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AnekTpuueckas gyra B KPY

Pacnipenenenye 31eKTPUYECKOI SHEPI UK
Ha [OJICTAHI[MH OCYII[ECTBIISIETCS B PacIperie-
JIUTEIBHOM YCTpoucTBe. B cersix 6-35 kB, kak
[IPABIJIO, IPUMEHSIOTCSI KOMIUIEKTHbIE pacIpe-
IenuTeIbHbIe YCTpOHicTBa BHyTpeHHei (KPY)
unu HapyxHoit (KPYH) ycranosku. Cekuust
KPY cocrout u3 HeCKOIbKUX IIKa(OB, KasK/IbIil
13 KOTOPBIX HM€eT TPU BHICOKOBOJIBTHBIX OT-
ceka (puc. 1):
® OTCeK KabenbHOI COOPKH CITYKHUT IS IO/ -

COe/IMHEHNUS] BBOJIHOM JINHUU U OTXOJISIIUX

dbunepos k cexnuu KPY, a Taxke comeput

u3MepuTenbHble TPaHCHOPMATOPHI TOKA;
® OTCEK BBIKJTIOUATENs COJIEPIKUT BBIKIIIOYATE-

JIX ¥ IPYTO€ BHICOKOBOJIBTHOE 060PY/I0BaHIE

(IIpemoXpaHUTeNH, CEKIIMOHHBIE Pa3be/HI-

TeJH, TPaHC(HOPMATOPBI HALIPSDKEHIU);

AaTYUKH

OnTHyecKue cucTeMbl

OOHapy’XeHHUs

3N1eKTPUUECKOU AYTH

B KOMMNJIEKTHbIX

pacnpeaenuTesibHbiX YCTPOUCTBAX

Kopotkue 3ambikaHus (K3) — ogHa 13 cambix pacnpocTpaHeHHbIX MPUYMH BO3-
HUKHOBEHHS aBapUIHbIX CUTyaLUH B I/IeKTPUUECKHUX ceTaX. B komnnekTHbIX pac-
npepenutenbHbix ycrpoicteax (KPY) anektpuueckux nogcraHuuii c pabouum
HanpsikeHuem 6—35 kB ocobyio onacHocTb npeacraensior K3, conposoxxaatowu-
ecs OTKpbITOM 31eKTpUueckoi ayro. O6HapyskeHue ayrosoro K3 u ceoeBpemeH-
Hoe OTK/IIoYEHHE NOBPEXAEHHOr0 yHacTKa CETH NO3BONSIET CBECTU K MUHUMYMY
npuunHeHue yuep6a. B ctatbe paccMoTpeHbl OCHOBHbIE METOAbI OGHapYXKeHUs
anekTpuueckon gyru. Ocoboe BHUMaHHWe yaeneHo Haubonee nepcneKTHBHOMY
M3 HUX — perucTpaLuy onTHYECKOro U3Ny4eHUs BCMbIWKHU 3/IEKTPUUECKOM Ayru.

® OTCeK COOPHBIX INUH IIPeIHA3HAYCH IS CO-
enunenus mkapos KPY npu nomormu cumo-

BBIX IIHH [1].

O6opynoBaHue peneiHOM 3alUTHl U aB-
tomatuku (P3uA), usamepurenpuble npubo-
PBI M YCTPONCTBA YIPABJICHUS PACIIOIOKEHDI
B HU3KOBOJIbTHOM DeJIEHOM OTCEKE.

Hyrosoe K3 B orcexax KPY BosHmkaer B pe-
3yJbTaTE 3JIEKTPUIECKOTO IPOOOS U30IAUH
MEKIY JBYMs IPOBOIHUKAMHE HJIM MEK/Y IIPO-
BOJIHUKOM U «3eMileii». [ToBpexnenns u3ous-
IIUU MOTYT IIPOMCXOAUTH U3-3a HOMALAHUS
TpSI3U U BJIArd, IPOHUKHOBeHMs B IKads KPY
JKUBOTHBIX (B YaCTHOCTH, TPBI3YHOB), OLITHOOK
HepcoHasa Wi u3Hoca obopynosaunus [1, 2].
KaxoBa ObI Hi ObLTa IIPUIMHA MOSIBICHUS TYTO-
Boro K3, 0HO MOJKeT uMeTh KatacTpoduiaeckue
nociencrsus 1t KPY. Dnexkrpudeckas myra co-
HPOBOKIAETCS] BOSHUKHOBEHHEM YIaPHOH BOJI-
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Puc. 1. Cxema KPY (Ha npumepe AByXTpaHCHOPMaTOPHOH NOACTaHLMH):
1 — oTcek cOOPHDIX WHH; 2 — OTCeK BbiKlouaTens; 3 — oTcek KabenbHon cHopkH;
4 — nuH1s BBOAA; 5 — OTXOASLME IMHUK; 6 — CEeKLMOHHbIM pa3besnHUTENb

HBI ¥ BBIIeJICHHEM OTPOMHOTO KOJIMYIeCTBa Te-
IUIOBOM 3HEPTUH, UTO B CUITy 3aMKHyTOCTH KPY
MOJKET IPUBECTH K HOBPEKACHHUIO MU JlaXKe
[IOJTHOMY YHUYTOXKEHHIO 3HAYUTEIbHON JacTH
obopynosanust. [Tonada a7eKTpOIHEpPruu Ha I10-
BpeXX/IeHHbIe YIaCTKH IIPUOCTAHABINBACTCS,
a BOCCTAHOBJICHUE CEKIIUU MO>KET 3aHSTh IIPO-
IOJDKUTENBHOE BPeMSI U TIOTPeOOBaTh GOJBIINX
3aTpaT. Ho ropasno BaxkHee TO, ITO 3JIeKTpude-
CKast IyTra IpefiCTaBIIsIeT CePhe3HyI0 yIposy 3710~
POBBIO U [ja)Ke YKU3HU [ePCOHAIIA, OKA3aBILIEroCs
psimoM ¢ MectoM aBapun. HaxoxeHne desoBexa
BOJIM3U BOZHUKHOBEHHUSI JJIEKTPUUECKON TyTH
TPO3UT €My TSDKEIBIMHU OXKOTaMU, TPaBMaMu
OT pa3bpachIBAEMBIX OCKOJIKOB, & TAK)Ke OCIIeIie-
HIeM M3-3a MOIIIHOH BCIIBIIIIKK CBETa, COIPOBO-
JKIAIOLIIEN TOPEeHHe 3JIeKTPUYIecKoit myru [3].

