unu Yepes OTBePCTUA U HEOA4HOPOAHOCTU B
B6apbepe, ¥ NPOXOXKIAEHUEM INEKTPUYECKOrO TOKA B MPOBOASALLMX Cpefax, CoeauHAIWuX asa obbema (npoBo-
nax, kabensix, Tpybonposoaax, paamatopax).

3.27 wupuHa nonockl 4acToT B npoueHTax (percentage bandwidth) pbw: LLnpuHa nonockl 4acToT cUrHa-
na, BbIPAXEHHAas B NPOLIEHTaxX LIEeHTPanbHON YaCcTOThbl JAHHOTO CUrHana.

MpunMeyaH e — MakcumansHoe 3HaveHne pbw pasHo 200 %, ecrnin UeHTpanbHas 4actoTa nNpeacTaBnseT
cobON cpeAHee 3HadYeHMe BepxXHEW M HUWXHEW 4YacToT cnekTpa curHana. 3HaueHWe pbw He NPUMEHAT ANA
CUrHanoB CO 3Ha4YUTENbHLIM COAEPXaHWeM MOCTOSHHOI cocTaBnstoLeid. Ecnn cnekTp curHana nmeeT 3HauUTenbHYH
MOCTOSAHHYHO COCTaBNSAIOLLYO, MPUMEHSIOT OTHOLLEHWE MOMockl YacToT B Aekaaax brd (cMm. 3.3).
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3.28 Touka /nopt Bxoaa (point/ port-of-entry, POE): OnpeaeneHHoe MecTo (Touka/ nopT) B anekTpomar-
HUTHOM Bapbepe, B KOTOPOM 3NEKTPOMArHUTHasA 3HEPIUsi MOXKET BXOAUTb B TOMONOrMYeckuii 06beM Unm BbIXO-
OWUTb U3 HEro NPU OTCYTCTBUM af€KBATHbLIX YCTPOWCTB 3aLlUmMTbl TOYKM BXOAa.

MpuMevyaHus

1 ToukK /nopThl BXOAA He paccMaTpMBaloT Kak reoMeTpuyeckne TOYKN.

2 B cooTBeTCTBUMM C BUAgaMKn 3NEKTPOMarHUTHOro MNPOHUKHOBEHUA TOYKU / AopTbl BXOoAa noApasfendArT Ha
TOYKM / NOPTLI BXOAA — OTBEPCTUS M KOHAYKTUBHLIE TOYKM / NOPThI BXOAA. B COOTBETCTBMU C BLINOMHAEMbLIMU PYHKLUAMM
TOYKM /MOPTHI BXO4A TakXKe KNacCUULMPYIOT kak apXUTEKTYpHLIE, MEXaHUYeCKue, CTPYKTYPHbIE UIKW SNeKTpUYecKue.

3.29 nsnyvyaemasn socnpunmumuBocTtb (radiated susceptibility): BocnpummymMBoCTb CUCTEMBI K U3Yyyae-
MbIM 3MEKTPOMarHUTHbIM MOMAM.

3.30 apmaTtypHbIi npyT (rebar): CtanbHOW CTEPXEHb, pasMeLLaeMblli B 6€TOHE ANa YCUNEHUsa CTPyKTyp-
HOW OAHOPOAHOCTH.

3.31 akpaHupoBaHnue (shielding): NMposeaeHne MmeponpuAaTUI NO MPUMEHEHUIO NPOBOAALLMX CPES C BbICO-
KOW 3MeKTPUYECKON NPOBOANMOCTbIO, TAKUX KaK CTarbHbIE NUCTbI, PAMKM M3 apMaTypPHbIX NPYTLEB, NPOBOAA U T.A.
AN CHMKEHWS UHTEHCUBHOCTM 3NEKTPUYECKOTO UMM MarHUTHOTO nons. oa «3KkpaHupoBaHMEMy YacTo MOHUMA-
10T TaKKe CO34aHne NOMeLLEHMI, 06eCneunBaloLLMX CHUXEHNE UHTEHCUBHOCTY MEKTPUYECKOTO UM MArHUTHO-
ro nons.

3.32 kpaTkoBpeMeHHbIN uMnynbc (short pulse): Curnan, npeacTaBnawLLMi COO0K NEPEXOAHbIN NPOo-
LieCC, XapaKkTepu3yoLwmincsa BpeMEHEeM HapacTaHna 1 ANUTENbHOCTLIO, USMEPSEMbIMU B MUKO- MU HAHOCEKYH-
aax.

3.33 ycTpPOMCTBO 3aliMThI OT UMNYTLCHLIX NepeHanpskeHun (surge protection device, SPD): Ycrpoi-
CTBO, NpegHasHa4YeHHoe Ansa nogaBneHUa KOHAYKTUBHbIX nepeHanpﬂmeHuﬁ N UMMNYNbCHLIX TOKOB B NIUHUAX.

3.34 cucrema (system):

COBOKYNHOCTb CBA3AHHbIX APYr € APYTOM NMOACUCTEM M COOPOK KOMMNOHEHTOB W /UNu OTAENbHbLIX KOMIMOHEH-
TOB, PYHKLUOHMPYIOLLMX COBMECTHO A1 BbINOSIHEHWUS YCTAHOBMNEHHON 3a4a4U Unn

COBOKYMNHOCTb 060py0BaHusi, NOACUCTEM, 0DYYEHHOIO NepcoHana u TexXHUYECKMX npuemoB, obecneumsa-
IOLLIMX BBINOMHEHWE U MOAAEPXKKY YCTAHOBMNEHHBIX (DYHKLIMOHANbHLIX 3aaa4. MonHasa cucteMa BkIoyaeT B cebs
OTHOCSALLMECS K HE COOPYXEHUA, 0B60pYyA0BaHME, NOACUCTEMBI, MaTepuarnsl, 06CnyxmBaHue n nepcoHasn, Heoob-
X0AuMble Ans ee PpyHKLUMOHUPOBAHUS B TOW CTENEHU, KOTOPas CYUTAETCA JOCTAaTOMHOW ANA BbINOSIHEHUS yCTa-
HOBMEHHbIX 3a4a4 B OKpy»atoLlen 06CTaHOBKE.

3.35 Tononoruyeckuit KoHTponb (topological control): Moaaep>xaHue 3aMKHYTOrO 3NEKTPOMAarHUTHOrO
3KpaHa BOKPYr CUCTEeMbl Unu 060pyA0BaHUS ANSt YMEHbLLEHUSI BIUSIHUS BHELLHUX 3NEKTPOMAarHUTHbIX NONen u
obecneveHunsa 3awmTbl 060pyA0BaHMS.

3.36 cBepxwmnpokononocHbii (ultrawideband): CurHan unu cpopma BornHbI, XapakTepu3syowmecs 3Haqe-
HUEM LUMPUHBI NOSIOCHI YaCTOT B NpoueHTax pbw ot 163,4 % 00 200 % unu 3Ha4YeHUeM OTHOLLIEHUA NOMOCHI YacToT
Gonee 10. CBEPXLUMPOKOMNONOCHBLIE CUTHATbI HA3bIBAIOT TAKKE MMMEPLUMPOKONOIIOCHBIMMU.

4 Obuwee BBegeHue

B nocnegHue 25 net 6bin 4OCTUTHYT 3HAYUTETbHbINA NPOrPECC B NOHUMAaHUK NPOLIECCOB BAMAHUA 3NEKTPO-
MarHuTHbIX nonein SMU BSAB Ha anekTpuy4eckue cUcTeMbl U 060pyaoBaHne U CnocoGOB CHUKEHUA 3TOrO BNUS-
Hus1. HaunHas ¢ nepBbiX J0KYMEHTOB 0 Xxapaktepuctukax MU BAB [3], [4] v yuuThiBas HeaaBHue paboTbl TEXHU-
yeckoro komuteta MOK TK 77 «OnekTpoMarHUTHasi COBMECTUMOCTb» N0 pa3paboTke CTaHAapToB B 06nacTu 3a-
wmTbl 0T SMU BAB [5], umetoTcs noapoOHble pekOMEeHAALMU MO METOAAM U KOHCTPYKUMAM YCTPOUCTB 3aLUuUTbI
3NEKTpUUYECKux cuctem [6]. HegaBHo aTu pekomeHaauuu no sawmte ot SMU BSAB 6binu BBEAEHbI B NPAKTUKY
KOHCTPYMPOBaHUA BOEHHbIX COOpY>eHui [7], [8]. Bbinu Takke paspaboraHbl cpeacTBa U METOAbI UCNLITAHUA,
YUMTBIBAIOLLME nEeKTpOMarHuTHyto obcraHosky MU BAB.

BmecTe c Tem HegaBHO Obinu CO3aHbl UMM NPEATNOXEHbI ANEeKTPOMarHUTHbIE BO3A€CTBUA APYrMX BUAOB,
BKJTIO4As CBEPXLLMPOKOMNONOCHBIE SNEKTPOMArHUTHbLIE BO31ENCTBUA U KPATKOBPEMEHHBIE 3M1EKTPOMArHUTHbIe UM-
nynbebl [9] U Y3KONONMOCHLIE MUKPOBOIHbLI OONbLUIOW MOLLIHOCTU. 3TW CUTHANbI 3aHUMAIOT Y4aCTKN PaanmovacToT-
HOro cnekTpa cBbilwe Heckonbkux Iy [10]. [ng 0603HaYEHUA TAKMX CUTHANOB, a TAIKE KOHAYKTUBHbLIX TOKOB
M HaNpsHKeHW I 6OSbLLIOI MOLLHOCTU NPUMEHSIIOT 0OLLMIA TEPMUH «3NEKTPOMArHUTHbIE BO3AeNCTBUA GONbLLION MOLL-
HOCTW». B CBSI3U C TEM, YUTO KOHCTPYKLIMM COBPEMEHHbIX SFIEKTPUYECKUX CUCTEM BKIIOUAIOT B c€0S unmdpoBsbie
YCTPOWCTBA, CTarno 04eBUAHbLIM, YTO COBPEMEHHOE NMOHUMAaHME KOHLIENLMU 3aLLUUTbl CUCTEM HEOBX0AUMO pacLum-
pUTb, NPeAyCMOTPEB YKa3aHHbIE BbiLLE SMEKTPOMarHUTHbIE BO3AEWCTBUS OOMbLLOW MOLLIHOCTU.

4
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M3BecTHO, YTO ANnst aHanusa BnusHua SM BAB Ha cuctemsl (cM. 3.34) cyLlecTByeT xopoLio paspabo-
TaHHas METoA0N0r1s, KOTopasa BKMOYaeT B ceba cneayowme Lwarm:

1) onpeaeneHne aneKTpoOMarHUTHON TOMOMOTMN CUCTEMBI;

2) onpegeneHune KONNEeKTOPOB 9NEKTPOMAarHUTHOW 3HEPIUN;

3) naeHTuukaumio pasmeLleHns UHTEPAERCoB BOCTIPUMMHYMBOIO 060pyA0BaHUS;

4) pac4yeT 9neKTPOMAarHUTHOIO BAIMAHUA Ha 3IEeMEHTbl MUHTEPMENCOB;

5) onpepeneHue ypoBHA OTKa30B B MHTepdencax;

6) conocraeneHne 3HavyeHuin uHreHcmusHocTu SMUN BAB 1 ypoBHENH 0TKA30B 4SS OLIEHKW YA3BUMOCTM
CUCTEMBI.

MoaoGHas MeToaonorMst aHanmaa AomkHa ObITb pasBuTa U NOATBEPKAEHA UCTILITAHUAMU NPUMEHUTENBHO K
SMNEeKTPOMArHUTHbIM BO3AENCTBUAM GONbLLOW MOLLHOCTM HA COBPEMEHHbIE CucTeMbl. B yacTHOCTU, TpebyeTcs
U3y4eHune creayoLmx BONpoCcoB:

- Moamndmkaums cnocoboB TONONOrMYECKOW 4EKOMMNO3ULIMKU NS y4eTa BbICOKOHACTOTHOrO XapakTepa BO3-
OEVCTBUIA U pacnpedeneHHbIX 9NEKTPOMarHUTHbIX NOSew;

- pacLumpeHne MoAernen aNeKTpoMarHUTHOro B3auMoaencTeus (B YacTu CBA3U, MPOHUKHOBEHUA U pacnpo-
CTPaHEeHUs) TPUMEHUTENBHO K 6omee BbICOKMM YacTOTaM (MEHbLUMM ANUTENbHOCTAM HapaCcTaHWs UMNYIbCOB),
XapaKkTepHbIM AT 3NeKTPOMArHUTHbIX BO3AENCTBUI BOMbLUON MOLLHOCTHU;

- COBEPLUEHCTBOBAHNE NOHUMAHWSA NOBEAEHNS KOMMOHEHTOB U CUCTEM MPU MNEKTPOMArHUTHLIX BO3AENCTBU-
51X 6OMbLUO MOLLHOCTU, B TOM YACIE MEXaHU3MOB OTKA30B OTAESbHbLIX KOMMNOHEHTOB M HAPYLUEHWI (DYHKLMOHU-
pOBaHUs, OTKIMIOYEHUI 1 OTKA30B CUCTEM.

K HacTosLeMy BpeMEeHU MeTOAbl UCnbITaHuin npu Bosaencteum SMU BAB pgoctaTtouHo paspaboTaHbl.
OfHaKko 9T MeTOoAbl HE NMPUMEHUMbI HENOCPEACTBEHHO K UCTILITAHUSIM NMPU 3NEKTPOMAarHUTHLIX BO3AENCTBUAX
60nbLUOI MOLLHOCTU HA COBPEMEHHbIE CUCTEMbI. He peLueH Bonpoc 0 TOM, KaKOBbI JOIDKHbI ObITb «CTaHAapT-
HbIE» U KPEnpPe3eHTaTUBHbIE» UCTbITATENbHbIE ANEKTPOMArHUTHbLIE BO3AENCTBUS BONbLUIOW MOLIHOCTH. He ycTa-
HOBIEHbI TAKXKE MPOLEAYPbl UCNbITAHWIA. CneayeT TaKkke YYUTbIBATb, YTO B MOMEHT BHELLHETO 1IEKTPOMAarHUTHO-
ro BO3AENCTBUSA, CUCTEMA MOXET HaXOAMTbCA BO MHOTUX PA3NUYHbIX COCTOSIHUSIX B 3aBUCMMOCTM OT XapakTepu-
CTUK €€ (PYHKLUMOHMPOBAHKSA, W €€ OTKIMUK HA BHELLHEE 3MEKTPOMArHUTHOE BO31€CTBUE, MOXET 3aBUCETb OT
«HavanbHbIX YCIOBUIA» CUCTEMbI. Bonee Toro, B X0A€ NPOBOAMMBIX B HACTOSILLEE BPEMS UCTILITAHUI NPU BO3-
aencteum SMUN BAB 06bIMHO He KOHTPONMPYIOT OCOGEHHOCTU MU BHECEHHbIE M3MEHEHUSA NPOrPaMMHOIO
obecneyeHuns, Tak kak Haubonee BaXKHbIM AN UCMILITAHWI CHATAIOT KOHCTPYKLUIO 060pya0oBaHUs. [nsa Takux
CUCTEM NPUMEHAEMOE NPOorpaMmHoe obecneveHune HYacTo U3MEHSIIOT U MOAUULIMPYIOT NPY NOATOTOBKE K NpOBe-
JEHNIO UCMBITAHUM, TAK YTO UCMbITYEMbIE CUCTEMbI MOTYT HE OTPaXaTb CBOWCTB PeanbHbIX CUCTEM.

Takum 06pa3oM, Heo6xoauMO paspaborartb NpUemMneMbI NOPSAOK UCTLITAHUIA CUCTEM MPU BMNEKTPO-
MarHWTHbIX BO3AENCTBUAX GONbLUOW MOLLHOCTU, BKMNIOYaA NpaBuna, Aonyckallme rmbKocTb NPOrpaMmMHOro
obecneyeHus.

4.1 Mpumepbl ANEKTPOMArHUTHLIX BO3AEMUCTBUIM O0MbLIOW MOIHOCTH HA CUCTEMbI B NPOLLSIOM

Texcm nodpasdena 4.1 npusedeH e npunoxeHuu A.

4.2 O6wme MeToAabl ANEeKTPOMArHUTHOM 3aLUTbI B NPUMEHEHUU K CUCTEMAM NPaXOAAHCKOTro HasHa-
YyeHus

B pa3sutum metoaos 3awmtbl 0T SMU BAB cuctem BOEHHOTO U rpaXkaaHCKoro HasHaueHus 6binm npoBe-
Z€EHbl 3HaYMTENbHbIE paboThl [24]. MeToabl 3aLUmMTLI BKIOYAIOT B cebs1 0bLiee 3KpaHMPOBAHUE (T.€. TOMONOoru-
YECKUM KOHTPOMb CUCTEM [25]), yCTaHOBKY (PUNBTPOB U YCTPOMCTB 3aLUUThI OT NEPEHANPsHKeHUIA Ha BXOAALLMX
CUINOBbIX U CUTHANbHLIX MMHUAX [26], a TakKe 3aLmMTy OTAENbHbIX 00pa3LIoB 060pyA0BaHMSA, KOTOPbLIE MOTYT ObiTb
oco6o BocnpuumyusbiMu K SMU BAB [27], [28].

MHorue 13 atux pabor, NPoBeAEHHbIX paHEE, HENOCPEeACTBEHHO NPUMEHUMBI K 3aLLMTE INEKTPUYECKUX
CUCTEM U COOPYXEHUN OT BbICOKOYACTOTHLIX ANEKTPOMAarHMTHbIX BO34ENCTBUMIA BONbLION MOWHOCTU. Kak u B
cnyyae 3awmTtbl oT MU BAB, Hanbonee BaXkHbIMK NYTSIMU CBSI3U C BHELUHUMMW 351IEKTPOMArHUTHbIMU BO3AeN-
CTBUSIMM BONBbLLON MOLLHOCTU ABAAKOTCA ANTMHHbIE NMMHUM, BXOASILLME B COOpyxeHue. OaHako us-3a 6onee Bbico-
KUX4aCTOT COCTaBAAIOLLMUX CNEKTPA SNEKTPOMArHUTHLIX BO3AECTBUI OONbLLOW MOLLHOCTU HAaBEAEHHbIE CUTHA-
Jbl B 3TUX NIMHUSX, KAK NPaBUAMO, CNbITLIBAIOT OOMbLUEE 3aTyXaHWe B 3aBUCUMOCTH OT PACCTOSAHUA, YEM CUTHANMbI,
HaBeaeHHble SMU BAB. Mo3ToMy B HEKOTOPLIX Criyyasix TpeboBaHUsA K YCTPOWCTBAM 3aLLUMTbI HAMEPEHHO CO-
3[4aHHbIX NYTEN 3NEKTPOMArHUTHOrO NPOHMKHOBEHUS B COOPYXKeHUE (CM. 3.7) MOTYT BbITb HE TAKUMU XKECTKUMMU,
kak ana SMU BAB.

[insi 3NeKTPOMAarHUTHbIX BO3AENCTBMIA GONbLLIOI MOLLHOCTW MOMUMO «HaMEPEHHbIXy» CyLLUECTBYIOT Apyrue
NyTU 3MEKTPOMArHUTHOrO NPOHUKHOBEHUS. K HIM OTHOCATCS TaK HA3bIBAEMbIE «HEHAMEPEHHO CO3aHHbIE MYTH

5



roCTP51317.1.5—2009

3NEKTPOMAarHUTHOTO MPOHUKHOBEHUS» (CM. 3.21), KOTOPbIE BO3HUKAIOT, HAaNPUMEp, KOraa 3neKTpoMarHuTHoe none
NPOHMUKAET Yepes TOYKU HECOBEPLUEHCTBA B 3KpaHe cucTeMbl. Kak npasuno, ecnu 4actoTa BHELLHErO 3NEeKTPo-
MarHMTHOTO BO3/1ENCTBUS NOBLILLAETCA, 3(PPEKTUBHOCTL NPOHUKHOBEHUA INEKTPOMArHUTHOTO NONA Yepes AaH-
Hble HEHAMEPEHHO CO3AaHHbIE (M HEXENAaTEenbHbIE) NYTU TaIKOKe BO3pacTaer. YnyJweHue obwero (tononormyec-
KOT0) 9KpaHMPOBAHUSI pACCMAaTPUBAEMON CUCTEMbI OyaEeT CNOCOOCTBOBATL PeLLEHUIO NPOGNeMbI.

TaK Kak MHOTUE 3MNEeKTPOHHbIE CUCTEMbI, PACCMaTPUMBAEMbIE B HACTOSILLEM CTaHAapTe, ABMAOTCA UM POBLI-
MM, CYLLECTBYIOT JOMOSHUTENbHLIE BO3MOXHOCTY AN BIUSIHUSA 3MEKTPOMarHUTHbIX BO3AENCTBUI GONbLLIOA MOLLL-
HOCTM HA CUCTEMbI. DNEKTPOMarHUTHbIE BO3AENCTBUSA OO0SIbLLIOI MOLLHOCTU MOTYT ObITb NOBTOPAIOLLIMMUCS U Yac-
TOTbl MEPUOANYECKUX INEKTPOMArHUTHbIX BIIUSIHUIA HA CUCTEMY MOTYT COBMAAaTh C TAKMMWU YacToTamu B LUdpo-
BbIX CXemax. B pesynsrare BO3MOXHO HapyLueHue paboTbl CUCTEMbI NPU ONpeaeneHHON KpUTUIECKON YacToTe
MMNYIbCOB, AaXe €CIMU MHTEHCUBHOCTb ANEKTPOMArHMTHOTO nons 6yaeT HWkKe NOPOroBoro 3HaA4EHUS NOBPEXIE-
HUS KOMNOHEHTOB. CNELManuCTbl, 3aHUMAIOLLMECA BONPOCAMU 3MNEKTPOMArHUTHbLIX BO3AENCTBUI GONbLLON MOLL-
HOCTM, TAKOM Noaxoz 0ObIYHO Ha3bIBAIOT «XUTPbIM». CreoBaTenbHO, He06X0AMMO NPOBOAUTL AOMONHUTENbHbIE
MEPONPUATUS MO 3aLLUTE, 3aKMI0YAIOLLMECS B TLLATENbHOM NPOEKTUPOBaHWUM UM(PPOBON 3NEKTPOHUKU AT UCKITIO-
YyeHua ee BOCNPUMMUYNBOCTU K NEpUoan4eCKkum B03,qel7ICTBVIFIM.

HanbHenwme ceeaeHus u TpeboBaHus B OTHOLLEHUM PEKOMEHAYEMbIX KOHLIENLMIA 3aLWLMTbI OT neKTpomMar-
HWTHBIX BO3Z1€WCTBUI BOMNbLUIONW MOLLHOCTU M UX peanusauuu OyayT npuBeAeHbl B HALMOHAMNBHBIX CTaHAapTax,
paspabarbiBaeMbIX Ha OCHOBE cTaHaapToB cepun MOK 61000.

5 Knaccudpukaums aneKTpoMarHMTHbIX BO3AEACTBUM GONbLIION MOLWHOCTHU

TepMUH «3NEKTPOMAarHUTHbLIE BO3AENCTBUS OOMbLLIOW MOLLIHOCTWY UCMONb3YIOT Ansd 0603HAYEHUS ANEKTPO-
MarHWTHbIX BO3ZECTBUIA, rEHEPUPYEMbBIX YCTPOINCTBAMMU, CO3AAHHLIMMU YENOBEKOM, KOTOPbIE MOTYT OKa3blBaTb
HebnaronpuaTHOE BNUSIHUE HA (PYHKLIMOHUPOBAHUE ANEKTPUYECKMX CUCTEM. TaKkue aneKTPOMAarHUTHbIE BO3AEN-
CTBUA MOTYT ObITb Cc034aHbl B Buae UMNynNbCHbLIX MOCLINIOK 9HEPrMu MUKPOBOJIH, 4aCTO Ha3biIBA€MbIX MUKPOBOJI-
HOBbIMW cUrHanamu GonbLIOW MOLLHOCTW. AﬂbTepHaTVIBHbIﬁ cnocob CO3aHUA TaKNX ANEKTPOMarHUTHbIX BO3-
[EeNCTBUI 3aKMIOYaeTCA B reHepauumn aNeKTpOMarHUTHOTO UMNyrbCca B JOCTaTOMHO LLUIMPOKOIA NOroce YacTor,
06bIYHO Ha3bIBAEMOrO CBEPXLUMPOKOMNOMOCHBIM 3NEKTPOMAarHUTHBIM UMNYNbLCOM. Kak npaBuno, dHeprus anekT-
POMAarHUTHbLIX BO3AENCTBUIA GOMbLUIOK MOLHOCTU NPUBHOCUTCS B CUCTEMY B (DOPME BHELLHETO ANEKTPOMArHuT-
HOro mons.

