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IlpeauncioBue

Pa3BuTHE 5KOHOMHKHM TpeOyeT LIMPOKOTO BHEAPEHMS JOCTHKEHHH 3JIeK-
TPOTEXHHYECKOH Hayku. MBbl ABISeMCS CBUIAETEISIMH Bce Ooyiee MIMPOKOTo
MPUMEHEHHUS JIeKTpHYecTBa OYKBAIbHO BO BCEX 001aCTAX NEATEIBHOCTH Yelo-
BEKa: B MPOMBIIITICHHOCTH M CEILCKOM XO035HCTBE, KOCMOHABTHKE H MEIMIIMHE,
B OBITY ¥ cepe ycuyr.

B Hacrosiee BpeMs NIPaKTHYECKH HET APYToro BUA SHEPTHH, CIOCOGHOro
KOHKYPHPOBATh C 3JEKTPHYCCKON YHEPrHeH 10 HOCTYIHOCTH, yaoOCTBy ee Hc-
TI0JIb30BaHMsA, NIpe00pa3oBaHyA B IPYrHe BUIBI SHEPTHH M Iepelayy Ha OrpoM-
HEBIC PAacCTOSHUA 03 3HAYUTENBHBIX ITOTEPB.

BmecTe ¢ TeM cieQyeT HMOMHHUTB, YTO MCIIOJIB30BAaHHME 3JIEKTPHYECKOMH
9HEPTHH CBA3AHO C IOXAPHOH OMACHOCTBIO, ONMACHOCTHIO B3PBIBOB NPH 3KC-
IUIyaTalyy 3JIEKTPOYCTAaHOBOK BO B3PBIBOOMACHBIX Hpou3BojacTBax. Obecre-
YeHHE M0XKapo- H B3pEIBOOE30MAaCHOCTH JIEKTPOYCTAHOBOK PETIIaMEHTHPYETCS
HOPMATHBHBIMH JOKYMEHTaMH, COOJIIOJIeHHE KOTOPBHIX SABIAETCA 00sA3aTelb-
HBEIM Ha BCEX 3Tamax MpPOEKTHPOBaHMA, MOHTaXa M 3KCIuTyaTauud. B nmocnen-
HHE IO/l KOJTMYECTBO I0’KapOB, BO3HUKIINX NPH KCILTyaTalUH JIEKTPOYCTa-
HOBOK, yBeIM4YHBaeTcs. UMEIoT MecTo moxapsl Tak)Ke M OT pa3psaoB MOJIHHH
U CTaTHYECKOro 3nekTpuyectsa. [lostomy mepes paGoTHHKaMH IOXKapHOH 0X-
paHbl CTaBATCS 3a[a4d KAauUeCTBEHHOIO YIyYLICHHS HaA30pHBIX M NpOdHIIaK-
THYeCKUX (yHKLMI B 00aCTH MOXapo- M B3pHIBOOE30NACHOTO MPHMEHEHHS
3JIEKTPOYCTaHOBOK. OHUM U3 IIABHBIX YCJIOBHH MOBBIIIEHHS PE3yJILTaTHBHO-
CTH MOXapHO-NPO(HIAKTHYECKOH paboThI B 3TOH 00JIACTH SABIACTCS M3yUeHHE
MPUYMH BOHUKHOBEHHS MOXAPOB M B3PLIBOB OT JJIEKTPOYCTAHOBOK, a TaKxkKe
HOPMaTHBHO-TEXHUYECKHX TpeOoBaHMi, 00eCIeYMBAIOINX TT0XKApO- U B3PHI-
BOOE30MacHOe NMPUMEHEHHE IJIEKTPOYCTAHOBOK B Pa3JIMYHBIX YCIOBHAX (CM.
npui. 4), 3anMTy 06bEKTOB OT MOPAKEHUSA MOJTHHUEH M CTaTHYECKOTO HJICKTPH-
YeCTBa.

V4eOHUK HANHCaH B COOTBETCTBMM C Iporpammoit kypca «Iloxkaphas
6€30MacHOCTb EKTPOYCTAHOBOKY.

IIpenucnosue, ri. 2, 3,4, 5, 6, 7, 8, 9 u 10, maparpadsr 1.1, 1.2, 1.3 nanu-
caHbl KaHJ. TexH. Hayk, npo¢. B.H. Yepkacosrm; maparpadsr 1.4, 1.5, 3.5 —
kanz. TexH. Hayk H.IT. KocrapeBeim, naparpag 7.2 — COBMECTHO.



I'nmasa 1

SJIEKTPOCHABXXEHUE U INOXKAPHAS OITACHOCTb
SJIEKTPOYCTAHOBOK

Onexmpoycmanoékamu Ha3bIBACTCS COBOKYINHOCTh MAUINH, allapaTos,
JMHUI M BCIIOMOTATeNIbHOr0 000pYyMOBaHUS (BMECTE C COOPYKEHHSAMH M TIO-
MEIEHUSIMH, B KOTOPBIX OHH YCTAHOBJIEHBI), IIPEAHA3HAYAEMBIX JUI IIPOU3BOJ-
cTBa, npeobpa3oBaHus, TpaHCHOpPMaLUH, Iepeady, pacrpeeeH s IeKTPHU-
4ecKoif 3Hepruu ¥ npeoOpa3oBaHusA €€ B IPYTOH BHJ| SHEPTHH.

1.1. OGIIUE CBEJAEHHUA OB DJIEKTPOCHABXXEHHUU
N SJIEKTPOYCTAHOBKAX

ITpoMBIUICHHBIE 3MIEKTPOYCTAaHOBKH 1O (YHKIMOHATEHOMY Ha3HAYEHHUIO
MOZPA3ICNAIOTCS Ha CIIEYIONHE BU/IBL:

reHepaTophl — BEIPA0ATHIBAIONINE HIEKTPUUECKYIO SHEPTHIO;

npeobpa3oBareny HampsbkeHHs (TpaHchopMartopsl), npeobpa3oBaTenu
9acTOTHI — IPeoOpa3yrouIue MEKTPHIESCKYIO SHEPTHIO;

IpoBOJia, Kabenu — Mepefaloliue 3IEeKTPUYECKYI0 YHEPTHIO OT IYHKTOB
BBIPabOTKH U MpeoOpa3oBaHHs 0 JIEKTPOIPUEMHHKOB;

pacrnpeeTHTeabHbIE MOCTAHIIMH, Y3JIB], IIUTHI, YCTPOHCTBA — pacrpene-
JISIONIHE 3JIEKTPUUECKYIO SHEPTHIO;

9JIEKTPOJBUIATeIIH, EKTPOTEPMUYECKHE, AIEKTPOCBAPOUHBIE, IEKTPOOCBETH-
TEJIBHBIE H APYTHE — MOTPEOIIONINE AEKTPUYECKYIO SHEPTHIO HIEKTPOIPHEMHUKH.

Bce nepeunciennsle 21eKTpOyCTaHOBKH, corinacHo IIpaBuiaM ycTpoiicTsa
anekTpoycranoBok (YD) [1], Hopmupylotcs Ha Hanpsbkenue o 1000 B u Ha-
npsbxenue Beime 1000 B.

Oxono 75 % Bceil BeIpabaThIBaeMOil B Hamled CTpaHe 3JIEKTPUYECKOM
9HEPrHu NMoTpedaseTcss NPOMBIIUICHHBIMU JIEKTPOIPUEMHHKAMH, KOTOPbIE 10
BHUJly NOTPeOIAEMOTO TOKA AENATCS Ha CIACAYIOUIUE TPYIIIIBI:

JNIEKTPONPHEMHUKH TpexdasHoro Toka HanpsbkeHueM g0 1000 B wacto-
Toi 50 I'ny;

Tpex(aznoro Toka ceeime 1000 B wacroroit 50 I';

oanodasuoro Toka xo 1000 B wacroroii 50 I';

paboTalomye ¢ HHOH 4acTOTOMH, MUTAaeMbIe OT MPeoOpa30BaTENBHBIX MOJ-
CTaHIMI U yCTaHOBOK;

IIOCTOSHHOI'O TOKa, IIHTaeMble OT IIPe0Opa3oBaTEIbHBIX MOACTAHIHUN U yC-
TaHOBOK.

[IpoMBINUICHHBIE MPEIIPHATHS paboOTalOT Ha IMEPEMEHHOM Tpex(aszHoM
TOKe. I'pymnmbl 37eKTPONPHEMHUKOB ITOCTOSHHOTO TOKA NMUTAIOTCA OT npeobpa-
30BaTEJIBHBIX TNMOACTAHLUHUH C MOJIYNPOBOJHUKOBBLIMH BBIIPAMUTENSAMH, Yalle
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BCETO C UCIOJIB30BAHHEM MOIIHBIX THPHCTOPOB. Tak KaK BHINIPAMHTEIbHBIC ar-
peraThbl IMUTAIOTCSA OT CeTH Tpex(a3HOro TOKa, TO OHH, B CBOIO OYepe/lb, SABJI-
I0TCS 3JIEKTPONPHEMHUKAMH TpeX(a3HOTro TOKa.

OnexTpoycTaHOBKH HarnpsbkenueM 10 1000 B BBIMONHAIOTCA Kak € TIyXo-
3a3eMJICHHOM, TaK M C M30JIMPOBAHHOW HEHTPaNblO, @ YCTAHOBKH TIOCTOSHHOTO
TOKa — € INIyX03a3eMJIEHHON ¥ M30JIMPOBAHHOMN HYJIEBOH TOYKaMH.

DNeKTPOYCTAaHOBKH C HW30JIMPOBAHHON HEHTpalblo ClIeIyeT NMPUMEHATh
NPH MOBBIIIEHHBIX TPeOOBaHMAX K 0E30MaCHOCTH MPH YCIOBHH, YTO B 3TOM
ciryyae o06ecrednBaeTcss KOHTPOJIb M30JIALHHA CETH M LIETOCTHOCTh M30JIMpPYIO-
el MpOKJIAAKH MPOOMBHBIX NPENOXPaHUTENEH, OTKIIOYEHHE YYaCTKOB C 3a-
MBIKaHHEM Ha 3eMIIIO.

B 4eTBIpEXNpoBOAHBIX CETAX NMEPEMEHHOTO TOKA MM TPEXIIPOBOIHEIX Ce-
TAX MOCTOSHHOTO TOKA IUTyX0€ 3a3eMJICHHEe HeHTpasl 0053aTeNIBHO.

ITo TpeGoBanusam obecneueHus HaCKHOCTH IEKTPOCHAOKEHUS AIEKTPO-
IIPHEMHHUKH JIENATCSA HAa TpU KaTeropuu. Hapyuienue aeKTpocHabXKeHHs dJIeK-
TPONIPUEMHHKOB | KaTeropuu MOXKET BBI3BaTh ONMACHOCTH JJISA JKH3HU JIIOJEH,
HaHecTH 6oJbmIOH yuiepd HapoIHOMY XO3SHCTBY, MOBpeAUTH 000pyHOBaHHE,
NPUBECTH K MaccoBOMYy Opaky MpOIYKIMH, a TaKKe K TPyIHOBOCCTaHABIIMBaE-
MBIM HapyIIEHUSAM TEXHOJOTHYECKOTO Mporecca. DIEKTPONPHEMHUKH ITOH Ka-
TErOPHH JOJKHBI IIUTATHCS, [0 MEHBILIEH Mepe, OT ABYX HE3aBHCHMBIX HCTOY-
HHMKOB, H OOpPBIB ITMTAHUS JOIYCKAaeTCs TOJBKO HA BPEMsSl aBTOMATHYECKOTO Iie-
PEKIIIOUEHHs] C OCHOBHOT'O BH/Ia HAa PE3EPBHBIN.

B I xareropuio BKJIIOYEHa Takke ocobas rpymma 3JIeKTPONpPHEMHHKOB,
6ecriepeboiinas pabora KOTOpEIX HeoOXoauma s Ge3aBapHHHOIO OCTaHOBA
MIPOM3BOJICTBA B LIEJAX NPEJOTBPALIECHHUSA YTPO3bl XKU3HH JIIO/EH, B3PBIBOB, T10-
XKapoB U MOBPEKIECHHsA JOPOTOCTOALIET0 OCHOBHOTO 000py/10BaHHUSL.

IIpuMepHas cxema 371eKTpOCHAOKEHHs 00BEKTa ¢ 3IEKTPONpPHEMHHKAMU
ocoboit rpynms! npuBeneHa Ha puc. 1.1. Iloxcraniuu riomy6okoro Beoxa (III'B)
IUTAIOTCSA OT ABYX He3aBUCHMBIX uctounnkoB (HU1) u (HU2) — tpancdopma-
TopoB Tpl u Tp2 110/10 xB. DnexktposHeprus i AajbHEHILEro pacrnpesiee-
HHS MEXIY MOTPEOMTENSAMH MOCTYIAeT OT YKa3aHHBIX MCTOYHHUKOB MHTAHHA
COOTBETCTBEHHO Ha pacrnpenenutensusie ycrpoiictsa (PY1) u (PY2) nanpsxe-
auem 10 kB. IInuust PY1 u PY2 anextpudecku MOTYT OBITH CBSA3aHBI YCTPOHCT-
BOM aBTOMAaTHYECKOro BKIIOYeHHus pesepBa (ABPI) mocpenctBom macisiHoro
BBIK/TIOYaTeN B, KOTOPEIH B HOpMaJILHOM peXXuMe paboThl CXEMbl HAXOAUTCA
B IOJIOKEHUH «BBIKIIOYEHO». Pacnpenenurensusie ycrpoiicta [1I'B nuraror
pacrpenenurensubie mynkTsl PIT1, PII2, PII3. PII2 u PII3 umeror cekumu
aNeKTpocHabXeHus: morpeduteneii ocoboit rpymmel. [y HaJeXKHOTO NIEKTPO-
cHabxxeHus morpebureneit 0co6oi rpymnIsl B JaHHOH cXeMe IMPHMEHeHO MHO-
rOCTYIICHYATOE PE3ePBHPOBAHUE.



undotazey | MunAdI H0g0d0 MWEIALHQIdLOI 9 BIN29Q0 KMHAKQRHOOALNOIE BWAXD KRHIIeHIMTHHAA[] || R

[uuAda [4:} a zd q d
H0Q020 BHIDID) I
2

b dav 3
g
g
KHIIN2S PELSS g
seaed]| i1
—L w

P cdgv
34 q
SMHHROLOH
HITWHOMERESH Hu1ad
dq g d q q q q g a d
14
E i . .
ZAd g1 01 — g4 01 1Ad
MHHhOLOH [ d9V MHHhOLOH
ug HIIWHOHERESH godorg HI9WHOHERESH HI9ada)| ug
gX01/011 gro1/011
zdL 1dyL

e 1MH



IIpu oTKa3ze OJHOTO M3 JBYX HE3aBHCHMBIX MCTOYHHMKOB nuTanud (HUI u
HU2) cpabateiBaloT ycTpoiCTBa AIEKTPUYECKOH 3aIUThI, aBapHiHas IEMb OT-
KJTIoYaeTcs BeIKIodaTeneM B,. Jlanee cpabareiBaet yctpoiictBo ABP1 1 anek-
TpHYeCKH coeauHaeT mwuHbl PY1 1 PY2 nocpencTBoM BKIIOYEHHS BBIKIIOYATE-
ng Bl. [Ipu nonHo# nmotepe nMUTaHUs OT ABYX He3aBUCHMBIX McToyHMkoB HUI
u HU2 noxcranumei riry6okoro BBoJIa aBapHiiHOE 3IEKTPOCHAOKEHHUE CEKIHH
ocoboii rpynnel PI12 u PII3 mocie OTK/IIOYEHHS MOBPEXKICHHBIX YYacCTKOB
OCYIIECTBIIACTCSA BBOAOM PE3EPBHOrO MCTOYHHMKA MuTaHHA I', KOTOpBIH Haxo-
JHUTCA B «ropsdYeM» peszepse (BKJIIOYAIOTCS BhIKIIouaTenu B2).

K snexrponpuemankam I kaTeropuy OTHOCATCSA Takue, NEPEphIB MUTAHUA
KOTOPBIX MPHUBOAUT K PE3KOMY CHIIKECHHIO BBITYCKa MPOAYKLUNH, JUIMTEIbHBIM
NPOCTOSIM MEXaHU3MOB, TpaHcropTa. KaTeropus oXBaThIBaeT MHOIOYHCIIEH-
HYIO TPYMILy 3JEKTPONPUEMHHKOB, KOTOpPBIE JOMYCKAIOT MEPEPBIB B JIEKTPO-
CHa0XEHHH B Te4YEHHE BPEMEHH, HEOOXOIMMOro AEXYpPHOMY MEpPCOHATY AJIA
obecreyeHus BKJIIOYEHHS PE3EPBHOTO MHTAHHSA. DTH JIEKTPOIPUEMHUKH MOJXK-
HO MHUTaTh OT OJHON BO3AYLIHOM JTMHUH 3JIEKTpOIepeaay HanpshkeHueM 6 kB u
BBILIE, OCYIIECTBIISAA PE3epPBUPOBAHUC HA TMOHMKEHHOM HAINPSIKEHUH, a TaKKe
OT OJHOrO TpaHc(hOpMaTopa, €ClIH €CTh LEHTPAIN30BAHHOE pPEe3epBHPOBAHHE
TpaHc(OPMATOPOB Ha CKJIajle BHYTPH 00BEKTAa WM Ha HEOOJIBLIOM PacCTOAHUH
oT Hero. JIyis 3Toi KaTeropuu MOXHO MPHMEHATH aBTOMaTHYECKOE pPe3epBHPO-
BaHHUE, €CJIM 3TO He TpebyeT OOoNBIINX 3aTpar.

K snextponpuemuukam III kaTeropum OTHOCATCS BCE OCTAJIbHBIC I10-
TpebuTeny.

ONEeKTPONPHEMHHUKH Ha B3PBLIBOOMACHBIX M M0KapOOIACHBIX 00beKTax OT-
Hocarca K I unm ko II xareropuu. 10 HOpMaTHBHOE pelIeHHe obecreynBaeT
6onee 3G dexTHBHYIO 3BaKyaIMIO JTIOAEH ¥ UMYIIECTBA MPH MoXape, 6OIbLIYIO
HAJeKHOCTh CHCTEMBI BOJOCHA0XKEHH, BHYTPUIIEXOBOT'O TPAHCIIOPTA U JIPYTO-
ro 060py0BaHHUS IPOMBIILIEHHOTO MPEeAIPHUATHSL.

OCHOBHBIM 3JIEMEHTOM CXEMBI 3JICKTPOCHAOKECHHUS SBISAIOTCS JJIEKTpHUYIE-
CKHME€ CETH, KOTOphIE 10 KOH(GHIYpalHU pa3[eNsioTCs Ha pA3oMKHymvle H
3amkHymble. Pa30MKHYTbIE 3IEKTPHUECKHE CETH ACNATCS Ha paduaivHble U Ma-
2ucmpanvuvie (puc. 1.2); 3aMKMYTBIE YIEKTPHYECKUE CETU — HA 08YCMOPOHHUE,
Konbyesvle, 080LHbIE MAZUCMPanbHble, cloXcHo3amkHymble (puc. 1.3).

Mazucmpanvnoii ceTbi0 HaA3BIBAETCA CXeMa HUTAHHUA HECKOJIBKUX
IJIaBHBIX MJIM LEXOBBIX MOACTAHLMI OT OAHO¥ Maructpamu ¢ obuUM OT-
KII0YalONIMM anmapaToM CO CTOPOHBI NUTaHHA. MarucTpanbHble CeTH
OCYIIECTBJIAIOT ApobiIeHHe MOACTaHIMi HanboIee SKOHOMUYHBIM 00pa3oM,
0COOEHHO IPU NIPUMEHEHHH B Ka4eCTBE MarucTpalel JMHHN 3JIeKTporepe-
Ja4y MM TOKOITPOBOJOB.
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Puc. 1.2. Konpurypauus pa3oMKHYTBIX 31€KTPUYECKHX CEeTeH:
a - pacnpejeneHHas paauansHan; 6 — CocpeloToYeHHas paananbHan; 6 — MarucTpanbHas

MarucrpanbHble CeTH B 3aMKHYTBIX 3JIEKTPUYECKUX CETSAX B 3aBUCHMOCTH OT
0CcOoOEHHOCTEH 3NeKTpOoCHA0XKeHHUs MoTpeOuTeNnell MOryT BBINOJHATHECS B BHIE
OJJMHOYHBIX ¥ JBOHHBIX MaruCTpaJied ¢ OAHOCTOPOHHUM MM JIBYCTOPOHHHM ITH-
TanueM (cM. puc. 1.3). Pa3HOBHIHOCTBIO CXEM C JBYCTOPOHHHMM ITMTaHHEM SABIIS-
I0TCSI MATHCTPAJIBHBIE KOJIBLIEBBIE U CIIOKHO3AMKHYTHIE CXeMBI (CM. puc. 1.3, 6).

Paouanvuvie cetu (cM. puc. 1.2, a,6) MOTYT NpUMEHATECS B CIIydasX, Ko-
rJla MarucTpaJbHble CETH He JaloT 3KOHOMHYECKOro 3¢ dexra WM He yIoBIle-
TBOPSIOT 3aJJaHHBIM TPeOOBaHHUAM, HAIIpUMep, P NUTAHUH:

KPYITHBIX COCPEZOTOYCHHBIX HArpy30K, B YaCTHOCTH, €CIIM MHUTaHHE TPOU3-
BOAUTCS KaGeNbHBIMU JIMHUAMHU WM JIMHUAMH, NPOITyCKHAs CIOCOOHOCTH KOTO-
PBIX HEAOCTATOYHA JUIA OHOBPEMEHHOTO IIMTAHUsI HECKOIBKHX MOACTAHIIMH;

CpeIHHX U KPYIHBIX 060CO0IEHHBIX HArpy30K;

yAapHbIX U PEe3KO KOJNEOIIOMMXCS HATPY30K (3MEKTPONEYHbIX MOACTAHIIIA,
[IPOKATHBIX CTAHOB U T.IL.).

PaguanbHele ceTH 00namaloT Oonbiueil rHOKOCTBIO M yI0OCTBOM B 3KC-
IUTyaTaluy, MOCKOJIBKY MECTO MOBPEXACHUSI MOXXET OBITh 0OHapy»eHo ObICT-
pee | mpore.
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Puc. 1.3. Kondurypaius 3aMKHYTBIX IEKTPHIECKHX CETEH:
a - ABYCTOPOHHA; G - KONbLEBAsd; 6 - 1BOHHAA MarucTpaibHas;
2 - CNOKHO3AMKHYTas

PaguaneHele ceTu OBIBAIOT OJHOCTYINEHYAThIC, KOTAA TEPPHTOPHS NPEIPH-
ATHA HEBEJMKA M pacrpezesieMas MOIIHOCTh TakKe Maja, IBYXCTyleHqaThle, KO-
/12 MPUMEHSIOTCS IIPOMEXKYTOUHbIC PACIpeIeIMTENIbHBIE ITyHKTHI, IIMTAIOIIHE pa-
JHaJbHbIE CeTH JPYroi crynmeHH. B TakoM ciydae ocBoOoxaaloTest Gonee Kpyr-
HBIE TMOJACTAHIMH, HANpUMep IVaBHbIe MoHu3uTenbHble noactanuuu (I'TIID), or
GobLIEro Yuca MpUCOeANHEHHH.

ITo KOHCTPYKLMH 3JIEKTPOCETH Pa3JeNAIOTCS HA 21eKmponpogooKu, moko-
npo6oobl, Kabenvhvle U 8030yuHble IUHUU DIEKTPOIIepeIaY.

Onekmponpo6odkoli Ha3BIBAETCS COBOKYITHOCTL IPOBOZIOB M KabeneH ¢ oT-
HOCALMMHUCSA K HUM KPEIUICHUAMH, OAACPKHBAIOIMMHU 3aIUTHBIMU KOHCTPYK-
LMAMH U JeTaIMH, YCTaHOBJIEHHBIMH B cooTBeTcTBHH ¢ [TYD [1].

Tokonpogodom Ha3BIBAETCSA YCTPOHCTBO, NMpeJHa3HAUYCHHOE JUIS Mepe/a-
Y M pacnpeeeHus JIEKTPOIHEPrHH, COCTOAIIEE U3 HEH30IMPOBAHHBIX HIIH
H30JIMPOBAHHBIX IIPOBOAHUKOB M OTHOCAIIMXCSA K HUM H30JIATOPOB, 3al[HTHBIX
0001109€K, OTBETBUTENBHBIX YCTPOICTB, MOJACPKHBAIONIUX U OMOPHBIX KOH-
CTPYKLIMH.

Kabenvroti nunuen Ha3bIBaeTCS JMHUA JUIA TIepeJady JICKTPOIHEPTUH WIIH
OTZENBHBIX €€ MMITYJIECOB, COCTOSIIAA M3 OJHOIO MJIM HECKOJILKMX TMapasuieib-
HBIX Kabemnel ¢ COeaMHUTEIbHBIMHU, CTOMOPHBIMU M KOHIEBBIMH My(dTamu (3a-
JeJKaMH) ¥ KpereXHbIMH JICTAJISIMU.



Boszoywnot aunuen sanekmponepedayu 0o 1 kB Ha3bIBae€TCA YCTPOHCTBO JUIS
repeiauy U pacrpe/ieeHus JJIEKTPOIHEPTUH 10 IPOBOJAM, PACIIONOKEHHBIM Ha
OTKPBITOM BO3[yX€ M MPHUKPEIUICHHBIM MPH ITOMOILH H30IATOPOB H apMaTyphl K
0II0paM MJIM KPOHIUTEHHaM, CTOMKAM Ha 3JJaHHAX M HHXKEHEPHBIX COOPYKEHHAX
(MocTax, IMyTenpoBOAaX M T.IL.).

OJeKTpOnpOBOIKY B 3JEKTpUYecKkux cetax a0 1000 B OviBatoT Hapyoichbl-
Mu W 6HYmMpeHHUMU, C 3AIUIIECHHBIMH M HE3aLIUIIEHHBIMH H30JIMPOBAHHBIMH
MPOBOJIAMM, omKpwimule U ckpbimbie. OTKPBITBIE TPOBOJAKH MOTYT OBITH CTa-
LIMOHAPHBIMH, MEPEABWKHBIMU U IepeHOCHBIMU. Bo Bcex ciydasx HE0OX0oauMo
TI0JTHOE COOTBETCTBUE TUIIOB MPOBOJKH CBOHCTBAM Cpe/ibl, 0COOEHHO XHMHYIECKU
arpeccHBHOM, MOKapo- U B3PBIBOOMACHOM.

TokonpoBoas! o4eHs 3GGEKTHBHEI IpHU Nepeaade 60IbUIOro KOJHYECT-
Ba JJIEKTPOIHEPTHM HA CPaBHUTENIbHO Hebonbmne paccrosHusA. OHH moOTy-
YMJIH IIMPOKOE PAaCHpOCTPaHEHHE, TaK KaK MO3BOJAIOT OTKAa3aThCA OT 6OJIb-
IIOT0 YHCJIa JAOPOroCTOAMMX Kabeneil M mpeactaBisior coboit ycTpoiicTBO
U3 TOJBIX MPOBOAHMKOB (IIMH, JICHT, IPOBOAOB), M30JIATOPOB MU BCIIOMOTa-
TENBHBIX KOHCTPYKIHH, CMOHTHPOBAaHHBIX B TOHHENX, raJepesx MM Ha oc-
Takazax. TokonpoBojab! M1000H M3 3THX KOHCTPYKLMH MOTYT NPUMEHATHCS
Ha MepBoi cTymeHu saekTpocHabxenus. [Ipy 5TOM BO3MOXHBI CleAyIOLINE
BApPHAHTHI MUTAHUA JICKTPONPUEMHHKOB:

ITepsriii Bapuant. Ilepsas cmynenv — OT Y37IOB paclpefeTUTEIbHON MO-
cranuuu (YPII), rnaBHoit monusurensHoit moxcranumu (I'TIIT), moxcranumm
riry6okoro BBoza (III'B) mam ot snextpudeckoii cucremst uepes I'TII k PI1, eciu
pacrpezeneHue IeKTPHIECKOi SJHEpTHH HACT Ha HanpskeHuH 6—10 kB.

Bropoit Bapuant. Bmopasa cmynens — ot PII wim BroprdHOTro pacnpemycr-
poiicta III'B k uexoBeiM TpanchopmaropusM noxcranumsM (TII) mmm k ot-
JETbHBIM KPYIHBIM MOTPEOUTEISAM.

Tperuit Bapuant. Tpemoss cmynens — oT 1eX0oBbIX TII K OTAETBHBIM JJIEK-
TpONpHEMHHKaM Ha HanpsbkeHuu go 1000 B.

DneKTpocHabKEeHHEe MPOMBIIUICHHBIX MPEANPUATHI, BKIIOYAs MOXKapo- U
B3PBIBOOINACHBIE, XapAKTEPH3YETCS CIIETYIONMMHI 0COOEHHOCTIMHU:

COCPEIOTOYCHNEM OONBIIMX HArpy30K Ha CPAaBHUTEILHO HEOONBIIOH TEppUTO-
pud,

IOCTOSIHHBIM M HEM30EXKHBIM YBEIMYEHHEM Harpy30K M paclIMpeHHeM IpH-
MEHEHHS SJIEKTPOIHEPTHH B TEXHOJOTHUECKHUX ITpoLeccax;

BO3MOXXHOCTBIO BO3HHKHOBEHHME aBapuu M repeboeB B 3IeKTpocHabxe-
HHUH, OTPHLATENIBHO BIMAIONIMX HA PUTMHYHOCTH pabOTHI NMPEANPUATHS H He-
IPEPBIBHOCTH TEXHOJIOTHYECKOTO MPOIIECCa;

BJIMSTHUEM MPOM3BOJICTBEHHON Cpezibl (MOBBIIICHHOH BIaXXHOCTH M TEMITE-
paTypbl, BPEAHBIX arpeCCHBHBIX CPEJ M T.I1.) Ha 3JIEMEHTHI 3JEKTPoobopyaoBa-
HUS ¥ Ip.
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1.2. OBIIME CBEJAEHUS 110 ITPOBOJIAM M KABEJISIM

Jlns mepemauyt 3EKTPUUECKON HEPTHU HEMOCPEACTBEHHO K MOTpedute-
JISIM IIMPOKO HMCIONB3YIOTCA MpoBoJa u kabenu [46].