CeroxHst Bompocy moctpoenust 9 dexTus-
HBIX CHCTeM 3aIIUThI OT AYTOBBIX 3aMBbIKa-
Huil (3/13) ymensercst 60ybI10e BHUMAaHHE.
CoBpeMeHHBIE OTpaciieBble HOPMAaTHBHO-TeX-
HUYeCKHe TOKYMEHTHI [4—6] mpeanucpBamoT
OCHAIIATh TaKUMU cucreMaMu Bce KPY ¢ Ha-
npsKeHneM 6—35 kB.

Cy1iecTByeT HeCKOJIbKO IIOIXOI0B K CO3/a-
Huio cucteM 3/13. OnHako mpexe 4yeM mepenTi
K UX 00CYKIeHIIO, HEOOXOIUMO PacCMOTpPETh
MeXaHU3M BO3HUKHOBEHUS JJIEKTPUIECKON
IyTH, €e OCHOBHBIE CBOIICTBA U BO3/IEACTBHE
Ha MaTepUaJbL.

AnekTpuueckas gyra
DIIeKTpHIecKuit TPOOOI MEKIY TOKOBETYIIH-

MU 9aCTSIMH OOBITHO CBSI3aH C HATUIHEM JJIeK-
TPUYECKOTO HOJIS GOIBIION HAIPSDKEHHOCTH,
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Tabnuua 1. Yiwep6, npuumnHsembiit B pesynbtate
L/IUTE/IBHOTO FOPEHHSA 3N1eKTPUUECKOM AyrH

Bpewms,
B Mpouecc BnusHue
MC
0 BosHukHoBeHMe
INIEKTPUYECKON AT
AwmnnuTyaa MOLLHOCTH 5
YA L Bo3peiictene
5 ONTUYECKOTO M3/y4eHNs T
[IOCTUraeT NepBoro MakcuMyma P
Paapyetne obopyaosatmst
10 YnapHasi BonHa TpaeMmbl OT pasbpacbiBaeMbix

JAOCTUraeT MakCumyma OCKO/IKOB

Bosgeicteie Ha cnyx

MnasneHne KoHLEBOW
3apenKku kabenet

Mnasnexne meau

100

150
200

PaspyuieHne Matepuanos
Bbl,ﬂe]’leHMe TOKCHYHbIX ra3os
Bosropatue
Oxxoru

lnasnenue cranm

AAaTYUKH
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101, BIMSIHUEM KOTOPOI‘O C HOBerHOCTI/I HpO'

BOJHHKA BprbIBaIOTCH SHCKTpOHbI. BHCKTPOHBI

YCKOPSIFOTCSI IIOJIEM U CTAIKMBAIOTCS C HOUTPAJIb-

HBIMHU aTOMAaMH, 9TO HpI/IBOI[I/IT K UX MOHU3a-

un. O6pasoBaBIIKecs: CBOOOIHBIE JIEKTPOHDI

M MOHBI HAXOOATCA B COCTOSAHUHU IIa3MbI, UMCIO-

111 IPOBOIMOCTD, 6)11/13Ky10 K IIPOBOAUMOCTHI

MeTaJuIa. DTO SIBJIeHNe HOCUT Ha3BaHHUE yTOBOTO

aJIeKTprIecKkoro paspsiia [1, 7].

B cTBOJIE 97IeKTPUYECKOH IyTU CO3MACTCS
OYeHb BBICOKAs TeMIepaTypa (HeCKOIbKO ThI-
cs1a rpagycoB o Llenbcuio). B oxpyskaroree
MIPOCTPAHCTBO BBIENSETCSE GOJIBIIIOE KOTHTe-
CTBO TEIJIOBOI 9HEPTHH, Pe3KO IOBBIIIACTCS
nasieHue. Taxoke B pe3ysIbTaTe CTOJKHOBEHNUS
9JIEKTPOHOB U aTOMOB IIPOUCXOJUT UCITYCKa-
Hue (POTOHOB, TO3TOMY 3JTEKTPUIECKAS TyTa
CONIPOBOKAAETCA APKOU BCIBIIIKON CBETA.
HO,[I BIMAHUEM MOIIHOTO 3JIeKTpOMaI‘HI/IT‘
HOTO IOJISI CTOJIO SIEKTPUIECKON TyTH MOKET
HepeMeHlaTbCf{ II0 CUJIOBBIM JIMHUAM, BbI3bI-
Basl paspyleHus mpueramonux orcekos KPY.
CKOpOCTb PacIpOCTpaHEHUs MOKET JOCTUTATD
200 m/c [2, 3].

Ba)KHbIM MOMEHTOM ABJISIETCA TO, UYTO BCE
OIIMCAHHbIE TIPOIIECCHI IIPOUCXOJMAT 3a 10NN Ce-
KyHzbL B Tabimie 1 mokasaHo, K KaKUM [OCIIe]] -
CTBUSIM MOYKET IIPUBECTHU «IIPOIODKUTETHHOE»
rOpeHwe 3IeKTpudeckoi ayru [1].

