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BBEJEHUE

Cpem/l Pa3JIMYHBIX CII0C000B 3aIlUThI MCTAJUIOB OT KOPppO3rUn 0c000€ MECTO 3aHMMAIOT

SJICKTPOXUMHNYCCKUC CITIOCOOBI. DTO 0OCTOSATEILCTBO CBSI3aHO C TEM, 4TO 4Yali€ BCEro METalljibl B

9KCIUTYaTallMOHHBIX YCIOBUSAX MOABEPTAIOTCS 3JIEKTPOXUMHUUECKON KOPPO3UH, TPOTUB KOTOPOI

Hauboee S(I)q)CKTI/IBHLI QJICKTPOXUMHUYCCKUEC MCTObI 3allIUTHI.

CYH_IHOCTL BCCX DJJICKTPOXUMHUYCCKUX MCTOHAOB 3allIHUTHI 3aKIHOYACTCA B CMCIICHUU

INOTCHIIMAJIa 3allumacMoro Merajjia B 001acTh 3Ha‘~IeHl/H\/Jl, P KOTOPBIX €TI0 MOHHU3ALWA

3aTpyJHEHa WU BOOOILE HEBO3MOKHA.

I. TIPUHLIAII JEMCTBUSA DJIEKTPOXUMUYECKUX METOJIOB 3AILIATHI OT
KOPPO3H1MN.

3amuTa OT KOppO3UH BOOOIIE HEOOX0AUMA B TOM CiIy4yae, KOr/Aa MpoLecc KOppo3uu

MPOTEKAET MPU TAaKOM MOTEHIIHANIe, KOTOPOMY COOTBETCTBYET CKOPOCTh HOHU3AIIUH METAJLIA,

IMpeBbIIIaONIasd TCXHUYCCKU JOITYCTUMYIO, o6ecnqu/IBanmon H606XOI[I/IMYIO JOJITOBCYHOCTH

KOHCTPYKIUU.

Kaxk mpaBusio, B 3TOM Cityyae OTEHIIHAII KOPPO3UH  Ecr HAXOIUTCS B 00JIACTH aKTUBHOTO

pactBopeHus MeTauia E' o Wit B 061aCTH HAPYILICHHS TACCHBHOTO COCTOSIHMUSA E' ' o7 (prc.1).
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Pucynok 1.

TlonHaga anomHas

MoJIipu3aliliMOHHAasA KpuBas

YMEHBLUTH CKOPOCTh PACTBOPEHUS 10 IPUEMIIEMON,
BEITUYUHBI ] ;o MOKHO, CMECTHB TIOTEHITUA K JOCTATOYHO
HU3KOMY 3HAYEHUIO B aKTUBHOM 00JIaCTH, HAIIPUMEDP K
E,am MM CMECTHB €r0 B MACCUBHYIO 00J1aCTh, HAITPUMED,
hio) E“Sam. JloGuThCs TpeOyeMOoro cMelleHus MOTeHIaa
MOYKHO ITPY ITOMOLIM AIEKTPOXUMHUYECKOMN 3aILMUTHI.
Jliist cMeleHys moTeHIuana ot ElCT K E]Saul wi ot B! 1CT K
E“mm MeTaJuT HeOOXO0UMO TOJIIPU30BATh KaTOTHO.
JloOuThCs cMellleHusl MOTEeHIIMaNa B 3TOM HaIlpPaBJICHUU
MO>KHO, TTOJIb3YSICh BHEIIHUM UCTOYHUKOM TOKA. ITOT
METO/I IPUHATO HA3bIBATh KATOJHOM 3aIlIUTON OT

BHCITHETO UCTOYHHKA.



Karoanyo monspu3anuio MOKHO OCYIIECTBUTh, COSAMHHB 3aIIUIAEMbIA METAILI C IPYTHUM
METaJIJIOM, HMCIOIITUM 60.]186 OTpI/II_IaTeHBHblf/’I IIOTCHIIHUAJI. 3TOT METO/ HOJIy‘-II/IJI Ha3BaHUC
KaTOHHOM 3aIlIUTHI C IOMOIIBIO aHOAHBIX MPOTEKTOPOB. [IpOTEKTOP B JTAaHHOM ciiydae paboTaeT Kak
anon. J{is cMemneHus moTeHIMana oT ElCT o E“3am MeTaJlI HEOOXO0IMMO TOJIIPU30BaTh AaHOTHO.
[Tpu monspuzanuy OT BHENTHETO HCTOYHHUKA TOKA METO/] Ha3bIBAIOT AaHOAHOM 3alUTONH. BO3MOXKHO
TaK)K€ OCYIIECTBJICHHE AaHOJHOM MOJISPU3ALINHY 32 CUET COSAMHEHUS 3aIUIAEMOT0 METasIa ¢
HpOTeKTOpOM, NMCHOIIINM 6OJ'ICG HOJ'IO)KI/ITGJ'II:HBIﬁ IIOTCHIIHAJI. STOT METOO HA3bIBACTCA aHOI[HOI\/JI
3aIIATON C TTOMOIILI0 KaTOTHOTO MpoTeKTopa. [IpoTekTop B 3TOM citydae paboTaeT Kak KaTo/I.

TakuMm 00pa3om, IMEKTPOXUMUYECKAs 3alUTa METANIOB OT KOPPO3UHU B paCTBOPAX
AJIEKTPOJIUTOB OCHOBAHA HA 3aBUCUMOCTH CKOPOCTEM pacTBOpeHUs OT noreHuuana. [lpu katonnou
3aIUTE UCTIONB3YIOT CHIPKEHHNE CKOPOCTH PaCTBOPEHHUS METaJljla B aKTUBHOM 00JIaCTH MPHU
CMEIIEHUH TTOTEHIAIA B OTPUIATEIHHYIO CTOPOHY, T.€. TIOJIOKHUTEIbHBIN TPOTEKT-3(PEeKT.

AHO,Z[HaH 3alrTa UCIIOJIB3YCT IPUHIMUII IIEPEBOAd METAJlJIa B [TACCUBHOC COCTOSAHHUC.

2. KATOAHAA 3ALIUTA.
21.KaTongHas 3amiuTa C 1OMOU[bIO NPOTEKTOP OB.

[Tpu u3yueHuu 3Toro Marepraia 0coboe BHUMaHUE clieAyeT OOpaTUTh Ha XapakTep
MPOIIECCOB, MPOTEKAOIINX Ha AekTpoaax. Jluteparypa: [1, 2, 3].

Haubonee npocThIM ciiydyaeM KaTOIHOM 3aIIUTHI SIBISETCS 3alIUTa C TOMOIIBIO
MPOTEKTOPOB. B TaHHOM ciTydae mporece 3JIeKTPOXUMHUYECKOM 3aIUThI 00YCIOBIIEH IeHCTBUEM
KOPPO3UOHHOTO 3JIEMEHTa, 00pa30BaHHOTO JIBYMsI Pa3HOPOIHBIMH METaJJIAMH, TIOMEIIICHHBIMU B
POBOASILYIO cpeny. B aToM cirydae Ooniee 6;1aropoJHbIN AJIEKTPOI KOPPOZUOHHOTO AJIEMEHTA —
KaToj1, MeHee 0JaropoJAHbIM — aHO/I. Bo3HUKaromuil TaJIbBaHUYECKHI TOK SBIISETCS TOKOM
KOPOTKOT'O 3aMbIKAHMSI.

TOK 3TOro KOPOTKO 3aMKHYTOI'0 TaJbBAHUYECKOT0 3JIEMEHTA KaTOHO 3aLUIIACT
TEIUIONPOBOJ TOUYHO TaK K€, KaK €CJIH Obl MOJIAPU3YIOUINI TOK M0/1aBajICs OT BHEIIHETO HCTOYHUKA
TOKA.

CxemMaTHyecKy KaTOIHAs 3allUTa C MOMOIIBIO TPOTEKTOPa MOKET OBIThH MPECTaBIICHA

clenyrommuM oopa3zom (puc. 2).



Pucynok 2.

1. mporekrop

2. aKTUBATOp MPOTEKTOpA

3. 3ammiaemMoe coopyxkeHue (TpyOoomnpoBo).

[Tpu 3aMBIKaHUU 3AIIUIIAEMON KOHCTPYKIIMHU C MIPOTEKTOPOM C ITOMOIIBIO
COCIMHUTEIILHOTO Ka0ellsi MPOUCXOUT PAaCTBOPEHHE MaTepralia IMPOTEKTOpa, a Ha MOBEPXHOCTH
3alIMIAEMOT0 COOPYKEHUS UAYT BOCCTAHOBUTENIbHBIE ITPOLIECCHI, HE MPUBOAILNE K Pa3pyLICHUIO
coopy>xeHus. B mporecce skcmiyatalii IpoTeKTOp pacTBOPSETCS U TpeOyeT MepuoAndecKoi
3aMEHBI.

[TpOTEeKTOPHI MIMPOKO UCTIONB3YIOTCS /IS 3aIUTHI TIOA3EMHBIX TPYOOIPOBOAOB U KaOeeH.
KaTtogHast 3amura ¢ moMoubio NpoTeKTOPOB He TpeOyeT CHelUalbHbIX HCTOUHUKOB SHEPTHH,
MIO9TOMY MOJKET OBITh MCIIOJIb30BaHa B TPYAHOAOCTYIIHBIX PalOHAX, I'/l€ OTCYTCTBYIOT IIOCTOSIHHBIE
UCTOYHUKHU SHEPTUH.

Ee ncnosip3yroT npenMyiecTBEHHO B TEX CIydasX, KOT/1a HE00XO0IUM 3aIllUTHBIN TOK
MaJIOH BEJTMYUHBI. DTO OBIBAET, €CIIM KOHCTPYKIIMS UMEET XOPOIlee H30ISIUOHHOE TOKPBITHE U
HEeo0X0/1MMa 3allUTa TOJIbKO TEX YYacTKOB, TJ€ 301U HapyLIeHa.

O6nacTh NpUMEHEHUs IPOTEKTOPHOM 3alUThl OTPAHUYMBAETCS BEIMUMHON yI€IBHOTO
COIIPOTHBIICHUS TPYHTA. B TOKOMPOBOASIINX ITPYHTAX NPOTEKTOPHAS 3aIIUTa CTAHOBUTCS
Man03(pekTHBHOI.

K npoTekTopHbIM MaTepuaiaM NpeabsIBISIOTCS ONpeieleHHbIe TPeOOBaHUS:

- IOTEHIMAJl MaTepHaja MPOTEKTOPa JOKEH ObITh JOCTATOUYHO OTPHLATEIBHBIM, YTOOBI
napa "mpoTeKTop — cTalip" uMena MmakcumanbHyto J/(C;

- IPOTEKTOPHI HE JI0JIKHBI TACCUBUPOBATHCS, T.€. MOJIAPU3ALMS IPOTEKTOPA IPU
[aCCHBAIlUM MOXKET 3HAUUTENIbHO CHU3HUTD 3aIlIUTHBIN TOK.

JUis yMeHBIIEHUS! BO3MOXKHOCTH TTACCUBAIIMH ITPOTEKTOPA €r0 MOMEIIAIOT B MEIIKH,
3aIIOJIHEHHBIE CIIEIIMATBHBIM aKTHBATOPOM.

- IPOTEKTOPHBII MaTepua JOIKEH UMETh BBICOKYIO A(P(EKTUBHOCTb U BBICOKYIO
TokooTAauy. [IpakTHueckoil TOKoOTAaYeH IPOTEKTOPA ¢,y HA3BIBAIOT CPEJHEE KOTUUECTBO

QJICKTPHUYCCTBA, MMOJIYHIaeMOC C CAUHHUIBI MACChI IIPOTCKTOPA.



T
q,, = Anm (A uac/xe) Q)
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Jy - cpenHss cuia ToKa MPOTeKTopa, A;

7 - BpeMs paboThI IPOTEKTOPA, Yac;

Am,, - yObUIb MacChl MPOTEKTOPA, KT.

BcnenctBue koppo3un NpoTeKTOpa, U3-3a HEPABHOMEPHOI'O €TI0 PACTBOPEHUS U
BBIKpAIINBaHUS, OT HATMYMS MPUMECEH U T.J. MPaKTUUECKasi TOKOOTAaya He COBIAAAET C
TEOPETUYECKOH g7, KOTOPYIO MOXKHO paccuuTath 1o 3akony Dapanes gr=1/k , rne k—
AIIEKTPOXUMUIECKUN IKBUBAIICHT METAJIA.

OTHOIIIEHHE TPAKTHYECKOM TOKOOTJA4u K TEOPETHUUECKOM, BBIPAKEHHOE B MPOLICHTAX,
Ha3bIBAIOT KO3(p(PULIMEHTOM MOJIE3HOTO JIeHCTBUS IPOTEKTOPA 7.

=2 100% )
qr

21.1.MaTtepuanb aHOAHBIX IPOTEKTOPOB.

B kadecTBe NPOTEKTOPHBIX MaTEPUATIOB MOTYT ObITh UCIIOIb30BaHbl MAarHUH, aTIOMHHUH,
IIUHK WJIM CTUTaBBI HA OCHOBE ATHX MeTauioB. OHAKO CleyeT OTMETHTD, YTO YHCTHIE METAJLIbI,
HECMOTPs Ha JOCTATOYHO BBICOKUN OTPHULIATENIbHBIN MOTEHIIMAN, HE MTOJIyYMIIN IIHPOKOE
npUMeHeHne. IT0 00bACHAETCS TEM, YTO Mg UMeeT CPaBHUTENIBHO HU3KYIO TOKOOTAauy, a
AIIOMUHHMM U IUHK CKJIOHHBI K naccuBanuu. Hampumep, KITJI maraus va 10-20% Huxe, yem KI1JQ
CHEUHATbHBIX POTEKTOPOB, N3TOTOBJICHHBIX U3 CIJIABOB HA OCHOBE MarHusl.

[TosTOMy HambobIIee MPUMEHEHHE HAXOIAT Pa3IMIHbIE IPOTEKTOPHBIE CTUIABBI.
BBenenue 106aBok B OCHOBHOM MeTallll TO3BOJISET MOJy4YaTh 00JIee OTPULIATEIbHBIA NOTEHIUAT,
OoJiee, aKTUBHBINM, PABHOMEPHO PACTBOPSIOIIMNCS M HE CKJIIOHHBIM K TaCCUBALIMU MaTepHal.

2.12.PacnpeneneHnue 3allUTHOrO0 NOTEHIMala Ha
NOBEPXHOCTH 3aN[HIMAaEMONd KOHCTPYKIHH.

[TpoTekTOpHYIO 3aIUTY ClIeAyeT NPOEKTUPOBATh TaK, YTOOBI 00OECIIEYUTh PABHOMEPHOE
pacripeieieHle TOKa 110 Bcel TOBEPXHOCTH KOHCTPYKIMHU. [IpakTuuecku, 0HaKo, 10CTUYb 3TOr0
BechbMa TpyAHo. Hauboubire mioTHOCTH NOJSPU3YIOIETo TOKAa HabII0Aal0TCsl B MecTax, OJrke
BCETO PACIIOIIOKEHHBIX K MPOTEKTOPY, T.€. B TEX MECTAaX, I/Ie HAaMOOJIbINasi pa3HOCTh MOTEHIIHAJIOB.
Cxemaruyecku pacnpesiesieHre MOTEeHIMala B10JIb OCH TpyOOIpoBo/ia MPU HAJIMYUHU OAUHOYHOTO

HIPOTEKTOPa MOYKHO MPEACTABUTH CIEIyIOIUM 00pa3zoM (puc. 3)



Pucynox 3

AE, - pa3HOCTh NOTEHLUATIOB MEXAY IIPOTEKTOPOM U 3aIUIIAEMON KOHCTPYKIUEH.

AE 4y, - 3aIIATHAS Pa3HOCTDb NOTEHIIUAIOB.

Touka mojakIIF0OuUeHus Kabels MPOTEeKTopa K 3alluiiaeMoi KOHCTpYKIuu (Touka 0)
Ha3bIBAETCs TOUKOM JpeHaxa. B Touke 0 ycraHaBnuBaeTcss HanOOobIIask pa3HOCTh TOTEHIIUATIOB
(4E,).

W3MeHeHne noTeHIuana BJ1oJib TpyOOIpoBoia UMEET BU] 3KCIIOHEHIIUAIbHOMN
3aBrucuMocTH. [Ipu OosblieM yJaneHuu oT TOYKU JpeHaxa (X—00) BeIMUnHa pa3HOCTH
MOTEHIMATOB ACUMITOTUYECKU PUOITIKAETCS K HYJIIO.

AE =AE - I (3)

[ - ecTb yIBOEHHBIN paauyc neictBus 3amuthl (AB). U3 prcyHka BUIHO, 4TO yeM OoJibliie
OTpHUIATEeNILHOE 3HAUYCHUE TIOTEHI[MANIA B TOUKE JPEeHaXa, TeM Panyc IHCTBUS 3aIIUTHI OOJIbIIE
(I">1).

a - ko3¢ dunmeHT HepaBHOMepHOCTH pactpenenenus (a=1,2-1,3). [Ipu
WCIOJIb30BAHUU HECKOJIBKUX MPOTEKTOPOB PABHOMEPHOCTH PaCIpeIeICHHs TOTEHIIMAlIa

yiyumraetcs (puc. 4). UHorna ucnonb3yroT Jaxke JIGHTOYHBIC TPOTEKTOPHI, HMEIOIUE TOUKH

JIpeHa)ka dyepes, paBHbIC MPOMEXYTKH (puc. 5).

Pucynoxk 4. Pucynox 5.

O PeKTUBHOCT MPOTEKTOPHOM 3aUThI Dy OIpeaessieTcs u3 GopMyiisl (4):

5, =272 (%) @)

np
Jo»J - COOTBETCTBEHHO CKOPOCTH KOPPO3UH MaTepuasa 3aluiaeMoil KOHCTPYKIMU 0e3

3aIIWTEI ¥ IpXU €€ HAJIUIUH.



2.1.3.PacueT mapaMeTPOBKATOAHOMN 3aU[UTHl CIIOMOIb IO

NPOTEKTODPOB.

[TpakTHUeCcKUM KpUTEPUEM NIPOTEKTOPHOM 3aLUTHI SBJISIETCS 3AIUUTHBIA MOTCHIHAT £,y
CranoHapHbIi TOTEHIMAT CTAJIX B OOJIBIIMHCTBE TPYHTOB IMpUMeEpHO paBeH - 0,55B o
MeaHocyIb(haTHOMY AtekTpony. [lonsprsanys moa3eMHBIX KOHCTPYKIIUM 10 3aIIUTHOTO
noteHnuana -0,85B 1o 3TomMy ke JIeKTPOAy CpaBHEHHUS U MOJIJIEPKAHKUE €TI0 B 3THX Mpeiesax
IPaKTUYECKU Bcerja o0ecreurnBaeT HaJeKHYI0 3alIUTy COOPYXKEHUNH. DTOT napaMeTp ObL1
AKCIEPUMEHTAIBHO yCTaHOBIIEH enle B 1923 r lllenapom U MOATBEPKJIEH AOITOJIETHUMU
HaOmoeHusIMU. B HacTos1iee BpeMs OH SIBIISIETCS, IOBCEMECTHO MPUHSATHIM KPUTEPUEM KAaTOTHOU
3alIUTHl CTalu. TOJIBKO B IPUCYTCTBUU CEPOOAKTEPHil, BOCCTAaHABINBAIOLINX CYIb(AThl B
aHa’pOOHBIX Cpeliax /10 CEPOBOIOPO/IA, 3AIUTHBIN MOTEHIIAI CTaJIH, CHIDKAIOT 110 - 0,75B.

Pacuer mapameTpoB NPOTEKTOPHOMN 3aIUTHI CBOAUTCS K ONPEeICHHIO HE0O0XOAMMOT0
Yyclia IPOTEKTOPOB U CPOKa UX CIIyKObI. [IJ1s 3TOro 1nociie1oBaTeaIbHO ONPEAEIISIOTCS CleAYOne
apaMeTpsl:

2.131.IlepexoaHOe CONPOTUBINEHHNE TPOoTEeKTOpa R™,.

Benuunna R™);, paBHa cymMMe MONSPU3aIMOHHOTO COMPOTHBIIEH s MpoTekTopa R™ o, 1

COIIPOTHBIICHHS] PACTEKaHHIO TOKa mpoTekTopa R'™),.

R =R” +R”,(OM) (5

nox

[Tossspu3anOHHOE CONMPOTUBIIEHUE €CTh CONPOTHUBIICHUE MPOTEKaHUIO
INEKTPOXUMHUYECKOM peakunu. OHO 3aBHCHUT OT IIPUPOABI MaTepuaa MpoTeKTopa, OT IPUPOIBI U
KOHIIEHTPALUH 3JIEKTPOJIUTA, T.€. CPENbI, Ky/la IOrPy KEeH IPOTEKTOp. JTa BEIMUNHA OIIpeeIcHa
JUISL OCHOBHBIX ITPOTEKTOPHBIX MAaTEPUAJIOB U OCHOBHBIX TUIIOB TPYHTOB U CPEJl U CBEICHA B
CIPaBOYHBIE TAOJINIIBL.