Ons Toro 4To6bl NOKasaTh pa3nuyne Mexay MUKPOBOSMHOBLIMU CUrHanaMu GOsbLLON MOLLHOCTM U CBEPX-
LUMPOKOMOMOCHBIM SSIEKTPOMArHUTHBEIM UMMYNBLCOM, CeayeT NPOBECTU aHanNU3 UX CNEKTPOB B YaCTOTHOI obnac-
TU. Pe3ynbraThl TaKOro aHanm3a npuseaeHb! (B Ka4eCTBEHHOM DOPME) HA pUCYHKe 1, rae NpeaCTaBNeHbl 3Ha4YeHNa
CneKTpanbHOW NNOTHOCTH, (B/Mm) / 'y TMNOBOro MonHMEBOro paspsaa, MU BAB, MUKPOBONHOBLIX CUrHANOB
60nbLUO MOLLHOCTU M CBEPXLUMPOKOMONOCHOTO 3IEKTPOMArHUTHOIO UMNyNbCa, CO34aHHOTO KPAaTKOBPEMEHHBIM
MMNYTbCHLIM CUrHanomM. CrieayeT OTMETUTb, YTO CMEKTPanbHAasA NNOTHOCTb MUKPOBOSHOBBLIX CUTHANoB GoNbLUON
MOLLHOCTWU U CBEPXLUMPOKOMOJIOCHOIO SNEKTPOMAarHMTHOrO MMMynbCa ABMAETCA CyLLUECTBEHHOMW Ha YacToTax
cebiwe 300 MIMu. CnekTpanbHas NnoTHOCTb CBEPXLLMPOKOMNOMOCHOIO 3NeKTPOMarHUTHOro MMNynbca pacnpeae-
neHa B JOCTaTOYHO LUMPOKOI NONoce YacToT, CNeKTpanbHas MIOTHOCTb MUKPOBOMHOBLIX CUTHANoB GonbLIOK
MOLLHOCTW HanOMMWHAET CMeKTParibHYH NIOTHOCTb OAHOYACTHLIX CUrHaNoB. Cneayer Takke OTMETUTb, YTO CNek-
TpanbHasi NIOTHOCTb CBEPXLUMPOKONONOCHOTO SNEKTPOMAarHUTHOTO UMNYNbCa MOXET YacTO YMEHbLUATLCA CBbI-
we yactoT 3— 5 'Tu, ¥ YTO y3KOMONOCHBIE KCTPENbI» CNEKTPanbHON NIIOTHOCTU MUKPOBOIHOBLIX CUrHanoB Gornb-
LLIOW MOLLHOGTM MOTYT XapaKTepu3oBaThCA GOMbLUAMN 3HAYEHUSIMU CNEKTPanbHON NIOTHOCTY.

Ha pucyHke 1 nokazaHO Takke MHOXECTBO 3MEKTPOMAarHUTHbIX MOMEX HU3KOro YPOBHSA. 3T anekTpomar-
HUTHBIE MOMEXN NPEACTABNSAKT COGOI BHELLUHWI 3NEKTPOMArHUTHBIN LUYM, BbI3BaHHbIA paboTOl SNEKTPUYECKUX
YCTPOWNCTB, PACNONOXEHHbIX BONU3N OT MECT UBMEPEHUI, U YAANEHHbIX UCTOYHUKOB 3NEKTPOMAarHUTHbIX MOMEN.
JaHHble aneKkTpOMarHUTHblE NOMEeXW Takke MOTYT MPUBECTM K SMEeKTPOMarHUTHOMY BIUSIHWMIO Ha oGopyao-
BaHue.

OnekTpuYeckne CMCTeMBbI, Kak NPaBuIo, 3aLUMLLEHbI OT BO3AEWCTBUS 3MEKTPOMAarHUTHbIX NOMEX HU3KOro
YPOBHSI, €CN COOTBETCTBYIOT TpeOOBaHUAM, YCTAaHOBMEHHbIM B CTaHaapTax B obnactm OMC, pacnpocTpaHs-
IOLLMXCS HA 9TW cuCTeMbl. OAHAKO MHTEHCUBHOCTb 3MEKTPOMArHMTHLIX BO3AENCTBMIA BOMbLUOW MOLLHOCTU
MOXET CYLLIECTBEHHO NPEBBLICUTbL TUMUYHbLIE YPOBHU MOMEXOYCTOMYMBOCTU CUCTEM rPaXKLAHCKOTO HAa3Ha4YeHS,
COOTBETCTBYIOLLMX TpeboBaHMsAM cTaHaapToB B 06rnactu SMC.
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CnektpasibHas
nnoTHOCTL, (B/M)/TL

YactoTa, 'y

1) 3HaunTenbHblEe CNeKkTpasibHble COCTaBAALWME Ha YacToTax Ao ~ 10 My B 3aBUCMMOCTM OT
ypaneHus 1M napamMeTpoB MOJIHUEBOrO paspsija.

2 B nonoce yactoT npuénusntensHo ot 0,2 go 5 Mu,.

3 He o6s3aTenibHO SIBNSOWMECS 3/IEKTPOMArHUTHBIMIU BO34EACTBUSIMW GO/bLIOA MOLLHOCTY.

MpumMeuyaHue — Ha pUCyHKe NpYMEHEHb! OrapuIMUYECKMe LIKasbI.

PucyHok 1— Cxema cnekTpasibHOro coctaBa MUKPOBO/THOBbIX CUFHA/I0B 60/bLUIOIN MOLLHOCTU U CBEPX-
LUIMPOKOMNO/IOCHBIX 3MEKTPOMArHUTHbIX WMMY/NbCOB B CPaBHEHWW C APYTUMW 3NEKTPOMArHUTHbIMM
nsnyyeHunamm (cm. [10])

Cnoco6bl reHEPUPOBAHMNA U U3/TyYEHUSA 3NEKTPOMArHUTHbIX NONEeNR, aTakke MexaHu3mMbl CBSI3W U BO3MOX-
HOCTW MOBPEXAEHUA WAN HapyleHUa PyHKLMOHUPOBAHMA CUCTEM MOFYT B3HAUYUTE/IbHOI CTeNeHn pasnnyatbes
ANA 9NeKTPOMarHnTHbIX BO3LeiCTBUI pa3HbliX BUAOB, NpeacTaBneHHbIX Ha pucyHke 1. OgHako pesynbTatbl BAU-
AHWNA pa3HblX 3/TEKTPOMATrHUTHbIX BO34ENCTBUIA Ha 3IeKTPUYEeCcKne cCUcTeMbl MOryT 6biTb OAUHAKOBbLIMU W Npes-
CTaBNATb CO60M HapylweHne MYHKLNOHNPOBAHNA UNN hu3nyeckoe NOBPeXAeHNe CUCTEMDI.

MCTOYHNKN MWKPOBOJTHOBbLIX CUTHA/I0B 60/1bLWION MOLLHOCTN B 3@aBUCUMOCTUN OT KOHCTPYKLUW, Kak npasuio,
reHepupylT UMNYNbCbl, NOJOOHbIE NEepuoguYeckn NOBTOPAKLWMNMCSA CUHYCOMAANbHBIM CUTHaNam. TUNUYHbIE
3HaYeHUs Hecyl el 4yacToTbl aHHbIX curHanos — o7 0,2 o 5 My, 4AMTENbHOCTN UMNYyNbCca — A0 HECKONbKNX
MKC. [ipyrne BaxHble 0COGEHHOCTN CUTHaNI0B AAHHOT0 BMAa W X BO34ECTBUA HA CUCTEMbI YKa3aHbl HUXeE:

a) UMNYNbCbl MOTYT 6bITb NOBTOPSALWMMUCSA, MPUYEM HECYLLLAs YacToTa UMMNY/IbCOB MOXET N3MEHATLCA BO
BpeMeHun (MofynnposartbCs).

Mpn aTtom:

- MakcumMmanbHasa CBA3b MOXET 6blTb AOCTUIHYTa MpPU COBNajeHWn nepectpamBaemMoil Hecywei 4acToThbl
UMMNYNbLCOB CHACTOTaMn Pe30HAHCOB (MYHKUMW nepefayn CUCTEMbI;

- Heo6xoAMMOE YNC0 MMNYNLCOB Ha PE30HAHCHbIX YacToTax MoXeT 6bITb okono 100;

- Npv BO34eWCTBMUN MUKPOBOJTHOBbLIX CUTHAN0B 60/bLON MOLWHOCTA BO3MOXHO 3/IeKTPOMarHUTHOe BAUA-
HVWe Ha CUCTeMY Yepe3 HEHaMepPEeHHO CO34aHHble MYTW 3/1eKTPOMArHUTHOIO NPOHWKHOBEHNA U NOCTOsIHHOE dU3n-
yeckoe NoBpexAeHne CUCTEMbl Yepe3 HAMEPEHHO CO3A4aHHble NYTU 3/1eKTPOMArHUTHOTO NPOHUKHOBEHUA.

b) MHOrMe cucTeMbl, NoABEPraeMbie BO3AENCTBUIO, UMEIOT 3HAUYNTE/bHYI0O BOCNPUUMYNBOCTb Ha YacToTax
pe3oHaHCOoB (hyHKUMN nepegayn. MNpu 3TOM BO3MOXHA «HACTPOIKa» MUKPOBOJIHOBLIX CUTHA/IOB 60/1bLWON MOLLHO-
CTU C LieNblo Bbl3BaTb KOHKpPETHOE BO34ECTBME HA CUCTEMY;

C) TUNUYHBIMW YCTPONCTBAMMW ANA FeHepauny 3NeKTPOMarHMTHbIX NONei Takoro poda ABASTCA reHepaTop-
Hble NpM6opPbI PaAN0N0KaLNOHHBIX CTAHLMIA U MUKPOBO/THOBbLIX Neyeli, penaTUBUCTCKME MAarHeTPOHbI, BUPKATO-
pbl AN cynep-penbTPOHbI.
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leHepauun CBEPXLUMPOKONONOCHOTO 3NEKTPOMArHUTHOrO UMMyYNbCa NyTEM CO34aHUA KPAaTKOBPEMEHHOro
nepexoaHOro npouecca npeacraenseT cCo60M MHOM MEXaHW3M pacnpeferneHnss SHepruu B LUIMPOKOK Nonoce
4acToT. B 3TOM OTHOLLEHUM CBEPXLLMPOKONOSIOCHBIN 3NEKTPOMArHUTHBIN MMMYILC aHanormdied SMN BAB.

OCHOBHbIE 0COGEHHOCTU CUTHANOB AAHHOIO BUAA YKa3aHbl HUXKeE:

a) TUNUYHbIE 3HAYEHUS: BPEMS HapacTaHus umnynbca — 100 nc; ANUTENLHOCTL UMNynbca — 1 HC.
B pe3ynbraTte OCHOBHbIE YACTOTHbIE COCTABAAIOLWME U MOLHOCTb UMMYNbCa pacnpeaenstoTcs B BeCbMa LUnpo-
KO nonoce 4actot, npubnuautenosHo ot 0,20 5 Mu;

b) CBEPXLUMPOKONONOCHLIE SNIEKTPOMArHUTHBIE UMMYSbCbl MOTYT ObITb NMOBTOPSOLLMMUCA.

Mpu sTom:

- MOXeT ObITb 06ecneyeHo coBnageHWe YacToT CreKTpa ¢ Pe30HAHCHBIMKU YaCTOTaMK PasfnYHbIX CUCTEM;

- OHeprusi OTAENbLHOr0 MMMNynbCa OKa3bIBAETCA pacnpeserieHHONn N0 MHOrMM YacToTam;

- CNeKTpanbHasa NNOTHOCTb JaHHbLIX CUrHaNo0B MEeHbLUE, YeM CnekTpanbHas nnoTHOCTb MUKPOBOSHOBbIX
curHanoB 60nbLLIO MOLLIHOCTH.

C) NPy BO3AEWCTBUU CBEPXLUMPOKOMONOCHBIX SNEKTPOMAarHUTHLIX UMNYNbCOB O0Mnee BePOATHO aneKTpomar-
HUTHOE BMUSAAHME Ha CUCTEMY, YEM MOCTOAHHOE (PU3UYECKOe MNOBPEXEHNE CUCTEMBI.

[N nyyLLero NoHMMaHKUs BONPOCOB, CBSA3AHHbIX C 3NEKTPOMarHUTHLIMU BO3AEACTBUSAAMU BOMbLLIOI MOLLHO-
CTU Ha CUCTEMbI, MOXET BblTb NPOBEAEH aHANN3 UMW BbIMOJIHEH 3KCMEPUMEHT C KOHKPETHON CUCTEMON. Ans
9TOro, NpexXae BCero, He0GX0AMMO YCTaHOBUTb XapaKTEPUCTUKN SMEKTPOMAarHUTHbIX BO3AENCTBUI BONbLLOW
MOLLUHOCTH, BRMAIOLLIMX HA cuctemy (cm. 5.1).

5.1 anyvyaemMble M KOHOYKTUBHbIE COCTABNAIOLIME 351IeKTPOMAarHUTHbIX BO3A€MCTBUI 60NbLIOIA MOL-
HOCTHU

Mpu Bo3aeiicTeun SMU BSAB Ha cuctembl MOTYT ObITb BblAENEHbl U3nyvyaemas CoCTaBnsiowas, npea-
cTaBnsowas cobon anekTpoMarHMTHOE None, U KOHAYKTUBHAs COCTaBNsoOLLAs, NpeacTaBnsaoLwasn cobomn Tok
(cM. [5]). AHanoOrMYHbI NOAX0A MOXET ObITb MPUMEHEH K 3MEKTPOMAarHUTHbIM BO3AEWCTBUAM GONbLLOW MOLLHO-
CTU Ha CUCTEMbI.

K xapakrepucTukam usny4yaemMoi CoOCTaBNSAIOLLEN SNEKTPOMAarHUTHOIO BO34EeCTBUSA O0MbLLOK MOLLHOCTU
OTHOCAT HAMPSHKEHHOCTb SMEKTPUYECKOro (M BO3SMOXHO, MarHMTHOro) nons, )opmy BOSHbI, a Takke CBeAEHUs1 0
nonsipu3auum, yrie HaKknoHa, pacnonoXeHun n pasMepax Mecta Bo3eMCTBUA ANIEKTPOMArHUTHOIO MOJIst HA CUCTe-
My. Takum o6 pa3om, xapakTepUCTUKK M3Ny4aeMoii COCTaBMAIOLLEN 3NEKTPOMArHMTHOIO BO3AENCTBUA GONbLUION
MOLLHOCTHW NPeACTaBMSOT COO0M XapakTepuCTUKU ANEeKTPOMArHUTHOIO NONS BHE CUCTEMbI.

XapaKkTepuCTUKI KOHYKTUBHOM COCTaBSIIOLLIEN AMEKTPOMAarHUTHOTO BO3AENCTBNA 6ONBLLIOI MOLLUHOCTW Npes-
CTaBMAT co60I (hOpMbI BOSMHbI U CNEKTPbI TOKOB B OAHOM MU B BonbLUEM Yucne NpoBOAHUKOB B CUCTEME.
OO6bI4YHO 3TU XapaKTEPUCTUKM YCTAHABNUBAIOT B TOUKE 3MEKTPOMAarHMTHOrO NPOHUKHOBEHUA B CUCTEMY, FAe Npo-
BOZAHMK, B KOTOPOM BHELLUHUM 3NEKTPOMArHMTHOM MOJIEM HaBeAEH TOK, MPOXOAUT Yepes 060M0YKY CUCTEMBI U
MHXEKTUPYET TOK BHYTPb CUCTEMBbI.

5.2 Y3KOMNOMOCHbIE 35NeKTPOMarHuTHbIe BO3geNCcTBUA (HenpepbiBHblE KonebGaHus)

Y3KOMOMOCHbIE U3Ny4YaeMbl€ U KOHAYKTUBHbIE MUKPOBOSHOBbIE CUrHanNbl 60NbLUION MOLLHOCTU 0BLIMHO
npeactaensioT coboil MoaynMpOBaHHbIE CUHYCcOouAanbHble konedaHua. OAHMM U3 TakUX CUrHanoB ABNSAETCA
CMHYCOMAAnbHbIA CUrHaNn CrayccoBoi MOAYNALMUENR, B COOTBETCTBUM C BbIpaXKeHUEM

2
g(t) = Ay cos(2rfy(f —£, ))e ( “ Q)

dopma BOMHbI (1) 3aBMCUT OT CREAYIOLWMX NapamMeTpoB:

Ay — NMKOBOE 3HAYEHWE UMNYNbCA HANPSXKEHHOCTMN NEKTPUYECKOTO NONA (B COOTBETCTBYIOLLIMX €AUHU-
uax);

fy — Hecywas yacroTa curHana, 'y,

{y, — nepuoa Hecyuwien 4acToTbl curHana (1/fy), c;

t; — BPEMEHHON CABUT CUrHanNa, c;

a — ahchekTMBHAA LLMPUHA rayccoBol hOPMbI BOMHBI (Ha yposHe 1/e);

€ — OCHOBaHMWe HaTypanbHbIX NorapudoMoB.

B 3aBUCMMOCTM OT BMAA UCTOYHUKA U3NYy4HAEMOrO SNEKTPOMArHUTHOrO NONS HA NPAKTUKE BO3MOXHbI
curHanol no (1) ¢ pasnuyHbiMu ormbatowmmn [29]. Hopmanu3aoBaHHbIi N0 aMNNUTYAe CUrHasn ¢ rayccosomn op-
MoU Moaynauun napametTpom a = 10 fy; 1 BpeMeHHbIM CABUIOM f; = 2a B (PYHKUUU OT HOPMATIM3OBAHHOTO
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BpeMeHun t/f, npeacraBneH Ha pucyHke 2a). CurHan Ha pUCYHKE 2a) eCTECTBEHHO ABMAETCA Y3KOMOMOCHbLIM.
3HayeHue cnekTpansHOM NNOTHOCTU AaHHOTO CUrHana npeacTaBreHo Ha pucyHke 2b). ®opma BOMHbI B COOTBET-
CTBUW C PUCYHKOM 2 NpeacTaBnseT co60mn NpocTon NpUMEpP SNEKTPOMarHMTHOro BO3AeiCTBMst GONMbLLION 3HEPriK,
OTHOCALLErocsi K By MUKPOBOMHOBBLIX CUrHANoB. lononHuTenbHble cBeaeHust 06 y3KONOMOCHbIX dneKkTpomar-
HUTHbIX BO3AENCTBUAX OOMbLUOKM BHEPrMK, UX OXMAAEMbIX aMNIUTyAaX, HECYLUMX YacToTax W T.Aa. npuBee-
Hbl B [30].

g(tyAg
1,2
0,8
0,4
0 "" g
-0,44
-0,8—
-1,2 — T T T T T T T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40
it
a) Popma BOMHbI NEPEXOAHOro npouecca 0
|fa9(f)IAq]
105
13
0,19
0,015
0,001
0,0001 T T T T T TTT T T LU
0,1 1 10
b) Cnekrtp fify
PucyHok 2 — TMpumMep y3KOMOMOCHOrO 3M1eKTPOMarHUTHOro BO3AEWCTBMSA Gonbluoi MoL-

HOCTU — CUHYyCOMAanbHbI CUrHan ¢ rayccoBoi Moaynsaumeii (cdbopma BOMHEI U CNEKTP)

5.3 CBepXWMUPOKONOSIOCHBbIN 351eKTPOMarHUTHbLIA UMNYJbLC HA OCHOBE KPaTKOBPEMEHHOro nepe-
XOAHOro npouecca

Opyrum BO3MOXHBLIM CNOCOOOM CO3AaHUS ANEKTPOMArHUTHOIO BO3AENCTBUSA 6OMbLLIONH MOLLUHOCTU SABNSET-
CAl reHepaLms CBEPXLLMPOKOMONOCHOIO NEPEXOAHOTO NMPOLECCa, MOKAa3aHHOTO Ha PUCYHKe 3.

B oTnuymMe OT y3KONOMOCHBLIX MUKPOBOMHOBBLIX CUrHAN0B B0MbLLONM MOLLHOCTM AaHHas hopmMa BOMHbI Grinska
K 6UNonspHOMY UMNYSbCY U, KaK CreAcTBUE, UMEET CreKTpasbHble COCTaBNSAOLLUE B BECbMA LLUMPOKOI NOnoce

9
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1
yactot". Kak ykasaHo B [30], BO3MOXHbI HECKONbLKO NPOCTbLIX aHANUTUYECKNX BbIPAKEHWI, KOTOpbIE MOTyT ObITh
UCNOMNb3OBAHbI NS NPEACTABNEHUS NOAOGHBIX LUIMPOKONONOCHBIX CUHANOB. K HUM OTHOCSTCS rayccoBblii
AMNYNbLC U ABONHON SKCMOHEHLIMANbHLIN NepexoaHblii npouecc, KOTOPbII YACTO NPUMEHSIIOT ANA NPEACTABNEHNA

3MEKTPOMArHUTHbIX MOMEN, CBA3AHHBIX C BbICOTHBIM SAEPHBIM B3pbIBOM. [laHHas ¢hopma BONHbLI paccMOTpeHa
B [27].

g(t), kB/m
3

-2 T T T T T T T T T

0 20 40 60 80 100
Bpewms, HC
a) dopma BoMHLI nepexoaHoro npouecca

g(®). (Bim)yTu

T T T T TTTT] T T T T TTTT] T T T T TTTT]
0,01 0,1 1 10
YacToTa, My

b) Cnektp

PucyHok 3 — lpuMep anekTpOMarHUTHOrO BO3AENCTBUA GOBLLUON MOLL|HOCTU Ha OCHOBE
CBEPXLUMPOKONONOCHOro NepexofjHoro npolecca (opmMa BOSHEI U CNEKTP)

1) B cnektpe nanyJaemblx aNeKTPOMArHUTHLIX MOfeH  GONBLLIOV MOLLHOCTU JaHHOro BUAa He [OIDKHO GbiTb
NOCTOsIHHOW cocTaensitolen. MoaToMy nnowjapb nog KpUBOH (POPMbI BOSHBI, NPECTaBAEHHO Ha pucyHke 3a), unu
nnowaab noa kpusoi NGOl aHanUTUYEeCcKon POPMBEl BOMHBI, npeAcTaBnsaoWen AaHHbI BU4 BO3AeilcTBUA, AOSKHA
6bITb paBHa HyIHO (C y4eTOM 3Haka).
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5.4 MoBTOpAKOIWAACA reHepauuma

CsegaeHud, npuBeaeHHblie B 5.1 — 5.3, nonyyeHbl B NpeanosnoxeHnn, 4To doopma BOSHbI 9N1EKTPOMAarHuT-
HOro BO34eNCTBUS BONbLLONM MOLLHOCTU NPeACTaBnseT cobon eanHUYHOE SABNEHNE — OTAENbHbIA MOAYIMPOBAH-
HbI CUHYCOUAAMNbHbIA CUrHan, NGO OTAENbHbIA CBEPXLUMPOKOMNONOCHBIN UMMNYNbC. BO3MOXHO, 0aHAaKO, nepuo-
Anyeckoe NMOBTOPEHMe AaHHbIX POPM BOSIHbI, T.€. UMNYNbCHAsi NOCNeA0BaTENbHOCTb (CM. pUCYHOK 4a). Ha aan-
HOM PUCYHKe npeAcTasneHa dopma BOSHbI MO PUCYHKY 2a) Npu Nepuoje OCHOBHOW 4acToThl f,, nepnoanvecku
noBTOpsiemMasi C NepUoIOM NoBTOpeHUs T, =40 &,

T, =40t
g(tyAg
1,0
06
0.2
—0,2:
-0,65
-1,0 T T T T T T T T T T : T |
0 50 100 150 200 250 300
tty
a) dopma BOMNHbLI NEPEXOAHOIO NpoLecca
40
Af = 0,025f
30
20—
10
0 T B A| A T T T T
0,6 0,8 1,0 1,2 1.4
b) CnekTp

PucyHok 4 — [puMep nocrefoBaTensHOCTU UMMYIbCOB, aHanorMyHbIX NpeacTaB-
NeHHOMY Ha pUCYHKe 2

dopma BOMHbLI TAaKOro BuAa obecnevmsaeT nepegady Ha obnydaemyo cuctemy 6onbluein aHepruun. Ha
npakTuke 66110 NOKa3aHo, YTO NPW AAaHHOW (hopMe BOIHbI PE3yNnbTarbl HApPyLUEHUS DYHKLIMOHMPOBAHUSA B 3HA-
YMTENbHOW CTENEHW 3aBUCAT OT YACTOTbl NOBTOPEHUA cuUrHanoB (Npu ee nuameHenunn ot 100 go 1000 "y). B yenom
3MEKTPOMAarHUTHOE BO3AEHCTBME NPU AAHHOW (HOPME BOMNHbI MOXET BbI3BAThk CEPbE3HbIE NPOBNEMbI AN CUC-
TeMm. CriegyeT yuuTbiBaTb, YTO NEPUOAUYHOCTL CUrHamna npuBOAMT K UBMEHEHUIO ero cnektpa. CnekrpanbHas
NAOTHOCTb MOCMeA0BaTeNbHOCTU UMMYMLCOB NPEeACTaBneHa Ha pucyHke 4b). MoXHO BMAETb, YTO HENpPepbIB-
Hasg cnekTpansHas NNOTHOCTb OAMHOYHOrO WMMMYNbCa, NPEeACTaBNEHHOIO Ha PUCYHKE 2a), npeobpasyetcs
B COBOKYMHOCTb CMEKTparbHbIX KOMMOHEHTOB, pa3AeneHHbIX HOPManu3OBaHHbIM 4acCTOTHbIM WHTEpBanoM
Af = 0,025 f,. Ecnu nocneaosatenbHOCTb UMMYSbCOB UMEET BECKOHEYHYIO ANUTENbHOCTb, CNEKTP CTAHOBUTCS
OVNCKPETHBIM.
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OnpegeneHnto aNeKTPOMarHUTHbIX BO3AENCTBII DOMbLLIOA MOLIHOCTM (CM. 3.17) MOryT COOTBETCTBOBATb
CUrHanbl C MHOTMMM pasnnyHbIMK napameTpamu. JononHUTenNbHbIE CBEAEHUA 06 CBEPXLLMPOKONONOCHbIX SMek-
TPOMArHUTHbLIX BO3AEACTBUSX OONbLION MOLUHOCTU npuBeAeHbl B [30].