IIpo6oo — kabenpHOE M3/IENNE, COAEpIKAIIee OJHY HECH30IHPOBAHHYIO MU
oaHy H Gosee H30JIMPOBAHHBIX XM, KOTOPHIE B 3aBUCHMOCTH OT YCIIOBHH MpO-
KJIQIKH ¥ 3KCIUTyaTallMi MOTYT OBITh IMOKPBITHI HEMETAJLUTHYeCKOi 000109KO0¥ 1
(un) oruieTkoM, MO0 OIHY M30IHMPOBAHHYIO HJIM HECKOJBKO H30JHPOBAaHHBIX
JpYT OT Apyra MpoBOJIOK, HMEIOMHX 0011yI0 0OMOTKY M (MJIM) OIUIETKY M3 H30-
JHPYIOLIEr0 MaTepHaa.

Kab6env — xabenpHoe wM3aenue, cojaepixallee OJHY MIM HECKOIBKO
M30JIMPOBAHHBIX XHJI (MPOBOJAHUKOB), 3aKIIOYEHHBIX B METAJIIMYECKYIO
HIHM HEMETaJUIHYecKylo 000J104Ky, IMOBEpX KOTOPOH B 3aBUCHMOCTH OT
YCIOBHH MPOKJIAaJKH M SKCIUTyaTallM¥ HaKJIaJAbIBACTCSA 3aLIUTHBII MTOKPOB.

ITpoBona u xabenn MapKUPYIOTCS B 3aBUCHMOCTH OT TOTO, U3 KaKHX Ma-
TEpHAJIOB BBIMOJHEHBI TOKOBEAYHIME XHIBL. B 0003HaueHHH MapKHPOBKH
npoBoaa neppas OykBa «A» 03Ha4aeT, YTO MPOBOJ MMECT AITIOMHHHUEBYIO
xuny. Ecin o6o3nauenne MapkKHpOBKH NMPOBOJA HAYMHACTCS C APYroi Oyk-
BBl (Hampumep, III1B, ITP, ITPII u ap.), To 3TO O3HA4YaeT, 4TO JAHHBIH MPO-
BOJ MMeeT MeaHylo xuiy. [IpoBojga ¢ pe3smHOBOH M30NsALMEH HMEIOT B yC-
JOBHOM o6o3HadeHuH Oykey «P», crosmiyio, kak mnpaBuiio, mocie OyKBBI
«II» (mpoBox). [IpoBozia ¢ MOJUXTOPBHHUIOBON M30IALHEH UMEIOT B YCIIOB-
HOM o6o3HaueHun OykBy «B». MeaHble rubkue MpoBoja B CBOEM YCIOBHOM
o6o03Ha4eHUN UMeEIOT OYkBY «I'» (rubKue).

XKunel npoBoJOB MMEIOT cTaHaapTHbIe ceueHus. HaubGonee pacmpo-
CTpaHEHHBIMH M3 HHMX sABIsAI0TCA cedenus: 0,5; 0,75; 1; 1,5; 2,5; 4; 6; 10;
16; 25; 35; 50; 70; 95; 120; 185; 240; 300; 400 mm’. Hazosem nauGonee
pacnpocTpaHeHHbIE Mapku NpoBoAoB. [IpoBoxa M IIHYpPHI C pPE3UMHOBOM
M30IAIMeN B OIUIETKE M3 BOJIOKHHCTHIX Matepuanos: IIP, ITPI', ITPIIT,
IPIIT'Y, AIIP, IIPTO, AIIPTO, IIPI'H; npoBoxa ¢ mOJMXJIOPBHHHUIOBOMH
m3onsauueit: I1B, AIIIB, IIIIB, III'B, AIIB, IIIII'B, IIIIBC, AIIIIBC; npo-
BOJIa, HMEIOIIHE METAJUTHYECKYIO WJIH HHYIO 000JI04YKY, KOTOpas 3auiuiiaeTt
M30JIALHMI0 0T MexaHuueckux nospexaenwmii: IIPII, ITPPII, IIPIIB, IIPB,
AIIPB, ITPBJ, HIPITJI, LUIPIIC, ITPLUII. ITpoBoaa temnoctoiikue: [MPKC,
ITPBC, IITTI', I1IPKT, ITPKA c Temnepatypoit HarpeBa uzonsuuu ot 108 mo
250 °C u np.

JIa IMTaHMA AJIEKTPOIHEPTUEH MOIHBIX MOTpeOUTENeH B «TSIKEIBIX» YC-
JIOBUAX U Cpelax, Kak IPaBHIIO, HCIONB3YIOTCS Kabenn. B 3aBucuMocTy OT Ha-
3HA4YeHUSA M KOHCTPYKIMM Kabenu MapKupyroTcss OyKBEHHBIMH CHMBOJIAMH,
pacmudpoBKa KOTOPBIX puBeaeHa B Tadm. 1.1.



Tab6nuua 1.1

Mecto cumBona B 06o3Haue-
it i i3 P WS 3HaueHHe cuMBONa Ipumeyanue
kabena B Ha- B cepe-
qajne AUHE BisCHRD
Toxonposoas- A AnoMHHHH Mennas xuna
1as Kuia CHMBOJIa HE HMEeT
W3sonsuus xui . P: Pe3nHa noBBIIEHHOM BymaHas uzons-
TEIUIOCTOHKOCTH 11 CHMBOJIA HE
B TMonnxnopsuHMI HMmeer
IT [TonuaTunen
3ammTHas rep- A AmoMUHH
MeTHyHas 000- C Ceunery
JIouKa B ITonuxiopBUHII
H Haiiput (pe3una, He
pacnpoCTpaHsomas
ropeHue)
Bpons b CranbHast IeHTa
IT [Tposonoka
F be3 juxyroBoro no-
KpOBa noBepx OpoHu
(xabenpb roblii)
OtnensHo oc- (0] T Jlnst npoKIanaku B Tpy-
BHHIIOBAHHbIE Hax
JKHJIIBL

Konrponpuble kabemn umeoT B MapkupoBke OykBy «K», Hampumep,
KABI" — KOHTpONBbHEIN Kabenb ¢ MeIHOW JKHIOH, aTlOMHHHUEBOH 000I0YKO,
OyMarkHO# H30JIsALMeH U rosoi OpoHei.

Ha puc. 1.4 npusezien npuMep KOHCTPYKIMHU cHitoBoro kadesst. Hanbornee pac-
MpOCTpaHeHbl KabesH ¢ pe3HHOBOH M30MLMei B cBHHIOBOH obonouke: CPI', CPB,
CAPB, CPBI', ACIII, CPIIT"; B MONMXJIOPBUHIJIOBOH MM HAipHTOBOH 060IOUKe:
BPI', BPB, ABPI', HPI', AHPE; ¢ macrmaccoBoit nzomsimeii: BBI'JI, ABBI'/l, BEB,
ABBB, ABB, ABTB, BB, BbBur (o6omouka nmoHwkenHo# roprodectu), LICBY,
ALICBY; ¢ 6ymMaxHOI MpONMUTaHHOM M30ssIIMe B cBHHIIOBOH obomouke: CI', ACT,
ACI'T, CBb, CIl, CIII'; B amomunueBoii obomouke: AIL, AAT, ABI', AIl, AIIT,
AATIT.

ITpu BEIOOpE Mapok MPOBOJOB, NIHYPOB H Kabeael pyKOBOJCTBYIOTCS Ha-
3HaYeHHEeM ¥ pabourM HAIpPsDKEHHEM; XapaKTepoM OKPYIKAIoIIei Cpe/ibl, B TOM
YHCJIe TAKMMH €€ CBOHCTBAMHM, KaK MOXapo- ¥ B3PHIBOONACHOCTh M arpeccuB-
HOCTb; CIOCOO0M MPOKJIAIKH; HEHHOCTBIO COOPYKEHHS H €r0 apXUTEKTYPHBIMU
0COOCHHOCTAMH; YCIOBHAMH 3JIEKTPOOE30IIaCHOCTH M TOXKapHOii 6e30macHOCTH
IpH SKCIUTyaTaluu ceTd. Tak, Mo yCJIOBHAM MOXKapo- U B3pHIBOOE30MACHOCTH
[1] Bo B3pbIBOOMAcHBIX 30Hax B-I 1 B-Ia 10/mKHBI HCIIONIBE30BaTHCA MPOBOJA U
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kabelu TOJIBKO C MEOHBIMH >XWIaMH. Bo B3PBIBOOITACHBIX 30HAX OCTaJbHBIX
KJIaCCOB JIOITyCKACTCA INPUMEHATEL IMIPOBOAA U Kabeny ¢ aIlOMUHHEBBIMH XKUIIa-
MH B TOM Ciy4ac, €ClIH COCAMHCHHA U OKOHUECBAHUA TNMPOU3ZBOAATCA naikoMu,
CBapKOﬁ U Ol'IpeCCOBKOﬁ H €CJIM y MallluH, alnaparoB H HPH6OPOB €CTh
BBOJIHBIE yCTpOﬁCTBa U KOHTAKTHBIC 3a)KUMBI, IIPEAHA3HAYCHHBIC U1 IPHUCOC-
JUHCHHUA TPOBOJIOB H kabeJeil ¢ aTIOMHHUEBBIMY JKHIIAMH.

> i'/‘,ul” ';;l //’

5 “,/” ” /,/,,,;,
%
/i//

Puc. 1.4. Cunopoii kabesb:

I - ToxoBeayue xubl; 2 - aszHas usonauua (6ymara, nponurannas
MAac/IoM WAH TENNOCTolKas pe3uHa); 3 - JKYTOBbIH 3anoNHUTENb;
4 - nosicias u3onauus (Gymara, NPONUTAHHAS MAC/IOM, WK TENN0-
cTojikas pesuHa); 5 - 3auuTHas 060104Ka (CBHHILOBAA WK alOMU-
HueBas); 6 - KYTOBAA NPOCIOfika; 7 - cTanbHas NeHTouHas GpoHs;

8 - DKyTOBbIH NOKPOB

ITpoBona 1 kabenu DODKHBI MMETh M30JIALIHIO, COOTBETCTBYIOIIYIO HAIPSIKE-
HMIO CETH, a 3aLUTHBIE 000I0UKH — YCIOBHAM M crioco0y NMpokiianky. B noxapo- u
B3PHIBOOIACHBIX 30HAX M30JLILMSA MPOBOJA M Kabess A0DKHA COOTBETCTBOBAThH HO-
MHHAJTBHOMY HAMPSHKEHHIO CeTH, HO ObITh He Hinke 500 B.

Bo B3pBIBOONACHBIX 30HAX BCEX KJIACCOB JOIMYCKACTCA NMPHMEHEHHE IMpo-
BOZIOB M KabeneH ¢ pe3sHHOBOI, MOMMXIOPBUHUIOBOH M OyMaskHOH M30JISIHEI.
B mosxapoomacHbIX 30HaX IS JIEKTPOIPOBOJOK PEKOMEHIYETCS TPHMEHATh
npoBoza u kabemu (6poHUpOBaHHEIE U HEOPOHNPOBAHHEIC) C ATIOMHHHEBBIMU U
MEJIHBIMH JKHIAMH, 000JI04KaMH H TIOKPOBAaMH M3 MaTepHasoB, HE MOJIEPKH-
Baromux ropenus. I[Ipumenenue npoBosoB u kabesneil ¢ MOJMITHICHOBOH H30-
nsiuued 1 000JI0YKOI 3ampeniaeTcs B MOXKapo- U B3PBIBOONACHBIX 30HAX BCEX
KJIacCOB.

KaGenu, mpoxyagsiBaeMble BO B3PBIBOOMACHBIX 30HAX BCEX KJIACCOB OT-
KpHITO (Ha KOHCTPYKIMAX, CT€HAX, B KaHAJaX, TYHHENIAX U T.I.), HE JOJDKHBI
MMETh Hapy>XHBIX TIOKPOBOB M ITOKPHITHI M3 TOPIOYMX MaTepHaloB (JkyTa, Ou-
TyMa, XJOM4aToOyMa)KHOH OIJICTKH M T.IL.), a KabeslH MU HanpsyKeHHS BBIIIE
1000 B, xpome TOT0, TOJDKHEI OBITH OpoHHpOoBaHHEIME. [IpuMenenue kabeneii ¢

IIOMHUHKEBO# 0601104K0if B 30Hax B-1 u B-Ia 3anpemaercs.
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}IOHyCTHMbIC CIOCOOBI INPpOKJIadKH Kkabeney u MpOBOZIOB BO B3pBIBOOIIAC-
HBIX 30HaX MPUBOAATCA B Tabm. 1.2.
Tabnuua 1.2
30HbL
Cunosble ceTH
Kabenn Cnoco6 npoknaak Ceru Hanpa- | u BTOpuuHble | OcBeTHTENb-
H npoBoJa JKEHHEM BblLlE uenu Hanps- HbIE CETH N0
1000 B WEHHEM 210 380B
1000 B
Bponuposan- OTKpBITO — MO CTEHaM M
Hble Kabenu CTPOMTENIbHBIM ~ KOHCTPYK-
uMsAM Ha ckobax u kabenb-
HbIX KOHCTPYKUHMSX; B KO-
pobax, noTkax, Ha Tpocax, B 3onax nw0boro kiacca
KaOelbHBIX M TEXHOJIOrHYe-
CKHX J3CTaKajax; B KaHajax;
CKpBITO — B 3emie (B TpaH-
uesx), B 61okax
HeGponupoBat- | OTKpBITO — NpH OTCYTCTBUH B-I6, B-16, B-Ia,
Hple Kabenum B | MEXAaHMYECKMX W XHMHYE- B-Ila, B-Ila, B-16,
PE3HHOBOMH, [O- | CKHX BO3JAEHCTBHH: MO cTe- B-Ir B-Ir B-Ila,
JIMXJIOPBHHHIIO- | HAM M CTPOMTEJILHBIM KOH- B-Ir
BOH M METaUIH- | CTPYKUMAM HA cKobax W Ka-
4ecKoi 0005104- | GeNbHBIX KOHCTPYKUMAX; B
Kax JI0TKaXx, Ha TPOCax.
B kananax neineymioTHeH- B-I1I, B-II, B-II,
HbIX (Hanpumep, NOKpPLITOro B-Ila B-Ila B-Ila
acasbTOM) MIIM 3anOJIHEeH-
HBIX [IECKOM
OTKpBITO — B KOpOobax B-16, B-Ia, B-Ia,
B-Ir B-16, B-16,
B-Ir B-Ir
W3onuposan- OTKPBITO M CKPHITO — B
HBIE MPOBOJA CTaJIbHBIX BOJIOra30mpo- B 30Hax nwboro knacca
BOJIHBIX TpyDax

Jlna uckpoOe3onacHbIX Lieneil BO B3pbIBOONACHBIX 30HAX JIFOOOro Kiacca J0-
ITyCKaeTcs epedrcienHble B Tabu. 1.2 criocoObl pokIaaky kabesei U IPOBOIOB.

1.3. MTPUYMHBI TOXKAPOOIIACHBIX OTKA30OB 1 3ATOPAHUM
B QJIEKTPOTEXHUYECKHUX YCTPOMCTBAX

DJIEKTPOTEXHUYECKHE YCTPOIHCTBA MOXHO OOBEAUHUTE B TPYIIIEI 110 HAH-
Goree CyIIECTBEHHBIM MPU3HAKaM: KOHCTPYKTHBHOMY HCIIOJHEHHIO, JIEKTPH-
YECKMM XapaKTepUucTHKaM, GpyHKIIMOHATBHOMY Ha3HayeHHIo. IllecTh OCHOBHBIX
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TPYIII 3JIEKTPOYCTAaHOBOK OXBATHIBAIOT IPAKTHYECKH BCE MHOTOOOpasue mpu-
MEHSAEMBIX Ha MPAaKTHKE 3IEKTPOTEXHUYECKUX YCTPOHUCTB. ITO MPOBOJA H Ka-
0enu, 3JIEeKTPOABUTaTEH, TeHepaTOPhbl U TpaHC(HOPMATOPBI, OCBETHTEIbHAS all-
napatypa, paclpeleluTeNbHbIe YCTPOHCTBA, JIEKTPHYCCKHE anmapaTsl MycKa,
IIEPEKIIFOYCHHUS, YIIPABICHUs, 3aLIUThI, HJIEKTPOHArpeBaTeIbHbIC NPUOOPEI, am-
raparkl, yCTAHOBKH, 3JIEKTPOHHAA anmaparypa, DBM.

IIpuunHbl 3aropaHuii NpoBo OB H KabeJiei

1. ITeperpeB OT KOPOTKOTO 3aMBIKaHHs MEXJLy KHJIaMH IPOBOJA M JKUJIa-
MH KabeJs, UX KUIaMH U 3eMIIeii B pe3yspTaTe:

npo60os H30MALMH TOBBILICHHBIM HANpPsHKEHHEM, B TOM YHCJIE OT IPO30-
BBIX IEpEHANPSKEHHI;

npo0os M30MIALMH B MecTe 00pa30oBaHMsA MHKPOTPELIMH KaK 3aBOJCKOIO
nedexra;

npo6osi M30JLIMH B MECTe MEXaHHYECKOTO MOBPEXICHMS IPH 3KCIUTyaTa-
LHH;

1po6Os H3OMIALMH OT CTApEHHS;

1po6Ost H30JLLIMH B MECTE JIOKAIBHOTO BHEILIHETO WM BHYTPEHHETO TIEPErpeBa;

npo6ost M30JALHMH B MECTE JIOKAJIBHOTO IMOBBIMIEHHS BIaXKHOCTH HIIH ar-
PECCHBHOCTH CPEJIbl;

CIIy4aifHOTO COEJMHEHHS TOKOMPOBOIALIMX KM Kkabeneif M NpoBOIOB
MeXy co00H MM COCTMHEHHUS TOKOMPOBOIAIIMX KA HA 3EMITIO;

YMBIIUIEHHOTO COEIUHEHMS TOKONPOBOJIAMIMX KU Kabens M MPOBOIHHU-
KOB MeXIy co00H WIIH COeAMHEHHS X Ha 3eMIIIO.

2. Ileperpes OT TOKOBOH MEPErpy3KH B pe3yabTaTe:

MOAKITIOYEHHS TTOTPEOUTENS 3aBBIILIEHHOH MOIIHOCTH;

TOSABJICHHS 3HAYUTEIBHBIX TOKOB YTEUKH MEXKIYy TOKOBEIYIHMMH IPOBOJA-
MH, TOKOBEAYILMMH MPOBOJAMH H 3eMiiei (KOPITycOM), B TOM YHCJIE Ha pacrpesie-
JIMTENIBHBIX YCTPOHCTBAX 32 CUET CHUIKCHHS BEJTMYHHBI JICKTPOU30JISILINH;

yBEJIHYEHHS OKpY)Karolleil TeMIepaTyphbl Ha y4acTKe HJIM B OJHOM MeECTe,
yXYAUEHHS TeIUIO0TBO/A, BEHTUIISLIUH.

3. IleperpeB MecT MepexoHbIX COCAMHEHHIT B pe3ybTaTe:

ocabieHus KOHTAKTHOTO NABJIEHHA B MECTE CYLIECTBYIOLIErO COEIHHE-
HHA BYX WM 0oJiee TOKONMPOBOAAIIMX XKWJI, NPHBOJIAIIETO K 3HAUMTEIBHOMY
YBEJIUYECHHIO NIEPEXOJHOTO CONPOTUBIICHHS;

OKHCJICHHSI B MECTE CYIIECTBYIOIIETO COCAMHEHHs JBYX M OoJiee MpOBOAHHU-
KOB, IIPUBOJIAIIETO K 3HAYHTEIBLHOMY YBEITHYEHHIO NIEPEX0IHOrO COMPOTHBRICHHS.

AHanM3 3THX NMPUYHH MOKA3bIBACT, YTO, HANPHMEpP, KOPOTKOE 3aMBIKAHHE
B DJICKTPONPOBOAHMKAX HE SBJSETCS INEPBONPHYMHON 3aropaHuif, Tem Oosee
noxapoB. OHO SBIAETCS CNEICTBHEM HE MEHEE BOCBMHU IEPBHYHBIX (u3Hye-
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CKHX SABICHHH, NPUBOJAIINX K MTHOBEHHOMY CHH)KEHHIO CONPOTHBIICHHS H30-
JISIMH MEXTY TOKOIPOBOAAIMMH XUIAMHU Pa3HBIX MOTEHIHaN0B. IMEHHO 3TH
SBIICHHS CJIEyeT CUMTATh NEePBUYHBIMHU MPUYMHAMM I0XKapa, MCCIIEHOBaHHUE
KOTOPBIX TPEACTABISCT HAYYHbIH U IPAKTHYECKUil HHTEpecC.

Hwxke npuBoauTcs kiaaccH(UKAlUs NPUYMH 3arOPaHMI B IPYTHX 3JIeK-

TPOTEXHHUYECCKUX ycrpoi‘lcmax.

IIpuyuHbI 3aropanuii 31eKTPOABUTaTeIeH, FTeHepaTOpOB
u TpaHcgopmMaTopoB

1. ITeperpeB OT KOPOTKHUX 3aMBIKaHUI B 0OMOTKax B pe3yJbTaTe MEXBHT-

KOBOTI'O HPOGOSI AJICKTPOU3OJIALIHHA:

B OIIHOFI 00OMOTKE MOBBIIIEHHBIM HaIpPsSKCHUEM

B MecTe 00pa30BaHus MUKPOTPELIMH KaK 3aBOJICKOTO AedeKTa;

OT CTapE€HHUA;

OT BO3JEHCTBUS BJIary WIN arpeCcCUBHOMN CPEJibI;

OT BO3JICHCTBHSA JIOKAJIBHOIO BHELIHETO UM BHYTPEHHEI O IIEpErpena;

OT MEXaHM4YECKOT0 TOBPEKACHHS;

2. IleperpeB OT KOPOTKHX 3aMBIKaHHH Ha KOpIyC B pe3yybTare mpodos

SJICKTPOHU30JIALIUHA 00MOTOK:

TOBBIIICHHBIM HAMNPAXKCHHUEM;
OT CTapCHUA IIICKTPOHU3OJIALIUN,
l'IpOGOﬂ SIEKTPOU3OIIALNH 0OMOTOK Ha KOpITyC OT MEXaHHYECKOI0 ITOBpE-

KIACHUA BJICKTPOU3OIALINH,

OT BO3/ICHCTBHSA BJIaTH HIIH arpecCUBHOM CpeJIsl;

OT BHEIIHETO MM BHYTPEHHETO Meperpesa.

3. Ileperpes OT TOKOBOH Meperpy3kH 0OMOTOK BO3MOXKEH B pe3yJIbTaTe:
3aBBIIICHUA MEXaHUYECKON Harpy3KH Ha Baiy;

paboTsl TpexdasHoro ABUraTend Ha ABYX (asax;

TOPMOXKEHUS POTOPA B TMOAIIHUITHIKAX OT MEXaHHYECKOr0 H3HOCA M OTCYT-

CTBUA CMa3KH,

MOBBIIIEHHOTO HANPAKEHUS TUTAHNUS;
JUTITENIBHOM HENpPephIBHOM paboThI MO MaKCHMAJIbHOH Harpy3Koi;
HAPYLIEHUS BEHTHIALMH (OXJIaXKICHHA);

3aBBIIICHHON YaCTOTH! BKIIOYEHHS MO Harpy3Ky M BBIKITIOUEHHS;
3aBBILICHHON YaCTOTHI PEBEPCUPOBAHMS 3IEKTPO/BUIaTEIIeH;

HapyLICHHS PeXXUMA ITycKa (OTCYTCTBHE ITyCKOBBIX TaCSAIIMX COMPOTHUBICHHIA).
4. ITeperpes OT HCKPEHHS B KOHTAKTHBIX KOJBLAX U KOJUIEKTOPE B pe3yJbTare:
H3HOCA KOHTAKTHBIX KOJIEL, KOJUIEKTOpa ¥ MIETOK, MPHBOAIIETO K ocnab-

JICHHIO KOHTAKTHOI'O JaBJICHHUA;
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3arpsi3HEHMs, OKUCIICHHs! KOHTAaKTHBIX KOJIELl, KOJUIEKTOPa;

MEXaHHYECKOT0 MOBPEXACHHA KOHTAKTHBIX KOJIEL, KOJUIEKTOPA H LIETOK;

HapYIIEHHs] MECT YCTAHOBKU TOKOCHEMHBIX JIEMEHTOB Ha KOJUIEKTOPE;

neperpysku Ha Baiy (Ui 2JIeKTpOJABHraTeeil);

TOKOBOH Neperpy3KkH B LiEIH TeHEepaTopa;

3aMBIKAHMS IUIACTHH KOJUIEKTOpa H3-3a 00pa30BaHMS TOKOMPOBOJISAIIMX
MOCTHKOB Ha yTOJBHOM ¥ MEJHOM IIbLIH.

IIpnyuHbI 3aropaHuii OCBETHTEIbHOH aNNapaTyphbl

1. ITeperpes ot anekTprdeckoro mpobos, obpasoBanus c1aboro KOHTAKTHOTO
COEZIMHEHHUS, MCKPEHUS MEXITy TOKOIIPOBOAAIIMMY 3JIEMEHTAMH M MECTAMH C pa3-
HBIMH TTOTEHIIHAJIAMH, TOKOBETYILHMH 3JIEMEHTaMH ¥ KOPITyCaMH B pPe3yJIbTare:

MEXAHHYECKOTO CMENIEHUS TOKONMPOBOMAIIMX 3JIEMEHTOB IO B3aHMHOIO
CONPOTHBJICHHS Pa3HBIMH MOTEHIIHAIAMH;

CHIDKEHHA 3JIEKTPOM30JIALMOHHBIX KayeCTB KOHCTPYKTHBHBIX 3JIEMEHTOB
U 00pa3oBaHUA B CBA3HM C ATUM II€NeH YTEYKH TOKA OT CTApEHHs, 3arpA3HEeHHUs
IIOBEPXHOCTEH, OT arpeCCUBHBIX BO3/EHCTBUIA;

ocabaeHuss KOHTaKTHOTO JIaBJICHUS M B CBA3M C 3THM YBEJIHYECHHUS Iepe-
XOJIHOTO COIPOTHBJICHHS B MECTAX MOCOEIUHEHHS IIPOBOJIOB;

ocnabneHys KOHTAaKTHOTO JABJICHHUS M YBEIMYCHHA NMEPEXOTHOr0 COMpo-
THUBJICHHS B MECTaX ITOJCOCIHHEHHA HCTOYHUKOB CBeTa (B IIOKOJIE, MATPOHE) K
[UTAIONIEMY HaIpPSKEHHIO;

OKHCJICHUS! KOHTAKTUPYEMBIX MOBEPXHOCTEH M yBEIMYEHHs NMEPEXOITHOTO
CONPOTHBIICHHA B MECTaX MOJCOCAMHEHUS MCTOYHHKA cBeTa (JIaMII B IIOKOJE,
MaTpOHe, JaMIIoJeprkarelie) K MUTAIoNIeMy HalPsIKEHHIO;

UCIOJIb30BaHMA HCTOYHMKOB CBETA 3aBHINICHHOH MOLIHOCTH, NMPUBOSIIE-
O K IIEpErpeBy MaTpoHa U pacCeHBalOLIeH apMaTyphl.

2. TleperpeB B 3neMeHTaX ITyCKOPETYJHPYIOIIEH ammapaTypsl JIIOMHHEC-
LEHTHBIX Jamn ¥ gamn tuna J[PJI B pesyneprate:

«3aJIUMaHMA» CTapTepa, NPUBOAILETO K TOKOBOH Ieperpy3Kke Apoccers;

yXyZALIEHHA €CTECTBEHHOIO OXJaXXIEHHA (TEII00TBO/A) KOHCTPYKTHBHBIX
3JIEMEHTOB, B YACTHOCTH JPOCCENSA NPHU CHIBHOH 3albUICHHOCTH, HEIPaBHIIb-
HOH yCTaHOBKE 10 MECTY;

9JIEKTPUYECKOro Mpobos KOHAEHcaTopa, MPHBOLIET0 K TOKOBOH Imepe-
rpy3Ke Jpoccens;

«GaJMIaHuA) CTapTepa, MPHBOIAIIETO K PACIUIaBICHUIO 3JIEKTPOJOB, Iie-
perpeBy LIOKOJIS JIaMITBI M JIaMITOZepIKaTels;

TIOBBIIIEHHOTO PAacCesHHs MOIIHOCTH B JpOCCENe M3-3a paccrabieHus
KPEIUICHUSI MArHUTHOTO Cep/ieyKa; iAP
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MEKBHTKOBOTO 3aMBIKaHHs B TpaHc(opMmarope Juis GeccTapTepHBIX CXeM
MyCKa M ITUTaHHS;

9JIEKTPUYECKOTO MPOOOst CETEBOro KOHAEHCaTopa B GeccTapTepHON cxeme
IyCKa ¥ MHUTaHUA, NMPUBOALIETO0 K TOKOBOH INeperpyske Ipoccess U TpaHC-
¢dopmaropa;

o0priBa (Meperopanus) HATH HaKana OXHOTO M3 JJIEKTPOXOB JaMIIBl (OT
4yero siaMna paboTaeT Kak BBIIPSAMHTENb), MPHBOIAIIEr0 K TOKOBOW mepe-
rpy3ke HepBHYHOM 0OMOTKM TpaHc(opMaropa is GeccTapTepHOH CXeMbI
ITyCKa U ITUTAaHUA.

IIpuynHbI 3aropaHuii B pacnpeae/uTe/]bHbIX YCTPOHCTBAX,
3/IeKTPHYECKHX ANNapaTax nycKa, nepexaodeHus, yrpasBieH s, 3al{UThbI

1. IleperpeB 0OMOTKH 3NIEKTPOMArHUTa OT MEXBHUTKOBOTO 3aMBIKaHHS B
pe3yabTare mpo6os H30JIALMU:

TOBBIIICHHBIM HAIPSDKEHUEM;

B MecTe 00pa30BaHMsA MUKPOTpPEIIMH KakK 3aBOJICKOTO Je(eKTa;

B MECTE MEXaHHYECKOTO MOBPEKACHUS ITPH IKCIUTyaTallHH;

OT CTapeHus;

B MECTE JIOKAJIbHOTO BHEIIIHETO MeperpeBa OT UCKPSLIMX KOHTAKTOB;

HPHU BO3JACHCTBUHU TOBBIIIEHHOH BIaXXHOCTH MM arpeCCHBHOCTHU CPEIIbI.