[TockonbKy OCHOBHOE BHUMAaHUE B JaHHOU
CTaThe yJeJIeHo oNTHIeckuM cucreMam 3]13, oT-
MeTHM TaK)Ke HEKOTOPBbIe CBOMCTBA OIITHIECKO-
Tro I/I3JIY‘{eHI/IH, BBIJCISIEMOTO BCIIBIIIIKOM 3JI€K-
Tpuaecko ayru [1]:
® TIJIOTHOCTb MOIITHOCTH OIITUYECKOTO I/ISJIY‘{e‘

HUsE MOKeT rocturath 10 kBr/m? (st cpas-

HEeHHUs: IVIOTHOCTh MOIIIHOCTU COJIHEYHOTO

CBeTa, TOCTHUTAIOIIETO IIOBEPXHOCTU 3eMIIH,

cocrasJster npubausuTenbHo 0,74 kBr/m?);

° CHeKTp OIITUYECKOTO I/ISJ'[Y‘ICHI/IS{ BHCKTpI/I‘Ie‘
CKOJ1 IyTH UMeeT CIIOKHYI0 GOpMY, B KOXKIOM
cIydae MHANBUAYATIbHYIO, OTHAKO YCTAHOB-
JIEHO, 9TO GOJIBIIIAs €70 YaCTh COCPENOTOYe-
Ha B iuana3oHe 1jauH BosH ot 300 no 800 HM
(puc. 2);

® 3aBUCHUMOCTDH aMHTII/ITYﬂbI MOIITHOCTH OT Bpe-
MEHU AMeeT IIePUONIeCKHIl XapaKTep C Ja-
CTOTO¥ KoJeOaHUIl, PaBHOM YIBOGHHOH Ya-
crore HanpspkeHus ceru (100 Ty st cetn
50 I'm); AMIUIMTYJA IIPUA OTOM MOYKET U3Me-
HATHCA B LLII/IpOKI/IX Hpe,ﬂeﬂax.

Puc. 2. CneKTp OnTHYECKOrO U3/y4YeHNs BCTIbILLKK 3EKTPUYECKOM AYTH

Cucremnl 303

OnuH u3 cr1oco60B 60pHOBI C OCTENCTBUIMI
myroBoro K3 — MojepHU3aIust KOHCTPYKTHBOB
KPV, B 4acTHOCTH HCIOIB30BaHUE TYTOCTOMKUX
[eperopoiok Mexy orcekamu. Takast sarura
HA3bIBAETCS MACCUBHOI. OIHAKO BAXKHYIO POJIb,
ocobenno B KPY, BBeleHHBIX B 9KCILIyaTa-
[0 MHOTO JIET Ha3a/l, UTPAeT TAK)Ke aKTUBHAsL
3/13, oz KOTOpo# IOofIpa3yMeBaeTcss KOMILIEKC
YCTPOIICTB, MO3BOJISIIONIHX 3a(DUKCHPOBAT BO3-
HHUKHOBCHHE SHCKTPI/I‘IECKOI;I oyru Ha paHHI/IX
CTaJIUSIX ee PasBUTHS M CBOEBPEMEHHO OTKIIIO-
9UTH OBPEXIEHHBIE YIaCTKHU CeTH [3].

K cucremam 313 npebsiBiisieTcs psin Tpe6o-
BaHUI, CPEIM KOTOPBIX CIIEflyeT OTMETHUTH CJle-
mytorrue [2]:

e BrictponericTBue. Kak 6b110 mokasaHo
BbIIIE, KII0UYEBBIM (pakTOpoM B Gopbbe
C DJIEKTPUYECKOU NYTOM SABJISETCSA BPEMS.
CoracHO HOpMAaTUBaM CyMMapHOe BpeMs
OT MOMEHTA BO3SHUKHOBCHMU S oyrun oo cpa-
6aTbIBaHI/I${ BBIKJIIOYATEJIS HE JOJIXKHO Hpe'
Bbimath 200 Mc [4]. OmHako maxe 3a CTOJb
KOPOTKOE BpeMst Iyra MOKeT HaHeCTH 3Ha-
quTeNbHbIN yiep6. [ToaTomy Bpemst cpaba-
TeiBaHus 3/3 HEOOXOMUMO COKPATUTH Ha-
CKOJIBKO BO3MOJYKHO.

e CenekTuBHOCTH (M36mparenbHOCTh). [Tox
CeJIEKTUBHOCTBIO MOJIPA3yMeBaeTCst CIIoCco0-
HOCTb CUCTEMBI 3AITUTHI OTKIIOYUTH TOJIBKO
HOBPe)KJIeHHbeI CEeIMEHT SHepI‘OCI/ICTeMI)I I
TOTO, YTOOBI CBECTH K MUHUMYMY I1epe6on
B [10f1a¥e 3JIeKTPOdHepru. [jist 3Toro Heoo-
XOIIMMO KaK MOYKHO TOYHee OIPENIeUTh Me-
CTO BO3BHUKHOBCHMSI SHeKTpH‘{eCKOﬁ Ayru.

e UyBCTBUTENBHOCTD. 3aIl[UTa JODKHA Cpada-
ThIBATH JaXKe HpI/I MUHUMAJIbHBIX 3HAYCHUAX
aBapUUHBIX IIAPAMETPOB.

e HanesxHocTh. BasKHBIM CBOMCTBOM CHCTEMBI
ﬂyFOBOﬁ 3aIIUTHI TAKKE ABJIACTCSA OTCyTCTBI/Ie
0TKa30B pabOTOCIIOCOOHOCTH U JIOKHBIX Cpa-
GaTbIBaHMIA.

