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BeepeHue

CoBpeMeHHbIe TEHJEHIINH Pa3BUTHS peneitHoit 3amuThl (P3), cBs-
3aHHBIE C 3aMEHOU 3JIEKTPOMEXaHUYECKUX PeJie 3aIlIUThl MUKPOIIPOLIeC-
COPHBIMH YCTpOiicTBaMHu pesieitHoi 3amutbl (MYP3), o6ycroBunu mo-
sIBJIEHE COBEPILIEHHO HOBOU IPOOIeMBI, HE3BECTHO paHee B PeJIeiHOI
samuTe. Takoi mpo6aeMoit SBISETCSI BOSMOKHOCTD IIPeIHAMEPEHHOTO
IUCTaHIIMOHHOTO HecTpyKTuBHOTO Bosneiictsus (IT1]IB) Ha peneitryio
3aIUTY C I[eJIbI0 BBIBEICHUS €€ U3 CTPOS WK NPUHYTUTEIbHOTO BBI-
MIOJTHEHSI OTIEPAIIHil, He CBSI3aHHBIX C TEKYI[UM PEKIMOM paboTHI 3a-
IIHIIIAEMOTO 3JIeKTPOOOOPYIOBAHUS. B CTPYKType COBpeMEHHOI 9Hepro-
cucteMbl MYP3 ocTaroTcst caMbIM KPUTHYHBIM 3BEHOM, KOTOPOE, C OHOK
cropoHsl, Harboiee ys3suMo k [TJI]IB, a ¢ ;pyroit — HemocpeacTBeHHO
CBSI3aHO C CUJIOBBIMH KOMMYTALIMOHHBIMU aIlIIapaTaMHy, BIUSIOIIIMHI
Ha COCTOsIHMe 9HeprocucreMsl. IloaTomy nmenno Ha MYP3 B nepsyio
ouepens u Harmpasiaens! [T]]IB B Busie kubepaTak U IpegHaMepPeHHBIX
3JIEKTPOMATHUTHBIX IeCTPYKTUBHBIX Bo3meiicTBuil. Hanbonee MOITHBIM
¥ OITACHBIM U3 3TUX BO3IEUCTBUI ABJIAETCA JJIEKTPOMArHUTHBIA UMITYJIbC
BBICOTHOTO siiiepHOro B3pbiBa (OMU fB) [1], paccMoTpeHmIo Mep 3atiu-
TBI OT BO3[IEHICTBUS KOTOpOro Ha MYP3 nocssinena faHHast CTaTbsL.

Mpo6nema 3azemnernus MYP3

Ha o6bekTax 27eKTpO3HEPreTHKH (ITOACTAHI[USX U SJIEKTPOCTAHIIN-
SIX), IMEIOIIHX 3HAYUTENIbHYIO TEPPUTOPHIO, HEBO3MOKHO PEaTH30BaTh
MHOTHe U3BeCTHbIe MeTOMIbI 3 (PEKTUBHOTO 3a3eMIIeHNUS, BBU/Y HEW3-
6eXXHOCTH 3a3eMJIEHUSI Pa3INYHBIX 3JIEKTPOYCTAHOBOK, PACIIOJIOKEHHBIX
Ha GOJIBIIIOM y[IaJeHUH APYT OT APYTa, B PA3TUIHBIX TOYKAX 0OIIEr0
KoHTypa. [Ipudem JaHHbBIE TOUYKK 3a3eMJIEHHS IPHOOPETAIOT 3HAIH-
TEJBHYI0 Pa3HOCTH [IOTEHI[HATIOB B MOMEHT IIPOTEKAHUS GOIBIIIX M-
IIyJIbCHBIX TOKOB Yepe3 KOHTYp 3azeMileHus. Eciu anekTpoycTaHOBKHU
He UMEIOT MEXIY c0060if rabBAaHNYECKON CBA3H, TAKOI, HaIpuMep, Kak
peJie 3alIuThI, COeIUHEHHbIE MEKAY OO0 BOTOKOHHO-ONTUIECKUMHU
auausiMu (BOJIC), TO pasHOCTD MOTEHIIMAIOB 0COO0I POJIH He UTPaeT.
Ho eciu pese 3amuTel, pacojoXeHHbIe Ha YIaJIeHUU IPYT OT JPYTa,
COeIMHEHBI MEXKIY coboit IIPOBOJHOW CUCTEMON CBA3U (BuTOI mapou
u 06br9HbIM Ethernet-kaHaaoM, Ha KOTOPBIN B IIOC/IeHEE BpeMst TIepe-
XOJIAIT [IJISL Y/IEIIEBIIEHUSI CHCTEM JIEKTPOCHAGKEHS ), TO K HU3KOBOJIBT-
HBIM Y3JIaM 3TO¥ CHCTEMBI Oy/IeT IPUIOKEHO BBICOKOE HAMIPSUKEHUE,

Mpo6nembl 3aLWUTbl MUKPONPOLECCOPHBIX YCTPOWUCTB PeiIeHOMU 3aLUTbI
(MYP3) ot BO3geHCTBUSI MOLHOIO 31€KTPOMArHUTHOrO HMMY/bCa, CNOCO6HOro
HapyWHUTb UX HOPMaJibHOE feHCTBUE WU NOBPEeAUTb BHYTPEHHUE 31eMeH-
Tbl, NpUoBpenu B nocnegHee BpeMs ocobyio akTyanbHocTb. B gaHHOI cTaTbe
paccMaTpyBaeTcsa KOMMJIEKC BONPOCOB, CBA3aHHbIX C BIUAHUEM 3J1€KTPO-
MarHuTHoro umnynbca Ha MYP3, u npeano>keHbl TEXHONOrMHU U KOMMOHEHTDI,
C UCMONb30BaHWEM KOTOPbIX MOXKET ObITb CyL|€CTBEHHO NOBbILEHA YCTOWUU-
BocTb MYP3 Kk afieKTpOMarHUTHOMY UMMYJbCY.

Hen30eKHO MPUBOJIAILEE K €€ MOBPEKIEHHIO, TO eCTh K OTKa3y peseii-
HOIT 3a1uThI (puc. 1).

I/ISBECTHBI TEeXHUYECKUe peH_IeHI/Iﬂ Jule] OpFaHI/IBaL[I/II/I 3a3€MJIEHUS BbI-
COKOYYBCTBUTEJILHOI 3JIEKTPOHHOI alIapaTyphl C [[eJbI0 3aMUThI ee
OT BJIUSIHUSA pa3HOCTI/I IIOTE€HII1AJIOB HpI/I HpOTeKaHI/II/I TOKOB MOJIHUU UJIN
6OJIBIINX TOKOB KOPOTKOTO 3aMBIKAHUS Yepe3 dIeMEHTHI CHCTEMBI 3a-
3emuteHnst. Takue pereHns BKIIOYAOT, HAIPUMep, COeIMHEHNE KOPITYCOB
HECKOJIbKUX B3aMMOCBSI3aHHBIX 00HeKTOB B 00IIYI0 TOUKY (Ha 00IIyI0
[IMHY) U HOCTIeyoliee COelMHeHne 3TOI 001eil TOYKH (IIUHbI) ¢ 00-
I1eH CUCTeMOH 3a3eMJIeHUs TIOICTaHINY, 3eKTpocTannuu. [Tpu ncrosnn-
30BaHMHU MONOGHOTO PellleH s TPEIIOJIaraeTcsi OTCY TCTBUE PAa3HOCTH HO-
TEHI[HAIOB MEXIY B3aMOCBA3aHHBIMHE 3JIEKTPOYCTAHOBKAMH Oarofiapst
TOMY, 94TO BCE UX TOYKHU COeIUHEHNUS 00beIUHEHbI B 00IIIEN TOUKe UIU
Ha OJJHOM KOPOTKOH IIIMHE. AHaJIOTMYHBIMU CBOHUCTBaMHU o0J1aiaeT u 00b-
eIMHEHNe TOYEK 3a3eMJIEHUS OT/EIbHbIX JJIEKTPOYCTAHOBOK Ha 0061eit
9KBUIIOTEHITHATHLHOM IJIOCKOCTH, B KA4€CTBE KOTOPOIT HCIIONB3YIOTCS e~
MEHTbI KOHCprKI_[I/Iﬁ METAJUINYECKUX H_IKa(i)OB, B KOTOprX paCHOHO)KeHbI
9TH 3JIEKTPOYCTaHOBKHY (puC. 2).