6 JneKTpoMarHuTHble BO3OEeMNCTBUSA GOMNbLION MOIWHOCTU HAa CUCTEMbI

HamepeHHbIe BNUAHWS 9NeKTPOMAarHUTHBIX BO3AEHCTBUI 6OMbLLION MOLLHOCTU HA CUCTEMbI MOTYT ObITb CBSI-
3aHbl C M3My4aemMoin N KOHAYKTUBHON BOCMPUMMHYUBOCTbLIO CUCTEM, KaK 3TO UMEEeT MeCTO U B ApyrMx o6nacrax
TexHonorun AMC.

MPUMEHUTENLHO K U3Ny4aemMon BOCTPUUMYMBOCTU CUCTEM YUYMTLIBAIOT PACNPOCTPAHEHNE INEKTPOMArHUT-
HbIX MONEN, CO3AaHHbIX BHELUHUMU UCTOYHUKAMM, B BO3JIYXE U UX BO3AENCTBUE HENOCPEACTBEHHO HA BHELLHME
kabenu u aHTeHHbl 06opyaoBaHnA. Kpome TOro, yuuTbiBaIOT, YTO BHELLUHUE 3NEKTPOMAarHUTHbIE NOMA NPOXOAAT
Yyepes OTBEPCTUSA B KOXKYXaxX M MPUHMKAIOT BHYTPb 3aLLMLLEHHOrO 06 bEMa, YTO MOXET BbI3BaTb NOBPEXAEHUE
CUCTEM UNK YXyALUEeHUE UX padoThbl.

MpUMEHMTENbHO K KOHAYKTUBHOW BOCMPUUMYMBOCTM CUCTEM YYMTBIBAIOT, YTO NEKTPUIECKUE CUTHANDI
MOTyT ObITb MHXEKTUPOBAHbI B CUIOBbIE Kabenu u kabenu CUrHanoB U CBA3M C UCMONb30OBaHWEM Henocpea-
CTBEHHOW (raribBaHUYECKOW), EMKOCTHOIN U UHAYKTUBHOM CBA3K. [laHHbIE 3NEeKTPUYECKNE CUrHanbl pacnpocTpa-
HSIIOTCA M AOCTUraloT 060pya0BaHMS, NOAKIMIOYEHHOTO K kabensaM. Mpu aTom yHKLMKM nepeaaqm NpoBoaoOe U
kabenen MOryT OrpaHM4YUTbL PacnpoCTpPaHEeHMe COCTaBMSIOLMX BLICOKMX 4acToT. Hanpumep, anekTpuyeckue
nposoga BHyTPU 3aHNUA CyLLECTBEHHO ocnabnsloT curHanbl ¢ YacToTaMu CBbILLE HECKOIbKUX merarepu. an
9TOM apyrue kabenu, Hanpumep, kateropuu 5, npegHasHayeHbl ANA NPUMEHEHUS Ha Oonee BbICOKUX
yacrotax (~1 wu).

B HacTosiLuem pa3aene npuBeieHbl CBEEHUA 0 MEXaHU3MAaX BO30YXEeHUs CUCTEM, NPEeACTaBNIEHUN CUC-
TEM C UCMOSIb30BaHMEM KOHLIENLMIA aNeKTPOMarHMTHOW TOMOMOMNMM U Pa3nUYHbIX pe3ynbsrartax BAUSIHUS STEeKTpo-
MarHMTHbIX BO3AENCTBUI GONbLUOW MOLLHOCTU HA ANEKTPUUYECKME CUCTEMbI M KOMMOHEHTBI.

6.1 Tononoruvyeckoe npeacraBrneHne CUCTEMbI

[ns OueHKn pe3ynbTaTtoB BAMSAHUA SNEKTPOMArHUTHbIX BO3AENCTBUIA OONbLUOA MOLLHOCTU HA CITOXHYIO
cUcTemMy HeoBxo4MMO, Npexae BCEro, NOHATb, Kak NPOBECTU aHanU3 BO30YXAEHUSA CUCTEMBI U Y4ECTb NPU 3TOM
3NeKTPOMarHMTHOE B3aUMOZEHCTBUE COCTABHbIX YacTei CuCTembl. PaccmoTperue pa3nuuHbix 6apbepos, cyLue-
CTBYIOLLMX B COOPY>XEHUM, a TakKe BOSMOXHBIX NyTel pacnpoCTPaHEHUS ANEKTPOMArHUTHOW 3HEPTUN, NPUBOAUT
K NOHSATUIO 9NIEKTPOMArHUTHOW TONONOrMKU CUCTEMBI. KoHLIeNUusA SneKTpOMarHUTHOW TONOMOrMKU cuctTemel Gbina
npuMeHeHa B [26]. Moaxoa, OCHOBAHHLIN Ha AAHHOM KOHUENUWK, 3aKNIOYAETCA B TOM, YTO CUCTEMa paccmar-
pUBaETCA Kak COBOKYMHOCTb NEKTPOMAarHUTHbIX 6apbepoBs (3KpaHOB), NPENATCTBYIOLMUX UMK B ONpeaeneHHON
cTeneHn crnocobCTBYIOLUMX PaCNpPOCTPAHEHWIO 3NEKTPOMArHUTHOW 3HEPruM OT TOYKM K TOYKEe. NCTOYHUKK
3NEKTPOMArHUTHbIX MOrein 60NbLUION MOLLUHOCTU MOTYT ObITb BHE CUCTEMbI, KaK 3TO UMEET MECTO B CIy4asaX MOMHU-
€BOro pa3spsiaa, NHTEHCUBHOTO UCTOYHUKA PAANOW3NYYEHUS UMK SIEKTPOMAarHUTHOrO BO3AECTBMSA OOMbLLIOW MOLL-
HOCTW.

MoNHOCTLI0 3aMKHYTHIX 3NIEKTPOMarHUTHbIX 6apLepOB NPaKTUYECKU He CyLLEeCTBYeT. B akpaHe Bceraa Mo-
ryT BbITb HECKOIIbKO OTBEPCTUIA, YEPES KOTOPbIE BO3MOXHO PaCnpOCTPaHeHUe aneKTpoMarHuTHON aHeprun. Ove-
BW/IHO, YTO HaNPSPKEHHOCTb MOMNS BHYTPU NPOU3BOSbHOMN SKPAHMPOBAHHOM 060M04kM OyAET MEHbLLE, YEM HAMPS-
JKEHHOCTb BHELLIHErO Nons, Tak KaK CyLLeCTBYeT 3aTyxaHue B NMPOBOASALLMX CTEHKAX 060MOYKM U NPU NPOXOXae-
HWWU CUTHArNoOB HEOCHOBHbLIMU MyTAMU. OAHAKO AAHHOE 3aTyxaHue ByAeT MMETb KOHEYHOe 3HaYeHne, U Hanuine
aneptyp (0TBEPCTUIN) B SKPAHUPOBAHHOW NOBEPXHOCTU U HEA0CTaTOYHasA NPOBOAMMOCTL MaTepuana skpaHa MoryT
NPUBECTM K MPOHUKHOBEHUIO 3MEKTPOMArHUTHbIX NMoneii yepes 060MouKy.

MpuMep yNpoLLEHHOW CXeMbI SKPAaHUPOBAHHOTO COOPYXEHUS!, 06ny4aemMoro BHELLUIHUM 3MEKTPOMArHUTHbIM
nonem, NpeacTaBneH Ha pucyHke 5. O4eBUAHO, YTO MPOHMKHOBEHWUE 3MEKTPOMArHUTHOrO Moss B 3KpaHMpOBaHHOE
coopyxeHue ByaeT NPOUCXOANTb B KOHKPETHBLIX MECTax SMeKTPOMAarHMTHOro 6apbepa, Takmx Kak ABepHbIe 3axu-
Mbl, NAHENN AOCTYNa, OTBEPCTUA BO3AYLLUHbIX BEHTUNATOPOB, MECTa CBapku, HEOAHOPOAHOCTU 3KpaHa. Kpome
TOr0, BBOAMMbIE B SKPaHUPOBAHHOE COOPY>KEHUE CUIOBbIE KAOENU, N30NMPOBaHHbIE OT SKPaHMPYIOLLIEro MaTepu-
ana, npeAcTassaoT cobol NyTb, KOTOPbIM SHEPTUSt BHELLIHErO 3MEKTPOMAarHUTHOrO BO3AENCTBUS MOXET NPOHU-
KaTb BO BHYTPEHHUE NOMELLEHUS 9KPAHUPOBAHHOTO COOPYKEHUS.
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BozgeiicTaytoLiee
3/1IeKTpoOMarH1THoe nose

PucyHok 5 — [Mprvep YNpoLLEHHO! CXeMbI TMMOTETUHECKOTO COOPYXXEHNS], 06/ly4aemMoro BHELLHM
3N1EKTPOMArHUTHBIM NOMEM

PaccMoTpeHHbIli Bbile cnyyali OTHOCUTCS K 9KpaHWpPOBaHHbIM COOPYXeHMsAM. KOHEeYHO He BCe coopyxe-
HMA (MOMeLLeHnsa) MOryT CYMTATbCA XOPOLIO 3KPAHMPOBAHHbIMU. Ha NnpakTuke BO MHOTUX C/ly4asx He npeanpu-
HYMaTCA NOMbITKA 06eCcneynTb 3N1EKTPOMAarHNTHOE 3KpaHWPOBaHWEe CUCTEM, HanpuMep, NPUMEHUTENBHO K 00bIY-
HbIM 34aHNAM, KOMMEPYECKAM COOPYXEHUAM 1 aBTOMOOGMNAM. TeM He MeHee, BO3MOXHO YacTUYHOE 3IKpaHUpo-
BaHWe NyTem NpUMEHEeHUs apMaTypHbIX NPYTbEB U CTa/lbHbIX 6a/10K B CTPOUTE/IbHbIX KOHCTPYKLUAX 1 38 cyeT
Hanuunsa mMeTann4vyeckoro Kysoesa y aBTomob6uns. Bonee Toro, 4acTo NPoOBOAMTCS 3aLLMTa CUMNOBbLIX U CUTHASb-
HbIX NINHWIA, BBOAUMbIX B NOMELLEHNE, OT BO3eiCTBUIA MONHNEBBIX PAa3psAa0B.

B 3TUX 1 BO MHOIUX ApPYrMX cayyasax KOHUEeNnuusa 371eKTPOMarHUTHON TONOMOTNN MOXET OblTb NOME3HbIM
WHCTPYMEHTOM NS onpeAeneHuns 3al L eHHbIX 30H, B KOTOPbIX MUHTEHCUBHOCTb HABEAEHHbIX 3/1IEKTPOMAarHMTHbIX
BO34,ENCTBUI MeHbLUE, HEM BHE COOpPYXeHus (momeleHuns).

Mcnonb3oBaHune KOHLENLWUW 3/1eKTPOMarHUTHOM TOMONOrvK 3akntovaeTcs B cnegyowem. Cuctema (cm. 3.34)
paccmaTpuBaeTcsa Kak COBOKYNHOCTb O4HOro uamn 6osiee yncna sanekTpoMarHuTHbIX 6apbepoB Uan aKpaHNpoBaH-
HbIX MOBEPXHOCTEN, Kak noKkas3aHo Ha pucyHke 6. CoefMHEeHUA Mexay [aHHbIMWU MOBEPXHOCTAMMW U BCE TOYUKM
NMPOHUKHOBEHWSA 3/1EKTPOMArHUTHOW 3HEeprum MAEHTUMULUPYIOT C YCTAHOB/IEHMEM UX XapakKTepucTyk.

Han6onblyto 3HAYNMOCTb NPUAAIT BO3MOXHOCTU KOHAYKTUBHOTO 3/1€KTPOMArHUTHOrO NPOHNKHOBEHMSA,
Tak Kak Ha/mune N30/IMPOBaHHbIX CUNOBbIX Kabenei, NpoxoasLinux Yepes 0TBEPCTUA B NMPOBOASILLEN 3KpaHUPO-
BaHHO 060/104Ke, 0ObIYHO NPUBOAUT K HAMBONbLLUEMY 3/1EKTPOMATHUTHOMY BAIUSIHUIO HAa CUCTEMY. dnekTpomar-
HUTHOE NMPOHWKHOBEHME Yepes3 anepTypbl (0TBEPCTUSA) 0ObIYHO MMEEeT BTOPYI CTEMEeHb 3HAYMMOCTM, Tak Kak
Anddy3Hoe NpoHMKHOBEHNE MeHee 3P DEKTUBHO. BO3MOXHbBI MHble MeXaHW3Mbl 3/1EKTPOMarHUTHOIO NPOHUKHO-
BEHWA, HAaNpMmep, Yepes aHTeHHbl 1 Apyrue ycTpoiicTea, obecneynBaloLine CBsi3b CUCTEMbI C BHELLUHEN 31eKTpo-
MarHUTHOM cpefoii.

CymMmapHbIi 3dhekT BAMAHUA HA CUCTEMY 3/1EKTPOMArHUTHOrO BO3AEWCTBMA 60NbLIOK MOLLHOCTK, CO34aH-
HOro BHE CUCTEeMbI, onpefenseTcs aguarpammoli nocnefoBaTe/ibHOCTM B3aumogeicTeus. [laHHaa gnarpamma
UNNIOCTPUPYET Pa3/INyHble acnekTbl FreHepupoBaHWA 3/1eKTPOMAarHUTHbIX NOEeNR, NX pacnpocTpaHeHus, B3anmo-
[elicTBUSA C CUCTEMOW M OTKIMKA CUCTEMbI Ha BO3aeicTBue. N5 runoTeTMYeckoi CUCTEeMbI, MPeACcTaBNeHHOW Ha
pucyHke 5, auarpamma nocsefoBaTelbHOCTU B3aMMOAENCTBUS npefcTaBneHa (B yNpoLWEHHOM BMAE) Ha
pucyHke 7.
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BHelwHee anekTpomMarHuTHoe none

lMpoxukHoBEHUE
Uepe3 aHTeHRy

OundpdysHoe MpoxukHoBEHNE
TPOHUKHOBEHNE BHyTpeHHee yepes NNHNIo
3MeKTponUTaHust

BNEKTPOMarHUTHO!

MpoxukHOBEHNE

. 4epes NNHWIo
BHyTpeHHuiA Bapbep CBSI3U
(oSopynoBanve) G
Peakuusi 06opyaoBaHus
BosbywaeHue
BreLnni nons
Gapbep
(coopyxeHue)
r— — OTIEKTPOMEIHUTHBIA Gapeep (3kpaH),  [<] — npoHukHoBeHue yYepes Gapbep;
@ — MecCTO co3paHust ANEKTPOMArHUTHOIO NMOnNS;

— pacnpocTpaHeHne B NPOBOSHMKE;

s — PACNPOCTPAHEHNE 3NEKTPOMArHUTHOIO @ - aosﬁwa.eHMe JNEKTPOMarHUTHOro Nons;

rons;
® - mecto peakumu oSopyaoBaHun

PucyHok 6 — Tononornyeckas cxema NpoCTOR cUCTeMbl, MPEACTaBIIEHHON Ha pUCYHke 5

BHeluHss BHyTpeHHUA
- Peakuusi
Wctournk = AwtenHa | Pac:gﬁ:;'pa =] NOBEPXHOCTL [== ~ OGbeM 060py,qc:lBanﬂ
COOPYXeHUs COOpPYXeHUs

B3aWMOAENCTBUS AN CUCTEMBI,

PucyHok 7 — ObobLeHHas AuarpamMma nocriefoBaTenbHOCTH
npefcTaBrieHHOW Ha pUcyHke 5

6.2 MpumepbI 3NeKTPOMarHUTHbIX BO3AeNCTBUN GONbLUOA MOLWHOCTUA Ha 3JeKTPOHHbIE CUCTEMBI

M KOMMOHEHTbI

X0TA UCMONb30BaHUE TOMONOrMYECKO MOAENW NPU NPOBEAEHUM aHaNM3a CUCTEMbI NOMOTAET NMOHATD, Kak
3MeKTPOMarHUTHOE rnore, NnpeacrasnsioLlee coboii 9MeKTPOMarHUTHoe Bo3AeicTBre GONbLLION MOLLIHOCTH, MO-
XXET NPOHUKHYTb B CUCTEMY U OKa3aTb BIIMSIHUE HA €€ BHYTPEHHWE 3NEKTPOHHbIE KOMMOHEHTbI, MPUMEHEHUE AaH-
HOTO MOAX0AA AN NPeACKA3aHWS NMOBPEXAEHNUI MU HAPYLUEHWIA (DYHKLIMOHNPOBAHWA CUCTEMBI 3aTPYAHEHO. 3TO
0BYCMNOBIIEHO HE TOMBKO 3HAYUTENBHOI HEONPEAENEHHOCTLIO XapaKTEPUCTUK CBA3U, MPOHUKHOBEHMS U PACMpPOCT-
PaHeHUs!, HO U 3HAYUTENBHOM HEONPEAENEHHOCTLIO CBEAEHNI O BO3MOXHbIX PeaKLMAX 3NEKTPUYECKMX KOMIMOHEH-
TOB MPM BMEKTPUYECKMX BO3AENCTBUSX. [TPENMyLLIECTBO MCMOb30BAHMS TOMOMNOrMYECKON MOAENN 3aKMIOYaETCs
TaKkKe U B TOM, YTO C €€ MOMOLLIbIO MOXHO MOAFOTOBMTb M NPOBECTW a[leKBATHbLIE IKCNEPUMEHTbI ANS OLIEHKM

BMUSHUS SNEKTPOMArHUTHbIX BO3AEWCTBUI O0MbLION MOLLHOCTU HA CUCTEMBI.
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ECTECTBEHHO, YTO pe3ynbrarbi MHOTMX UCTILITATENbHBIX NPOrPaMM, CBA3AHHBIX C ANEKTPOMAarHUTHLIMU BO3-
AecTBUAMM GONbLUOI MOLLHOCTM HA CUCTEMbI, HOCAT 3aKPbITbIN XapakTep U He U3BECTHbI LUMPOKOMY KPYry cre-
umanuctoB. BMecTe ¢ TeM, pe3ynbTraTbl HECKONbKMX UCMNbITaHUI U3BECTHLI. Tak B [31] npuBeaeHsb! pesynbraThbl
pac4eToB METOAOM KOHEYHbIX PA3HOCTEN M USMEPEHUI NPU aHaNW3e NPOHMKHOBEHUS 9NEKTPOMAarHUTHOIO Nnons
B KOPNyC TMUNOBOro NepcoHanbHoro komnbiotepa (MK). Mccnegosannsa NpoBOAUIIMCL MPUMEHUTENBHO K pas3nuy-
HbIM KOHUrypauuam MK u Bkniovany odnyyeHne MaTepuMHCKON NNatbl NPYU HANMUYKUKU KOXKYXa U MPU CHATOM KOXY-
xe. Llenblo aaHHbIX nccneaoBaHmii Obino NOHUMAHNE MEXAHWU3MOB CBSA3M MPU SNEKTPOMArHUTHbLIX BO3AEUCTBUSIX
6onbLuoi mowHocTu Ha MK.

OCHOBHbIE 9KCMEPUMEHTANbHbIE PE3yNnbTaThl, Kak yka3daHo B [31], 3aknioyanucek B CrieyioLLeMm:

- HapyLweHue pyHkuui MK nponcxoamno TonbKOo NPU KOHKPETHLIX 4YaCTOTax MOBTOPEHUS;

- BMecCTe C TeM, HapyweHue cyHkuui MK npoucxoauno Tonbko Npu KOHKPETHON NONSpU3aummn BO34ENCTBY-
IOLLIETO 3NEKTPOMArHUTHOrO NOs;

- HapywweHwue dyHkuui MK Bceraa Gb1no CBA3aHO C BO3HUKHOBEHMEM HEMCNPABHOCTM TOTO UIM MHOTO TEXHU-
Y4eCKOro cpeacTsa u aAns BOCCTaHOBNeHUst yHkUmMoHmpoBaHus MK 6bina Heobxoauma ero NOBTOPHAsA 3arpy3ka.

3KCNEpPUMEHTbI C 3NEeKTPOMAarHUTHBIMU BO3AeNCTBUSIMM Oonblior mowHocTu Ha MK npoBoaunuch
B OesaxoBon kamepe, rae ans obnyyenus MK npumeHsnacb pynopHas aHTEHHa MpU pacCTOsHUM O0nyyeHus
1 M. SHaueHne HanpXXEHHOCTH NN Obino NpubnuauTensbHO pasHO 100 B/M. Bbinu ucnbiraxbl Tpu MNK. Mpu ncnbr-
TaHUSX NPOBOAUIUCH U3MEHEHUS HECYLLIEN YACTOTbI, HANPSPKEHHOCTU NONA M MOAYNSILMK curHana. Pesynbrarbl
nccnenoBaHuin npeacTaeneHbl B Tabnuue 1.

Pesynbrartbl UCMbITAHMIA, NPUBEAEHHBIE B TAONMUE 1, NOKA3bIBAIOT, YTO BUA MOAYNSALMM (HENPEPbIBHBIE KONe-
GaHus, amnnuTyaHas moaynsauus rinyouHon 80 %, yactoron 1 k', UMNYNbCHbIE CUTHATLI YaCTOTOW NOBTOPEHUS
217 My npu paboyeM uukne 50 %) Takke SABNSETCS KPUTUHECKMM NAaPaMETPOM B OTHOLLIEHUHU Bbi3blBaeMblx achdek-
TOB. HeGnaronpusATHbIN pe3ynsraT anekrpoMarHuTHOro Bosaencteus Ha MK Habnioganca npu Bcex Buaax moay-
nAunn. Pesynbratbl BO34EWCTBUS USMEHANMUCHL OT NOTEPU AaHHbIX, CAMOCTOATENILHOMO Nepe3anycka CUCTEMbI
1 oLMBOK 3anncy Ha ANCK A0 OTKINIOYEHUS ANEKTPONUTaHuUs, Koraa Tpe6oBanock BHOBb BKOYMTb KOMNLIOTEP.