2. IleperpeB OT TOKOBOIi MEperpy3ku B 0OMOTKE 3JIEKTPOMAarHUTa B pe-
3yJbTaTe:

TOBBIIICHHOTO HATIPSHKEHUS ITUTAHUA OOMOTKH 3JIEKTPOMarHuTa,;

JUTUTENBHOTO Pa30MKHYTOTO COCTOSIHHS MarHHTHOW CHCTEMBI IPH BKJIIO-
YEeHHUH T10/] HalpsHKeHHeM 00MOTKH;

NePUOJUYECKOT0 HEIOTATHBAHUS TOABMKHOM YacTH CepleYyHHKa O 3a-
MBIKAQHUS MarHUTHOM CHCTEMBI MPH MEXaHUYECKUX MOBPEXKACHHIX KOHCTPYK-
THUBHBIX 3JIEMEHTOB YCTPOHCTB;

MOBBIICHHOW YacTOTHI (KOJIMYECTBA) BKIIOUEHUH — BHIKJIIOUCHHIA.

3. IleperpeB KOHCTPYKTHBHBIX 3JIEMEHTOB B pe3yJIbTaTe:

ocnabIeHUss KOHTAKTHOTO JABJIEHUSA B MECTaX MOAKIIOYEHHS TOKOIPOBO-
JAIIMX TPOBOJHUKOB, MPUBOJAIIETO K 3HAYMTEILHOMY YBEIHUCHHIO MEpexXo-
HOTO COTIPOTHBIICHMUS;

OKHCIIEHHA B MeCTaxX MOACOCIUHEHHUS TOKOIPOBOJAIIUX NMPOBOJHUKOB U
3JIEMEHTOB, MPHUBOMALICTO K 3HAYUTEIBHOMY YBEIHYEHHIO MEPEXOJHOTO CO-
TPOTHUBJICHHUS;

UCKpeHus paboyux KOHTAaKTOB IPH HM3HOCE KOHTAKTHBIX ITOBEPXHOCTEHH,
HPUBOJIAILETO K YBEITHYCHHIO KOHTAKTHOTO MEPEXO0AHOTO CONPOTHBIICHHUS;

UCKpeHHs pabouyuX KOHTAKTOB IIPH OKHCIEHHHM KOHTAKTHBIX IOBEPXHO-
CTeH M yBEeJIMUCHHS MePEX0HOr0 KOHTAKTHOT'O COIIPOTHBIICHHUS;
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HCKpPEHHUA pa60'mx KOHTAaKTOB IIpH IIEPEKOCAX KOHTAKTHBIX ITOBEPXHO-
CTeH, NMPUBOAAIIMX K YBEIMYEHHMIO KOHTAKTHOTO COINPOTHBICHHSA B MeECTax
KOHTaKTUPOBaHMUA;

CHUJIBHOI'O MCKPCHHUA HOPMAaJIBHBIX pa60tmx KOHTAKTOB MPH YAaJICHHH HC-
KpOTaCHUTETbHBIX MM JYTOracHTENbHBIX YCTPOHCTB;

UCKPEHHs MPU 3JIEKTPUYECKOM Npoboe MPOBOJOB Ha KOPITYC, CHIDKCHHH
3JIEKTPON30IISALHOHHBIX KAa4eCTB KOHCTPYKTHUBHBIX JJIEMEHTOB OT JIOKAJIBHOTO
BO3JEHCTBUA BIIArH, 3arpA3HEHHUH, CTapEHNU.

4. 3aropaHus OT IPETOXPAHUTEIICH B pe3yspTaTe:

Harpesa B MECTax pa6oqnx KOHTAKTOB OT CHH)KCHHA KOHTAKTHOI'O JAaBJic-
HHS ¥ BO3PACTaHHA IEPEXOJHOrO CONPOTHUBIICHHUS; )

Harpesa B MeECTax pa60tmx KOHTAKTOB OT OKHCJICHHA KOHTAKTHBIX IIO-
BEPXHOCTEH U BO3pACTaHHUs MEPEXOJAHOTO CONPOTHBICHHS;

paseTaHus 4acTHI[ PacIUIaBJICHHOTO MeTalla IUIABKOH BCTaBKH IPH pas-
PYUICHHH KOpITyCa IPEAOXPAaHUTEIIA, BBI3BAHHOIO NPHMEHEHHEM HECTaHAapT-
HBIX IUTAaBKUX BCTABOK ((OKYYKOBY);

pasieTaHus YaCTHUIl PACIUIABICHHOTO METaJlla HECTAHAAPTHBIX OTKPBITBIX
IUJIaBKUX BCTaBOK.

IIpuynHbBI 3aropaHMii B 2JIEKTPOHATpeBaTeIbHBIX Npudopax,
annaparax, ycTaHOBKax

1. Ileperpes npuGOPOB, anmaparoB, yCTAHOBOK OT 3aMbIKaHHS 3JI€KTPOHA-
rpeBaTeNbHBIX JIEMEHTOB B Pe3yIbTaTe!

Pa3pyLICHUs IEKTPOU3OIALMH KOHCTPYKTHBHBIX JIEMEHTOB OT CTApECHHUS;

Pa3pyIICHHS 3IEKTPOM30JIALMOHHEIX 3IEMEHTOB OT BHELIHEro MeXaHH4e-
CKOTO BO3/ICHCTBHS;

HACJIaMBaHUA TOKOMPOBOAAILETO 3arpsi3HEHHS MEXAY TOKOBELYIHMMH
KOHCTPYKTHBHBIMH 3JIEMEHTaMH;

CIIy4aifHOTO IonaJaHus TOKOMPOBOISLINX NIPEAMETOB U 3aMbIKaHHUA TOKO-
BEIYIIHX 3JIEKTPOHATrPEBaTEIbHEIX 3JIEMEHTOB;

ocnabeHHs KOHTAKTHOTO AaBJEHUS B MECTax MOJKIIOUEHHs TOKOIPOBO-
ISIIHUX [IPOBOJHHKOB, 3JIEMEHTOB, NMPHBOJILIETO K 3HAYUTENBHOMY YBEIHYE-
HHIO NIEPEXOJHOTO COMPOTHBIICHHUS;

OKHCIIEHHSI B MECTaX IIOJCOCAMHEHHS TOKONPOBOIAIIMX IPOBOIHHKOB
9JIEMEHTOB, IPHBOAAIIETO K 3HAYHTEILHOMY YBEJIMYEHHIO IEPEXOIHOr0 COo-
IPOTHBIICHHS;

npo6osi 3MEeKTPOU3OIALNHE KOHCTPYKTHBHBIX 3JIE€MEHTOB IOBBIIICHHBIM
HaIpsDKEHUEM ITUTaHuS;
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BBIKMITAHHUS HarpeBaeMoil BOJbl (KMAKOCTH), NpUBOAMAIIEro K nedopma-
IIMM KOHCTPYKTHBHBIX 3JIEMEHTOB, 3JIEKTPHYECKOMY 3aMBIKAHHMIO H paspylie-
HHIO KOHCTPYKIIMHM HarpeBaTess B LIEJIOM.

2. 3aropaHus OT 3JIEKTPOHArpeBaTeNbHBIX NMPHOOPOB, anmapaToB, yCTaHO-
BOK B pe3yJbTaTe:

CONPHUKOCHOBEHHS TOPIOYMX MaTepuasoB (IpeAMETOB) C HarpeBaTelb-
HBIMH TIOBEPXHOCTAMH 3JICKTPOHArpeBaTeIbHBIX MPUOOPOB, amNmaparoB, yc-
TaHOBOK;

TEIUIOBOro 00JIydeHUs IOpIOYMX MaTepHaoB (IIPEAMETOB) OT 3JIEKTPOHA-
rpeBaTeIbHBIX NTPHOOPOB, aMapaToB, yCTAHOBOK.

IIpHYMHBI 32ar0paHHiil KOMILUIEKTYIOLIMX 3JIEMEHTOB

IleperpeB 0T KOPOTKHX 3aMBIKaHHii B Pe3yJIbTaTe:

9NIEKTPUYECKOTO TMPOOOs JUAIEKTPHKA B KOHCTPYKIMH KOMIUIEKTYIOLIETO
9JIEMEHTa, MPUBOJISLIETO K MEeperpysKe 1o TOKy;

CHIDKEHHS 3JIEKTPOU30JIHOHHBIX CBOHCTB KOHCTPYKIMOHHBIX MaTepHa-
JIOB OT CTAPeHUS;

YXYIUICHHS TEIUIOOTBOAA IPH HENPaBHIBHON YCTAaHOBKE W (MIM) JKC-
TUTyaTaLuH;

HOBBILICHHOTO PAcCesHUs MOLIHOCTH H3-32 M3MEHEHHUS AJIEKTPHYECKOro
pexXuMa IpH 0TKa3e «IPHIETAIOIINX» KOMIUIEKTYIOIIHNX JIEMEHTOB;

00pa3oBaHus AIEKTPHYECKUX LIETeH, He IPelyCMOTPEHHBIX KOHCTPYKIUEH.

1.4. BEPOSITHOCTHAS OLEHKA IOXKAPOOITACHBIX
OTKA30B B 3JIEKTPOTEXHUYECKHX YCTPOUCTBAX

B T'OCT 12.1.004-91 ycnoBue mnoxapo6e30MacHOCTH JJIEKTPOTEXHHYE-
CKOTO M3/IE/IHA OILICHHBACTCS B COOTBETCTBHH C BBIPAKCHHEM:

On =01p0s20,,0, <1077, 1.1

rae Qpp - BEPOATHOCTh BO3HMKHOBEHMS XapaKTEPHOTO I0XKapoONacHOTo pe-
JKHMa B COCTABHOW 9acTH M31enus (BO3HMKHOBEHUS KOPOTKOTO 3aMBIKAaHMSA
(K3), nmeperpyskH, MOBBILICHHS MEPEXOJHOTO CONPOTHBICHHS M T.IL.), l/rox;
Qy; - BEPOATHOCTH TOTO, YTO 3HAYCHHE XAPAKTEPHOTO 3JIEKTPOTEXHHYECKOIO
mapamerpa (TOKa, NMEPEXOTHOrO CONMPOTHBICHHUA M Jp.) JEKHUT B AUANa3oHe
0’KAapOOTMACHEIX 3HaueHUH; O, ; - BEPOATHOCTh HecpabaThIBaHUA amapara 3a-
IIUTE! (3JIEKTPUYECKOH, TEIUIOBOH U T.I.); Oy - BEPOATHOCTh JOCTHXKEHHUS TO-
PIOYHM MaTepUaIOM KPHUTHYECKOH TeMIepaTyphl HIIH €T0 BOCIIaMEHEHHUS.
INomy4yenHble qaHHbIE O (PAKTUYECKHX BEPOATHOCTSAX BO3HHKHOBEHHS IO-
’KapoB CPABHHBAIOT C HOPMATHBHOHN BEIMYHMHOM 10 B rox (B pacuére Ha omHO
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usnenue). Usmenmue cumraercs moxkapobe3omacHeIM, eciM (akTHUecKas WM
pacyérHas (JUIs HOBBIX M3/EIHIT) BEPOATHOCTh BO3HUKHOBEHHS I10XKapa He Ipe-
BBIIIAET HOPMATUBHOM.

OOBEKTUBHBIM [TOKa3aTeNeM OLEHKH I0XAapHOH OMacHOCTH JJIEKTPH-
YECKUX M3AENIHUHN ABIACTCSA BEPOATHOCTH BO3HMKHOBEHHS I10Kapa, YYHTHI-
BAalON[asA KaK BO3HHUKIIHE IOXAaphl, TAK M KOJMYECTBO HM3IEIHH NaHHOTO
BUMA, HaXOAAMMUXCA B dKcIayaTanuu. Kak ObU10 0TMEYEHO BBIIIE, B COOT-
BeTcTBUHU ¢ TpeboBanusamMu 'OCT 12.1.004-91 sta BEpOATHOCTH IS OX-
HOTO M3JeNHMs He JokHa mpesbimath 10 moxkapos B rox. dakTHueckas
BEPOATHOCTh BOSHHUKHOBEHHS MOXAPOB OT JIEKTPOTEXHUYECKUX H3AEIUN
ompexensercs 1o popmyie

SeiIE 1.2
0 N (1.2)

IJie 7 - KOJIMYECTBO MOXKAPOB B IOJ] OT M3/Ie/Mii onpeneéHHoro Buaa; N - Komie-
CTBO M3/IEIHH OINpe/IeIEHHOr0 BU/Ia, HAXOAAIIMXCS B SKCILTyaTalllH.

BepoATHOCTHBIE TMOKa3aTeNM MOXAPHOH OMACHOCTH 3JIEKTPOTEXHUYECKHX
M3/IeNTHi Ha OCHOBE CTATHCTHYECKUX JaHHBIX MPHBE/ICHBI B Tabm.1.3.

Tabnuua 1.3
I/lznemde BepOﬂTHOCTb BO3HHKHOBEHHUA BEPO’ITHOCTL nepexoaa
l'lO)Kapa 3ampal’i“ﬂ JamPaHHﬂ B nO)KaB

DJIeKTPOILINTKA 7,5:107 1,35-10* 0,56
Tenesusop 7,5-10” 1,08-10* 0,53
DIeKTPOKAMHH 7,5:10° 512:10° 0,58
XO0JI0/IHILHUK 8,25-10° 1,54-10° 0,53
TpaucopmaTop peryaupoBOUHBIiL; 7.86.10° 1,47.10% 0.53
CTaBMIN3aTOP HANIPSHKEHHUS

DIIeKTPOyTIOr 7,80-10° 1,43:10° 0,54
CBETHILHHUK C JIAMIIOH HAKATHBAHUSA 5,39-10° 9,96-10° 0,54
Maruurodon 4,15-10° 7,77-10° 0,53
PanonpuémMHuK 3,86-10°° 7,08-10° 0,55
DEeKTPOBEHTHIIATOP 3,77-10°¢ 6,62:10° 0,57
DNeKTpO/BHraTeNb 1,18:10° 1,94-10° 061
DJeKTPONAsILHAK 1,07-10° 1,76-10° 0,61
MarsuTHblil myckares 9,70-107 1,70-10°¢ 0,57

JIns TOro 4TOGHI SMEKTPOTEXHUYECKHE H3IEHA He Mpe/ICTaBIIsIIN T0XKap-
HOM ONacHOCTH, HEOOXOAMMO NpH pa3paboTke UMeTh HHGOPMALMIO O MOXKap-
HOH OMacHOCTH MX COCTaBHBIX 4acTeil. [lepedeHp METOIOB OLIEHKH MOKapHOH
ONAacHOCTH 3JIEKTPOTEXHUYECKUX M3JEIHH M IOCIeI0BATEeIbHOCTh JEHCTBHUI
JUISL TIDUHATHA PEIUCHHS O COOTBETCTBHM M3MeNHsA TPeOOBaHHAM IOXKApHOH
©0€30I1aCHOCTH MpUBEAEH Ha puc. 1.5.
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[Ipy oueHKe MOXapHOH OMACHOCTH 3NEKTPOTCXHHYECKUX HM3MACIHH HC-
MOJIB3YIOTCS XApaKTEPUCTHKH HaAEKHOCTH KOMIUIEKTYIOIMIMX 53JEMEHTOB H
naHHele 00 aBapMMHBIX MOXApOOMacHBIX pexkxumax. B Tabn. 1.4 mpuBeneHs!
3HAYCHHS I0XAPOOIMACHBIX PEXHMOB A KOMIUIEKTYIOLUIMX 3JE€MEHTOB 3JIEK-
TPOTEXHUYECKUX U3ETUM.

ABapHifHBIE IOXAPOOIACHBIE PEKUMBI ONPENENIAIOTCSA NPH UMHTALMU He-
MCIIPABHOCTEH KOMIUIEKTYIOIIUX 3JIEMEHTOB B (DYHKIIMOHANBHBIX Y37TaX 3JIeK-
TpooGopysoBaHHs. BEISABISIOTCS KOMIUIEKTYIOLIHE, OTKa3 KOTOPBIX IPUBOJUT K
BOCIIJIAMEHEHHUIO MaTEpPHAJIOB, HAXOIAIIMXCS B HEIOCPEJICTBEHHOH OIM30CTH,
00 caMUX KOMIUIEKTYIOIHX.

Tabnuua 1.4
MukpocxeMmbl
TpaH3MCTOPbI B [11aCTMACCOBBIX KOPMY- | B I1aCTMAaccOBbIX Pesncopsl
Hauverosaiie cax (6e3 paaMaTopoB) MOLHOCTbIO, BT Kopnycax MOLLHOCTBI0, BT
NOXAPOORACHKIX C YHCIIOM BbIBOJOB
nokasarenei or03 CBEIIC
00,3 4 016 1 2
& qo 1,5 1,5 A
MounocTs, Bt 4 g 10 12 8 16
Tok, A 0,8 2,8 4 4 - -

BCPOS{THOCTL BOCIUIAMEHEHHUA 3JICKTPOTEXHUYCCKOTI0 M3JICINUA OIpeacig-
€TCA CICAYOUIUM BBIPAXXCHHEM !

0, =[-0-0X1-0,) Q.. (1.3)

rae @, - BEpOATHOCTh BO3HMKHOBEHHs IMOXapa, ompejenseMas KOMIUIEK-
TYIOUIMMHU 3JIEMEHTaMM 3JEKTPOTEeXHUYecKoro usnenus; Qy - BEpOATHOCTH
BO3HHMKHOBEHHS MCTOYHMKA 3a)KUTaHMsA, 00YCIIOBICHHAS KOHCTPYKTHBHBIMH
0COOEHHOCTAMH M TEXHOJOTHEH M3rOTOBICHHUS 3JEKTPOTEXHUYECKOTO H3/e-
nus; Qus - BEPOATHOCTh HecpabaThIBaHUA anmapara 3alluThl JICKTPOTEXHHU-
YECKOro M3/eNusl.

Bennuunna Q, onpenensercs 1o ¢popmyie

0, =1~I"][1—BL.,]=iE;., ; (1.4)

i=l i=l

rie P

iks ~ BEPOATHOCTBH BOCIUIAMCHEHHUSA 3JICKTPOTCXHHUYECKOTO H3JACIHUA OT
MOXKapooIacHOro KOMINICKTYIOUIErO 3JIEMEHTA i{-r0 THIIA; N - YUCIIO TUIIOB JJIe-
MeHTOB. Torma BEPOATHOCTh BOCIUIAMCHEHHS JJIEKTPOTCXHHYCCKOTO H3ACIUA

.
OT TPAH3UCTOPOB MOXHO 0603HAYMTL Kak F, ,, OT THOMOB - Kak B, OT KOH-

K.3?

* Cl
IEHCAaTOpPOB - Kak B , ,, OT TpaHC(OPMATOPOB - Kak F, , U T. 1.
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*

Benuuuna P

ik

OnpeneasaeTCsa BEIPAXXCHUEM!

M=

F,,=1-T10- )=

j=1 J

B, (1.5)

It

rae Pj - BepOATHOCTh BO3HUKHOBEHHS MCTOYHHKA 3Q)KHUTAHUS T10XKAPOOIACHOTO
9JIEMEHTa i-T0 THIA; M - YUCJO MOXAPOOIACHBIX 3JIEMEHTOB OIpPEAEIEHHOTO
BHUJIA B IEKTPOTEXHUYECKOM M3aenuH (Tabm. 1.5).

Tabnuua 1.5
Pacnpeneneuue Bepon‘ruoc‘reﬁ OTKa30B KOMIUVIEKTYIOLLHKX 3/IEMEHTOB 110 BUaaM
Mex. One- Hapyue-
I'pynna kom- Oreyr-
IMapa- " 2
e a0 1 e B gl S el [ e, S
INEMEHTOB Goii KOH- H 3
YecKue HHE oﬁpbm noBpex- M3roToB-
TakTa
BblBOAA JACHUA JICHUA
IMonynpo-
POMHMKO™ | 0412 [ 0264 | 0047 | 0047 | - - - 0.23
BbIE
JIHO/IbI
;f’la"mm' 0499 0227 | 0077 |0023| - | 0056 | - | 0113
f:::e"ca' 043 | - 013 |0075| - | 0075 | 0043 | 0247
Pesucrops! 0,412 | 0,192 0,027 - 0,082 | 0,096 0,027 0,164
Tpancdop-
MaTopel,
Jipoccenn 0,324 | 0,353 0,058 - - 0,147 - 0,118
JIMHHH 3a-
JIEPKKH
Hopekmo-s. 1 opas: | . - |os05| 0315 | - | 0135
HaTeln
Passémb | 0038 | - 0095 | - - o448 | - | 0419
IIpubopsr
SRR 1 1035 ¥ agh - 0094 | - | 0494 | - 0,131
HO—JTyue-
BbIC
ITpubopsr
razopas- 0,715 - 0,095 0,19 - - - -
PAAHBIC
Bennuuna Pj OnpeacnsaeTCsa B COOTBETCTBHH C BRIPAXKCHUEM
1:;' =A'jT¢3/OTKQj K,an KM (16)
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r7ie A; - HHTEHCHBHOCTb OTKA30B j-TO KOMILIEKTYIOIIETO 3JIEMEHTA 3IEKTPOTEX-
Huueckoro uamenus, 1/4 (tabm. 1.6); T - cpequsst MpoIOIDKUTEILHOCTE PaboThI
SJIEKTPOTEXHUYECCKOI0 U3AC/Iud, 1, PKS/o-rx = BEPOATHOCTH MOABICHUA KOPOTKOTO
3aMBIKaHHS. B I10’KapOONAacHOM KOMIUIEKTYIOLIEM 3JIEMEHTE IIpH OTKase
(cm. Tabm. 1.6); Q) x> - BEPOATHOCTH BOCIUIAMEHEHHS j-TO KOMILIEKTYIOLIETO
snemenTa (Tabn. 1.7); Qj«u - BEPOATHOCTH BOCIIAMEHEHHUS KOHCTPYKIMOHHBIX
MaTepHasioB, HaXOJALUIMXCA B HEMOCPEJCTBEHHOI OJIM30CTH OT Moxapoornac-
HBIX KOMIUIEKTYIOLIMX 3JIeMeHTOB (Tabm. 1.8).

,uﬂﬂ OLICHKHM MHTCHCHUBHOCTH OTKa30B I10XKAapPOOITaCHBIX 3JIEMEHTOB 3JIEKTPO-
060pyoBaHUS MCIIONB3YIOTCA AaHHble oTpaciaeBoro crangapta OCT 4.202.00-78.

IIpu oueHke Py3/or YUHTBIBaETCA HaubOIEE OMACHBIA BUJ OTKa3a - KOPOTKOE
3aMBIKaHHEC.

Tabnuua 1.6
Komnsektyiouiue 31eMeHTb A 1/ Prsor
Mmoozt 1-107+1-10"° 0,05+0,19
TpaH3ucTOpBI 1.10°+1-10° 0,02+0,13
Kosnznencatopsl 1-10°+1-107 0,13+0,39
TpanchopmaTops! 1-10*+1-10” 0,06+0,25
VHTerpaibHble MHKPOCXEMBI 1-10%+1.10™" 0,047+0,19
Tabauua 1.7
Py K T HUMC
S | oo | Tt | e | tpmctopuaros | uons
110" 1-10° 1-10° 1-10* 110° 1-10°
Tabnuua 1.8
Pesucropsi Konaencaropst Tpau3ncropsl UMC
2Br K73-17 KT-315 K155 Tpeurhopuatopl | Rucns
1-10" 1-10" 1-10* 1107 1-10” 1-10°

Onpe,uemm QM - BEPOATHOCTH BO3HMKHOBCHHA HCTOYHHKA 3aXKHUTaHUA
SJIEKTPOTEXHHUYCCKOI'O U3/1CJINA, CBA3AHHYIO C TEXHOJIOTHEH U3TOTOBICHU:

0, =1—k1f[l[1—ﬂ‘x.,.]=iﬂ}.m, (1.7)

rae H‘ - BEPOATHOCTL BOSHUKHOBCHHA MUCTOYHHKA 3aXKUT'aHUA BJICKTPOTCXHH-

K.M

YEeCKOTO M3MENHsA OT k-ro THIa TIPOU3BOJICTBEHHBIX OTKa30B; L - yucno TUmnoB
oTKa30B. Torma BEPOATHOCTH BO3HHMKHOBECHHSA HCTOYHHKA 3a)KHTaHHA 3JICKTPO-
TEXHHYECKOTO M3ENIUSA OT HEKAYEeCTBEHHBIX MAasHBIX COCIUHEHUH MOXHO 000-

3HaunTh Kak P’ , OT 3aMbIKaHHii IPOBOJHMKOB - Kak B ., OT OGPLIBOB Mpo-

KM?

BOJIHHKA - KaK B, ., OT HapyLICHHIl KOHTAaKTOB B pa3béMax - Kak F; . H T.1.
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Bemmunna P, , onpenensetcs no popmysie

a}.ﬁl—l'_]l(l—e)#zllz, (1.8)

rzae P, - BepOsSTHOCTh BO3HUKHOBEHUSA MCTOYHMKA 3aXXUTAHUA JJIEKTPOTEXHHYE-
CKOTO M3/IETHA OT §-T0 OTKa3a IO k-My THIY OTKa3a; I - YHUCIIO MOXKapOOIacHBIX
OTKA30B I10 THITY K.

BeposTHOCTHBIE MMOKa3aTeIH BO3ZHHKHOBEHHS I0XKapOOMACHBIX MPOH3BOJI-
CTBEHHBIX OTKA30B IPHBEEHEI B TabI. 1.9.

Tabnuua 1.9
BCPOHTHOCTb BO3HUKHOBEHMA HCTOUHMKA 3a0KHMAHHUA
l'lpwmum BO3HHKHOBE€HHMA OTKa30B 110 Pa3sNH4HbIM BHAAM OTKA30B E:K.M
HekauecTBeHHbIE NasHbIC COCHHEHHS 4,0- 10°
3aMbiKaHHs POBOJAHHKOB 0,19-10”
OO6pHIB NIPOBOIHAKA 0,08-10
Hapymenue KOHTaKToB 0,7-10>
IIpoune oTkassl O,OSHO'2
CyMMmapHas BEpOATHOCTb OTKa3a 5,02:10

Benuuuna P, onpenensercs 3aBUCHMOCTBIO
P =—, (1.9)

TJ€ 1 - YUCIIO MOXKAPOONaCHBIX OTKA30B TEXHOJIOTHYECKHX JJIEMEHTOB, OIpe/e-
JISeTCS IPU UMHUTALMU 0TKa30B; N - o0liee KOJIHYEeCTBO TEXHOJIOTHIECKHX dJIe-
MEHTOB B JIEKTPOTEXHHYECKOM H3JICIHH.

BeposTHOCTh HecpabaThIBaHHs 3alIUTHI JEKTPOTEXHHYECKOTO H3IEIHA
BBIYHCIIETCS MO cieayouleit hopmyie:

Ous = kika, (1.10)

rae ky - ko3 QuUIHEHT, XapaKTepH3yIONHi 3aUIEHHOCTE 3IEKTPOTEXHUYE-
CKOTO M3JeJHs OT I0XKaPOOIACHBIX PEXKHUMOB; k; - K03 (DHIHEHT, YIUTHIBAIO-
U HAJIMYME WIK OTCYTCTBHE B 3JIEKTPOTEXHUYECKOM M3MIEIHH CIEIHAIbHOM
CHCTEeMBI MoXkapoTymenus. [Ipu Hanuuuu Takoil cucTeMsl 3HadeHue kp = 0,05,
Ipu e€ OTCYTCTBUH Kk = 1.
Benuunna k) paccuuTeiBaeTCs 1o Gpopmyie
k1= l - —Z— )
N

rae N - 4UCII0 NMOXKapOoOoNMacHbIX PEXHMOB (OIpenensercs B Mpolecce HMHTa-
L[MH HEHCIIPABHOCTEH); Z - YHCIIO PEXKHMOB, IIPH KOTOPBIX CpabaTHIBAET 3alIUTA

26



JJIEKTPOTEXHUYECKOr0 HM3Jenus (Ompesensercs B IpoLecce MMUTAlUH Heuc-
MPaBHOCTEH).
B kauecTBe HIUTIOCTPALMH H3JIOKEHHOTO MaTepHuaia ]'IpHBelléH pacqéT BE-
POATHOCTH BO3SHHKHOBEHHS M0Xapa ot Tejesu3opa moaenu 3YCIT.
BepoATHOCTH BOSHHKHOBEHHS MCTOYHHMKA 3aKHIaHUA OT TPAH3UCTOpA:

R o ’nA'lTezlomQj x.an K o
=1-1-10"*.1,5-10*-2-10%.1.107 110" =3.10™"2,

rae Piyon = 2107 BEPOATHOCTB, XapaKTEepU3ylollas OTKa3 TPaH3UCTOpa B pe-
3yJbTaTe BHYTPEHHHX KOPOTKHMX 3aMbIKaHMil (CrpaBouHble gaHHbIe); 7=1,5-10°
? 4 - CpesHAA MPOOIKHTEIBHOCTS PaGOTHI Te/IEBH30pa B TO; m = | - KoNHYeCT-
BO TOKapOONACHBIX TPaH3UCTOPOB (cM. Tabm. 1.6). [na monemn 3YCLT Takum
TpansucTopoM sensercs KT-8295.

AHaNOrM4HO BBIYHCIIEHA BEPOSATHOCTh BO3HMKHOBEHHS HCTOYHHKA 3aXKH-
raHud OT APYTUX I0XKapOONAcCHBIX KOMIUIEKTYIOUIMX 3JIEMEHTOB TEJIEBH30pa
(tabn. 1.10).

Tabnuua 1.10
DneMeHT BeposTHocTs oTKaza
Tpausucrop P . 310
Jlnon P, 2,82:10"
Tpauchopmartop P3 1,74-10°
Kounpencarop Py 9,0-10°
Wnterpanenas mukpocxema Ps 4,010™"
CyMMapHasi BepOSITHOCTh OTKa3a 9,2:10°

Benuuuna Q3 COCTaBHUT
Q3 :ZII?.K.) =R+@+ ’%+1§ +P5 =9,2'10_8 .
i=l

BCpOﬂTHOCTB BO3HHKHOBCHHA UCTOYHHKA 3aXKHUI'aHHUA B PE3YJIbTATE I0XKa-
POOMacHOro oTKasa TEXHOJIOTHYECKOTO 3JIEMEHTA:

L
0,=YF,. =50210"
k=1

Omnpenenum BennuuHy Koddduumenra k.