Pa6ora cucremsl 3/I3 ocHOBaHa Ha aHaIU3€e
HPOLIECCOB, COIPOBOXK/IAIOIIUX YTOBOE 3aMbl-
KaHWe, U KOHTPOJIE COOTBETCTBYIOIINX apa-
MeTpoB. Cr1oco6b! HaeHTH(DUKALNY ITeKTPU-
YeCKOu Ayru MOJXHO paSﬂeHI/ITb Ha 1B prHHbI
[2, 8]:

1. KoHTpOJIb OCHOBHBIX IIapaMeTPOB U XapakK-
TEPUCTHUK JIEKTPUYECKON LIEITH ITPU yTOBOM
Ka3:
® AMIUINTYZBI TOKA/HAIIPsDKEHMS;
® CIIEKTPAIBHOTO COCTaBA TOKA/HAIIPSUKEHHS;
® BOJBT-aMIICPHON XapaKTePUCTHKY;
® COIPOTUBJICHHS.

2. KoHTpOJIb OCHOBHBIX IapaMeTpoB usuie-
CKHX IIPOIIeCCOB, COIPOBOKIAIONINX IJIEK-
TPUYECKYIO IYTY:
® TeMIIepaTyphl;
® [aBJICHMUS;
® JJIEKTPHIECKOI IPOBOLUMOCTH (CTeleH

HMOHU3AI[UN Ta30B);

® ONTHYECKOTO U3Ty4YeHHUS.

Cpenu MeTOI0B KOHTPOJIS U3 IIePBOH IPyII-
bl Har6OoJIbINee PACIIPOCTPAHEHHUE IOy IUIT
KOHTPOJIb dMIUIUTY/IbI TOKA MJIM HAIPSDKEHMUS.
B mpocretiitiem ciydae 9Ty (pyHKIMIO BBITOIHS-
10T ycTpoiictBa P3uA, Takue Kak MakcUMasIbHAs
TokoBas 3amura (MT3), TokoBas nuddepen-
I[MaJIbHAS 3AIUTA U WIOTHYeCKast 3alUTa IIIHH»
(JISI). Ouddepennuanpras samura u JISII
He HAIIUTH IIXPOKOTO IPUMEHEHHs B CHCTeMax
3113, raBHBIM 06pPa3oM IMOTOMY, YTO UMEIOT
«MEpPTBYIO 30HY» — OTCEKH U3MEPHUTEIbHBIX
TparcOpMaTOPOB TOKA U KaOeIbHOI COOPKH,
SIBILIIOLIIYECS] OHUMHE U3 Hanb0JIee BEPOSTHDIX
Mmect nospexaenus. MT3 Bcerna nMeer Heko-
TOPYIO BBIIEP)KKY BPEMEHH, YCTaHABINBAEMYIO,
4TO6BI 1aTh BO3MOKHOCTH CPaboTaTh paHbilie
IPYTUM aHAJIOTUYHBIM 3AIIUTAM, HAXOIAIINM-
cst 6mmke K Mecty noBpexxaenust [9]. K nemo-
CcTaTKaM BceX cucteM P3MA OTHOCUTCSA TO, 9TO
HPHU3HAKH, 10 KOTOPBIM OIIPENIeNIAeTCs Halmyue
nyrosoro K3, MoryT HabII0[aThCsI He TOIBKO
IIpY BHYTPEHHUX, HO U IpH BHemHuX K3, a Tak-
JKe TIPH HeKOTOPBIX IKCILTyaTaI[HOHHBIX PeXKU-
Max paborsr [8].

Tem ne Menee MT3 Harra mupoxoe mpu-
MeHeHHe B cucTeMax 3/13 6Giarogaps cBoeit
IPOCTOTE, HAJIE)KHOCTH U HU3KOU CTOMMOCTH.
Kpowme Toro, momassstomniee 60mbmuHcTBO KPY
yke ocHamieHo cuctemamu MT3. Onnaxo o~
Ho1t MT3 mist 60pn6s! ¢ gyrossivu K3 Hemo-
CTaTOYHO, IOCKOJIbKY OHA He o0JafiaeT 10CTa-
TOYHOM CeIEKTHBHOCTBIO U OBICTPOLIEHCTBHEM.

OCHOBHBIM IIPUHIUIOM CO3TaHUs 9 dek-
THBHOM cucTeMbl 3/13, ITUPOKO MPUMeHSIeMbIM
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Ta6nuua 2. CpasHeHHe AaTYMKOB INEKTPUUECKON AyrH

AaTYUKH

Ta6nuua 3. CpasHeHKe TOYEYHOTO U IMHEIMHOTO AATYHKOB
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Puc. 3. Brok-cxema cuctembl 3[3 Ha ocHose MT3 1 onTHYECKOrO AaTiuKa

Ha IPaKTUKe, IBJIIETCS yCKOPeHue JefCTBUS
MTS3 npu nomornu cucreM 0GHAPYKEHUS, OC-
HOBAHHBIX Ha KOHTPOJIE IIapaMeTPOB SIBJICHUI,
COIYTCTBYIOIIUX 3IEKTPUIECKOI IyTe (TO eCTh
IIapaMeTpOB BTOPOUL Ipymmbl). B tabnure 2
IIpefiCTaBIeHa KPATKasl XapaKTePUCTUKA HEKO-
TOPBIX CHCTeM, PearupyIoLIuX Ha pasIudHble
TIPU3HAKK BO3HUKHOBEHUS yroBoro K3.