Tabnuya 1— Ueneityemble MK, napaMeTpbl aneKTpoMarHMTHbIX BO3AEUCTBUIA M HabniogaeMble pesynetathl (cMm. [31])

Bug MK Hecywasn HanpsaxeHHoCTb Moaynaumua HabnioaaeMble
YacTtoTa, Iy ANeKTpU4ecKoro pes3ynbTaThl
nons, B/m
[MeHTnym 2,713 30 HenpepbiBHLIe KonebaHus MoTepsa faHHbIX
133 My 2,770 50 AM MoTepsa AaHHLIX
1,133 50 AM, umnynschbl Mepesanyck
2,675 50; 75 AM, umnynbcel MoTtepsa poctyna
2,887 75 AM MoTepsa poctyna
[MeHTnym Il 1,070 100 Mmnynbebl Owmbka 3anucy Ha AucK
233 My 1,460 100 HenpepbiBHbIE KonebaHus, Owmnbka 3anucK Ha AucK
AM, umnynechbl
1,480 100 HenpepbiBHLIe KonebaHus Owunbka 3anncu Ha JuUck
MeHTuym Il 1,040 45 Mmnyrnbcbl Owwubka 3anucu Ha Auck
300 My 100 HenpepbiBHble KonebaHusA Owunbka 3anncu Ha JUCK
100 AM Ownbka 3anucu Ha guck
1,400 100 AM Mepesanyck
75 Mmnynbcebl BulkniovyeHne nutaHus
75 MMnynbcebl BblkntoueHne nuTaHus
50 Mmnynbchbl BblkntoueHne nutaHus
85 Mmnynbcebl BulkniovyeHne nutaHus
MpumevaHusa
1 NapameTpbl aMNNUTYAHO| Mogynauuu: ry6uHa 80 %, yactoTa 1 kU,
2 MapameTpbl UMNYNbCOB. YacToTa NosTopeHusa 217 My, pabounit uukn 50 %.
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HavmeHbLasa HanpsHKeHHOCTb ANEeKTPUYECKOro NOA, NPU KOTOPOI MPOUCXOANUN HEBNAronpUATHbIE ad)-
ekTbl, paBHAnace 30 B/m. [laHHble cBeaeHus 00 a¢hheKTUBHOCTI SNEKTPOMArHUTHbIX BO3AENCTBUI BECbMA MO-
nes3Hbl AN NOHUMAaHKUA SBAEHUI 31IEKTPOMAarHUTHON CBA3W B NIEKTPOHHLIX CUCTEMaXx. BaXkHO OTMETUTb, YUTO HO-
Bble KOHCTPYKUMK MK, kak npaBummo, nyyLie CKOHCTPYUPOBaHbI C TOYKU 3peHust TexHonornii SMC, 4To nposBnseT-
€Sl B TOM, YTO TUMUYHBIE 3HAYEHUA HAMPSHKEHHOCTU MOSISA, NPU KOTOPLIX NPOUCXOAAT 0TKa3bl (DYHKLMOHUPOBAHMNS
KOMMbIOTEPA COCTaBMAT AECATKU U COTHU B/M. 3T0 00ycnoBneHo 6onee BbICOKOW TAKTOBOW YAaCTOTON NpoLEec-
copa 1 COOTBETCTBUEM HOBOTO 060pyAoBaHUA TpeboBaHUAM PpacnpoCTpPaHSIOLLUXCA Ha Hero ctaHaapTos SMC,
YTO NPMBOAMT K Bonee acpdeKkTMBHOMY IKpaHUPOBAHUIO 0BOPYAOBaHMSI.

Pesynkrarbl UCNbITAHUA KOMMNBIOTEPOB U HEIKPAHUPOBAHHOIO BOEHHOT0 060PYA0BaHUSA, YCTaHABIMBAEMbIX
Ha aBTOMOBUMAX NPU ANEKTPOMArHUTHLIX BO3AENCTBUSX 6OMbLUON MOLLHOCTH, NpuBeaeHsbl B [32]. B kavecTse
WCTOYHUMKA 9NEKTPOMAarHUTHbIX BO3AENCTBUI GOMbLUOK MOLLHOCTU Bblnn MCMONb30BaHbl MMMYNbCHbIE PIIC ¢ He-
cywien yacroton 1 — 3 [TU, ANUTENBHOCTLIO UMMYNBCOB 1 — 3 MKC M 4acTOTOW NOBTOPEHMA 0Kkono 1 kIu.
HapyLueHus dhyHKUMOHMPOBaHUSA, TPeOyoLLMe nepesarpy3ku unu nepesanycka asTOMOOUbHOrO KOMNbIOTEPA,
MMENU MECTO NPW NMKOBOM 3Ha4YE€HUU CPeJHEKBaAPaTUYECKON HaNPSXKEHHOCTU NONS, PABHOM HECKONbKUM COT-
HAM B/M. ®dusnyeckue noBpexaeHus BO3HUKaNM npu Hanps>KeHHOCTU NOMS, NOBbILLEHHOW ewie Ha 20 — 30 ab.

Pesynkrathl JaHHbIX UCMbITAHUI NO3BONAIOT CAeNnaThb CreayoLmne BbIBOAbI.

Mpv MCnonb3oBaHWM UCTOMHMKA MUKPOBOJTH GOMBLLOA MOLLHOCTM, pa3MeLLeHHOro B aBTOMOGUNBHOM dhyp-
roHe, HapyLIEeHNUs (DYHKLUMOHUPOBAHMS HE3ALLMLLEHHBIX 3NEKTPOHHBLIX CUCTEM MOTYT ObITb UHULMMPOBAHBLI C MaK-
cumarnbHbIX pacctosHuii okono 500 M. Mpu ncnonb3oBaHUK UCTOHMHUKA MUKPOBOSH 60NbLIOW MOLLHOCTU MEHb-
LUMX pasmMepoB, pasMeLLlaeMoro B HeGONLLIOM YeMoAaHe, pacCTOsIHME, Ha KOTOPOM MOXET ObiTb 06ecneveHo
HapyLLeHne OyHKLUMOHUPOBAHUS HE3ALLMLLIEHHBIX 3NEKTPOHHbIX CUCTEM, YMEHbLUAETCSA 40 50 M.

MoryT ObITb Takke caenaHbl BbIBOAbI O TOM, YTO MaKCUMManbHOE PacCTOSIHME, HA KOTOPOM MOXET ObiTb
BbI3BAHO MOCTOSIHHOE PU3UYECKOE NOBPEXAEHUE NEKTPOHHBIX CUCTEM, AOSMKHO ObiTb NPUONU3UTENBHO PaBHO
15 M AN UCTOYHUKA MUKPOBOIH GOMbLLON MOLLHOCTU, Pa3MELLEHHOTO B aBTOMOOUNLHOM dhyproHe. MCTOYHMK
MWKPOBOSH 60SbLLIOIN MOLLHOCTU, Pa3MELLEHHbIN B HEOONbLIOM YeMoaaHe, ByaeT cnocobeH BbI3BaTb NOCTOSIHHOE
hU3NYECKoe NOBPEXAEHUE INEKTPOHHBIX CUCTEM NULLL NPYU €70 PasMELLEHNU B HENOCPEACTBEHHON BnM30CTH K
CUCTEME UM JaXe NPU HEeNOCPEACTBEHHOM KOHTaKTe ¢ CUCTEMON. OBOOLLEHHbIE Pe3ynbTaTbl AaHHLIX UCNbITAHUI
npeacTasneHbl B Tabnuue 2.

Tabnunya 2 — Pesynsrarbl aNeKTPOMarHUTHLIX BO3AE€ACTBMIA 6OMNbLIOIA MOLLYHOCT Ha aBTOMOBUNN B 3aBUCMMOCTH OT
pPaccTosAHMSA U MOLLHOCTM UCTOYHMKA (CM. [32])

SﬂeKTpOMaFHI/ITHoe BOSAeﬁCTBMe Pe3yanaT BOSAeﬁCTBMH
6onbLUok MOLYHOCTH Apu pacCcToAHUKU, M
WUcToutu, Bua 15 50 500
MOLJHOCTb
1 ABTOMOOWNBHLIR yp- MuKpOBOMHbI MocTosHHOE HapyweHue HapyweHue
roH, P=10 MBT 60nbLLUOK MOLLHOCTU dusnyeckoe OYHKUUOHUpPO- hYHKUNOHUPO-
noBpexaeHune BaHus 2) BaHUS
2 HebonbLuoit yemonaH 1, MuKpoBOMHbI HapyweHnue HapyweHue OppekThl
P =100 kBT 60nbLUOK MOLLHOCTU YHKLMOHUPO- OYHKUNOHUpPO- Bo3aencTeuna
BaHusa 2 BaHua 2 OTCYTCTBYIOT
3 ABTOMOGUNBLHBIA yp- MuKpOBOMHbI HapyweHnue S dekTbl ShpekThl
FOH, MOLLHOCTb YMeHbLUEeHa Ha | 60MbLUOKA MOLLHOCTH DYHKLUMOHUPO- BO3JEeNCTBUA BO3jeicTBUA
30 a6 B cpaBHeHUM C MOLL- BaHuUA OTCYTCTBYHOT OTCYTCTBYIOT
HOCTbIO UCTOYHMKA 1
4 Hebonblon YyemopfaH, MWKPOBOSHbI OhpekThl ShdpekTsl O dexThl
MOLUHOCTb  YMeHblleHa Ha | GomnbLUIoi MOLLHOCTM BO3jeiicTBuA BO3jeincTeunA BO3fencTBUA
30 4B B cpaBHEeHUM C MOLU- OTCYTCTBYHOT OTCYTCTBYHOT OTCYTCTBYIOT
HOCTbH UCTOYHMKa 2

1) Tpn NCcnonb3oBaHWUM AaHHOTO UCTOYHMKA BO3MOXHO MOCTOSIHHOE (PU3NYEecKoe NOBPeXAeHNe SNeKTPOHHLIX
CUCTEM NPU pasMELLEHNN B HEMOCPELCTBEHHON ONM30CTN K OOBLEKTY BO3AEWCTBUA (HA PaCCTOAHUM HECKOMbKUX
MEeTpOB).

2 HapylieHne GyHKLMOHUPOBaHUS O3Ha4YaeT, B OCHOBHOM, BpeMeHHoe MpekpallyeHie BhiMOMHeHNs yHK-
Lun. OAHaKO B HEKOTOPbIX Cryydasax BO3MOXHO TakXe NOoCTOAHHOe cpmavlquKoe noppexgexHue,
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Pesynsrarbl BAUAHUA 3NEKTPOMArHUMTHbIX BO3AENCTBMIA OONbLUOW MOLLHOCTU MPU UCNLITAHUSAX MHOMMX
3MEKTPOHHbIX YCTPOWUCTB 0OMy4eHEM UX 3NMEKTPOMarHUTHbLIM NOMNEM, BbI3BAHHLIM HEMPEPLIBHLIMU KOneGaHusMm,
Ha YacToTe MUKPOBOSHOBbLIX Neyen 2,4 ', npuseaeHsl B [10].

Mpun npoBeaeHUN AAHHBIX UCNLITAHUIA AN8 N3NYYEHNSA SHEPTUUN KOMMEPHYECKON MUKPOBOSTHOBOW NEYn nc-
nonb30Barncs CTaHAaPTHLIM NUPaMuaanbHeli pynop. OBnyyYeHuio NoaBepranmcs, 06pasybl Pa3nMYHbIX SNEKT POH-
HbIX YCTPOWCTB. MCnbITyemble yCTPONCTBA pasMeLLannch Ha paccTosiHUKM 6 M OT UCTOYHMKA U3nyyeHus. Hanps-
JKEHHOCTb BHELLHErO 3NEKTPOMArHUTHOrO NoNs cocraensana okono 250 B/M. [JaHHbIE UCNbITAHUSA 4EMOHCTPUPYIOT
pearnbHble YCrOBUSA CO34aHUS ANEKTPOMAarHUTHbIX BO3AEWCTBUIA 6ONbLLION MOLLHOCTU C UCMOMNb30BaHUEM UMEID-
LLerocsi B HanmMuuu KOMMep4eckoro 06opyaoBaHus.

Bo3aencTanio anekTpoMarHUTHbIX MONen NoABepranuch cneayroLue ycTponcTsa:

- paguonpuemHsle ycrponcrsa AM n M;

- 9NEeKTPOHHbIE Yachl B N1ACTMacCOBbIX KOPMycax;

- HebornbLUME 3MEKTPO3B3PbIBHbIE YCTPOWCTBA;

- MOPTaTUBHbIE KarbKynsATOPbI;

- paguonorfoLaLLme matepuarnl;

- NIOMUHECLIEHTHbIE NaMbl.

Habnioganuce cneaytowme apdekTbl 3NeKTPOMAarHUTHbIX BO34ENCTBUIA:

a) TepMUYECKUE MOBPEXKAEHUA PAANONPUEMHBIX YCTPOICTB;

b) nonHoe noBpexxaeHne YacoB B NIACTMACCOBLIX KOPMycax;

C) NOAPbIB 9N1EKTPOB3PbIBHLIX YCTPOWCTB (€CNM NPOBOAHMKM 06pa3oBbIBaNM NONYBOSIHOBLIN BUOpATOp);

d) noBpexxaeHue kanbkynatopos, cropanune KK gucnnees;

€) NoBbILLEHWEe TeMNepaTypbl PaaWOoNOrnoLalLLIMX MaTepuarnos;

f) cBeYEHME NIOMUHECLIEHTHBIX Nlamn.

JaHHble NpUMepbl NOKa3bIBAIOT, YTO BIUSHUE 3MIEKTPOMAarHUTHbIX BO3AENCTBUI OOMbLUIOW MOLLHOCTU HA Snek-
TPOHHBIE CUCTEMBI B 3HAUNTENLHOW CTEMNEHM 3aBUCUT HE TONbKO OT MapameTPoB BO3AENCTBUS, HO U OT KOHCTPYK-
TUBHbIX 0COOEHHOCTEN CamOl NEKTPOHHON CUCTEMDI.

6.3 Bbiropanue un ¢pusnyeckme noBpexaeHUA KOMMNOHEHTOB/NOACUCTEM

Pe3ynbsratbl UCMLITAHMIA, NPEACTABNEHHbIX B 6.2, NOKa3bIBAKOT, YTO PE3yNbTaTOM SMEKTPOMArHUTHbIX BO3-
OENCTBUIN BOMNbLUION 3HEPrM HA CUCTEMbI MOXKET ObITb NOO BhiropaHune (husnyeckoe nospexaeHue) obopyao-
BaHWSA Nnbo HapyLleHne PYHKLMOHUPOBAHUSA YCTPOMCTBA U3-3a COCTOSHUI HEUMCNPABHOCTU NOTUYECKUX CXEM.
Kak npaBuno, BbiiIBNIEHUE BbIrOpaHns (hn3n4eCcKkoro NOBpeXxaeHns) ycTponcTea asndetca Hanbonee acpdekTms-
HbIM CMOCOB0M KONUYECTBEHHON OLIEHKM 3DEKTUBHOCTM SMEKTPOMArHUTHOrO Bo3aencTeus. Mpu aTom cneagyet
UCMONb30BAaTh NPEAErbHbIE 3HAYEHUS PA3NUYHBIX TAPAMETPOB CUrHaNa A TOro, YToObl OLEHUTL BIMSAHWE 3MEeK-
TPOMarHUTHOro BO34ENCTBUSA HA YCTPOMCTBO U HAWTM B3aUMOCBA3b AaHHbLIX MPEAErbHbIX 3HAYEHWIi C 0TKasamu
(PYHKLUMOHUPOBAHUA YCTPONCTBA (CM. [24]). TUNUYHbIE NpeaenbHble 3HaYeHUs MOTyT BKNYaThb B cebs nukosoe
3Ha4YeHue curHana, BO3aenCTBYIOLLErO Ha KOMMNOHEHT, CYMMapHOE 3HaYeHUe SHeprumn, nepegaBaemMon KOMNOHEH-
TY, U T.A.

M3BecTHO, yto nocne 1970 r. GbINKU NPEANPUHATbI 3HAYUTENbHbIE YCUNUA AN TOT0, YTOOLI ONpeaenuTb u
YCTaHOBUTbL YUCNOBbIE 3HaYeHMA napameTpos MU BAB, Bbi3biBaOLLMX OTKa3bl U HEUCMPABHOCTU KOMMOHEHTOB.
3HauMTENbHOE YMCNO AaHHbIX, OTHOCALLUXCS K OTKa3am KOMNOHEHTOB B pe3ynbrare Bosaencrena SMU BAB,
coaepxUTCs B [3], pe3ynbraTbl UHTEHCUBHbBIX UCTILITAHUIA CUCTEM CBA3U, ANEKTPOCHABKEHNS Y KOMIMOHEHTOB MPW-
BeAeHbl B [33] — [44].

BmecTe ¢ Tem, HelaBHO CTanu U3BECTHbI PE3yNbTaThl PAAAa 9KCNEPUMEHTOB MO OLIEHKE BMUSAHUSI UHTEHCUB-
HOCTU NepPEXOAHBIX MPOLIECCOB, KOTOPbIE MOTYT ObITb OTHECEHbI K 3MEeKTPOMAarHMTHbIM BO34E€NCTBUSIM GOSbLLION
3HEepruu, Ha Bbl3bIBAEMbIE UMW OTKa3bl U HEUCNPABHOCTU OTAENbHbIX KOMIOHEHTOB U MOACUCTEM (B TOM Uncne
MK, nogknio4aemMbiX K CUNOBLIM IMHUAM W IMHUAM CBS3N). MccneaoBanuch Takke BOSMOXHOCTU pacnpocTpaHe-
HUSA BHYTPU 34aHUS NEPEXOAHbLIX MPOLECCOB, CO3AAaHHbIX B NMMHUAX NEKTPONUTAHUA BHE 34aHusA. Pedynsrarsl
3TuX paboT u3noxeHol B 6.3.1 —6.3.3.

6.3.1 NoBpexaeHue KOMNOHEHTOB

Kak oTMe4anochb BbiLLe, XapaKTEPUCTUKM N3NYYEHHbIX 3NEKTPOMArHUTHBIX MOMNEN, OTHOCALLMXCA K ANeKT-
POMarHUTHLIM BO3AEWCTBUSIM BOMbLLION MOLLHOCTU, OTNIMYAIOTCS OT XapakTEPUCTUK SNEKTPOMAarHUTHbIX nonen 3MA
BAB. Moatomy cBeaeHus 06 OTKaszax KOMMOHEHTOB B pe3yrnbraTe Bo3aelncteuss MU BAB He moryT ObiTb
HEenocpeaCTBEHHO MPUMEHEHbI K U3YYEHMWIO 3NEKTPOMArHMTHbIX BO3AENCTBMIA BonbLuoi MowHocTU. ccnego-
BaHMSA BIUSHUA SNEKTPOMArHMTHbIX BO34€eNCTBUI 6ONbLUOK MOLHOCTM Ha KOMNOHEHTbI (CM. [45]) no3BONAOT
caenaTtb BbIBOA O TOM, UTO B OTHOLLEHUM 3NEKTPOMAarHUTHOW BOCMIPUMMYUBOCTU K MUKPOBOJTHAM BOSbLLIOI MOLLHO-
CTW CYLLECTBYIOT 3HAUUTEMbHbIE Pa3nNuMuusa Mexay LUMdpPOBbIMU CXEMaMU PA3HLIX TEXHOMOTUIN U3rOTOBNEHUS.
B [45] oTMeveHa 6nM30CTb pe3ynbTaToB UCMbITAHWI AN Pa3NMYHbIX 00pa3sLoB LMAPOBLIX CXEM OAHOIO U TOTO e
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TUNA, U3rOTOBMEHHbLIX OJHUM U TEM e npoussoaguTenem. C Apyroii CTOPOHbI, MOPOroBbIE 3HAYEHUSA BOCNIPUUMYN-
BOCTU KOMMOHEHTOB, U3rOTOBIEHHbIX PA3NUYHBIMU NPON3BOAUTENSAMMU, MOTYT pasnu4yatbca Ao 16 ob. OTtmevaeT-
€41 yBEMMYEHUE NoporoBoro 3Ha4€HMA BOCTIIPUUMHUBOCTU KOMIMOHEHTOB C POCTOM YacCTOThl 3NEKTPOMArHMTHOTO
BO3AenCTBUA. [laHHbil achdekT Ana umdpoBbIX CxeM TexHonorum TTL NnpeacTaBneH Ha pUCyHke 8.

CneayeT OTMETUTDL, YTO BOCNPUUMUYUBOCTb CUCTEMBI B LIENTOM K 31EKTPOMArHUTHBLIM BO34E€NCTBUAM OO0rb-
LLIOW MOLLIHOCTU MOXET OTNIMYaTbCA OT BOCIPUUMYNBOCTU OTAENbHbLIX KOMMNOHEHTOB.

MoaBoanman
MOLUHOCTb, BT
100
10 =
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0,1 1 10

YacroTa, MTu
—$— — UHTErpanbpHasn cxema 1;
—O= — UHTErpanbHan cxema 2,
—h— — VHTErpansbHas cxema 3

PucyHok 8 — PesynsraTel MU3aMepeHUd 3aBUCMMOCTM MOPOroBbIX 3HAYEHMUIA BOCNPUUM-
YMBOCTU UHTErpanbHbIX cxem TTL OT 4acToTbl, MNMIOCTPUPYHOLLME Bo3pacTaHue Noporo-
BbIX 3Ha4€HUIA BOCMPUUMHYMBOCTM C NOBLILLEHUEM YaACTOThI

6.3.2 BospgencrBmne KOHOYKTUBHBIX NepexoaHbix npoueccoB Ha MK

B [46] npuBeaeHbl pe3ynsraThl UCNbITAHWI C NPUMEHEHUEM UCTIbITATENbHBLIX FEHEpaTopoB, o6ecneunsaio-
LLMX CO3aaHMe KannbpoBaHHbIX U BOCMPOM3BOAUMBIX NEPEXOAHBIX MPOLECCOB, UMUTMPYIOLLMX NPOLIECCHI, BbI3bl-
BaeMbl€ MOMHUEBLIMU pa3psaamMu U ABNEHUAMU KOMMYTaLMKU B SMNEKTPUYECKUX ceTAX [47], [48]. OnsA aTon uenu
UCMONb30BAaNUCh UCTbITATENbHbIE FEHEPATOPbI MUKPOCEKYHOHbIX UMIYIbCHbIX nomex (MUIM) 6onbwoll sHepauu
no NOCT P 51317.4.5 u HaHocekyHOHbIX umnynbcHbix nomex (HUM) no NOCT P 51317.4.4. MNMpuMeHsnucb
MW ¢ napametpamu 1/50 — 6,4/16 mkc u 6,5/700 — 4/300 mxc (cm. FOCT P 51317.4.5) n HAIM ¢ napamerT-
pamu 5/50 HC (cm. TOCT P 51317.4.4).

6.3.2.1 McnbiTyemoe oGopyaoBaHue

McnbiTaHUAaM NoABEpranuch YeTbipe nepcoHanbHbIX komneoTepa (MakuHTow SE, MNentuym 66 My, Mex-
Tuym 486, MeHTuym 120 MI'u). Ha WHypbl 3NeKTponMTaHnA AaHHbIX KOMMNbIOTepoB nogasanuce HAM u, kpome
TOrO, Ha LWHypbI anekTponutanus aeyx MK Mentuym 6einn nogansl MANM ¢ napametpamu 6,5/700 — 4/300 mkc.
HM 6binu Takke nogaHbl Ha kabenu MbiLW, KNaBUaTypbl M NPOBOAA, NOAKMIOYEHHLIE K MOAEMY.

Bo BTOpPOI Cepum ncnbiTaHUin, Kak ykasaHo B [46], HUIM, a Taike MUIM ¢ napametpamun 1/50 — 6,4/16 mxc
u 6,5/700— 4/300 mkc nopasanuck Ha kabenu nokanbHbIX BbIMMCIMTENbLHBIX ceTel Ethernet, AppleTalk, noa-
KMIOYEHHbIE K KOMMbIOTEPaMm.

6.3.2.2 Pesynbratbl ucnobitanui (M)

MU uHxekTMpoBanuch B LUHYPbI SNEKTPONUTAHUA KOMMNBIOTEPOB U NPOBOAA NOKalbHbIX BbIMUCIUTENbHBIX
ceteii Ethernet, AppleTalk.