Ponb crienmaspHOM 3aIUTEI BEIOIHAET IPOTHBOMOKAPHBIH Pe3HCTOp Rog.
ITpy ¥MMMTALMK BO3MOXKHBIX MOXKAPOOIACHBIX HEHCIPABHOCTEH PE3UCTOp Cpa-
6otan B 4eThIpéX ciry4yasx u3 18 (coriacHo mepeyHio HeMCIPaBHOCTEH, pHBe-
JIEHHBIX B MeToauke). Takum obpaszom, ky = 4/18 = 2,2- 107,

Koappuuuenr k; = 1, Tak kak B Teneusope 3YCLT orcyTcTByer creuu-
anbHas cucTeMa noxkaporymenus. CnenpoBatenbHo, O, = ky ky = 2,2- 107
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BeposTHOCT BO3HHKHOBEHHS TI0Kapa B TEIEBH30pE:
0., =[-0-0X-2.)., =
=[-(-92-10%)1-502:102)p2-10" ~1,1-102

Pacuér nokasai, uro moaens TeneBusopa 3YCIT ne ynonerBopsier Tpebo-
BaHMAM nokapHo# 6e3onacHocTH B cootBeTcTBHM ¢ 'OCT 12.1.004-91, Tak kak

Ohs=1,1.107>1-10°.

JI1 OLIEHKH MOXKapHOH OMAacHOCTH 3JIEKTPOTEXHHYECKOTo M3Jeus (3IEeKTpo-
YCTAHOBKH) HE0OXOAMMO pa3pabaThiBaTh MHIUBUIYAIbHYIO IPOrpaMMy H METOMH-
Ky MCIBITAaHH#H, YUYHTHIBAIOLIYIO THIIBI MPUMEHAEMBIX KOMIUIEKTYIOIIUX JIEMEHTOB,
MaTepHasioB, KOHCTPYKLUHIO H3ZENHA. AJTODUTM OLEHKH II0XKapHOH OIacHOCTH
INEKTPOTEXHHYECKHX H3IETHH (MIEKTPOYCTaHOBOK) MIPpUBEEH Ha pHC. 1.6.

HcnelTaHus 371€KTPOTEXHUYECKHX M3AENHH (3JIEKTPOYCTAaHOBOK) Ha IIO-
JAPHYIO ONMACHOCTh MPOBOJAT CHELHAIH3UPOBAHHbIE JIAOOPATOPHUH.

Pacuer aBapuifHOro pexuma
9JIEKTPHYECKOH Harpy3Ku

[IpoBe/ieHHE IKCIIEPHMEHTOB
Ha aBAPHHHYIO 3/1eKTPHYECKYIO MEPErpy3Ky

Ouenka BEPOATHOCTH BO3HHK~
HOBCHHA aBapHﬁHOl"O noxapo-
OIacHOro pexuma

Kommuexryromwwmii ame-
MEHT MOXET CTaTh MC-

7 ¥ TOYHHKOM 3Q5KHTAHUS
ITpoBenenue ucnbITaHUi HA
pacnpocTpaHeHHe IIAMEHH B 5 Jla

KOHCTPYKIHH OnpezenexHne napaMeTpoB aBapHHHOTO

MOKaPOOMACHOTO IEKTPHYECKOTO pexHMa
JUIS KOMIUIEKTYIOLIEro 2JIEMEHTa
g
Pacyer BeposTHOCTH
BO3HHKHOBEHHS MOXKapa
B KOHCTPYKLIHH

®

Puc. 1.6. AnropuT™ onpe/jeneHus MoxapHOH ONacHOCTH
JNEKTPOTEXHHYECKHUX H3/IENHH (2JIeKTPOYCTaHOBOK):
N —uucno KOMIUIEKTYHOUWHX 3JIEMEHTOB B 31EKTPOTEXHUYECKOM
M3eN1HU eKTPOTEXHHYECKUX YCTPOHCTB

B KOHCTPYKLMH HMEeT
MECTO pacrnpocTpaHeHHe
IAMEHH

Ha
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1.5. TIOYKAPHASI OTACHOCTb KOMILIEKTYIOIHMX 3JTIEMEHTOB
JIEKTPOTEXHUYECKUX YCTPOUCTB

IMoxapHast 6€30MacHOCTb 3NEKTPOTEXHHYECKUX YCTPOHCTB MOMKET OBITH 0bec-
TieYeHa IpH YCIIOBHH, €CIIM KO BCEil HOMEHKJIAType KOMIUIEKTYIOUIMX 3JIEMEHTOB
NpebABISIOTC TpeOoBaHMs MoxapHo# Ge3omacHocty. [Iposepka 3THx Tpebosa-
HMI JIOJDKHA OCYIIECTBIATHCS 00BEKTUBHBIMH M IOCTOBEPHBIMH METOIAMH.

IToka3zaTeH MoXkapHO# OTTACHOCTH YIS 3JIEKTPOTEXHUYECKHUX YCTPOHCTB B Ha-
cTosiiee Bpems HpuBeneHs! B cranpaprax. Hanpumep, cormacHo I'OCT 20.57.406-
81 [47], n3menus 37eKTPOHHON TEXHUKH M X KOMIUICKTYIOIINE AIEMEHTBI JODKHEI
HCIBITBIBATECS Ha MOXKapHYI0 6e30I1acHOCTE € TIOMOMIBIO IBYX METOZIOB.

Ilepesrit Mmetox B coorBeTcTBHH ¢ 'OCT 20.57.406 (409-1) [47] — 310 HC-
NBITAaHHWE HA BO3JEHUCTBHE IUIaMeHH. MeTOoJ XapakTepH3yeT MokapHyio 6e3o-
[IACHOCTh KOMIUIEKTYIOIIUX 3JIEMEHTOB IIPH BHEIIHEM BO3ACHCTBUHM HCTOYHHKA
3a)KHTaHUs, B KaUYECTBE KOTOPOTO HCIONB3YeTCs IIaMs ra3oBOM IOPENKH, BEI-
MOJTHEHHOH U3 MeTamuyeckoit TpyOku aquamerpom (0,5 + 0,1) mm. Bpems npu-
JIOXKEHUS TJITaMEHH ycTaHaBiIMBaeTca B TY Ha w3jenue WIH B IporpaMme Mc-
IBITAaHUH B 3aBUCHUMOCTH OT TEIUIO(GU3UUECKHX XapaKTepHCTHK u3zenus. Kom-
TUICKTYIOLIMI AJIEMEHT CUHTAETCS BBIACPKABUIUM MCIBITAHHUE, €CIH BPEMSA €T
TOPEHHMs MOcie yaaJeHHs ropesiky He npesbimaeT 30 ¢. DTUM e METOIOM HC-
IBITBIBAIOTCA MaTEepUalbl, U3 KOTOPBIX M3TrOTABIMBACTCS KOHCTPYKLHS 3JI€K-
TPOTEXHHYECKOTO YCTPOMCTBA.

BTopoii MeToJ] — MCHbITaHUE Ha BO3JCHCTBHE aBapUIHBIX 3JIEKTPHYECKUX
neperpy3ok o F'OCT 20.57.406 (409-2) [47] — npumeHnsieTcst TOJIBKO I KOM-
IUICKTYIONIMX AJIEMEHTOB. YPOBEHb JJIEKTPHYECKOH Meperpy3KH ycTaHaBIHBa-
€Tcsl C IOMOILBIO OIBITOB, HCXOAA M3 YCIOBHI BO3MOXHOTO IT0KapOONacHOro
pexuMa paboThl KOMILIEKTYIOIEro 31neMeHnTa. OLEeHHBAeTCs BO3MOXXHOCTD 3a-
JKHUTaHUS OKPYXKAIONI[MX AJIEMEHTOB M (MJIM) KOHCTPYKUMOHHBIX MaTepHalIoB
NIEKTPOTEXHUYECKOTO (JIEKTPOHHOI0) yCTPOHCTBA.

[IpeacTaBaeHHBIE METOJB!I MCIBITAHHUI ITO3BOJAIOT ONPEAECIUTh TOKa3a-
TEJIM TOXKAPHOH OMacCHOCTH OTAEIBHBIX KOMIUIEKTYIOIIMX 3JIEMEHTOB: PE3H-
CTOPOB, TPAH3HCTOPOB, HHTETPAIbLHBIX MHKPOCXEM, KOHIEHCATOPOB, MOTOY-
HBIX M37ETHH U T.1.

Ilo’kapHasi ONaCHOCTb Pe3HCTOPOB. Pe3uCTOp ABNAETCA CaMBIM pacrpo-
CTPaHEHHBIM KOMIUIEKTYIOLIUM 3JIEMEHTOM B 3JIEKTPOTEXHHYECKHUX YCTPOMCT-
Bax. B 3aBUCHMOCTH OT Ha3HA4YEHHS H YCJIOBHH 3KCIUTyaTallHH OTE€YECTBEHHasA
MIPOMBIIIIEHHOCTh MPOU3BOIAUT THIIOBOH PsJi PE3HCTOPOB, KOPITYC KOTOPBIX H3-
TOTOBJIEH M3 MeTaJlla, KepaMMKH WIM MOJIUMEpHOro Matepuana. Mcrounukom
3a)KHTaHHUA PE3HCTOP MOXET CTaTh NPH OTKa3e «IPUJIETAIOIKX» K HEMY KOM-
IUIEKTYIOIMX 3nemeHToB. Ha puc. 1.7 mpuBegeH (parMeHT 3JIEKTPHYECKOM
cxeMmbl OoKa TMTaHUA OJNEKTPOTEXHHYECKOro ycrpoHcrBa. [loxapHyio
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OIMaCHOCTh B PaCCMaTPHBAEMOM JIEKTPHIECKOH CXeMe NMPEeNCTaBIAIOT PE3HCTO-
pel R1-R3 tuna CS5, HOMHHaIBHAs MOIIHOCTH KOTOPBIX cocTaBiAeT 5 BT u kop-
MyC KOTOPBIX M3TOTOBJIEH U3 MOJIMMEPHOT0 MaTepHana. Pe3sucTophl CTOAT B 1ie-
4 SMUTTEpOB TpaHzucTopoB VT1-VT3. [Ipu oTkase THIAa «KOPOTKOE 3aMBIKa-
HHE» OJHOTO U3 TpaH3UCTOpoB, Hanpumep VT1, k pesucropy R1 B snekTpuye-
CKOM IIeNH 0TKa3aBLIEro TpaH3ucTOpa npukianbiBaetcs 10 B, B pesynprare Ha
pe3ucTope BBIAENSAECTCS MOUIHOCTE okoso 1 kBt. Ilpu Takom pexume paboTel
PE3UCTOp HArpeBaeTcs M CTaHOBHTCS MCTOYHUKOM 3axuranusa. Temmeparypa
KOpITyca pe3ucTopa B aBApPMIHHOM peXHMe paboThl MOXKET MPEBHIIATH B TEYe-
HHE JUTHTEIBHOTO BPEMEHH TEMIIEpaTypy BOCIUIAMEHEHMs OKPYKaIOIIMX KOH-
CTPYKLIMOHHBIX MAaTEpHANOB. Y KEPaMHUECKHX PE3HCTOPOB B aBapHHHOM pe-
)KHUMe paboTHl MPOMCXOAUT BCHBINIKA MPH BHIFOPAHUM KPAaCKH C MOBEPXHOCTH
uX Kopiyca. Eciii KOHCTPYKIMS 3JI€KTPOTEXHHYECKOTO YCTPOHCTBA HE ABIACT-
Csl TMBUIC3AMUIECHHON, TO CO3JAl0TCA YCIOBHSA IS TOKUTAHUA IBUIM U BO3-
HUKHOBEHHS BTOPHYHBIX HMCTOYHMKOB 3a)KHTAQHMS Hepe3 OTKPBITOE IUIaMs.
Temneparypa BBIBOZOB PE3HCTOPA B aBAPHHHOM IOXKAPOOIIACHOM PEXHME pa-
6OTHI MPEBHILIACT TEMIIEPATYpPy MIIaBICHUs NpUII0A. KOHTaKThI pa3pymaloTcs U
CO3/al0TCS JIOTMOJIHUTEIbHBIC TEPEXOHBIE CONPOTHBICHHSA, KOTOPHIE TaKkKe
MOTYT CTaTh HCTOUYHHKAMH 3aKHTaHUs KOHCTPYKIHOHHBIX MaTepHAIOB.

oy
—_——

Puc. 1.7. ®parment cxems! miatel [ICT- 01 8 61oke BBII-01

Haubonpuryio moxapHyIo OnacHOCTh B aBApHIHOM pexume paboThl mpe-
CTaBJIAIOT pe3ucTopsl Tuna C5, KOTOpbIe KOHCTPYKTUBHO MOTYT OBITH BBINOJ-
HEHbl B pa3sHbIX BapuaHTaxX. Kopmyc pesucTopa nmepBOro BapHaHTa BBIIOJIHEH
U3 TMOJMMEpHOro Matepuana. B aBapuitHoM pexxume paGoTHI Takoi KOpITyC ro-
pur u obmamaer 3pQekToM CHIBHOrO abIMooOpa3zoBaHusA. Bropoit BapHaHT
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Kopryca pe3ucropa C5 npeacrasiger co6oif Metauimieckylo o6onouky. B Te-
YeHHEe JUIMTENBHOTO BPEMEHH OH MOXET paboTaTh B aBAPUIHOM pEXHME NpU
temmneparype 600-800 °C. 3aBHCHUMOCTH TeMIIEpaTypH! HarpeBa KepaMHU4ecKOro
Kopmyca pesucropa tuna MJIT2-20 oT BpeMeHHU B aBapuiiHOM pexume paboTel
npuBeseHa Ha puc. 1.8. 3aBHCHMOCTh BpEMEHM 3a)KMTaHHsA MaTepuaja Iedat-
HO#f TUIaThl M3 (omerupoBanHoro creknorekcromura CT®2-35-1,5 ot mMomurHo-
CTH, BBIACIAIONIEHCA Ha pe3ucTope C5 B aBapuitHOM pexkume paboThI, IpHBe-
JeHa Ha puc. 1.9.
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Puc. 1.8. 3aBucCHMOCTB TeMnepaTypbl HarpeBa MOBEPXHOCTH KOpIyca

pesucropa MJIT2-20 oT BpeMeHH B aBapHIHOM peKHME!
1 - mowHocTs 50 BT; 2 - MowHocTs 45 BT; 3 - mowHoceTs 20 BT
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Puc. 1.9. 3aBHCHMOCTb BPEMEHH 3aXKMT'AHWUS MaTepHasa Me4aTHOM TUIaThl

OT MOIIHOCTH, BBIJIEJIAIOLIEHCA HAa PE3UCTOPE B aBADHHHOM PEXHMeE:
1 - MJIT2-20 Om; 2 - C5-5-120 Om

Bpewms 3anepxku, T, ¢

> P, Bt

ITpn snexTpudeckoi neperpysKe pe3ucTOPOB BO3ZHHKAIOT TAKXKE OTKA3bI
THIIAa «OOpPBIB», IIPH 3TOM TEMIIEpaTypa KOpIyca pe3uCcTOpa He JOCTHIaeT Io-
’KapoonacHeIX 3Ha4eHHH. IloxxapoonacHbli aBapHiHBIH peXUM paboTel pe3H-
CTOpa - COOBITHE BEPOATHOE.

Pesuctopsl, nMelomue HoMHHANIBHYIO MomHocTh 0,125-0,5 BT, noxapHoii
OMAacHOCTH JUIA KOHCTPYKIIMOHHBIX MaTepHaIOB HE MPEACTaBIIIOT.

ITpy BO3HMKHOBEHMH Ha HUX aBapUIHBIX IEKTPHUYECKUX PEKUMOB IPO-
HCXOJHT pa3orpeB KOpITyca pPe3UCTOpa B LEHTPATIbHOH 9acTH ¢ oOpa3oBaHHEM
TPENIHHEI, TIOCNIE YEro NIEKTpHYecKas lenb «oOpsiBaeTcsa». Pesuctopsr 0,125-
0,5 BT npu pa3orpese KopIryca B aBapuifHOM pesxuMe paboThl «BBIXOAAT» B 00-
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PBIB, B CYIIHOCTH, BBITIOJTHAS POJIb IPEJOXpaHUTENeH. PEe3HCTOPEI ¢ HOMHHAIIB-
HOI MOMIHOCTBIO 2 BT u Gosee B yCIOBHAX aBapHMHHOTO 3JIEKTPUUECKOTO pe-
’HMa pabOTHl MOTYT CTaTh MCTOYHHUKAMH 3KUTAHUSA B DJIEKTPOTEXHHYECKHX
yCTpOICTBAX. f

Ioxkapuast onacHOCTH TpaH3ucTopoB. OJMH U3 PEKUMOB paboTH MOTY-
MIPOBOJTHUKOBBIX MPUOOPOB XapaKTEPU3yeTCss MAaKCHMAJIBHO JOITyCTHMOM TeM-
neparypoii nepexozna 7, °C, THMUTHPYEMOIl KPUTHYECKOH TeMIepaTypoi, mpu
KOTOpO# HACTYIAeT BHIPOXKICHHE MOTYNPOBOIAHHKA M 3JIEKTPOHHO-ABIPOYHBIN
IIepexoJi He BHIMOTHAECT CBOMX (yHKuu. [Ipy 3TOM MOXHO Habmomate aBa
«KpaiHUX» BapHaHTa OTKA30B MOIYNPOBOIHUKOBEIX KOMIUIEKTYIOLIMX 3J1€MEH-
ToB. K mepBoMy BapuaHTy OTKa3a MOXXHO OTHECTH «OODBIBY» 3JIEKTPHYECKON
LIENH, @ KO BTOPOMY BapHaHTy OTKa3a - BOSHHKHOBEHHE «KOPOTKOTO 3aMbIKa-
HHUSA» 10 LeNH aHOA-KaToJ JUIs MOJYIPOBOJHUKOBBIX AHOIOB, THO0 «KOPOTKO-
r0 3aMBIKaHUS» IO LETH IMUTTEP-KOJUIEKTOP Ul ITOJIYIPOBOJHUKOBBIX TPaH-
3ucTopoB. OTKa3 THMa «OOPEIBY JUIA MOIYNPOBOJAHUKOBEIX 3JIEMEHTOB IOXap-
HOM OMacHOCTH HE MPEACTABIAET, TaK KaK IPEKPamaeTcs MpOX0XKICHHE dJIeK-
Tpudeckoro Toka. IIpu oTka3e MOIyNpOBOJHMKOBOTO KOMIUIEKTYIOMIETO 3JIe-
MEHTa THIIa «KOPOTKOE 3aMBIKaHHE» BO3HHKAET, KaK MPaBHJIO, IEPEXOTHOE CO-
IPOTUBJICHHE, HA KOTOPOM MOXET BBIIENATHCA 3HAUMTENbHAs MOUIHOCTB. OT-
Ka3 MoJIyIPOBOAHUKOBOIO KOMILIEKTYIOIIETO 3JIeMEHTa, KaK U JI000ro Apyroro
KOMIUIEKTYIOLIETO 2JJIeMEHTa, ABJIAeTCS coObITHeM cirydadHbiM. OTka3 Tuma
«KOpPOTKOE 3aMbIKaHHe» — 6osee peakoe cobbiThe. I1py oTkase THIIA «KOPOTKOE
3aMBIKaHHE» IIOJIYNPOBOJHUKOBEIE KOMIUIEKTYIOIIUE 3JIEMEHTHI, HaXo[liICh B
aBapHitHOM pexxuMe paboThl, MOTYT BOCIIPOM3BOJUTH UCTOYHUKH TEIIa B BUJIE
«HArpeToi MOBEPXHOCTH» MM OTKPHITOTrO riamMeHu». MCTOYHMK Temna Tvma
«HarpeTas MOBEPXHOCTBY IMPEACTaBIAET co00i KOPITyC MOJYNPOBOAHHKOBOTO
npubopa, BBITTOIHEHHBIH U3 KepaMHYECKOro Marepuana. McTo4HHK Tema THra
«OTKPBITOE TIaMsA» BO3HHMKAET NPU OTKa3e TUMA «KOPOTKOE 3aMBIKAHHE» Y II0-
JIYIPOBOJHUKOBBIX NMPUOOPOB, KOPIYC KOTOPBHIX M3rOTOBJEH M3 IOJHMMEPHOTO
MarepHaa.

OmnpeneneHue TeMIepaTypsl HarpeBa KOpIyca IOJYIPOBOJHUKOBOTO
KOMIUIEKTYIOIIETO 3JIEMEHTA M 3JIEKTPUYECKOTO PEXHMa, IPH KOTOPOM MOJKET
BO3HHKHYTh MCTOYHHMK 32)KUTaHMA, ABJSIETCA BAXKHBIM YCJIOBUEM OOECTICUeHUs
MoKapHOH 0e30MacHOCTH KOMIUIEKTYIONIMX 3JEMEHTOB 3JIEKTPOTEXHHYECKHX
YCTPOHCTB.

B kawecTBe mpHMepa pacCMaTpHUBAIOTCA AaBapUIHBIE PEXHUMBI PabOTHI
tpansucropa tuna KT-315, koprmyc KOTOpPOTO BBIMOJHEH U3 MOTMMEPHOTO Ma-
Tepuana. BO3MOXHBI pa3IMuHbIe BAPUAHTH U3MEHEHHUS TEMIIEpPaTyphl KopIyca
TpaH3UCTOpa I 00pa30BaBLIMXCA CIyYalHBIM 00pa3oM IEPEXOAHBIX COIPO-
THBJICHUH B pe3yJIbTaTe OTKa3a THIIA «KOPOTKOE 3aMBIKaHUEY.
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[TnaMst ropsimiero KopIyca TPaH3HCTOpa MOJXKET NOCTHraTh BBICOTHI 60-
70 MM, a IPOJOIDKUTETLHOCTh TOPEHHSA MOXKET cocTaBATh 15-40 c.

O6pazoBaBiieecs MEPEXOHOE CONMPOTHBIECHHE MPH OTKa3e THIA KKOPOT-
KO€ 3aMbIKaHHE» ¥ HOMHHAJIBHAs MOIIHOCTH IE€PEXOJHOTO CONPOTHBICHHSA
UMEIOT 3HAUUTeNbHBIA pazOpoc. HanpuMep, MUHMMaIbHAs MOLIHOCTD, NPH KO-
TOpPOW HaYMHAET BBIACIATHCA ABIM U3 Kopityca TpaH3ucropa tuna KT-315, pas-
Ha 2 Br.

Tox aBapuifHOro MoXapoONACHOTO PEXHUMa, IPH KOTOPOM IMPOMUCXOIUT
BOCIIAMEHEHHE KOpITyca TpaH3ucTopa, paBeH 0,8 A. DiekTpHueckuil pexum,
IIPY KOTOPOM TPAH3HCTOP MOXET CTAaTh UCTOYHHKOM 3a)KMI'aHHsl, 3HAYUTEIBHO
NPEBHINIACT HOMHHATBHBIE MapaMeTphl. [103ToMy B 3JIEKTpUYECKHX LENAX T0-
JKapOOIACHBIX MOYIPOBOAHHKOBBIX KOMIUIEKTYIOIIMX 3JIEMEHTOB HE0OXOau-
MO CTaBHTb JOIOJIHHTENBHO 3aLIUTY OT aBAPHHHOTO 3JIEKTPUYECKOTO PEKHMA.

Bpems 3axxuranus KopIryca TpaH3UCTOpA 3aBHCUT OT TOKA MOTPeOIeHHS B
aBapHITHOM peXXUMe U HaXoAMTCs B uHTepBane 5-30 c.

IIpu aBapuifHOM pexuMe paboThl KOPIYC TPAaH3HCTOPA BBIAENAET TOKCHY-
HbIE ra3bl M 001alaeT CHIIBHBIM AbIMOOOPa30BaHHEM.

ITo>xapoomacHbIil OTKa3 ITOJYIMPOBOIHHUKOBOTO KOMIUIEKTYIOLIETO  3Jie-
MEHTa ABIISIETCS COOBITHEM BEPOSTHBIM.

IloxkapHasi omacHOCTb MHTErpajbHbIX MHKpocxem. OrteuecTBeHHas
IPOMBIIUICHHOCTh HPOM3BOAUT OOJIBIIYI0 HOMEHKJIATYPY MHTETPAIbHBIX MHK-
pocxeM. JIJst M3rOTOBJICHHS KOPITyCa MHTETPaJbHBIX MUKPOCXEM IPHMEHSAIOTCS
HOJIMMEpHBIE MaTepHaNIBl WIM KepaMHKa. MHTerpajbHble MUKPOCXEMBI MOTYT
OBITH Mo, cpeqHed MM OONIBIION MHTErpalHH, M03TOMY OHM OTJIHYAIOTCA
pazMepaMy, MacCoOH, TOIOJIOTHEH JIeKTPUUECKON CXeMBI, OBICTPONEHCTBUEM H
T.0. OTKa3 MHTErpagbHOH MHKPOCXEMBI TaK €, KaK M JUCKPETHOTO KOMIIIEK-
TYIOILETO 3JIEMEHTA DJIEKTPOTEXHUYECKOTO YCTPOHCTBA, MOXET OBITh MHOIOBa-
PHMAHTHBIM. '

Orka3 MHTerpaJbHON MHKPOCXEMBI MOJKET CONPOBOXKAATHCA 0Opa3oBaHHM-
€M «HOBBIX» JJIEKTPHYECKHMX LEeNeH, He INpeJXyCMOTPEHHBIX KOHCTPYKLHEH.
VYMEHBIIEHUE COMNPOTHUBJICHUSA MHTErPAJbHOH MHKPOCXEMBI 10 LEMH MUTaHHA
IPHBOIUT K YBEJIMYEHHIO TOKA OTpeOIeHHS.

Ortkas, IpH KOTOPOM TeMIepaTypa KOpIyca HHTETPaTbHOH MHUKDPOCXEMBI
JOCTHIaeT 3Ha4YeHMs, PABHOTO MM OOJBILETO TeMIepaTyphl BOCIUIAMEHEHHS,
IpPEJCTaBIsET MOXKAPHYIO ONACHOCTh. 3a(MKCHPOBAHBI OTKA3bl HHTETPAIbHBIX
MHKpOCXEM, IIPH KOTOPBIX TemrepaTypa kopiyca gocturaet 150-400 °C. Takas
TeMIeparypa MpeACTaBIAET T0XKAPHYI0 OMACHOCTh KaK Ul MaTepuaia KopIy-
ca MHTErpaJbHONH MHKPOCXEMBI, TaK M JUI OKPYXAIOIIUX KOHCTPYKIHOHHBIX
MarepHasoB. McnbITaHHe HHTErPaJbHBIX MUKPOCXEM Ha MOXAaPHYIO OMacHOCTh
HPOBOMAT METOAOM  OJJIEKTPUYECKOH Teperpy3kd B  COOTBETCTBHHM C
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I'OCT 20.57.406 (409-2). 3aBHCHMOCTb, IIOKa3blBaloOL[as M3MEHEHHE TeMIepa-
TYpBl KOpIyca MHTErpaJbHOH MUKPOCXEMbl OT BPEMEHH B aBapHHHOM 3JIEKTPH-
YeCKOM pexume, npezcrapieHa Ha puc. 1.10. Kpusas / moka3piBaeT H3MEHEHHE
TeMIEpaTyphbl KOPITyca HHTErpaJIbHONH MHKPOCXEMBI B aBApHITHOM pEXHMMeE, 3Ha-
4YeHHE KOTOPOH MpEBBIIIACT MOXKAapOOIAcHbIH ypoBeHb. KpuBas 2 mokasbIBaer,
4TO TeMIlepaTypa KOpITyca MHTETrpaJlbHOH MHMKPOCXEMBI B aBapUHHOM pEKHME
nocturia 430 °C, nocie 4ero Npou30IuI0 YBEIHYEHHE MEPEX0IHOTO CONPOTHB-
JIEHU 110 1enH nuTaHus. Tok cTal MeHbIle, BCIECTBUE YEro TEMIIEpaTypa TOXKe
yMeHblniIack. KpuBas 3 mokassIBaeT, YTO MPH aBapUIHOM pexxume paboThl HH-
TerpagbHOH MHKPOCXEMbI MOXET [POU30MTH BTOPUYHBIA OTKA3 THIIA «KOPOTKOE
3aMblkaHue». [IpH yMeHBIIEHHMH MEepeXOIHOr0 CONpPOTUBICHHUSA HHTETPaIbHON
MHKPOCXEMBI T10 IIENH NMUTAHUS NPOHCXOIMUT PE3KOe YBEIUYEHHE TeMIepaTyphl
kopryca. Kpussie 4, 5 1 6 mOKa3bIBalOT, YTO IMOCJIE BO3ZHMKIIETO aBapHIHOIO
pexXHMa B HMHTETpaJbHONM MMKPOCXEME TeMIlepaTypa KOpIyca YBEIHYHBACTCA
HE3HAYHTETHHO, TI0CTIE YEro MPOUCXOAUT OOPHIB AIEKTPHYCCKOH 1IEIH.
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Puc. 1.10. 3aBucuMOCTb TeMNepaTypel KOpIyca HHTErpaibHOM
MHKPOCXEMbI OT BDEMEHH B aBaAPUIHOM peXnUMe

MexaHu3M BO3HHUKHOBEHHS MMoXKapoonacHoro OoTkasa HHTCFpaJIBHOFX MHK-
POCXEMEBI B pCATTBHBIX YCIOBHAX SKCIUTyaTallMH MOXET UMETH CJIEAYIOLIYIO MO-
JCIb. I/IHTCI‘paJILHaﬂ MHKpOCXEMa MpeACTaBIsACT coboit COBOKYITHOCTb TPaH3H-
CTOPHBIX KJIIO‘!CF[, 4acTh KOTOPBIX HAaXOAHUTCA B «OTKPBITOM», a JApyras B «3a-
KpPBITOM» COCTOAHHH. YcnoBHO TPaH3uCTOpP B OTKPBITOM COCTOSAHUH MOXHO
CPaBHUTH C BBIKJIIOYATECIIEM, KOTOpri;I HaXOJMTCS B COCTOSIHHH «BKJIIOUEHO». B
OTKPBITOM COCTOSSHMH TPAaH3HCTOpP INPEACTABIIACT coboit TNIPOBOJHHK, o0ua-
JTAlOIUH HeOOIBIINM COITPOTHUBJICHHEM [UIA INPOTEKAKONIEro TOKa IO LCIH
SMUTTEP-KOJIIICKTOP. B 3aKpPBITOM COCTOAHHH TPAaH3HUCTOP MOXHO CpPaBHHUTH C
BBIKJIIOYATCIICM, KOTOpBIﬁ HaXOJIUTCSA B COCTOSSHHH «OTKJIIOYeHO». B 3aKpBITOM
COCTOSTHMM TOK 4€pe3 TPAH3UCTOP MO LEIIH SMUTTEDP - KOJUIEKTOP HE IIPOTEKACT.
anI IMTOBBILICHHOM HAIIPSDKCHUM INUTAaHHA B HHTC]"paIIBHOﬁ MHKPOCXEME YBE-
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JHYHUBACTCA MOTPeOIAEMBIN OT HCTOYHMKA TOK H MOIIHOCTh. Ec/in HanpshkeHue
nUTaHus GOJIBIIE MPe/IeNIEHOTO0, MPOUCXOAUT MPOOO# MepexoI0B TPAH3UCTOPOB
Mo memu SMuTTep — 6aza — komrekTop. IIpu 3TOoM ckaukoo6pa3HO HapacTaeT
TOK, MOTPeOIAEMBIH HMHTErpadbHOX MHMKPOCXEMOM, YTO MPUBOAMT K HarpeBy
Kpuctauia. DYHKIMOHAJIBHBIE XapPAaKTEPUCTHKH IMEPEXOHOB BBIPOKAAIOTCA.
Tok, nmotpe6isieMblii HHTErpaIbHOH MHKPOCXEMOM B aBapHIHOM I10XKapoorac-
HOM peXHMe, MOXET JOCTUTaTh 1-6 A.