AHanm3 CyIecTBYIONUINX TeXHOIOT Ui 06Ha-
PYIKEHUsI 9JIEKTPUIECKON IYTH, @ TAKXKE OIBIT
UX [IPAKTHIECKOro IPUMEHEHNUs [I0Ka3al, ITO
HanboJiee MePCIeKTUBHBIM SIBJISIETCS IPOCK-
TUpoBaHue cucreM 3/13, pearupyroniux Ha am-
winTyny Toka (MT3) u ontudeckoe U3IydeHue
(omrmueckmit matamk) [1, 3].

B o61em ciaydae npuHIKI pabOThl TAKON
3aIIIUTHI COCTOUT B CIenyiomeM. B oTcexax
KPY pacrnonaraiorcs a1eMeHTEI, 3aXBaTbIBalO-
IMe ONTHIecKoe uarydenue. DOTONpreMHUK
mpeo6pasyer ONTUIECKUN CUTHAT B JJIEK-
TPUYECKUH U IIepefaeT ero Ha yIpasiisiolee
yCTPOICTBO. Bpemst cpabaThiBaHUS COBpeMeH-
HBIX OINTUYECKUX JATIUKOB COCTABIISIET OT Off-
HOM [0 HECKOJIBKHUX NECSTKOB MIJUIHCEKYH.
YipasJsiolee yCTPOUCTBO Takke 00pabarsl-
BaeT CUTHAJI, IPUIIENIINI ¢ HU3MEPUTEIBHBIX
tparcdopmaropos Toka MT3. Tunuasroe Bpe-
M popmuposanust curaana MT3 cocrasiser
30-50 mc. Ecnu 06a 3sHaUeHNUSI IPEBBIIIAIOT 10~
POTOBBbIe, YIIPaBJISIIOLIIee YCTPOICTBO OLIPe/Iesi-

eT MeCTo BO3HUKHOBeHus nyrosoro K3 u ¢op-
MUpYeT CUTHAJI Ha CpabaThIBaHIE COOTBETCTBY-
IOILUX BBIKJIIOYATeNIel, IPeJoTBPAIIA0IINX
IaJbHelIIee pacpoCTpaHeHNe 3IeKTPUIeCKOI
nyru [1]. Briok-cxema takoit 3/I3 uzobpaxena
Ha puc. 3. KpoMe Toro, npu HaIu4nuu CUrHana
C OIITUYECKOTO IATYMKA CUCTEMA 3aIIpellaeT aB-
TOMATHYeCKOe MOBTOpHOE BKIoYeHue (AIIB)
U aBTOMATHYeCKoe BKIoYeHue pesepsa (ABP)
B [IOBPEX/ICHHOM CerMeHTe CeTH.

OnTUyecKUi gaTumK
3/1eKTPUYECKON AyrU

B coBpemennbIx cuctemax 3/I3 ncromnb3yoT-
Cs ONITUYECKUE NATYUKH JBYX BUJOB, pa3anda-
JOIIIECS 110 CII0CO0y yCTaHOBKH [1, 8].

B mepBoM ciTydae HOJIYIIPOBOIHUKOBbII (hoTO-
narauk (porogmon, poropesucrop, pororpan-
3UCTOP, POTOTHPUCTOP) yCTAHABIMBAETCS HEITO-
cpencrBeHHO B oTcek KPY. Henocrarox Takoit
KOHCTPYKIUE 3aK/TI0IAETCS B TOM, UTO JIEKTPOH-
HbI€ KOMIIOHEHTDI 1 JIMHUU CBA3U PACIIOIAralOTCa
B paboueil 30He, a 3HAIUT, TIOBEPKEHbI BO3MI-
CTBHUAM CWIBbHBIX OJIEKTPOMArHUTHBIX IIOMEX.

HJ’IH YCTPaHEHUA ITUX HEXKEJIATEJIbHBIX BO3-
IeNCTBUIA CYIIIECTBYET APYTOi CIIOCO0 pearnsa-
Y ONITUYECKOI'O JaTYNKA, ITIPU KOTOPOM B OT-
cexk KPY ycranaBiImBaeTcst HeKUil MaCCUBHBIN
9JIEMEHT, OCYIIIeCTBILSIOINI 3aXBAT ONMTHUIECKO-

Hasganue garunka KnananHbiit [8, 10] TemneparypHbii [2] Antentbii [8, 1] Ontuueckui [1, 8, 12] ChasHHsaembili napamer TluHelHbI ToueuHblii
KoHTtponupyembii Lasnenvie TRIEEEs [MpoBoaumocTb MowHocTb P P! P AaTuuK AaTYUK
napamerp paryp (cTeneHb MOHU3ALMM) ONTUYECKOTO 3Ty
n Puck 3aTeHenus Het ectb
MNoBbileHHe faBnerus Tepmopatumk /1a3Ma Ayri NPATATUBAETCA Peructpupyetcs HIDKE, YeM
CTa/IbHbIM NpyTOM YyBcTBHTENbHOCTD ¢ BbICOKas
MpuHumn pabotbl MPUBOAT pearvpyet (ByroynaenvBarowMM 371eKTPOAOM) ONTUIECKOE H3NTydeHue YToH€HHoTo
PHHLMN P K OTKpbIBaHHIO KN1anaHa, Ha noBblLLEHHe A ):( KOTOPOM;“I‘IOAKNOHSHA ’ BCTbILLKK BosMoxwocTs paboror
CHaBXeHHOrO KOHTaKTaMK Temneparypbl 3N1eKTPUYECKOM AyrH
patyp! TpaHcopMaTop Toka P i C HECKO/IbKUMM OTCEKaMH ecre Her
lMopasnsiowas yactb OpuH aHTeHHbIM JaT4uK TouHocTb Onpeaenexns Mecta
Mpocrora, Bbicokoe PeA 3
Mpenmyuiectsa e JKE‘; o 3HEpruu Aiyru MOMHO NPOJIOXKHTH BhicTPORGIiCTEME BO3HMKHOBEHMS! 3IEKTPHYECKON Ay Huskas BeicoKan
npeBpaLlaeTcs B TeN/I0 B HECKO/IbKMX OTCeKax
e e i | Premmocon v B Prc
Hepocrarku Peak - - [OMKEH pacnonararbes JIOXKHbIX cpabatblBaHui ro U3Jy4eHHUs, a BCA OITOIIEKTPOHHAS YaCTh
LMS Ha NOCNEACTBUA AyTH, [DO/DKeH pacrnoniaratbes 6nman mecta K3 (115 43CTH A2TIHKOB)
a e Ha camy ayry s6m3n vecta K3 BBIBOLUTCA 3a npefensl mrkada PY (puc. 3).