O606LLeHHble pe3ynbTaThbl UcnbiTaHuii npu nogade MM Ha nopTel anekTponuTaHua u cesasu MK npuseae-
Hbl HUXKE.
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1) MopTbl anekTponuTanus (napametpbl MUM 6,5/700— 4/300MkKc)

OTCYTCTBYIOT MOBPEXAEHNA UIN HapyLleHnsa PyHKUMoHnpoBaHus MK npy NOBbIWEHUN HANPSXXEHUS UCMbI-
TaTeNbHOro reHeparopa Bn/oTb 40 MakCMMasibHOr0 3HaYeHus.

OTMeuUeHbl NEPEKPLITUS HANPSXKEHUS.

TUNUYHbIE MaKCMasibHble 3HAYEHUS HaMpPSXXEHUS N TOKa Ha Harpyske cocTaBnaloT (MpU HanpsXeHun Xoso-
CTOro Xofa ucnblTatenbHOro reHepatopa 4,5 kB):

1,2 KB (nnMKoBOe HanpsieHue nmnynbca A4ANTeNbHOCTbIO 4 MKc), 200 — 300 B (MeasieHHOe YMeHbLUeHne
HanpsxeHus, 4nnTenbHoCcTb 300 MKC);

300 A (nuKoBOE 3HaYeHne ToKa, OrpaHMYnBaeMoe UCNbITaTe/lbHbIM reHepaTopom).

2) MopT cBA3n (koakcuanbHbIn kabenb Ethernet)

MoBpexaeHue nopta npu nogavye MUM c napametpamu 1/50— 6,4/16 mkc HanpsxxeHunem 500 B.

OTCyTCTBYIOT NOBPEXAEeHUA B KOHCTPYKuuKn MK 3a ucknwoyeHnem nnatel Ethernet.

3) MopT cBA3n (BuMTasA napa Ethernet)

MoepexaeHne nopta npu nogadye MUM c napameTtpamun 6,5/700 — 4/300 MKC HanpsxeHunem 4 kB.

[nsa nospexaeHusa Heobxoauma aHeprus 4 [x.

OTMeueHbl NepekpbLITUA HaNPsXeHUs Npu HanpsxeHun 3 kB.

OTCyTCTBYIOT NOBPEXAeHMA B KOHCTPYKuum MK 3a ncknoyeHnem nnatel Ethernet.

Mpu nogavye MATM Ha LWHYPbI 3NEKTPONUTaHUS He BblIM OTMEeYeHbl BOCNPOM3BOANMbIe 3ddheKTbl BMIOTh A,0
Hanps)XeHusa X010CTOro Xoaa ncnboltTatesibHoro reHepartopa MUM 4,5 kB. Tpy 3TOM HanpsXeHue, HenocpeacTBeH-
Ho nogasaemoe Ha [K, coctasnano nuwb 1,2 kKB npu AnnTenbHOCTU nmnynsca 4 mkc n 300 B npu ANnTenbHOCTH
umnynbca 300 Mkc. Mpy ncnbiTaHUAX BblIM OTMEYEHbl MEPEKPLITUA HanpshXeHnss. Bmecte cTem, nocne wucnoita-
HWIN Kakne-nnbo pesynbTatbl Bo3geicTBuii Ha MK He 6bl1n 0TMeYeHbl.

Mpu nogaye MUM Ha koakcuanbHble kabenu npoucxoauno nospexaeHne nnat Ethernet npu muHumans-
HOM HanpsbkeHun nomexm 500 B. Bbiio 0TMeEYeHO, YTO Npu nogaye Ha Kabenb NOCTOAHHOIO HanNpsHXXeHUs Takxe
npoucxoguno nospexgaeHune nnat Ethernet. MNpu nposepke 66110 BbISBAEHO, YTO 3KpaH kabensa He 6bln 3a3emMseH
B Mnsiate, 4YTo MpUBENO K Npeobpa3oBaHnio o6LWEro HECUMMETPUYHOIO HanpsXXeHns NoMexu B CUMMeTpUyHoe
HanpshxkeHwe. Heo6xoAMMo 0c060 OTMETUTL, YTO NPU NOBpPeXAeHUn nnatbl Ethernet n noTepe cBs3W B 10KaIbHOM
BbluncnTenbHol cetu MK He 6bin NOBPeXAeH.

Mpn nogayve HWUM Ha BUTbIe Napbl IOKaNbHON BblYMCAUTENbHON ceTn Ethernet Habngannce aHanornyHble
pesynbTaTtbl, XOTA HapyweHns PyHKLUMOHNPOBAHUS NPOUCXOANIN NPU CYLLEeCTBEHHO 60/1ee BbICOKMX YPOBHAX
nomex. Mpu nogaye MUM c napameTpamu 6,5/700 — 4/300 MKC HapyLwleHUss PYHKLUOHMPOBAHUA OTMeYanchb
npu HanpsxeHun 4 kB (Mpu nogaye nomex nNo cxeme «nNpoBof — NpoBOfA»). MepekpbiTsa HanpsHXeHns Habnio-
Janucb npu HanpsxeHuun 3 kB.

Ha pucyHke 9 npeacTaBfiieH pa3bem, NOBPEXAEHHbIV NPU NEPEKPbITUN HANPSXEHNUSA B XO4E UCTbITAHUA npw
nogaye MWM c napameTtpamun 6,5/700— 4/300 MKc. DHeprus, Heobxoanmasn gnsa nospexaeHns nnatol Ethernet,
6bina paBHa 4 k. Kak n B cniydyae nogayun HUMM Ha koakcnanbHble kabenv nokanbHOW ceTh, KOMNbIOTEP He ObiN
NoBpeXAeH npu UCMbITaHUAX.

PucyHok 9 — TMpuvep NOBPEeXAEHWi, BbI3BAHHLIX OAUHOUHbIM
UMMNYNbCOM  HanpsbkeHuem 4,5 KB UCMbITaTeNbHOTO reHeparopa
MWIM (6,5/700 mkc — 4/300 mkc) no FOCT P 51317.4.5
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Takvm 06pa3om, nokKasbHas BblYUC/IUTENbHASA CETb C BUTbIMW NapamMu CyLeCTBEHHO MeHee BOCNpunmyn-
Ba k BosgelictBuam MWIM. Hanbonee achhekTnBHOW siBnAetca nogadya MUM no cxeme «npoBoj — MNpoOBOA»
(cummeTpuYHOe HanpsXeHue).

6.3.2.3 Pe3ynbTaThl ucnbitanmnii (HAM)

HUM nogaBanvCb Ha LWHYPbl 3N1E€KTPONMUTAHUA BCEX YETbIPEX KOMMbIOTEPOB C MPYUMEHEeHNeM eMKOCTHbIX
kneweli cBAsm no FTOCTP51317.4.4. XoTs 6bl1M OTMEYeHbl HeKoTopblie HebnaronpuaTHble addhekTbl, Hanpumep,
Henpoun3BO/ibHbIE ABVMXEHNA Kypcopa, nepesanyck KomnbloTepa He noTpebosancs. B 60nbluMHCTBE cny4vaes Obi10
0YeBUAHO, YTO ANA NOMYYEHUSA BOCNPON3BOAMMbIX HAPYLLUEHUA PYHKLMOHMPOBAHMA KOMMNbOTEpa He06X0ANMO
HanpshkeHne ncnblTaTenlbHOro reHepaTtopa 6onee 4,5 kB.

Mpu NnpoBeAeHUN UCnbITaHWiA ¢ Nojayein NoOMex Ha NopPThl, NOAK/IOYAEMbIE K IOKAaNIbHOW BbIYNCANTENbHO
CeTun, ucnblTatenbHblii reHepaTop HUM HenocpeACTBEHHO NOACOEAMHANCA K KOMMNbIOTEPY (HanpsXeHre Ha nop-
Tax cBA3W ObIN10 PaBHO HANPSHXXEHUIO UCNbITATENBHOrO reHepaTopa). Mpu 3TUX ycnosuax 6u11m 0TMEYeHbl BOCNPO-
N3BOAMMble HapyLeHNs PYHKLNOHNPOBAHMNSA UCMbITaHHbIX 06pa3L0B KOMNbLIOTEPOB A5 Pa3/IMYHbIX BUL0B NOpP-
TOB CBA3W. BTabnuue 3 nokasaHa 3aBUCUMOCTb Mexay HanpsxeHnem HUM 1 Yncnom MHXeKTUPOBaHHbIX UMMY/Ib-
COB, HEO6XOAUMBIM /1A HApPYLWeHNa hYHKLMOHUPOBaHUS KoMnbloTepa (Npu nogavye HAM Ha kabenb nokanbHOM
cetn AppleTalk, nogkntoueHHbI K KOMNblOTEPY MakunHTOow SE).

Tab6bnunua 3 — Pesynbtarbl uHxekuum HUM B kabenn cBA3N N0KasbHON BbluMCMTeNbHOW cetn AppleTalk

Uvcno HapyLLeHud thyHKLIMOHMPOBaHUSI KOMMboTepa/ umcnio

YacToTta nostopeHus MNHXEKTMPOBaHHbLIX nocnefoBatenibHocTen HAM
HWM, Ky /4mcno vvnynbcos
B MOC/EA0BATE/LHOCTI npy wucnbitatensHoMm yposHe HUM, B
1000 1500 2000 3000 4000 4500
1000 /20 000 0/3 4/4 3/3 3/3 3/3 2/2
100 /2 000 0/5 4/4 3/3 3/3 WcnbiTanns 3/3
He npoBo-
annuce
10/200 0/4 4/4 3/3 3/3 McnbitaHns 3/3
He npoBo-
AVAnCb
1/(20) 0/5 4/4 3/3 3/3 4/4 3/3
OfVHOYHbIE VMMMNY/bChI 0/6 MenbiTaHus 0/2 0/2 0/3 1/0
He npoBo-
Annuco

] - oTcyTcTBUE HapylweHWi YHKLUNOHUPOBAHUS;
] - cnyyalinble HapyweHns QYHKLMOHNPOBaHUS;
] - HapylweHne PyHKLMOHVPOBAHUA MPU KaXO0W MHXEKTMPOBAaHHON nocnegosatesnibHoCcTM HUM

PesynbTaTbl, NprBeAeHHbIE B HXHEW rpade Tabnuubl 3, NokasbiBalOT, YTO NPU MHXEKLWUN OJUHOYHBIX UM-
nynscos HWM HapylweHnsa pyHKUNOHNPOBAHUA KOMMNbIOTEPA OTMEYEeHbI IMWb NPy Hanpsxenun 4,5 kB, npuyem
Ha 10 MHXEKTUPOBaHHbIX UMMYNbCOB NPUXOAUTCH MIULWb OAHO HapyLueHne PyHKUMOHMPOBaHMA KoMmnbloTepa. Mpu
VHXEKLUN Nepuognyecknx WMNynbCOB, Hanpumep, nNocsiefoBatelbHOCTU M3 20 MMMNY/NbCOB C YacTOTOW MOBTO-
penns 1kly, HapyweHusa YHKLMOHNMPOBAHNS KOMNbIOTEPA HAYMHATCA Npu Hanpsxenun HWM 2 kB. Mpu Hanps-
xeHun HUM 4,5 kB nopgaya kaxaoro naketa MMMynbCOB NPUBOAUT K HAPYLUEHMNIO (DYHKLMOHUPOBAHUSA KOMMbIOTE-
pa. Mpn yactoTe noBTopeHusa HAM 6onee 10 Iy HapylweHNs PYHKLMOHNPOBAHMSA KOMMNblOTEPa NPOUCXOAAT Npun
HanpsxeHun 1500 B.

AHasiornyHasa 3aBMCUMOCTb Mexay HanpskeHnem HUIM 1 4ncnom MHXEKTMPOBaHHbLIX NocrefoBaTesbHo-
cteit HUM, Heo6XoaMMbIX 4151 HApyLleHUsa PYHKLMOHUPOBaHNUS KOMMboTepa npu nogave HUM Ha BUTbIE napbl
nokansHoi cetn Ethernet, npeactaBneHa BTabnuue 4. O4eBMAHO, YTO OTAE/bHbIE HAapYLeHUs (OYHKLMOHMPOBa-
HUS UMEOT MEeCTO faxe npu Hanpsxenun HUM 1 kB.
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Ta6nunya 4 — Pesynbtatel UHXekyun HWM B BUTble napbl noKanbHOM BblYMCIUTENbHOW ceTu Ethernet

Uncno HapylieHuid (hyHKLMOHMPOBaHUS KOMMbloTepa/ Yncio

YacTtoTta noBTOpEHUA VHXEKTUPOBaHHbIX nocnegosatesnibHocTen HUM
HAM, kFu/umcno umnynscos
B NOCNEeA0BaTENbHOCTY npu wucneiTatenibHom yposHe HUIM, B
1000 1500 2000 3000 4000 4500
1000 /20 000 0/7 2/5 1/5 3/3 3/3 McnbiTanus
He npoBo-
annucob
100 12 000 719 3/3 3/3 3/3 2/2 WcnbiTanus
He npoBo-
annucob
10/200 6/8 1/3 3/3 3/3 2/2 McnbiTanus
He npoBso-
annucob
1/(20) 0/6 2/5 3/5 6/8 3/3 McnbiTaHus
He nposo-
annucob
OfVHOYHbIE UMNYNbChI 0/2 McnbiTanna 0/3 1/3 0/3 4/4
He npoBo-
Annuce

] - oTcyTcTBME HapyleHWii PyHKLMOHUPOBAHUS;
] - cnyuyaiiHble HapylweHUs PYHKLMOHUPOBAHUS;
] - HapyweHne PYHKLNOHMPOBAHWUS NPU KaXA0N MHXEKTUPOBAHHON nocnefoBatenbHocTM HUM

PesynbTatbl MHXekunn HUM B koakcmanbHble kabenu nokanbHOW BblYMcAuTenbHoi ceTn Ethernet npepg-
cTaBneHbl B Tabnuue 5. MNMoporoBoe 3HauyeHWe BOCMPUUMYUYMBOCTU NPU WMHXEKLWU OAUHOYHBLIX WMMNYNbCOB
paBHO 2,5 kB. CnegyeT OTMeTUTb, YTO ANA NoKanbHOW ceTun Ethernetc BUTbIMM napaMun 3TO 3HAYeHME paBHO
4,5 kB, agna nokanbHoli cetn AppleTalk — 6onee 4,5 kB.

Ta6nunya 5 — Pesynbtathl uHXekuum HUM B KoakcmanbHble kabenu nokanbHOU BblYMCIUTENBHOW ceTu Ethernet

Yucno HapylueHuid (hyHKLMOHMPOBAHUS KOMMbioTepa/ Ync/o

YactoTa noBTOpPeEHUs MHXEKTUPOBaHHbIX nocnepoBaTtesisHocTein HUM
HWMN, kly/uncno vMnynbcoB npyu ucnblTatesnibHOM ypoBHe HWIM, B
B rnocnefosaTesibHoCTH
500 1000 1500 2000 2500 3000 4000 4500
OAVHOYHbIE MMNYNbChbI 1/6 3/6 3/6 4/6 3/3 3/3 6/6 4/4

] - cnyuyaiiHble HapylweHUs PYHKLMOHUPOBAHUS;
] - HapyweHue YHKLMOHUPOBAHUSA NPU KaXA0W MHXEKTUpPOBaHHON nocnefoBatensHocT HUM

6.3.2.4 BbiBOAblI MO BANAHUIO KOHOAYKTUBHbBIX MEpPexXoAHblX NpoLeccos

WcnbiTaHus, npeactaBneHHble B 6.3.2.1 — 6.3.2.3, 6bI/1M NPOBEeAEHbl NPy OTPaHUYEHHbIX NMUKOBbIX Hanps-
XEHUSAX UcnbiTaTenbHbIX reHepaTopoB. BmecTe cTem pe3ynbTaTthl AaHHbIX UCNbITAHWA Noka3biBaloT, yTo MUM no
FTOCTP 51317.4.5 npeAcTaBnsAT ONpeAenieHHY 0NacHOCTb AN1S NOKaNbHbIX BbIYMCANTENbHbLIX ceTeil Ethernet.
Mpn ux nHXekuun B kabenun nokanbHbIX CETE BO3MOXHO NoBpexaeHne nnaTt cuctem Ethernet. YuntbiBas, uto
4acTOoTbl cneKkTpanbHbliX cocTasnawwunux MM He npesbiwatoT 1 MY, fgaHHble NOMexn CBO6OAHO pacnpocTpaHsa-
l0TCA No N0 6bIM Kabenam nokanbHbix ceTeil. MHxekuma HUM no FOCTP 51317.4.4 npeAcTaBNsieT CEPbE3HYHO
onacHOCTbANSA NOKanbHbIX CETEN, Bbl3biBaA NOBPEXAEHNA KOMNbIOTEPOB NPUW OTHOCUTE/NIbHO HM3KOM Hanpsaxe-
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Hum nomex (1,5 — 2 kB). [laHHble UMNynbCbl 6YAYT UCMbITbIBATL 3aTyXaHue npu pacnpocTpaHeHnmn no Kkabensam
Kateropum 5, Ho 3To 3aTyxaHue asnaeTca npuemnemoiM (30 % ans pacctosaHusa 50 m).

UT0 KacaeTcs MHXEKUUN NepexofHblX NPOLECCOB B CETU 3NE€KTPONUTAHUA, TO OrpaHNYeHns BbIXOLHbIX
HanpsXKeHUn cTaHAapPTU30BaHHbIX UCMbITATE/IbHbIX TEHEPATOPOB HE MO3BOSAT NONYYNTb IPAEKTUBHbIE Pe3y/ib-
Tatbl Npu nogade MM n HUM. BmecTte cTtem npu nHxekymm HAM HapyweHnsa yHKLMOHNPOBAHUSA MOTYT NUMETb
MeCTO npu HanpshxeHun 2 kB. Mpu nHxekuun MU  HanpshkeHne Ha Harpyske He npesbiwaeTt 1kB, B pe3ynbTtare
4yero NOBPEeXAEeHW KOMMbIOTEPOB W HapyLeHW NX (YHKLMOHMPOBAHNA He 6bl/10 OTMEYeHO.

6.3.3 KOHAYKTUBHbIE UCMbITAHUA B 30aHUAX

MoBbIWeHHOe BHUMaHWe B nocnefHne rofbl yaensetcs BO3MOXHOCTU YMbILL/IEHHOTO CO34aHNs NPecTYMHK-
Kamun v TeppopucTaMy 3N1eKTPOMarHUTHbIX KpaTKOBPEMEHHbIX NPOLLECCOB A5 HApPYLLUEHNS HOPMasibHOW paboTbl
KOMMEpPYECKMX N UHbIX OpraHun3aumnii. MHorne us paccmaTpuBaeMbiX B HACTOSILLEE BPEMS Yrpo3 Takoro poga
npegycMaTpusaloT BO3MOXHOCTb CO3[,aHNS B 34aHUAX BbICOKOYACTOTHbIX 3/IEKTPOMarHUTHbIX nonei. OgHako
BEPOATHbI U [pYrue yrposbl, BK/IOYAOLWINE NHXEKLMIO KOHAYKTUBHbIX MEPEXOAHbIX 3/IEKTPUYECKNX NPOLEeCccoB B
Kabenun anekTponuTaHus, BXOAALNE B 34aHNe, NPy YCNOBUK, YTO JOCTYN KTakuM Kabenam He orpaHuyeH.

Hwxe npusefeHbl 0606LLeHHbIe CBeAEHNA 0 paboTax, B KOTOPbIX NPOBOANNACE VHXEKLNSA NepexofHblX
CWUTHasI0B pas3/InyHbIX BUAOB B Kabenu anekTponuTaHus, Bxogsawme B 3gadume (cm. [49], [50]). Lienbto aTux pabot
6bI/10 CCNefoBaHne XxapakTePUCTUK pacnpocTpaHeHns AaHHbIX NepexofHbIX CUTHaNoB OT BBOAA B 3faHve A0
HaCTEHHbIX LWTErNCceNbHbIX PO3eTOK BHYTPY 3aaHus. Kpome Ttoro, B [49], [50] uccneposanucb Buibl NepexofHblx
npoLeccos, AeNCTBYOLWNX B 3N1€KTPUYECKOW CeTU, CNOCOGHbIX Bbi3BaTb MOBPEXAEHNE KOMMbOTEPA.

6.3.3.1 VcnbiTaTeNbHasa yctaHoBKa

McnbiTaHMa NpoBOAMAUCL B 34aHWW, PSAOM C KOTOPbIM Obl1 YCTAHOB/IEH CWMIOBON TpaHcdopmaTop
10 kB / 380 B, coeauHeHHbIi No AenbTaobpa3Hoil cxeme, MOLWHOCTbIO 1 MBT, kak nokasaHo Ha pucyHke 10.
McnbiTatensHasa ycTaHOBKa Bktovana B ceba rnaBHbIli pacnpefenuTenbHbli WUT 34aHna 1 pacnpegenvrefibHble
LWNTBI Ha 3Taxax.

TS — TpaHcthopmaTopHas noAcTaHuusl; MSB — r/1aBHbIA KOMMYTAUMOHHBIA LWMT; FSB — 3TaxHbIi KOMMyTauu-
OHHbIN WKT; REE — yAa/eHHblil 3a3emnisolmin anektpos, EES — 3azemnsiolwas cucTteMa TpaHcopmaTopHoi
noactaHumm; Av A2— MecTa npoBeAeHUs 3MepeHui

MpumeyvyaHne — ITaxu 34aHMA 0003HAYEHbI: HUWKHWUI 3TaXK — Ha3EMHbINA; cneayowmin 3a
HUM — MNepBbIN 3TaX; cneaywwmii — BTOPON W T.4.

PucyHok 10 — OnucaHue 3KCnepuMeHTa MO0 MHXEKUMN KOHAYKTUBHbLIX 3/1€KTPOMAarHUTHbIX NoMex
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Mpy NnpoBEAEHUN UCTILITAHWIA UMNYINbChI MHXXEKTUPOBANUCh BO BTOPUYHYIO 0GMOTKY CMIIOBOrO TpaHcdopmMa-
Topa. TpaHcdopmaTtop Bbin 06ecTodeH Ans yao6CcTBa NPOBEAEHNUS UCTIBITAHUIA, TAK KaK HET MPENATCTBUN K UHXEK-
LMK NOMeX B YCNOBUAX pabounx HanpsKkeHW Ha kabensx, BXOAALLMX B 34aHue.

MHxeKumua nMnynscoB NpoBOAMNACh:

- Mexay dasHbiM NPOBOAOM 1 U HENTpanbHbIM NPOBOAOM;

- Mexay dasHbIM MPOBOAOM 2 M HEWTPAarbHbIM NPOBOAOM;

- Mexay ha3HbIM NPOBOAOM 1 M yAaNEHHbIM 3a3€MNAOLLIMM 3NEKTPOAOM;

- Mexay hasHbIM NPOBOAOM 2 M yAaNEHHbIM 3a3€MNAIOLLMM 3N1EKTPOAOM;

- MeXay HelTparbHbIM NPOBOAOM W YAANEHHbIM 3a3€MMAIOLLMM SNIEKTPOAOM.

M3amepeHus B 34aHum NnpoBOAUNUCE BO BCEX CRyyasax Mexay dasHelM MPOBOAOM 1 M HEeWTparibHbIM NPOBO-
[JOM B Pa3fnyHbIX HACTEHHBIX LUTEMCEbHbIX PO3ETKAX HA STaXaxX.

MHxxekTupyemble curHarnsl BKnoYanu B cebs HenpepbiBHbIE KONeGaHusA U UMNYnbCbl. XapakTepucTuku
UMNYIIbCOB U3MEHSANUCH, HO B OCHOBHOM BPEMS HapacTaHWus UMMynbCOB Bbio 30 HCNPU ANUTENBHOCTU MeXay
30 Hc 1 10 mkc, yacToTa noBTOpeHus 5 'y, B Touke MHxXekuuu amnnutyaa umnynbcos coctaensana 1500 B.
OueBUAHO, YTO UHXKEKLUA UMMNYNLCOB aMnnuTyaon 1,5 kB He Morna BbI3biBaTb NOBPEXAEHUE U30NALMMN B INEKT-
ponpoBoake 3aaHus. Mpu nogave HenpepbIBHbIX KOnebaHui MCNoNbL30BaNUCh 4acToThbl Mexay 500 Muu 1 MIu.