ComnpoTuBieHNE PACTEKAHUIO TOKA 3aBUCUT OT (POPMBI U PACHIOJIOKEHUS IPOTEKTOPOB, OT
YAEIBHOTO CONPOTUBIIEHNS IPyHTA, OT IPUPOABI U IAPAMETPOB UCIOIb3yEMOTO aKTUBATOPA.
BenuunHy conpoTuBiIeHUs pacTEKaHUIO TOKA OMPENEISIOT PaCUeTOM COOTBETCTBYIOIIEH
3JIEKTPUYECKO enu. Hanprumep, pyu BEPTUKAIBHOM PACIIONOXEHHUH IPOTEKTOPOB BenmrunHa R,

paccuuThIBaeTcs mo Gpopmyre:

Re=F2 1n&+llnﬂ+&lnd” (6)
P 27, d 2 4h-1, p,

a n

i€ p. — YACIbHOE CONpPOTHBIEHHE TpyHTa (OM'M)
h — cpennsis ryOuHa 3aeraHus NpoTekTopa (M)

d, — TMamMeTp aKTUBATOPHOM 3aCBINKH (M)



Pa — YAEIBHOE CONPOTHBIIEHNE akTuBaTopa (OMM)
l, — nMHA y4acTKa MPOTEKTOPa, MOTPYKEHHOTO B aKTUBATOP (M)

d, — mnameTp nmpoTekTopa (M)

[Tpu TOPU30HTATILHOM PACHOI0KEHUU MPOTEKTOPOB pacueTHas (hopMysia U3MEHSETCs, T.K.

HU3MCHACTCA BHU 3J'ICKTpOXPIMPI'~I€CKOI71 OCIIH.

[ ++/1* +16h*
R = Lo n 2oy te P (g
"o | d, 4h o d

OpHaKo Mpy 10CTaTOYHO OOJIBIION MTyOMHE YKIIaJKU MPOTEKTOPOB (4>1,5M) pa3Huia
MEXy BETMYMHAMU Ry, IPY FOPU30HTAILHOM U BEPTUKAILHOM PACIIOJIOKEHNH YMEHBIIAETCS U HE
npesbimaer 1-2%.

B sToM ciyuae BenmuuuHbl R, ¥ R, IPUMEPHO PaBHBI.

s HanGomee yacTo UCMOIB3yEeMbIX PAKTUKOM MarHWEBBIX MPoTeKTopoB Mapku [1I1A-5,
YTO 03HA4aeT MPOTEKTOP MOPOLIKOBBIM yIIAKOBaHHBIN, BEIUYUHBI R, onpeieseHsl u paBHbl 0,47 -

0,56 p. 1 BenMUMHA IEPEXOHOTO COMPOTUBIECHUS IPOTEKTOpa R B 3TOM ci1yyae MOXKET ObITh

paccuntasa o gpopmyne R” =0,56p, + 0,24 , rae 0,24 — 3T0 NOAAPU3ALUOHHOE CONPOTUBIICHUE

3JIEKTPOJTHON PEaAKIUU.

2132.CunaTtokanpoTekTtopa I,

Jpyrum napameTpom, HEOOXOIUMBIM ISl pacueTa IPOTEKTOPHOM 3alllUThl, SBISETCS

CpelHss cuia Toka npotekTopa /,. Benuuuna 7, onpenensercs u3 GopMyJibl:

E, —EY
[, =——="——.(4) @®)

= -
v, +r,+R

Kab

rae K., - cTallMOHapHBIN MOTEHIIUAN TpyOompoBoa B JaHHOU cpere (B)
Ey"" - snektpoanblii noTeHman nporekropa (B)

T'ex - BXOJHOE COTPOTUBJICHHE TPYOOIPOBO/Ia B MECTE KOHTAKTa C KabeleM

nporekropa (Om)
Va6 - COTIPOTUBJIEHUE COCTMHUTENBbHOTO Kabeis (Om)
R, - nepexonnoe conporusienue nporexropa (Om)

E™ ) - TabnuuHas BeIMYMHA IS COOTBETCTBYIOLIETO METAJLIa IPOTEKTOPA.

Eciu E™, Hen3BecTHO, TO pa3HOCTh MOTeHIUanos (E., — E'’,) npuauMarot paBHoi 1B.



TTOCKOMBKY (Fias + Fex) « R, TO BeMuuHy I, HAXOIAT U3 TPUOIMKEHHOTO

BBIPpAXCHUA .
p AE

) ©)

I, =

2133.]I10THOCTb 3AIMUTHOTO TOKA Iz

Benuuuna i,4, Ha 1 KM JUIMHBI 3alIMIIaEMOT0 TPYOOIIPOBOIa paBHa!

3awy

AE . -a
ioo= e T (A k) (10)
r

rAc AEmm = Ecm _Eaam?(B) (11)

a=12+13
7'm — conpoTuBiieHne 1 kM TpyOompoBoa (OM'KM).
3Has o01yto IMHY TpyOornpoBoja L (kM), onpenensioT BeIUYHHY 3aIUTHOTO TOKA Lyqy,.

] :isam'Lﬂ(A) (12)

3auy
Teneps, 3Hast HEOOXOIUMYIO BETMUMHY 3AIIUTHOTO TOKA /54, U CHITYy TOKA, KOTOPYIO MOXET
o0ecnevyuTh OIUH MPOTEKTOP [, HAXOJAT KOJUYECTBO POTEKTOPOB N.

I
NZ%,(W"WK) (13)

"

ITpu 0AHOPOJHBIX IPYHTAX, T.€. B IPyHTaX, UMEIOIIMX IPUMEPHO PABHOE CONPOTUBIICHUE
Ha BCEX y4acTKax TPAcChl, IPOTEKTOPHI pacrojaramT NOOJUHOYKE HA pABHOM PAaCCTOSHUU APYT OT
apyra. [Ipyu rpynnoBoM pacnosioKeHUU IPOTEKTOPOB B HEOJHOPOIHBIX IPYHTAX CIEAYET

YUUTBIBATH UX B3AUMHOC 3KpaHUPOBAHUC. Beanunna N B aToMm cjIydae 6y,Z[CT paBHaA:

13a
N = (uumyx) (14)

n 2

e 77, — K03 HUIMEHT B3aUMHOTO SKpaHUPOBaHus, 77, < 0,6.
JUist HaieXKHOCTHU 3ALLUTHI IPUHAMAEMOE YUCIIO MPOTEKTOPOB. N, =1.5+2N .
Haxkowner, npu pacuere HEOOXOUMO OIPEIEIIUTh CPOK CITYkKOBI MPOTEKTOpa. ITO OyIeT

BpeMsi, Uepe3 KOTOpoe HE0OXOAMMO IPOU3BOJUTH 3aMEHY MTPOTEKTOPOB, T.K. UX MaTepHall

pacxomyetcst ipu 3amuTe. Cpok ciryk0bl TpoTeKTOpoB T  ompenensiercs no Gopmyre:

M-q,-n,n
7= 9 Nl gy (15
1361 ") (19

rae M - macca mporekropa (Kr)

gm - TOKOOTJa4a MaTepuaia mpoTekTopa (Teoperudeckas) (Adac/kr)



Ny - KOG OUIIMEHT MOJE3HOTO JEHCTBUS MPOTEKTOPA. DTa BEIMUYUHA 3aBUCUT OT
Martepuaina 1 koueonercs ot 0,5y, 10 0,987,

8736 - cpenHee 4KcI0 YacoB B roy (4ac/rom)

N - KodQPHUIKEHT ncnoabp3oBanus nporekropa. On pasen 0,95 + 0,98

I, - cuna Toka nporekropa, A

2.1.4. JlocTOMHCTBA U HEJOCTATKU MPOTEKTOPHOMN 3AMIUTHI.

Karonnas 3amuTa ¢ TOMOIIBI0 MPOTEKTOPOB — IOCTATOYHO MPOCTOM M HAJEKHBINA CLIOCO0
3amuThl. [Ipy mpaBUIIBHOM €€ UCIIOJIB30BAHUU CHCTEMA 3aIIUTHI HE TPeOyeT OOIBIINX TEXHUIECKUX
3arpat. OqHaX bl CMOHTHpPOBaHHAas cucTeMa padoTaeT AOCTaTOYHO JOJT0 6e3 00CiTy )KUBaHMUSI,
HY>K/1asICh JIUIIb B IEPUOIMUECKOM KOHTPOJIE MOTEHLMAJa 3alMIIaeMOIl TOBEPXHOCTH U 3aMEHE
MPOTEKTOPOB. BaxkHennm €€ JOCTOMHCTBOM SABJISIETCS aBTOHOMHOCTD, T.K. CUCTEMA
MPOTEKTOPHOM 3aIlIUTHI HE 3aBUCUT OT HAIMYUS JIEKTPOCHAOKEHUS U BBUAY HEOOJIBIIION Pa3HUIIBI
MOTEHIIMAJIOB OOBIYHO HE CO3JIaeT MOMeX sl OKpY Karolux 00beKToB. BBuy Manoctu
HamnpspKeHUH 00BIYHO HE BO3HUKAET MPoOIieM Mo TexHHKe Oe3omacHocT. CUCTEMBI ©
MIPOTEKTOPAMH MO3TOMY MOKHO pa3MellaTh U Ha B3PbIBOOIIACHBIX YYaCTKAX.

J71s1 321U T OT TPYHTOBOM KOPPO3UU IPOTEKTOPHI MOTYT OBITh pa3MEIICHBI BILIOTHYIO K
3alUIIaeMOMy OOBEKTY B TOH )K€ TpaHIllee, TaK YTO MPAKTUYECKH HEe TPeOyeTcs JOMOTHUTEIbHBIX
3eMJISTHBIX pa0oT.

[IpuHUMIIMAaTBEHBIMU HEAOCTATKAMU IPOTEKTOPHOM 3alUThI ABisieTcss Hu3kas J/[C, uto
OTPaHUYUBAET MPUMEHEHUE MPOTEKTOPOB B IJIOXOMPOBOISAIINX CpeliaX, 0€3BO3BpaTHBIC TOTEPU

MeTaljla U BO3MOXKHOE 3arpsi3HCHUE OKPYIKaIOIIei cpebl.

22. KartogHasg 3amuTa BHEIIHUM TOKOM.

2.2.1. IlpuMeHUMOCTH ME€TO/1a, €T0 JOCTOMHCTBA U HEJOCTATKHU.

Karonnyto 3ammuty BHemmHM TOKOM (K3BT) mmpoko npuMeHsFOT 1715 3alIUThI TOA3EMHBIX
U TUIPOTEXHUUECKUX COOpyx eHUH. [IpakTuyecku KaToqHYyIO0 3alUTy MOKHO IPUMEHSTH BCET/a,
KOT/Ia 9TO 9KOHOMHYECKH 000CHOBAHO M UMEIOTCS UCTOYHHUKHU AJIEKTPOIHEPrun. [[puMeHnMOCTh
KaTO/JHOM 3alIMThI 3aBUCUT OT XapakTepa KaTOAHON peaKIi KOPPO3ZUOHHOTO MpoLecca.
Ecnu koppo3ust mpoTeKaeT ¢ BOJOPOIHON JeNOospr3aIfeil, TO sl TOCTHXKEHUS TIOTHON 3alUThI
MeTajuia He0OXO0IMM 3allUTHBIN TOK, INIOTHOCTh KOTOPOTO BO MHOTO Pa3 MPEBBIIIAET MIIOTHOCTh
KOPPO3HMOHHOTO TOKA. [[pakTHuecku 3TO 03HAYaET, YTO UCIOJIb30BAaHUE KAaTOAHOM 3aIIUTHI B TAKMX

YCIIOBUAX HEBO3MOXKHO MU3-3a OOJIBIIINX KOJIMYECTB BBIACIAIOIICTOCA BOAOPOAA U 3HAYUTCIIbHBIX



sHepreTuueckux 3aTpart. Hanpumep, mus 3amutel ctanu B 0,3 M H>SO4 3amuTHast I0THOCTH TOKA
J0JDKHA OBITH puMepHO 300 A/M%. Eci ke KOppO3HUsl MeTajia UAET C KUCIOPOAHOMN
JEenoaspu3alei, HampuMep, B PYHTaX, TO 3allMTHAS MNIOTHOCTh TOKa B OCHOBHOM 3aBHUCHUT OT
ckopoctu nuddys3un kucnopona. Ilpu ’ToOM BeITMYKHA 3alIUTHOTO TOKA OyA€T pacTy TOIBKO MpHU
YBEJIMUEHUH CTEIIEHU a’paliu.

O6bryH0 K3BT ncnonb3yeTcsi COBMECTHO C pa3IMYHBIMHU U30JISIITUOHHBIMH ITOKPHITHSIMU
HapYKHOU MOBEPXHOCTH 3aIUIIIAEMOT0 COOPY KEHHUS:
- BeIcoKast apdextuBHOCTD (0uTH 100% 3ammra);
- BO3MOYKHOCTb 3aILIUTHl IPOTSKEHHBIX METANINYECKUX [TOBEPXHOCTEN, UMEIOIINX MOBPEXKIEHHYIO
M30JISILMIO ¥ BOOOIIE JIMIIEHHBIX €€ B CpellaX C Pa3IMYHbIM yAEIbHBIM COMPOTHBIICHUEM;
-BO3MOKHOCTh PETYJIMPOBAHMSI 3aIIUTHOTO TOKA B MPOLIECCE IKCILTyaTallHH;
-BO3MOKHOCTb aBTOMAaTH3aL[1MH MIPOLIECCA 3ALUTHI.

K HegocraTkaM MeTO/1a MOYKHO OTHECTH BBICOKYIO Ha4aJIbHYIO0 CTOUMOCTH pador,
HEOOXOJUMOCTh CUCTEMATHYECKOTO KOHTPOJIS U MPOPUIAKTHUECKOTO PEMOHTA, a TaKxkKe

BO3MOXHOC BpCAHOC BJIUAHNEC Ha COCCAHUC HE3AINIICHHBIC MCTAJINIMYCCKUEC KOHCTPYKIHUU.

2.22. Opranuszanus K3BT.

YcTaHoBKa KaTOMAHOM 3al[UTHl COCTOUT M3 UCTOYHHKA ITOCTOSHHOIO TOKA, aHOJHOI'O
3a3eMJICHHUS M COEUHUTEIBLHBIX Ka0Oeleii.
3amnmaeMa;1 KOHCprKLII/IH HpI/ICOeI[I/IHHeTCSI K OTpI/II_IaTe.HBHOMy HOJIIOCy HCTOYHHKA TOKaA, K €0
MOJIOKUTEIBHOMY TOJIFOCY MOAKIIOYAKOT BTOPOM AIEKTPOJ — AHOAHBINA 3a3eMIuTeNb. MecTo
KOHTAaKTa ¢ KOHCTPYKIIMEH Ha3bIBAETCSI TOUYKOW JpeHaxa. [[pUHIMNHaIbHYI0 CXeMy METO/1a MOYKHO

MIPEJICTaBUTh CIEAYIOIUM 00pa3zoM (puc. 6)

puc. 6

1 — ICTOYHHMK OCTOSTHHOI'O TOKa 2— 3a1UIaeMO€ COOPYKEHUEC



3 — TOouKa IpeHaxa 4 — aHOJTHOE 3a3eMIIEHHE

Pa6ota kaTtoaHO 3aIMTHI BO3MOYKHA JIUIIL B TOM ClIy4ae, KOTa 3aiuiiaeMasi KOHCTPYKIUS 1
AQHOJHOE 3a3€MJICHUE HAXOATCA B 3JIEKTPOHHOM U 3JIEKTPOJIMTUUECKOM KOHTAKTE. DJIEKTPOHHBIN
KOHTAKT JIOCTUTAETCsI C IIOMOIIBI0 METAJUTMUYECKUX MPOBOAHUKOB, JIEKTPOIUTUUECKUN
o0ecrneunBaeTcs AEKTPONPOBOIHOCTHIO ITpyHTA. [Ipy 7TOM MOBEPXHOCTH 3alUIAEMOT0 MeTalIa
MOJISIPU3YETCSl KATOJHO M Ha HEW MPOTEKAT IPOLECCHl KATOAHOTO BOCCTAHOBIICHHUS, YaIlle BCEro —
KHUCJIOPOJa. AHOJIBI CIIyXaT JJI Ch€Ma Ha 3eMIIIO MOJI0KUTENIbHBIX 3apsiI0B U HA HUX IPOTEKAIOT
MPEUMYIIECTBEHHO aHOIHbIE MpoLecchl okucienus. [loaTomy B JTaHHOM ciydyae, B OTJIMYUE OT
MIPOTEKTOPHOM 3aIIUThI, HEOOXOIUMO 3a00TUTHCSI O TOM, YTOOBI aHO/IbI OBLIIM U3TOTOBJIEHBI U3
MaTepuasoB, Haubosee CTOMKUX K OKUCICHHIO.

J1Jis TuTaHus TOCTOSTHHBIM TOKOM OOBIYHO HMCIIOJIB3YIOT BBIIPSIMUTENH, IPE0Opa3yolne
MIEPEMEHHBIN TOK ITPOMBIIIEHHON YaCTOThI B IOCTOSIHHBIN.

B npocteiimem ciygae K3BT coopykeHHSI MOKET MPOU3BOUTHCS OT HEPETYJIUPYEMOTO
MCTOYHMKA C HACTPAMBAEMBIM IIOCTOSIHHBIM HaIPsKEHUEM Ha BbIxoJe. OHU NOJy4YHJIM Ha3BaHUE
npeoOpaszoBareneil MoTeHIMAaNa C PyYHbIM YIIPABICHUEM.

Takast cucTema 3aIuThl MOXKET OBITh UCTIOIB30BaHA, €CITU MapaMeTPhI 3alIHIAEMOTO
00BEKTa OCTAIOTCS CTAOUIBLHBIMU BO BpeMeHHU. Tora 3a/1aeTcst OT MCTOYHHUKA TTOCTOSIHHAS
BEJINYMHA 3aIUTHOTO NOTEHIMAJIA, HEPEryIupyeMasi BO BpeMeHH. Eciu napameTpsl 3a1uuaeMoro
00BEKTa MEHSIOTCS BO BpeMEHH, TO cienyeT npu opranuzanuu K3BT ucnons3oBarh
ABTOMATUYECKUE KAaTOJIHbIE CTAHIUH, MTOIEPKUBAOIINE TOTEHIIMAN 3aIlUIIIaeMOro 00bEKTa B
3aIaHHOM pEXUME.

[IpeoGpa3oBareny ¢ aBTOMaTHUECKUM yIPaBIE€HUEM 000pY/1I0BaHbl yCTPOUCTBOM ISt
cTabuIM3aluy 3aJaHHON Pa3HOCTH MOTEHIMAIOB MEX/Ty 3allUIIAeMbIM COOPYKEHHEM U 3eMJICH.
OHU Ha3bIBAIOTCS ABTOMATUYECKUMH CTAHLIMSAMHU KaTOAHOM 3a1UThl. biiok-cxema aBToMaTu4ecKoit

CTaHIIMM KaTOJIHOW 3alUThl IPEACTABIICHA HA PUC. 7.



C nomoIbio 0/10Ka, 3a1ar01IEr0 MOTEHIHA

1, ycTaHaBnuBaeTcs TpeOyeMblid 3alllUTHBIN

! NOTEHLUaN. DTO 3Ha4€HHUE IOTEHLaNa

| CPaBHUBAETCA C TIOMOLIbIO OJI0Ka CpaBHEHHS

2 i > - o 2 ¢ NOTEHIIMAJIOM 3aIlUIIaeMOd KOHCT-

1 | PYKLMH, U3MEPEHHOM MO0 OTHOILEHHIO K
-— 7

? o @® TOMY K€ 3JIEKTPOJly CpaBHEHUS 4 C

MOMOIIIBIO OJIOKA U3MEPEHHUS MOTeHIIHANA 3.
Pa3HOCTh MOTEHINAIIOB TIOCTIC YCHUIICHHUS
OJIOKOM yCWJIMTENIS 5 TI0JIaeTCsl Ha OJI0K
yrpaBieHus 6, KOPPEKTUPYIOLIETO CUITY
puc 7. MOJIIPU3YIOIIETO TOKA, HIYIIEeTo OT
BBIIPSAMUTENS 7.
KOHCTPYKTHBHO CTaHIIMW KaTOHOM 3aIIUTHI MOT'YT OBITh Pa3JIMYHBIMU, OJTHAKO,

NPUHIUNNAIbHASA CXeMa Y HUX OJIHA.
2.2.3. Pacuer napamerpoB K3 BT.