Pstmom crosiiue mikadbl MPUCOEAUHSIOT K OOIIei [IIMHe 3a3eMJIEHUS,
KOTOpasi, B CBOIO OYepelb, y)Ke COEMHSIETCSt C CHCTEeMOI 3a3eMIIeHHU .
TaKI/Ie peH_IeHI/IH BO3MOJXHbBI B TOM Cnyqae, Korpa raJbBaHUYE€CKHU CBS-
3aHHbIe 31eKTpoycTaHoBKu (MYP3) pacmonoskens! Ha HeGOIBIIIOM pac-
CTOSIHUH JPYT OT IPYTa, HAIIPUMEpP BHYTPHU OGHOTO IKada, a Imkade —
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Puc. 1. Cxema nogxiouetus asyx MYP3 (11 2),
PacrnonoKeHHbIX Ha 3HAUYTENbHOM PAcCTOSHUK APYr OT Apyra,
C HEU30/IMPOBAHHBIM KaHaIoM CBA3H (BUTast napa W cetb Ethernet)
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Puc. 2. YcrpoticTeo 3asemnenns MYP3,
YCTaHOB/IEHHbIX B META/IMUECKHX LLUKadax,

C UCMO/Ib30BaHWEM IKBUMOTEHLMaNbHON MOBEPXHOCTH:

1 — MYP3 8 MeTannuueckux kopnycax;

2 — 3azemnsoLne MefHbIE LWMHKK;

3 — 371eMeHT KOHCTPYKLMM METaIMYECKOTO LiKada,
MCTMIONHAIOLLETO POJIb IKBUMOTEHLMA/ILHON NOBEPXHOCTH

B IIpefesiax OHOTO peJIeftHOTO 3aa. Ecim xe
9JIEKTPOYCTAHOBKH, UMEIOIIHe MEKY c000it
FaHbBaHI/I‘{eCKYIO CBA3b, HAXOOATCA B paSHI/I‘I‘
HBIX MeCTaxX Ha GOJIBIION TePPUTOPHUU, TAKOE
pelieHre HeIPUMEHUMO.

Kax usBecTHO, CyIIIeCTBYET 1Ba BU/IA 3a3eM-
JIeHVSI: TaK HasbIBaeMoe (PyHKIIMOHATIbHOE (WIK
pabouee) u 3anurHoe. Kak cienyer u3 Has3Ba-
HUIl 9TUX BUJIOB 3a3eMJIEHHUS, TIEPBOE TPeIHA-
3HAYEHO JIUIIb i1 00eCTIedeHrss HOPMATbHOTO
¢dyuxiponnposanus (paboTsl) 060pyIOBaHUs
(ITYD 1.7.30), a BTOpO€e — HCKIIOYUTETHHO
1i1st obecriedeHnst 3eKTPOOE30IIACHOCTH I1ep-
conana (ITYD 1.7.29). B [2] yrBepskaercs, 4T0
(dyHKIMOHANBHOE 3a3eMIIeHIe HeOOX0UMO
nist obecriedenust paborocrnocobrocTr MYP3,
u paCCManI/IBaIOTCH paSHI/I‘IHbIe BapI/IaHT])I BbI-
IIOJTHEHHU A TAKOI'O 3a3€MJICHUA U METOIBI €Iro
HUCIIBITAHUA. HeﬁCTBI/ITeJIbHO, Ha HeKOTOprX
nedaTHbIX Iu1aTax MYP3 umerorcs 3auniien-

TeXHOJ/IOrMHU

Puc. 3. NeyatHas nnatra MYP3 ¢ 3aumLeHHbIMW y4acTKam1 neyatHoro MoHtaxa (11 2),
KOHTaKTHPYIOLLMMK C 3a3eM/IEHHbIM KOPMYCOM NOCPEACTBOM CrieLHanbHON NPY>KKUHbI

HBIE ¥ IOKPBITBIE CJIoeM cepeOpa yIacTKHU Iie-
JaTHBIX IIPOBOIHUKOB YBEeJIUIEHHOU IIUPUHBI,
KOTOPBIE TIPH YCTAHOBKE IUIATHI B KOPITyCe IIpH-
XOJISIT B COPUKOCHOBEHNUE CO CIIEIHaTbHBIMU
MPY>KUHAMU, 00eCIIeIMBAIOIIIME KOHTAKT 9THX
TIeYaTHBIX IPOBOIHUKOB C 3a3eMJICHHBIM KOP-
mycom MYP3 (puc. 3).

Ho meiicTBuTensHO 1 QyHKIHOHAIBHOE 3a-
3eMyIeHHe He0OXO0UMO IJIs1 HOPMAJIbHOM pa-
60161 MYP3, 4bu BXOHbIE U BHIXOJHBIE I[N
XOPOIIIO M30JIMPOBAHBI OT «3eMJIM» U OT APY-
TUX 3JIEKTPOYCTAHOBOK (IIPH MCIIOJIB30BAHUU
BOJIC puist cBsizu Mexay tepmusanamu)? Benpb
PaboTOCOCOOHOCTD BHY TPEHHUX 3JIEKTPOHHBIX
meneit MYP3 Hukak He cBg3aHa ¢ HaJIMYUeEM
WM OTCYTCTBHEM 3a3eMileHus1. UTo ke Kacaer-
cs1 9pPeKTUBHOCTH 3aIUTHI IYBCTBUTEIBHBIX
9JIeKTPOHHBIX Iener MYP3 oT Bo3meiicTBUs
BHEIITHUX 9JIeKTPOMAarHUTHBIX IIOJIEH C IIOMO-
IO METAJUINIECKOTO KOPIIyCa, IPU3BAHHO-
TO BBIIOJHSTH POJIb TAK HAa3bIBA€MOU KJIETKH
®dapapest, T0 9Ta 9(h(HeKTUBHOCTh HUKAK He 3a-
BUCHT OT HAJIMYUSI WU OTCYTCTBUS 3a3eMIICHHS.
To ecTp 3a3emnenne xoprnyca MYP3 Hukoum
00pa3oM He BIIHSIET Ha 9KPaHUPYIOIIuil ¢deKT
kopiyca. C Ipyroi CTOPOHBL, eCTU CUTHAIIBI 110~
MeX IOCTYTIAIOT 110 KabesIsiM Ha 3JIeKTPOHHBIE
nen MYP3, pacrionoskeHHbIe BHYTPU KOPITycCa,
TO KaK 3a3eMJICHHE eT0 KOpIyca IpeIoTBPaTUT
BO3JENCTBUE OTUX ITOMeX (0COOEHHO IMOMeX
nuddepennuanpHoro tuna)? OTBET 0YeBH-
neH: HUKak! bojyee TOro, MOXHO yTBEpKIATh,
4TO 3a3eMiIeHHe Koprycos MYP3 numib ycyry-
6JIsIeT CUTYAIMIO U CHIKAET IOMEXOYCTONIH-
BOCTb PeJICHHOM 3alUTHL. TaK, B COOTBETCTBUI
co cranzaprom IEC 60255-22-4 uMITyIbCHBIM
HalpsDKeHMeM HaHOCeKYHIHOTO Juana3oHa
C aMIUTUTY/I0H 4 KB IpoBepsoTCcst Bce BXOIHbIE
U BBIXOJHBIE IIeNIH peJie 3aIMUTHI, 32 UCKIIIO-
JeHHeM ITOPTOB 1udpoBoit cBs3u. To ecTs 3a-
paHee IpeAIoaraeTcs, ITO ATU MOPTHI U LeNn

He BbIJep)KaT Mog00HbIX ucnbiTanuii. Ho npu
HCIIOIB30BAHUY OOBITHOM BUTOM HapPbI U IIPH-
COeIMHEHUS OTUX Ielel K CeTr Ethernet BmecTo
ucrionbzoBanust BOJIC, k mersiv HensbesxHO Oy -
JIeT IPHIOXKEHO BBICOKOE HAIIPSDKEHHUE B CITydae,
U306pKEHHOM Ha pHC. 1. A Kak H3MEHHTCSI CH-
Tyarus, eciu kopiryca MYP3 6ynyT TimarensHo
H30JIMPOBAHBI OT CUCTeMBI 3a3eMieHus? Eciu
peHe6pedsb apasUTHBIMU eMKOCTSMH (@ B pac-
CMOTPEHHOM HIKE BaApUAHTE KOHCTPYKTUBHOTO
UCIIOJTHEHU A UMU ]IefICTBI/ITeJIbHO MOXHO 6Y‘
met mpeHe6pedb), TO UCXOMS U3 TOTO Ke puc. 1
K IOpTaM I POBOIL CBS3H BBICOKOE HAIIPsDKe-
Hye IIPUIOKEHO He 6yfIeT.