6.3.3.2 PesynbraThl UCMbITAHUIA B 30aHUAX

Ou4eBuaHO, YTO HAWMEHBLLIEE 3aTyXaHWe CUrHana Ha NyTu OT BXOAA B 3A4aHNE A0 HACTEHHbIX LUTENCEenbHbIX
po3eToK ByAET UMETb MECTO, ECINU USMEPEHUA HANPSXKEHUSA U MHXEKLMIO CUTHaNa NPOBOAAT MeXAY OAHUM W
TeM e pa3HbIM NPOBOAHMKOM W HEMTpanbHbIM NPOBOAHWMKOM. B x0a€ ucnbitanuii 66110 BbISBREHO, YTO 3aTyxa-
HWE UMEET MUHMMATbHOE 3HaYEeHNe NP HaubonbLuel ANUTENLHOCTM uMnynbca (10 Mkc). Mpu npoBeaeHUU UCNbI-
TaHWI C UCTOMHUKOM HenpepbIBHbIX konebaHuii 3aTyxaHue yBesimunBasnoch C pOCTOM 4acTOThl NPU MakCUManb-
HOM 3Ha4yeHuK 3atyxaHun 5 ob Ha vyacrore 1 MI'u. Muku 3aTyxaHus orcytcteosanu. Mpu nposepke achdhekTUBHO-
CTU CBA3W MEXAY PasnuyHbiMK hasHbiMKU NPOBOAaMU BbINO BbISBMIEHO, YTO NPU UHXXEKLMU CUTHANOB MeXay
dasHbIM NPOBOAOM 2 U HEWTPAarbHbIM MPOBOAOM M NPU U3MEPEHUM MexXayY (hasHbIM NPOBOAOM 1 U HENTPasb-
HbIM MPOBOAOM 3aTyxaHue Bbino pasHo oT 30 a0 50 4B Ha yvacrorax mexay 0,1 u 1 MIy. Mpu sTom Habnoaa-
TNCb pesKne pesoHaHchl Ha YacToTax 250 1 900 kI'u. Mpu nHXeKuMK curHana mexay asHbIM (MU HEVTPanbHbIM)
NPOBOJAOM W yAaneHHbIM 3a3eMNAIOLLMM 3MEKTPOAOM W U3MepeHun mexay hasHbiM NPOBOAOM 1 1 HENTPanbHbIM
NPOBOAOM 3aTyXaHWE B TOW »e nonoce 4acroT Obino pasHo 40 ab.

6.3.3.3 VICTOYHMKM NUTaHUS KOMIbIOTEPA

Bropas yactb pabot, onucaHHbix B [49], [50], Bknoyana B cebs uccneaoBaHust ya3BUMOCTM UCTOUHUKOB
MUTaHKUSA KOMMBIOTEPOB NPU UMIMYJIbCHBIX NEPEXOAHbIX NpoLieccax B kaberne anekrponutaHus. Tak kak Obino sicHo,
YTO NPU NpeaHaMepPEHHOM BO3AEWCTBUM Hanbonee BEPOSITHbLI NOBPEXAEHNS U OTKa3bl B Cxeme (purisTpa CUnosoro
nUTaHusA, ObINKU NPOBEAEHBI UCCINIEA0BAHUA TPEX PA3MUYHBIX CXeM (DUNLTPa CUIIOBOTO MUTAHUA — ANS Manon
Harpysku (HoMMHanbHOM moLHoCTbio 200 BT), Ans Harpy3ku cpeaHer mowHoctu (500 — 800 BT) M npombiLineH-
Horo counerpa.

MceneposaHus 6binv NpoBeAeHbl NPU Pa3fiMyHbIX XapakTepUCTUKaX BXOAHbLIX UMMYNLCOB MPU MHKEKLMK
no cxeme «asHblin NPOBOAHUK — HENTPanbHbIA MPOBOAHMKY HA LUTENCENLHOW BUMKE. Bbinm pacCMOTPEHb! HENK-
HEWHbIE U NapasuTHbIE SNEMEHTBI (PUNBTPOB CETEBOIO MUTaHMs!. Pe3ynkraTsl aHanmaa nokasanm, YTo npu UHXEKUUM
UMMYNbCOB ANUTENLHOCTBLIO 100 MKC AOMKHBI OXKUAATLCS cneayolme ahdekTbl:

- npoGovi KoHAEHCaTopa UNLTPa — NPU HaNPsHXKEHUW mnynbca 3 — 4 kB;

- NpoBOoW BbINPAMUTENLHOTO AUOAA — NPY HANPSXXeHUM uMnyneca 5 —6 kB;

- NepeHanpshkeHne Ha ounsTpe BbINPAMUTENA — NPU HANPsHKEHUN umnynsca 3 — 4 kB.

Mpu npoBeaeHUn UCNbITAHWIA ANst NPOBEPKN OTAENbHbIX Pe3ynbTaToB 4aHHOTO UCCREA0BaHUA Ha BXOA-
Hbl€ pa3bemMbl UCTOYHMKA NMUTAHUA NOAABANUCE UMMNYIIbChI C XapakTepPUCTUKAMU, NPUHATLIMU NPU NPOBEAEHNUM
pacyeToB, HauMHas ¢ HanpsbkeHuA 3 kB. MNpoBoi KoHAEHcaTopa NPOUCXOAUI B CXEME NPU HaNPsiXKEHUN 0T 4,2 10
5,6 kB, UTO HECKOSbKO BbILLE PACHETHbIX aHHbIX, HO HAX0AUMNOCH B NPeAenax TOUHOCTU Pac4ETOoB.

[ns npoBepKn kayecTsa PYHKLIMOHUPOBAHUSA KOMIMLIOTEPA NPU UCMOMNB30BAHUM NMPOMbILLMEHHOTO hunbTpa
B CXEMY Nojasanncb UMNYJbChbl ANUTENLHOCTLIO 50 MKC. Mpn ucnbITaHUAX ObINO BLISBNEHO, YTO OTKa3bl UCTOM-
HMKA NMUTaHUSA KOMMbIOTEPa UMEIOT MECTO MPU UHXEKUMW UMMNYNbCOB HanpskeHuem 6 kB. B cxeme cunsrpa
MCTOYHMKA NUTaHMS ObINK BbISBMNEHbI MOBPEXAEHUSA: ABYX ANOA0B, TEPMOKOMMNEHCHUPYIOLLEro pesucropa u npe-
aoxpanutens. MNpoBedeHHbIN aHanu3 BNUSAHUA 4AUTENbHOCTU MMMYbca Ha 3¢hEKTUBHOCTL BO3AECTBUS NOKa-
3an, 4To Npu ANUTENbHOCTU UMNYNbCa 1 MC OXXMAAEMbIA YPOBEHb OTKasa MOXET ObiTb 1 — 2 KB.

6.3.3.4 O6006LLEHHbIE pe3ynkTaThbl KOHAYKTUBHBIX UCTIbITAHUI B 30aHMSAX

Pesynerarsl ucnbiTaHni, npeacTaeneHHsle B [49], [50], cBUAETENLCTBYIOT O TOM, UTO HANPsHKEHUS, MHXEK-
TUpOBaHHbIE B kabenu, BBOAUMbIE B 3AaHUE, MOTYT PACNpPOCTPaHSTLCS C MaribIM 3aTyxXaHWeM B NPOBOAAX AMeKT-
pOyCTaHOBKM 3aHWA fadKe NPy HANM4nnN HECKONBKUX pacnpeaenTensHbIX LWMTOB B 3gaHnn. Manoe saTyxaHue
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npu pacrnpocTpaHeHnM UCNbITLIBAIOT HENPEPbIBHbIE konebaHusa 4acToton meHee 1 MU MMNYNbCbl ANUTENLHO-
cTbi0 6onee 1 MKC.

XOTs1 BONPOCHI, OTHOCALLMECH K HAaPYLLEHUIO M30NSALMN 3NEKTPONPOBOAKU B 34aHUM NPU UHXXEKLMKU Hanpsi-
XeHWUN, HenocpeacTBEHHO B [49], [50] He 3aTparMBanucb, MOXHO nonaraTh, YTO MMKOBOE 3HAYEHMWE Hanpshke-
HUA Npo6osa U30NAUMU HOPMAarbHOWN SrEKTPUYECKON NPOBOAKM MOXET ObITb HE MeHee 10 kB.

Mpu paccMoTpeHUn BONPOCOB YA3BUMOCTU KOMMbIOTEPOB Pe3yrbTaTbl aHANM3a U NPOBEAEHHbIX OrpaHUYEH-
HbIX UCMbITAHWUI MOKA3bIBAIOT, YTO UCTOYHUKM MUTAHNSA KOMMBIOTEPOB, B YACTHOCTW BXOAHbIE (OUNBTPbI, YSI3BUMbI
K MMMynbcam ANUTENbHOCTLIO 50 MKC npu HanpsikeHuu 6 KB. BblMMcneHus nokasbiBatoT, YTO NPy BO3AENCTBUM
MMMyYNbCOB ANMUTENbHOCTLIO OKOMNO 1 MC NOBPEXAEHUs ByayT UMETb MECTO Npu HanpsbkeHun 1 — 2 kB. B uenom
pesynbrathbl paboTbl CBUAETENLCTBYIOT O TOM, YTO B KaBenu aneKkTpoyCTaHOBOK 3ZaHUii BO3MOXHO UHXKEKTUPO-
BaTb CUrHanb! NPy 3HaYMTENLHOM HanPsHKEHUU. MHXXEKTUPOBaHHLIE HaNPSXXEHUS paCcnpOCTPaHAIOTCA C MarnbiM
3aTyxaHuem B kabensax anekTpoyCTaHOBKM 34aHWSA M CMOCODOHbLI Bbi3BaTb MOBPEXAEHUS WCTOYHUKOB MUTaHMS
KOMMNbIOTEPOB.

6.4 HapyweHua ¢yHKLIMOHMPOBaHUA SIOTUYECKUX CXeM (NpeKkpaweHna HYHKLMOHUPOBAHUS)

HauGonee BepOATHLIM pe3yrnbTaTtoM BIMSIHUSI HA CUCTEMBI 9NEKTPOMAarHUTHbIX BO3AEMCTBUI GONbLLION MOLL-
HOCTN ABNSETCA BPEMEHHOE HapyLLEHWE (DYHKLMOHUPOBAHNSA BHYTPEHHUX LM(PPOBLIX CXeM, KOTOPOE BOCCTaHaB-
NUBAETCA CaMOCTOATENbHO NOCIE OKOHYaHUA BO3AENCTBUA, NN HapyLleHue (npekpalueHne) MyHKLMOHUpOBa-
HUA, yCTpaHAeMoe Nofb3oBaTernem nyTem nepesarpy3ku (NOBTOPHOTO BKMKOHYEHWUA aneKTponuTaHus). NporHo3upo-
BaTb YSI3BUMOCTb CUCTEMbI B OTHOLLUEHWUU AAHHbIX BUAOB HAPYLUEHWI (PYHKLUMOHMPOBAHUA AOCTATOYHO CIIOXHO
13-3a HeonpeaeneHHOCTU:

a) COCTOSAAHUSA JIOMTMYECKNX CXeM U BbINONHAEMbIX UMU onepauuﬁ B MOMEHT 3NIeKTPOMAarHuTHoOro BO3,E|,eI7I—
CTBUS;

b) cocTosiHMA CBA3U BNUAIOLLETO 3MEKTPOMArHUTHOFO NOMA C CUCTEMON, KOTOPOE 3aBUCUT OT BONbLLIOTO
Yucna pasnuUyHbIX NAPaMeTpPOB, 3HAYEHUSI KOTOPbIX HEU3BECTHbI;

C) 3HAYEHUI yaneHust CUCTEMbI OT UCTOYHUKA INEKTPOMArHUTHOIO BO3IECTBUSI M OPUEHTALIMM CUCTEMbI
OTHOCUTENbHO UCTOYHUKA, KOTOPbIE, Kak NPaBuUII0, HEU3BECTHDI;

d) creneHu u3ameHeHus ysa3BMMOCTH 00 bekTa Npu Nnepexoge OT OAHOU MOAENU CUCTEMBI K APYrOi.

MoaTOMy NpUMEHEHUe aHaANUTUYECKUX METOAOB ANS BbISBNEHUSI BO3MOXHbIX HAPYLLUEHWI (PYHKLIMOHMPO-
BaHUS CUCTEM NPU ANEKTPOMArHUTHLIX BO3AEUCTBUSX 3aTPYAHEHO, U ANs NOHUMaHUA 3P (EeKTOB ANeKTPOMarHuT-
HbIX BO34EiCTBUI 6OMbLUIO MOLLHOCTW Ha CUCTEMbI HEOBX0AUMO NPOBEAEHUE UCTILITAHMNIA CUCTEM.

BmecTte ¢ Tem, MCX0AA U3 M3BECTHbIX 3HAYEHWUI HANPSDKEHWUI NEPEKNOYEHNIA B NMOTMYECKUX CXemax, CyLue-
CTBYET BO3MOXHOCTb YCTAHOBUTL TpeBOBaHMe K cucTeMe, 3aKknoyatoLLeecs B TOM, YTOObI HaNpshxeHne nobdoro
curHana, BO3HWKAaIoLLEro B CUCTEME B pe3ynbTaTe aneKTpOMarHUTHOro BO3AECTBISA OONbLUOK MOLUHOCTH, Obino
3HaYUTENLHO MEHBLLUE, YEM HOPMASIbHbIE HANPSXXEHUS MEPEKITIOYEHUIA NIOrMYECKnX cxem. Peanusaums 4aHHOMO
KOHCEPBATMBHOIO NOAX0A4a MOXET MPUBECTU K MTMLLHEN 3aLLMULLEHHOCTU cucTembl. OAHAKO AaHHbIN MOAXOA
MOXET ObITb MPUHAT B KAYECTBE OCHOBHOTO MpY 3aLUuTe OT SNEKTPOMArHMTHbIX BO3AENCTBUI BOMbLLO| MOLLHOCTM
CUCTEM BbICOKOW KPUTUYHOCTH.

7 KoHuenuum 3aimTbl OT 3MeKTPOMarHUTHbIX BO3OeMCTBUI GONbLLIOWA
MOLLHOCTU

YcTaHOoBREHO (CM. pasaenbl 4 — 6), UTO SNEKTPOMArHUTHbIE BO3AENCTBUS GONbLLUOW| MOLLHOCTU Ha CUCTEMBI
MOTYT NPUBECTM K CEAYIOLLMM pesynbTaTtaM (B nopsiake yobIBaHUS XXECTKOCTN BO3AENCTBUSA):

a) NOCTOSAHHOMY (PU3UYECKOMY MOBPEXAEHUIO CUCTEMbI;

b) nocToAHHOMY NpeKpaLLEeHNIO BbINONIHEHNS YCTAHOBEHHOW (PYHKLMMK;

C) BPEMEHHOMY MPEKPALLEHNIO BbINOMTHEHUS YCTAHOBMNEHHOW (OYHKLNY;

d) yxXyaLweHunio xapakTepucTuk yHKLMOHUPOBAHUS;

€) BpEMEHHOMY HapyLLIEHWIO hYHKLIMOHUPOBAHUSA, KOTOPOE MOXKET ObITb YCTPAHEHO AENCTBUAMM OnepaTopa.

B HEKOTOPBIX CIy4asix MOXET NOTPeBoBaTbCA 3aLLUUTUTL CUCTEMY OT SJIEKTPOMArHUTHbLIX BO3AENCTBMIA 60rb-
LLUOIM MOLUHOCTH.

B HacTosiLem pa3gene npuseaeH 0630p pasnuYHbIX CXEM 3aLuThl.

7.1 Ctpaterns Bbibopa ypoBHEM 3aUILEHHOCTU

BaxkHelLLIe COCTABHOM YaCTbo MEPONPUSATMIA MO 3aLUUTE OT SNEKTPOMATHUTHBIX BO3AENCTBNI BOMbLUO
MOLLIHOCTH AABMSIETCA 060CHOBaHME HEOGX0AUMON CTENEHM CTOWKOCTU CUCTEMBbI. CTOMKOCTb CUCTEMbI 00ObIYHO
BbIpaXatloT BEPOSTHOCTbLIO 0TKa3a (NMpeKpaLLeHUst BbIMOTHEHNS YCTAHOBMEHHOW PYHKLIMK) NPU KOHKPETHOM SMeKT-
pomMarHuTHOM Bo3aencTBun. Heo6xoaumas cteneHb CTOMKOCTU CUCTEMbI A0SHKHA ObITh ONpeaeneHa Ha cratuc-
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TUYECKON OCHOBE, Y4YUTbIBAsA HEOMPEAENEHHOCTU U3MEPEHUI NapaMeTPOB SNEKTPOMArHUTHbIX NONEN, BO3AENCTBY-
IOLLMX Ha CUCTEMY, U USMEHEHUS MapaMeTPOB CUCTEMbI.

HekoTopble CMCTEMbI MOTYT ObITb OTHECEHbI K «CUCTEMAM KPUTUYHOTO (DYHKLUMOHUPOBAHUSY . ONs ykasaH-
HbIX CUCTEM JOMKHBI ObITb YCTAHOBMNEHbI AOCTATOMHO >KeCTKMe TPEBGOBAHMSA K BBXXMBAEMOCTM NMPU SN1IEKTPOMArHuT-
HbIX BO3AENCTBUAX BOnbLLON MOLIHOCTU. OBocHOBaHMe TPebOoBaHMI K BbXXKMBAEMOCTU CUCTEMbI SIBNAETCS CIOX-
HbIM U JOMXHO NPOBOAMTLCA HA OCHOBE CTaTUCTUMECKUX PELLEHUI C YHYETOM CLIEHAPUEB HanaaeHusi, CTOUMOCTH
u T4

OnsA TOro Yto6bl OLIEHNTb HEOOXOAUMOCTb NPOBEAEHMST MEPONPUATUI MO 3aLUMTE OT SMEKTPOMAarHUTHbIX BO3-
JOeicTBUi 6ONbLUION MOLLHOCTK, TpeBOBaHWA K BbKMBAEMOCTU CUCTEMBI AOJKHbI ObITb YCTAHOBMEHBI C Y4ETOM €€
B3aMMOAENCTBUSA C APYTMMU KOMMNOHEHTaMM MHAPACTPYKTYPbI, BKIOYAIOLLEN B cebs JaHHYIO CUCTeMmy.

Hanpumep, ecnu paccmatpuaemas cuctema npeacrasnseT coboii cuctemy cBssu, obecneynBatoLLyo
yrpaBrieHUE N KOHTPOMb B CUCTEME TPAXKAAHCKON 0OOPOHbI, ee PYHKLIMOHUPOBAHUE ABNSAETCH KOUTUYHBIM AN
obecneyeHnst hyHKLMOHUPOBAHUSA BCEN CUCTEMBI. C APYrol CTOPOHbI, €CNU (PYHKLIMOHUPOBAHWUE [aHHOW CUCTEMBI
He ABMAETCS KPUTUYHBIM (HanpuMmep, CBSI3aHO C NPUroToBNeHneM kode), TpebGoBaHWSA K ee BbXKMBAEMOCTU ABMS-
I0TCA MUHUManbHbIMU. [O3TOMY Npy onpeaeneHun TpeboBaHUI K 3aLUMTE OT ANEKTPOMAarHUTHbIX BO3AENCTBUN
60nbLUOI MOLLHOCTM HeobxoanMa AeTanbHas oLieHKa hyHKLIMIA, BLINMOJTHAEMbIX KOHKPETHOM CUCTEMOIA.

7.2 0630p MeTOAOB 3alUThI OT NIEKTPOMArHMTHbIX BO3AEUCTBUI 60MbLIOI MOWHOCTH

Ecnu B pe3ynsrate npoBeeHHOro aHanvaa unm UCTbITaHuin CUCTEMbI BbIsiBIieHa HEOOXOAUMOCTb 3aLLUTUTB
CUCTEMY OT 3MEKTPOMArHUTHbIX BO3AENCTBUI OONbLLOK MOLLHOCTH, CMeAyeT YYMTbIBaTb BO3SMOXHOCTL NPUMEHE-
HUSA HECKONbKUX METOA0B:

a) 3aLmMTa KOHKPETHON CUCTEMBI OT SMEKTPOMAarHUTHbLIX BO3AEWCTBUN,

b) KOHCTPYMPOBAHUE TEXHUYECKUX CPEACTB U CO3aHWe NPOrpaMMHOro o6ecneyeHuns, yCTonumBbIX K OTKa-
3aM OTAEMNbHbIX 3IEMEHTOB;

C) MOHUTOPUHT OKPY>KaloLLEe 06CTaHOBKU C LIENbIO BbISIBNEHUS ANEKTPOMAarHUTHbLIX BO3AEUCTBUN GONbLLON
MOLLHOCTH;

d) obecnevenune pusmyeckon 6e€30nacHOCT CUCTEMBI;

€) M3BbITOYHOCTb CUCTEMbI MPU BLINMONTHEHWUM YCTAHOBIIEHHBIX (DYHKLIMIA.

MeToa no nepeuncneHmnio a) B 3Ha4YMTENbHOWM CTENEHU aHANorMuYeH MeToaam sawuTbl cucteMm ot SMU BAB
(cm. [26]). OaHHbIn meToa BKNOYAET B CE0SA: KOHTPOSb 3NEKTPUYECKON KOHAUrypaumMmn CUCTEMbI ANSA YMEHbLUEHUS
CBSI3W C BHELLHUMU SEKTPOMAarHUTHLIMU MNOSISIMU, NOBbILLEHUE 3 PEKTUBHOCTU 3KPAHUPOBAHUSA CUCTEMbI NYTEM
o6paboTkn anepTyp U TOYEK NPOHUKHOBEHNUSA KOHAYKTUBHBLIX BO3AENCTBUIN B CUCTEMY, YCTAHOBKY YCTPOWCTB 3a-
LLMTbI OT UMNYMNbCHLIX NePeHanpsiXXeHun B TOYKax BX0AA.

Tak Kak MHOr1e CUCTEMBI ABNSIIOTCH LUAPPOBLIMU, CYLLIECTBYET BOSMOXHOCTb CHU3UTL BEPOATHOCTL HapY-
LUEHUA (PYHKLUOHUPOBAHUA CUCTEMbI NMPW HU3KNX YPOBHAX 3MEKTPOMArHUTHLIX BO3AENCTBUI GONbLLION MOLLHOC-
TU 32 CYET MPUMEHEHNSA METOA0B KOHCTPYMPOBAHUA TEXHUYECKUX CPEACTB U CO34aHUA NporpammHoro obecne-
YEHUS, YCTOMYMBBIX K OTKa3aM OTAENbHbIX 31EMEHTOB (CM. nepeuncnenune b). [JaHHbI MeToa, 0AHAKO, Henpu-
MEHUM AN 3aLWUThI OT hM3NYECKUX NOBPEXAEHUN NPU BO3AENCTBUU 3NEKTPOMArHUTHLIX NONen.

MeToa 3aLmTbl N0 NEPEUUCTIEHMIO C) OCOBEHHO NONe3eH Npu NOBTOPSAIOLLMXCA INEKTPOMArHUTHLIX BO3AEN-
CTBUSIX BOSIbLLION MOLLHOCTH. B COOTBETCTBUM C AAHHBIM METOAOM COGCTBEHHUK COOPY>KEHUSI MOXET NPOBOAUTL
NOWUCK MCTOYHUKOB 3MEKTPOMAarHUTHbLIX BO3AENCTBUI GONbLLOI MOLUHOCTH. Hanuuue UCTOYHMKA O3HaYaeT Hana-
JeHue Ha coopyxeHue. NpoBeeHne MOHUTOPUHIA MOXKET ObIThb MONE3HbLIM €LLE U NOTOMY, YTO MCTOYHUK SNEKTPO-
MarHuTHbIX BO3AENCTBUI GOMNbLLION MOLLHOCTN C 60bLLOI BEPOSITHOCTBIO AOMKEH HAaX0AMTLCA NOBNU30CTU OT
00bekTa BO31EWCTBUSA.

MeTopa no nepeuncnenuio d) aBnaeTca NPeBeHTUBHLIM U HANPAaBSIEH HA UCKNIOYEHMe A0CTYyNa B MecTa no-
TEeHUManbLHOro HanaaeHus Ha CUCTEMY.