I[Tepemava cursana OT COOUPAIOIIEro dJIeMeHTa
K pOTOIPHEMHHUKY TIPOUCXOIUT TI0 ONITHIECKO-
MY BOJIOKHY, KOTOpO€ He IIOJIBEepP>KEHO BIIUSHUIO
9JIeKTPOMArHUTHBIX ITOMeX. Takue ycTpoicTBa
HOJTYYM/IN Ha3BaHKE BOJIOKOHHO-OHNTHIECKIX
mataukoB (BOJI). 3axBaT ONTHYECKOTO U3ITY-
YeHUsI BBIIIOJIHSETCS IIPH IIOMOIIIM YCTPOMCTBA
Ha OCHOBE JINH3BI WIIH JKe OTPe3Ka ONTHIECKOTO
BOJIOKHA B [IPO3PAYHOI 000JI0UKe.

®oroparunku u 1uH30BbIe BOJl Has3biBatoT
TaKKe TOYCIHBIMHE JJATINKAMHU, IOCKOJIBKY OHU
PETUCTPUPYIOT OLTHYECKOe H3JTyIeHUe B Orpa-
HUYeHHOM TenecHoM yrie. BOJl Ha ocHOBe
COOHMPAIOIIero BOJIOKHA Pealu3yIoT 3aXBaT U3-
JIy9eHUsI IIOBEPXHOCTBIO BOJIOKHA I10 BCEH ero
IJIMHE, TO9TOMY Ha3bIBAIOTCS JTHHEHHBIMU
nataukamu [1, 12]. OguH TMHEHHBIA JaTIUK
MOXXeT OBITh YCTAaHOBJIEH CPa3y B HECKOJIBKUX
orcexax wiu nrkadax KPY. Kak Todeqmslit, Tak
7 TUHENHBIA JaTYNKI UMEIOT CBOU IIPENMyIIie-
CTBa U HeJocTaTKy (Tabr. 3).

Toueunble HOTONATINKY HAILIH CBOE IPHU-
MeHeHUe B pape cucteM 3[13, Takux Kak
313-01 (UL «bpecnep»), «Poron» (HIIL]
«Mupounomuka»), BCCI3-01 u BCC3-03
(3AO «IIpomanexTpoHuKa»). bompmuHcTBO
JKe OTeYeCTBEHHBIX U MHOCTPAHHBIX IIpef-
HPUATUI, pa3pabaThIBAIINX ONTHIECKIE
cucreMsl 3/13, UCIOJIB3YIOT TOYEUHbIE U JI-
HeitHple BOJI, B HEKOTOPBIX CiIydyasx coyerast
o6a nozxona. Cpenu onTudeckux cucreM 3113
NHOCTPAHHOTO IIPOU3BOJCTBA MOXKHO BBI-
nenuth cnepytomue: REA (ABB, lepmanus),
DEHNShort (Dehn, Tepmanus), ARCON
(Eaton, Upnaupus), PGR-8800 (Littelfuse,
CIIIA), VAMP (Schneider Electric, ®panuus).
B Poccum accoprumenT ontudeckux 3/13
HpeJCTaBJIeH CIeAYIONIUMHU YCTPONUCTBAMU:
«OBOJl» (OO0 HIIIT «ITPOBDJI»), ®BUII-C
(®I'YII BHMHWA um. H.JL [lyxoBa), «Opuor-II3»
(BAO «PAITNYC ABromatuka»), IYTA-MT
(000 «HTL «MexanoTponukar), «THOI»
(OO0 «MIIIT «Dueprorexuuka»), PC40-APK,
III-01, IIO-02 (OO0 «P3A CUCTEMS3»),
Y3 00 «Pamyra-TIC» (OOO «TEPMA-
DHEPT'O») u mip.

ITpu paspaborke BOJl He06X0AUMO YIUTHI-
BaTh HECKOJIHKO MOMEHTOB:

e Bri6op tuna BO/I. Kak ToyedHblit, TaK U Ju-

HEMHBIA NATYUK UMEIOT CBOU NPEUMYIIeCTBa

U HEJIOCTATKH ¥ MOTYT OBITh UCIIOJIH30BAHBI

B CHUCTeMax JIyTOBOM 3aIUThI. 3a9aCTYIO Iie-

J1eC000PA3HO UCIOIb30BAHUE 060OUX TUIIOB

TATIUKOB.
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OynnekcHbii POF-ka6enb

HFBR-EUD500Z
uwnn AFBR-HUDS500Z

[lynnekcHbin

Ka6enb POF c npo3pa4yHoit o6ono4komn
AFBR-TUS500Z

CumnnekcHblii POF-kabenb
C npo3payHorn 060Mo4KoM,
KaTywka 500 m

TpaHcuBep POF-kaGenb,
AFBR-S10TR001Z katywika 500

Awanoroebmt NS s ||
TpaHcuBep: r

* LED 650 Hwm;