HcxoaHbpIMU JAHHBIMU JIJIS1 pacyeTa SBJISIOTCA apaMeTphl IPOEKTUPYEMOT'0 COOPYKEHHUS, a
TaK)Ke yJIeTbHOE COMPOTUBIEHUE TPYHTA IO TPACCE COOPYKEHHUS.
IToBepxHOCTH TpyOOIIpOBOAA S ONPEENSIETCS U3 COOTHOILIEHUS.
n
S=>d110° (v (16)
i=1
rae di — AnaMeTp coopyKeHUs, MM
l; — mIMHA yyacTKa COOpYXKEHHs ¢ JaHHBIM Pa3MeEpOM JAUaMeTpa, M
[Tpu coBMecCTHOM 3a1uTe ra300poBoa, BOJOBOAA U TEIIOTPACCH 001Ias 3aluiaeMas
MOBEPXHOCTh OYyJIET paBHa!
ZS:SF33+SBOH+ST€HH (1 7)
J10J11 TOBEPXHOCTH KaXKI0M MaruCTpaid OIpeaessaeTcs Kak:
b = (Spox/D.S) -100% - momst MOBEPXHOCTH BOAOBO A (1)
¢ = (Stenn/2.S) -100% - o1t TOBEPXHOCTH TETLIOTPACCHI

d = (Sras/2.S) -100% - momst HOBEpXHOCTH ra3ompoBoaa

[InoTHOCTH IMMOBEPXHOCTHU KAXKIAOTO pr6onp0130)1a, npuxoAdamasicsa Ha CAMHULIY TUIOIIa I

3aHMMAaEMOI TEPPUTOPHUHU Srep (M°/ra), ONpeeseTCs 13 BEIPAXKCHHIL:



IUTSL BOZOBOJA € = Sgon/Srep

(19)

10151 TeroTpaccehl = Siena/Srep
1uist ra3onpoBoga  d = Spas/Srep
Step — BEIPAKAETCS B FEKTapax.

CpeHsist INIOTHOCTB TOKA 1 (MA/M”) HAXOXHUTCS M3 BBIPAKCHHSL:

1=30-(99b +128¢+33,9d+3,33e+0,611+4,96p;) 107 (20)

Ecnu 3HaueHmne cpeHeli IIIOTHOCTH TOKA, BRIYUCIEHHOE 10 Gopmylie, OyaeT MeHbIe 6
MA/M’, TO B TaNbHEHIINX pacyeTax MPHHAMACTCS i = 6 MA/M’.

CyMMapHBI# 3alTUTHBIN TOK I35y, HEOOXOAMMBIN 7151 00ecTIeueHUsT KaTOTHOM 3aIUThI
MOJI3EMHBIX COOPY>KeHUH paBeH: Ly = a1) S
0. — K03 PUIMEHT HEPAaBHOMEPHOCTHU pacupeeneHus, pasuelii 1,2+1,3

KonnyecTBO KaTOAHBIX YCTAaHOBOK MPUOIIKEHHO onpenensiercs o popmyne: n = l;yy,/25,
T.K. CWJIa TOKa OJHOM CTAaHLIMM HE JOJI’KHA, 10 BO3MOKHOCTH, IPEBBIIIATH 25 A.

[Tocne pa3menieHus KaTOAHBIX YCTAHOBOK Ha IJIaHE HEOOXOAMMO MMPOBEPUTH 30HY
JIEUCTBUA KaXI0M U3 HUX. /{7151 9TOM 1enu onpenensercs paanychl JEHCTBUSA KaXKI0W KaTOAHON

YCTaHOBKH.

. 21

rae Ix. — TOK KaToOgHOM CTaHINH, A
k - ynenpHas INIOTHOCTb COOpPYXKEHUH, paBHast ) S/Sqep
Ecnu mtomany noiydeHHBIX OKPYKHOCTEH, painyChl KOTOPBIX COOTBETCTBYIOT pajiycam
JEHCTBHUS KaTOJHBIX YCTAHOBOK, a IIEHTPHI HAXOIATCS B TOYKAX Pa3MEIICHUS aHOTHBIX
3a3eMIIMTEICH, HE OXBATHIBAIOT BCEH 3aIUIIIAEMON TEPPUTOPHH, HEOOXOUMO U3MEHUTh MECTa

PAacCIOJIOKCHHA KaTOJAHBIX YCTAHOBOK (J'II/I6O 3HAa4YCHUA UX TOKOB) 1 BHOBbBb BBIIIOJIHUTH IIPOBCPKY.

224, Anoanuwme 3a3emnutenun npu K3BT

AHOJHOE 3a3€MJICHUE SIBJISIETCS] OJTHUM U3 BaXKHEHIINX 3JI€MEHTOB KaTOAHOM 3amuThl. OT
MPABUIILHOTO BBIOOPA M PACIIONIOKEHHUSI aHOTHOTO 3a3€MJICHHS 10 OTHOIIICHHUIO K 3alUIIIAeMOMY
00BbeKTy 3aBUCUT A (DEKTUBHOCTH U HAZEKHOCTh KATOIHOM 3aIIUTHI.

Jns obecriedeHust 1OCTaTOYHOM JI0JITOBEYHOCTH paOOThl YCTAHOBKH KaTOJHON 3alIUThHI
aHOJIbI TOJKHBI OBITH M3TOTOBIIEHBI U3 MATEPHAIIOB, CTOMKUX K OKHCIEHUIO B YCIOBUSX

9KCILTyaTaluy, T.K. UX 3aMCHA 4aCTO CBsA3aHa C OOJIBIITNMU 3aTrparamu.



Kak nokasbiBaeT onbIT 3KCILTyaTalluy, HauOOJIbIIEMY Pa3pyLICHHUIO TOBEPraloTCs
cTaibHbIe aHOBI (<9,1 KI/A. rox). 3T0 OCHOBHOW HEJOCTATOK CTAJILHBIX aHOJ0B. [l0aTOMY OHHM
MPUMEHSIOTCS] BMECTE C KOKCOBBIMU aKTUBATOPAaMHU, KOTOPbIE YMEHbBIIAIOT CKOPOCTh PACTBOPEHUS
AHOJIOB 32 CUET CHIKEHHUS IUIOTHOCTH TOKA.

W3BecTHO nprUMeHeHue B Ka4eCTBE aHOIHOT0 MaTepuaa aatoMuHus. [Ipu sTom
JIOIyCTUMas! INIOTHOCTh AaHOJHOT'O TOKAa 3HAYUTEIHHO BBIILIE, YEM B CIy4ae OCTaJIbHBIX aHOJIOB.
Maunblit 5neKTpoXUMHYecKHid SKBUBaICHT Al obecrieunBaeT 1 MEHBIINI pacXoj MacChl aHOA.
OrpaHuveHreM MPUMEHEHUS ATFOMUHUS SBISIETCS €0 CTOMMOCTh. OH MOXKET IPUMEHSTHCS TSI
3aIIUTHl KOHCTPYKIUH, pa0OTaIONIUX B BOJHBIX CPElaX, HE COACPIKAIUX TaJOUIOB, T/I€ aTFOMHUHUI
aCCUBUPYETCSI.

I'pacdut, nponuTaHHBII BOCKOM WJIM CMOJIAaMHU, SIBJISIETCS JIETKO JOCTYIHBIM M CPAaBHUTEIBHO
JenieBbIM MaTeprasioM. OHaKO OH UMEET MAITyI0 MEXaHUYECKYIO MMPOYHOCTh. Bouigenstonuecs npu
ero pabote raspl TakKe CIIOCOOCTBYIOT €r0 MEXaHUYECKOMY Pa3pylICHHI0, TO3TOMY 00JacTu
MpUMEHEHUs rpauTa OrpaHUYCHBI, XOTS CTOMKOCTh IpaUTOBBIX 2JIEKTPo 0B B 1015 pa3 Beie
OCTaJbHBIX.

HaxonsaT mpumMeHeHue 1Sl H3rOTOBIICHUS aHOIOB CIUIaBbl cBHHIIA. OHU 00JIa1aI0T
XOPOIIMMH JIEKTPOXUMUYECKUMHU U TEXHOJIOTUUECKUMU cBoicTBaMu. [Ipu nx aHogHOM
noJisipu3anuu B obsactu miotHocted Toka 200500 A/M* Ha MOBEPXHOCTH CBUHIIOBBIX CIIJIABOB
(Ag, Sb) oOpa3yeTcst ToOHKas IJIEHKA MpoBoAsIIel nByokrcu cBuHIa (PbO;), koTopas aemaer anoxq
YCTOWYHUBBIM K PACTBOPEHHIO.

[TosTOMy nepes yCTaHOBKOM TaKMX aHOJOB MX ITOBEPXHOCTH MOABEPTAIOT IPEIBAPUTEILHON
00paboTKe — aHOTHOMY OKHCJIEHHIO — C LIEJIBIO MTOJy4€HHUs IUIEHKH JIByOKUCH CBUHIIA, HAIEKHO
3alUIIA0IIEH aHO OT OBICTPOrO PACTBOPEHHUS.

OdeHb BHICOKUMU CBOMCTBAMHU B KAUECTBE aHOJHBIX MaTepUAIOB 00J1a/1al0T CIUIaBbl CBUHIIA
C BKITIOYCHUSIMH 13 OJIarOpOHBIX METAJIOB — IUIATHHBI WITU TUIATHHUPOBAHHOTO TUTAHA.
BxuroueHune BIUTABIISIOT UM 3aIIPECCOBBIBAIOT B @HOJ B BHJIE€ TPOBOJIOKH WJIH T1OJIOC.

Takue mo6aBkM yIydlIaroT yciioBue oOpa3oBaHus miieHku PbO; u ciocoOCTByIOT €8
pereHepanyy B cIyyae MEXaHUYECKOTO MOBPEKACHUS. DTU aHOJIbI MPAKTUYECKH HE PACTBOPUMBI U
COXPaHSIOT B TEUEHHE MHOTOJIETHEN IKCIUTyaTallii TOCTOSTHHOE CONPOTUBIICEHUE PACTEKAaHUIO TOKa
B YCTAHOBKAX KaTOIHOM 3aIlHTHI.

Hcnonp30BaThCs OHU MOTYT B JIFOOBIX MPUPOJIHBIX cpenax. [IpenMyinecTBoM Takux aHOI0B
SBIIIOTCS HEOOMBIINE pa3Mepbl U BO3SMOXKHOCTD MPHUIAHUS UM J1t000i POpMBL.

[TnaruaupoBannbii TutaH (Ti + Pt) ¢ 2neKTpOXUMUYECKON TOYKU 3pEHUS BEAET CeOsI TAKKe

KakK IJIaThuHa, XO0Td CTOUMOCTDb €TI0 BO MHOT'O pa3 HHUXKC.



[IIupoko NpUMEHSIOT celyac ’KelIe30KpPEMHUEBbIE aHObl, U3TrOTAaBINBAEMbIE U3
BBICOKOKPEMHUCTBIX >16% Si uyryHoB — deppocunuioB. CKOPOCTh UX aHOJJHOTO PACTBOPEHUS HE
npesbimaet 0,5+0,6 kr/A. ron. OHM TOKe MOTYT SKCILUTyaTHPOBATHCS BO BCEX MPUPOIHBIX cpeax,
conepxkanux Cl — noHsbI, heppoCcuitn JOKEH OBITh JISTUPOBAH MOJTUOICHOM HITU XPOMOM.

UYewm BblIIE COIEpKAHUE KPEMHUS B CIUIaBE, TEM JIy4llle €ro 3JeKTPOXUMHUECKHUE CBOICTBA
— BBICOKAsl XPYIIKOCTb U TBEPJOCTb.

K Bakneimmm Qaxtopam, XapakTepU3yIOLIUM CBOWCTBA aHO/IA U ONIPEACTSIOUIIM €T
IIPAKTUYECKYIO IPUTOJAHOCTb, OTHOCATCSI CKOPOCTh €r0 KOPPO3UU U AOIYCTUMAs IIJIOTHOCTH TOKA.

B kaxxnoMm ciyuae cieayer CTpeMUThCS K ONITUMaIbHOMY paclpeieIeHUI0 TOKa U
MOTEHIIMaja Ha 3alUIIaeMOi TOBEPXHOCTH, YTO 00ECIEeUNBAETCA HAUMEHBIINM COIPOTUBIICHUEM
pacTEeKaHUIO TOKa aHOJA.

ConpoTHBIIEHHE PACTEKAHUIO TOKA 3aBUCHUT, IPEKIE BCETO OT COIPOTUBIICHUS
OKpY’Karolllel aHOJI CPEJIbl, OT €ro pa3MepoB, GOPMBI, a TAKKE OT UX PACIIOIOKEHUS B TPYHTE.

ConpoTHBIIEHHE PACTEKAaHUIO TOKA C 3a3€MIIMTEIISI CHUXKAETCS IIPY YBEJIUYEHUH €TI0
nuameTpa U IIuHbL. [Ipudem, npu yBeIndeHuu JIUHBI CHUKeHHe R uaet OvicTpee, yem npu
YBEJIMYEHUH paanyca 3azemiurers. [losToMy nmo mepe 3arinyOneHus 3a3eMInTeneid KpuBast
pacnpenenenus Toka aenaercs 6osee iaBHoil. Kpome Toro, 6onee rirybokue ciou rpyHTa, Kak
MIPAaBUJIO, UMEIOT OOJIBIIYIO BIAXKHOCTh, YTO YBEIMUYMBAET UX AJIEKTPONPOBOIHOCTD U elI€ OoJIble
CHIYKAEeT CONMPOTUBIICHUE pacTeKaHUIo Toka. [1o 3Toil ke MpuurHe aHOIHbIE 3a3EMIIUTEIH CIIEAYET
yCTaHABIMBATh B MECTaX HAMOOJBIIErO YBIAXKHEHUS TPYHTA, T.€. B MECTaX €r0 HAMMEHBIIIETO
COIIPOTHBIICHUS.

T.k. BciieACTBHE SIBJIEHUS JIEKTPOOCMOCA IPUAHOJHOE TPOCTPAHCTBO 00E3BOKHUBAETCS,
PEKOMEH/IyEeTCsl yCTaHABIMBATh AHO/bl HUKE YPOBHS IPYHTOBBIX BOJ.

Jlnst yBenuueHus 31€KTPONPOBOAHOCTH IPYHTA aHOAbI TOMEIIAIOT B CIIELUATIBHY IO
3aCBIIKY, COCTOSLIYIO U3 TOKOIIPOBOASIIMX BellecTB. Yallie BCero AJis 3TOro UCHOJb3YIOT
IPaHyJIMPOBAHHBIN KOKC, aKTUBUPOBAHHBIN yToJib, TpaUT WIK CMECU U3 3THUX BEILECTB.

3aceinka o0seryaer yaajieHue oopasyromuxcs Ha aHoie ra3oB. Kpome Toro, Ha
MOBEPXHOCTH 3€PEH 3aChIIKU, KOTOPBIE JOJKHBI ObITh B cpeiHeM pazMepoM 2+10 MM, 4aCTUYHO
IPOTEKAIOT IEKTPOIAHbIE Peakiiy, OJaroaps 4eMy yBeIMYHBAETCS pabovas MOBEPXHOCTh aHOAA U
YMEHBILIAETCS €r0 PacTBOPEHUE.

KoncTpykuus 3a3emiienus JobkHA oOecrednBaTh Kak HE0OOXOJUMYI0 CTaOMIIBHOCTh
pacTEeKaHMIO TOKA, TaK U JOJITOBEUYHOCTh 3a3€MJICHUSI.

AHozHbIE 3a3eMJIEHUS Hau0OJIee YacTO BBINOJIHAIOT B BUJIE MApAJIEIbHO COEAUHEHHBIX
3JIEKTPOJIOB, PACTIONOKEHHBIX KaK BEPTUKAIBHO, TAK M TOPU30HTAILHO Ha TiyonHe 5+8 m. Mx

Ha3bIBAOT IMOBEPXHOCTHBIMU AHOAHBIMHU 3a3€MJIUTCIIAMU.



B xpynHbIX ropojax, IMEIOUIUX I'YCTYIO M Pa3BETBICHHYIO CETh ITOJA3EMHBIX
KOMMYHHUKAIIUH, TPUMEHSIOTCS ITyOUHHbBIE 3a3eMJICHUS, 3aHUMAIOIINE B [JIJaHE MUHUMAJIbHYIO
TUIONIA1b. DT 3a3eMJICHHUS YCTaHABJIMBAIOTCS Ha MIyOuHe, mpeBbimatoniei 12+15 M u ux
COOpYXKeHHE TpeOyeT MPUMEHEHUS CII0KHON OypOBOU TEXHHUKHU.

[TockonbKy ycTpOWCTBO aHOJHOIO 3a3€MJIEHUS TPeOyeT 3HAUUTENIbHBIX 3aTpaT, TO pacyer
AHOJIHOI'O 3a3€MJICHUS BElyT C YUETOM TEXHUKO-3KOHOMUYECKUX NOKa3zaresed. Hampumep, uncio

AHOJHBIX 3a3eMIIHTENICH OonpeaACIAOT U3 COOTHOIICHUA!

n=I J5L5SRC,/Cnn.n, (22)
rae Iy — cuita Toka KaTogHOM CTaHIINH, A
R| — conpoTuBieHne pacTeKaHUIO TOKa OJIMHOYHOTO 3JeKTpoaa, OM
C, — croumocts 1 kBt-4aca anexktposnepruu, pyo./kBr-uac
C, — CTOMMOCTH OJTHOTO aHOa, PYO.
n — KIIJI xatrogHo# cTaHimu
N> — K03 PULIHEHT IKpaHUPOBAHUS 3a3eMJICHHI (YUYUTHIBAET UX B3aUMHOE BIUSHUE)
3 =0,9+0,96
Nu — KO3 (OULKUEHT UCTIOIb30BaHUS aHOA.
Bennunna R; paccuntsiBaercs o opmyrinam, COOTBETCTBYIOIIUM YCIOBHUSIM HX PACIIONIOKEHHUS.
Hanpumep, 11 BEpTUKAIBHOTO 3JIEKTPOJIa B AKTUBUPYIOLIEN 3achilike R paBHO:
R; =(0,16/1,) pr (In(21,/d,) + 0,5In((4h+1,)/(4h-1,)) + (pa/p2)In(dy/d,))
I7I€ P2 — CONPOTUBIEHUE rpyHTa, OM. M
Pa — YJI€IbHOE CONPOTUBIICHUE aKTUBATOPa
l, — nmuHa ’nekTpona, d, — ero JuIMHa, M.
h — cpennss rmyOrHa yCTaHOBKH (pacCTOSIHUE OT YPOBHS 3€MITH 10 CEPEIMHBI IIEKTPOIA)
d, — AMaMeTp aKTUBUPYIOUICH 3aChITKH, M.
Jlng npyrux cnoco0oB NPOKIaAKU aHOJHOTO 3a3€MJIEHHUS CYILIECTBYIOT IpyTue (GopMyJibl
pacuera UX CONpPOTUBIICHUS, TOJTYUYEHHbIE HA OCHOBAaHUH pacueTa napaMeTpoB COOTBETCTBYIOIINX
AIIEKTPUYECKHUX IETeH.

Cpoxk ciry>k0bI aHOJJHOTO 3a3€MJICHUS PaCCUUTBIBAETCS M0 (hopmyie:

_ 0
T aklas @4

rae T — cpok ciyx0a 3a3eMIIeHHs], TO]T
Q — Macca meTaja 3a3eMJICHUS, KT
o — koaddunueHT 3anaca (=1,3)

K — 2JIeKTpOXMMUYECKU SKBUBAJICHT METaJllIa 3a3eMJICHUS, KI/A°T0/1



I, — cuia Toka, CTEKAIOIETO C 3a3eMIUTENA, A

Cpok cy>k0bl aHOJTHOTO 3a3eMJICHUS JOJKEH ObITh HEe MeHee 10 JeT.

2.2.5. BTopuuHble SIBJIE€HHUSA NPHU KATOAHOMN 3aUUTE

[Tpu paboTe ycTaHOBKHM KaTOJIHOM 3aIUTHI B IPUAJIEKTPOTHOM CJI0€, TIPUIIETAIOIIEM K
3alUIIaeMON TTOBEPXHOCTH, B PE3yJIbTaTe MPOTEKAHUS dIIEKTPOTHON PEaKIIUU MPOUCXOIST
M3MEHEHUs, IPeXkie Bcero MeHseTcs: pH npuaiaeKkTpoaHoro ciosl.

N3menenue pH npuBoauT K TOMY, YTO Ha MOBEPXHOCTH 3aIUIIAEMOI0 00BEKTa JIeJaeTcs
BO3MO>KHBIM BBINaJIeHNE KapOOHAaTa KaJbIusl.

OO0pa3oBaHue 0CaKOB OCOOEHHO 3aMETHO MPHU IKCIUTyaTallud 3allUThl B MOPCKOM BOe
WJIM B )KECTKOM MPECHOMU BOJIE.

Karognele ocaaku KapOOHAaTOB TpPYAHOPACTBOPHMBI M OKAa3bIBAIOT OJIArONpPUSATHOE
BO3/IeiiCTBHE Ha pabOTy KaTOJHOW CTAHLIMH, T.K. HA OrOJIEHHBIX YYacCTKaX COOpyX eHHsI oOpa3yercs
€CTECTBEHHAass XOpOILIO TMpuieraronas H30JALUOHHAs IUIEHKa. OJTO BeAeT K YMEHBUICHHIO
HEO00XO0IUMOT0 3aIUTHOTO TOKA.

[Tpu uccrnenoBanuM (GOPMHUPOBAHUS COJEBOW IUIGHKM HA CTald IPU KAaTOTHOW 3aluTe
M0Ka3aHO, YTO BHAYajleé PAacTyT OTAEIbHble KpucTaibl. C TEUeHHWEM BPEMEHM HX KOJUYECTBO
YBEJIMYUBAETCS U MOCTEIIEHHO MOYTH BCSI MOBEPXHOCTh MOKPHIBAETCS COJIeBOM MieHKOM. KauecTBo
0CAaJIKOB 3aBHCHT OT IJIOTHOCTH 3aI[UTHOTO TOKA.

[Ipu OGONBIIMX TUIOTHOCTSAX 3alMTHOTO TOKAa OCagOK oOpasyeTrcst OBICTPO, HO OH
MOJTy4aeTCsl KpYMHO3EPHUCTHIM, AEHIPUTOOOpa3HbIM, UMEIOIUM c1al0yto aare3uto k Mmeramty. [lpu
MEHBIINX IUIOTHOCTSIX ToKa (~0,2 - 0,3 A/M”) 0CaIOK MEIKO3ePHHCTHIIA.