Erte ogna npo6iieMa NpUHSATON CETOMHS CH-
CTEMBI 3a3€MJICHUSA — SHCKTPOMaFHHTHbIﬁ M-
IyJIbC BBICOTHOTO siiepHOro B3peiBa (OMU AB),
B YaCTHOCTH, €ro TaK Ha3bIBaeMasd <(6LICTpaf{))
cocrapstommast — E1, koTopast xapakTepusyer-
Cs KOPOTKUM, HO OY€Hb MOIIHBIM UMITYJIbCOM
9JIEKTPHIECKOTO HIOJIS Y IIOBEPXHOCTH 3eMIih,
HaIpsKeHHOCTBIO 10 50 kB/M ¢ mepennum
(bPOHTOM OKOJIO HECKOJIBKUX HAHOCEKYHI U 3a-
IHUM GPOHTOM OKOJIO OZHOI MUKPOCEKYH-
met [3]. DTO mOJIe UMeeT CIOXKHYIO CTPYKTYPY
1 COIEPIKUT BEPTUKAJIPHYIO U TOPU3OHTATIbHYIO
COCTABJLIIOLINE, 06YCIOBIUBAIOIIINE IOSIBICHIE
SHAYUTEIbHBIX UMITYJIbCOB TOKA B ITPOTSOKEHHBIX
IPOBOIHUKAX, B TOM UHCJIe B CUCTEMAX 3a3eM-
JIEHUSI, BBIITOJIHAIOIINUX POJIb 6OJ'H)H_II/IX AHTEHH,
a6COPOUPYIOIINX JIEKTPOMATHUTHYIO JHEPTHIO
Ha 3HAYUTEIbHOM IUToInanu. B crydae paspsioa
MOJIHUM U Hp0605{ N30 H BBICOKOBOJIBT-
HOTO 9JIeKTPOOOOPYIOBAHUS, UMEIOIIEro hyHK-
[IIOHAIBHO 3a3eMJICHHbIE YaCTU (Hampumep,
3a3eMJICHHbIE HYJIeBble TOUKH 0OMOTOK BBICOKO-
BOJIbTHBIX TpaHCq)OpMaTOpOB, COCIUHEHHBIX
B «3Be31y»), CHCTeMa 3a3eMJICHHs UTPAeT POJIb
9JIEKTPOJA, UMEIOI[Ero HyIeBOM MOTeHIINAL.
B 60ibIINHCTBE HOPMATHBHBIX TOKYMEHTOB,
IaXke TAKUX Cepbhe3HBIX, Kak [3], He memaercst
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HUKaKOM PasHUIIbI MEXKIY BO3IENCTBIEM Ha CH-
cTeMy 3a3eMJICHHs Paspsiia MOJTHUU ¥ KOMIIO-
nernta E1 DMU SIB. Hanpumep, B nokymente [3]
TOCJIOBHO 3aIlUCAHO cienyolee: « Tak Kak Biu-
sIHIe HaBe[IeHHOM JIEKTPOMAarHUTHBIM UMITYJIb-
COM ITOMeXH TOTOOHO TOI, 9TO HabII0gaeTCsa
TIPY paspsiiaX MOJIHUY, CHCTeMa MOJTHIEOTBOJIOB
U CUCTeMA 3a3eMJISIOIINX JIEKTPOJIOB — IJIaB-
Hble HHTEPQEICHI CHCTeMBbI 3AIUTHI OT JIEKTPO-
MAarHUTHOTO HMITYJIbCay.

OnHaKo Ha caMOM JieJie eCTh CyIlleCTBeHHas
pasHHIIAa MEXY BHICOKOBOJIBTHBIM Pa3psiioM
MOJIHHY Ha CUCTEMY 3a3eMJICHUSI C HYJIEBBIM 10~
TEHIIMAIOM WX TIPO60EM U30JISIUH BBICOKO-
BOJITHOTO 060PYLOBAHUS HA «3eMJIIO» U UM~
nynbcoM E1 MOIITHOTO 9IeKTPUYIeCKOTO OIS,
9acTb KOTOPOTO HAIpaBJleHa MapajlIeIbHO 110~
BEPXHOCTHU 3eMJIH, TO €CTh MapaJIJIeIbHO CeTKe
CHCTeMbl 3a3eMJIeHus. [Ipu BOBHUKHOBEHUN
OMMU fIB cucrema 3a3eMiIeHUS yKe IIepecTaeT
OBITh IIOBEPXHOCTHIO C HYJIEBBIM ITOTEHIHAIOM
U HaYMHAeT UTPATh POJIb UCTOTHUKA BBICOKO-
TO UMIYJIbCHOTO HAIIPSDKEHUS], IPUKIIa/ibIBae-
MOTO K 3JIEKTPOOOOPYIOBAHUIO, 3a3eMIEHHO-
MY B PasJIMUHBIX YaCTSIX CUCTEMBI 3a3eMJICHUS
U UMEIOIIeMy TaJbBaHUYECKYIO CBSI3b MEXIY
coumu aseMeHTamu (puc. 1). ITockonbky peds
uyer 06 09eHb MOIITHOM U 0YeHb KOPOTKOM, 00-
JIaJIafoIeM BbICOKOYaCTOTHBIMHU CBOMCTBAMU
HMITYJIbCE, CO3JAI0IIEM B BO3[yXe HAIIPSDKEH-
HOCTb IIOJIA, focruranomryio 50 kB/M, To cra-
HOBHTCS IIOHATHBIM, YTO Ja’Ke Ha HEOOIbIIIOM
y4JacTKe CTaHAPTHOM CUCTeMBbI 3a3eMJICHUS
MOJKET TIOSIBUTHCSI O4€Hb BBICOKAst Pa3HOCTD 10~
TEHIINAJIOB, HAMHOTO IIPEBbIIIAIOIIAs 3HAUCHHE,
BO3HUKAIOII[ee IIPH IIPOTEeKaHUU TOKOB MOJIHUA
4epes cucTeMy 3azemieHus. [loaromy Tpe6o-
BAHMSI K QJIEKTPUIECKOH IPOTHOCTU U30JLIIIAN
BXOJIHBIX U BBIXO[HBIX Ilerielt MYP3 Boizepsxu-
BaTh UCIIBITATeIbHbIE UMITYJIbCHBIE HAaIIPsDKe-
HUSI HAHOCEKYH/THOTO IMaIa30Ha C aMIUTUTYION
4 kB, ykazanssle B craggapte [EC 60255-22-4,
yoKe SIBHO HEITOCTATOYHBI it 06ecredeHust
paborococob6uocta MYP3. Kpome Toro, Mbt
HeCIIPOCTa YIIOMSHYIU 0 Kopryce MYP3 kak
00 aj1eMeHTe, «IIPU3BAHHOM BBIIIOJIHSTE POJIb
xietku Papayest, a He «BBIIOTHSIIONIEM POJIb
xierku apanes». [Toromy uTo Ha camoMm nese
MeTaJJIN4ecKue KopIryca coBpeMeHHbIX MYP3
TOBOJIBHO IIJIOXO CIIPABJISIOTCS C POJIBIO KIIETKH
dapayiest ©3-3a HUIMYUS B HUX OOJIBIIINX BbIpe-
30B JIS1 9KPAHOB, KHOIIOYHBIX HaHeJIe, KJIeM-
MHBIX KOJIOTIOK (pHC. 4).

[Tapametpst cocrasistomteit E1 OMU B ra-
KOBBI, YTO BCE ITU BBIPE3bl B METAITTHIECKOM
KopIyce 00yCIOBIMBAIOT HPOHUKHOBEHHE
MOIIHOM 3J1€KTPOMArHUTHOM BOJIHBI C OKBU-
BaJICHTHOU 4aCTOTOM, JOXOIMIIEN 10 IeCSITKOB
rurarepii, BHyTpb Kopryca MYP3.

CranjiapTHble MeTaUIndecKre Kagdbl, B KO-
TOPBIX CErONHS Pa3MeIAIOTCs KOMIIEKTHI
YCTPOWCTB peIeHON 3al[UThI, TAKKE MAJIOIIPH-
TOJIHBI [UIS TOTO, YTOOBI IIpefoxpanuts MYP3
OT BBICOKOYACTOTHBIX 9JIEKTPOMAarHUTHBIX 10~
JIeil, TIOCKOJIBKY MMEIOT IIOJIHOCTBIO OTKPBITYIO
HIDKHIOK (MJIH BEPXHIOI) 9acTh JJIst BBOJA

Puc. 4. CospemenHble Tepmutancl MYP3

B KOPNYCax C MHOrOYUC/IEHHBIMU OKHaMH,
BbIPE3aMK1 WU OTBEPCTUSIMM MO, IKPaHbl, KHOMKH,
MHAMKATOPHbIE NaHEeU U APYTHe 31EMEHTI

Puc. 5. TepmuHansl MYP3, ycraHoBneHHble
B CTaHAAPTHbIX LWKaax Co CTEKSAHHbIMU ABEPSMA