3aBHCUMOCTh BPEMEHH 3aXKMI'aHHMsA KOPITyca MHTErpaJbHON MHKPOCXEMBI
tuna K-155 ot paccemBaeMoif MOIIHOCTH B aBapHHHOM IT0XAapOONacHOM pe-
XKHMMe TpezcTapieHa Ha puc. 1.11.

[Ipu pa3orpeBaHMH NMPOBOJHHUKOB KpPHUCTaJIa IO TEMIEPaTypsl MHPOIH3a
MaTepHaa KOpIyca HHTErpaJbHOii MHKPOCXEMBI POTYKTHI 3aJBIMICHUA 060-
TamaloT yriiepoJoM OKpY’Karomiee MpOCTPaHCTBO, M TOK HaYMHAET MPOTEKaTh
10 YTJIEPOIHBIM «MOCTHKaM» K BHELIHUM BBIBOAaM. B MHTErpanbHBIX MHKpO-
CXeMax MOTYT OBITh JAe(eKTHBIE Mepexo sl C YMEHBIICHHBIM 3HAYEHHUEM Ipo-
6uBHOTO HampspkeHus. Takue nmepexos! MPH HOPMATbHOM HANpsKEHUH MHTa-
HHA BeIyT ce0s aHaIOTHYHO PAaCCMOTPEHHBIM BBIIIE PEXXHMaM.

Mounocts P, Bt
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o
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Puc. 1.11. 3aBHCHMOCTE BpeMeHH 3a)KHTraHHs KOpryca
MHTErpajlbHOH MUKPOCXEMBI OT MOTpeb/1seMOi MOLIHOCTH
B aBapHIHOM pexume

N3 12 ximaccuduKalMOHHBIX BHAOB Ne(EKTOB, NMPUBOAALIMX K OTKa3zaM
HOJTYIIPOBOJTHUKOBBIX MHTETPAJIbHBIX MUKpoOcXeM, 9 nedexToB MpUBOIAT K OT-
Ka3aM THIIa «KOPOTKOE 3aMbIKaHHE» MEPEX010B TPAH3UCTOPOB HIIM JUOJOB MPH
HOPMaTbHOM 3HAaYCHHH HANPSKCHHUS THTAHHA.

Bpems 3axuranus Kopiyca HHTErpadbHOH MHKPOCXEMBI 3aBUCHT OT TOKa
OTpeOICHHS B aBapHIHOM IT0’KapOONacCHOM JJIEKTPHYECKOM PEKHUME H MOXET
coctaBiiaTh 30-120 c. B packaJeHHOM COCTOSIHUM MHTErpajibHas MHKpOCXeMa,
aHaJIOTHYHO PE3UCTOPY, MOXKET CTaTh MCTOYHUKOM 3aXKMTaHMA UL OKpYKaro-
HIMX KOMIUIEKTYIOLIIHX 3JIEMEHTOB M KOHCTPYKIIMOHHBIX MaTepHaoB.
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Ilnams ropsimieif MHTErpagbHON MHKPOCXEMBI ITOJ JEHCTBHEM DIIEKTpUYC-
CKOT'O TOKa MOXeET JocTUraTh BhICOTHI 10-60 MM. Ilpy aBapuiftHOM pexuMe pa-
60TBI M3 MHTETPATBbHOI MUKPOCXEMBI BBIACIAIOTCS SAOBUTHIE a3kl H JIBIM.

MunuManbHas MOIHOCTh aBAPHIHHOTO 3JIEKTPHYECKOr0 PeXKHMMa, IPU KO-
TOPOI HAUMHAET BBIACIATECA ABIM U3 KOPIyCa HHTETPalbHOH MHKPOCXEMBI TH-
na K-155, pasna 2,5 Bt, uto cooTBeTcTByeT TeMneparype Harpesa 250-300 °C.
AXTHBHBIH MMPOJIN3 KOPITyCa HHTErPaJbHOW MUKPOCXEMBI HAYMHAETCS IIPH TO-
ke notpebnenus 4-4,5 A. Tok notpebienus ropsiei Mukpocxemsl thia K-155
cocraBisieT He MeHee 5 A. Tok aBapHifHOTO 1M0XKapOOMacHOTO 3JIEKTPHIECKOro
pexHMa MHTErpaJbHOH MHUKPOCXEMbI 3HAYUTEIHFHO IMPEBBIIIACT 3HAYCHHE HO-
MHHAJIBHOTO TOKa MoTpebieHus. Bpems ropeHus Kopiyca MHKPOCXEMBI IpH
[0XapoONacHOM OTKa3€e MOXET COCTaBIATh oT 5 1m0 120 c.

IToxapHyio 6€30I1aCHOCTh HHTETPATLHBIX MHKPOCXEM MOXHO 06€CIeuuTh
anmapaTaMH 3alUTHl IM00 HCTOYHUKAMH ITUTAHUA C OTPAHUYCHHEM I10 TOKY.

Ioxkapuas onacHocTh KoHAeHcaTOpoB. KoHIEHCATOPEI, KOPITYC KOTOPBIX
M3TOTOBIIEH M3 MOJIMMEPHOTO MaTepHana, NP aBapHHHBIX JIEKTPUYECKUX pe-
»KUMax paboThl MOTyT BocIUIaMeHAThCA. W3 Kypca (M3HMKH M3BECTHO, YTO KOH-
JICHCATOp MpeJCTaBiIseT coOoH IBa MPOBOJHMKA, PA3NEICHHBIX CIIOEM JMIJICK-
TPUKA, TOJIIHHA KOTOPOTO Maja IO CPaBHEHMIO C pa3MepaMH IIPOBOIHHKOB.
[IpakTHdecky Bce 3IEKTPHYECKOE T0JI€ COCPENOTOYEHO BHYTPH KOHAEHCATOpA.
IIpu dKCIUTyaTalMH KOMIUIEKTYIOIIHE 3JIEMEHTHI, B TOM YHCIIE U KOH/ICHCATOPHI,
TMOJIBEPraloTCA BO3JCHCTBHIO PAa3IMYHBIX BHEHIHMX (DaKTOPOB, HalpHMEp Iepe-
Tpy3Ke IO HaNpsDKeHHIo. B pe3ynbrare BO3AeHCTBHA BHELIHHX (aKTOPOB MOSB-
JSIOTCA JIeTPaJallMOHHbIE TIPOLIECCH], YXYIIAIOIMHUeE MapaMeTphl KOMILIEKTYIO-
muX 271eMeHToB. HacTymaer MOMEHT, Kora MpoMCXOAUT OTKa3 KOMILIEKTYIOLIe-
TO DJIEMEHTA, T.€. BBIXOJ OIHOTO WJIHM HECKOJbKHX IapaMeTpoB 3a MpeIessl J0-
mycka, 160 BO3HMKAET MOJHOE NpeKpalieHue (GyHKIMOHMPOBAHUS KOMILIEK-
TYIOILIETO 3NeMeHTa. M3-3a H3MeHeHHs BeTMYHHBI IIPOBOAUMOCTH YTEUKH Y KOH-
JICHCATOPOB M3MEHSETCS €MKOCTh M CHIDKAeTCS IJIEKTPUYECKast IMPOYHOCTb.
DneKTpUYecKHue Harpy3Kky, B CITy4yae HEIOIyCTHMOTO UX H3MEHEHUs, IPUBOJAT K
HApYIIEHHIO TEMIIEPATyPHOTO PEKHMA H 3IIEKTPUICCKUM IPOOOsM.

ITpu mpobGoe B KOHAEHCATOpE MOXET BO3HUKHYTH OTKa3 THIIA «OOPBIB»
WIH «KOPOTKOE 3aMbIKaHHe». [10jkapHyl0 ONacHOCTh NMPEACTABNIACT OTKA3 THIIA
«KOPOTKOE 3aMBIKaHHE», TaK KaK KOHIEHCATOP «BBIPOXKIACTCA» B INEPEXOJHOE
CONPOTHBIIEHNE. ABapUHHBIH M0XKAapPOONACHBIH PEXUM y KOHAEHCAaTOpPOB pas-
BHBAeTCS 3a CYUTAHHBIC CEKYHIbl. BO3HHMKHOBEHME aBapHMHHOrO Io)kapoormac-
HOTO 3JIEKTPHYECKOTO PEeXHMa Y KOHAEHCATOPOB COMPOBOXKAAETCS NMOTPECKH-
BaHHEM M JIOKAJIbHBIM Pa30rpPeBOM KOpITyca 10 TeMIIepaTyphl BOCIIIIAMEHEHHS.

['opeHue KOHIEHCATOPOB COMPOBOXKAACTCA OOHIBHBIM BBIACICHUEM JIbI-
Ma, CaXXH M OTPaBIAIOMMX BemecTB. [lmams ropsumiero KoHAeHcaTopa MOX
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JeHCTBHEM 3JIeKTpHYecKoro Toka uMeer Beicoty 30-50 mm. Kopryc kaxaoro
BTOPOT'O 3aropeBLIErocs KOHAEHCATOpa MO JeHCTBUEM JJIEKTPHYECKON mepe-
IPy3KH BCJIEIICTBHE Pa3MATYCHHs MaTepHala OTAEISETCS OT BBIBOZOB. YTaB-
mas Macca KopIyca KOHAEHCaTopa MpOJO0JDKAET CaMOCTOATENBHO TOPETh B
Tedenue 5-60 c. MakcumanbHOE BpeMs TOpeHUsT KOpITyca KOHAEHCaTopa THIa
K73-17-63B-1,0 Mx® o feicTBHEM DJIEKTPUYECKOH Meperpy3Ku JOCTHraeT
140 c. 3aBUCHMOCTB TeMIIEpaTyphl IOBEPXHOCTH KOpIyca KOHAEHCaTopa OT
BPEMEHHM B ABAapUITHOM 3JIEKTPUYECKOM pexHMe MpHBeneHa Ha puc. 1.12.
VYo HaKJIOHA XapaKTePHCTHKY OmpeenseTcs 006pa3oBaBUIMMCS MTEPEXOIHBIM
CONPOTHBICHHEM B PE3yJIbTAaTE OTKA3a TUMA «KOPOTKOE 3aMBIKAHHEY.
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Puc. 1.12. 3aBUCHMOCTB TEMMEpaTyphl OBEPXHOCTH KOpITyca

KOHJIGHCATOPa OT BPEMEHH B aBAPHHHOM pPeXHME!
1-K53-19-6,3B-330 n®; 2 - K53-19-6,3B-330 n®; 3 - K73-17-250B-0,68 Mx®
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Puc. 1.13. 3aBUCUMOCTb BPEMEHH 3a)KMIraHHs MaTepHala Kopiryca
KOH/IEHCATopa OT NoTpeldiseMoii MOLIHOCTH NPH aBapPHHHOM PEXHME:
1-K53-19-6,3-330 n®; 2 - K73-17-6,3-0,68 mx®

3aBHCHMOCTH BPEMCHH 3a)XHUIaHUA KOpITyCca KOHACHCATOpa OT n01pe6nae-
MOH MOUIHOCTH npu aBapPIi;XHOM JJIEKTPHYCCKOM pEXHUME IIpHBECACHA Ha
puc. 1.13. Beposm{ocrb BO3HHKHOBCHHUSA oGpaaosasmerocx NEPEXoaHOr0 CO-
MIPOTHUBJICHUA B KOHACHCATOPE IpH aBapHﬁHOM pexXuMe pa60‘rm TNpUBEACHA Ha
pHC. 1.14. BCpOHTHOCTL BO3HUKHOBEHHA OTKa3a THIIA «KOPOTKOE 3aMBIKAHHE)»
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st konjencaropos Tuna K73-17-1,0 Mk® 0T HOMHHAIBHOTO HANPKEHUS TIPH-
BesieHa Ha puc. 1.15. BocruiaveHeHue BO3HHMKAeT y KaXIOroO YETBEPTOrO KOH-
nencaropa tuna K73-17-63B-1,0 Mk® M y KaXKI0ro JECATOro KOHAEHCATOpa TH-
na K73-17-250B-1,0 Mx®, HaXOAAUIMUXCA B COCTOSHUU «KOPOTKOE 3aMBIKAHHE).
OIeKTPUYECKHE PEXUMBI, TIPH KOTOPBHIX BO3ZHHUKAIOT MOXApOONAaCHLIE OTKA3bl,
HecTabunpHbl. HOMHHAIBHAS MOIIHOCTE 00pa30BaBIIErocs MEPEXOIHOTO COMpo-
THBJIEHHA ¥ HOMHHAJIBHOE 3Ha4YeHHEe 00pa30BaBLIETOCs MEPEXOAHOIO CONPOTHB-
JIEHUs] M3MEHSAIOTCS IOJ BO3AEHCTBHEM aBapHHHOTO JJIEKTPUYECKOIO PEXHMMA.
Konpencaropsr Tuma K73-17, K78-2, K53-19 MoryT craTth MCTOUHHMKaMH 3a3KH-
raHus B 9JIEKTPOTEXHUYECKUX YCTPOHCTBAX, ECNH EKTpUYecKas Lenb obecre-
YHBAaeT MOIIHOCTH B Harpyske Oosbure 15 Br. IToxapHyto Ge3omacHOCTb 371eK-
TPOTEXHUYECKHUX YCTPOHCTB, B KOHCTPYKIIMH KOTOPBIX IPUMEHAIOTCS KOHJIEHCa-
TOPBI, KOPITyC KOTOPHIX M3TrOTOBJEH M3 MOJIMMEPHOTO MaTepHhala, MOXHO obec-
NEYUTh HAIMYHEM YCTPOHCTB 3aIIUTHl ¥ SKPAaHUPOBAHHEM.
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Puc. 1.14. BeposTHOCTh BO3HHKHOBEHHS 0TKa3a THIIA
«K3» (kopoTKoe 3aMbIKaHHE) KOHJIEHCATOPOB TUIIA
K53-19-6,3B-330 n® (/), K73-17-250B-0,66 Mx® (2)
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Puc. 1.15. BeposaTHOCTE BOBHHKHOBEHH OTKa3a THIa

«KOPOTKOE 3aMbIKaHHE» /U1l KOHJIEHCATOPOB THIA
K73-17-1,0 Mx® OT HOMHHAJILHOIO HaNpPKEHUS
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IlokapHasi ONACHOCTb MOTOYHBIX KOMIUIEKTYIOLUHX 3/1€MeHToB. B
9NMEKTPOTEXHUYECKHX H3JEIHMAX, B ABTOMATHYECKUX KOMMYTAIL[MOHHBIX ¥ 3a-
IMUTHBIX 3JEKTPHYECKHX alaparax MPUMEHSIOT 3JIeKTPOMAaTHUTHBIE MEXaHH3-
MBI, Garofapst KOTOPBIM 3JIEKTpUYECcKas YHEPrus, TMoayyaemas OT HCTOYHHKA
TOKa, MPEBPANIACTCA B MEXaHHYECKYI0, UCIIONB3yeMYIO U pa3MbIKaHHs KOH-
TaKTOB. DJIEKTPOMArHUTHBIH MEXaHM3M COCTOMT W3 JBYX TJIABHBIX 4YacTei:
MarHUTOINPOBOJA M KaTyIIKH. Bonbmas pons B obecrieueHuH moxapHoH 6e30-
[TACHOCTH MPHHAIJIEKUT KaTYIIKE, SBIAIOMIEHCA COCTABHOM YacThIO MHOTHX
3JIEKTPOTEXHUUECKMX H3aenui. KaTynika cocTouT U3 Kapkaca, Ha KOTOpPBIH Ha-
MoTaHa oOMoTKa. J{ns npuaanus 6eckapkacHOH KaTylIke MOHOJHTHOCTH BUTKH
OOMOTKHM CTATHBAIOT XJIOMIAaTOOYMaKHOH JIeHTOH (6aHaaXupoBaHHE) HIH Me-
KTy pSAJaMH BUTKOB NMPHMEHSIOT 3JIEKTPOH3OJALIMOHHbIE TTPOKIAKH, 0OMOTKY
MPONUTHIBAIOT SJIEKTPOH30JIALHOHHON XKHUAKOCTHIO, a 3aTeM CyIIaT.

B 3aBHCHMOCTH OT Ha3HAYeHHs O3JIEKTPOTEXHHYECKOTO H3JEIHMA B HHUX
TPHUMEHAIOT TOKOBBIE KATYNIKU WM KAaTYIIKH HAaNpsHkeHHs. TOKOBbIE KaTylIKH
paccuuTaHbl Ha GONBUIYIO CHIY TOKAa. TOKOBBIE KAaTYIIKH M3rOTaBIMBAIOT W3
00MOTOYHBIX MPOBOJOB WM TOJIBIX MPOBOJOB (LIMH) CPaBHUTEILHO OOJBLION
IUIOLAM CEYEHHS.

KaTyuku HanmpsbkeHHs pacCUMTaHbI Ha paboTy NpPHU CPaBHUTENBHO BBHICO-
KOM HanpsDKeHHM ¥ HeOoNbIIoH cuie Toka. VX M3roTaBIMBAaIOT, HaMaThIBas
00MOTOYHBIE MPOBOJIA HAa KapKac (KapKacHbIEe KaTyMIKH) Wi Ha mabioH (Oec-
KapKacHble KATYIIKH). AHAJIOTMYHAs TEXHOJOTHsS HM3TOTOBJIEHHUSA y TpaHC(op-
MaTopoB, poccenei, KaTymeK HHIYKTHBHOCTH, 0OMOTOK JBUraTesIs U T.1.

ITocne cymIkH NpOBEPSIOT, HET JIM 06pbIBa B OOMOTKE KaTYIIKH U COOTBET-
CTBYET JIM €€ AJICKTPUYECKOE CONMPOTUBICHHE 3aaHHBIM TpeboBaHusIM. OO6MOT-
KM KaTyIIeK MPOBEPSIOT TAKXK€ Ha OTCYTCTBHE 3aMBIKAHHMS MEXIY BHTKaMH.
[Tocne 3TOro KaTyNIKK MOKPHIBAIOT JIAKOM H (MJIM) SMATSMH ¥ CYILIAT Ha BO3.Y-
X€ MJIM B Mevax.

IToxxapHyl0 OMacHOCTh B MOTOYHBIX M3JCNUAX IPEACTABIAIOT TOprOYHe
KOHCTPYKIIMOHHbBIE MaTepHalbl KapKacoB MOTOYHBIX H3JENHH, MPOIMHTOYHEBIE
MarepHasl, M30JSLHOHHBIE MaTePHAIb, MPUMEHsIeMbIe 111 6aHmaka 0OMOTOK.
HCTOYHUKOM 3a)KMTaHUS B MOTOYHBIX M3JENHUAX ABJIAETCS OOMOTOYHEBIH Mpo-
Box. IIpyn BO3HMKHOBEHMH MEXBHTKOBBIX 3aMbIKaHMIl TeMmepaTypa oOMOTOY-
HOTO IPOBOJIa MOXKET JOCTHUTaTh 3HAUYEHUH, JOCTATOUHBIX JUIA BOCTUIAMEHEHUS
rOpIOYMX KOHCTPYKIMOHHBIX MaTepHasoB. MEXBHUTKOBBEIE 3aMBIKaHUS BO3HH-
KaloT B pe3ynabTaTe uMerommxcs aedextoB y obmMoTouHoro mposoja. OCHOB-
HBIMH Je(eKTaMH, MPHU KOTOPBIX BO3HUKAIOT MEKBUTKOBBIC 3aMBIKAaHMs, SBIIS-
I0TCSI: HEKAIHOPOBaHHOE ceueHHe 0OMOTOYHOTO NMPOBOJA, HEKAYECTBEHHOE I10-
KPBITHE 0OMOTOYHOTO IPOBOJIA JIAKOM, Pa3pyLICHHE H30JISLHOHHOTO MTOKPHITHS
0OMOTOYHOTO MPOBOJA NPU MEXaHUYECKOM BO3/CHCTBHH, IEeperpyska mo ToKy
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1 (MIM) HanpsHKEeHUI0 0OMOTOYHOTO MPOBOJA IIPH KCIUTyaTanuu. B pesynsrare
BO3HHKHOBEHHS MEXBHTKOBOTO 3aMBIKaHHA TOK B 0OMOTOYHOM IIPOBOAE IPO-
TEKAaeT, MHUHYs KOPOTKO3aMKHYTEIH BHTOK. M3 Kypca 3JIEKTPOTEXHHKH H3BECT-
HO, 4TO CONMpPOTHUBJICHHE MPOBOJHUKA 3aBUCUT OT €r0 JJIHHBI, CEUCHHS U YIelb-
HOIO CONpPOTHUBIIEHHUS NMPOBOAA. IIpy MEXBUTKOBOM 3aMBIKAaHHUH JUIMHA TIPOBOJI-
HHMKa YMEHBIIAETCs, NMPHU 3TOM YMEHBIIAETCS M COINPOTHBIEHHE 0OMOTOYHOTO
nposoja. B pesynbrare yMeHbLIEHHS CONpPOTHBIEHHS OOMOTOYHOrO NpOBOAA
YBEIMYMBAETCA TOK, MPOTEKAIONHH o HeMy. [IpH yBeIHUYeHHH TOKa MPOHCXO-
JIUT JOTIOJIHUTENBHBIA pa3orpeB 0OMOTOYHOTO MPOBOJA, OCOOEHHO B MecTe 3a-
MBIKaHHA BUTKOB, TaK KaK MOSBIAIOTCA MEPEXOJHBIE CONMPOTHUBIECHHUS B MeCTax
3aMbIkaHus. Jlanee mpouecc pa3BHBAeTCS aHAJIOTMYHO PACCMOTPEHHOMY, NpU
3TOM YHCIIO KOPOTKO3aMKHYTBIX BUTKOB YBEJIMUUBAETCH, a JTTMHA 0OMOTOYHOTO
IpoBOJAa yMeHbIIaeTcs. B pesynbrare aBapHiHOTO 3JIEKTPHYECKOTO peXHMa
HarpeB 0OMOTOYHOTO IPOBOJA MOXET JOCTHIaTh TEMIIEpaTyphl BOCILIAMEHE-
HHSA KOHCTPYKIIHOHHBIX MaTepHainoB. IIpu pa3BHBaiomeMcs TEIIIOBOM peXHMe
MPOUCXOIUT JAe(opMalys KapkacoB MOTOYHBIX M3IETHH, B pe3yJbTaTe 4ero
BO3HMKAIOT BTOPHYHBIE 3aMBIKaHUA 110 Leny nutanus. [loxapoonacHsli oTka3
MOTOYHBIX KOMIUIEKTYIOIIMX 3JIEMEHTOB SBIACTCA COOBITHEM CIy4dailHbIM, Tak
KaK IPH MEXBHUTKOBBIX 3aMBIKaHUAX B OOMOTOYHOM IMPOBOJE MOTYT pa3BH-
BaThCA JNIEKTPUYECKHE PEXKHUMBI, IPUBOJAIINE K OOPBIBY 2JICKTPHYECKOH LIETH.

IToxapHy10 OMacHOCTh MOTOYHBIX M3/EJIUl ONPEENIAIOT B COOTBETCTBUH C
I'OCT 20.57.406 (409-2). YpoBeHb 3JI€KTPHYECKOH MEeperpy3ku ycTaHaBIIHBa-
€TCs UCXOJI M3 YCIOBHH pabOThl KOHKPETHOTO MOTOYHOI'O KOMIUICKTYIOIIETO
3JIEMEHTA.

Ecnu pexum aBapuilHOM 3JIEKTPHYECKON Neperpy3ku (YpOBEHb MEperpy3Ku
U BpeMs ee NPHIOKEHHA) 3apaHee HEeH3BECTEH, TO IS €ro YCTAHOBJICHHUS dJIeK-
TPUYECKYIO TEperpy3Ky, NpPUKJIAJBIBaeMyl0 K MOTOYHOMY KOMIUIEKTYIOILEMY
9JIEMEHTY, MOCTENEHHO MOBBIMIAIOT OT MpeJeIbHO JOMYCTHMOrO 3HAYeHHUs, yC-
TAQHOBJICHHOTO B TEXHMYECKOM 3a/laHMM Ha MOTOYHBIH KOMIUIEKTYIOLIMI 3Je-
MEHT, JI0 3Ha4€HHs, IPU KOTOPOM BBITIOJIHAETCSA OJHO U3 CIEAYIOUIHX yCIOBHI:

peanusyeTcs Hauboublas rneperpy3ka MOTOUYHOTO KOMIUIEKTYIOLIETO 3ie-
MEHTa, 3a/laBaeMas U3 YCIOBHH BO3MOXKHOTO IOXXapOOIACHOTO aBapHItHOTO
pexuMa paboThl U3/IeNUs B alllaparype;

YPOBEHBb Ieperpy3ku crabwiusupyercs (HampuMmep, HalbHEHIee YBENH-
4eHHEe MOIIHOCTH OyeT NPaKTHYeCKH HEBO3MOXKHO);

HACTyTaeT 0TKa3 M3ACIHA, IPU KOTOPOM YCTPAHSAIOTCS YCIIOBHA MEPErpys-
KU H37eus (HanpuMep, 0OpBIB AJIEKTPUYECKOH LerH).

IToxxapoonacHbIi 0TKa3 MOTOYHOTO KOMILIEKTYIOIIETO 3JIeMEeHTa — COOBI-
THE BEPOATHOE.
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I'nasa 2

BbBIBOP U IIPUMEHEHMUME 2JIEKTPOOBOPYIOBAHMUS
JJIs1 B3PBIBO- U ITIOJKAPOOIIACHBIX 30H 1 HOMEI].[EH]/IFI
C HOPMAJILHOM CPEJIOM

2.1. HOPMATHUBHASI U AHAJIMTUYECKASI OLIEHKA KJIACCOB
B3PBIBO- M IIOJKAPOOITACHBIX 30H U UX PASMEPOB

B3pbIBOONACHOCTL FOPHOYHX cMecei

MHorue npexnpusTHs XMMHYECKOH, ra30BOH, HEYTAHONW U JPYTHX OTpac-
Jiel TPOMBIIIJIGHHOCTH CBS3aHbI C HCIOJIb30BAHHEM B TEXHOJOTHYECKHX IPO-
IIECCAX PA3IMYHBIX TOPIOYMX BELIECTB: XXUIKUX (OCH3UH, IU3EIbHOE TOIUIHBO,
Macio, CIIHPT), Ta3000pa3HbIX (aMMHaK, BOAOPOJ, alleTHIICH, MPOIaH, METaH),
TBEpABIX (yroys, cepa, ¢pocdop). YacTo TeXHONIOTHYECKHUIT IPOLIECC TTPOU3BOJI-
CTBa IIPOTEKAaET IPU BBICOKMX TEMIIEpaTypax M JaBieHMH. Bce 310 cosmaer
TIOBBIIICHHYIO ONTACHOCTh BO3HUKHOBEHHS 1T0XKapOB M B3PHIBOB.

I'oproune ra3sl ¥ napel JISrKOBOCIIIIAMEHSAIOIMXCS U TOPIOYHX HHUIAKOCTEH,
CMEIIHMBAACH C BO3LYXOM, KHCIOPOIOM WJIH APYTUMH OKHUCIHMTEISIMH, TIPH OIl-
pEIENeHHONH TeMmImepaType M KOHIEHTPAIMH MOTyT 0Opa3oBBIBATH TOPIOYHE
cMecH. KpurepussMu CpaBHHTEIBHON OIEHKH CTENEHH MX M0XKapo- U B3PBIBO-
ONACHOCTH ABIIAIOTCS TEMIIEpaTypa BCIBINIKH, BOCIUIAMEHEHHS, CAMOBOCILIA-
MEHEHHS, KOHLEHTPALMOHHBIC MpPEAebl pacIpoCTpaHEeHHs TUIaMeHH (BOCILIa-
MEHEHHSA) U JIp.

T'oprouuii 2az (IT) - ra3, cnocoOHBIH 00pa30BLIBATH ¢ BO3AYXOM BOCIUIA-
MEHSIOIHMECS ¥ B3PEIBOOIIACHBIE CMECH.

Jlezkosocnaamensiowascs sHcuokocms (JIBJK) - roprodast )KHAKOCTB, CIO-
coOHas BOCIUIAMEHATHCA OT KpaTKOBpeMeHHOro (10 30 ¢) BO3aeHCTBUS HCTOY-
HHKa 32)KUTaHUS C HU3KOW dHEepruei (mnams CIHYKH, CKpa, TIIeIolas cHrape-
Ta U T.N.), UMEIOIas Temreparypy BCmblKK 61 °C B 3aKpBITOM THIJIE MM
66 °C B OTKPBITOM THIJIE.

TIoprouas scuokocmsv (17K) — UAKOCTh, CIOCOOHAsE BO3ropaThest OT MC-
TOYHHKA 32)KUT'aHUS, CAMOCTOATEIBHO FOPETH M0CIIE €T0 yAAIeHHA U UMEIoIas
TeMneparypy Benbinke 6onee 61°C B 3akpbIToM MM 66°C B OTKPBITOM THUTJIE.

Temnepamypa écnviuuku - camasi HU3Kas (B YCIOBHAX CICLHAILHBIX MCITBITA-
HHUiT) TeMIiepaTypa roplo4ero BEIECTBa, IPH KOTOPOH HaJl €ro MoBEpXHOCTBIO 00-
pa3yloTCs mapbl M Tasbl, CIIOCOOHBIC BCIBIXMBATH OT HCTOYHMKA 3a)KMIaHMA, HO
CKOpOCTh MX 00pa30BaHus €Ille HEJ0CTATOUHA IS YCTOHYMBOIO FOPEHHSL.

Temnepamypa eocnaamenenuss - HaMMEHbIIAs TEMIIEpaTypa BELIECTBA,
OpH KOTOPOH B YCIOBHMAX CIELMANbHBIX HCIBITAHMN BELIECTBO BBIAEIACT TO-
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prOYHe Mapel U raspl ¢ TaKoil CKOPOCTBIO, YTO MOCTIE MX 3aKUIaHUs BO3HHKACT
YCTOHYHBOE INITAMEHHOE TOpEHHE.