Ecnu moBepXHOCTh CTamu TMOKPHITA MPOAYKTAMH KOPPO3HH, KPHUCTAUIBI OCaaKa
00pa3yloTCsl B TOpax M HAa OTKPBITHIX Yy4YacTKaX. YCTAHOBJIEHO, YTO OCAJAKH C HAWIyYLIIMMHU
3alllMTHBIMA CBOWCTBaMHU 0O0pa3yloTcs NpU JIBYXCTYNEHYATOM DPEXKHMME MOJSIpU3alUKd — CHayana
OO0JIBIIMMHU TOKaMH, a 3aT€M TOKaMH, 00eCIeYMBaIOIIMMHU 3aIIUTHBIN TOTEHIIUAI.

HpI/I 3TOM O6p8.3y}OTCSI Hauboee MCJIKOKPUCTAJUIMYCCKUC YINIOTHECHHBIC OCaJIKH.

2.2.6. Bnusaue K3BT Ha cocegHue MeTaAJIJIUYECKHUE

KOHCTPYKUHUH.

YcTaHOBKa KaTOAHOH 3aIIUTHl MOXKET OBITh HCTOYHUKOM KOPPO3UOHHOM OMACHOCTH JIJIst

HaXoOAMIuXCA BOJIM3U Hee U He UMCIOIIUX BHGKTPOXHMHHCCKOﬁ 3alIUThl MECTAJIJTIMYCCKUX



KOHCTpYKIui. [Tpu 3TOM Hanbosiee onacHsI ciiydan MPOCTPAHCTBEHHOTO TIEpeCceUeHuUs

HE3aIUIIEHHBIX TPACcC C 3alTUIIICHHBIMHA WK UX cOmmxenue. (Puc. 8)

YacTh aHOJHOI'O TOKa (BTO YKe

OJIyKIar0IINI TOK) MPOXOIUT MO HE3aIIMILIEHHON

KOHCTPYKIOHWHU U TIOKUAACT €€ B MCCTC
NEPECCUCHUA NITN cOKEHNs C 3aluIacMbIM

00BeKkTOM. B 31X MecTax Ha6J'IIO,I[aeTCSI BECbMa

\ MHTEHCHUBHOE KOPPO3UOHHOE pa3pyllIeHHE

(Pne. B)

HE3aIUIIEHHOTO 00bEKTa BCICACTBUE CIABUTA
MOTEHIIMANIa B TTOJIOKUTENIHbHYIO CTOPOHY M aHOJAHOW MOHU3AIMU METalIa.

Crenenb BO3ACHCTBUSL KATOAHOM 3aILUTHI HA COCEAHUE KOHCTPYKIIMU 3aBUCUT OT MHOTHUX
(bakToOpoB: OT mapaMeTpoB PabOTHl KATOJAHON CTAHIIMH, PACTIOJIOKEHUS AHOTHBIX 3a3EMIIUTENCH,
B3aMIMHOT'O PACIIOJIOKECHHSI KOHCTPYKIIMU, UX (DOPMBI, MaTepralia u T.II.

OTO0 BO3JEICTBHE OIpeAeseTcss Ha OCHOBAaHMM H3MEpPEHUIl NOTEHLHuana CoceaHel
KOHCTPYKIMU [0 M TOCJI€ BKIKOYEHUS 3alluThl. Eciu mociie BKIIOYEHUS 3allUThl MPOUCXOIUT
3HAUUTEIbHBIN CABUT NOTEHIMAJIA HE3AUIUILIEHHBIX KOHCTPYKIUH B MOJOKUTEIBHYIO CTOpOHY (20 -
30 MB u BpIIII€), TO 3TO BO3JIEHCTBUE CUNTACTCS OMIACHBIM.

YMeHbIIICHHE WY TTOJIHYIO JIMKBUIAIIMIO BPEIHOTO BO3/ICUCTBHUS TOKOB KaTOIHOM 3aIUTHI
MOKHO OCYIIECTBIIATH CJICIYIONUM 00pa3oM:

- YBEJIIMYEHUEM PACCTOSHUS MEXKy aHOAHBIM 3a3€MJICHHEM U COCETHEH
KOHCTPYKLUEH;

- YCTPOWCTBOM 3alllUThl COCETHEN KOHCTPYKIINH;

- BKJIFOYCHUEM BCEX KOHCTPYKITUI JTaHHOW 30HBI B OOIIYIO CHCTEMY
KATOIHOM 3aIlUTEL.

BBI60p croco0a CHIKEHUS BIUSHUS 3aBUCUT OT KaKA0Iro KOHKPETHOT'O CJIyvas.

2.2.7. DneKTpUUYECKHE U3MEPEHUS NPU dKCHJIyaTalUHU

KAaTOOZHOM 3aIlUTHI

Jlutepatypa K pazzpeny: [2, 4, 5].

Ornpenenenre KOPPO3NOHHOM OMACHOCTH Ha METAJUTMYECKHUX COOPYKEHHSIX, MOATOTOBKA U
peanuzaiysi aHTUKOPPO3MOHHBIX MEPOIIPUATHI TPeOYIOT BBIMOIHEHHSI OOJIBIIOr0 KOJIMYECTBA
pPa3HO00pPa3HBIX AIEKTPOUZMEPHUTENBHBIX Pa00T. DTU PabOTHI MPOBOAATCS KaK MPHU HANAIKe, TaK U

IIPY DKCIULYaTalluK CPEICTB MIEKTPUUECKON 3aIUTHI.



BBITIONHSAIOTCS 9TH U3MEPEHUsI CTICIIHAIBHBIM TTEPCOHAIIOM aHTUKOPPO3UOHHOMN CITYKOBI.
[IpoBonATCS U3MEpEHUs Pa3IuUHbIX JIEKTPUUECKUX BEJIMYUH — CUJIbI TOKA, COTPOTHUBIICHHUS],

[IOTEHI[ANA U T.J.

HepI/IOIII/I‘IHOCTB 3aMCPOB 3aBUCUT OT BHJla 3allIUTHI U yCHOBI/Iﬁ €C OKCIlTyaTalluu U

YKa3bIBA€TCsl B MHCTPYKIUAX 110 00CITyKMBaHUIO 000pYIOBAaHUSI.

Kak npaBuio, B HauaabHBIA NEPUO SKCIUTyaTalluu peKOMEHIyeTcsl 6ojiee YacThlif KOHTPOJIb
paboThI 3aIIUTHBIX YCTpoUCTB. [pu cTabunuzanuu pexxuma paboThl 4aCTOTa KOHTPOJIbHBIX
U3MepeHHi 00BIYHO CHIDKaeTcs. [Ipu n3MeHeHnu pexuma paboThl 3aIIUTHOTO 000PYIOBAHUS

YUCJIO KOHTPOJIbHBIX 3aMCPOB NOJIKHO BO3pPAaCTaTh.

Bce HU3MCPCHUS, MPOBOAMMBIC KaK HAa BHOBB ITPOKJIAIbIBACMBIX TpaCCax, TaK U Ha YK€

IKCILTYaTUPYIOIIUXCSI, MOKHO Pa3/IeIUTh Ha JBE TPYIIIIbL:
1. W3mepenusi, BHIIOTHSEMBIE C LENBIO OMPEIeIeHUS KOPPO3ZUOHHON OTIACHOCTH.

2. VI3mepeHusi, BBINOJIHAEMbIE C LIEbI0 onpeaeaeHus 3PPEeKTUBHOCTH HIEKTPOXUMUIECKON

3aIUTEL

K nepBoii rpynne nuamepeHui, mpexae BCero, OTHOCUTCA U3MEPEHUE KOPPO3UOHHOM

AKTUBHOCTH I'PYHTOB.

2.2.7.1. OnpeneeHue KOPPO3UOHHON aKTUBHOCTH TPYHTOB

Onpenenenne KOPpO3NOHHON aKTUBHOCTH I'PYHTOB BJIOJIb TPACCHI 3AIIUILAEMOTO
COOpY’KEHHsI 0COOCHHO Ba)KHO IpU OeCKaHAIBbHOM MPOKJIaIKe TPyOOnpoBOaAOB, KOT/Ia
COOpY>KEHHE UMEET JIEKTPUYECKUM KOHTAKT C TPYHTOM Ha BCEM IPOTSKEHUH Tpacchl. st
BO3MOXHOCTH CPABHEHUS] KOPPO3UOHHOW aKTUBHOCTH IPYHTOB pa3pab0TaH roCyAapCTBEHHBIN
crangapt Ha 3toT nmapamerp 'OCT 9015-74.

B cootserctBun ¢ 3tuM 'OCTOM KOppO3MOHHAs aKTUBHOCTh TPYHTOB IO OTHOIIEHUIO K
CTaJI MOKET OBbITh OIpeieIeHa 110 TPEM IapaMeTpaM:
- 10 YIEIbHOMY DJIEKTPUYECKOMY COIPOTUBJICHMIO TPYHTA, pr . UeM MeHbLIE P, TEM
OouiblIe KOPPO3HMOHHAS OMTACHOCTB;
- IO MOTEpEe MACCHI CTAIBHBIX 00PA3ILIOB, TOMELICHHBIX B aHAJOTMYHbIE
ycioBusi. Yem Oosbliie TOoTepst MacChl B COOCTaBUMBIX YCIIOBUSX, TEM BBILLIE
KOPPO3UOHHAs1 aKTUBHOCTb TPYHTA;

- 1O INIOTHOCTH MOJIAPUIYIOLICTO TOKA, HCO6XOI[I/IMOI"O JJIA IOAACPIKAHU A



onpeneneHHoi pasHoctu notennuano (mo F[OCTy AE=0,5 B). Uem Gonbiie
HEo0X0IMMasi IJIOTHOCTh TOKA, TEM MEHBIIIE OITACHOCTh KOPPO3HUH.
VY aenbHOe COMPOTUBIICHHUE TPYHTA MOXKET OBITh U3MEPEHO PA3IMYHBIMU CIIOCOOAMH.
2.2.7.2. U3mepeHue yaeabHOT0O CONPOTUBIECHUS
Meton oOCHOBaH Ha KIACCHYECKOM  OIPEIEIICHUH  yNENBHOTO  AJIEKTPHYECKOTO
COIIPOTHBIICHUS] MaTEPUAIIOB 110 3aKOHY OMa, TIPY TIOMOIIH CIIEIMATbHOM SIUEHKN — pe3UCTOMETpA.

AU
p =K (25)

I7€ pr— YACJIbHOE CONPOTUBIIEHUE IPpyHTa, OM'M
AU, — nayenye HanpspKeHus Ha ydacTke 1, B
I — cuma nonspusyromero Toka, A
K — koadduiment, paBHbI OTHOIICHHIO TJIOMIAIN S, Ye€pe3 KOTOPYIO MPOTEKAET TOK,
k ;uinHe yuactka | (K=S/1). Oto Tak Ha3pIBaeMasi «KOHCTAHTa MPUOOpay.

Cxema ycTaHOBKM MPEJCTAaBIIEHA HA pUCYHKE 9.

TV

0

ﬁ%J@
)

Pucynoxk 9.

1 — kopmyc pe3ucromerpa 2 — MUTAIOIIHE DJICKTPOIbI

3 — syIeKTpou3MepUTENIbHBIE TPUOOPBl 4 — MepEeMEHHBIN Pe3UCTOp

5 — UICTOYHHUK IOCTOSIHHOI'O TOKa 6 — sneKkTpousMepuTenbHbie pubopsl( A, V)

W3meputenbHas suelika MpencTaBisieT co0OMl €MKOCTh M3 HEMpPOBOJAIIEIO MarepHala,
o6beMoM 1 M’. BHYTpH PacIIONOKEHbI 1Ba KBaAPATHBIX CBHHIIOBBIX IEKTPO/IA, IUIOMABI0 1 1M .
Slueiika 3amoJH’ETCA TPYHTOM, KOTOPBIM 3aTeM TIIATeNbHO yTpamOoBbIBatOT. [Ipu pazinuuHbIX
3HAa4YeHHUSX | ompenensior najieHre HaupsHKeHUs. Ha y9acTKe | 1 paccuuThIBAIOT pr TIO (hopMyIe:

AU,

p. =0l (26)

Metoa ucnonb3yoT B J1a0OPATOPHBIX YCIOBUSIX.

Cy1iecTByeT METOA U MIPH UCIIOJI30BAHUU YETHIPEXAIIEKTPOIHOM YCTaHOBKH. DTOT



METO/I MOKET OBITh UCIIOIH30BaH KaK B JaOOPATOPUU, TaK U B MPOMBIIIJIEHHBIX YCIOBHUIX. B aTOM
Clly4ae U3MEpUTENbHbIE 3JIEKTPObI (CTEpKHEBBIE) pa3MELIAOT B OJIHY JIMHUIO, KOTOPast

COBIIAAACT € OCBIO TPACCHI, KaK IIOKa3aHO Ha pHUcC. 10.

puc. 10

Ecnu paccrosiHue Mexay 3J1eKTpOoAaMU paBHBL, JOMYCTUM, BEJIHMUHHE «ay», a TIIyOuHa

3a0uBKH h mocTosiHHA, TO yAETBFHOE COMPOTHBIICHNE TPYHTA Pr PACCUUTHIBAIOT O hopmyiie 27:

AU
p. =201, —— 27)

Heo6xomumoe ycnoBue: BenuunHa h e qomxkHa O661Th 6osiee 1/20 «a». Tosbko B 3TOM
CJIydae pacyueT BeleTCs 10 TaKOHW yIpOIIeHHOH (popMyirie. DIIeKTpoabl Yale BCero ObIBalOT

JIATYHHBIMH WJIM MCIIHBIMHU.

Bo3MoxHO onpezeneHne KOppo3MOHHOM aKTUBHOCTH TPYHTOB U 110 IIOTEPE MACCHI

CTaJIbHBIX 00pa3IIOB.

DTOT METOJI MPUMEHHUM TOJIBKO B J1a0OpaTOPHBIX ycnoBusx. Mccnenyembie 00pasiibl
TOTOBST TaK, KaK U JJIs JIIOObIX IPaBUMETPUUECKHUX UCTIBITAHUIN — 3a4MILAI0T, 00€3KUPHUBAIOT,
B3BEIIMBAIOT. 3aT€M MOTPY>KAIOT B MPOOY IPyHTA U MOJKIIOYAIOT K MOJIOKUTETHHOMY TOTIOCY
MCTOYHMKA MOCTOSHHOIO TOKa. K oTpunatenbHOMY €ro moirocy IpUCOEIUHSIOT

BCIIOMOTATEJIbHBIN 3JIEKTPO/I.

OO0pa3iibl BBIICPKUBAIOT B TeUCHHUE 24 4acoOB MPH TUIOTHOCTH TOKa 3 — 5 A/nm?. Tlocie
OTKJIFOUEHHS TOKa 00pa3ilbl OYUIIAIOT OT MPOIYKTOB KOPPO3HH U CHOBA B3BeUINBAIOT. 1o
BEJIMYMHE NIOTEPU MACCHI CYIAT O KOPPO3UOHHOM aKTUBHOCTU IpyHTOB. Koppo3uonnas

AKTUBHOCTL I'PYHTOB OIPEACIIACTCA TAKKE IO BEJIMYHUHC ITOJIAPUIYIOIICTO TOKA.

MeTon TaKxke UCIOJIb3YEeTCs TOJIBKO B JAOOPATOPHBIX YCIOBUAX. /[Ba CTabHBIX AJIEKTpoIa

IIOMCIIA0T B Hp06y T'pyHTa, IPUCOCANHUB K IMOJIFOCAM NCTOYHHKA ITIOCTOAHHOTO TOKA.

3a;[a10T Pa3INYHbIC BCJIMYUHLI MMOJIIPUIYIOIIETO TOKA U B MOMCHT Pa3phbiBa LECIIU

HU3MCPAIOT PAa3HOCTh NOTCHIHUAJIOB MEKIY 3JICKTPOAaMHU.

Ha ocHoBanuu nmosry4eHHBIX JaHHBIX CTpoAT auarpammy AU — I (rmoTHOCTH



noJisipusyroriero Toka). [lo quarpamMme onpeaensoT BeIHUUHY [, COOTBETCTBYIOIIYIO PA3HOCTH
noTeHIanos, pasaoi 0,5 B. Uewm Brimie 3Hauenue i, mpu AU=0,5 B, Tem 60mbI11€#1 KOPpO3UOHHOM

AKTUBHOCTBIO 06J1az[aeT TPYHT.

Pa3znnyaroT HU3KY10, CPEAHION0, TIOBBIIEHHYO, BBICOKYIO U BECbMa BBICOKYIO
KOPPO3MOHHYIO aKTUBHOCTb IpyHTOB. Eciiu 110 ofHOMY U3 orpesensieMbIX napaMeTpoB — (pr, Am
WM 1) YCTaHABJIMBAETCS BBICOKAsi KOPPO3UOHHAS aKTUBHOCTh TPYHTA, TO €€ OIpeIe]IeHHE 10
JPYTUM MTOKa3aTeNsM YK€ He UMeeT cMbIciia. [10 OTHOIIEHUIO K CTalu AeJIeHHe TPYHTOB 10

KOPPO3MOHHOM aKTUBHOCTH IIPEICTABICHO B TAOIUIIE.

Tabnuna Koppo3noHHast akTHBHOCTB I'PYHTOB.
Kopposunonnas VY nensHOE IToTepss mac- Cpennss
AKTUBHOCTH COTIPOTHUBJICHUE Chl 00pas- IJIOTHOCTD
rpyHta, OM'M 20m> MOJIIPU3YIOIIETO
10B,

cym TOKa, i, MA/cM”
Hwuzkas Cspimre 100 Holr Ho 0,05
Cpennsis 20-100 1-2r 0,05-0,2
IloBEIIcHHAS 10-20 2-3r 0,2-0,3
Bricokas 5-10 3-4r 0,3-0.4
Becbma BrIC. Ho 5 Cseie 4 Csoime 0,4

2.2.7.3. OnpeneneHnue MEepexXoOaHOTO CONPOTUBICHUSA «TpybompoBoa —
TPYHT».

BenuunHa mepexoqHOro COMpOTHBIECHUS R; MoeT ObITh ompeneieHa pa3inuyHbIMU
METOJIaMH, Hau0oJee YaCcTO UCIIONIb3YIOT METOJT «KMOKPOTO KOHTAKTay.

B wMecte wu3MepeHHs TNEpEXOMHOTO COMPOTUBICHUS IOKPHITHE Ha TpPyOONpoBoOe
OYMIAIOT OT IpyHTa no juHe He meHee 0,5 M. Ha ounmeHHyro NOBEPXHOCTH IO NEPUMETPY
HaKJIaJbIBAIOT TKAHEBOE MOKpbITHE, cModeHHOe B 3%-HoM pactBope NaCl. IloBepx TkaHeBoi
NPOKJIAJAKU HAKJIAbIBAIOT METAJUIMYECKUHN AIIeKTPpoI (OaHIaXK).

CxemaTHuecku 3TOT cocod mpeacrasieH Ha puc. 11
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Puc.11.
1 — crenka TpyGorpoBoa 2 — U30JIMpYIOILEE IOKPHITHE
3 — TkaHeBas MPOKIAIKa 4 — MeTaJIIMYECKUN 3JIEKTPOJ

5 — KOHTaKT CO CTEHKOH TpyOOomnpoBoa (METAITUISCKUI)
Jenutenem HanpsbkeHus R ycTaHaBiuBaroT onpexaeicHHoe HanpspkeHue (~30 B). M3mepstor
TOK B ICTNIU C MIOMOMIBIO aMIIEPMETPAa U YCTAHOBJICHHOC HAIIPAKCHUEC — BOJIBTMETPOM. HepexonHoe

COTNPOTHUBIIEHHUE PACCUUTHIBAIOT IO popMmyIie:
2
R, =— riae S — IIoL@aab MEeKTpoaa — OaHgaxa, M”.

[lepexonHoe COMPOTUBICHHE M3MEPSETCI U C IOMOUIbI0 JPYIMX METOJ0B (METoA
Huxonsckoro, metoa LlukepmaHa), HO METOA «MOKPOI'O KOHTAKTa» - MPSIMON METOI.

2.2.7.4. OnpeneneHue ydyacTKOB 3aTONJIEeHHUS TPyOONMPOBOIOB.

Ha y4acTkax 3aTOIJICHHUS WM 3aHOCA TPYHTOM OyAET MPOUCXOJUTh HHTEHCUBHOE
pa3pylIeHue 0A3EMHOro Tpyoonposoaa. [1o3ToMy cBoeBpeMeHHOE OOHAPYKEHHUE TAKUX
YYacTKOB O4€Hb BakHO. OOHapyKeHHEe KOPPO3UOHHOOMACHBIX 30H IPOU3BOIUTCS TP TOMOIIU
M3MEPEHUS U3MEHEHMS IOTEHIIMAIIA BIOJIb TPACCHI.