MHOTOYHCIIEHHBIX Kabeseil, a HHOTIA U CTe-
KISIHHBIE IBEPHU, Yepe3 KOTOpble YIOOHO Ha-
6ronath 3a 9KpaHaMu U HHAUKaTopamu MYP3,
He OTKpbIBast ux (puc. 5). [ToaTomy Tak unu
HMHa4e HeO6XOIII/IMO UCKaTb aJIbTEPHATUBHDBIC
pettierust 1y1st 06ecriedeHust mogoOHOI 3aIIUTHL.
Takum 06pa3oM, CTAHOBUTCS OUEBHUIHBIM,
YTO JEeHCTBUTEIHLHO HEOOXOIMMO JIUIIb 3aIIUT-
Hoe 3a3emJieHne kopirycos MYP3, nmpenoxpans-
JOI1Iee IIEPCOHAN OT MOPAKEHUST AIEKTPHICCKIM
TOKOM IIpH IIPUKOCHOBEHHUHU K Koprycy MYP3,
HO HUKaK He (PYHKIIMOHAIBHOE 3a3eMJIEHHE.
Y10 KacaeTcs 3alUThI OT BO3AENCTBUSA KOM-
nonedra E1 DMMU (B, oxazbiBaeTcs, 4TO U3-
BECTHDBIC TEXHUYECKUE PELICHU I10 CUCTEMAM
3a3eMJICHUs], IIPUMEHsIeMble B 9JIEKTPOIHepre-
THKe, SIBJISFOTCS] He TIPOCTO OeCIoNe3HbIME H3-3a
BBICOKOI'O COIIPOTUBJIEHUS Ha 9KBUBAJIEHTHOU
JacCTOTE B NECATKU I'Urarepil, Ho u OIraCHbIMU
171 9yBCTBUTEIbHON 3JIEKTPOHHON anmapa-
TYpBL B cBsA3M ¢ 4eM MOXXHO KOHCTaTHPOBATh,
910 TpeOOBaHMe 3a3eMJIEHUS KOPITYCOB MUKPO-
TIPOLIECCOPHBIX YCTPOUCTB PeIeHHON 3aIIUThI
MPUXONUT B IPOTHBOpedne ¢ TpebOBaHMEM

obecriedeHnst X YCTOMYMBOCTH K BO3IEHCTBUIO
OMMU SIB. OpHako, IOCKOJIBKY pedb UeT JIUIIb
0 3aIIUTHOM, a He 0 (DYHKIIMOHAJIBHOM 323eM-
JIEHUH, OYEBUIHO, YTO CYIIECTBYIOT U JPyIrue
BO3MOKHOCTH 117151 0becriedeHnst 6e30macHOCTH
nepconaia pu pabore ¢ MYP3, kpome 3azem-
JICHUA UX KOpHyCOB.

PeleHue npobnembl 3azeMmneHus
M APYrUX CMeXHbIX Npobsiem

[To HalleMy MHEHUIO, PeIIuTh npobiiemy
MOKHO, BBIIIOJIHUB TepMuHaI MYP3 B Tmia-
TeJIbHO M30JUPOBAHHOM (IIJIACTMACCOBOM)
KOpIlyce U IPUHSB JOIOJHUTEIbHbIE MEPHI
10 IPeJOTBPAIeHUI0 BBIHOCA OIIACHOTO I10-
TeHIIHMaJa Ha IOBEPXHOCTb 3TOr0 KOpIyca.
Takumu MepamMu MOTYT OBITh: 3aKPBITHE 9KPAHA
IIPO3pavHON IIACTMACCOBOU IIaHEJIBIO; BHIBOJL,
YIPAaBJIAIOIINX KHOIIOK HA IIOBEPXHOCTH KOP-
ITyca yepe3 U30JIAUOHHBIe IIPOCTABKH; IIO/IBOJL
CBeTa CO CBETOIMO/IOB Ha CBETOBOE TabI1o, pac-
II0JIOKEHHOE Ha IIOBEPXHOCTH KOPITyca, 4epe3
JKeCTKHE IIJIACTMAaCCOBbIE CBETOBOIBI; UCIIOJIb-
30BaHUE U30JUPOBAHHOTO OITHYECKOTO IOP-
Ta [JIs MOJK/IIOYeHUS BHEIITHETO KOMIIBIOTepa
k MYP3.

JOIOTHUTEIBHBIMU MEPaMH, He TOJIBKO 06e-
CIIeYNBAIOIIUME 6€30I1aCHOCTh ePCOHANIA IIPH
OTCYTCTBUU 3a3eMJIEHUS KOPIIYCa, HO U IIOBBI-
MIAIOIIUMEI YCTOWYNBOCTD K BO3[ENCTBUIO BbI-
COKOBOJIBTHBIX MUMITYJIbCOB Ha BXOJIHBIE U BbI-
xozHble nenu MYP3, 1o/oKHBI CTaTh OoIpesie-
JIeHHbIe U3MEHEHUS B UX KOHCTPYKITHH.

AHanorosble BXOoAbl

DieMeHTaMH, CBA3bIBAIOIIIUMHK aHAJIOTOBbIE
Bxoabl MYP3 ¢ BHeIITHUMU IIeMISIMU TOKA U Ha-
HPsDKEHUS], SIBJISIIOTCS BXOIHBIE TpaHChopma-
topsl Toka (TT) u Hanpsprkerus (TH), noaro-
MY MMEHHO TaK¥e 3JIeMEeHTHI OY/yT B IIEPBYIO
odepe/b HOIBEPTHYThI BO3AEHCTBUIO MOIITHBIX
nepenanpspkeruit [111]1B. Bxonusie TT B MYP3
UMeIoT HarboJiee poCTyo KoHCTpyKuuio. Kak
[PAaBUJIO, 3TO MHOTOBUTKOBAsl BTOPHYHAS 00-
MOTKa, HAMOTaHHast Ha (DePPOMATHUTHOM Cep-
IeYHUKe, U [TepBUYHAST 0OMOTKA, COCTOSII[AS
U3 HECKOJIbKUX BUTKOB TOJICTOTO U30JIMPOBAH-

Puc. 6. ®parmeHT Mopyns aHanorosbix Bxosos MYP3
C yCTaHoB/IEHHbIMK TT.
XopoLuo B1AHa nepBryHasi 06MoTKa,

COCTOSALLaA U3 YEeTbIpeX BUTKOB
rubkoro M30/IMPOBaHHOro NPOBOAA YEPHOTO LiBeTa

KOMIMOHEHTbI U TEXHOIOTWN « Ne 7 2015



TeXHOJ/IOrMHU

Puc. 7. TpaHcdopmaTopsl ToKa KancynMpoBaHHOM
KOHCTPYKLMH C BTOPHYHOM OBMOTKOM, 3a/10)KeHHOM
B M/1aCTMACCOBbIN KOPMYC W 3a/IUTOM 3MOKCHAHBIM
KOMMayHAOM, OTBEPXKAEHHDIM MOZ BaKyyMOM.
BugHa nepeuuHas 0bMoTKa, coctoswas

13 OAHOTO BUTKa TMOKOro M301MPOBAHHOIO NPOBOAA

HOTO [IPOBO/Id, HAMOTAHHOTO [IOBEPX U30JIHPO-
BaHHOI BTOPUYHOI 0OMOTKH (pHC. 6).

MeTomb! MOBBIIIIEHNS YCTOWYUBOCTU TAaKOU
KOHCprKHHH K BOSI[efICTBHIO MOIITHBIX UM~
HYHLCHI)IX Hapr{)KeHI/Iﬁ OOCTATOYHO HpOCTbI
1 3aKJIFOYAIOTCS B CIIEYOIIEM:
® KaICyJIUPOBAHUE BTOPUIHON OOMOTKH IIy-

TEeM 3aJINBKHU €€ SIIOKCUIHbIM KOMHaYHI[OM

C OTBEpIKIIEHUEM TIOJI BaKyyMoM (puc. 7);
® JICIIOJIb30BAHNKE [IPOBOJIA B BHICOKOBOJIBTHOM

M30JISIIIUH JUIS1 I3TOTOBJIEHHS TIEPBUIHOI 00-

MOTKH;
® JICIIOJb30BAHNE JJOIOJHHUTETbHBIX 9KPAHOB

U TIOJIYTIPOBOJAIINX ITOKPBITUI, BIpaBHUBA~

FOLLUX 3JIEKTPUYECKOe T10J1e B KOHCTpyKimu TT;
e [IpUMeHEHIe MarHUTONPOBOIA C U30JIUPO-

BaHHOM IIOBEPXHOCTBIO.