* PIN-cbotoamnon + TIA

OtnapouHas nnata
AFBR-S10EB001Z

Bkntovaet nnaty

C TpaHcuBepoMm,

el R e [ynnekcHbin VL-KOHHEKTOp
BOJOKHO, HaBbop

KOHHEKTOPOB, AFBR-4526Z

WCTOYHUK NUTaHUSA

[lynnekcHbin
KoHHekTop Anst POF,
noaxoaut

K TPaHcuBepy
AFBR-S10TR001Z

CumnnekcHbi VL-apantep
HFBR-4505Z

Apantep

Aansa coeauHeHunsa
ABYX CUMMINEKCHbIX
KOHHEKTOPOB,

R N —— |

c chukevpytoLLeit
raikon

==

OynnekcHbin VL-apnantep
AFBR-4536EZ

Apantep
Ans coeAnHeHns

[ABYX [YyNNeKCHbIX
KOHHEKTOpoB

AFBR-4526Z,
¢ hnaHueBbIM
COeAVHeHneMm

HFBR-4531Z

CuvMnneKcHbI
KoHHekTop Ans POF

CumMnnekcHbIi VL-KOHHeKTop

2

Puc. 4. Nluneiinbii BOJ komnanun Avago

Br160p cobuparoriiero anementa. Jlnazosbrit BOJI moyken 3axBaThIBaTh
U3JIydeHHe B IOCTATOYHO IIMPOKOM TeIeCHOM yIite. DPdeKTHBHOCTH
smHerHOTro BOJI BO MHOTOM OIIpenesieTcs CBOMCTBAMU COOMPAIOIIIEro
BOsI0KHA. OOBITHO HCIOIb3YETCS BOJIOKHO ¢ GOIBIINM IUAMETPOM
cepateBuHbl, HanpuMep 1ractukoBoe (POF) win HCS-BomokHo.
Pacriosnioskerue cobuparoux aiaemMeHToB. Heo6xonumo obecreqaursb
KOHTpOJIb Bcex yacTedt KPY, B KOTOpBIX BO3MOKHO BO3ZHUKHOBEHUE
nyrosoro K3.

Bri6op doronpuemunka. CrekTpanbHas XapaKTepPUCTUKA UCIONb-
3yeMoro (oTOmpHeMHIKA TOJDKHA IePEKPBIBAT CIIEKTP U3y IeHUS
BCIIBIIIIKH. (DOTOHpI/IeMHI/IK TAaKKe JOJDKEH UMETH NOCTATOYHYIO I10-
POroOBYIO 9YBCTBUTEIbHOCTD.

Jnarsocruka paborocrocobuocty. ITocTosHHas MpoBepka paboToCIIo-
COOHOCTH IO3BOJISIET BOBPeMsI 00HAPYIKUTH HePaOOTAIOLI e NaTIUKIL.
DTO MOKHO CZIe/IaTh IIPH MIOMOIIU TECTOBOTO CUTHAIA, HEPUOIUYECKA
IIOChIJIAEMOTO K (bOTOHpI/IeMHI/IKy OT I1epenaTInKa, CriequaJIbHO yCTa-
HABJIMBAEMOTO B JATYMK JIJI 9TOH 1enn [1].

Hacrpoiika moporosbix 3HaueHUH. Y CTPONCTBO JOJKHO YMETh OT-
JINYaTh CUTHAJI, BBI3BIBAEMBIN DJIEKTPUIECKON YTOH, OT TECTOBOTO
CUTHAJIa U U3JTYIEHUA NPYIrUuX NCTOYHUKOB CBETA.

beicrponericrBue. Bpems cpabarpiBanms 313 cKIabIBaeTcs U3 BpeMeHN
cpabarbIBaHUs yCTPOCTB 0OHapyskerust (MT3 u onrrugeckoro rardau-
Ka) ¥ BpeMeHHU CpabaThIBAHIUSI BHIKIIOUATe L. BaskHyI0 posb Urpaer
cO6CTBeHHOE BpeMsI CPabaTHIBAHMUS OMITUIECKOTO JATIHKA.

OnTo2IeKTPOHHOE pe06padoBaHue U3TYICHUsS LYTH U IPOBEP-
Ka IIeJIOCTHOCTHU BOJIOKHA OCYIIeCTBIISIOTCS IPH IOMOIIY aHATIOTOBO-
O ONITUYECKOTO TpaHcuBepa (mpuemorepenardnka) AFBR-S10TR001Z.
[Tepenatorast yacTb TpaHcuBepa copepskut ceeroxuorn (LED), cayxarmmit
1y1st epepiavu TectoBoro curHaia (Heartbeat-curnana B TepMuHOIOT MM
Avago). Heartbeat-curma IpoXonur 1o ONTHIECKOMY BOJIOKHY H II0IIa-
maer Ha poronpueMHuK. [lrHa BoHb! u3nyderus LED (650 HM) cooT-
BeTcTBYeT MuHUMyMY 3aryxaHus POF. IlepenaTunk He umeeT BCTpOeH-
HOTO JpaiiBepa, ITO O3BOJISET Pa3pabOTIMKY CAMOCTOSITELHO 3a/[aBaTh
mapamerpsl Heartbeat-curnana.