Temnepamypa camogocniamenenus - caMmasi HU3Kas TEMIepaTypa BellecT-
Ba, IPH KOTOPOIl B YCIOBHMSX CHELHATBHBIX MCIBITAHUH IMPOMCXOMHUT PE3KOE
yBEIHYEeHHE CKOPOCTH 3K30TEPMHYECKUX peaKlui, 3aKaHYMBAIOIIMXCS Ia-
MEHHBIM TOPEHUEM.

Huoicnuii u eepxnuil KOHYeHmpayuoxHsle npedenbl pacnpocmpanenus naa-
MeHu (8ocnnamerenus) - MUHUMATbHOE U MaKCHMAJIBHOE COJIEPIKaHHE TOPIOYEro
B CMecH (mapa, rasa WIM TyMaHa), IIpH KOTOPOM BO3MOXKHO PacIpOCTPaHECHHE
IUTaMEHH IO CMECH Ha JII000€ pacCTOSHUE OT MCTOYHUKA 3aXKMIaHHU.

Kaxk Buano u3 ta6n. 2.1, muorue JIBXK Moryt o6pa3oBEIBaTH B3pBIBOOTIAC-
HBIE CMECH C BO3/yXOM yKe IIPH TeMIepaType B NPOM3BOACTBEHHOM MOMeNIe-
Huu 10-35 °C, 1.e. 6€3 ZOMONHUTENILHOTO MOAOTPEBA, TAK KaK 3Ta TeMIeparypa
npeBblaeT Temreparypy Bcmblukd. Hexortopeie JIBX o06pasyiorT B3phIBO-
omacHble cMecH pu Temnepatype Hibke 0 °C, HapUMep cepoyrIepo, aLeToH,
Oens3un. EctecTBeHHO, Goliee OMAaCHBIMM SABISIOTCS XHAKOCTH, oOpasyiomue
B3PBIBOOIIACHEIE CMECH MTAPOB C BO3YXOM NpPH OOBIYHBIX YCIOBHAX 6€3 Jomon-
HHUTEIBHOTO M0JI0TPEBa.

Tabnuua 2.1
Tomepags e Tong o
Betipera0 BCIbILLKH I camoBoCIL us HUKHUI | BEPXHUIT
Toprouue 2azvl
AMMHAK - 650 15,0 28
MeraH - 537 5,28 14,1
Boopoa - 510 4,12 75
[Iponan - 500 2,31 9,5
AleTniex - 335 2,5 81
CepoBoopoa - 246 4,3 46
Jlezkosocnaamensiowuecs Hcuokocmu

beusun A-76 - 35 375 0,79 5,16
AueToH - 18 465 2.2 13,0
CrnupT METHIOBBIN 13 404 3,6 19
Cepoyruiepot -43 95 1,0 50
Ckunujap -34 300 0,8 -

["oproune XHIKOCTH ¢ TeMIlepaTypoif Benblky Beime 61 °C oTHOCATCS K
M0’KapOOoIacHbIM. B 0OBIMHEIX MPOM3BOICTBEHHBIX YCIOBHUIX TOPIOYHE XKHUIKO-
CTH HE JIOCTHTaloT 3TOH TeMIepaTypsl, U MOTOMY MX Mapsl HE MOTYT 00pa3o-
BBIBaTh B3pBIBOOMNAcHeIe cMecH. Oxnako, ecau [K B ycnoBusx mpousBoacTBa
Oyner Harpera /10 TeMIEpaTyphl BCIBIIIKK U BEIIIE, ITAPbl MOTYT 00pPa30BLIBATH
B3PBIBOOTIACHBIE CMECH.
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I'oproune ra3bl OTHOCATCS K B3PBIBOONMACHBIM MPH JIIOOBIX TeMIEpaTypax
okpy:xatomieii cpezisl. CMech ropiounx rasos i mapos JIBX ¢ Bosxyxom crano-
BUTCS OINACHOM TOJIBKO npu OHPCIIGHCHHOFI KOHLICHTpAaLHWH, T.C. B JAHANa3oOHE
HH)KHETO M BEPXHEro KOHLEHTPALMOHHBIX MPEIEeNoB BOCIIaMeHeHUs. B sTom
CcTy4ae NpH HATHYUM UCTOUHUKA 3a)KHTaHHS MOXKET MPOH30HTH B3PbIB.

B3peIBoonacHele CMECH C BO3AYXOM MOTYT 00pa30BBIBATh IbLIb U BOJOK-
Ha HEKOTOPBIX FOPIOYHX BEIIECTB.

T'oprouasn neinrb - IUCTIEPCHAST CHCTEMa, COCTOSINAS M3 TBEP/BIX YaCTHIL
pasMepoM MEHCE 850 MKM, HaxXoAsAUHUXCsA BO B3BCHICHHOM HJIM OCECBIICM CO-
CTOsAHMH, KOTOpPas B CMECH C BO3AYXOM B OIpeJeIeHHON Mpornopuuu obpasyer
TBUIEBO3AYLIHYIO B3PBIBOOIIACHYIO CMECh NMPH HOPMAJbHBIX aTMOC(HEPHBIX yC-
JIOBHSX.

XapakTepHbIM MMOKa3aTeIeM M0KapoOIacHOH XapaKTepPUCTHKH MBUIH HIIH
BOJIOKOH SIBJISIETCA TaK)Ke TeMIepaTypa TICHHS.

Temnepamypa maenus - TeMIEpaTypa BELIECTBA, IIPH KOTOPOi IMPOHCXO-
JIUT PE3KOe yBEJHYCHHE CKOPOCTH 3K30TEPMHYECKHX PEaKLHH OKHMCIECHHs, 3a-
KaHYHUBAKIIUXCA BOSHHKHOBCHHUEM TJICHMA.

B Tabum. 2.2 npuBOAATCS MapaMeTphl, XapaKTepH3YIOIIHE I0Kapo- H B3pPbI-
BOOIACHOCTH IBUIH HEKOTOPBIX TOPIOYHX BELIECTB.

Tabnuua 2.2
B3selueHnas nbuib OceBLuas nb1b; TeMneparypa, °C,
Huokuuii Temneparypa
KOHUEHTpa- BOCIJ1aMeHe-

[opioyee BeulecTso LUMOHHbILH Hus, °C il BOCIIaMeHe- | caMoBoOCMNa-
npeaen Boc- HHUA MEHEHHA
niaMeHeHus,

r/m’

Myka npobkoBas 15 460 325 - -

[Tbiin MyuHbIe 20-30 410 - - 205

Kpaxman kaprodenbHblii 40,3 430 He tneer, - -
obyrnusa-
ercs

Benok noaconHe4Hslit 26,3 - 193 212 458

MHLIEBOH

Caxap CBeKJIOBHYHBIH 8,9 360 He aeer, - 350
UIABUTCA

Myka npesecHas 11,2 430 - - 255

B3prIBoomacHsle CMECH BOCIUIAMEHAIOTCS B CIydae, €CIM B JIEKTPOYyCTa-
HOBKaX HaXOJMTCS MCTOYHHMK 3aKUTAaHHUS B BHJIE HArpeTOro Tesla WIN IIaMeHU
(amextpryeckas xyra K3, Hckpa, BO3HHKalOmas MpH 3aMbIKAHMH MJIH pa3MblKa-
HHUH KOHTAKTOB, YPe3MEpHO BBICOKAs TEMIIEpAaTypa Ha IMOBEPXHOCTH 3IEKTPO-
00opynoBaHus, MPEBHILIAIONIAS TEMIIEPATYPy CaMOBOCIIAMEHEHHS B3DPBIBO-
OIMacHBIX CMeCeil, U T.I1.).
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Hopmamnﬂan OLIEHKA KJIACCOB B3PbIBO- M I10KaAPOOIIACHBIX
30H M HX pasMepoB

OcHoBonosaratomeil 3agayeit Mo odecrneyeHnIo ONTHMANBHBIX BApHAHTOB
MOXXapHO# 6e30MacHOCTH MpPU NMPUMEHEHUH 3JIeKTPOYCTaHOBOK, MOJHUE3AIH-
ThI 3JaHHUH U COOPYIXKCHHIi, a TaKXKE CPEACTB U Mep 3aLIUTHI B3PHIBO- M IT0OXKa-
POOIaCHBIX MPOU3BOJCTB OT Pa3psiJ0B CTATHYECKOTO JJIEKTPHYECTBA SABIACTCA
00BEeKTHBHASA OLIEHKA B3PBIBOOITACHOH U M0OXapOOIACHOM 30HBI H €€ Pa3MEPOB.

Ot xyacca B3pHIBOONACHOH HJIM II0)KapOONAcHON 30HBI 3aBUCAT TpeboBa-
HHS K 2JEKTPOYyCTaHOBKaM [1], HeOOXOAMMOCTE BBINOTHEHHS MOTHUE3AIUTE] U
ee kareropus [2, 3], a Takke CpPeACTBA U MEpPhI 3alIUTHl MPOU3BOACTB OT HUCKP
CTaTHYECKOTO JJIEKTpUIeCcTBa [4].

B mHacrosmiee BpeMs HOpMaTHBHAs M aHAJIMTHYECKas OLEHKA Kiacca
B3PLIBOOIACHO M M0XkapOONacHO! 30HBI MPOU3BOAUTCA 110 1. 7.3 u 7.4 [IVO-
86 [1] ¢ ucnons3oBanuem ykazanuit CH 463-74 (cm. . 7.3.39 [1]) no Bennunne
OTHOCHTEJIBHOTO 00beMa B3PBIBOOIIACHOH cMecH (MeHee MM paBHoe 5%, Gonee
5%), a Take Bpemenn ucnapenus JIBXK (menee unu paBroe 1y, 6onee 14) B
KOJIMYECTBE, JOCTATOYHOM IS 00pa3oBaHHs B3PHIBOONACHON cMecH B 5%-HOM
00’beMe TTOMEILCHHS.

C mpunsituem HIIB 105-95 [5] u ormenoii CH 463-74 s oueHKH Kiacca
B3PBIBO- M M0KapOONACHOM 30HBI M €€ pPa3MepoB B COOTBETCTBHU ¢ I1.7.3 u 7.4
ITYD nmpuHAT HCXOMHBIH KpUTEPHIl - pacyeTHOE H30BITOYHOE JaBJICHHE B3PHIBA
cMmecu AP, meHee min paBrHoe 5 kIla wm Gosnee S kIla.

Bspuieoonacnas 3ona — 30Ha, B KOTOPOH HMEETCS WIIH MOXET 006pa3oBaTh-
Cs B3PBIBOOIACHAS Ta30Bas cMech B 00BeMe, TpeOyloleM CrneuuaabHBIX Mep
3alUTE] IPH KOHCTPYMPOBAHHHM, H3TOTOBJICHHH M JKCILTyaTallMH 3JEKTpOyCTa-
HOBOK [49].

IToocapoonacnas 30na — 30Ha BHYTPH M BHE TIOMEILEHHUH, B Ipefienax Ko-
TOPO#f MOCTOSHHO MM NMEPHOANYECKH UMEIOTCS (06pararoTces) roproune Mare-
pHaIsl, BEIIECTBA NMPH HOPMATHHOM TEXHOJOTHYECKOM IpOLECCe WIH IPH €ro
Hapymenusx (ri. 7.4 [1]).

Omnpeznenenue rpaHUI] KJacca B3PHIBOOMACHON MIIH MOXXKapOOMAacHOH 30HEBI
IPOM3BOJMUTCA TEXHOJIOTAMH COBMECTHO C 3JIEKTPHMKAMM NMPOEKTHOHW MM KC-
IUTyaTUpYIOIIeH OpraHu3alHy.

Krnaccel B3phIBOOIACHBIX M MOKAapOONACHBIX 30H XapaKTEpHBIX IIPOU3-
BOJICTB OOBIYHO COJEpXaTcid B HOPMaX TEXHOJOIMYECKOro IPOEKTHPOBAHHS
WM B OTPACJIEBBIX NMEPEYHAX MPOM3BOJCTB IO B3PHIBOIIOKAPOOTIACHOCTH.

B npoekre pemakiuu ri. 7.3 [IYD ceapmoro usmanus [3] mapora3oBbie
B3PBIBOOIIACHBIE CMeCH 00pa3yloT B3pPBHIBOOMACHBIE 30HBI KiaccoB 0, 1 u 2
(cm. Taxoke [49]), MBUIEBO3MYIIHBIE B3PBIBOOIIACHBIE CMECH — B3PBIBOOIACHBIE
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30HBI KiaccoB 20, 21 u 22 (cMm. Takke npui. 4 n/m 22). Yka3zaHHbIE KJIaCChI
B3PBIBOOIIACHBIX 30H COOTBETCTBYIOT (IPUMEPHO) NPUHATBIM B I 7.3 [1]
kraccaM: 0 -B-1; 1 -B-I;B-1Ir; 2-B —1Ia; B-Ir u B — I (c yuetom
npun. I' [49]); 20 u 21 — B —1II; 22 — B — Ila. O603Ha4yeHus1 KJI1acCOB MOXKapo-
onacHslX 30H [1-1, I1-1I, I1-IIa u II-III He namennnuce (. 7.4 [1]).

B3puigoonacnasn 30na kaacca () — 30Ha, B KOTOPOH ra3oBas B3pbIBOOMACHAS
cpezia NpHCYTCTBYET IOCTOSHHO MIIM B TCYCHHE JUIMTEIBLHOTO IEpPHO/Ia BpeMe-
HH (OHA MOXeET ObITh TOJBKO B MpeJiesiaXx KOpIyCcoB TEXHOJIOrHYECKoro obopy-
JIOBaHUSA).

Bspwisoonacnas 30na knacca 1 — 30Ha, B KOTOPO#t ra3oBas B3pbIBOOTIACHAS
cpena MoxeT 00pa3oBaThes IPU HOPMaIbHOI paboTe (37ech U Jajiee HopMab-
Hasg paboTa — 3TO CUTyalHs, KOTAa YCTaHOBKa paboTaeT COMIaCHO PacyeTHBIM
rnapameTpam).

B3pwieoonacnas 30na knacca 2 — 30Ha, B KOTOPOH ra3oBas B3pbIBOOMNACHASL
cpena He MOXeT oOpa3oBaThCs NPU HOpMabHO# pabote (a ecnm U obpasyercs,
TO OHAa MPHCYTCTBYET JIMIIL KPAaTKOBPEMEHHO B pe3yJbTaTe aBapHil M HeHc-
npaBHOCTEH, 3a uckioueHneM karactpod). [To mpui. I' [49], k 30maMm, xapak- -
TEPU3YIOUIMMCS KaK B3pPBIBOONACHAs 30HA KJlacca 2, HO OTJIMYAIONIAACA OIHOMH
U3 CIeIYIONHX 0coOeHHOCTEH:

1) roprodue ra3pl MMEIOT BBICOKHH HIDKHMH KOHLIEHTPAIMOHHBIN Ipesiesn
pacnpoctpanenus miamenu (15 % u Gonee) m 00nazaloT pe3KHM 3amaxoM H
HpeJenbHo HOomycTUMBIME KoHueHTpauusavu no 'OCT 12.1.005-76 (mampu-
Mep, MPOM3BOJICTBA ¢ OOpalleHHeM aMMHaKa, KpOME YCTaHOBOK C aMMHAaKOM
TIpH BBICOKOM JaBJIEHHH H 6€3 00CTy)KMBAIOLIETro IepcoHaa);

2) roproune rassl, JIBXK umeiorcs B Takux KOJMYECTBAX, UYTO MX BOCIIa-
MCHEHHE B HOPMAJILHOM M aBapUIfHOM pEXMMax HE MOXKET pa3BHTh PacueTHOE
H30BITOYHOE aBIEHHE B3PBIBA, MpeBbiniatonee 5 klla.

30HBI HE OTHOCATCS K B3PHIBOOIIACHBIM B CIEIYIOMIMX CIydasx: paboTa ¢
roprounmy razamu ¥ JIB)K nmpou3BoauTcs B BBITSDKHBIX IIKadax WIM IOJ BBI-
TSOKHBIMH 30HTAaMH; [PU PacyeTHOM HM30BITOYHOM JaBJICHUM B3pBIBA, HE Ipe-
permatomeM 0,5 kIla. .

Bspwigoonacnas 3ona xnacca 20 — NPOCTPAHCTBO, B KOTOPOM B3PBIBO-
oracHas MBUICBO3MYIIHAS CMECh NMPHUCYTCTBYET MOCTOSHHO (OHA MOKET OBITH
TOJIBKO B Mpe/iesaX KOPIYCOB TEXHOJIOTHYECKOro 000py10BaHU).

Bspuigoonacnas 3ona knacca 21 - 30Ha B IOMEILEHUH, B KOTOPOH ITbLIEBO3-
IyLIHas B3PHIBOOITACHAs CMECh MOXKET 00pa30BaThes NMPH HOpMaIbHOI paboTe.

Bspwigoonacnas 3ona knacca 22 - 30Ha B IOMEIICHHH, B KOTOPO#H OIacHbIE
COCTOSIHKS, YKa3aHHbIe B 30HE 21, MaJOBEPOATHBI PU HOPMATBLHOH paboTe
BO3MOXHBI B PE3yJIbTaTe aBapHil U HEHCIPABHOCTEH.
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Toocapoonacnas 3ona I1-1 - 30Ha B IOMEIEHHUH, B KOTOPOH HMEIOTCA TO-
prouHe XHIKOCTH.

Hoowcapoonacnas 3oma I1-11 - 30Ha B NIOMENIEHUH, B KOTOPOH UMEIOTCS TO-
pIOYMeE MBUIM WK BOJIOKHA, MPH BOCIIAMEHEHUH KOTOPBIX Pa3BUBAETCA H30bI-
TOYHOE JaBJICHHE B3phIBa, paBHOE MM MeHee 5 Klla.

IToswcapoonacuas 3ona knacca II-Ila - 30Ha B MOMELEHHH, B KOTOPOil
HUMEIOTCS TBEp/Jble WIH BOJOKHUCTBIE HE INEPEXOMAIIHE BO B3BELIICHHOE CO-
CTOSIHHE TOPIOYHE BEIECTBA, MATEPHAIIBI.

ITosicapoonacnas 3ona knacca I[1-111 - 30Ha BHE IOMELICHHUA, B KOTOPOH
HMEIOTCS TOPIOYHE MHUIKOCTH, MBUIH, BOJIOKHA, TBEPJBIE, B TOM YHCIIE BOJIOK-
HHUCTBIE, TOPIOYHE MAaTEPHAIIBL.

Ilpu onpeneneHuH pasMepoB B3PHIBOOMACHBIX M II0XKAPOOINACHBIX 30H B
MOMELIEHHAX HEOOXOIUMO YUHTHIBATh:

1) B3pbIBOONAacHBIE 30HAI KJaccoB 0 u 20 He JTODKHBI, Kak IPaBUIIO, OBITH
3a npeJesaMi KOPITyCOB TEXHOJIOTHYECKOTo 060pyJ0BaHHUS;

2) mpH pacuyeTHOM H30BITOUYHOM JaBJIEHHM B3pPBIBA Ta30BOMH B3pPBIBOOIIAC-
HO# cMmecH, npepbinratomem 5 kIla, B3peIBoOIacHast 30Ha 3aHUMAET BECh 00bEM
MOMEIIECHHS;

3) B3peIBOOMacHas 30Ha kjaccoB 21 u 22 3aHMMaeT Bech 00BeM mome-
IEHUS;

4) npu pacueTHOM M30BITOYHOM JaBICHHM B3PhIBAa ra30BOH B3PBIBOOIIAC-
HOM cMecH, paBHOM MM MeHee 5 k[la, B3ppIBOONacHas 30Ha 3aHMMAeT 4acTh
o0bema MOMeNIeH s ¥ MpeJCTaBIsieT cOO0H LMIHHAP C PagiuycoM M BBICOTOH,
paccunThiBaeMbIMM TexHonmoramu coriacHo I'OCT 12.1.004-91 [6]. Ilpu ort-
CYTCTBHH HMCXOIHBIX JaHHBIX 30HY IMPHHUMAIOT B BHJE LWIHHIpA C PaJHyCcOM,
PaBHBIM 5 M. BBICOTY OTCYHMTBIBAIOT OT M0Ja MOMEUIEHHS - IS TSOKEIBIX Ta30B
Y 11apOB, OT IOTOJIKA IOMELECHHA - 1JI JIETKUX Ta30B;

5) mpm pacueTHOM H30BITOYHOM [ABJIEHMM B3pHIBA NBUICBO3IYLIHOH
B3PLIBOOIIACHOH CMECH, NMapoB MEPErpeThiX roplouuX JKHIKOCTEH, paBHOM MU
menee 5 k[la, B3ppIBOOTIacHas 30Ha COOTBETCTBEHHO OyzeT 21, 22 wnu 2;

6) MPOCTPAHCTBO 3a NpeJIe]aMU OrPaHUYCHHBIX B3PBHIBOOIACHBIX 30H CYH-
TAeTCsl HEB3PLIBOOIIACHBIM, €CIIM HET JPYrHX (hakTopoB, CO3JAIOMINX B HEM
B3PBIBOOITACHOCTb.

B rtabn. 2.3 npuseneHa kiaccHM(UKALMS pacCMaTpPUBAEMBIX B3DBIBO- M
I03KapOOMACHBIX 30H, UX pa3Mepsl U MHAEKChl 0003Ha4eHHH (Hax 4epToi - 1o
PeIaKIM MpoeKTa IMT. 7.3 ceapbMOro M3/laHus, a 1oJ| 4epToH - 1o 1. 7.3 mec-
Toro u3nanus [TYD [1]).
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Tabauua 2.3

Beuwecrsa u Marepuanbl

PacyerHoe
n3bbITOuHOE
AasBieHue
B3pbIBa, klla

Kareropus no-
MelleHus no
HIIb 105-95

Knacc B3pbi-

BO- U/IH N0-
JKapoornac-
HOW 30HbL

Pasmepbi B3pbiBO-
MK NnoXkapoonac-
HO#1 30HbI

Bapbwoonacnbxe YCMAaHOBKU 8 NOMEUJeHUAX

I'oproune rassi, JIBX ¢ 1,2 Becb 06bem
teen=28 °C Boneo.5 B B-1, B-la | nomeenns
JIBX ¢ L2 Becb 0bbem
tacn > 28 °C i e B-1, B-la | nomeuienus
Topioune rasui, JIBXK PaBHO nin Bl + B3 1,2 Yacts 00beMa
MeHee 5 B-I6 NOMeILEeHUS
21,22 Beck 06bem
I"opioune nbUIH, BOJOKHA bonee 5 b B-_'—ll, B:l5 | Nouenimnm
s T Paguo win Bl +B3 21,22 | Yacrb obbema
P ? MeHee 5 b B-I1, B-1la | nomewenus
[oproune razsi ¢
HKII > 15 % u pe3kum 3a- Bonee 5 A B—zl Becs ofnem
-1Ia noMeleHus
naxom (aMMHaK)
To e PaBHO niu B1+B3 2 Yactb 06bema
MeHee 5 B-16 noMeLeHHs
BeuectBa 1 MatepHasl,
cnocobHble 06pa3oBbIBATL
B3pBIBOONACHBIE CMECH MPH Boxee § A 2 Becs o6bem
B3aHUMOJIEHCTBHH C BOJIOH, B-la [OMeleHus
KHCIIOPOJIOM BO3/yXa HIIH
ApYT € Apyrom
To xe PaBHO uin Bl +B3 2 Yactb oObema
MeHee 5 B-16 MOMELIEHHS
IMeperpersie IK bonee 5 b -2 Beceolme
B -la MOMEILEHHS
PaBHo wiu 2 Yacte o6bema
il memxee 5 Bl «R3 B-16 [OMELLEHHUS
Bepxusas yactsb
% PaBHo nin _2
T"a3000pasHblii BOAOPOA, —— Bl + B3 B_16 [OMELIEHHS
(rn. 7.3 I[1Y3)

Hapyaicuvie 3pviéoonachvle yemanogku

1,2 Cornacho rin.7.3
Toprouwe rassi, JIBXK - - BLBIr | 1ys
Cornacuo rn.7.3
r - - 2l Iys 0
OpIOYHeE [MbLUIH, BOJOKHA B.IL B-lla CeabMOro

U3
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AHAJIMTHYECKAs OLleHKA KJIACCOB B3PbIBO- M I10KAPO0NACHBIX
30H M HX pa3MepoB

Belie yka3pIBamock, 9YTO B OCHOBY aHATMTHYECKOH OLIEHKH KJIacca B3pHIBO-
OIACHO# ¥ MOXKAPOOIIACHOH 30HBI M € Pa3MEPOB MOJIOKEH KOJTMYECTBEHHBIH MOKa-
3arensb AP, T.e. pacueTHoe H30bITOYHOE JaBJICHHE B3PhIBA B3PEIBOONACHOH CMECH.

Pacuer u30bITOUHOrO AaBjeHus B3pbiBa AP. [Topsafok pacyera 3aKinio-
YaeTcs B CIEAYIOIEM. .

Maccy BemecTtBa m, Kr, y4aCTBYIOLIEr0 B 00pa30BaHHU PEAKTUBHBIX 30H
B3PBLIBOOITACHBIX KOHLIEHTPAIMH, ONpeIeNsIoT 1o popmyIe

m=m"Z, (2.1)

rme m" - Macca BemIecTBa, KOTOpas MOXKET ObITh aKKyMyJIHpOBaHA B 00BeMe
HoMenleHus, Kr; Z - Ko3()(GHIUEHT Yy4acTHsl TOPIOYEro BO B3PhIBE, KOTOPBIH
MoXeT OBITh pacCYMTaH Ha OCHOBE XapaKTepa pacnpesielIeHus ra30B U 1Mapos B
obwveme nomenienus cornacuo npunoxxenuto HIIB 105-95 [5].

Cornacuo tabin. 2 [5], nomyckaeTcs NpUHUMATH CIEAYIONINE 3HAYCHUA Z:
0,5 - mnst roprounx razoB u neuiei; 0,3 — pst JIBXK u 'K, Harpetsix go Temie-
paTypsl BCOBIMIKY M BBIUIE WIM HIDKE TEMIIEPATYPHl BCIBILIKH, NIPH HAJIHYHU
BO3MOXHOCTH 00pa3oBaHMsA a3po3oiis; 1 — s Bogoposa.

Uzbvimounoe oasnenue 83pviea AP onsn eeujecme noozpynnet A (MHIUBH-
JyaJlbHble TOpIOYHME BElEeCTBa, COCTOSLIME U3 aToMoB yriepoaa C, BoJoposa
H, kucnopoaa O, azora N u ranorenos: xnopa Cl, 6poma Br, #ozna I, ¢ropa F)
paccYMTHIBAIOT MO hopmyIie

AP = (szlx = PO)((m 100) / (Vcn Pr.n Ccr KH))’ (22)

re Py - MAKCHMAJIBHOE JaBICHHE B3PbIBA CTEXHOMETPUYECKOH ra30BO3IyII-
HOH WJIM MapoBO3JAYLIHOW CMecH B 3aMKHyToM oOweme, klla. Ompenensercs
9KCIEPHMEHTATIBHO HJIH 110 CIIPAaBOYHBIM JaHHBIM (HarmpuMep, cM. mpui. 5[3]),
IPU OTCYTCTBHH JAHHBIX JOIyCKACTCS NMPUHUMATh Pra paBHBIM 900 kIla;
Py - navansHoe naenenue, klla, nomyckaercs mpunuMath paBHbM 101 kITa;
m - Macca roprodero rasza (I'T") wiu mapos nerkoBocmiamenstonuxces (JIBX) u
roproyux xuakoctedt (1K), Beimeamx B pe3ynpTaTte pacueTHOH aBapHH B I10-
MeleHue, u onpenensiemas 1no gopmyinam (2.1), (6) u (11) [5], kxr; Ves - cBO-
0oaHBIH 00BEM ITOMELLEHHS, M , nomyckaercst npuHuMath 0,8 Vieow; Prn -
IUIOTHOCTH ra3a WM Iapa MpH PAcueTHOH Temmeparype, Kr-M - ; Ce - CTEXHO-
merpuueckas konueHtpauys I'T wim nmapos JIBXK u I'K, % (06); Ky - x0addu-
IIMEHT, YYUTBHIBAIOIIMHA HErepMEeTHYHOCTh IMOMELICHUs ¥ HeaauabaTHYHOCTDH
nporecca ropenus. J[omyckaercsi IpUHAMAaTh PaBHEIM 3.

CTexMOMETPHYECKYI0 KOHIIEHTPAIMIO TOPIOYEro BELIECTBA ONPEAENISIOT
o opmye
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Cer = 100/ (1+4,848), 2.3)

rae B — crexuomerpuyeckuii ko3GULMEHT KUCIOPOAa B PEAKLHH TOPEHH,
onpenaeseMslii mo popmyine

B:nc+(nH—no)/4—n/2, 2.4)

ne, ny, no ¥ n - aiciio aromoB C, H, O 1 raloreHoB B MOJIEKYJI€ TOPIOYETO.
ITnoTHOCTH Mapa I raza ONpeesoT o hopMyJie

Pen= 12,15 M/ (1, + 273), @.5)

rae M - MonekyispHas Macca BELIECTBA; 1, - pacyeTHas TeMIlepaTypa BO3IyXa,
°C. B xauecTBe pacyeTHO# TeMIieparypsl ClIeAyeT NMPHHUMATh MAaKCHMAJIbHO
BO3MOXHYIO TEMIIEpATypy BO3AyXa B JaHHOM IIOMEILEHHUH B COOTBETCTBYIOLIEH
KJIMMaTHYECKOH 30HE MJIH MAaKCHMATBHO BO3MOXKHYIO TEMIIEpaTypy BO34yXa 110
TEXHOJIOTHYECKOMY PEITaMEHTY C y4eTOM BO3MOXKHOTO MOBBILICHHUS TeMIepa-
TyphI B aBapUHHOH cuTyanuH (IpH HEBO3MOXXHOCTH OLIEHHUTH 3TOT IOKa3aTelb
JIOITyCKaeTcs MpHHUMATh ee paBHO# 61 °C).