HQCFITKI/I TUIIOB FI/I6KI/IX HpOBOILOB B BBICOKO-
BOJIbTHOU MN30JIAUU U3 CUJIUKOHA, IIOJIUOTU -
neHa, proporacra Ha Hanpspkerus 10-25 kB
BbIHYCKaIOTCH MHOTHUMHU KOMIIAaHUSIMHU, B TOM
qucie Teledyne Reynolds, Multi-contact, Allied
Wire & Cable, Wiremax, Dielectric Sciences Inc.,
Axon’Cable, Daburn Electronics & Cable,
Sumitomo Electric, Belden, OKb kabenbHoit
npowmbinuterroctu, OO0 «Pexgkuit Kabenb»
U MHOTUMU ]IpyrI/IMI/I

PexoMeHIAIUN 110 YCUIEHHUIO YCTOMIUBOCTH
TH a"anoru4usl, 3a UCKIIOYEHUEM TOTO, 9YTO

Puc. 8. BHewwHHi BUA ONTPOHOB HEKOTOPbIX TMUMOB C HAMPSHYKEHWEM 30/IALMK BXOAA OT Bbixoga 12—25 kB

BMecTO I'MOKOro IpOBOAIA C BEICOKOBOJIBTHOI
HU30JA1MeN B Ka4eCTBE MEPBUYHON 06MOTKH
IIPUMEHAETCA O6MOTOquIfI IIPOBOJ, C YJIy4IlIE€H-
HOU U30JIA1MeN 3-TO Kjlacca B COOTBETCTBUH
¢ IEC 60317-0-1 Specification for particular
types of winding wires — Part 0-1: General
requirements — Enamelled round copper wire
u3 nonuumupa (Polyimide), a Taxoke mporut-
Ka [0j] BAKyyMoM 06ernx 06MOTOK. [TOCKOIIbKY
yBeJI4eHNe Ce4eHNst OOMOTOYHOIO IPOBOJIA CO-
IIPOBOJKIAETCA ABTOMATUYIECKUM YBEJIUICHUEM
TOJILIUHBI U30JIAIIUNA U €€ BHQKTpH‘IeCKOﬁ Ipov-
HOCTH, TO CJIelyeT CTPEMUTHCS K UCIIOIb30Ba-
HUIO GOJIBLIIETO 10 CEYeHHIO IIPOBOJIR, HECMOTPSI
Ha eCTeCTBEHHOe yBelndeHune pasmepos TH.
HexoTOpble IPOU3BOAUTENN BBIITYCKAIOT 0OMO-
TOYHbIE ITPOBO/IA C H3OHHHHefI M3 IIOJIUUMHUA,
BBIIEP)KUBAIOLL{KE [I0JIY TOPHOE U JIaXKe JBOIHOe
HaIPsKEHUE 110 CPABHEHUIO C HOPMUPYEMBIM
no craggapry IEC 60317-0-1, Hanpumep aH-
omickast kommasust P. A.R. Insulations & Wires
Ltd, ypenkast Bemka A.S. u mpyrue.

AuckpeTHbie Bxogbl

V305151110151 IUCKPETHBIX (JIOTMIECKUX) BXOJIOB
IIpaKTHIeCKH Beex TunoB MYP3 obecrednBaer-
¢ onTpoHamu. Kak mpaBmiio, 3T0 MUHHUATIOP-
HBI€ OITPOHBI B CTAHJAPTHBIX Kopirycax DIP-4,
DIP-6, DIP-8, SOP-4. Dnekrpuueckas mpod-
HOCTb M30JISIIUY MEKIY BHYTpeHHUM (POTO-
H3ITYIA0uIM 1 GOTOIPHEMHBIM dJIeMEHTAMU
y TaKHX OITPOHOB MOXKET TOXOAUTH 10 5—7 KB
TeHCTBYIOIIEro 3HaUYeHUs TIEPEMEHHOTO TOKa.

OnHAKO peasbHO ONTPOHBI, YCTAHOBJICHHBIE
Ha TIeYaTHOM IIJIaTe, TaKue HAIPSDKEHUs He BbI-
Iepykat u3-3a IPo0Ost MeXIY HOKKAMU II0 [0~
BEPXHOCTH ILIATHI. B TO )Ke BpeMst Ha phIHKe
IIIMPOKO TIPEJICTABIIEHbI ONTPOHBI B CIIEIHAIb-
HBIX KOPITyCaX C pa3HeCeHHbIMU B IIPOCTPAHCTBE
BBIBOJIAMU BXOJIa U BBIXOMA (pHC. 8), BBIIEPKHU-
BAIOII[He HANIPSDKEHHSI MEK/IY BXOJIOM U BBIXO-
oM, foxopsmmue 1o 12-25 kB. OTo onTpoHbI
tua OC100 (Voltage Multipliers, Inc.); HV801
(Amptec, Inc.); OPI1268S (TT Electronics);
5253003120 (Standex Meder Electronics) u T. 1.
VIMeHHO TaKkue ONTPOHBI CJIeyeT IIPUMEHSTh
B IUCKPETHBIX Bxogax MYP3 nis nospiiienus
ux ycroiausoctu kK OMU AB.

Cxembl MYP3 00bIMHO [TOCTPOEHBI TAKIM 06-
Pas3oM, 4TO IePBBIMU JJIEMEHTAMH, K KOTOPBIM
HPUKJIAbIBAETCS IIOCTY AN Ha JUCKPET-
HbIe BXOJIbI CUTHAJI, SIBJISIOTCSI BAPUCTOPBHI, 3a-
LIUIIAIOIIe BXO/bI ONTPOHOB OT IIepeHaIpsi-
keHUH. [lasee CIelyIOT racsiiye BBICOKOOMHbIE
PE3UCTOPBI, CHIDKAIOIINE YPOBEHb BXOJHOTO
Hanpsokerus (06praH0 230 B) mo pabouero Ha-
HPsDKEHUS] BXOTHOM IIeIH ONITPOHA, TP KOTO-
POM TOK B 9TOJ I[elIN He IpPeBbIIIaeT HeCKOIb-
KX Mujnauamiep. [lpu ucnonp3oBaHUHT
TVS-nuonos BMecTo BapuCTOPOB IUCKPETHBIE
BXOJIbI OKa3bIBAIOTCSI XOPOIIIO 3aIIUII[eHHBIMI
He TOJBKO OT KOMMYTAI[MOHHBIX II€peHarnpsi-
JKEHH, KaK TP UCTIOJIb30BAHUU BaPHCTOPOB,
HO U OT KOPOTKOTO BBICOKOBOJIBTHOTO UMITYJIb-
ca xomnoHeHTa E1 OMU B, eciiu emy ynacrest
IPOHUKHYTb Ha 3TH BXOHbL. CIIMIIIKOM BBICOKOE
GBICTPOTIECTBIE COBPEMEHHBIX OIITPOHOB, 0CO-
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6eHHO Ha OCHOBe (DOTOIMOMIOB, CIIOCOOHOE HocTUraTh 107 ¢, ABIIsIETCS erte
OfHOI Ipo6eMoit. BoT odeMy UL IOBBILIEHNS TOMEXO0YCTOINIUBOCTH
onTpoHa TpeGyeTcst JOIMOIHUTEIbHAS 3ALIUTA OT €ro JIOKHOTO CpabaThl-
BaHUS NIPU BO3MIeNCTBUY KOpoTKoro nmirybca E1. Takyro amury MoxkHO
peaHI/IBOBaTI) HYTeM H_IYHTI/IpOBaHI/IH BXO[Ja OHTpOHa BBICOKOYAaCTOTHBIM
KepaMUYECKUM KOHIEHCATOPOM, CHIKAIOIIUM OBbICTPOJEHCTBIE ONITPOHA
U, CJIENOBATENBHO, MOBBIIIAIOIIAM €T0 TOMEXOY CTONYUBOCTD.

BbixogHble pene

Hcnonb3oBanne B MYP3 BBIXOIHBIX pejie ¢ TTOBBIIIEHHON IPOYHOCTHIO
9JIEKTPUYECKON M30JIALMI — OJHA U3 MeP IOBBILIEHUS YCTOMIYUBOCTU
MYP3 k Bosgericteuio OMH fB. Xopoine rnepcrekTHBEI IS 9TOTO eCTh
Y TEPKOHOBBIX peJie, BBIIIOJHEHHbBIX Ha OCHOBE HOBBIX MaJIOra0apUTHBIX
repkoHOB 60sbI0it MotHocTH THra R14U u R15U ¢ nBOMHOI KOMMY-
Taryeil, KoTopsre, o roprooit Mapkoit BESTACT (puc. 9), Bbimyckaer
koMmanust Yaskawa. [epKOHBI JaAHHOTO THITA UMEIOT JBOMHOM KOHTAKT
(ocHOBHOI U nyroracmTeanmﬁ), C TIOCJIEIOBATEIbHOM KOMMYTaIuen,
TO3BOJIAIOIINH BKJIOYATh aKTUBHO-NUHAYKTUBHYIO HarPy3Ky C TOKOM
15 A mpu Hanpsbxkerun 220 B DC u 30 A mpu nanpsxerun 220 B AC.
Ha ocHOBe 9THX repKOHOB KOMITAaHUS BBIITyCKaeT pejie Pa3JIndHbIX TH-
o — Hanpumep, R1-B14T2U. OnHo u3 oTIM4uil repKOHOBOTO peiie
OT JPYTHX THUIIOB 3JI€KTPOMAarHUTHBIX pejie — IPOCTOTa KOHCTPYKITUK
(repKOH M KaTyIIIKa) U BO3MOYKHOCTD JOCTYIIHBIMU TeXHIIECKIMHE CPefl-
CTBaMU 00€CIeInTh OYeHb BHICOKUI YPOBEHD U30JLIUH (IeCATKH KIIO-
BOJIBT) MEXKIY KaTYIIKOM U TepKOHOM. Takast BO3MOXKHOCTb TePKOHOBOTO
peJie 04eHb BaykKHa P UCIOIB30BAHNUN €T0 B KaU4eCTBE BBIXOTHOTO peje
MYVP3, samutertoro or SMU SB, u MoxxeT 6bITh peain30BaHa Ha OCHO-
Be TOTOBBIX Pa3pabOTOK aBTOPA, OIUCAHHEIX B [5].
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Puc. 9. MowHblit repkot Tuna R14U (R15U) ¢ ABOMHbBIM KOHTAKTOM W pesie Ha ero OCHOBE,
npo13BoAUMble KoMNaH1er Yaskawa