[Tpubop cocTouT U3 reHepaTopa, MPUEMHUKA U TIOUCKOBOTO KOHTYpa. [lonckoBbIit KOHTYP
MOKET HMMETh IOBEPXHOCTHbIE KOHTAKThl WM IITHIpEBbIE (B cClyyae BO3MOKHOTO BIIMSHUS
BHEIIIHUX 3JIEKTpUUECcKUX Lemnei). CxemaTudecku padoTy CXeMbl MOXKHO IPEACTaBUTh CIIEAYIOLIMM

obpazom (puc. 12)

'. B " " CR
e > - =T 1
A4
| ————— - \".‘r L — — — . — l_
Pucynok 12.
1 — TpyOonpoBox 2 — reHeparop

3 — npueMHHK 4 — MecTO KOHTaKTa ¢ IPyHTOM (WJIK MECTO 3aTOILICHUS).



+ =

10

ES

'\L—I

e
1
1
[}
|
L

pHC, 13

l'enepaTtop TeHepUpyeT 3BYKOBbIE BOJHBI, YJIAaBIMBAaE€MbIe MPUEMHUKOM  (Harie
tenedonom). I[lo ypoBHIO 3Byka MOXHO ONPEAEIUTh MECTO TMAJCHUS HaNpsSOHKEHUs Ha
TpyOOIpoBO/IEL.

2.2.7.5.3mMmepenue pa3HOCTHU MOTEHIUATOB «COOPYXEHUE — TPYHT».

Pa3HOCTh, TOTEHIMATIOB MEXIY IMOA3EMHBIM COOPYKEHHEM U TPYHTOM HU3MEPSIOT MpPH
MOMOIIIXA BHICOOMHBIX TTOKA3bIBAIOIIMX MM CAMOMHINYIIUX MPUOopoB (puc 13).

[TonoxkurenbpHast KIIeMMa U3MEPUTEIHLHOr0 MPpUOOpa MPUCOEAUHAETCS K METAJUIMYECKOMY
COOPYXXEHHIO B MecTe KOHTpPOJbHO — usMmeputenbHoro mnyHkra (KWII), orpumarenshas — k
DJIEKTPOJIy CpPaBHEHUS — BPEMEHHOMY WM CTaloHapHoMy. CTalnMOHAapHBIM — 3ariayOieH 10
MUHUMAJIBHOTO PACCTOSIHHSI OT 3alllMIaeMON KOHCTPYKIMU. BpeMeHHBIN Takke JIydie 3ariyOnuThb
Ha OTy JXe BeduuuHy. Eciam caemaTh 3TOro HEBO3MOXKHO, cieqyeT pacnojioxkuTs OC Ha
MOBEPXHOCTU TPYHTA HaJ] OChIO0 coopyskeHus. C MOMOIIbI0 PETUCTPUPYIOIIETO MPprOopa onpeaeum
Pa3HOCTH MOTEHIIMAJIOB MEXAY TPYHTOM M COOPYXXEHHEM. 3Hasl MOTSHIIMAT JJIEKTPOa CpaBHEHUS,
MOKHO OIPEACTUTh M TOTEHIUAT KOHCTpYyKIuHA. OIHAKO HM3MEPEHHYIO BEJIMYMHY TOTEHI[HAIA
HeJb35l OTOXKAECTBIATH C 3AIIUTHBIM MOTEHIIUAIOM, T.K. IPU U3MEPEHUN 00s3aTEIbHO HAJ0 YUYeCThb
BEJTMYMHY OMHYECKOT0 MaJeHus HApsDKeHUs B TpyHTe. TO ecTh u3Mepsiemas BenuuuHa £, ;, paBHa
CyMM€ HECKOJIBKUX CIIaraeMbIX:

E.w=E., +A4E., +A4U,., (29)
rae E.,— CTallMOHAPHBINA MOTCHIIMAT MaTepraia KOHCTPYKIIUU
AE ., — cMellleHne CTallMOHAPHOTO MOTEHIIMAJIa MPU KaTOAHOUW MOJISIpU3alui
AU,,— oMHUYECKOE MaJeHHE HAMPsKEHUS.
3amuTHBINA TOTEHIIMAT €CTh CYyMMa MEPBBIX JIBYX CIIaraeMbIX

(Ecm + AEcm) = Esam

Omuyeckast COCTaBIIAIONIAs BHOCUT CYIIECTBEHHBIN BKJIAJ B U3MEPAEMYIO BEIUUUHY, T.K.
AU,y MOXKET TOCTUraTh HECKOJIBKUX BOJBT. OMHUYECKasl COCTABIIAIOLIAS U3MEPSIEMON BEJTUYNHBI
MOTEHI[MAJIA 3aBUCUT OT CONPOTHUBIICHUS TPYHTAa MEXKIY IOBEPXHOCTHIO KOHCTPYKIIMH U TON

TOYKOM CpC€abl, II€ YCTAHOBJICH 3JICKTPOA CPABHCHHS, a4 TAKIKC OT BEJIMYUHBI TOKA B LCIIN.

Y4eT oMHUecKOl COCTaBIISAIONMICH MTOTEHITHAIa MOXKET OBITh MPOU3BENICH C TIOMOIIIBIO
penaKcalMoOHHBIX METOOB, T.€. METOJ/IOB, OCHOBAaHHBIX Ha U3MEHEHUH TOTCHITHAIA TTPH

OTKIIFOYCHHUU MOJISIPU3aAlIMU U UCCIICAOBAaHUU ITPOLICCCa CllaJa IMMOTCHIIMAIa.

MGTOI[I)I OCHOBAHBI Ha TOM, YTO IPH OTKIIIOYCHUHU MOJIApU3aALUNA OMUYCCKasA COCTABJIArOIIAast

CHUMAETCS HE MTHOBEHHO, a Yepe3 MPOMEKYTOK BPEMEHHU ~10® cex. AtoT MPOIECC MOKHO



00HapyXHUTh Ha ocuuiiorpade ¢ 60IBIIMM BpeMeHEM TocsiecBeueHus. Uem Kpyde uaeT KpuBas

Cliaja 1nmoreHuualjia, TEM MECHBIIIEC OMHUYCCKasA COCTaBJIAIOII A HSMCpHeMOﬁ BCJIMYHHEI.

Mertox OTKIIFOUEHUH, KaK €Ile er0 HHaue Ha3bIBalOT, UMEET psA orpaHudyeHui. [Ipexae
BCETO, OH JOCTATOYHO HAJICKEH TOJIBKO B CIIy4Yae, KOT/Ia BEIUYMHA [IEPEXOAHOTO CONIPOTUBIICHHUS
Ha TPaHUIIe «TPYOOIPOBOJ — IPYHT» BEJIHKA. B MPOTHBHOM Cily4ae MPOUCXOIUT MPAKTUUECKH

MT'HOBEHHBIH criaa nmoTeHIuralaa 40 CTAHMOHAPHOI'O 3HAUYCHUA.

PenakcarnmoHnble METOABI HE MOTYT OBITH TAK)K€E HCIIOJIb30BaHbI I[P HAJIUYHUHU I10JIA

6J'Iy>K)18.IOH_II/IX TOKOB M3-3a OOIBIINX HCKAKEHUHI H3MepﬂeM0fI BCINYHHBI.

N306exath 3TUX OrpaHUYECHHUI MOXKHO, €CJIM UCIIOIb30BaTh TaK HA3bIBAEMBbII TaTUMK
3JIEKTPOXUMHUUYECKOTO MOTEHIINANA. JTO CHEIUATBHBIN JIEKTPO/I, COSTMHEHHBIN C
TPyOOIPOBOIOM ¥ MIPUOOPETAIOIIHNK €T0 MOTSHIIHA. DTOT JICKTPO U30JIUPYETCS OT BIIUSTHUS
OTy>KTAIOLTNX TOKOB U OT rpyHTa. [IoaTOMY mpoiiecc OTKIFOUEHHUs ITOTO JaT4nuKa OT
TpyOOIPOBO/Ia U O3BOJISET ONPEIAEIUTH OMUUYECKYIO COCTABIISIONIYIO B YHCTOM BHJIE.

3. DAexTpoApeHaXXKHasd 3amMuUTa

Oco060e BHUMaHUE TIPH MPOPadOTKE JAHHOTO pa3jea cleayeT OOpaTUTh Ha ONpeIelieHre

XapakTepa 6ny>1<z[a}0u114x TOKOB, TaK KaK OT 3TOI'O 3aBHCHUT BLI60p crocoba 3alIUThI COOPY)KCHHﬁ.

Jlutepatypa no teme [3, 4, 5].

3.1. Bo3HUKHOBeHUE ONyXJAaIMUX TOKOB.

Mertannnueckne KOHCTPYKIIMY, HAXOASIIMECS B TPYHTE WIIM BOJOEMax BOIU3U
ANEKTPUYECKOTO 000PYI0BaHUS, TUHUH 3JEKTPOINEpead, AMEKTPUIECKUX TPAHCTIOPTHBIX JTUHUH U

T.II., IOABEPIrarOTCA KOPPO3HH, BBI3LIBAEMOI 6J'Iy>KI[aIOH_[I/IMI/I TOKaMH.

Koppo3noHHOMY MOpa)KeHUIO OITyKIAIONTIMHI TOKAaMU TIOJIBEPTAIOTCS Pa3INYHbIC MTOA3EMHBIC
TpyOOIPOBO/IbI, CUIIOBBIE U TeNe(hOHHBIE KaOeH, MOA3eMHbIE TPYOOTIPOBOIbI, CUIIOBBIC U
TeneoHHbIe Kabemu, MoA3eMHbIE U MOJBOIHbIE METaNInYeCcKue onopsl U T.1. Hamuune
OTy>KTAIOLTNX TOKOB TaKkKe CHUXKAeT 3((hEeKTUBHOCTH KaTOIHOM 3aIUTHI MOA3EMHBIX

COOPYKEHHIA.

HaunGonee onacHbl TOKH OT yCTaHOBOK, pa0OTAIONINX HA MMOCTOSIHHOM TOKE, HallpuMep,
3MEeKTpU(ULIMPOBAHHBIE JKeJIe3HbIE JOPOTH WU AJIEKTPUUECKH ropoackoi Tpancnopt. OnHako,
OJTy>KJIaf0IHe TOKUA OT TUHHUI MEePEMEHHOT0 TOKa BBICOKOTO HAMPSIKEHHS TaK)Ke MOTYT BBI3bIBATh
KOppO3uOHHOE paspyiieHne. OCOOCHHO 1yBCTBUTEIBHBI K HUM aIFOMHUHHUEBBIE O0OJIOUKH

Kkabeiei.

B HEKOTOPBIX CTpaHaX 4aCTO NPUMECHICTCSA ep€aadya MMOCTOAHHOTO TOKA BBICOKOI'O

HaIpsKCHUSA CHOCOGOM, IIpru KOTOPOM OJHUM U3 IIPOBOJHUKOB CIIY?KUT I'PYHT, BOJAa MOpCfI, 03€p



U T.1. Takoil MeTO] UMEeT HEOCTIOPUMBIE IPEUMYIIECTBA — HU3Kasi CTOMMOCTh 000pYyI0BaHMUS,
Masble motepu sHepruu. OJTHAKO MPU ITOM PE3KO BO3PACTAET ONACHOCTH KOPPO3UOHHOTO
pa3pyuIeHus MOA3EMHBIX WM MOJIBOJAHBIX METANTHYECKUX COOpYKeHui. lcTouHnKOM

6J1y)KILaIOH_[I/IX TOKOB SBJIAIOTCA TAKKEC YCTAHOBKH KaTOHHOﬁ 3alUTHhI.
BHY)KILB,IOHII/IG TOKHW MOXXHO pas3JACIMTh HA CTATUYCCKHUEC U TNHAMHWYCCKHUE.

Cratuueckue OJ1y)KIalolIUe TOKU XapaKTePU3yIOTCs MOCTOSIHHON BO BpEMEHHU aMILIUTY 0.

[TprMepoM MOTYT CITy>KUTb 0Ty KIAIOIIUE TOKU IEKTPOJIU3HBIX 1IEXOB.

JuHamudeckue Oy KAarole TOKM HeIPepbIBHO MEHSIOT CBOIO aMIUIMTYly U HalpaBlIEHUE.
[Ipu 3TOM BO3HMKAIOLINE AHOAHBIE 30HBI HA KOHCTPYKIMH Oy Iy T MOABEPraThCsl yCUIEHHON

KOPPO3HH.

OO6napy>xuBaeTcs HalIM4uue OJIyKIA0IINX TOKOB B CUCTEME M0 KoeOaHUSIM MOTEHIaNa

KOHCTPYKIHNH.

CYH_IGCTByeT MHOT'0O METOAOB OMMPCACIICHU HAIIPABJICHUA U INIOTHOCTH 6J'Iy)KIIaIOH_[I/IX TOKOB.

[IpunnunuanpHas cxeMa 3TUX METOJIOB MOXKET OBITh MOKa3aHa PUCYHKOM 14.

MeTon 3akitoyaeTcst B ONpeIeIeHUH Pa3HOCTH

MOTCHIUAJIOB MCKIAY ABYMS HCIIOJIIPUIYIOMIUMHUCA

QJICKTpOAaMU CPaBHCHUS, OAWH U3 KOTOPBIX YCTAHOBJICH HAl

HCCIenyeMON KOHCTPYKIUEH, a APYyrOl B CTOPOHE Ha

paccTosIHUM «ay. Ecii 351eKTpo1, HaXoAAuncCs Hal

KOHCTPYKILIMEH, ABIsieTcs 00siee NOJ0KHUTEIbHBIM, 3HAUUT B
3TOM MecTe 00BEKTa CyIIEeCTBYET aHOAHAs 30Ha U
KOHCTpYKLUs OyzeT paspyuarbes. Ecimu mogo06paTs BeMUUMHY «a», paBHYIO yTPOSHHOHU TTyOHHe

3anieranus Tpy6omnposoja (h), To crekaronuii aHOAHBINA TOK OTIPENEISETCS U3 BBIPAKEHUS:

i =238 (30)

P.
rae 4E — u3mepeHHas pa3HOCTh OTEHIIMANOB, B
p. - CONPOTUBIIEHUE IpyHTa, OM'M.

B npyrux cootHomeHusx «a» u h opMysa HECKOIBKO yCIIOXKHSIETCS

AE
a’+h’
hZ

3.2. Cnoco0Obl 3aIIUTH OT ONYyXJAMUX TOKOB

i =273
p.lg

1)



3.2.1. llpeaynpenuTelIbHbIE MEPHI

Cy1iecTBYIOT TaK Ha3blBaeMble MpeaynpeauTeabHble Mepbl 3auThl OT bT, KoTopblie Mo

CBOCMY HAa3HAYCHHUIO ACIIATCA HAa ABE I'PYIIIIbI.

K mepBoii rpymnme OTHOCATCS TaKue CIIOCOObI, KOTOPhIE 00ECTICUNBAIOT OTPAHUYCHUE CHITBI
0JTy>KTAIOLIUX TOKOB OT Pa3JIMYHBIX UCTOYHUKOB. DTH CIIOCOOBI peain3yr0TCsl HETOCPEICTBEHHO

Ha UCTOYHHKaX 6ny>1<z[afomnx TOKOB.

Ko BTOpOIi rpymnmne oTHOCATCSA Takue CocoObl, KOTOPbIE 00ECIIeUNBAIOT 3aAIIUTY MOA3EMHBIX
METATMYECKUX COOPYKEHHM OT MPOHUKHOBEHUS B HUX OJY>KAAOMIUX TOKOB. OHU
OCYILIECTBIISIIOTCS Ha 3alIUIIIAEMOM COOPY>KEHHUHU.

3.2.1.1. OrpaHuydyeHue CHUJIBl ONYyXAAaOUUX TOKOB
B rpynmy croco06oB, OrpaHNYMBAIOIINX BEINYNHY Oy KJAFOIINX TOKOB, CJIETyeT OTHECTH:

— YBEJIMYEHHE MEPEXOJTHOTO COMPOTUBIICHUS MEKIY UCTOUHUKOM OJTy>KIAIOIINX
TOKOB M TPYHTOM, T.€. U30JIMpPOBaHNE UCTOUYHHKA YTEUKH OT rpyHTa.JlJ1s 3TOr0 yKiaaka
YKEJIe3HOJJOPOKHBIX PEITLCOB BEIETCS Ha jKeIe300€TOHHBIX IITNallaX WU JAePEBSIHHBIX IIMajax,
MPOMUTAHHBIX CIICIUATHHBIM HETPOBOAAIIUM cocTaBOM. OTMOpHI IMHUH dIIEKTporiepeaay
YCTaHABIIMBAIOT HAa OETOHHBIX MM KaMEHHBIX OCHOBAHMSIX C 00s513aTE€ILHBIM OTBOJIOM OT HUX
TPYHTOBBIX BOJ.

JIOTIOJIHUTENBHO ~ MPOUM3BOJAUTHCA  OKpalIMBaHHE  IOJI3EMHBIX  (YHIAaMEHTOB  OIOP
CHEIHUAIBHBIMH  AJIEKTPOM3ONSALMOHHBIMU  COCTaBaMH, OKJEWKa  AJIEKTPOU3OIALHOHHBIMU
MaTepuaIaMH WU BBIMOJTHEHUE UX U3 CIICLUATBHBIX HEITPOBOSIINX OCTOHOB.

CHIKEHHE TOKOB YTEYKH C PEJIbCOBOTO IyTH TpPaMBaeB OOECTICUMBACTCS YBEIMUYCHHEM
MIPOBOJIMMOCTH PEIHCOBOTO MYTH C OJHOBPEMEHHBIM yBEIMYCHHEM IMEPEXOTHOTO COMPOTHUBIICHUS
Ha TpaHUIE «pelibca — TPYHT» MNPUMEHEHUEM CHELHAJIbHBIX 3aChIIOK C BBICOKUM OMHYECKUM
COMPOTHUBIICHUEM.

Ha mpoMmbIlUIeHHBIX TPEeAnpUATHAX, MOTPEOISIONUX MOCTOSHHBIA TOK B TEXHOJIOTHMYECKUX
mporeccax, CHIDKEHHE TUIOTHOCTH ONYXKIAIOIIUX TOKOB TaKXKe JIOCTHTAeTCsl YCUJICHHUEM
ANEKTPUIECKON H3OJISIII 000PYJOBAHUS OT CTPOUTEIIBHBIX KOHCTPYKITHI.

B kadectBe uH307ATOpOB HCHONB3yT (apdop, O6azansT, nuabdas, CTEKJIO, CIHEIUaIbHBIC
IIJJACTMACCHI U T.I1. MATEPHUAJIBI C YJIEIbHBIM CONPOTUBIEHUEM HE HIKeE 10'°0M. cM.

He crnenyer mpuMeHATH i W3OJSIIMM MOPUCTBIE MaTepuasbl, 00JaJAOLINE MOBBIIICHHOM
CIOCOOHOCTBIO MoOrIomars Biary (0eToH, Kepamuky) ©0e3 chenuaabHOH 00paboTkM HX
BOJIOOTTAJIKUBAIOUIUMU U JIEKTPOU3OIUPYIOIIMMHU COCTABAMHU.

YTeuka  TOKOB ¢  TpyOONpOBOJOB  MOXET OBITh  OrpaHWYEHAa  MPUMECHEHHEM

HEDJICKTPOIIPOBOAAIIUX MAaTCPHUATIOB IJIA UX U3TrOTOBJICHUA: CTEKIIA, ITIOJIUITUIICHA.



Jpyrumu cpeacTBaMM, HampaBICHHBIMH Ha CHIDKCHHE BEIIMYUHBI TOKOB YTEUKH, SIBIISFOTCS
TpeOOBaHUs, perilaMeHTHPYIOIINE SIEKTPUUECKUE XapaKTePUCTUKH

MUATAKOLIUX AJIEKTPOCETEH.

32.1.2. 3amuTanong3eMHB X COOpPYXEHHUIHOT

NPOHUKHOBCHMHNA 6J'IY)K[[aI-OHII/IX T O K OB

K s1oit rpynne crnoco0oB cielyeT OTHECTH TaKhe MEPONpPUATHS, KaK pallMOHAJIbHBIM BHIOOD
Tpacchl 3alUIaeMOr0 COOPYKEHHS — O0XOJ TPYHTOB C TOBBIIIEHHON JIIEKTPOINPOBOJHOCTHIO,
BOJIOEMOB WJIM 3aTOIUISIEMBIX YYaCTKOB, OTPaHHYEHHE CONMKEHHUS C DICKTPUPUIHMPOBAHHBIMU
JIOPOTaMHy WM IPYTUMU UCTOYHUKAMU Oy KIAIOIIUX TOKOB.

K »sroit ke rTpymnme cmocoOOB OTHOCSAT M TPUMEHEHHWE BBICOKOKAYECTBEHHOW W3OJISIIIUU
3aIIMIIAEMBIX KOHCTPYKIMH — ClIEUaIbHbIE OKPACKU WM IMOKPBITUS U3 IMTOJIMMEPHBIX MaTEPHUAIIOB.

[Ipoknanka MoA3eMHBIX KOMMYHHKAlUMi B CHELHUAJIbHBIX KaHajgaxX, IIAXTaxX, TPAHILESIX C
HCIIOJIb30BAHUEM CIIELMAJIBHBIX AJIEKTPOU3OJUPYIOIIMX 3aCHIIOK TaKXKE€ CHIXKAET ONAacHOCTb
KOPPO3UHU OITY>KAAIOIUMH TOKaMH.