Uz6vimounoe oasnenue e3pvisa AP 0ns eewjecme nooepynnel B (cMmecu u
HWHIMBHIyaTbHBIC BELIECTBA, 3a MCKJIIOYEHHEM MOATPYNIBl A) PacCUUTHIBAIOT
o ¢popmyie

AP =mQ.P, | (VeapuCa(ts + 273)K,.), (2.6)
rae Q; - TEIIoTa CrOpaHus BemecTBa, KJk- Kr' (Ul HEKOTOPHIX BEIICCTB ee
3HAYEHUs NpHUBEAEHH! B Ipui. 5 [3]); Py - IIOTHOCTH BO3IyXa J0 B3pbIBA MPU
HavaTbHO TEMITepaType, KI-M ", ONpeiesseTcs mo Gopmye

p=352/ (8, + 273); 2.7)

C, - TemmoeMkocTh Bo3myxa, Jli-kr-K' (zomyckaercs mpMHMMATh paBHOI
1,01- 10° x/hx kr' K.

Pacuer pa3mepos B3pbiBoOnacHo# 30HbI. Kak ObUI0 CkazaHO, pasMepsl
(0o6BEM) B3pHIBOOMACHBIX 30H HOPMATHBHO OLIEHHMBAIOTCS B 3aBUCHMOCTH OT
BeauuuHbl AP, T.e. eciu AP > 5 kIla, To B3phIBOONacHas 30Ha 3aHMMAET BECh
obvem momemenus, a ecnu AP < 5 kIla, To ee pa3Meps! (B BUAE LHIMHIpPA)
CJIEyeT PacCYUTHIBATH, UCIIONIBL3YS TUTEpaTypy (cM. 1. 3, m. 3.2 [3] mwm [6]).

Ipumepsl pacueToB BeMMUMHBI AP JUISl pasMYHBIX CIy4YaeB TEXHOJIOrHYe-
ckux rporueccoB ¢ npumenenueM I'T, JIBXK u ropiouux nbuiei u BEIBOJBI O KJac-
cax B3phIBOOIACHBIX 30H U UX Pa3MepoB MpHBOAATCA B II1.3, 1. 3.3 pabotsr [3].

IIpu mpoBeneHHH MOXKAPHO-TEXHUYECKOH IKCIIEpTH3bl HEOOXOIUMO Mpa-
BHJIBHO PELIMTh BOIPOC O TOM, K 30HE KaKOro KJIacca OTHOCHTCS IIPOEKTHpYe-
MoOe MOMeEILEeHHe HIN Hapy)KHas yCTaHOBKa. J[JIs 3TOro mpolecc aHanu3a napa-
METPOB MOMEIIEHUS WIH OTKPHITOTO 00BEKTa MOXKHO NMpPEACTAaBUTH B BHIE all-
ropurma. Obmnias cxema aaropuTMa NpuBeeHa Ha puc. 2.1.
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2.2. KIACCU®UKALIHMS B3PBIBOOITACHBIX CMECEH
IO TPYIIIIAM U KATEI'OPHUSIM

Jlo BBeAeHMs CTaHAAPTOB Ha B3PBIBO3AIIHMIICHHOE 0OOOpYMOBaHHE OHO
paspabaTeiBanock u Mapkuposanock o [TMBPD [7]. Kpome Toro, B skcrurya-
TalMH HaXOAUTCA 3MeKTpoobopynoBaHHe, pa3paboTaHHOE M MapKHPOBAHHOE
no TTMBD [8].

IIpu pemreHuu 3aay MOXKAPHO-TEXHHYECKOH KCHEPTH3bI JIEKTPOTEXHHU-
4eCcKOH YacTH MPOEKTOB HJIM IPH IPOTHUBONOXKAPHOM 00CIEIOBAaHHH 3IEKTPO-
YCTaHOBOK 00BEKTOB IMPHXOAUTCA 1Moab3oBaTees [1YD [1].

TepmuHONIOrHA ¥ MapKHPOBKA B3PHIBO3ALIMILEHHOTO 3JIEKTPO0OOpyI0Ba-
HHS 3JI€Ch IIPHBEAEHBI COTJIACHO CTaHAApTaM Ha B3PBIBO3AILMIICHHOE 3JIEKTPO-
obopynoBanue (cM. Takxke npui. 4). CiefoBaTenbHo, YTOOBI CAEIaTh BBIBOJBI O
COOTBETCTBHH  B3PBIBO3AILMIIEHHOTO 3JIEKTPOOOOPYNOBaHUA TpeOOBaHHUAM
ITY3, Ho m3rotoBieHHOr0 M MapkupoBaHHoro mo [TUBPD u I[TUBD, neobxo-
JUMO 3HATh IEPEeBOJ 3TOH MapKUpOBKH B MapkupoBky mo ITYD. Iloaromy
37IeCh U JlaJiee Hapsay ¢ TEPMUHOJIOTHEH U MapKUPOBKOH B3PBIBO3AIIMILEHHOTO
aJ1eKTpoobopyoBaHus MO cTanaapram win [1YD npuBoauTCsS MapKHUpOBKa IO
ITUBPD u ITUBO.

B HacTosiee BpeMs B pa3MYHBIX OTPACIIAX NPOMBIIUICHHOCTH KOJHYECT-
BO B3PHIBOOIACHBIX BELIECTB (IOPIOYHX Ta30B, NApOB M NBUIH) CTaJO PE3KO
BO3pacTaTh. Pa3pabaThiBaTh M HM3rOTaBIMBATh B3PBIBO3AIIMIIEHHOE 3JIEKTPO-
00opy/10BaHUE MPHUMEHUTENBHO K KaXKAOMY M3 TaKHMX BEIIECTB HEBO3MOXHO, a
C IpYroif CTOPOHbI, IKOHOMHYECKH HELEeIeco00pa3sHo HCIOJIb30BaTh BO BCEX
CIIy4asx JOPOroCTOsAIIee B3PHIBO3AUIMILEHHOE IEKTPOOOOpYAOBAHHE, PACCUH-
TaHHOE Ha NpPUMEHEHHe B Hauboiee TsHKENBIX yclnoBuaX. Bee aTo ob6ycnosuio
HEO0OXOIMMOCTh IPYIITHPOBKM B3PHIBOOMACHBIX cMecei nmo kimaccam. O6wenu-
HEHHe ra30- U MapOBO3AYNIHBIX CMECei B KJIACCHI ¢ OOIMMH B3PBIBOONACHBIMH
CBOMCTBAMH M03BOJISIET BBIIECIUTH MPEACTABUTENBHYIO CMECh, XapaKTEPHYIO
JUIS TAaHHOTO KJIacca cMeceil. MicnbITaHHOe Ha 9TOH CMECH B3pBIBO3ALIHIIEHHOE
3JIEKTPOOOOPYIOBAHHUE CUUTANOCH Obl 6E30MaCHBIM U IIPUTOAHBIM JUIS MCIIONb-
30BaHUs B Cpefe ¢ M000H CMeChio, OTHOCAIIEHCS K JaHHOMY Kiaccy. DTo JaeT
BO3MOYKHOCTh MAaKCHMaJIbHO YHH(UIIMPOBATH KOHCTPYKIHMIO B3PBIBO3AIIUILCH-
HOTO 37eKTpo060pyA0BaHU, CAENaTh OOIMMH MPUHIUITEI €70 MapKHPOBKH.

Bce B3pBIBOOIIACHBIE CMECH Ta30B M MApoOB C BO3JYXOM IPHHATO pasjie-
JIATH HA 2pynnbl U Kamez2opuu.

B ocHOBY KiIacCH(pMKaLuH IO IpynnaM MOJIOKEHa TeMIepaTypa CaMOBOC-
IUIaMeHeHus cMecd. YeM Hipke 3Ta TeMIepaTypa, TeM BEpOsATHEE BOCILIaMEHE- .
HME CMECH IPH BCEX NMPOYMX PABHBIX YCIOBHAX IO CPABHEHHIO CO CMECHIO, Y KO-
TOpO#l TeMmImepaTypa caMOBOCIUIAMEHEHHMS Bbimie. Tak, cepoyriaeposn Bocriame-
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usercst npu Temueparype 100 °C, a metunoBslit ciupt - npu 427 °C. Cneznosa-
TEJIBbHO, cepoyriiepos Goiee omaceH M B €ro cpeje AOMyCTHMas TeMIeparypa
000JI0YKH B3PBIBO3ALIMILEHHOTO 3JIeKTPOOOOPYIOBaHHS JODKHA OBITH HIDKE,
4YeM B CpPefie METHIOBOTO CIMPTa, ECIIM HArpeTylo MOBEPXHOCTh 000I09KH pac-
CMaTpUBATh KaK BOSMOXXHBIH HCTOYHHUK 3aXKUTaHHS.

B 3aBucHMOCTH OT TeMmmnepaTyphsl camoBocIuiameHenus o IIMBD 6k110 yc-
TAHOBJIEHO YEThIPE TPYIIIBI B3phIBOOMAcHBIX cMecel: A, b, I', JI; mo TIMBPD -
mate rpynm: T1, T2, T3, T4, TS; mo ITYD wm 'OCT 12.1.011 - 78 [9] - mecTs
rpynm: T1, T2, T3, T4,T5,T6 (cm. Taxke coorBercTBytomuii [OCT B mpun. 4).

TemmnepaTypy caMOBOCIUIAMEHEHHS B3PLIBOONACHOW CMECH ONPEAENAIOT
Ha crienmansHoi ycranoBke ('OCT 12.1.011-78), a ee rpymmy - no Tabmn. 2.4.

Tabnuua 2.4
['pynna I'pynna 'pynna
B3pbl- B3pbIBO- B3pbIBO-
N i Temneparypa camo- oiaaihll Temneparypa camo- onaciofl Temneparypa camo-
Bocriamexexus, °C BocnnameHenus, °C BocnameHenus, °C
HO# cMecH cMecH
cMecH
nys roct
o TTMB? [8] no [TUBP3 [7] LS o]
A Casiiue 450 Tl Caeire 450 T1 Cgeire 450
b « 300 no 450 T2 « 300 no 450 T2 « 300 no 450
T « 175 no 300 T3 « 200 no 300 T3 « 200 no 300
pit « 120 no 175 T4 « 135 no 200 T4 « 135 mo 200
T5 « 100 mo 135 T5 « 100 mo 135
T6 « 8510100

B3peiBoONIacHbIE CMECH MPUHATO pa3feisaTh Ha KaTETOPHUH B 3aBUCHUMO-
CTH OT BEJMYMHBI JUIA JJAHHOTO BEIECTBA TaK Ha3bIBAEMOIo 0e30MacHOro
9KCIepuMeHTanbHoro 3asopa (BOM3) mMexnay minockuMu QraaHumamMu y cTaH-
naptHoi obonouku (puc. 2.2). Panee, mo npaBunam [7 u 8] B3peIBoOmacHbIe
CMECH TaKMX BEIIECTB Pa3Je/IAIHCh HAa KaTErOpPHH, MCXOJS M3 BEIUYHHBI
KPHTHUYECKOTO 3a30pa. [loHATHEe KPUTHYECKOTO 3a30pa CBA3aHO C OJHHM U3
OCHOBHBIX BHJIOB B3PBIBO3AIIUTEI 3JEKTPOOOOPYIOBAHUS - B3PHIBOHEIPOHHU-
1aeMoit 000J109KO.

JlocTaTouHo AIMHHBIE [ ¥ y3Kue O 3a30pbl B MECTAX COEIMHEHHS pa3jind-
HBIX 4YacTeil 3THX 000JI0YEK HMCKIIIOYAalOT HAapyXHOE BOCIUIAMEHEHHE, HaIpH-
Mep, B kamepe 4. 3a KPUTHYECKHMH 3a30p NMPHHUMAJIH TaKOi, IPH KOTOPOM
YHCIIO mepeay M3 cTaHgapTHOH 06004k 2 065eMOM 2,5 11 BO B3PBIBHYIO
kamepy 4 coctapiser 50 % obiiero KoauyecTBa MOKUraHHi cMecH B 060-
nouke. YeM MeHbLIEC 3HAYEHHE KPHUTHYECKOTO 3a30pa MMEET BEIIECTBO, TEM
GONIBIIMMH B3PHIBONPOHHKAIONIMMH CBOMCTBAMH OHO 00NIaJiaet, T.e. SBJISETCS
II0 3TOMY CBOHCTBY 60JIe€ OIacCHBIM.
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Puc. 2.2. Cxema yCTaHOBKH JUIsi ONpe/Ie/IeHHs KaTeropHii
B3PBIBOOINACHBIX CMECeH:

1 — nnockue Bnaiibl ¢ peryaupyembim 3a3opom; 2 — 060/104ka (peakiiMoHHbiii
cocya); 3 — MCTOMHMK 3aXKUraHua (MCKpa MarHero); 4 — WAnHApHYecKasn
Kamepa; 5 — B3pbIBHOI Knanau

B cBa3u ¢ Bo3pocmMH TpeGOBaHMAMHU K TOUHOCTH MPOBEICHUA IKCIIEPH-
MeHTa, HeOOXOAMMOCTBIO COKpALIeHHSA BPEMEHH Ha OINpeleNIeHHe KaTerOpHH
Bemectea nmo 'OCT 12.1.011-78 [9] ocymiecTBieH nepexoj Ha JApyroi Kiac-
CH(MKALMOHHBIH MapaMeTp — Ge30MacHbIi dKCIEPUMEHTATBHBIH MaKCHMallb-
HBIH 3a30p, IIPU KOTOPOM He HabIiojaeTcs repefaya B3pbIBa M3 CTaHAAPTHOI
obonoukyn Hapyxy. YcraHoBKa (cM. puc. 2.2) s onpexaeneHus BOM3 B3pel-
BOOIIACHOM Ta30- U MapOBO3/YIIHON CMECH COCTOMT U3 chepudeckoit 00010uKkH
2 obbremom 0,02 i1 ¢ prnanmamu aimuHOU 25 Mm. Lllupuna 3a3opa (1enu) MexIy
¢dnannamMu nosycdep peryimpyercs ¢ MOMOIBI0 MHKPOMETPHYECKOTO BHHTA.
Jlns 3aKuraHus CMeCH BHYTPHU OOOJIOUKH YCTAHOBIJICHBI JIBa 3JIEKTPOAA C HC-
KPOBBIM NMpOMeXyTKoM (3+0,5) MM Tak, 4TO MeXy HUMH IPOCKAKUBAET HCKpa
OT BBICOKOBOJBTHOrO HHAYKTOpa. Cdepuyeckas o0onouka momemieHa BO
B3pBIBHYIO Kamepy 4 o6bemMoM 4 1. ITocpencTBOM CHCTEMbI KPaHOB KaMepa H
06os0uKa MOTYT OBITh COEJUHEHBI C BAKYyM-HAacOCOM, BaKyyMMETPOM H aTMO-
chepoii.

Jns onpenenenust BOM3 kamepy 4 ¢ 0007104KO# 2 HAMOJHAIOT B3PBIBO-
onacHOi cMechio. CMech MpUrotaBaMBaeTcs JHMOO B OTAEILHOM Tra3roybiepe,
OTKyJla OHa IOCTyHaeT B kamepy M 00010uKky, MO0 co3JaeTcs B HMX HEIO-
CPEICTBEHHO I10 MapLUHaIbHOMY JaBJIECHHIO (JUIS ra30B) MM K€ BIPBICKHBAHHU-
€M pPacCYMTAHHOTO M OTMEPEHHOTO KOJMYECTBA BEIIECTBA (JUIA XKMAKOCTEH).
INTocne nepeMemMBaHusA CMECh MOPKUTAIOT UCKPOi B obosouke. Ecnu B3peIB M3
000JI0YKH HE TMepenaeTcs, CMech B KaMepe BOCIUIAMEHSIOT C MOMOILNBIO KOH-
TpONBHOTO 3axcuranus. Ilo HambGonee B3pHIBOONACHOH (CTEXHOMETPHUECKOH)
KOHIIEHTPALMH OINpENENAIoT To HauGonbiuee 3HaueHue 3azopa (BOM3), mpu
KOTOPOM OTCYTCTBYET Nepejiaya B3pbIBa U3 000JI0UKH B Kamepy.



B Tabn. 2.5 npuBeeHkl yclIoBHEIE 0603HAYEHHS KAaTeropuil B3phIBOOIIAC-
HBEIX cMeceit cornmacuo ITUBD, IIUBPI, ITYD u 'OCT 12.1.011-78 [9] u coot-
BETCTBYIOIIME 3TUM KaTETOPUSIM BETMYMHBI Syp ¥ Spom3.

[IpuBenennsie B Tabn. 2.5 BENMUYMHBI 3a30pPOB CIYXaT TOJBKO JUIA yCTa-
HOBJICHHS KaTerOpHH B3PHIBOOIIACHOI CMECH ¥ HE ABIAIOTCA OCHOBAHHMEM JUIs
KOHTPOJIS 3a30pOB B3PBIBOHEIPOHMIIAEMOTO SJIEKTPOOOOPYI0BAHHSA B YCIOBHAX
9KCILTyaTALHH.

Tabnuua 2.5
Kareropus Kareropus
B3PbIBO- Kpurtuueckuii 3a3op B3pbIBOOMNAC- F——
onacHoit Sypr MM HOM cMecH §
cMecH
no [TUB3 n [TUBPD o ITYD wan 'OCT 12.1.011-78 [9]
1 Ceoime 1,0 I Ceoire 1,0
2 « 0,65m01,0 1A « 09m01,0
3 « 0,35 n0 0,65 1IB « 051009
4 Menee 0,35 11C Jo 0,5

A Kareropueii | 0603na4yen pyHH4HBLI ra3.

KOHTpONs MapaMeTpoB B3pHIBO3AIIMTEl B3PBIBOHEIPOHHUI[AEMOTO 3JIEK-
TpooOOPYOBaHUS TPOM3BOAMUTCA IO YEpPTEKaM CPEJCTB B3PHIBO3AIIMTEI,
MMEIOIIUMCS B 9KCIUTyaTAlHOHHBIX JOKYMEHTaX Ha KOHKPETHOE B3PBIBO3AILH-
meHHoe iekTpoobopyaoBanue. IIpy MX OTCYTCTBUH CIEAYeT PYKOBOACTBO-
BaThCA I'11. 3.4 «DIEKTPOYCTAaHOBKY BO B3PHIBOOIACHBIX 30Hax» [19311 [10].

Pacripenenenue B3peIBOONACHBIX CMECEH IO IPpyNNaM M KaTeropusM IpH-
BoJUTCA B Tab. 2.6 [1].

Kareropuu v rpynmel B3peIBOOIIACHEIX CMeCe Ia30B H MApoB C BO3IYXOM,
HE BIJIIOYEHHBIX B Ta0l1. 2.6, ONPenesioTCs HCTIBITATEIbHBIMU OpTaHU3aMAMH
B COOTBETCTBHH ¢ UX nepeuneM no 'OCT 12.2.021-76 [11].

B TexHomormueckux mpoueccax HPOU3BOACTB oOpamiaercsi 0OBIYHO He-
CKOJIBKO TOPIOYMX BEIIECTB, B3PHIBOOIIACHBIE CMECH KOTOPLIX MOTYT OTJIMYaTh-
€S 110 KaTeropuu ¥ rpymme. B Takux ciydasx KaTeropus M rpyrnra yCcTaHaBIH-
BalOTCA M0 Haubosee omacHOM cmecu. KaTeropuu M rpymrsl B3peIBOOIACHBIX
cMecel yKa3bIBalOTCS 0OBIYHO B MOSCHHTENBHON 3aMHCKe K NPOEKTY M Ha IUIa-
HaX pacroJI0KEHHs CHIOBOTO M OCBETHUTENIBHOTO IEKTPO0OOpYAOBaHHS. 3HATH
KaTeropuio U IPYIIIY B3PhIBOONACHOH CMECH HYXKHO JUISL IPOBEPKH COOTBETCT-
BHS 3aIIPOEKTHPOBAHHOTO 3JIEKTPOOOOPYNOBaHHS TEM HOPMaM, KOTOpbIe Heob-
XOJUMO COOJIIOCTH, YTOOBI MPEJOTBPATUTD ITOXKAP MM B3PLIB OT 3JIEKTPO06O-
PyZOBaHHsA Ha JTaHHOM IPOHU3BOICTBE. :

B T1abn. 2.7 u 2.8 npuBOAATCS cONOCTaBIeHUs 0003HAYEHUH KaTEropuii 1
rpynmn B3peiBoonacHeIX cMmeceil mo ITUBPD u IIMBD c¢ obo3nadeHusMu 1o
Y5 u I'OCT 12.1.011-78. Takoe conocrapiaeHHe HEOOXOAUMO MPH MOXKAPHO-
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TEXHHYECKOH OKCIepTH3e, KOTAa B NMPOEKTHBIX MaTepuanax (MIM Ha JeHcT-
BYIOIIEM 00BEKTE B YCIOBHAX JKCIUTyaTallMH) B3PHIBO3AIIMIIEHHOE SIEKTPO-
obopymoBaHie UMeeT 3HaKU B3pbIBo3anuTel 1o ITMBPD wmu [TMBD.

Tabnuua 2.6

Kare-
ropus
cMecH

I'pynna
cMecH

Beuectsa, oGpasyiouiue ¢ BO3yXOM B3pbIBOONACHYIO CMECh

Tl

Merau (pyaHn4HBIH)*

ITA

il

AMMHAK, aJUTHIT XJIOPH/IHBIH, alleTOH, aueTOHUTPHI1, GeH3on, Gex-
30TpH(TOPHJL, BUHIII XJIOPHCTBIH, BHHUIIHAEH XJIOPHCTHIH, 1,2 —
JIUXJIOPNPONaH, JUXJIOPITaH, ANITHIAMHH, JH30NPOMHIIOBbIH
a¢up, nomenHslii ras, n300yTHieH, n306yTaH, H3onponuidenson,
KHCJIOTA YKCYCHAs, KCHJIO/, MeTaH (POMBILUIEHHBIH )%, MeTHII-
aleTar, Oi-MEeTHJICTHPOJ1, METHJI XJIOPHCTbIH, METHJIN30LMHAT, Me-
THIXJIOP(GOPMHAT METHILIMKIONPOITHIKETOH, METHII-

ITHJIKETOH, OKHCh YIJIepo/ia, MPoraH, MUPHIANH, PACTBOPHTEH
P-4, P-5 n PC-1, pas6asurens P3-1, conbBeHT HedTAHOM, CTH-
poIl, CIIUPT ANALETOHOBBIH, TOY01, TPU(TOPXI0pNpONaH, Tpud-
TOPHpOMNEH, TPU(YTOPITaH, TPHPTOPXIOPITHICH, TPUITHIIAMHH,
x710p6en361, LMKIONEHTaJHEeH, 9TaH, THJI XJOPHCTBIH

ITA

T2

Ankni6eH30J1, aMHIIaleTaT, aHrHAPH/L YKCYCHBIH, alleTHIIaLEeTOH,
aLeTH XJIOPHCTBIi, aueronponuixiopus, 6ensus 595/130,
OyraH, GyTunauerar, OyTHANPONHOHAT, BUHWIIALETAT, BUHWIH/CH
(TOPHCTBIM, ANATON, IMU3ONPONUIAMUH, JUMETHIAMHUH,
auMeTHadhopMaMuL, H30NIEHTAH, H30MPEH, H30MPONHIAMUH,
W300KTaH, KMCJI0Ta IPONHOHOBASA, METHIAMHH, METHIH300yTHII
KETOH, METHJIMETaKpHIAT, METHJIMEPKANTaH, METHITPHXIIOPCH-
nau, 2-metunruoden, metwipypaH, MOHOM300yTHIIAMHH,
METHIXJIOPMETHIIAHXIOPCHIIAH, OKHCh ME3HTHIIA, NeHTaueH-1,3,
nponwiaMuH, nponuieH. Pacrsopurenn: Ne 646, 647, 648, 649,
B3® u AD. Pazbasurenu: PIB, PKb-1, PKB-2. Cnuptsl: 6yTH-
JIOBbIH HOPMAJIBHBIH, OYTHIIOBBIH TPETHYHBIH, H30aMHJIOBBIH,
1300y THIIOBBIH, H30MPOTUIOBbIH, METHIIOBBIH, 3THIIOBBIH.
TpudTOpnponHIMETHIANXJIOPCHIAH, TPUTOPITHIIEH, H300YTH
XJIOPHCTBIMN, ITHIAMHH, THIALETAT, ITHIOYTHPAT, ITHIICH-
JIHAMHH, dTHICHXJIOPTHAPHH, 3THIH300yTHPAT, THIOEH30, INK-
JIOTEKCAHOJI, LIMKJIOreKCaHOH

ITA

T3

Beusunsl: A-66, A-72, A-76, «ranoway, b-70, 3KCTpaKIHOHHBIH
no TV 38.101.303-72, skcrpakuuonnsiii no MPTY 12H-20-63.
ByTtuamerakpuiar, rekcaH, rentaH, AMH300yTHIaMHH, MIPONHII-
aMHH, aJIbJIerH]l H30BaJIEPHAHOBLIN, H30OKTHIIEH, KaM(eH, Kepo-
cuH, MopdonnH, HedTh, 3Gup nerponeiinsiii, nonuddup TI'M-3,
neHTaH, pacrBopuresb Ne 651, ckunuaap, CupT aMHIIOBBIH,
TpuMernaamut, Torauo T-1 u TC-1, yaiir-cnupur, uukiorex-
CaH, UMKJIOreKCHIAMHH, STWIAHXJI0pTHO(OChAT, STHAMEpPKANTAH
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Oxonuanue tabn. 2.6

Kare- [pynna
ropus cMecH Beuiecrsa, obpasylouine ¢ BO3AyXOM B3pbIBOOMACHYIO CMECH
CMecH
ITA T4 Aueransaeruj, albIeru/] K30MacsHBIH, allbJerH]] MAC/AHbIH,
JTbJETH/I POIHOHOBBIH, JICKaH, TeTPAMETHIMaMHHOMETaH,
1,1,3 - tpuaToKCHOYyTaH
1A T5 —
IIA T6
11B T1 KoKCOBBIH a3, CHHHJIbHAs KMCII0Ta
IIB b i Jusuuaun, 4,4-1MMETHIHOKCAH, IMMETHIIAUXJIOPCHIIAH,
JIMOKCaH, IMATUIAMXIIOPCHIAH, KaM()OpHOe Macilo, KUCI0Ta
aKpUJIOBasi, METHJIAKPHIIAT, METHIIBHHHIIAUXJIOPCHIAH, HUTPHII
AKPHIIOBO# KHCIIOThI, HATPOLUKIOreKCaH, OKHCh MPOIHIIEHa,
OKHCh 2-MeTHI0yTeHa-2, OKHCh 3THJIeHa, pacTBopuTenn AMP-3 u
AKP, TpumeTunxnopcunas, popmansaernn, Gpypan, Gypbyporn,
STHIXJIOPIHAPHH, STHITPHXJIOPCHIIAH, ITHIICH
1IB 1 E—
1B T4 AKpOJIeHH, BHHHITPHXJIOPCHIIAH, CEPOBOZIOPO/I,
TeTparuapodypaH, TeTpadITOKCHCHIIAH, TPHITOKCHCHIIAH,
TOILUIMBO AN3EIbHOE, (POPMANIBIIIHKOIIb, ITHIANXJIOPCHIAH,
STHJILEII030J1bB, AUOYTHIIOBBIH (U, IUITHIOBEIH dhHp,
JIMOTHIIOBBIH d)Hp ITHIEHIIMKONS
11B TS —_—
11B T6
Ic 1t Bozopos, BOAAHOM ra3, CBEeTHIbHBIH a3, cMecs (Bogopos 75% +
asort 25 %)
1IC T2 AlleTHIIEH
11C T3 MeTHIIMXJIOPCHIIaH, TPUXJIOPCHIIAH
11C T4 e
1IC T5 Cepoyrniepos
11C T6 —

* [loa pyAHHYHBIM METaHOM CleJyeT NMOHMMAaTh PYAHHYHBIH ras, B KOTOPOM KpoMme

ME€TaHa COJIEpIKaHue rasooGpasHux yriesoaopoi0B — roMoJIoros

merana C; — Cs— He Gonee

0,1 o6bemHoOI 01K, @ BOJOpOAa B npobax ra3oB M3 MIMYpOB cpa3y nocne Gypenus — He Gosee

0,002 06BemHO# a0nH 0T 001ero 06bemMa ropro4nX ra3os.

** B NpOMBIIUIEHHOM METaHe coJepXaHue BOAOpoja Moxer cocraBusats a0 0,15

00BEMHOI 101H.

Tabauua 2.7
OG6o3HaueHne rpynn B3pbIBOONACHbIX cMecei
ITUBPD u [ITMBD MMy2u I'OCT 12.1.011-78
1 1A
2 1IA
3 1IA, IIB
4 1IA, IIB, IIC
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Tabnuua 2.8

OG603HaueHue rpynn B3pblBOONAcHbIX cMeceii
IUMBPD ITUB3 [1Y2 u FOCT 12.1.011-78

Tl A Tl

T2 b T1, T2
T3 - T1-T3
T4 r T1-T4
TS pif T1-TS
- - T1-T6

Crnemyer OTMETHMTh, YTO B3PBIBO3ALIMIIEHHOE 3JIEKTPOOOOpyHOBaHHME,
BeinonHenHoe no [TMBPD u [TMBD mna 2-it kateropuu, A0IycKaeTcs rpume-
HATH TaM, TJIe UMEIOTCA B3phIBOONAacHble cMecH Kateropuu 1B, 3a uckiodenn-
€M B3pPBIBOOIACHBIX CMecel ¢ Bo3ayxoMm kokcosoro rasa (IIBT1), okucu mpo-
nmunena (IIBT2), dopmansaeruna (IIBT2), stunrpuxnopeunana (IIBT2), stu-
nena (IIBT2), Bununtpuxnopcunana (IIBT3) u stunauxnopcunana (IIBT3).

OnextpoobopynoBanue, usrororinernoe rno [MMBD u umeromee B Mapku-
POBKe IO B3pbIBO3amuTe 0003HaueHue A (Tpymnma), SBISETCS TAaKXkKe B3PLIBO-
3alIMINEHHBIM U JUIS B3PBIBOONIACHBIX cMeceit rpymnmbl T2, TeMmneparypa camo-
BOCITAMEHEHHMS KOTOPBIX BhIe 360 °C.

OnexTpoobopy1oBaHKE, MMEIONIEe B MaPKHPOBKE 110 B3PHIBO3aMIHUTE 000-
3nayenue b (rpynma), sBiseTcs B3PHIBO3AMIMILECHHBIM U JJIS B3PBIBOOMACHBIX
cmeceit rpynmbl T3, TeMeparypa caMOBOCIIIAMEHEHMs KOTOPBIX Bhime 240 °C.