MeuaTtHbie nnarbl

YCTOMYUBOCTD K UMITYJIbCHBIM HAIIPSKEHUSAM COBPEMEHHbIX IeYaT-
HBIX IUIAT C 3JIEMEHTAMH IIOBEPXHOCTHOTO MOHTA)Ka 3aBUCHT HE TOJIBKO
OT TIPaBUILHOTO BBIOOPA 3IEKTPOHHBIX KOMIIOHEHTOB, HO U OT IIPOOUB-
HOTO HAIpSDKEHHS MEXK1Y HOKKaMH 3JIEMEHTOB M PACCTOSHUS MEKIY
IeYaTHBIMU IIPOBOIHUKAME (KOTOPbIE U3-3a BHICOKOI INIOTHOCTH MOHTA-
Ka OBIBAIOT OYeHb MajIeHbKUMHE). [I09TOMY OJHIM U3 TOIIOTHUTEIBHBIX
TyTell oBbIIIeHns HajiexkHocTu MYP3 B ycmoBusix Boazeiictsus OMU
SIB MOXeT OBITh CIUIONIHOE [BYCTOPOHHEE IIOKPBITHE IUIAT CIeI[HaTbHBIM
BBICOKOBOJIBTHBIM JIAKOM. [IprMepoM Takoro Jaka MOIyT OBITh IPOIYK-
ThI, BbITyCKaeMble kommanueit Vol Roll o toprosoit mapkoit Damicoat,
tunos 2405-01, 2407-01 u gpyrux. OTH JaK1 UMEIOT JJIEKTPUIECKYIO
npoyHocTh n3onsnuu 70-100 kB/mm. ITockonbKy meyaTHBIE IUIATHI C Ta-
KIM HOKPBITHEM CTAaHOBSTCS IOJHOCTBIO HEPEMOHTOIPUTOTHBIMHE, OT-

CIOfIa BBITEKAET NOIIOJHHUTEIbHOE TpeOoBaHHe K KoHCTpyKuuu MYP3:
KOJINYECTBO IT€YATHBIX [UIAT, U3 KOTOPBIX cOCTOUT MYP3, n0/KHO OBITH
yBeIHIeHO, YTOOBI IIPH BBIXO/E U3 CTPOSI OXHOTO (HYHKINOHATHHOTO
MOZYJISL 3aMeHSATh HMEHHO 9TOT MOLY/Ib, @ He TPYNIy (yHKI[HOHAIb-
HBIX MOJIYJIell, PACIIOJIOKEHHBIX Ha 001Ieil edaTHOH 1are. [lisg aToro
KOJIMYECTBO IT€YATHBIX [UIAT, U3 KOTOPBIX cOCTOUT MYP3, n0/KHO ObITH
YBEJIMYEHO [I0 KOJIM4ecTBa (DYHKI[MOHATHHBIX MOJYJIeil. TO ecThb KasK/blil
(yHKINOHAIBHEIN MOAY/Ib (MCTOYHUK ITUTAHUS, MOIY/IN IUCKPETHBIX
BXOJI0B, MOJIYJTH aHAJIOTOBBIX BXOJI0B, MOJYJIb IIEHTPaJILHOTO ITPOIiec-
COpa, MOAYJIb BBIXOAHBIX pelie) JODKeH ObITh BBIIOIHEH Ha OTAEIbHOM
BBIABIKHON II€YaTHON IUTaTe, COEAUHAEMON C IPYTUMU IIJIaTaMU depes
KpOCC-TUIaTy.

Taxoit moaxoz He TOIBPKO HEOOXOIUM B CBSI3H C HEPEMOHTOIIPUTOJIHO-
CTBIO OT/EJIBHBIX Moftyneit MYP3, Ho 1 BecbMa sKeJTaTesleH ¢ TOYKH 3pe-
HUSL peleHust IPo6IeMbl CTAHIAPTU3ANUE KOHCTPYKiuu MYP3 u yHu-
BePCAIU3AINH €T0 MOLyJIelt [4].

Emte ogao npeumytectBo koHcTpyknuu MYP3, comepkarteit oTnens-
Hble HEPeMOHTOIPUTONHbIe (DYHKI[HOHATIbHbIE MOLY/IH, COCTOUT B BO3-
MOKHOCTH HCII0JIb30BAHUSI HOBOTO (IJIs1 PeIHHOM 3aIIUThI) KPUTEPIS
OIIEHKH HAJIeKHOCTH, BMECTO TaKOTO, MATKO BBIPAKasCh, CTPAHHOTO KPH-
Tepusl, KaKk «HapaboTKa Ha OTKa3» ¢ ero daHTacTHIeCKUMHU Hudpamu
B 50-90 JteT, YTO He HMeeT HUKAKOTO OTHOLIICHNS K PeaIbHOll (a He Puk-
THBHOH) HAEKHOCTU. DTOT KPUTEPHIl HA3bIBAETCS «TaMMa-IIPOLIeHTHAS
HapaboTKa 10 OTKa3a» U XapaKTepu3yeT HApabOTKY, B TeUeHIe KOTOPOIL
OTKa3 00BEKTa He BO3HUKACT C OLIPEeSIeHHON BEPOSTHOCTDIO, BEIPAXKEH-
HoI1 B nporenrtax. Hanpumep, 95%-Hast HapaboTKa 10 OTKa3a B Te4eHHE
He MeHee IISATH JIeT 03HAYAeT, UTO 3a ILITh JIeT PabOThI TOJDKHO OTKa3bl-
Bath He 6oj1ee 5% yCTPONCTB, HAXOMSIINXCS B 9KCILTyaTarun. Vmes Ta-
KOI1 YIOOHBIIT ¥ IIOHSTHBII [T0Ka3aTelb, HOTpeOUTe b MOT ObI OTCIIEIUTH
KOJIMYECTBO BBIIIEIINX U3 CTPOSI MOJIYJIeH 3a OTpe/ieIeHHbIH IIPOMEKY-
TOK BPEMEHU U MTPebIBUTH IPOU3BOJMTEIIO IPETEH3NH, €CIIU B TeUEHHEe
JaHHOTO IIePHOMa OTKA3JI0 3HAIUTEILHO GOIbIIee KOTUIECTBO MOTYIeH,
JeM ObUIO TapaHTHPOBAHO IIPOU3BOAUTENEM. Biaromaps TakoMy mokasa-
TeJIIO IIOTPEOUTEITIO 3HAIUTEIBHO JIerde OPUEHTHPOBATHCS U Ha OyIyIeM
PBIHKe YHUBEPCATBHBIX MOyl [4] 1 BbI6UpaTh HaNOO0Iee IPUEMIIEMBLIT
BapHaHT 10 COOTHOIIICHUIO IleHa/KadecTBO. K ToMy ke ciienyeT 06s13aTh
IIPOU3BOAUTENEHN YKa3bIBaTh B TEXHUYECKOU U TEH/IEPHOM NOKYMEHTaIuu
CPeIHUI CPOK CITYKOBI OTIEIBHBIX MOIYJIEH U JaBaTh PEKOMEH/IAIlnU
OTHOCHTEIbHO NEPUOAUIHOCTH IIPEBEHTUBHON 3aMeHBI ATUX MOJYJIeH,
9TOOBI IONNEPIKATH BEICOKUI YPOBEHb HaIeKHOCTH PEJICIHOI 3aIIUTHL.
Harmpumep, 11t MOIYJIst HCTOYHUKA ITMTAHUSI 9TO MOKeT ObITh 8-10 ster;
IJIS1 MOJTYJIS IOTMUECKUX BXOJ0B — 12 JIeT; [JIs1 MOJYJISl IIEHTPAIbHOTO
npoueccopa — 15 jieT; 1y MOZYJIsl aHaJIOTOBBIX BXOIOB — 17 jIeT U T. 1.
DTu TaHHBIE [OJDKHBI OBITH U3BECTHDI JOOPOCOBECTHOMY IIPOU3BOLHU-
TeJII0, OTCIIEKUBAIOIIEMY CTaTUCTUKY OTKAa30B U IMOBPEKIEHNN CBOUX
U3JIeNUIA.