3HAYUTENbHBIN 3QQEKT JaeT TaKKe yBEIMYEHUE MPOAOIBHOIO CONPOTHBIICHUS IMOA3EMHOTO
3aIUIIAEMOT0 COOPYXKEHHMSI 3a CYET €ro 53JEKTPUYECKOro CEKIIMOHUPOBAHUS C IOMOIIBIO
ANEKTPOU30JIUPYIONTUX (pr1aHIeB U My PT.

Onexrpousonupyromue ¢rannpl (MD) yame Bcero MPUMEHSIOT Ha Ta30MpOBOAAX, YTO
3HAYUTENbHO YBEIHMYMBAET WX MPOJOJIbHOE COmpoTHBiIeHHE (puc. 15). DneKkTpoconpoTHBICHUE
u3onupylomero ¢uanneBoro coeauHeHuss R Ha TpyOONPOBOJIE 3aBHCUT OT BHYTPEHHETO
nuameTpa TpyOorposoja d, TOJIIIKMHBI U30JUPYIOLIEH TPOKIAIKU & U YJIEIbHOIO COPOTUBIICHUS P

TPAHCTIOPTUPYEMOH MO TPYOOIIPOBOAY CPEIIbI.

Puc. 15

3aBucuMocTh R ot 0 mipu nocrossHaOM p (R=4pd/dIm) BeIrIAIUT CiiemytonuM obpa3oM (puc.

16).



100 ¢

50+

Puc. 16

1 — mmametp d=25 mm ; 2 — guametp d=100 mm; 3 — guametp d=150 mm

T.e. mpu yBenu4eHnH 1uaMeTpa TpyOoomnpoBoa conpoTusiecHue D pe3ko nagaer.

Hcnonb3oBaHue M30MUPYOMUX (IaHIEB TakoW KOHCTPYKIMH Ha TpyOOmpoBOAax,
TPAHCTIOPTUPYIOIIUX TOPSUYI0 BOAY WM Tap, 0e3 JOMOJHUTENBHBIX MEp 3allUThl HE TOMYCTUMO.
Jleno B TOM, 9YTO, KaK IOKA3bIBAET OSKCIIEPUMEHT, YUYaCTKH TPyOONpOBOMA, MPUMBIKAOIIHE K
MPOKJIAJIKE, Pa3pyIIatOTCs OCOOEHHO HMHTEHCHUBHO BCJIEACTBHE KOHIICHTPAIIMM AaHOJHOTO TOKa.
[ToaTOMy BHYTPEHHIOIO TTOBEPXHOCThH TPYOOTpOBOAa, MpUMBbIKarOIIMX K D, He00X01MMO HaIEKHO
M30JIMPOBATh 3alIUTHBIM MOKpbITHEM Ha mupuHy 10 100 MMm. OmHako, KayeCTBEHHAs W3OJISALIUS
TpyOBI HA YYaCTKe YCTaHOBKH (hJIaHIIa BECbMa TPYIHOBBIIIOIHUMOE MEPOIIPHUITHE.

[TosToMy BMECTO 3alIUTHOTO MOKPBITHUS MPEAJIAraeTCsl DJIEKTPOXUMHUYECKasl JOMOJIHUTEIIbHAS
3anmTa TpyOOImpoBoO/Ia Ha YIaCTKE YCTAHOBKH M30JUPYIOMIETO (IIaHIIa.

OnuH U3 BapuMaHTOB TAaKOW 3aIIUTHI MOXKET OBITH BBITIOJIHEH C MOMOIINBI0 KOHIEHTPHUYECKUX

poTeKTopoB (puc. 17).

[~

Puc. 17
1 — TpyGonpoBoz; 2 — uzonupyromue (aHIbl
3, 4 — BHEIIHU ¥ BHYTPEHHUI KOHIIEHTPUYECKUE IPOTEKTOPHI; 5,6 — THOMABI
3TO OJIMH U3 CIy4yaeB MPUMEHEHHS MOJISPU30BAHHBIX TPOTEKTOPOB.
Haubonpmas >¢p¢GeKTUBHOCTh OT MPUMEHEHHS H30JUPYIOMKX (IaHleB AOCTHraercs mpu
OOJIBILIOM TIEPEXOJHOM CONPOTHBICHUU 3alUIIAEMOr0 OOBEKTa OTHOCUTENbHO TpyHTa. Jlius
YBEIIMYEHUS TIEPEXOJHOTO CONMPOTHRIICHHUS B MecTax ycTaHOBKH M® (yuactku mo 10 M B Kaxayro

CTOPOHY ) 3aIllMIIAeMOE COOPYKEHHE JOJIKHO UMETh U30JUPYIOLIEE MOKPHITHE YCUIIEHHOTO TUIIA.



W3onupytomue (uaHpl M3roTaBIMBAIOT W3 H3OJSLMOHHOTO MaTepuajla — IapoHUTa,
MMEIOILET0 BBICOKHE TPOYHOCTHBIE U U30JISALMOHHbIE CBOMCTBA. 11 U3rOTOBIEHUS (DIaHLIEB JIUCTHI
IIapOHUTA CJIELYET TIIATEIbHO BBICYLIMTH, T.K. BBICOKHE AUDIEKTPUUECKHUE CBOMCTBA UMEET TOJIBKO
IIPOCYILIEHHBIA MaTepUal.
JIist 3a10MTHl MaTeprasa OT HACBILICHUS BJIArOM IOCIE MPOCYLIKH €r0 CIELYET Cpa3y IOKPBITh
OakenuToBbIM JJakoM. Kperuienue diaHIieB mponu3BOIUTCS TaKkKe HEMPOBOAALIMMHI MaTepralaMH —
LINWIBKY U BTYJIKU U3 TEKCTOJINTA.
ITpaBmiibHO M3roToBieHHbIe D Npu MCHBITAHMM B CyXOM IOMEILEHUU HA JAKOT KOPOTKOTO
3aMblKaHus 1pu HanpsbkeHuu 10 1000 B, B akcmTyaTallMOHHBIX yCIOBHUSX NPOOWBHOE HAIPSKEHHE
IOJKHO ObITh He MeHee 100 B.
[pu skcruryaraiun UP HeoOX0aMMO cUCTEMAaTHYeCKH, He peke 1 pasza B Mecsll, ONpeneisiTh
HX CONPOTHUBJICHUE.
W3onupyromue QaHipl peKOMEHAYETCSl IPUMEHSTh B 30HE JEUCTBUS OMyXAAIOIIHUX TOKOB B
CIIELYIOIINX CIIy4dasx:
e Ha OTBOJAX OT MAarucTpajbHOro TpyOONpOBOJa OOKOBBIX BETBEH MJIS YMEHBILEHHS
OINACHOCTH NepeTeKaHus Oy kK AAILUIUX TOKOB;

® Ha NepecedyeHus X TpyOOIpOBOJIOB € IEKTPUDUIUPOBAHHBIMU KEJIE3HbIMU JT0POTraMH MU
JUHUAMHU  DJIEKTpONepead IOCTOSIHHOIO TOKa JUIs  NPEAYNPEKACHUS IONaJaHus
OJTy>K1a0IINX TOKOB;

® IpU HCHOJb30BAHMU KATOJHOW 3alIUTHl B MOJE€ AECUCTBHUS OIyXKAAIOUIMX TOKOB JUIS
CHMIKEHMS 3aTpaT 3JIEKTPOIHEPTUU U MOBBIIEHUS 3(P(PEKTUBHOCTU KaTOJHOM 3aILUTHI;

e Ha BBIBOJAX TPyOONPOBOJOB B IOCTPOMKHM C METANIMYECKUMHU KapKacaMu JUIs
IPEJOTBPALLEHUS IEPEeTeKaHHsl B HUX OJy’KAAIOLUX TOKOB.

VYBenuyeHue NpoJoIbHOIO CONPOTHUBICHUS COOPYKEHHS MOKET OBbITh JIOCTUTHYTO TaKKe
YCTaHOBKOW CHEUMANbHBIX M30JHpyomux My(}pr. VYcranoBky wu3omupyonmx wmypt (UM)
IPOM3BOJIUT B MECTAaX COCIMHEHUS KaOeneill ¢ pasHOPOAHBIMUA METATMYECKUMH O00JIOYKaMHM, Ha
BBOJIaX Kabeyeil B yCHIUTEIbHBIE YCTPOMCTBA | T.I1.

Cxema M npencrasieHa Ha puc. 18.
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Puc. 18
1 — cBuHIIOBas 000J10YKa Kabes 2 — NOJUATWICHOBBIN OSICOK
3 — MeTajuInyeckas «r0Ka» 4 — 3anMBKa U3 AMOKCUIHOTO KOMITayH/a

Konctpykuus MydT ™Moxker ObITh paznuyHod. OHH  OBIBAIOT pa3beMHBIMU WM
M3TOTaBIMBAIOTCS HEMOCPEACTBEHHO NIPU MTPOKIIAKE JIMHUM.

YcranoBka Takux MM Ha CHIIOBBIX M KaOeJsIX CBSI3M CHUXKAET TAKKE BO3MOKHOCTH KOPPO3HH
OJTyKTarOIIMMHU TOKaMHU.

Eciin Bce BBIIIE MEPEUNCIICHHBIE TPEyNPEANTEIbHBIC MEPOIIPUATHS HE O0CCIICUNITH 3allUThI
OT TPOHMKHOBEHHUS B KOHCTPYKIMIO OJY)KTAOIIUX TOKOB, TO HEOOXOIUMO MPEIyCMOTPETh

AIIEKTPOIPEHAKHYIO0 3aLIUTY COOPYKEHHUSL.

3.2.2. CnocoObl DJIEKTPOAPECHANKHOMN 3AIIUTHI.

OTu crnocoObl 3aKII0YAl0TCA B OTBEACHUH Oy KIaIOIIUX TOKOB OT 3aIUIIAEMbIX COOPYKEHHM
K HUX HCTOYHHKY. Jlms 9Toro co3maercss METAIMYECKOE COEJUHEHHE C  [OMOIIBIO
AIIEKTPOJIPEHAKHOTO Kaless 3aluinaeMoil KOHCTPYKIMU C OTPULIATEIBHBIM IMOJIFOCOM HCTOYHHUKA
ONIy’)KIIAIONMX TOKOB (Yalle BCEro - pPeIbCoOM OSIEKTPU(PHUIIMPOBAHHONW JIOpPOTH), B MeECTe
HanOOJIBIIIErO CIBUTA TOTCHIMAIA KOHCTPYKIIMH B MOJIOKUTEIBHYIO CTOPOHY .

[Ipy >TOM NPOUCXOAUT 3HAYUTENIBHOE IOHMKEHHE AHOJIHOTO IOTEHIMANa 3alUIaeMOM
KOHCTPYKUMH WIH JaXe ee KaToaHas nossipuzanus. CHUKEHUE aHOJHOTO MOTEHLHANa TeM
Oosblle, 4eM BhIIlIe HAPSHKEHUE IPEHAKHOTO TOKA.

HenocraTtkom MeTosa sIBISIETCS YBEJIMUEHHUE YTEUKU TOKA B 3€MIIIO.

CxemaTHuecku JpeHax OyKIaoLINX TOKOB MOXKET ObITh IIpeJICTaBjIeH Ha puc. 19.
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Puc. 19
| - KOHTaKTHBIN IPOBOJ 2 - pensc

3 - TpyOonpoBOI, OUISKAIIHA TPECHUPOBAHUIO 4 - TEHEpATOP TOKa
S - IpeHaKHOE COECITMHEHUE

OTO Tak Ha3blBaeMasl yCTAHOBKA MIPSIMOIO JPEHAXKA.

YcTpoicTBO MOAOOHOTO THIIA XapaKTEPU3yeTCsl BO3MOXKHOCTBIO MPOTEKaHUS APEHUPOBAHHOTO
TOKa B 00OMX HAMpPaBJICHUSX, I0ITOMY €r0 MOXKHO MPUMEHSTh TOJBKO TOTJa, KOTZIa PEIbC B TOUKE
JIpEHa)ka HMEET IOCTOSHHBIM OTPULATENIbHBIM IMOTEHIMA] [0 OTHOIICHUIO K 3allMIIaeMOu
KOHCTPYKIIUU.

O¢ddexTuBHas paboTa TaKUX YCTPOMCTB BO3MOXHA JHUIIb IPU 3HAYUTEIBHON pa3HOCTH
MIOTEHIMAJIOB MEXJy TOYKAMHM €ro MOJKIIOYeHHs — He MeHee | B. DTo Bce orpanuumBaer
MIPUMEHEHHUE MPSMOT0 JpeHaxa.

st u36exxanusi BOBMOKHOCTH MPOTEKAHUSI TOKAa OT pelibca K 3allUIaeMOld KOHCTPYKIIMU IO
JIpeHaxXy KaOelto Mpu U3MEHEHUHU OTEeHIIMAJIa IPUMEHSETCS MOJISPU30BAHHbIN APEHAK.

B ero cxeme KpomMe TMEpPEMEHHOTO COIMPOTHUBJICHHUS HWMEETCS BEHTUJIBHBIM JJIEMEHT,
o0ecreunBarONIMil  MPOTEKaHWE TOKa TOJBKO B OJIHOM HANpPaBJICHHH — OT 3al[UIIacMOU
KOHCTPYKLIUU K UCTOYHUKY OJTY>KIArOIINX TOKOB.

CxemaTHuecky MOISIPU30BaHHBIN ApeHax MpeacTaBieH Ha puc. 20.

Puc. 20

1 — 3amuiaemMpiid TpyOOIPOBO 2 — perynupyemMoe COMpOTHBIICHUE

3 — BEHTHJIBHBIN 37I€MEHT (AMOM) WK OPOCCeNb 4 — UCTOYHUK Oy KIAIOIUX TOKOB

[Tonsipr3oBaHHBIN JpeHaXX UCIIOJIB3YETCS B TE€X CIy4asx, KOrja pesibC MOYTH BCE BPEMSI UMEET
OTPULIATENFHBIN TOTEHIIMAJI TIO0 OTHOIICHHWIO K 3al[UIIaeMOM KOHCTPYKIUU W HM3MEHEHHE €ro

MOJIIPHOCTH MOKET NPOUCXOJUTH TOJBKO HAa KOPOTKOC BPEMI.



Ecam ke HMCTOYHMK TOKOB HMMEET TMOCTOSHHO MEHSIOIIMICS TOTEHIHAI, TO MPUMEHEHHE
MOJIIPU30BAaHHOIO JpeHaxa Oyaer manodddekTuBHbIM. B 3ToM ciydae cienyer HCHONb30BaTh
YCUJICHHBIN IPEHAXK.

B cxeme ycuieHHOro JApeHaka KpoMe TMEPEYMCICHHBIX BBIIIE JJIEMEHTOB BXOIST
JIOTIOJIHUTEIbHBIE 3JIEMEHTBl BXOJMT JIONOJIHUTEIbHBI HCTOYHHUK TOKa, OOECIeUrBaONINI
coXpaHeHHEe HE0OXOAMMON TOJIAPU3AINH 3aIIHUIIAeMOro 00beKTa Jaxke Tornaa, Korna ucTouHuk bT

umeeT 0oJiee MOJIOKUTENbHBIN noTeHuan (puc. 21).
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Puc. 21

1 — 3amunaeMplii OOBEKT 2 — ICTOYHHK TOKA

3 — IMOIHBII MOCT 4 — ucrtounuk bT

OnHako, YCHUJIEHHBIM [JpeHaXX IPUMEHSAETCS OIPAaHWYEHHO, TaK KakK HMEET MHOXECTBO
HEJOCTaTKOB, TJABHBIM U3 KOTOPBIX SIBISIETCS Ype3MEepHOe NOTPeOICHHE AIIEKTPOIHEPTUU
pa3pyllieHHe peabCOB, BCTYNAIOUIMX B IAHHOM CJIy4yae B POJIM aHO/IOB.

3amuTa oT BT MoxkeT ObITh OCYIIECTBICHA TAKXKE C TOMOIIBIO OIS PH30BAHHBIX YIIPABIISIEMBIX
MPOTEKTOPHBIX CUCTEM. B 3TOM cilydae K 3alIMIIaeéMOMy COOPYKEHHMIO 1, Kak M IpU KaTOIHOU
IIPOTEKTOPHOM 3aluTe, MOAKIIOYAIOT 3(PQEKTUBHBI aHOJX 2, HO B LENb «COOPYXEHHE —

MPOTEKTOP» JTOMOJHUTENLHO BKIIOYAIOT BEHTUIILHBIN JIEMEHT, Hanpumep, auoj 3 (puc. 22).
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Puc. 22
[Ipn wamuuuum BT cuctema BKIIOYAETCS TOJNBKO TOT/A, KOTAAa 3allMINaeMOe COOPYKCHHE
noJsipu3yercss aHoAaHoil coctapisioniel BT u ero moTeHuMan CMeENIAeTCS B IMOJOXKHUTEIbHYIO
ctopony. [lpu 3ToM OnyXmammMi TOK CTEKaeT B TPYHT HE C TOBEPXHOCTH 3allUIIaeMOMN
KOHCTPYKLHH, a ¢ 3PPEKTUBHOTO aHOAA, KOTOPHI MHTEHCHBHO PAcTBOPSETCS, YTO MPHUBOAUT K

CMCHICHUIO TOTCHIMAJIA KOHCTPYKIHU B CTOPOHY OTPULATCIbHBIX 3HAYCHUM.



TaKYIO CXEMY MOKHO IIPUMCHATH, CCJIM HET H€O6XO[[I/IMOCTI/I OrpaHn4uBaTb BBICOKHC
KaTOAHBbIC IIOTCHI MAJIbI 33H1HH.[3€MOI>1 KOHCTPYKIHH, Harpumep, B clIy4daec 3alIUThI
HCU3O0JUPOBAHHLIX CTAJbHBLIX ITOJA3CMHBIX KOHCTPYKLII/II\/’I, KOrJa HC OIIACar0TCA «IICPE3allUuThD). B
cily4dac HGOGXOIII/IMOCTI/I OrpaHn4CHuss NOoTCHIHAJIa C KaTOI[HOfI CTOPOHBI CJIICAYCT MNPUMCHATH

CHUCTEMY Ha TpaH3ucTopax (puc. 23).
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Puc. 23
1 — 3amumaeMslii OOBEKT 2 — 3JIEKTPO]I CpaBHEHUSI
3 — TpaH3UCTOD 4 — s dexTuBHBIN aHO

Tok mporekaer uepe3 LeNmb TOJIBKO B TOM ciy4ae, KOrja HOTeHIMan Oa3zbl TPaH3UCTOpA,
OIpeAEIIAEMbIN JIEKTPOJOM CpPaBHEHMS, OTpULIATEIbHEE MTOTEHIMAIA 3aLIUIAEMOr0 COOPYKEHHUS.
[To mepe cOmmxeHHs MOTEHIMAla BCIOMOIaTeIbHOTO 3JEKTPoJa U COOPYKEHUSI TOK B LIeNU Oa3bl
YMEHBILAETCS JJO YCTAaHOBJIEHUSI MUHUMAJIbHOIO paz0anaHca MOTEHINAIOB «3JIEKTPOJ] CPAaBHEHUS —
COOpY)XEHHE».  YPOBEHb  3alIUTHONO  MOTEHLHUaJa  yCTAHABJIMBAIOT IyTeM  mojdopa
COOTBETCTBYIOILETO IEKTPOAa CPABHEHMS.

Ecin cymecTByeT OMAcCHOCTh MMOPaXEHWs KOHCTPYKLMU KaK aHOJHOM, TaK M KaTOIHOU
cocraBisitomieil BT, To ciegyer NpUMEHATb CABOECHHBIE IOJSPU30BAHHBIE IMPOTEKTOPHBIE

YCTaHOBKH (puc. 24).

Puc. 24
1 —4 — 10 xe, 4TO U Ha puc. 23
5 — 3¢ heKTUBHBIN KaTOT, 6 — uon
B osToM ciydyae mpu BO3IEHCTBUMU 3HAKONEPEMEHHBIX ONMY>KIAIOMIMX TOKOB MOTYT OBITh

pCaIM30BaHbI IBa Cllydast:



1. Ecim coopyxkeHue MOJSPU3YETCs aHOAHOM COCTaBIAIONMICH ONyXIAaOIMX TOKOB H
NOTEHIMAJl COOPYXKEHUS IIOJIOKUTENIbHEe, 4YeM MOoTeHuuan 3(pQeKTUBHOro aHoja,
MOCJIeIHUI MOAKIIIOYAeTCs 4epe3 AMOJA K COOPYXKEHHI0 W mojspusyer ero. Ilpu stom
3¢ PeKTUBHBIN KaTOJ OTKJIFOYCH.

2. Ecnmm coopyxeHue Moysipu3yeTcsi KaTOJHON COCTaBJISIOIIEH OJIy)KIAaroIuX TOKOB U €ro
MOTEHIMAJ OTpUIIaTeNIbHEe OoTeHIHaIa 3(HEKTUBHOTO aHO/a, 1eTh Y()PEKTUBHOTO aHOAA
3akpbITa. Paboraer agpexkTuBHBIN KaTO.

[TonGopomM IMOJOB M TPAH3UCTOPOB OIPEACIEHHOIO THIA YCTAaHABIMBAKOTCS HAWITy4dllHe

yCIIOBHS PabOThI CUCTEM MOJISIPU30BAHHBIX MPOTEKTOPOB.