JInHeNHbIW BONOKOHHO-ONTHYECKUHN AaTUUK

komnaHuu Avago Technologies*

CosepmieHcTBoBaHKE cucTeM 3/13 MOCTOSHHO IMPOJIOJIKAETCS, BELYTCS
pa6OTLI II0 CO3JAaHHMIO HOBBIX OIITUYECCKUX TATYUKOB. O,HHa U3 IIOCIIETHUX
paspaboTox B atoit chepe — nuneitHbiit BOJI Ha OCHOBE KOMIIOHEHTOB

xoMmanuu Avago Technologies (puc. 4) [1, 13]

OCHOBHBIM KOMIIOHEHTOM CHUCTEMBI ABJISAECTCA IIJIACTUKOBOE OII-
tudeckoe BosokHO (POF) ¢ mpo3padHoit OrHECTOIKOM 060I09KOIT
AFBR-TUS500Z. Bonbiras anucioBas arneprypa Bonokaa (NA = 0,48)
CII0COGCTBYET 3aXBaTy 3HAYMTEIIHOM YaCTU CBETA, ONA/IAIOIET0 Ha ero

IIOBEPXHOCTD.
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* 1 hespas 2016 roma kommanmst Avago Technologies Limited 06nsBia 0 3aBepIreRnu caiesKi 1mo mproGpere-

o kommannn Broadcom Corporation. O6beaiHeHHast KOMITAHIS TOTymIa HasBanue Broadcom Limited.

Puc. 5. XapaKTepHcTiku thoTonpreMHHKa: a) CrieKTpasbHas XapakTepucThka hoToaHoaa;
6) 3aBUCMMOCTb aMM/IMTY bl BbIXOAHOTO CHIHaNa OT MOLLHOCTH OMTHYECKOTO H3y4eHHs
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[TpuemHast 9acTh TPAaHCHBePa IPEACTABIET COO0I MUKPOCXEMY, CO-
crosiyto u3 PIN-doronuona u rpancumnenancHoro ycunurenst (TIA).
CrieKTpasbHast TyBCTBUTEILHOCTh (POTOAMONA OTHOCTBIO IIePeKPhIBAET
CIIEKTP U3JTyIeHUsI JIeKTPUIECKOU IyTH, FAPAHTUPYsI 6e301UINO0THYIO
paboty (puc. 5a). Mukpocxema HOpMEpPYyeT aHATOTOBBII AJIEKTPUIECKHIT
CUTHAJ, JIUHENHO SaBI/ICHH_II/Iﬁ OT MOIITHOCTHU OIITUYECKOI'O I/ISJIY‘IeHI/IH
BIUI0Th 10 —10 1BM™ (puc. 56). [Tpu MomrHOCTH BbIte —10 1BM mpoucxo-
nut HacklmeHne poronpuemanka. OfHAKO MOCKOJIBKY JUIsl OOHAPYKEHUsT
SHeKTpI/I‘{eCKOfl I[YTI/I 3HAYCHUE UMEET JINIIIb aMHHI/ITyILa CUTHAJIA, a HE €TI0
opma, paccmaTpuBaeMslil JaTIUK 6€30IIHO0THO PabOTAeT U IPU YPOB-
HAX OITHYeCKOH MolHOoCTH Bblre —10 ntbM. Bpems HapacTanus BbIXO-
HOTO curHaa cocransiet 40 Hc.

Otpe3ox cobUpaIOLIIero BOJIOKHA COSUHSIETCS C TPAHCUBEPOM IIPH IIOMO-
1 POF-ka6estst ¢ Helpo3padHoil OrHECTOMKOI 000JI09KOIL. Bce KOMITOHEHTHI
CUCTEMBI COETUHSIOTCS KOHHCKTOpaMI/I U COCIUHUTECIbHBIMI poser 'KaMU JIn-
metiku Versatile Link («yHuBepcanbHoe coemunenue» ). KommonenTs! Versatile
Link 1aBHO HOJB3YIOTCS HOMYJSIPHOCTBIO Y Pa3pabOTIMKOB IIPOMBIIILIEH-
HBIX JIMHUI cBsi3u Ha ocHoBe POF, mpeskne Bcero 61aronapst puBiieKaTesb-
HOM CTOMMOCTH, BbICOKOH HaJIEXKHOCTU U ITPOCTOTE MOHTaKa.

7151 TecTHPOBAHUST BO3MOKHOCTeH HaOOpa KOMIIOHEHTOB Avago JULSL CO3-
JAHKS JATIHKA yTH BBITYCKAeTCs OTIanouHbiil Habop AFBR-S10EB001Z.

JIunetinpnit BOJI Ha 0ocHOBe KOMIIOHEHTOB KOMITAaHUU Avago OTJIMYHO
TIONXOIUT IJISL CO3IAHUS HOBBIX cUcTeM 313, IIOCKOIbKY OTINYAeTCsI BbI-
COKUM OBICTPOMIENCTBHEM, IPOCTOTON PAGOTHI, HATEKHOCTHIO 1 HEBBICO-
KOH CTOUMOCTBIO KOMIIOHEHTOB.

3aknoueHue

Hecmorpst Ha Gosbirive ycrexu B pazpaborke cucrem 3113, myrossie K3
BCe eIlle OCTAIOTCSI CePbe3HON IPOOIEMOI IIPU IKCIUTYaTaIIUH AJIeKTPHIe-
ckux nozcrannuit. [ToaToMy Bonpoc mpoeKTupoBaHus HOBBIX cucteM 3/13
" MOJEpHU3AINU CYHIECTBYIOIIUX OCTAETCA aKTYaJIbHbIM U 110 cent JO€Hb.
Cosnanne cucreM 3armuThl KPY oT a5eKTpideckoit ayTH, BKITIOYAIONINX BO-

JIOKOHHO-OITHYECKUe TATIMKY Ha OCHOBE KOMIIOHEHTOB Avago, Ha IAHHBII
MOMEHT IIPeICTABIIIeTCST ONHUM U3 Hanbosee 3(p(HeKTHBHBIX PelIIeHH L.
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