®Punbrpol 3IMU B

Bce Bxozb! 1 Beixoziel MYP3 (3a HCKIIIOUEHHEM TIOPTOB ONTHYECKOI
¢ POBOIL CBA3U) TOKHBI HOAKIIOTATHCS K BHEIIHUM IIEISIM depe3
creruaibHble (QIIBTPBL, 3AIIULIAIOIINe BHYTPEHHNE dIeKTPOHHbIE ey
MYVYP3 or nponukraosenus DMU AB. Bonee necarka KpynHBIX KoMIa-
HUI IPOU3BOMAT U LIMPOKO PEKIAMUPYIOT Takue GUILTPHI Kak dpdex-
THBHOE CPEJICTBO 3aIINUTHI OT TpoHUKHOBeHUss OMU B Bo BHyTpeHHME
9JIEKTPOHHBIE IIeNHU aNIapaTypsl. [Ipu 6osee r1y60KOM H3ydIeHUH BO-
IIPOCa 0KA3aJI0Ch, YTO MHOTHe OR0OHbIe (PUIBTPLI BOOOIIE He IMEIOT
BCTPOEHHBIX OTPaHUYUTENEN TIepeHanpssKeHus. Ha Moit HeloyMeHHbIH
BOIIPOC O TOM, KaK jKe TaKue (DIIbTPLI 3AI[UIIAIOT OT BEICOKOBOIBTHBIX
uMiyascoB DMU B, anpecoBaHHBII IPOU3BOAUTEIISIM, OOIBIIHHCTBO
BOOOII[e He COU3BOIIIN OTBETUTD. CIIeIUAINCT JIUIIb OfHON U3 KOMITa-
HUMA-U3TOTOBUTEJIEN YECTHO IIPU3HAJICA, YTO MO BOIPOC IIPABUJIbHbBIN
U CYLIeCTBEHHBIN U YTO IIPU UCIIOIb30BAHUY UX (DUIBTPOB IS 3aILUTHL
ot ODMU {IB neitcTBUTENIHHO HY)KHO I00ABUTH K HIM BHEIIHHE 3IeMEHTHI
3aIUTHI OT UMITYJIBCHBIX HaNpsDKeHUI. [[pyras mpo6aeMa 3aKkIiodaer-
Cs1 B TOM, ITO HEKOTOPBIE U3 BBIIYCKaeMbIX GuabTpos OMU AB xoTb
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Puc. 10. ®unbtpbl IMU AB, nponssoaumble komnanuen MPE, B koTopbix Hcnosib3oBaHbl
Voltage Depended Resistors — VDR (Bapuctopbi) 1 Gas Discharge Tubes — GDT (ra3osble pa3psigHukm)

B KaYeCTBE 3/1IEMEHTOB 3aLLWUTbl OT UMMYIbCHbIX Hanpﬂ)KeHMﬁ

TVS-anoapl

Puc. 12. ®unbpsl IMU AB komnanmuu Captor Corp.,
CHaBXeHHbIE MOLLHbBIMK GbICTPOAEHCTBYIOLLUMA
OrpaHWYUTENSIMM AMITATY /bl UMY /IbCHbIX HANPSXKEHWUH
Ha 6ase TVS-guogos

1 UMEIOT Ha BXOJ€ BCTPOCHHbIE OTPAHUIUTEIN
HMITYJIbCHBIX HAMPSDKEHMUI, BCe JKe HeCIIOCOOHBI
peaNbHO 3aIUTUTE OT OYeHb KOPOTKOTO UM-
myabca E1 u3-3a HefOCTaTOIHOrO OBICTPOLEt-
CTBUS BAPUCTOPOB U I'a30BBIX PAPSANHUKOB, HUC-
IIOJIb3YEMBIX B Ka9€CTBE TaKUX OrpaHI/I‘{I/ITeHefI
HMITYJIbCHBIX Harpspkenuit (puc. 10). Ha mpocs-
6y, oOpaleHHYI0 K KOMITAHUU-TIPOU3BOJIUTE-
7110, OOBSICHUTD, KAKUM 006Pa3oM TaKOM OTHO-
CUTEJIBHO Me)IHeHHbIﬁ JJIEMEHT, KaK BapucCTop,

Puc. 11. Mowble 6bICTPOAENCTBYIOLLME OFPaHHUMTENN aMIIUTYAbl UMMY/IbCHbIX HANPSYKEHHH HA OCHOBE NIaBUHHbIX AMOA0B

wiu elle 6ojee MeIJIeHHbIN [a30BbIi paspsn-
HUK MOKeT 3aL[UTUTh OT KOPOTKOTO UMITYJIbCa
El, oTBera He mocienoBao.

JlefcTBUTENBHO OBICTPOLEICTBYIOUUMU
3JIEMEHTAMH, CIOCOOHBIMY OTPAHUYIHUTH aM-
IUTUTYLY MOIIHOTO ¥ KOPOTKOro ummysbca El,
SIBJISIIOTCS TaK HagbiBaeMsble Transient Voltage
Suppressor Diodes — TVS Diodes, BbimonHeH-
HbIe Ha OCHOBE KPEeMHUEBBIX JIABUHHBIX IUOJIOB.
DJIeMeHTBI TAaKOTO TUIIA IIPOU3BOASATCS MHOTU-
MH KOMIaHusMu (puc. 11).

Hau6omee mourabie TVS-auonst (MMITyIibe-
HBI TOK 10 10 KA, ocTaroleecs HalpsbKeHUe
200-500 B) mpousBonstcs Kommanuei Bourns,
Inc. TakuMu OrpaHUYUTENISIMUA UMITYJIHCHBIX
HAIPSDKeHUI CHaGKeHbI (PUIBTPbI KOMIIAHUN
Captor Corp. (puc. 12), KoTOpble 1 peKOMEH/Y-
€TCsl UCII0JIb30BaTh IIPU IPOEKTHPOBAHUHY 3a-
mumesnoro MYP3.

KoHTponbHble kabenu

KonTponpHble KabeH, eCTeCTBEHHO, TOJDK-
HBI OBITh 9KPAHUPOBAHHBIMY U C BUTHIMU T1a-
pamu. MUHUMaJIbHBIM TPeGOBAaHUEM K SKPAHY
SIBJISIETCS BBICOKAs IIOTHOCTD OIUIETKU (He Me-
Hee 85%). SHAYUTEIBHO JYYIIUM KPAHUPYIO-

Onnetka

donbra

KoadhdmumeHT akpaHnpoBaHus

t t
10 100
Yacrorta, MI'y,

:
U
1000

.

Puc. 13. 3asrcumocTb KoadhpHLMeHTa IKPaHUPOBaHHS
OT 4aCTOTbI /151 3KPAHOB B BUAE ONJIETKM U P0IBT

Puc. 14. Kabenu ¢ kom61HMpoBaHHbIM (onneTka-chosnbra)
3KPAHUPOBAHKEM:
a) ABOMHbIM; 6) TPOHHbIM; B) YETBEPHbIM

M addexrom 061aKaI0T Kabeu ¢ IBOMHOM
oruteTkoil. Ha OTHOCHTENIbHO HUBKUX 9ACTOTAX
10 HECKOJIBKUX JIECSITKOB Merarepil orieTka
obecrevnBaer jydiiee SKpaHUPOBAHIE, YeM
¢oJbra, rIaBHBIM 06pa3oM 3a CYeT CBOEH TOJI-
bl OIHAKO 3aTeM SKPAHUPYIOIIKE CBOTI-
CTBa OIUIETKU PE3KO YXYMIIIAIOTCS U CTAHOBST-
CsI TOYTH HENPHEMIIEMBIMH €Ille O 9aCTOTHI
100 MI'ny. B To ke Bpemst ¢osibra HMeeT ILI0-
CKYIO aMILUTUTY/JHO-9aCTOTHYIO XapPAKTEPUCTHKY
B 00J1aCTH BBICOKHX YaCTOT, COXPAHSIS YIOBJIET-
BOpUTETbHbIE IKPAHUPYIOIINE CIOCOOHOCTH
BIUIOTb JI0 [I€CATKOB rurarepi (puc. 13).

[ToaTomy mpepnovTeHne CIeyeT OTAABATH
KabessiM ¢ KOMOMHUPOBAHHBIM MHOTOCIIONHBIM
9KPAHOM, COZIEPIKAIIMM U OIUIETKY, U (OIbry
(puc. 14).