JIOCTOMHCTBOM TOJIIPU30BAHHBIX IMPOTEKTOPOB sBIAETCS HUX 3PPEKTUBHOE JeHCTBUE NpHU
HAJIMYUU OJTY’KAAIOUINX TOKOB, BOSHUKIINX OT HECKOJIBKHX HE3aBUCUMBIX HCTOUHUKOB.

Opnaxo, npu OOJIBIIOM PAacCTOSIHUM (CBBILIE | KM) OT 3alIMIAeMON KOHCTPYKIMH 10 PEIbCOB
ANEKTPU(ULMPOBAHHOTO TPAHCIIOPTA MOJISPU30BAHHBIE POTEKTOPHI HE B COCTOSIHUM 00ECHEeYUTh
Ha/IeXKHbII 3alIUTHBIA NMOTEeHIMAN. B 3TOM ciydae Juist 3aIliUThl OT OJIyXJAIOLIMX TOKOB CIELyeT
INPUMEHSATH KaTOIHYIO 3alUTy OT BHEIITHET0 HCTOYHHUKA.

O¢ddexkTnBHOCTH TaKOH 3aIIUTHI OYJET 3aBECUTh OT MHOTUX (PaKTOPOB U B MEPBYIO OYEPEAb OT
PacIOJIOKEHUS KaTOIHBIX 3a3EMJIUTEIICH.

AHOABI  creAyeT TOMeUlaTb ~ MEXAYy  3allUIaeMoil  KOHCTpPYKUMEH U pelbcamu
NIEKTPUPULIUPOBAHHOIO TPAHCIIOPTA HANPOTHUB YYACTKOB, UMEIOLIMX HamOosee MOJIOKUTENIbHBIN
MOTEHIMAJl OTHOCUTENBHO PeNbcoB. B 3TOM cityuae 1enecoo0pa3Ho MCI0JIb30BaTh ABTOMATUYECKHE
CTAHLUM KaTOJHOM 3alUTHI, T.K. UMEIOTCS IOCTOSTHHBIE KOJIeOaH!sI MOTEHIMAIa B CUCTEME.

B ropoackux ycioBusix, Korja UMEETCs BbICOKAs KOHLEHTpAaLUs MMOA3EMHBIX KOMMYHMKAIUH
Pa3IMYHOIO HAa3HAYEHUS, CJIEYET MPeayCMaTpUBaTh, KaK y’Ke YIIOMUHAJIOCh, COBMECTHYIO 3alllUTy

BCEX MOA3EMHBIX COOPYKEHUM, PACIIONIOKEHHBIX PSIAOM.
3.2.3. PacyeT mapaMeTpOB DJIEKTPOAPECHAXKHON 3alIUThI

Pannyc neiictBHsl OHON YCHUIIEHHOM JPEHAKHOM YCTAaHOBKM OPUEHTHPOBOYHO OINPEACIIAIOT 110
dbopmyme:

R=60JAp /i k (M) (32)

rae JAp — cpenHsis cuiia TokKa ApeHaxa, A
ia — TIOTHOCTH Oy IAIOUINX TOKOB, A/m?
k — yaenbHas IIIOTHOCTh COOPYKEHUN B JTAHHOM 30HE
k=>'S/S:¢p, 1€ DS — cyMMapHas 3amuiaeMas oBepXHOCTb, M’

STep — IJIOIIaAb 3aHUMAacMas 3allilUTHBIMU COOPYIKCHUSAMU, I'd.



Tox npenaxa I, TpUOIMKEHHO ONPENENAETCS U3 BBIPAKEHHS:
Lip=Up/(RiasTRisx) (33)
U,p — HOpMaJIbHOE HalpaBJIEHHE Ha BBIXOJE ApEHaxa, B
Ryas — conpoTuBnenue apenaxxuoro kaodesns, Om
Rix — cpennHee 3HaueHUE BXOIHOTO COMPOTUBIIEHUS CTaTbHOTO TpyOompoBoaa, OM (B MecTe
KOHTaKTa ¢ JIpeHaXKHBIM KaOeleM).
Pacrnionoxxenue apeHaxHOW 3alUThl JOKHO OBITh TAKHM, YTOOBI 00€CIIEYHTh

NEPCKPbIBAaHUA BCEX 30H, I'IC BO3MOKHA KOPPO3UA 6Hy)KI[aIOH_[I/IMI/I TOKaMH.

324006 KTpPUYECKHUE UBMEPEHUS NPU DIEKTPOAPECHAXKHOH

3AM[UTE

Cuiy G1y>»KIaro1Iero Toka, MpoTEeKaoEero o COOPYKEHUI0, MOKHO U3MEPUTh
HECKOJIbKUMH CIIOCO0aMU:

- HETIOCPEICTBEHHBIM BKIIIOYEHHEM B LIEb aMIIepMETpa.
H3mepenue cuiibl TOKa IIyTEM HETIOCPEACTBEHHOIO BKIIFOYEHUS aMIIEpPMETPA B Pa3pbIB LICIIH.
CoopyxeHre MOXKeT OBITh OCYIIECTBICHO TOJIBKO B PEIKHUX CIydasx, HaIpUMep, IPHA IPOBEICHUH
MOHTaXXHBIX pa00T Ha HOBBIX WJIM IIPY PEMOHTE CYIIECTBYIONIIMX coopykeHnid. Haubomee gacto
TaKOH cr1oco0 MCIOIB3YIOT Il U3MEPEHUH B KaOEIbHBIX CHCTEMaX. B03MOXXHO M3MepeHHE CUIIBI
TOKa 110 METOJly KOMIICHCAIIHH.

9ToT METOA4 AOCTATOYHO TOqHBIﬁ, HO OH IMPUMCHHUM TOJIBKO B TOM CJIy4ac, KOTrAa HET YaCThIX

M3MEHEHUI CUIIbI M HallpaBJICHUs TOKa B cOOpykeHHU. Cxema MeTo/1a oKa3aHa PUCYHKOM 25.

L —»

puc. 25
| — MMITMBOJIBTMETD 2 — MICTOYHHK IOCTOSIHHOTO TOKA
3 — ammnepmeTp 4 — peocrtar
Hcrounnk nocTossHHOro Toka 2 odecrneunBaeT Tok I, HanpaBiIeHHBI  HaBCTpedy TOKY I,
TEKyIIeMy 0 coopykeHHto. Peoctatom 4 MeHsItOT cui Toka I 10 Tex mop, moka cTpelska
MumamnepMerpa He crtatet Ha 0. Mi3mepsiemast 3a 5TO BpeMsl CHJIa TOKA U €CThb HCKOMas
BEJIMYMHA.

H3BecTeH criocod HU3MCPCHUS CUJIBI TOKA IO MCTOAY MAaACHUSA HAIIPSIXKCHUS.



OrnpezenieHre CUITbI TOKA 0 METOAY TaJeHUs HAMIPSIKEHUS 3aKTI0YAETCSl B U3MEPEHUH TaICHHS
HANPSDKEHUS. MEX]Ty IByMsI TOUKaMU COOPYKEHHS U BETUYMHBI OMUYECKOTO CONIPOTUBIICHUS Ha
HTOM y4acTKe.
Cpennss cuna ToKa, IPOTEKAIOILETo 110 COOPYKEHUIO I, OyneT paBHa:
I,,=AU/(R*L) (34)
rae AU — u3MepeHHOe MajieHue HanpskeHust Ha yyactke L, B
R — conporunenue 1m coopyxkenus, Om

L — nivna yyacrtka, M

4. AHOJHAS 3AIIUTA.

[Tpu u3yueHun 3TOro pasaena cieayer o0paTuTh 0co00e BHUMAaHNE HA yCIOBHS, B
KOTOPBIX BO3MO>KHO IPUMEHEHHUE aHOJHOM 3aIIUTHI.

Jlureparypa [3,5,6].

4100 mue mpeaACTaAaBIEHUSA00 aHOQHOMN 3aU[HUTeE

Hcnonb3oBaHne KaTOHOM 3alIMThHI B arPECCUBHBIX CPEJIaX OCHOBHON XMMUUYECKOMN
MIPOMBIIIUICHHOCTH MaJIO3(()EKTUBHO B CBS3H C BHICOKMMHU TUIOTHOCTSIMUA HEOOXOAMMBIX 3aIIUTHBIX
TOKOB, a TaK)K€ BCIICJICTBUE HHTEHCUBHOTO BBIJICJICHUS BOJIOPO/Ia.

HHTCpGC K BHCKTpOXI/IMI/I‘-IeCKI/IM CHOCO6aM 3allIUTHhI B XHMH‘IGCKOﬁ HpOMBIH_UIeHHOCTI/I BO3pOC
B CBA3U C paSBI/ITI/IeM HOBOI'O ME€TOda — aHOHHOﬁ 3J'I€KTpOXPIMPI‘-IGCKOI>i 3alIUTHI. 3TOT MECTOL
oKazaJics HanboJiee MPUMEHUM UMEHHO B YCJIOBHUSX XUMHUUYECKHUX IMPOU3BOICTB.

CyLHOCTh METO/1A 3aKIH0YAETCS B HAJOKEHUU aHOJHOM MOJISPU3aLiU, TPUBOASIIECH K
q)OpMI/IpOBaHI/IIO ITACCUBHOI'O COCTOsSHHUS 3allIUIIIaCMOI'0 ME€TaJlJiIa U HOI[,Z[ep)I(aHI/IIO €ro JJIMUTCJIbHOC
BpeMs.

[IpumeHeHn0 aHOTHOM 3alTUThI 0JIarOMPHUATCTBYET IIMPOKOE UCIIOJIb30BAaHUE B
XUMUYECKOH MPOMBIIIIIEHHOCTH JIETKONACCHBUPYIOIINXCS METAIIJIOB — HEPKABEIOUINX CTaJeH,
TUTAHA U I[p. Hoa):[epncaHHe ITaCCUBHOI'O COCTOSIHUA METaJljla HpI/IBOI[I/IT K 3Ha‘-II/ITCJIBHOMy
CHUKEHUIO CKOPOCTH €T0 PACTBOPEHUS.

AHOHYIO 3aIIUTy B XMMHYECKOUW MPOMBIIIJIEHHOCTH UCTIOIB3YIOT HE TOJBKO C IENTBIO
YBEJIMYEHUS CPOKA CIIYKObI 000PYIOBaHMSI, HO U JUISI COXPAHEHHs YUCTOTHI arpPeCCUBHOM CPEIbL,

SIBJISIFOLIENCA XUMUYECKUM TIPOTYKTOM.



42 OnpeneneHue BO3BMOKHOCTHU M IeNecOOOpa3HOCTH

AHOIHOMN 3aUlUTBLI

AHOJTHAs 3aIIUTa MOXKET OBITh MCIIOJIb30BaHA B TEX CIIydasiX, €CIU
AQHOJTHOTIOJISIPU3YEMBIM MeTall, OoJUIekKaIIUN 3a1uTe, 0OHapyKHUBaeT 001acTh MACCUBHOTO
cocTosiHUS HMpUHOHN He 6osee S0 MB B manHo# arpeccuBHoi cpene. CKOpOCTh pacTBOPEHUS
MeTaJlia B TACCHBHOI 061aCTH JOJIKHA ObITh HIUTOXKHO Maoii: He Gomee 0,6 : 0,7 A/M’.

Ecnu B KOHCTPYKIIMM UCTIOIB30BAHO HECKOJIBKO METAIJIOB, TO 00JIACTH UX MACCHUBHOTO
COCTOSIHUS JIOJKHBI XOTs Obl YaCTUYHO NepeKpbiBaThes (He MeneeS0 MB o norenmuany).

He MeHee BaKHBIM yCJIOBHEM YCIELIHOIO IPUMEHEHUS aHOAHOM 3alUThl JOCTAaTOYHO Majast
CKOPOCTh KOPPO3UU METaJljla BhIIlIE BATEPJIMHUM, T.€. HaJl PACTBOPOM, IMIOCKOJIbKY 3allUTa
OCYIIECTBIISIETCS TOJIBKO B KUAKOM 3JIEKTPOIIPOBOJAHOM CpeEIE.

Haubonee noaxoasium o0bEKTOM ISl aHOAHOM 3aIMTHI B IPOMBILIUIEHHBIX CUCTEMAaX
ABJISICTCS LWJIMHAPUYECKUH COCY[], B KOTOPOM 00BEM M COCTAB AIIEKTPOJIUTA OCTAOTCA
HeU3MeHHbIMH. 13 XuMuueckoro o60pya0BaHus /Ul aHOJHOH 3alUThl HAUOOJIee MPUTOTHbBI
anmaparbl HEPEPBIBHOTO ACHCTBUS, a TAKKE TEIJIOOOMEHHHUKH U3 HEPYKABEIOIIEH CTaIH WIH
TUTaHA.

AHOJHY!O 3allIUT MOXHO IPUMEHSTh U JUIsl TPYyOOIPOBOJIOB, IIOCKOJIBKY CKOPOCTb
KOPpO3UHU MeTajla B yCTOHYHMBOM NTAaCCUBHOM COCTOSIHUM Majlo 3aBUCHUT OT IapaMeTPOB MTOTOKA
AKHUJIKOCTH.

K OCHOBHBIM 1OCTOMHCTBAM aHOJHOM 3alllUTHI CIEAYET OTHECTH:

- 3HAQUUTEJIbHOE YJUIMHEHNUE CPOKA CITYKObl METAIUTMUECKUX KOHCTPYKIUI
(4acTo M3roTaBIMBAEMBbIX U3 JOPOTOCTOSIIUX MAaTEPUAIOB: TUTAHA BBICOKOJIETHPOBAHHBIX
CILJIaBOB);

- BO3MOKHOCTb 3aMEHbI B HEKOTOPBIX CIIydasiX JOPOTOCTOSIIMX MaTepuanoB Ooiee
JIEIIEBBIMU, HATIPUMED, YTIIEPOIUCTON CTaNbIO;

-TOPMO’KE€HHE HEKOTOPBIX BUI0B JIOKAJIIBHOW KOPPO3UH;

- BO3MOKHOCTb 3aILIUTHI CIOKHOMPO(DUIBHBIX KOHCTPYKIUH. YMEeHbIIEHNE 3arpsI3HEHHS
XUMHUYECKHX CpeJ MPOAYKTaMH KOPpO3HH (THIEeBast, (hapMaleBTHUECKasi MPOMBIIIIICHHOCTB);

- HEOOJIBIIINE IKCILTYyaTallMOHHbBIE PACX0/Ibl BCIEACTBUE UCIIOJIB30BAHUS OTHOCUTENIBHO
HU3KOM CHJIBI TOKA JUIsl TOAJIEPAKAHUS TACCUBHOTO COCTOSIHHUS.

OpnHako, croco® aHOJHOM 3aILUThl UMEET U HEJOCTATKHU:
- JOCTaTOYHO BBICOKAsi CTOMMOCTh IIPUMEHAEMOT0 000y I0BaHNUS;
- HE0OXOIMMOCTb HENIPEPhIBHOW Oe3aBapuilHON pabOThI CII0XKHOMN

KOHTPOJIbHO-PETYJIUPYIOLIEH anmnapaTyphl.



43 OnpeneneHnue mapaMeTPOB aHOJTHOMW 3aU[UTBHI

OcHOBHbIE TapaMeTpbl aHOAHOM 3aIUThI, ONPEAETAIOIINE YCIOBUS €€ IKCIUTyaTaluu U
3P PEKTUBHOCTD JEHCTBUS, HAXOAATCS ITyTEM aHaJIM3a MOTEHIMOCTATHYECKUX aHOAHBIX KPHUBBIX
(puc 26) 3amuuiaeMoro MeTaa, CHAThIX B JAHHOM CpeJie B YCIOBUSIX MaKCUMaIbHO
NPUOJIMKEHHBIX K SKCIUTyaTallUOHHBIM.

[TapameTpamu aHOJHOMN 3AILUTHI SBISIOTCA:

E - IPOTSKEHHOCTh 00J1aCTH yCTOWYMBOW ITACCUBALIUU
(nnst onpenenenust Eyy) AE;=Eq— Eny;
- IJIOTHOCTh TOKa B 00J1aCTH YCTOWYMBOIO
IACCUBHOT'O COCTOSIHMA 1 (JUIs1 OTpeieeHUs
MACCUBHOT'O COCTOSTHUA);
- IJIOTHOCTh KPUTUYECKOTO TOKA ITaCCUBAIIHH,
HE00X0MMOro AJIs IepeBojja MeTajljla B yCTOMUUBOE

IIACCUBHOE COCTOSHUE 1yp;

- 9(ppeKTUBHOCTH AaHHOHOM 3aIIUTHI ONPEAETAETCS

OTHOILIEHUEM CKOPOCTEH pacTBOpPEHUs MeTaia 0e3
puc. 26 3aIUTH K CKOPOCTH PaCTBOPEHHMS MO 3AI[MUTON PH

aHHOM IOTEHIHAAIIE.

44 AHolHag 3alIUTAa C KATOOAHBIMU IPOTEKTOpPaMHu

Jlnst cMenieHust MOTeHIMAaIa 3alMIaeMoro MeTajljia B TaCCUBHYIO 00JIaCTh MOXHO
WCITIOJIB30BaTh KaTOHBIN MPOTEKTOP — 00JIee MOJIOKHUTEIBHBIN AJEKTPO/I.
H606XOIII/IM8.SI ImacCruBallii U HOHI{Gp)KaHI/ISI IIaCCUBHOI'O COCTOSHUA CUJIa TOKaA
OTIPEIETISIETCSI COOTHOIIEHUEM MTOBEPXHOCTEN aHO/IA U KaTO/Ia, @ TAKKE COOTHOIICHHEM CKOPOCTEH
AHOJHOM M KaTOJIHOW pEaKIHH.

B kauecTBe IMPOTCKTOPOB MOT'YT OBITH MCIIOIL30BaHbI MaTcpHralkbl, CTaI_II/IOHapHHﬁ



MOTEHLMaJ KOTOPBIX B JJAHHOU CpeJie, HAXOUTCS B 00JIaCTH ACCUBHOI'O COCTOSIHUS 3alUIIIaeMOT0
MeTasuta. Marepuan mpoTeKTOpa IOJDKEH ObITh YCTONYHMB B JAHHOW arpeCCUBHOM CpeJie U Ha €ro
MMOBEPXHOCTHU MIPU CMEIICHUH MOTEHILIMAIA B OTPULIATENbHYIO CTOPOHY J0KHA MPOTEKATh
AIIEKTPOXUMHUYECKAs PEAKLIMSI, TOK KOTOPOH PACXOy€eTCsl Ha NOJEpKAaHUE YCTOUUUBOTO
MTACCUBHOT'O COCTOSIHUS 3alllMIIaeMOI0 MeTaJlja.

B Haubosbiieii cTeneHn BceM 3TUM TpeOOBaHUSAM, KOHEUHO, YAOBIETBOPSIOT
OIaropoiHbIe METAIIBL: TUIATUHA, TAIIaAu, 30510T0. OIHAKO Takue MPOTEKTOPHBIE MaTepHallbl He
HaXOJAT IIMPOKOI0 IPUMEHEHNUSI BBULy BBICOKOW CTOMMOCTH.

M3BecTHO MpUMEHEHHUE B KaUeCTBE KaTOAHBIX IPOTEKTOPOB U IPYTUX METAIIOB

- HUKEJS, TUTaHa — JUIsl 31U Thl YIJIEPOJAUCTOMN CTAJIM; BACMYTA U CYPbMBbI — JUIsl 3aIIUThI TUTAHA.

N3BecTHO Takke NPUMEHEHUE B HEKOTOPBIX CIIydasiX B KAYECTBE IPOTEKTOPHOTO
MaTepuaia HEpXKaBeIoIIMX CTaJIeH U CIUIaBa «XaCTEIUION.

OpHako, B 3THX CIIy4asiX IUIOIIA/lb IPOTEKTOPA, KaK IIPABUIIO, TOJIKHA MPEBbIILIATH
IJIOIIA/b 3AIMIIAEMON TOBEPXHOCTH, YTO, KOHEYHO, HE BCEI/1a BO3MOXKHO.

W3 Bcex mpuMeEHSOIUXCs IPU aHOAHOM 3alUTe MPOTEKTOPHBIX MaTEepHUaIoB Hanbomee
NPUTOJHBIM clielyeT Ha3BaTh rpadut. OH yCTOWYHB B MHOTHX arpecCUBHBIX Cpe/iax, 00eceynBaeT
OTHOCHUTEJIbHO BBICOKYIO INIOTHOCTh TOKA U JOCTATOYHO JIEIIEB U JOCTYIIEH.

B kauecTBe rpaduTOBBIX IPOTEKTOPOB MOKHO UCMOIB30BaTh OTXO/bI IIPH
U3TOTOBJICHUH IPa(pUTOBBIX AJIEKTPOIOB, PYyTEPOBOYHBIE TUIUTKU U3 rpaduTa WM Jpyrue u3iemis,
BBIITyCKAaeMbI€ HAlIEH MPOMBIIUIEHHOCTBIO.