HakoHew, meToa BBeAEHUS U3OLITOYHOCTU NO NEPEUUCTIEHUIO €) YMEHBLLIAET YA3BUMOCTb CUCTEMbI, HANpPU-
MEp, 3a CYET TOT0, YTO NOACUCTEMA, (DYHKLIMOHMPOBAHME KOTOPOI HAPYLLIEHO, 3aMEHAETCA WAEHTUYHOW NOACUC-
TEMOM, 3aLUMLLEHHON OT SNEKTPOMAarHUTHLIX BO3AEWCTBUN.

7.3 Peanusauma MeToAoB 3alNThbI OT 35IEKTPOMArHUTHbIX BO3AENCTBUA GONbLION MOLWHOCTHU

B3aumoaencTBue aNeKTPOMarHUTHbIX BO3AeUCTBUI BOMbLLON MOLLIHOCTU C CUCTEMON MOXET ObiTh, B Lie-
oM, npeacTaBneHo npousseaeHueM (hyHkUmMI nepeaayum nocneaoBaTernbHbIX 3BeHbEB, 3aKMIOYEHHbIX MexXxay
MCTOYHWUKOM 3TEKTPOMArHUTHBIX BO3EUCTBUI GONbLLOA MOLLIHOCTU M NOPTOM CUCTEMBI, NOABEPraembiM BO3AENH-
CTBMIO (Hanpumep, KOMMNOHEHTOM) (CM. PUCYHOK 7). [Insi TAKOro NyTW B3aumMoAeNCTBUSl MOXET ObiTb NpoBeaeH
aHanu3 oTAenbHbIX 3BEHbEB, ONpeAeneHbl UX PyHKUMKN nepeaaun, a 3areMm — onpejeneH pe3ynsrar Bo3aein-
CTBUS Ha cuctemy. 310 Bonee AeTanbHbI|, HO BMECTe CTeM M 6onee CroXkHbIN NOAX0A, YEM NOAX0A, OCHOBAH-
Hbli1 HA YYETE MECT KYTEYKU» B 9KpaAHE U NpUMeHeHn (punbTpoB B kabensax.

Mcnonb3ys NOHATUE «TOMONOIMS CUCTEMbIY , BBEIEHHOE B COOTBETCTBUM C 6.1, y10OHO OTHOCUTL NyTU
3MNeKTPOMArHUTHOTO MPOHUKHOBEHUSA K «KHAMEPEHHO CO3[1aHHbLIM» U «HEHAMEPEHHO CO3AAaHHbIMY.
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Kak noka3aHo Ha pucyHke 11, HaMepPEeHHO CO3laHHbIN NYTb NIEKTPOMarHUTHOIO NPOHUKHOBEHUSA NpeacTas-
naet cobou OTBEPCTUE B SNIEKTPOMArHUTHOM 3KpaHe, CO3JaHHOe Ansi BBOAA MH(OPMAaLIMK (CUTHAOB), ANeKTpo-
NUTaHUA, BOAbI, MEXaHUYECKNX YCUMWIA NKU ANA NpoxoAa nepcoHana B 3KpPaHWPOBAHHOE NMOMELLEHne U u3
Hero. Mpu Takom onpeaeneHnn HeoBXoAUMO OTHOCUTL MYTU ANEKTPOMAarHUTHOTO MPOHNKHOBEHUS BHYTPb SKpaHu-
pOBaHHOW 060MOYKN Yepes aHTEHHY, CUIOBbLIE U CUrHarbHbIE Kabenu, kak MOKa3aHo Ha pUCyHKe 11, K HaMepPEeHHO
CO3[aHHLIM NYTAM JNEKTPOMArHUTHOIO NPOHUKHOBEHMA. Takum 006pa3oM, NyTb SNEKTPOMArHUTHOIO NPOHUKHOBE-
HUA Yepes Nodylo anepTypy paccMaTpUBalOT KaK HAMEPEHHO CO3AlaHHbIN, ecnu anepTtypa (OkHO, ABEPb U T.4.)
HaMepPEHHO co3aHa B 3KpaHe ANsi NPOXOXAEHUA «MHOPMaLMny.

3neKkTpoMarHMTHOE BO3gEUCTBUE
6ONbLLIOA MOLLHOCTU

HeHaMepeHHO co3paHHble NyTu lMpoHnkHOBeHME Yepes
SNeKTPOMarHMTHOro NPOHUKHOBEHUs / oTBepCTHE (OBEPb)

\ HamepeHHo cosfiaHHble

nyT¥ aneKrpoMarHUTHoro

. TIPOHUKHOBEHMSA
BHewwHuia
obbem Vg
AHTEHHa, NUHWA SMEKTPONUTaHNs
U1 curHansHas mHns
Bapbep S,

O6onouka cucTemMbl

PucyHok 11 — CxeMa HaMepeHHO W HEHaMepeHHO CO3JaHHLIX MyTel SMeKTPOMarHUTHOro MPOHUK-
HOBEHUs1 MPUMEHUTEITIBHO K CUCTEME, NPEACTaBNEHHOW Ha PUCYHKe 5

C Apyroi CTOPOHbI, MYTb ANEKTPOMAarHUTHOIO NPOHUKHOBEHUS Yepes anepTypy, 00pa3oBaHHYIO B LLBE MEX-
Ay ABYMA nnacTnHamu aKkpaHa 000s104ku CUCTEMbI, CrieayeT OTHECTU K HEHaMEPEHHO CO3AaHHOMY. MyTb NPOHUK-
HOBEHWS SMTEKTPOMArHMTHOO NOSIA Yepe3 HEKAYECTBEHHDBIN U3ONUPYIOLLMI MaTepuan Takke npeacTasnseT coboii
npuMep HEHaMEPEHHO CO3AaHHOTO NYTU ANEKTPOMArHUTHOrO NPOHNKHOBEHUA.

XOoTA MexaHW3M CBA3U NPU HAMEPEHHO CO3AAaHHOM NYTU 3NEKTPOMArHUTHOTO NPOHUKHOBEHUA 4aCTO ABIIS-
€TCA M3BECTHBIM U pasnu4Hble PYHKUMKU Nepeaayn npy 3ToM ABNAIOTCA M3BECTHBIMKU TMBO MOTYT ObITb paccyu-
TaHbl, 3aL4MTa AaHHOIO NyTU NMPOHUKHOBEHUSA, KaK NPaBuNo, ABNseTcs 6onee CNoXHon, Yem 3aLumTa HeHaMepeH-
HO CO3JaHHOr0 MYTWU 3MEKTPOMArHUTHOIO NPOHUKHOBEHUA. [INA 3aLUMTbl HEHaMEPEHHO CO3AAHHOMO MYTW 3nek-
TPOMarHUTHOrO NPOHMKHOBEHUS MOXET ObITb NPUMEHEHa CTaHaapTHasA TexHonorna obecneveHns 3MC, OCHOBaH-
Has Ha NPUMEHEHNUM NPOKNAaAoK, PUNLTPOB, IKPAHUPOBAHHLIX kabenen u T.4. ECNM MUHTEHCUBHOCTL OXMAaEMbIX
3NeKTPOMarHUTHbIX BO3€NCTBUI ABMAETCA 3HAYUTENBHOW, HE0OX0AUMO MHOTOYPOBHEBOE NPUMEHEHNE CPeACTB
3aLUUTbI, O4HAKO C UCMOMb30BAHUEM CTAHAAPTHBLIX TEXHOSOTUIA.

C Apyron CTOpOHbI, ArA 3aLWUTbl HAMEPEHHO CO34AaHHOTO NYTU 3NEKTPOMArHUTHOTO NPOHUKHOBEHUS 4acTo
OblBaET TPYAHO HAWTK NOAXOAALLME CPEACTBA 3aLUMTbI, TAK KAK O4HOBPEMEHHO AOIMKHO ObITb 06ecneveHo npo-
XOXAEHWNE MONE3HbIX CUTHATIOB Y OFPAHUYEHO BIIMAAHWE SMEKTPOMArHUTHLIX BO3AEWCTBUI GONbLUOW MOLUHOCTH.

OnA 3awmTbl HAMEPEHHO CO34aHHOIO MYTU SNEKTPOMArHMTHOrO NPOHMKHOBEHUSA YaCTO pacCMaTpPUBaIOT
NPUMEHEHNE HeNMHENHbIX cXeM. OfHaKo, G UMMYIbCbl ANEKTPOMArHMTHLIX BO3AENCTBUI BOMNbLLIOW MOLLIHOC-
TU ABMNAIOTCA KPATKOBPEMEHHbLIMU, OTKIMMK YCTPOMCTB 3aLUMTbl MOXET ObITb HEAO0CTAaTOYHO ObICTPLIM ANA TOTO,
YTO6bI MOFNOTUTL SHEPIUIO MMMNYNBCA. [A HEKOTOPbIX BUAOB HAMEPEHHbIX NYTEV 3NeKTPOMarHUTHOTO NPOHUKHO-
BEHWSA JOCTaTOYHO TPYAHO HAlTU afeKBaTHbIE CNOCOOLI 3aLLUThI.

Mpu paccmoTpeHUn Mep 3aLmTbl HEOOXOAMMO YYUTLIBATb, YTO BbICOKOYACTOTHDIN XapakTep aMeKTPOMarHuT-
HbIX BO3€MCTBNI1 BOMNbLLON MOLLHOCTM 3aTPYAHAET onpeaeneHune Hamxyawero achdekra sosaencreua 6e3 npo-
BEAEHUA MHOTOUMNCIEHHBIX M3MEPEHWIA. BMeCTe C TeM 3aTpyaHAETCA U TpebyeT 3HaUMTENbHbIX 3aTpaT BPeMeHU
NPOBEAEHNE UCTILITAHNIA C LIENbI0 NPOAEMOHCTPUPOBATL, YTO CUCTEMA HE ABMNAETCA BOCNPUMMHYUBON NPU NOObLIX
yrnax BO34eNCTBUSA SNEKTPOMAarHMTHOro nons [ 51].

7.3.1 3awmuTta HamepeHHO CO3JaHHbIX NyTel NPOHMKHOBEHUS 3NEKTPOMArHUTHbIX BO3AENCTBUIA
GOnbLIOI 3Heprum

Onsa 3awpnTbl CUCTEM OT SNEKTPOMArHUTHLIX BO3AEWCTBUI GOMbLLOA MOLLHOCTU C YCTAHOBMIEHHLIM YPOB-
HEeM BbIXMBaHWSA HEOOX0AUMO NMPOBOAWTL 3ALLUTY HAMEPEHHO CO3LaHHbIX MYTEN SNEKTPOMArHUTHOrO NPOHMK-
HOBEeHUs. lNpuMeHsieMble CpeACTBa 3aLUMTbI AOMKHBI, C OAHOW CTOPOHbI, HE HapyLLaTh HOPMAaNbHOTO (DYHKLMO-
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HUPOBaHUSI CUCTEMbI, @ C APYro — He BbIXOAUTb U3 CTPOS NPU SNEKTPOMArHUTHbIX BO3AEWCTBUAX GONbLLON
3HEepruu, eCnu AaHHblE CPeACTBa HE CKOHCTPYMPOBAHbI KaK CpeACTBa «0AHOr0 yaapay, Noa00HbIe NNaBkuM npe-
A0OXpaHUTENsAM.

MpoBeaeHWIo MePONPUSTUN 3aLLUMTbI CNOCOOCTBYET TO, YTO NYTU CBA3M NPU 3TOM, KaK NpaBuIio, XOPoLLO
W3BECTHbI M KOHTPONMUPYIOTCA. Hanpumep, paccMOTPUM TMNOTETUYECKUI NYTb CBA3W, NOKA3aHHbLIA HA PUCYHKE
12a). [JaHHbI NyTb CBA3M MOXET ObITb NPEACTABIEH NOCNEAOBATENLHOCTLIO COEAUHEHHBIX APYT C IPYrOM ABYX-
NMOPTOBbIX CXEM, KaXK4aa U3 KOTOPbLIX UMeeT PYHKLMIO nepeaaydn T, kak nokasaHo Ha pucyHke 12b).

O6TekaTens
aHTeHHbI

AHTEHHa

Cornacylowas INnuns
LeTb nepefaun Mpremrnk
a) CtpykTypHasi cxema
AnekTpuyeckoe vul

W MarHuTHoe none

E ( E Trad \ 7—ant / Tm \ Ttr \ var u Rload

b) Mopenb ¢hyHkLMIA Nepenayn

E — HanpsaxXeHHOCTb BHELUHero SnekTpu4eckoro nons; Z, — MofHoe conpoTusneHue obTekatens; T4 —
yHKUMS nepepayn obTekatens; T.,; — PYHKUMA nepeaayn aHTeHHbl; T, — dyHKUMA nepegayn cornacyiowen
ueru; T, — yHKUMA nepedaym nuuum; T,., — DYHKUMA Nnepedayn NPUEMHUKA; R,y — Harpyska

PucyHok 12 — lMpuUMep HaMepeHHO CO3aHHbIX NyTel ANEKTPOMarHUTHOrO NPOHNUKHOBEHNA B CUCTEMY

PyHKUMKM Nepegavm Ha pUCyHKe 12b), B OCHOBHOM, U3BECTHbI B NONOCE pabo4vmx 4acToT CUCTEMDI.

3aiwyuTta JaHHON CUCTEMbI MOXKET BbITb BbINONHEHA ABYMS pasnuyHbiMu cnocobamu:

a) fobaBneHWeM B NyTb NPOXOXKAEHUS CUrHANa NOCNeA0BaTeNnbHO MK NapannenbHO YCTPOWCTB 3aLluThl,
KaK noKa3aHo Ha pucyHke 13, unu

b) kOHCTpyMpoBaHWEM aneMeHTOB CUCTEMDI (T.€. noabopomM hyHKUMIA nepeaayn T;) Tak, 4TOObl UCKIIOYUTL
BHEMNOMOCHbIE CUrHanbl.

Zy

@ f | BawurHoe | |
E Trad Tant yC'I':loﬁCTBO Tm Ty Trovr j Ricad
—]/—1—

Zsen'es

Zshunt

Zshunt — 3aLUNTHOE YCTPOICTBO, NapansienibHO BKIIIOYEHHOE B MyTb MPOXOXAEHUS CUTHANA; Zgges — 3alUTHOE
YCTPOIACTBO, NocreA0BaTENLHO BKIIOYEHHOE B MyTh MPOXOXAEHUSA CUrHarna

PucyHok 13 — BkniodeHue ycTpoiCTB 3alUTbl B HAMEPEHHO CO3fjaHHbLIA MyTb SNEeKTPOMarHUTHOro
NPOHWUKHOBEHWSA ANA 3aLMUTHI OT BHEMOMOCHBIX NOMEX
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YcTponcTea 3awwuThbl, NPEACTaBNEHHbIE HA PUCYHKE 13, MOTyT BbITb HECKONBLKUX BUAOB. Ha HU3KMX 4acTo-
Tax MOTyT ObITb MCNOMNbL30BaHbI PUNLTPLI C COCPEAOTOYEHHBLIMU NapaMeTpamMm, Ha BbICOKMX YacTOTax — BOJHO-
BOAHblE hunbTpbl. Kpome Toro, 06bIMHO NPUMEHSIIOT HENMHEWHBIE OFPaHNYMBAIOLLME YCTPOWCTBA, BKIIOYasi ANOA-
Hbl€ OrpPaHUYUTENH, ra30Bble Pa3pAAHUKN, (PEPPUTOBBIE OTPAHUUNTENN U NEepeKioYaTeNn.

MoMUMO 3aLLUTBI HAMEPEHHO CO3AAHHBIX NYTEN ANEKTPOMArHUTHOTO MPOHMKHOBEHNA A00aBNeHeM cneLy-
anbHbIX KOMMNOHEHTOB B LiEeMb PYHKLMUIA nepeaayn, BO3MOXHO U3MEHEHUE KOHCTPYKLIMKU CUCTEMbI.

Hanpumep, NPUMEHUTENBHO K aHTEHHE, NPEACTaBNEHHON HA PUCYHKE 12, BO3MOXXHO M3MEHUTL NOSOCY Yac-
TOT NPO3PAYHOCTM OBTEKATENSA AHTEHHbI C UCMONL30BAHWEM CrELMaNnbHbIX MaTEPUANOB AN OrPaHUYEHUs SHEPTUM
BHENOMOCHbLIX CUTHANO0B, AOCTUrAIOLLEN aHTEHHbI. Bonee Toro, KOHCTPYKLUUS aHTEHHbI MOXET obecneumeaThb yn-
paBneHune nonspu3aumen u LUIMPUHON fyya, YTO NO3BONSET YMEHbLUUTb BIUSHUE SNEKTPOMAarHMTHbIX BO34en-
CTBUI BONbLUON MOLLHOCTU. KaXkaoe U3 STUX KOHCTPYKTUBHBLIX M3MEHEHWI NPUBOAUT K KOPPEKTMPOBKE (DYHKLMIA
nepeaayu B nonocax 4acroT, OTAMYHbLIX OT MONOCHI YACTOT NONE3HOro curHana.

3awmra HaMepeHHO CO3AaHHbIX NMyTEN KOHAYKTUBHOTO NMPOHUKHOBEHUS, OTIIMYAIOLLIMXCS OT MyTEN NPOXOX-
[€HUS NONE3HOro CUrHana, TakKe MOXET ObITb 06eCneyeHa yCTaHOBKON (DUMBTPOB M YCTPONCTB 3aLLUUTLI OT UM-
NyNbCHLIX NepeHanpseHuii. Npumepamy Takux nyTen NPOHMKHOBEHUSA ABNSIOTCA NPOXOXKIEHUE dKPAHUPOBAH-
HbIX kabenel ynpaBneHus, BpaLLIoLLMXCA 0Cen, BOAAHLIX TPYO 1 T.4. OCHOBHAA KOHLENLMS UX 3aLUMTbI 3aKIMH0-
YaeTcs B NPeAOTBPALLUEHUN HENOCPEACTBEHHOM NHXKEKLMM TOKA B CUCTEMY, YTO MOXKET ObITb JOCTUTHYTO XOPO-
UMM 9NEKTPUIECKUM COEAMHEHUEM (CBAPKOW) B TOYKAX NPOHNKHOBEHUA U/unn 06aBneHneM MeXaHNYECKUX U30-
naTopoB, hunsTpoB, NogaBuTenen nomex. BolGop KOHCTPYKUMIA YCTPONCTB 3aLUMThl 3aBUCUT OT KOHKPETHbIX Xapak-
TEPUCTMK NYTU MPOHUKHOBEHUS.

7.3.2 3awuta HEHAMEpPEHHO CO3AaHHbIX NYTEN 3NIeKTPOMArHUTHOro NPOHUKHOBEHUA

Kak oTmeyeHo paHee, OCHOBHbIMW HEHAMEPEHHO CO34aHHbLIMU MYTAMU NPOHUKHOBEHUS 3NEKTPOMArHUTHbLIX
nonen 60nbLUIOK MOLLHOCTU SIBMAOTCS NPOBOAALLME NOBEPXHOCTU 9KPAHA CUCTEMbI U OTBEPCTUS, LLENM, LUBDI,
MecCTa COeAMHEHNI 3NEKTPOMAarHUTHOTO KpaHa.

KoHuenumsa 3alwmTsl HEeHaMEPEHHO CO3AaHHbLIX MyTEW AMEKTPOMarHUTHOrO NPOHUKHOBEHMSA NPOCTa: HEOBXO-
AUMO 3aKpbITb BCE OTBEPCTUS B INIEKTPOMArHUTHOM 3KpaHe (9KkpaHax) cucremsl. Ha pucyHke 14 B 0606LEHHOM
BUE MOKA3aHO, KaK 3TO MOXET ObITb BbIMOMHEHO HECKONbKUMU Pa3nuyHbIMKU CocoBamu.

MoprotoBka oTBEPCTUN MeTtannuueckuin lMoaroToBka BBOA0B NPOBOAHMKOB

(3a3eMneHne oTBEPCTUIA, NOKPbITUE CETKOW, 3KpaH (anekTpuyeckoe coefuHeHune,
NPUMEHEHUE NPOBOASLLMX NOKPBITUN, 3ANeKTpUYecKas N3oNaUms, NPUMEHeHne
NpUMEHEHNE 3anpejerbHbIX BONTHOBOAOB) hUNbTPOB 1 MOMEXONOAABMSIOLLUX

YCTPOWCTB)
] SRNNN
3aKpbIThIA 3KkpaH et

OTpaxeHHbl TOK
- MpoBoaHuK

i LLlyHTMpOBaHHbIiA
OkpaHupoBaHHble kabenu | | | ' TOK
HApyrve | | BHyettee
cUcTEM 3a3eMrneHue
BHelwHee
YenneHHas cuctema sa3eMneHme

Xopoluee anekTpuyeckoe
coeauHeHue

PVIC)/HOK 14 — TunuyHble cnocobhl 3aluTbl HeHaMepeHHO co3jaHHbIX nyTe|7| 3N1eKTPOMarHUTHOro NPOHUKHOBEHUA

Bo-nepBbIX, BHELUHWI 9KPaH CUCTEMbI JOKEH ObITb U3rOTOBMEH M3 MaTepuana ¢ BbICOKON NPOBOAMMOC-
Tb10. JltoBble 0TBEPCTUSA AOMKHBI ObITh 3aLUMLLEHEI C UCNONB30BAHUEM NPOBOAALLMX MATEPUAroB, CETOK, NMPOBO-
AAWMX NOKPLITUIA. Mpn He0BX0ANMOCTM, MCNONL3YIOT 3anpeaernbHble BONHOBOALI. Ha pucyHke 14 npegcraene-
Hbl Takke TpeboBaHusA k cucteme 3azemrieHunst. JomkHb! ObITb Kak BHELUHSAS, Tak U BHYTPEHHSIS CUCTEeMbl 3a3eM-
nenusi, npuyeM MHTepdencoMm Mexay HUMU LOJhkHa OblTb 9KpaHUpPYIOLLAsA NOBEPXHOCTb, a He MPoBO/Aa, NPOXOo-
AsiLLmMe Yyepes IKpaH.

HakoHeL, nto6oe anekTpuyeckoe coeanHeHne C BHELLHEN CUCTEMON AOIMKHO BKIMIOYATb NPOAOIHKEHUE 06-
LLIEro aKpaHa CMCTeMbI, KaK 3TO MOKa3aHo Ha pUCyHke 14.

Ba)kHO OTMETUTL, OAHAKO, YTO 3aLUMTa HAMEPEHHO CO34aHHOTO MyTU MPOHUKHOBEHUSA MOXET 3aLUUTUTD
0060pya0BaHUE OT NOBPEXAEHUS, HO He 00A3aTeNIbHO OT BPEMEHHOTO HapyLUeHUst PYHKLMOHMPOBAHUS (Hanpu-
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Mep, BCriegCcTBUE BPEMEHHOW NOTEPKU NONE3HOro curHana). HanpoTtue, ageksarHas saLimMra HeHamepeHHO Co-
30aHHOTO NYTU MPOHWKHOBEHNS 0BECNEYNT 3aLLUMTY CUCTEMbI U OT MOBPEXAEHUIA, U OT HAPYLUEHNI PYHKLIMOHNPO-
BaHMsl.

7.3.3 AnbTepHaTUBHbIE CXeMbI 3aLUTbI OT 3NIEKTPOMArHUTHbIX BO3OEUCTBUIA 6OMNbILOI MOLWHOCTH

Ecnun xapakTtepucTnkm CUCTEMBI TAKOBbI, YTO MITHOBEHHOE KaTacTpoduyeckoe noBpexaeHne KOMNOHEHTOB
CUCTEMbI UCKITKOYEHO M ONACHOCTb ANA CUCTEMbI MPEACTaBNSIOT HaPYLUEHUS UMW NPeKpaLleHna YHKLMOHNPO-
BaHWS, BbI3BAHHbIE BO3MOXHbIMUW OTKa3aMu fOrMYeCcKux CXem, NPUMEHUMbI anbTepHaTUBHbLIE METOAbI 3aLLUUThI
OT 3MeKTPOMarHUTHbIX BO3AEWCTBUIA BObLLON MOLLHOCTM, OCHOBAHHBIE HA TOM, YTO BPEMS KMTOBPEXAEHUA» CUC-
TEMbl CPaBHUMO C ANUTENBHOCTbLI HECKOMBbKMX LIMKMOB paboThl MOrMYECKUX CXEM, YTO NPeaoCcTaBnseT gocra-
TOYHOE BPEMS AN OCYLLECTBNEHUS «AMHAMUYECKON 3aLLUMUTbI».