OueBUIHO, YTO B HOBBIX IIPOEKTAX JOJDKHBI
MIPUMEHSTHCS CHE[HalbHbIe TUIIBI KOHTPOJIb-
HBIX KabeJiell, COBMEIIAOIIIE TAPHYIO CKPYT-
Ky [IPOBOJIOB ¥ 3KPaHBI U3 (DOJIBIH IS KaKIOM
TAKOU Maphl C TPEXCIOUHBIM OOIIUM KOMOH-
HUPOBAHHBIM 9KPAaHOM (HampuMep, 48-Kub-
HbI Kabensb tuma RE-2X(ST)2Y(Z)Y PIMF).
DTO UeabHBI CITydal, OMHAKO KaK OBITH C JIe-
CATKAMH CTapbIX KOHTPOJIBHBIX KabeJteil, 3aBe-
IEHHBIX B CYIIECTBYIOLINE MIKA(BI PeIeiHOM
3amuThl! MeHATh UX Ha HOBBIe! Bo MHOTrUX
CITy9asix 970 ObIBAET CITUIIIKOM CIIOKHO U CITHII-
koM noporo. K c4acTpio, HEKOTOPBIME KOMIIA-
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Puc. 15. Matepuanbl 15 3KpaHUPOBAHHS HEIKPAHMPOBAHHDIX Kabenei

uusmu (Hanpumep, Holland Shieldind Systems
BV) BBIITYCKArOTCS Cliel{UaibHble CeTIATHIE JIeH-
ThI, IIpe/JHa3HAYEHHBbIE Il OOMOTKH CTapbIX
HE3KPAHMPOBAHHBIX KOHTPOJIBHBIX Kabeelt,
a TAK)Ke ceTdaTble PyKaBa, KOTOPble MOXHO
[IPOCTO HATSHYTh HA HEIKPAHUPOBAHHBIE WK
c1abo sKpaHupoBaHHbIe Kabenu (puc. 15).

KomnoHoeka MYP3 BHyTpu wikaca

Kak y»xe roBopusioch, CTaHJapTHbIE KOH-
CTPYKIIUH PeIeHHBIX IIKa(OB, IIMPOKO IPHMe-
HsIEMBIe CETOJHA B 9JIEKTPOIHEPTeTHKE, He MO~
TYT CIYKUTh HaJe)KHBIM CPEICTBOM 3aITUTHI
ot OMMU AB. B To sxe Bpems TepmuHans: MYP3,
BBITIOJHEHHBIE B TIOJIHOCTBHIO M30JIMPOBAHHOM
IUIIEKTPUIECKOM KOPITyCe, TOJUKHBI ObITh Ha-
T€KHO 3aITUINEHBI U OT BHEITHUX 3JIeKTPOMar-

HUTHBIX IOJIEH, ¥ OT UMITYJIbCHBIX HAaIIPsDKe-
HHIT, TOCTYNAOIINX [0 BHEITHIM Kabersim. Kax
COBMeCTHTH 002 Tpe6oBaHMs?

ITo HamteMy MHEHHIO, pellieHreM IPOoOIeMbl
MOJKeT CTaThb pasMeltienre MYP3 BHyTpu nomot-
HHTEJIBHOTO CTaJIBHOTO KOHTEHepa, pealn30BaH-
HOTO I10 COOTBETCTBYIOLIel TexHomoruu (puc. 16).

CraHgapTHbIe KOHTEMHepHI I IIKadbl U3 JIH-
CTOBOU CTaJIU, He COZiepIKalllie OKOH HJIM IIie-
JIelt, cylecTBeHHO ocaabmsior DMU. Onnako
UCII0JIb30BAHME OLUHKOBAHHBIX JIUCTOB JIJIS
UX U3TOTOBJICHHS, @ TAKKe CIIEITHAIbHBIX JJIEK-
TPOIIPOBOJHBIX YIUIOTHUTEIEH U MPOKIALIOK
3HAYUTEIBHO IOBBIIIAET UX 9P (PeKTUBHOCTS,
IIOCKOJIBKY ITOKPBITHE IIMHKOM I103BOJISIET BbI-
POBHSATD IIOTEHIINATBI Ha GOJIBIION IUIOIAY
[IOBEPXHOCTH (yZHeNbHOE COIPOTUBIIEHUE CTa~
nu 0,103-0,204 OMxMM?/M, @ yIeIbHOe CO-

Puc. 16. Mpeanaraemas komnoHoska MYP3, obecneuvsarowas NoOBbILIEHHYIO yCTOMYMBOCTb K Bo3aekcTanio IMU SAB:

A — «rpssHbli» oTcek; B — «uncTbii» oTcek;

1 — tepmuHan MYP3 B TwareibHo H301MPOBAHHOM M/1aCTMAcCoBOM Kopnyce; 2 — duabtp IMU AB;
3 — cranbHoM Kopnyc; 4 — ABepua CTa/lbHOro KOpMyca; 5 — W30NSTOpbI;

6 — KOHTPONbHbIN Kabesib ¢ ABOHHbBIM 3KPaHOM; 7 — NPOXOJHON U30NSTOP;

8 — meTannmueckas MydTa ANs CouNeHeHUs onieTku kabens co cTanbHbiM kopnycom; 9 — BOJIC

nporusierue nuHka 0,053-0,062 OMxMM*/M).
Emre 6oyiee HU3KUM CONPOTUBICHHEM
(0,028 OMxMM?/M) obiamaeT aTIOMUHUIM.
[ToaTOMY HEKOTOpbIe KOMIIAHUH IEIAI0T KOH-
TelHeps! U MKadbl U3 CHEIUAIBHOTO CIIIaBa
¢ ToproBoit Mapkoii Aluzinc. Dto crainb, nmero-
1I1as1 TOKPBITHE, Ha 55% cocTosIee U3 aloMU-
Hus, Ha 43,4% 13 nuHKa 1 Ha 1,6% 13 KpeMHUSL.
[ToBepXHOCTD, cOfiepIKalIas TAKOe TIOKPBITHE,
obecreqnBaeT BHICOKYIO CTEIIeHb OTPasKeHUs
3JIEKTPOMArHUTHOTO uanydenus. CremneHb oc-
7a6JIeHNs BHEIIIHETO U3y IeHNs] KOHTEHHepoM,
M3TOTOBJICHHBIM I10 TAKOH TEXHOJIOTHH, COCTAB-
nstet 80-90 nb na wacrorax 100 xI'm — 10 I'Tir.

Kownreitaep 3 (puc. 16) pasneneH BHyTpeH-
Heit 1epeOOPKOIL Ha IBe 30HBL: A — «TPSIBHYIO»
u B — «aucryio». Tepmunan MYP3 B mract-
MAacCOBOM KOPITyCe Pa3MeIleH B «4HUCTO» 30HEe,
CBOOOIHOI OT 9JIeKTPOMATHUTHbIX U3y IeHHIL.
Konreitnep 3 cHabxeH aBepIelt 4, obecmedn-
BAIOIIIEN TOCTYII IIEPCOHANA K JIMLIEBON MaHEeIIH
MYP3 Bo Bpems npodurakTuIeckux pabor.
KownreitHep 3 3a3eMyIeH ¢ COOIIONEHUEM BCeX
TPaZiNIIMOHHBIX HOPM U IIPABUJ BBITOJIHEHUS
3a3eMJIeHHUs, ITO 0becednBaeT cobI0eHne
TpeboBaHUil TexHUKH Oe3omacHocTH. [Ipu Ha-
JTUYUE JOCTATOYHO GOJBIIOr0 PACCTOSHUS
Mexy MYP3 1 BHyTpeHHIMM CTEHKAMU 3a3eM-
JICHHOTO METAJUIMYECKOr0 KOHTeIHepa, Hallpu-
Mep 5—7 cM, Iapa3uTHask EMKOCTDb 3JIEKTPOHHBIX
rereit MYP3 Ha «3eMi0» GyeT OUeHb HesHa-
YHUTEJIbHOMU, U €e BIUSHHEM MOKHO IIpeHe-
6pedb, Kak 00 9TOM YIIOMUHATIOCH BBILIIE.

3aknioueHue

ITpob6irema moBblteHus ycroiausocti MYP3
k BosguericTeuio OMU B sBisercs MHOrOrpas-
HOU U KOMILIeKCHOU. [loaTomy miis ee perre-
HUS SIBHO HEJIOCTaTOYHO yCHJIUH OIHUX TOJIBKO
9HEPTeTUKOB, 3AHUMAIOIINXCS OKCILTyaTaluei
MYVYP3. K paboTe JO/DKHBI IOTKIIOIUTHCS U IIPO-
ussopurean MYP3, uTo6bI COBMECTHO HalTH
addekruBHOe perierne. PaccMOTpeHHbIe B 1aH-
HOM CTaTbe TeXHOJIOTHH U KOMIIOHEHTBI MOTYT
IOCIIYKATh OCHOBOM /ISl YCIIELIIHON peannsa-
LAY TIOCTaBJICHHOH 3a/[aqnl. |
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