JloCTaToO4HO MOJIOKUTENbHBIE CTAIMOHAPHBIE BCEX N3BECTHBIX IPAa()UTOBBIX MAaTEPHAJIOB,
Jekalye B 00J1aCTH YCTOMUMBOTO TACCUBHOI'O COCTOSIHUS CTaJIU, ONPENEISIOT NPUHIUITHAIBHY IO
IPUTOJTHOCTD IrpauTa B KAYECTBE KATOJHOTO NMPOTEKTOPA. AHO/IHAS 3alUTa C TOMOLIBIO
MPOTEKTOPOB MOKET ObITh UCIIOJI30BaHA TOJIBKO B TOM CIIy4ae, KOT/a yCIOBHS SKCILTyaTaluu
3alIUIAEMOr0 00bEKTa CTA0OMIIbHBI BO BPEMEHH, BEIMUMHA KPUTHUYECKOTO TOKA MTACCUBAIMU U TOKA
B [TACCUBHOM COCTOSIHUHU HE BEJIMKA, T.€. METaJJl HAaXOAUTCS B TACCUBHOM COCTOSIHUHU YK€ IIPU

MOTEHLIMaje KOPPO3HUH.

45 AHogHas 3am[MTa OT BHEIMIHETO MCTOYHHUKA TOKA

451.AH0oaHasa 3am[UTa C peryJUpPOBaHUEM NOTEHIHaAaTa

Ecnu npoTs:KeHHOCTh MAaCCUBHOM 001acTH MeTallia IOCTaTOYHO BEJIHKA, PA3HUIIA B
BEJIMYMHAX MAKCUMAJIBLHOTO TOKA U TOKA B TACCUBHOM COCTOSIHUM Majia, SJIEKTPOJIUT UMEET
JIOCTATOYHYIO AJIEKTPOIPOBOJTHOCTD U YCIOBHS pabOThl CTAOMIIBHBI, TO MOYKHO MCTIOJIb30BaTh

CUCTEM aHOJHOM 3aIUTHI, MOJACP>KUBAIOIIYIO Ha 3alUIIIAEMOM O0BEKTE MOCTOSTHHOE HAMPSIKCHUE.



3amuTa Npy NOCTOSTHHOM HalpsKEHUU BechbMa 3((eKTUBHA IIPU 3allUTE YIJIEPOIUCTON
CTaJIM B KOHIIEHTPUPOBAHHOW CEPHOM KUCIIOTE, T/Ie 00JIaCTh MAaCCUBHOTO COCTOSIHUS — TTouTH 2B,
MaKCUMaJIbHBIM TOK Bbl€ TOKa MaccuBaluu Bcero B 3:10 pa3 v 37eKTponpoOBOAHOCTb CPE/Ibl BBICOKA.
[TpuMeHNM Takoi crocoO U JUIst 3aLIUTHI TUTAHA B XOPOILO MTPOBOIAIIMX CPEIaX.

Hanpsbkenue, 3a1aBaeMoe UCTOYHUKOM IMUTAHUS, paclpeiesieTcs Caeayonum
obOpazoM:
U=(E,— Ex) + IR (35)

rae U —3agaBaeMoe HampsikeHue, B

E.; Ex — moTteHmmaisl aHoga u karoja, B

R — conpotusnenue snexkrponuta, Om
Cxema aHOJHOM 3alTUTHI B 3TOM CIIy4ae JOCTaTOYHO npocta (puc.27). B naHHOM ciyae HeT
HE00XOJUMOCTH IPUMEHATDH JOPOTOCTOSIINE TOTEHIIMOCTATHI, JOCTATOYHO UCII0Ib30BaTh
CTaOMIM3UPOBAHHBIN UCTOUYHUK ITOCTOSIHHOTO TOKA.

C o 1 — 3amumaeMoe yCTpocTBO; 2 — KaTom;

2 3 — UICTOYHHK IIUTaHUA, 4 - QJICKTPOJ CpaBHCHH.

+

] —b? J1s IepuouuecKoro KOHTPOJIs paboThl aHOAHOM

3alIMUTEI B 3TOM CJIyda€ MOXKET OBITh HCIIOJIL30BaH

AIIEKTPOJI CPAaBHEHMSI U IPUOOP IS U3MEPEHUs

MOTEHIIMAaa 3alliIaeMoi MoBEepXHOCTH. Ecim ke

YCJIOBUS SKCILTyaTallud KOHCTPYKIUHA U3MEHAIOTCS BO

BPEMCHU, BbI3bIBAA KoJIeOaHMs IIoTCHIOMAaIa

3alIMIIaeMON KOHCTPYKLHH, TO JUIsl aHOAHOM 3aILHThI

HE00XO0IMMO HCIIOJIb30BATh CXEM C PEeTyJIMPOBAHUEM U

puc. 27

KOHTPOJIEM IIOTCHIHAJIA.

452.AHonHas 3amuTacC peryiupoBaHUEM HUKOHTpPOJIEM
NoTeHLUana
OTOT METO ANEKTPOXUMUYECKON 3aILUThl OCHOBAH HA IIEPEBOE TOBEPXHOCTU METaJlIa U3
COCTOSAAHUSI aKTUBHOI'O PACTBOPCHUSA B yCTOﬁ‘-IHBOC MAaCCUBHOC U MOAACPIKAHUA 3TOr0 COCTOAHUA
MMPOITYCKAaHHUEM DJICKTPUUCCKOI'O TOKA OT CIICHUAJIBHOTO PETYJIUPYEMOI0o UICTOYHUKA. Kax IpaBHJIoO,
B KQ4ECTBE TAKMX UCTOUHUKOB UCHOJIb3YOTCS MOTEHIIMOCTAThI MIM UCTOYHUKH TOCTOSIHHOTO TOKa,
3JIEKTPOHHBIE CXEMBI KOTOPBIX 00€CIIeUNBAOT MOJIEpPKaHUE ONPEAETICHHOr0 3HaYeHNs IOTEH-

1yana 3amuuaeMoro Metamuia. CxeMaTuyecku 3TOT CIOCO0 3alUThI MPEJCTABIEH Ha puc. 28.



| — 3amunaemas KOHCTPYKIHUSA

+
L

e

2 — KaTon 3 — BJIEKTPOJ CPaBHEHUS

[ 4 — moTeHIMocTar 5 — nmpubop I

— - - M3MEPEHHUs NOTEHIMAJIA 3alIUIIaeMOM

= KOHCTPYKLUHU

m puc. 28

45.3.01eKTpOoABl CPAaBHEHHUS B IPOMBIIIJIEHHBI X CUCTEMaAX
AHOJTHOMW 3aNUTHL

KoHcTpyKinm 37€KTpo10B CpaBHEHUS 71l aHOHOM 3aIUTHI CIIETyET U3y4HTh 110 (6).

O0s13aTeNIbHBIM YCJIIOBUEM MPAKTHYECKH BO BCEX CIIyYasX aHOHOM 3aIUThI SIBIISICTCS
KOHTPOJIb MOTEHIIMANA 3aIUIIAeMON KOHCTPYKIMU. D(PPEKTUBHOCTD U HAACKHOCTh aHOTHOM
3alUTHl BO MHOT'OM 3aBHCHT OT CIIOCOOHOCTH DJIEKTPO]Ia CPABHEHUS COXPAHSITH MOCTOSTHCTBO
CBOETO MOTEHIMAA B YCIOBHUAX IKCIUTyaTalli Ha MPOTSKEHUU BCETO CPOKA CITY>KOBI.

DNEeKTPOAbl CPABHEHHUS B 3aBUCUMOCTH OT MX KOHCTPYKTHUBHOT'O PEIICHUS MOTYT OBITh
BBIHOCHBIMH WJIM NIOTPY>KHBIMU. BBIHOCHBIE MJIM BHEILIHUE 3JIEKTPO/Ibl CPABHEHUS TOMEIIAIOT B
OTJICITBHOM COCY/I€ U €r0 JJIEKTPOIUTHICCKHI KOHTAKT C arpeCCUBHON CPeIoil 00eCTIeYnBaETCs C
MOMOIIIBIO KJTF0Ya WJIM MOCTa. B KauecTBe BEBIHOCHOTO 3JIEKTPO/Ia CPABHEHHSI MOKET OBIThH
MCITOJIB30BaH JIF000M M3 M3BECTHBIX DJICKTPOIOB — XJIOPCEPEOPSHBIN, KAJIOMEIbHBIN U T. 1.

BbIHOCHBIE 2JIEKTPO/Ibl CPABHEHUS Yallle BCETO MPUMEHSIOT IIPU aHOAHOM 3alllUTe anmnapaToB,
paboTaronux Mo/ AaBJIICHUEM, TIPU BHICOKUX TEMIIEpaTypaxX WIH B KAKUX-TO JIPYTUX
AKCTPEMAJbHBIX YCIOBHSIX.

Henmoctatkom Takoi KOHCTPYKITUHU DJIEKTPOJIOB SIBISIECTCS HEOOXOUMOCTh UCIIOJIb30BAHUS
ANEKTPOIIUTUYECKOTO MOCTa. ViMeeTcst 60IbIIoe YUCIIO MATEeHTOB KaK HAIIMX TaK U 3apyOesKHBIX
Ha KOHCTPYKIHUHU TaKuX MOCTOB. OIHAKO HU OJJHY M3 HUX HEJIb3sl MPU3HATH HAJEHKHOU. DTO
CBSI3aHO C OTCYTCTBHEM BO3MOKHOCTH CJICIUTH 32 TEM, YTOOBI OTBEPCTHE MOCTA B PEAKIIMOHHOM
€MKOCTH HE 3aCOpsUIOCh, M MOJICPKUBAIICS TOCTOSTHHBIN AJIEKTPOIUTUYECKUN KOHTAKT.

[ToaTOMY Ha IpakTUKE CTAPAIOTCS IO BO3MOKHOCTH OTKA3bIBATHCSI OT BHIHOCHBIX AJIEKTPOJOB
CpPaBHEHUS U UCIOJIb30BATh MIOTPYKHBIE, T.€. TAKUE, KOTOPHIE MTOIPYKAOTCA MPSIMO B

PEaKIMOHHYIO EMKOCTD.

5. KOMBMHNPOBAHHAA AHOJAHAA N AHOJHO-IIPOTEKTOPHAS 3AIIIUTA.

Jis HanéxHOM pabOTHl aHOAHOM 3aIMTH BHEITHUM TOKOM HEO00X0IMMa TOCTOsTHHAS



nojrapusanusd aHOAHBIM TOKOM OT BHCIIHETO MCTOYHUKA. I[ax(e KpPaTKOBPEMCHHBIC nepe601/1 B
3EKTPOCHAOKEHNHN MOTYT IPUBECTU K HApyLICHHIO 3aIUThl. OGIIETPUHATHIM CIIOCOOOM
MPEIOTBPAICHHS] TAKUX CIIyYaeB SIBISIETCS HEMEAIEHHOE MEPEKII0UEHUE 3alIUIaeMOro 00beKTa
Ha IIPOTEKTOpHI. T.e. cucTemMa AOJKHA MO3BOJIATH KaK AHOJHYIO IOJIAPU3ALUIO, TaK U 3aILUTY
KAaTOJHBIM MPOTEKTOPOM. DTO U OYyJIET METO/ aHOJHO - AaHOAHOIIPOTEKTOPHOM 3aIUTHI.
CoueTaHue aHOTHOM M aHOTHO-TIPOTEKTOPHOM 3aIUTHI MIPEACTABIISIET COOO0M
BBICOKOHAEKHBIN croco0. Takol MeTo 1 mpeaycMaTpiuBaeT BO3MOKHOCTD PETyJIUPOBAHUS
3alIUTHOTO TOKA B IIMPOKHUX MpeJeax, Kak B ciyyae aHOAHOM 3amuThl. Hanuuue sxe npotexkropa
ACIACT METOA HCYYBCTBUTCIIbHBIM K KPATKOBPEMCHHBIM nepe6os[M B 1OJAQ4Y€ 3JICKTPOIHCPTHUHU.
[Tpu TakoM MeTO/Ie 3aIIUTHI PEryIATOPOM MOTEHIIMAJa YCTaHABIUBAIOT 00JIaCTh PETyJIUPOBAHUS
OT BEPXHET0 JI0 HUKHETO Mpejelia MacCCUBHOTO cocTosiHus. [loTeHIuan npoTekTopa J0MKeH ObITh

MIPUMEPHO B cepeauHe o0xacTu perynupoBanus (puc.29)

E

Puc. 29 s

[Tpu BKITFOYCHUH MTOJIIPU3YIONIETO TOKA MOTEHIIMAT MPOTEKTOPa U 00BEKTa CMENIAETCs 10
3HaueHus E,. 3ateM mojspu3anuio OTKII0YAET, TOTEHIIMAT 3al[UIIaeMOro 00hEKTa CMEIAETCs B
CTOPOHY OTPHULATENIbHBIX 3HAYEHU, OJJHAKO 3apsi/l, HAKOIUICHHBIN TPOTEKTOPOM, YMEHBIIAET
CKOpOCTH crajia moTeHIIHAaIa.
[Ipu nocTHMX)KEHHHU CUCTEMON 3HaYeHUs NOTeHUHaa E| CHOBA BKIIFOYAETCS BHELIHUA HCTOYHHK
TOKa ¥ LUKJI [IOBTOPSETCS.

[To mepe popMupoBaHus yCTOMUYUBOTO MTACCHBHOTO COCTOSIHUS 3aIIUIIIAEMOT0 00BEKTa
IJIOTHOCTH HEOOXOIMMOI'0 3aIMTHOIO TOKA CHIKAETCS.

Koraa miioTHOCTh TOKa MPOTEKTOPa CTAHET JIOCTATOYHOM I 00CCTICUCHHS BETUIHHBI I 55y,
Cra/I MOTEeHIIMAA CHCTEMBI PEKPATHTCS U 3alIUTa OyIeT 00ECTIeUnBaThCS TOIBKO IPOTEKTOPOM.

DTO COCTOSIHUE COXPAHUTCS JI0 TeX MOP, MOKA HE BOSHUKHYT YCIIOBHUS, TPUBOISIINE K
M3MEHEHUI0 HEOOXO0IMMOTO 3alIUTHOTO TOKA, HAIIPUMEDP PE3KOEe N3MEHEHHUE YPOBHS DJICKTPOJIHUTA,

KOHICHTPALUX PaCTBOPA WX €Iro TEMIIEPATYPHI.



[Tpu Takol opranu3anuu crnocoda 3alKuThl BKIIOYEHHUE PEryIATopa NOTeHIMana He00X0IMMO
TOJILKO B ITyCKOBOM MEPHUOJ WIN IPU U3MEHEHUH NTapaMeTPOB 3aILUThI 332 CUET U3MEHEHUS
TEXHOJIOTUYECKOTo pexxuMa. [Ipu ctalilMoHapHOM TEXHOJOTMUECKOM PEKUME 3alUTa
OCYIIECTBIISIETCS TOJIBKO TOKOM IPOTEKTOPA. ITpu 3amycke aHOHO - aHOITHONPOTEKTOPHOM
3alUTHl AUarpaMma U3MEeHEeHUs TOTeHIIMajla TOBEPXHOCTH 3alllM[aeMoro anmnapara oyaetT

BBITJISZIETD CeAyromM oopa3om (puc.30).

Kak BUIHO U3 AMarpaMMebl, 3alIMCAHHON aBTOMAaTUYECKUM MOTEHIIMOMETPOM, B TIEPBbHIE
IIUKJIBI pabOTHI MPH 3aIyCKE CUCTEMBI 3aIIUTHI A3PPEKTUBHOCTH pabOThHI MPOTEKTOPA HEBEIHMKA U
craj MOTEHIMAJIa MPOUCXOAUT OYeHb ObICTpo. OHaKo yepe3 5-6 ukIiIoB 3 (HEKTUBHOCTH
NENCTBUS MPOTEKTOPa BO3PACTAET U Yepe3 CYMKHU CIaj MOoTeHIHana 10 0oyiee OTpuIaTeNbHOM
IpaHUIIbl TACCUBHOI'O COCTOSIHUS MTPOUCXOAUT B TeueHue HeckoabkuXx (10-15) yacos. bes
MOAKIIOYEHUS TPOTEKTOpaA BpeMs CIajia MOTeHI[MaIa OCTAETCsl MaJIbIM U B HEKOTOPBIX CIydasx He
MIPEBBINIAECT HECKOJIBKUX MUHYT. Criaji MOTeHIMaa MPOUCXOIUT TEM MEJJICHHEE, YeM MEHBIIIe
MOJIIPU3YyEeMOCTh IpoTeKTopa. OueHb Maoi NOISIPU3yEeMOCThIO 001a1al0T MPEIBAPUTENHHO
OKHCIIEHHBIE TPa(pUTOBBIE MPOTEKTOPHI, KOTOPHIE M HCIIONB3YIOTCS IPU AaHOTHON —

aHOHHOHPOTeKTOpHOﬁ 3alluTe.

6.9KOHOMUMKA DJIEKTPOXUMUYECKOU 3AIIUTEL

Cpazy cremyer OTMETUTh, YTO TOUHOE ONpeeTIeHne SIKOHOMUYECKHX (P (EKTOB,
JIOCTUTaeMBIX IPU UCIIOIb30BAHUU DJIEKTPOXUMHUUECKON 3aIIUTHI, 3aTpyAHEHO. Hackombko
IIPOCTO ONPEIEIUTh CTOUMOCTb U3TOTOBJICHUS U DKCIUIYyaTallM¥ KOHCTPYKIIMH, HACTOIBKO TPYIHO
paccuutaTh 3PPEKT OT UCKIIOUYEHHS] HEIPOTHO3UPYEMBIX KOCBEHHBIX IOTEPh OT KOPPO3HUH.
MoO’KHO cUuTaTh, UCXO U3 AHAJIOTUM, YTO CTOMMOCTD DJIEKTPOXUMUYECKON 3aIUTHI HE
npesbimaeT 1% OT CTOMMOCTH 3alUMIAEMON KOHCTPYKLUH, IIPH YEM ATa CTOMMOCTh
CKJIaJ(bIBACTCS U3 CPABHUTEIILHO BBICOKU KAIIMTAIBHBIX 3aTPAT U HU3KUX 3aTpaT

OKCILTYaTallMOHHBIX.



Hanpumep, mosissku moacyuTaniu, 4To CTOMMOCTh 30 KM MPOMBIIIIIEHHOTO Ta301POBOa
BBICOKOT'O JaBJIEHUS pPaBHA IPUMEPHO 55 MIIH. 3J0ThIX. 3alIUTa 3TOr0 y4acTKa ra3onpoBoja
OCYILIECTBIISICTCA OT TPEX KAaTOAHBIX CTAHIUN CTOMMOCTHIO 480 ThIC. 3710THIX, T.€. 0,87% OT
CTOMMOCTH Ta30MpPOBOJIA.

Exeromgnbie sKCIuTyaTalliOHHBIE PACXO0Ibl CUCTEMBI KATOJHOMW 3aIIUTHI 39 ThIC. 37IOTHIX, T.€.
0,07% croumocTu ra3ornpoBoja. B aTy BenmuunHy BXOJUT CTOMMOCTD 3JIeKTpo3Hepruu (~14 Toic.
37I0THIX) U CTOUMOCTD HAJ30pa U MIAHOBO-MIPEIyIPEIUTEILHOTO PEMOHTA CUCTEMBI 3aLTUTHI ~25
TBIC. 3JI0THIX. B ciyuae 25-neTHei SKCIuTyaTaluy ra3onpoBoaa 6e3 KaToAHOM 3alUThl €KEeroIHbIe
aMOPTHU3AIMOHHBIE OTYUCIICHHS COCTABIISIOT MPUMEPHO 4% OT CTOMMOCTH Y4YacTKa TPACCHI.

VY uIMHEHUe CpoKa dKCIUTyaTaluy ra30npoBo/a IPU UCIOIb30BAHUM KaTOJIHON 3aIUTHI
npumepHo 10 net. B aTom citydae 10X0/ OT UCIIOIb30BaHUSI KATOHOM 3aIUTHI ONPEIEIUTCS KaK
CyMMa aMOPTHU3AIMOHHBIX OTUKCIEHUH 32 3TU 10 JeT MUHYC CTOMMOCTh KaTOAHBIX CTAaHIIUN U
pacxo/i0B Ha WX O0OCITy>KMBaHHE 3a 35 €T paboTHI.

10*55*0,04-(0,48+35*0,039)~20 MiH. 3710THIX.

Ecnu xe x aTomy pacuétHomy 3¢ dekTy 1006aBUTh He oafaromumecs pacuéry 3hdexTst ot
UCKJIIOYCHHSI aBapuil Ta30MPOBOa, TO SKOHOMHSI, TOCTUTaeMasi IPUMEHEHHEM KaTOIHON 3alUThl,
Oyzer emé Oosiee 3HaUNTENBHOU. [IpHBeIEHHBIN TPUMEp CBUIETENBCTBYET O BBICOKON
PEHTAa0ETFHOCTH MMPUMEHEHUS SJIEKTPOXUMHUYECKON 3aIlUTHI.

[TpakTiKa moka3bpIBaeT, 4YTo Hanbosiee peHTa0eNbHA AMEKTPOXUMUYECKAs 3alIUTa
KOHCTPYKUUH, IMEIOIIHUX U30JIUPYIOIee MOKPHITHE BHICOKOTO KauecTRa.

PenTabensHOCTh U 3 EKTUBHOCTh MPUMEHEHUS DIIEKTPOXUMUYECKIX METOIOB 3aIUTHI
MOJTBEPKIAETCS OTBITOM €€ MHOTOJIETHEH SKCITyaTallud BO MHOTHX CTpaHaXx.
DNEeKTPOXMMHUYECKas 3allliTa MOBCEMECTHO CUUTAETCs Hanbosee 23pHEeKTUBHON 1

BBICOKOPKOHOMHYHOM TEXHOJIOTHEH 3aIlUThI.
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