AnbTepHaTMBHBIE CXEMbI 3aLUMTbl OT AMEeKTPOMAarHUTHLIX BO34ENCTBUM OOMbLLOW MOLLUHOCTM BKIOYaOT
B cebsi:

a) aKTUBHYIO 3aLLuTy;

b) BBeaeHNne N3OLITOYHOCTU CUCTEMBI;

C) BbISIBIEHME OLLUMOOK M NPUMEHEHUE KOPPEKTUPYIOLLIETO NPOrPamMMHOro 06ecneYeHus.

KoHuenuusi akTMBHON 3aLluTbl OCHOBAHA Ha NPUMEHEHUU OTAENbHbIX YCTPOWCTB, OOHapY>MBaIOLLMX Ha-
YarnbHbIii MOMEHT BIIMSHUA HA CUCTEMY SNEKTPOMAarHUTHbIX BO3AEWCTBUI BOMbLLON MOLLHOCTU, U HA NPOBEAEHUN
onepaTMBHON 3aLLUUTbI CUCTEMbI 0 MOMEHTa BO3HUKHOBEHUS HAPYLUEHWI (DYHKLIMOHUPOBAHUA. AKTUBHAs 3aLLmMTa
HaMepEeHHO CO34aHHbIX MyTen SMEKTPOMArHUTHOIO NPOHUKHOBEHUSI NPUMEHSETCS B CUCTEMAX PAaAUONOKaLIMKN U
CBA3W. BakHeNLLMM yCnOBUEM NPUMEHEHUSI AAHHOTO METOAA ABNSETCA A0MYCTUMOCTL 3aA€PKKM Npuema nones-
HOTO curHana. [JonyCcTumoe BpeMsl 3a4EPXKKM AOIMKHO ObITb JOCTATOYHbIM ANsi cpabaTbiBaHWs YCTPONCTB 3aLLm-
Tbl U, BMECTE CTEM, HE BNUSATb HA HOPMAarbHOE PYHKLUMOHUPOBAHNE CUCTEMDI.

Mcnonb3oBaHWe U3bbITOYHOCTU CUCTEMBI B LIESIAIX €€ 3aLUMThbl OT 9NEKTPOMAarHUTHbIX BO3AENCTBUIN GONbLLON
MOLLHOCTM LienecoobpasHo B TeX Cry4asx, korga TpebyeTcsa NoBbILLEHHAsA HAAEXHOCTL CUCTEMBI. BBegeHune
130bITOYHOCTM 0BECNEYMBAET 3aLLMUTY CUCTEMBI KaK OT NOBPEXAEHUN, TAK U OT HAPYLLEHU (PYHKLIMOHUPOBAHUSI.
KoHuenuus sBeaeHNA N30bITOYHOCTU OCHOBaHA HA MPUMEHEHUN HECKOSbKMX MNOACUCTEM UNKU KOMNOHEHTOB, Bbl-
MOJTHAOLLMX OAHY U Ty e (PyHKUMIO (HanpumMep, KOMMNbIOTEPOB B CUCTEME CBSI3U), BLIXOAHLIE CUTHASbI KOTOPbIX
cymmupytotes. B pesynsrare oBLmii ypOBEHb BbDKMBAEMOCTU CUCTEMbI CTAHOBUTCH BbILLIE, YEM YPOBEHb BbDKU-
BaeMOCTU OTAENbHON NOACUCTEMBI.

BbisiBneHne oumbok 1 NpUMeEHEHNE KOPPEKTUPYIOLLMX NPOLEAYP B ANEKTPOHHBIX CXeMaX Toxe obecneun-
BaET NOBbILLEHUE HaAEXHOCTN CUCTEM.

B uenom, Ans 3awuTbl CUCTEM OT 3MEKTPOMArHUTHLIX BO3AENCTBUI GONMbLUIOW MOLLHOCTU CriefyeT npumMe-
HATb METO/ bl KOHCTPYUPOBAHUS TEXHUYECKNX CPEACTB M CO31aHNA NporpaMmHOro obecnevexus, obecnevuneato-
LUME CTOMKOCTb K SNEKTPOMAarHMTHbLIM BO34EeNCTBUAM BONbLUIOA MOLLHOCTH, COBMECTHO C OCYLLECTBRNEHUEM
KOppeKLMM OLLMBOK 1 NPONYCKOB CUrHaNoB. Bo3aMoxeH Takke Nepuognyecknit MOHUTOPUHT (ABTOMATUHECKWIA M
PYYHOIi) PYHKLUMOHUPOBAHUSI CUCTEMbI U HANUYKUSA SNEKTPOMArHUTHbIX BO3AEWCTBMIA OONbLIOW MOLLHOCTH U OCY-
LiectsreHue (Npu Heo6xoaAMMOCTU) nepesarpy3km CUCTEM.
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MpunoxeHue A
(cnpaBoyHoe)

Mpumepbl 351eKTPOMArHUTHbIX BO30eMCTBUIA 60MbLIONH MOWHOCTU HA CUCTEMbI B NPOLLSIOM

B npownoM uMenu MecTo HEeCKONMbKO MoApOBHO [OKYMEHTUPOBaHHBIX CIydaeB HexenaTenbHOro aneKkTpomar-
HUTHOIO BIUSAHUSI MPWU 3NEKTPOMAarHWTHbIX BO34EACTBMSAX Ha CUCTEMBl, WHOMGa C paspyuTeSlbHbIMU NOCNEACTBUAMM.
Paa cobbITUiA, BbI3BaAHHBLIX SM1EKTPOMArHUTHLIMA BRAUAHUAMKM, W3ydeH B [11], HekoTopble U3 Hux OyayT KpaTko
U3NOXEHBI  HUXE.

MpoLUnbIiA OMNbIT NOKa3bIBAET, YTO HapylleHWs PYHKLUMOHUPOBAHWNSA CUCTEM He CBSA3aHbl C NPUMEHEHUEM TOMbKO
coBpeMeHHoro obopypoBaHus. Haubonee paspyluMTenbHble MOCNEACTBUA INEKTPOMArHUTHLIX BO3AENCTBUIA Gonb-
LUO MOLYHOCTM MUMenu mecTo B 1967 . u Bbinu  ceAsaHbl ¢ aBuaHoclem «doppecton» BMC CLUA. B cooTBeTcTBUM
¢ [11]:

«B 1967 r. y nobepexess BbeTHama npu nocagke peaktusHoro camoneta BMC Ha aBuaHocey «doppecTon»
MPOM30LWLIIO HeKOHTponmpyemoe cbpacbiBaHWe aBnaboMO, KOTOPLIMU Obin HaHeceH yAap MO MOMHOCTBIO CHapsPKEH-
HOMY W 3anpaBrieHHOMYy WcTpebuTento Ha BaneTHoil nanybe. [MocrnegoBanu B3pbIBLI, B pe3ynsrate KOTOpbIX Obinu
youtbl 134 maTtpoca U NpUYUHEHbLI CEepbe3HbIe MOBPEXAEHUSA aBuaHocLy U camonety. [laHHbll MHUMAEHT 6bin Bbi3aBaH
obnyyeHnem camorneta pajguonoKalyMoHHON cTaHUuel aBnaHocua. Pe3ynbsTupylouiee arekTpoMarHuTHoe BrMsSHUE
NpuBENo K nojave HexenaTenbHOro cUrHana Ha cucTeMy BoopyxXeHus. [poBeaeHHoe paccrnefoBaHue nokasaro, YTo
cTerneHb 3KpaHWpOBaHMS CUCTEM camoreTa Obinia MOHMXKEHHOW, YTO W [arno BO3MOXHOCTb pajMoriokaLMoHHOW CTaH-
UMK oKasaTb BNUSHUE Ha WX HopmarnbHoe (yHKUMOHWpoBaHWe. C y4eTOM 3TOro MHUMAEHTa CUCTEMHbIA ypoBeHb
TpeGoBaHnit OMC Gbil nepecMoTpeH, Npudem ocoboe BHUMaHUe Obino obpalleHo Ha aneKTpoB3phIBHEIE  YCTPOCTBa».

Bbinu oTMeveHbl crnegytowne npobrnemsl ¢ cucteMamu ynpasneHus nonetom uctpebutensa F-16:

«McTpebuTens F-16 noTepnen aBaputo BGnuau paguonepegatolleil ctaHumm «lonoc AMepukn» mM3-3a Toro, 4To
€ro cucTtema ynpaBreHus noneTom Obifla BOCMPUMMYMBOIA K pajuoyvacTOTHBIM SNEKTPOMarHUTHLIM MOSSM BbICOKOWM
WHTEHCUBHOCTM, U3fly4aeMbiM NepeaaT4yukoM. 3-3a HeycToilumBoCTH, cBOMCTBEHHOW F-16, munoTt gomkeH 6bin nona-
ratbcsi Ha 6opTOBOW KOMMbLIOTEP NMPMW YyrNpaBreHWn camornieToM. YuuTbiBas 3To, MHOrWe M3 camonetoB F-16 Gbinu
MOANULMPOBaHbI ANA UCKITHOYEHUA S1EKTPOMArHUTHOrO BIIUSHMS, ODYCNOBIEHHOr0 HeafeKBaTHbIMU BOEHHBIMU
TeXHWYEeCKUMU TpeBoBaHUAMMU K KOHKPETHbIM pafunoaneKTPOHHLIM cucTemaM. [aHHbliA criyyail ¢ camonetom F-16
ABUNCA OAHON U3 NpuyuH BBefeHUs PefepanbHoi aBnaUUoOHHOW agmMuHUcTpaumnen (PAA) nporpammel cepTudunkaumm
B OTHOLUEHWWN PafMoYacTOTHLIX N3MyYeHWii BEICOKOR MHTEHCUBHOCTUY.

Bbin Talkke oTMedeH crnefyroowWwuid cnyyai, cBs3aHHbI ¢ Bo3gencTBueM Ha Beptonet UH-60 usnydeHuin ot
pacnofioXeHHbIX Nobrnu3ocTn paguonepesaTinkos:

«Mpwn nponete B 1987 . BepToneta UH-60 apmuu CLUA Bo3ne paguonepegatowen GawHn B 3anagHon
lepMaHuW NPOU3OLLNO HEKOHTPONUpyeMoe pABuxeHue cTabunuaatopa. OTMevanoch Takke HenpefHaMepeHHoe
BKIIOYEHWE WHAMKATOPHLIX NaMn U aBapWiHbIX curHanoB B kKabuHe. [anbHelwmne wuccnefoBaHUA U UCNBITAHUA
nokasanu, 4TO cucTeMa cTabunusauuin 9TOro BepTosieTa NOABEPXKEHA BO3AEACTBUIO PAANOYACTOTHLIX U3NYYEHWUI
BbLICOKOW MHTeHCMBHOCTW. BepToneT UH-60 6bin ocHalleH 0BbIMHOW MexaHU4ecKoW CUCTeMON ynpasneHWs noneToM
¢ rugpoycunutenamu. OpHako B cucTeMe cTabunusauum buina ucnonb3oBaHa nepefava LMGpPOBLIX CUTHANOB aBTOMa-
TUYECKOro YNpaBfeHUs MONoXeHWeM BepTofieTa Ha OCHOBE MapameTpoB MNoneTa W curHanos ynpasneHusa. UMeHHo
cucTema nepefadn aTX LMEPOBLIX CUMHANOB OKasanacb BOCMNPUMMHYMBON K PAAUOYACTOTHBIM U3NYYEHUAM BbICOKO
WHTEHCMBHOCTU. B nepuop KOHCTpyupoBaHus BepToneTa Ans Hyxa apmun CLLUA ewe He 6bino onbiTa perynsapHbIX
noneToB BOMM3M MOLLUHBIX WCTOYHUKOB PagMovacTOTHOrO ManydyeHus. BmecTe ¢ TeM, Bepcua faHHOro BepToneTa,
paspaboTaHHas Ans BoeHHo-Mopckux cun (SB-60), He uMena nofgobHbIX NpoGnem c BIUSHUEM SEKTPOMarHUTHBIX
nomex 60nbLIOA MOLHOCTH, TaK Kak ans SB-60 6binu ycraHoBneHbl 6onee xecTkue TpeboBaHUsA, yquThiBaollMe Mol
Hble UCTOMHUKW SNEKTPOMAarHUTHOrO M3Ny4YeHUus, nMetoLmecs Ha 6opTy coBpeMeHHbIX Mopckux cyaos. Apmuein CLLA
ObINN UAEGHTUDPULMPOBAHEI  HECKOMBKO COTEH «MPOGNEMHBIX» UCTOYHUKOB U3NyYeHUA U BbINo NpoBeAeHO WHCTPYKTU-
poBaHue NUMIoToB 0 HeobxoguMocTh cobniofaTe COOTBETCTBYOLME Ge3onacHble yaaneHus oT Hux. HecmoTps Ha 3To,
¢ 1981 no 1987 . naATL BepTonertoB UH-60 noTepnenu aBapuu, KOTOpble NPUBENU K rTMOENU UM paHeHUsM BCex, KTo
Haxoguncst Ha 6opTy, NpU4eM NpW KaXKoi M3 aBapuii BepToNeThl NPOreTany CAUWKoM 6runsko oT paguonepesarymkoB.
Onsa nonHoro pelleHWs AaHHoW npobriemMsl nNoTpeGoBanocb YnyyliUTb SKPAHMPOBAHWUE 3NEKTPOHHBLIX CUCTEM, BOCTPU-
MMUYMBBLIX K BO3LEWCTBUIO SMEKTPOMarHUTHOro nons, u obecneunts AybnuposaHue paboTbl HEKOTOPLIX aBTOMaTUYeC-
KUX CUCTEMD.

Cny4yan HexenaTenbHOro 3MeKTPOMarHUTHOrO BIIUSHUS HE OrpaHW4nBanunch TONLKO BOEHHOWR cdhepol, YTo ove-
BMOHO C YY4ETOM MNpPUBEAEHHOrO HUXEe NpuMepa, CBA3aHHOro ¢ aBTOMOBUNAMU:

«B HavanbHbI Nnepuos ycTaHOBKKM Ha aBTOMOGUNAX aHTUBNOKUPOBOYHLIX cucTeM TopMo3oB (ABC) oTMevanuch
cepbesHble HapyleHUs Mpyu TOPMOXEHUU aBTOMOOMNEN, OCHALLEHHBIX TaKUMKU cUCTEMaMW, Ha onpeferieHHbIX
y4acTkax HemeLKux aBTobaHOB. Ecnu BOAUTENMU NPpUMEHANN TOPMOXEHUE HA W3OTHYTLIX YdvacTkax aBTo6aHOB BONU3U
OT MEeCT PacrofioXXeHWA MOLUHBIX pafuonepenaTyvKkoB, TO M3NyYEeHUs STUX pagnonepefaTinkoB OKasbiBanu BrUsHUE
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Ha cuctembl ABC. B KayecTBe nepBOHa4arnbHOTO pelleHus AaHHoW npobnembl ObINO NPegnNPUHATO aKpaHUpOBaHUE
y4acTKoB aBTOGaHOB MPOBONIOYHOW CETKOW ANns ocnabneHwus snekTpoMmarHUTHelX nonen. 3T1o obecneumno Hopmanb-
Hoe (PYHKUWOHMPOBaHUE TOPMO3HLIX CUCTEMDY.

ONeKTPOMarHUTHOE BNUAHUE OblNO OTMEYEHO TaKKe MPUMEHUTENBHO K MEeAULMHCKUM U3AENUAM, O YeMm
CBUAETENbCTBYET NPUBEAEHHLIA HUXKE Crydai:

«CocTosiHMUe BOCNPUUMUUBOCTU MEAULMHCKUX U3AENUIA K KOHAYKTUBHOW WNKU U3Ny4aeMoi 3NEeKTPOMarHUTHOW
3MUCCUMN BbI3bIBAET 03ab0YEHHOCTL NMPUMEHUTENBHO K MOHWTOpaM cepaevHoi gesTenbHocTu/aecubpunnatopam,
MCnonb3yemMblM B MEAULIMHCKUX yupexaeHusix. MiMen MecTo criydaid, korga 93-NeTHUW NauueHT ¢ cepAeHHbIM NPUCTY-
noM 66N NOMELLYEH B rocnuTanb, U MEAULIMHCKWIA NepcoHan NpUMeHUn ANS NeYeHWUs NauueHTa MOHWUTOP cepAeyHoi
AeAtenbHocTu/gedubpunnsatop. Kaxablii pas, korga MeauuuHckUe paboTHMKM BKMoYanu paguonepeaaryuk npu
nNpoBefleHUN KOHCynbTaumii No pagno, AedubpunnATop cosfasan anekTpudeckuii paspag. B pesynsrate naumeHt
ymep. UccnepnoBaHusi nokasanu, 4Yto MoHuTop/gecubpunnsaTtop noaBeprarnicd BO3AeiCTBUIO MCKITIOYUTENBHO CUMBHBIX
3MNEKTPOMAarHWTHbIX U3NYYEeHUH, TaK KaK Ha Kpbllle MeAMLIMHCKOrO ydpexaeHus Obina ykpenreHa AMWHHAA paguoaH-
TeHHa, W Kpbllla obina cAenaHa He U3 MeTanna, a U3 nnacrtuka. HeAOCTaTO\-IHoe SKpaHupoBaHUe B COYeTaHUU C
WHTEHCWUBHBIMU U3MyYaeMbIMU paguocHrHanamm npuBESo K aMeKTPOMarHUTHOMY BITUSIHUIO Ha YCTPOMCTBO XU3Heobec-
neyvyeHnsa».

ﬂpVIBep,EHHbIe BbIllE NpUMepbI BO3AeVICTBMF| ANEKTPOMarHUTHLIX nonei 6onbLLIOR MOLLIHOCTU Ha 3arneKTpudeckue
cucTeMbl MpefcTaBnsanu coboil HempeAHaMepeHHO BO3HMKalOWMe MOCrefCTBUS MIOXOW KOHCTPYKLMKU CUCTEM WNu
HeHopMankHoO BbICOKON WHTEHCUBHOCTH ANEKTPOMarHUTHbBIX noneﬁ, W U TOro, U Apyroro.

Bo3MOXHO Takke WCMONb30OBaHWE UCTOMHUKOB 3SMEKTPOMarHUTHLIX BO3AEACTBUIN 6ONbLUIOA MOLLHOCTU B LENsaX
HaMepeHHOro HapyLlleHUss YHKLUMOHUPOBAHUA WNU NOBpPeXAEHUA cucTeM. [lpuMeHeHue SNeKTPOMarHUTHLIX BO3-
JeNcTBUiA OOMbLUOA MOLHOCTU ANSA AOCTWKEHNA AaHHbIX Ueneid MOXeT UMeTb MECTO B BOEHHON obcTaHoBKe, npu
KOTOpOW SMeKTPOMarHUTHele BO3AeNCTBUA GOoNbLIOW MOLYHOCTU MOryT GbiTb HanpaeneHbl NPOTUB BPaXeCKUX paker,
CaMOoneToB UNW APYrUX CUCTEM, COAEpXaLUX BOCNPUMMYUBLIE INEKTPOHHBIE YCTPOWCTBA.

AHarnornyHoe BOeHHOMY HanafgeHue MoxeT ObiTb NPeANPUHATO XakepaMu, TEPPOPUCTaMU UNKU APYTUMU OpraHu-
3aLUMAMU NPOTUB rPaXgaHCKUX CcUCTeM, 4TO ObINO onpefeneHo Kak « 3NeKTpPOMarHUTHLIN Teppopuam» [12], [13] unu
«NpejHaMepeHHoe 31eKTPOMarHUTHOE BAUSHUEY.

BO3MOXHOCTU Takux HanageHun ctanu npegMeToMm o6CYyXAEHUN C TEXHUYECKON TOHMKN 3PEHUA Ha HECKONbKUX
Hay4HbIX cuMnosnymax (cm. [14] — [17]) v npogonxatoT obcyxaaTbesa B wWMpoko nedatu (cMm. [18], [19]). Heckonbko
0T4eTOB 06 MMEBLUMX MECTO CriyqasX WMCMONb30BaHWA TaKoro («3MeKTPOMarHUTHOIO») OPYXMA MPOTUB rPaXKgaHCKuX u
BOEHHbIX cucTeM (cM. [20], [21]) HOCAT cNOpHLIN XxapakTep. MosTOMy HeO6XoAMMbI SICHbIE, yOeaUTENbHbIE U AOKYMEH-
TUPOBaHHbIE CBUAETENLCTBA O NPUMEHEHUN 3NEKTPOMAarHUTHLIX BO3AEUCTBUIN GONbLIOIA MOLYHOCTH.

OpfHako faxe B OTCyTCTBUE BECCMOPHLIX 40KA3aTENbCTB NPUMEHEHUA UCTOYHUKOB 3NEKTPOMAarHUTHLIX BO3fEi-
CTBWIA BonbLUoi MOLHOCTA NPOTUB MPaXXAaHCKUX CUCTEM NpPaBUTENLCTBA HECKONMbBKUX CTpaH pasBepHynu UccrefoBa-
TeNbCK1e nporpaMMbl ¢ LENbI0 OLEHUTHL BO3MOXHbIE MOCNEACTBUSA SNEKTPOMarHUTHLIX BO3AeHCTBUA GONbLIOIA MOLL-
HOCTW Ha cBoM cucTeMbl M MHpacTpykTypy. Pabota Takoro poga 6bina, Hanpumep, nposeaeHa B LLBeuyuu [22].
Kpome Toro, BO3MOXHOCTM UCMONb30BaHUSA «BLICOKOYACTOTHOrO» opyxusa 6binn nanoxexsl B [23] ansa KoHrpecca CLUA.

HanbHeiilume cBefeHusi, kKacalolecs HaMepPEHHOro UCMOMb3OBaHWUA SNEKTPOMAarHUTHbLIX NoMex 60MnbLIo MoLL-
HOCTU, NMpUBEAEHbl B crieuanbHOM Bhinycke XypHana [52], nocBAWeHHOM npefHaMepeHHbIM  3NeKTPOMarHUTHbLIM
BIUSHUAM.
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MpunoxeHue B
(cnpaBouHoe)

CBeZieHUs1 0 COOTBETCTBUU CChINMTOYHLIX MeXAYHAPOAHbIX CTAHOAPTOB
HaUWOHanNbLHbLIM cTaHaapTam Poccuickon Gegepauuu, UCNONMb3OBAHHLIM B HACTOALLEM

Tabnuya BA1

CTaHOapTe B KaYyecTBe HOPMAaTUBHbIX CCbITOK

OBo3HaveHWe CChINTOYHOro
HaLMoHanbHoro ctaHaapTa
Poccuiickon ®depaepauum

O6o3HauyeHUe U HaVMeHOBaHWe CCbINOYHOro MeXayHapoaHoro ctaHgapTa
n ycrnosHoe obo3HayYeHWe CTEMeHN ero CooTBEeTCTBUSA
CCbITIOMHOMY HaUWOHanbHOMY CTaHAapTy

MOCT P 51317.4.4 —2007
(M3K 61000-4-4: 2004)

MO3K 61000-4-4: 2004 «3nekTpoMarHUTHaa coBMecTuMocTe (BMC). YacTb 4.
MeToabl ucnblTaHMA W uaMepeHuil. Pasgen 4. UcnblTaHMA Ha YCTOWYMBOCTL
K 9NeKTpU4ecknM ObICTPLIM NepexofHbIM Mpoueccam/nadkam» (MOD)

MOCT P 51317.4.5—99
(M3K 61000-4-5—95)

MO3K 61000-4-5: 1995 «BnekTpomarHuTHas coBmectTumocTb (OMC). HacTb 4.
MeToabl ucnbiTaHWin M uamepeHuii. Pasgen 5. WcnbiTaHuA Ha  YCTOWYMBOCTL
K UMNYMbCHBEIM NepeHanpsaxeHuam» (MOD)

MOCT 30372—95 /
MOCT P 50397—92

MOK 60050-161: 1990 «MexayHapoAHLIA 3nNeKTPOTEXHUYECKUA CrnoBapb.
[MmaBa 161. O3nekTpomarHuTHas coBmecTUMOCTb» (NEQ)

COOTBETCTBUA CTaHAapTOB:

M punMedYyaHNne — B HaCTOHLLleVI Ta6n|/|qe ncnonb3oBaHbl cnefyoline ycnoBHbIE 0003HaueHUsa cTeneHu

MOD — moaudpuunpoBaHHble cTaHaapThl;
NEQ — HeakBMBarneHTHble cTaHAaapThl.
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