Knaccudukaiys u pacnpe/eneHie B3psIBOONACHBIX CMeceil 0 KaTeropH-
M M TpyIIaM UMeeTCs M B psjie 3apyOeHBIX CTPaH ¥ MEXIYHAapOIHBIX Opra-
Hu3anuit [13]. s OLleHKH BO3MOKHOCTH TIPUMEHEHHUS 3apyOeKHOro B3pBIBO-
3aIIMIIEHHOTO 3JIeKTPo0OOpYAOBaHHS B Cpele TOH MM MHOH KaTeropuu B
GONBUIMHCTBE CIy4aeB JOCTATOYHO CONOCTABHTH 3apyOexHbIe KIacCH(pHKAINK
B3PBIBOOIACHBIX CMeECeH M0 KaTeropusiM ¢ JeicTBylomeit kiaccupukanmeii mo
ITYD [1] wmm mo 'OCT 12.1.011-78 [9].

B tabmn. 2.9 comocraBieHbl KaTEropuH B3pBIBOOMACHBIX CMECEH COITIacHO
JEHCTBYIOIIUM CTaHAAPTaM.

Knaccudukauus B3pbIBOONACHBIX CMeced B 3apyOeXHBIX CTpaHax IO
rpynmaM IpOM3BOIMTCA TaKXKe IO TeMIepaTrype camoBoclIaMeHeHus. B
Tabn. 2.10 comocTaBiIeHb! TPYIIBI B3PBIBOOIIACHBIX CMECEH COIJIaCHO IeHCT-
BYIOIIMM CTaHIApTaM.

B psme cimydaeB TaHHBIX, NMpeACTaBieHHBIX B Tabm. 2.9 u 2.10, moxer
OBITH HEJOCTATOYHO JJISI COMOCTABJICHUS KAaTErOPUH M TPYII B3PHIBOOIACHBIX
cMeceil U pelIeHus BOIIPOCOB IIPUMEHEHHS 3apyOesKHOT0 B3PhIBO3ANIMIIEHHOTO
5IEKTPOOOOPYIOBAHHS B KOHKPETHBIX B3PBIBOONACHBIX cMecAX. B aTux ciyya-
AX HeoOXOOMMO 3HATh paclpeeseHue KOHKPETHBIX B3pPBIBOOIACHBIX CMeceH
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[0 KaTEropusM M TpymrnaM B COOTBETCTBMHM C HallMOHAJIBbHBIMH CTaHJAapTaMH

[13] 1 cpaBHuTS 3T0 pacupenenenue ¢ Tabm. 7.3.3 [1] wn npun. 3[9].
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2.3. B3PbIBO3ALIMILEHHOE 3JIEKTPOOBOPYIOBAHUE
Kiaecnpuxaums B3pbIBo3alHILEHHOI0 3JIEKTPOOGOPY10BAHMS

OnexTpoobopynoBanue, BINOIHEHHOE 6e3 yuera crnenupuyeckux tpedo-
BAHMH, XapaKTEpHBIX UL OMNPENENCHHON OTPaciu MPOM3BOACTBA, SBISAETCS
aneKkTpoobopyaoBanueM obmero HazHauyeHus. [IpuMeHeHHE ero BO B3pPBLIBO-
OMacHBIX 30HAX, KaK MPaBHIIO, HEJOMYCTUMO, TaK KakK 3JIEKTPooOOpyaoBaHHe
MOXXET UCKPHTh HIIM HAarpeBaThCs [0 OMACHBIX TEMIICPATyp U SIBUTHCS TPUYHU-
HOH Tosapa MM B3pbiBa. [103TOMy BO B3pBIBOOMACHBIX 30HAX (32 HEGOIBLIMM
HCKIIIOYEHHEM) CIEyeT NMPUMEHATh CIELMaJbHOE B3PBIBO3ALIUIIEHHOE JJICK-
TpoobopyoBaHueE.

Bspwisosawuwjennoe anexmpoobopyoosanue - 3MeKTpooOOpyLOBaHUE, B
KOTOpPOM MpPEeAyCMOTPEHbl KOHCTPYKTHMBHBIE MEpbl 110 YCTPaHEHHIO (MIM 3a-
TPYAHEHHIO) BO3MOXKHOCTH BOCIUIAMEHEHHs OKpPY’KAIOIIEeH B3phIBOONACHOMH
cpeapl. Cormacao I'OCT 12.2.020[14] u TOCT P 51330.0-99 (cm. npui. 4),
B3PEIBO3ALIMIIEHHOE JJIEKTPOOOOPYLOBaHHE MOAPA3JCIACTCS 10 YPOBHAM H
BUJIaM B3pPBIBO3AIIUTEL, IPYIIIIAaM M TEMIIEPAaTYPHBIM KJIacCcaM.

Yposenw 63pvisozauyumer 21ekmpoo6opy006aus — 3TO CTENEHb €ro B3phI-
BO3ALIMTHI (HAJEKHOCTH) MPH YCTAHOBJICHHBIX HOPMATHBHBIMU JOKYMEHTaMU
YCIIOBHSX.

CyIuecTByeT TpH YPOBHs B3PBIBO3ALIUTEI AIEKTPOOOOPYAOBAHHUS: TOBBIILIECH-
HOM HaJIe)KHOCTH MIPOTUB B3PHIBA, B3pEIBOOE30M1acHOE, 0COOOB3PBIBOOIIACHOE.

1. YpoBeHb «d1eKTpo0oOOpYyI0BaHHE MOBBIMIEHHON HAICKHOCTH MPOTHUB
B3pBIBa» — B3PBIBO3ALIMTA 3JIEKTPOOOOPYAOBaHUS 00ECIIEUUBACTCS TONBKO B
HPU3HAaHHOM HOPMAalbHOM pexkuMme pabotsl. [Ipu3HaHHBIH HOpMaJbHBIH pe-
KHUM paboThl IPHBEIEH B CTaHAAPTaX HA BUBI B3PHIBO3ALIUTHI 3JIEKTP006O-
pYZOBaHUS.

2. YpoBeHb «B3pbIBOOE30MAaCHOE MEKTPOOOOPYJ0BAHHE» — B3PHIBO3AIHU-
Ta 31eKTpooOopyoBaHUs obecreyuBaeTcs Kak MpH HOPMaJbHOM pEXHMe pa-
6OTBI, TaK U MPH NPU3HAHHBIX BEPOSTHBIX MOBPEKICHHAX, ONpPENE/ISIEMbIX YC-
JIOBUSIMHM JKCIUTyaTallud, KpOME MOBPEXACHUN CPEJCTB B3phIBO3amMTHL. [Ipu-
3HAHHBIE BEPOSATHBIE TTOBPEXKIACHUS dICKTPOOOOPYIOBAHHUS IPUBEICHE] B CTaH-
JapTax Ha BU/BI B3PBIBO3AILUTEI IEKTPOOOOPY JOBAHHUSI.

3. YpoBeHb «0co00B3pbIBOOE30MACHOE AIIEKTPOOOOPYIOBAHUE) - IOTIOJ-
HHUTEJIbHBIE CPECTBA B3PHIBO3AIIUTEI, MPEJYyCMOTPEHHBIE CTAaHJAPTAMH Ha BU-
JIbI B3PBIBO3ALIMTEL. 3HAKH 0003HAYEHUS YPOBHEH B3PHIBO3ALIMTEI PHUBOAATCA
B Tabm. 2.11.

Eciu B cocTaB B3phIBO3ALIMLICHHOTO 3JIEKTPOOOOPYI0BaHHS BXOIAT JJIe-
MEHTBI C Pa3lHYHBIMH YPOBHAMH B3DPBIBO3ALIMTHI, OOIIHHA ypPOBEHb B3PBIBO3a-
LIUTHl YCTaHABJIMBACTCS 110 3JIEMEHTY, UMerolieMy Hanboee HU3KHii ypOBeHb.
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Tabnuua 2.11

3HaKy YpOBHSA B3PbIBO3ALUTEL 110
HaumenoBanue ypoBHeii B3pbIBO3aLHUTb FOCT 12.2.020 76
2NeKTpooGopyA0oBaHMs et
SR rocT p 51330099,y | MBP?

OnexTpoobopyI0BaHKE MOBBILEHHOH HAIEKHOCTH 2 H
MPOTHB B3pbIBA
B3peiBobe3onacHoe 31eKTpoobopyioBanue 1 B
Oco6oB3peiBoGe30MacHoe 31eKTpoobopyaoBaHHe 0 (uudpa) O (6yksa)

Buo e3puvisozawumer snexmpoobopy0osanus — COBOKYIHOCTb CPEICTB €ro
B3PBIBO3AIIUTHI, YCTAaHOBJIEHHAs HOPMAaTHBHBIMH JokKyMeHTamH. Ilox cpenct-
BOM B3PBIBO3ALUTHI 3IEKTPOOOOPYLOBAHUS MOHMMAETCS] KOHCTPYKTHBHOE (HIIH
CXEMHOE) pelieHHe Ul 00ecreueH s ero B3pbIBO3aLIHUTEL.

Bue! B3pBIBO3aIIUTEL, 00eCTeYHBaIOIHE Pa3IUYHbIE €€ YPOBHHU, OTIHYA-
I0TCS CPE/ICTBAMM M MepaMH oOecreueHus B3phIBOOE30MacCHOCTH. Y CTaHOBIIEHO
JIEBATH BUIOB B3pBIBO3AIIUTHI (Tab. 2.12).

Tabnuua 2.12

3Haku BMAA B3pblBO3aLMTLL [10
HanmenoBanue BHAOB B3pbIBO3ALUTHI [OCT 12.2.020 - 76 TIMBP,
L FOCT P 51330.0-99, 11y | MMB

Bsapeisonenponunaemas o6oo0uka d B
3aipra BUzA «e» (MOBBINIEHHON HAJIe)KHOCTH MPOTHB B3pbIBa) e H
HckpobesonacHas neKTpUyecKast Lerb i U
MacsHoe 3anonHenue 060104KH 0 M
3anonHeHne Wik MpojiyBKa 000JI0YKH 10,1 H30BITOUHBIM p I
JIaBJ/IeHHEM
KBapuesoe 3anonuenue 060104ku q K
CriennanbHblit BUJ] B3PbIBO3AILMTEI s C
I"epmeTH3anis KOMIAayHIOM m -
3aumra Buaa «n» n -

B3phIBo3aluIeHHOE 31eKTpooOOpyI0BaHHE B 3aBUCHUMOCTH OT 06IacTu
NPUMEHEHHUS MOAPA3/eIAeTCs Ha [BE IPYIIIIbL:

rpynna I — pyAHHYHOE B3pBIBO3AINUIIEHHOE 3JIEKTPOOOOpYyIOBaHHUE,
npeJHasHaYeHHOE UL NMPUMEHEHHS B MOA3EMHBIX BBIPaOOTKaxX IIaXT H B UX
Ha3eMHBIX CTPOEHMAX, PYJHUKOB, OMIACHBIX IO Ia3y WU roploYeil MbUIH;

rpynmna II — B3pbIBO3aIIHUIIEHHOE 3JEKTPO0OOpyHOBaHHE (KpOME PYAHHY-
HOT'0 B3pBIBO3AIIHMIIEHHOr0) Ul BHYTPEHHEH U Hapy»KHOH YyCTaHOBKH, IpeHa-
3HAYEHHOE IS MOTEHIHAIBHO B3PHIBOOMACHEIX Cpell. DIeKTpooOopyaoBaHHE
rpymmnsl II, uMeroniee BUIBI B3PBIBO3AIIUTEl «B3PBIBOHENIPOHHIIaeMas 000104~
Ka» U (WIH) «MCKpoOe3onacHas 3IeKTpHYecKas 1eNby, MOAPa3AeNIeTcs Ha TPH
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MOATPYMIIBI, COOTBETCTBYIOIIME KAaTErOopUsM B3PBIBOONACHBIX cMecei, - IIA,
IIB u IIC (cm. Tabm. 2.7).

Jns snextpoobopynoBauus rpynmnsl II (B 3aBUCHMOCTH OT 3HA4YeHUs
MaKCHMaJIbHOM TeMIepaTypsl MOBEPXHOCTH) YCTaHABIMUBAIOTCA TeMIIEpa-
TYpHBIE KJIacCBl, 0003HayaeMble TaK e, KaKk W TPYIIIbl B3PHIBOOMNACHBIX
cmeceit (Tabu. 2.13).

Tabnnua 2.13
" MakcHManbHas Temnieparypa fo- ['pynnbl B3pbIBOONACHOI cMe-
emnepatypHbli BEPXHOCTH BIPLIBOIALLHLLIEHHOTO CH, /U1 KOTOPO#i 51eKTpoobo-
Kjacc 3nexTpooBopya0BaKHA, °C PYAOBaHUE ABSAETCA B3PbIBO-
3alUM LEHHbIM
Tl 450 T1

T2 300 T1, T2

T3 200 T1...T3

T4 135 T1...T4

TS 100 Tl.:T5

T6 85 T1...T6

MakcuManbHas TeMIepaTypa MOBEpXHOCTH 3JIEKTPOOOOPYAOBAHHS — HAH-
Gonbluas TeMrepaTypa, BOZHHKAIOMIas B [polLecce KCIUTyaTalliu mpu Haunbo-
Jiee HeOIAronpHUsTHBIX YCJIOBHAX (HO B Npelenax periJaMeHTHPOBaHHBIX OT-
KJIOHEHHH) Ha T000H YaCTH WM MTOBEPXHOCTH IEKTPOOOOPYA0BAHHUS, KOTOpas
MOXXET NMPUBECTH K BOCIUVIAMEHEHHUIO OKpYIXKAIOIIeH B3pBIBOONACHOI Tra30BOi
cpeas! (cm. Tabum. 2.13).

DnekTpooOopyIOBaHHE NOJKHO BBIOUPAThCs TAKUM 00pa3oM, YTOOB! Mak-
CHUMaJIbHasl TEMIIEpPaTypa €ro MOBEPXHOCTH HE MpEBBIIIaia TEMIEPATyphbl CaMo-
BOCIIAaMEHEHHsI J1I000r0 ra3a WM mapa, KOTOpbIe MOTYT NMPUCYTCTBOBAThL B aT-
Mocdepe B3pbIBOONIACHOH 30HBI.

PaccmoTpennas knaccu(UKaLus B3pBIBO3ALIMILEHHOTO 3JIEKTPooOopy10-
BaHMS ¥ 3HaKU 0003HAYCHHS €ro YpOBHEH, BUOB, TPYII ¥ MOJATPYIII, a TAkkKe
TEMIIEPAaTypPHBIX KJIACCOB MO3BOJISIOT BBIMOIHATH M MPABUILHO MOHUMATh Map-
KHPOBKY B3DBIBO3AILUTEL

DJ1eKTPooGopy/i0BaHHE B3PbIBO3ALIMILEHHOE C BUIOM
B3PbIBO3ALUHThI «B3PbIBOHENPOHMIIAEMAs! 000/109Ka»

CyIHOCTh B3PBIBOHENPOHULIAEMOCTH 3JIEKTPOOOOPYIOBaHHS COCTOUT B
TOM, YTO BCE€ 3JEKTPHYECKHE YaCTH MAIIMH MM alapaToB 3aKJIIOYalOTCs BO
B3pBIBOHENIPOHHIaeMyl0 060704Ky. OHa mpeacTaBiier coboi NpouHyHO 3a-
KPBITYI0 KOHCTPYKLHIO, COCTOSIIYIO W3 OJHOH HJIM HECKOJBKHX MOJIOCTEeH M
UMEIOLIYI0 B MECTAaX COWICHEHHS 3JIeMEHTOB (hIIaHLbl ¥ 3a30pbl. MHOra B3phI-
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BOHEIpOHMI[aeMasi 000J104YKa OpraHUYeCKH BXOJHUT B KOHCTPYKIHIO 3JIEKTPO-
obopynoBanus, HAPUMED, B JEKTPOABUraTessIX. B OONBIIMHCTBE Ke Clyyaes
OHa MpeZCTaBIsIeT COO0H OTAENBHBINH ITEMEHT dIEKTPooOOPyIOBaHMS, PUME-
HAGMBIH TONBKO Ui OBecrieueHus B3PHIBOHENPOHMIAEMOCTH (HAampuMep, y
MarHUTHBIX ITyCKaTese, KHOMOK yrpasienus u T.1.). Haznauenune o60104kH —
HCKIIIOUUTh BO3MOXKHOCTE BOCIUIAMEHEHHS OKPY’Kalolieil B3pBIBOONACHOM cpe-
JIBI OT 3JIEKTPOOOOPYIOBAHMS NMPH JIIOOBIX PEeKUMax ero paboTel: B mpezienax
HOMMHAJILHOI HAarpy3KH, meperpysk, npobos usomsauuu, K3. 91o nocruraercs
Omarogapsi coyeTaHHI0 Tpex (DaKTOPOB: B3PHIBOHEIPOHHUKHOBEHHMS, B3PBIBO-
YCTOHYMBOCTH U TEMIICPATYPHOTO PEXKUMa 000JI0UKH.

B3poiBoHenponukHoBenue. Ecni obpasyemble (aHIaMu  3a30pbl
(cM. puc.2.2), yepe3 KOTOpble BHYTPEHHsSI MOJNOCTh 000IOUKH coobmiaercs c
BHEILIHEH CPENoif, UMEIOT JOCTAaTOYHO MAIYIO BBICOTY Oyp (Oom3) MPH CPaBHH-
TeNbHO OONBIIOH MHMPHHE [, Yepe3 HUX B3pHIB He OyJeT nepeaaBaThesl HAPYKY.
lamenue rIaMeHH B y3KHX 3a30pax (IaHIeB B OCHOBHOM JOCTUTAeTCs 3HAa4H-
TEJBHOMN TeIIooT/aueil cTeHKaMu ()IIaHIEeB U OTBOAOM TEIlIa M3 30HBI PEaKLHH
npoaykramu ropenus. IIpogykTel cropanus, o6pasyronyecs BO BpeMs B3phIBa
BHYTpPHY 000JIOYKH, TIPH MPOXO0XKJICHUH Yepe3 3a30p OXJaKAAIOTCA (aHIaMH.
Emte 6osbinee oxnaxaeHHe OHY MOMYYaloOT NPH pacliupeHuH Ha Beixoje. Ilna-
MEHHOT'O TOPEHHMS B Y3KOM 3a30pe MaJoro oobema, Ho OOJIBIION IIomany oX-
NaXJICHUs, HE MPOUCXOAUT, OTHAKO MPOAYKTHI B3PHIBA, BBEIXOAAIIME Yepes 3a-
30p, OXJIKAAKOTCS 10 TEMIIepaTyphl HUXKE TEMIIEPaTyphl CaMOBOCIIAMEHEHHUS
OKpY>KaloLleif B3pIBOOIIACHOH CPEIBl.

B3peiBoonacHas cpena, B KOTOPOH HaXOJWTCH B3PBIBOHENIPOHHIIAEMOE
3NIEKTPOOOOPYAOBAHHUE, MOKET NPOHUKHYTH B 000JIOUKY MPH €€ BCKPBITHH HIN
yepe3 Mecra coeauHeHHs (0coOEHHO KOrja MPOUCXOAMT MEPHOJUYECKOE Ha-
rpeBaHHe M OXJaXIEHHE IMEeKTpoobopynoBaHMsA). Bpems NpoHMKHOBEHHS
B3PBIBOOIIACHON CPEbl BHYTPh 000JI0UKH Pa3IMYHO M 3aBHCHUT OT (PU3HMYECKHX
CBOMCTB Cpeibl — IUIOTHOCTH U Au(dy3Ho# ciocobnoctu. Hanpumep, ms Bo-
JIOPOZOBO3/IYLIHBIX U ALETHICHOBO3IYLIHBIX CMECEH OHO COCTABIIAET HECKOIIb-
KO MHHYT, JUIs IPOTIaHOBO3/AYIIHOI cCMecH — 0KOJIO Yaca.

ConpspkeHUsT MEX/Ty OTAENbHBIMH YaCTSMHU B3pPBIBOHEIPOHHIIAEMOM 060-
JIOYKH MOTyT OBITH IUIOCKHE, JIaOUPUHTHEIE, GapbepHble, pe3bOOBbIE, HIHHA-
pUYecKue, KOHHYECKHE WM KOMOUHUpOBaHHEIE (pHc. 2.3).

B3peIBOHENPOHUIIAEMOE 3IEKTPOOOOPYAOBAHHE KOHCTPYHPYETCS CO IIe-
JIEBOIT 3aIIUTOMN, HMerowIeil oMmyCcTUMBIe (KOHCTPYKTHBHEIE) 3a30psl. Illupuna
menud AoibkHa ObITE He Oosee yKa3aHHOH B HWHCTPYKIMAX 3aBOJOB-
H3TOTOBHTEJICH, @ IPU OTCYTCTBHU HHCTPYKIHH J0/DKHA COOTBETCTBOBATh JaH-
HBIM, IpUBeIEeHHBIM B Tabur. 3.1 — 3.3 [10].
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Wi

Ilnockoe JlabupunTHOE bBapeepuoe

QAN

[unuuapuyeckoe Konunyeckoe

Puc. 2.3. Buzsl conpsokeHnit OT/ie1bHbIX YacTel B3pbIBOHENPOHHILIAEMOT0
21eKTPo0OOpYAOBaHNS

Ha BBICOTY 3230pOB LIEJICBOH 3aLUTHl BIHAIOT MHUPHUHA (IaHIEB, (PH3UKO-
XMMHYECKHE CBOWCTBA B3PHIBOOMACHON CMECH (CKOPOCTH PEaKIHH TOPEHUS,
TeMIepaTypa CaMOBOCIUIAMEHEHHUS, BPEMsI 3ama3/(bIBaHUsI B3pBIBA), PacIoio-
)KE€HHE U MOIIHOCTb HCTOYHMKA BOCIIAMCHEHHs B3PBIBOONACHOH CMECH M Jp.
Packanennsie ayro# npu K3 rasel u Metaymnyeckue yacTHIB! (Mpu BeIOpoce U3
obooyky yepe3 (raHIEBbIC 3a30pbl) MPEACTABIAIOT 3HAYMTENIBHO OOJNBIIYIO
OIIACHOCTb [UIsl Mepe/ladM B3phIBAa HApYXKy, YE€M IPOAYKTHI B3PbIBA Ia30- WIH
MapOBO3/YIIHBIX CMecel, BOCIUIAMEHAEMBIX UCKPOIt 0T MarHeTo. OIBITEI ¢ Me-
TAHOBO3AYLIHOW CMECHIO MOKa3alH, 4To A obecrnedeHns: OJMHAKOBOH BEpo-
ATHOCTH MepeJayd B3pbiBa uepe3 (hIaHIeBbIe 3a30pbl MPH BOCIUIAMECHEHHH
CMECH MEKTPUYECKOM TYroil U 3MEKTPUYECKOH UCKPOH OT MarHeTo BBICOTA 3a-
30pa B IIEPBOM Cilydae JOJDKHa OBITH B IBa pa3a MEHbLIE, YeM BO BTOpoM. Be-
POSITHOCTD IEpefadyu B3pbIBa MPH OJHOH M TOi K€ BEIMYHHE 33a30pa 3aBHCHT
TAKKe OT MarepHasa MPOBOAHUKOB (IEKTPOMOB), MEKIY KOTOPBIMH MOXKET
BO3HUKHYTbH ayra K3 BHyTpu obonouku. Tak, mpu ayre MexIy MeIHBIMH MPO-
BOJJHHKaMH BEPOSTHOCTH Nepelauy B3pbIBa, paBHas 0,5, BOSHUKAET IPH BEICOTE
3azopa 0,35 MM, npu ayre MexIy aJIOMHHUEBBIMH MPOBOJHHKAMH — IPH BBI-
core 3a3opa 0,05 Mm. CToJb BBICOKasi BOCILIAMEHSIONIAsl CIIOCOOHOCTH aJIlOMHU-
HHEBBIX YaCTHI], BEIOpAchIBaGMBIX Yepes 3a30pkl, 00BsACHAETCS X OoJee BBICO-
KOif TeMITepaTypoii ropeHHus B OKpy Kalollei cpeze.
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Bonbiass nmoTpeGHOCTh MPOMBILUIEHHOCTH BO B3PHIBOHENPOHHIIAEMOM
3JIeKTPO0OOPYL0BAHIH, IPHUTOAHOM /I HanboJee B3pHIBOOIIACHBIX CMecel ka-
teropuu IIC (4) (Bogopoa, cepoyriiepoi u p.), BIUsSHIE Ha BEICOTY 3a30pa K3,
0CO0EHHO MEX/Iy aIOMHUHHEBBIMH IIPOBOJHUKAMH, IPUBEIH K HEOOXOAUMOCTH
IPUMEHEHHUS JJAOUPUHTHOTO ¥ 6apbepHOTrO COMpPSKEHHH B3PBIBOHEIIPOHHMIIAC-
Mot 06oouku (cM. puc. 2.3). MccnenoBanus noKa3aiu, 4TO JaOUPUHTHBIE CO-
NPSDKEHHs B3PHIBOHENPOHUIIAEMO# 000JI0YKH MO3BOJISIOT YBEIHYHMTE BBICOTY
JOIMYCTUMBIX 3a30POB H 0COOEHHO 1[e71ec000pa3Hbl s HEMOBHKHBIX B3PBIBO-
3aLIMTHBIX COCIMHEHUH B cpefax Bojopoaa H cepoyriaepoja. [lomoxurensase
CBO¥CcTBA 6AapbEePHOTO COMPSDKEHUS, COCTOSLIETO M3 Y3KMX LIETeH, MEeXIy KO-
TOPBIMU HaXOAATCS OAMH, 1BA MJIM TPH PaCLUIMPHUTEIIS, 3aKJII0YAIOTCS B TOM, YTO
IpU JBIDKCHUM M3 000JI0YKH MPOAYKTHI B3pbIBA OTAAIOT GOJbIIE TEIIa, YeM B
o0BI4HBIX (IaHLEBBIX 3a30pax. Haubosee 3aMeTHO BIHSIET Ha Teruonepeaaydy
pacuIMpUTeNb, B KOTOPOM MPOMCXOAUT pacIIUpeHue MpoayKTOB B3phIBa U 3Ha-
YUTENBHOE MX TYpOyJEHTHOe ABMXEHHE. DTO NMPHUBOAUT K IOTEpe Telula 3a
cdeT aauabaTHOTO PaCUIMPEeHUs U OTAa4e TEIUIa CTEHKaM paclIupUTEIs.

ITpu ucnbITanusx 6apbepHOro, JaGUPUHTHOTO M Pe3bOOBOr0O COMPSKEHHUH
OBUIO YCTAaHOBJICHO, YTO HauboJIee OMAacHO PACIOJIOKEHHEe UCTOUYHHKA BOCILIA-
MEHEeHHUs B 1eHTpe oObeMa 0007104kH. OCOOEHHO 3TO 3aMETHO NMPH MCIBITAHU-
Ax 0007104eK € OBICTPOCTOPAIOUIMMHU CMECSIMH (BOZOPOJIOM, CEPOYTIEPOAOM H
ap.). Tak, npu o6beme 060IOYKH, 3aIOJHEHHOH 1,2 J1 BOZOPOJOBO3IYIIHOMH
B3pBIBOOTIACHOH CMeCH, U OapbepHOM COTIPSDKEHUH (hIIaHIEeB BEPOSTHOCTH Iie-
penaun B3pbiBa paBHa 0,43 mpu 3y, = 0,3 MM, eCiH HCTOYHHK BOCIIAMEHEHHS
pacronaraercst Ha pacctosHuu 10 MM ot wmienu. IIpu Tex xe yCIoBHsX, HO €CIH
Sp = 0,15 MM M MCTOYHMK BOCIUIAMEHEHHs PAaCIONOXEH B LEHTPE 000JIOYKH,
BEPOSATHOCTH Tepeayt B3pbiBa paBHa yxe 1,0.

B3pbiBoycTOHYHBOCTB. UTOOB! HCKIIIOUHTH MEpeady B3phIBa H3 0007104~
KH B3PBIBOHEIIPOHHLIAEMOTO 3JIEKTPOOOOPYIOBAaHUS B OKPY)KAIOLIYIO Cpemdy,
0607109Ka JIOJDKHA HE TOJBKO MMETh COOTBETCTBYIOIINE B3PHIBO3ALIUTHEIE CO-
NpsOKEHHS YacTel, HO U OBITh MeXaHH4eCKH NMpouHoil. [Ipounocts 060I04KH B
SKCIUTyaTallMu NpH JMIOOBIX pexuMax paboTsl IEKTPOOOOpPYI0BaHUS OIpese-
JIIETCSl pacyeToM M JIOJDKHA COOTBETCTBOBATh MAaKCHMAIBHOMY JaBJICHHIO
B3pbIBA CMECH IIPU BOCIUIAMEHEHHH HE TOJBKO OT MAJOMOIIHOTO HCTOYHHKA
BOCIUTAMEHEHH (MCKpa MarHeTo), HO ¥ 0T MoIHoro (ayrosoe K3).

Ha Benu4MHy AaBiIeHHs IPU B3pBIBE BHYTPU 000JIOYKH BIHUAIOT €€ 00beM
u ($opMa, MECTOpPacIoIOKEHHEe U MOLIHOCTh MCTOYHUKA BOCIUIAMEHEHHS, CO-
CTaB M KOHIIEHTpalus TOpIOYeil B3pPBIBOOINACHOH CMECH, a TakKe pasmep
YAENBHOTO CeYeHHs OTBEpCTUH B obosouke. Tak, B repMeTH4HOM 000J0YKE
JlaBJICHHE ITPU B3pHIBE MaJIo 3aBHCUT OT ee oObeMa. B HerepmeTnuHoi 060104-
K€, MMCIOIIEH OTBEpCTUs (HAampuMep, 3a30pbl BO (MIAHLEBBIX COCAMHEHUSIX),
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JIaBJICHUE IIPH B3PBIBE YXKE 3aMETHO 3aBHCHT OT CyMMAapHO# IUIOMIAaAH CEYCHHUS
CKBO3HBIX OTBEPCTHH M 0Obema obonouku. Hampumep, mpu B3pbIBE METaHO-
BO3/IyLIHOM CMeCH B 000JI0UKe ¢ BBICOTOH 3a30pa & = 0,8 MM paBieHuHe JOCTH-
raet 100 xIla, mpu & = 0,2 MM naenenue npesbimaer 400 k[1a. MakcumaiabHoe
JIaBJICHHE IIPH B3PHIBE BO3HUKAET, KOTZ1a HCTOYHUK BOCIUIAMEHEHHS [IOMEIIaeT-
cs B LeHTpe ceprudeckoit 060104ki. DTO 0OBICHIETCS TeM, YTO (POHT IIa-
MEHH HMEET cepudecKyio GopMy M JOCTHraeT CTEHKH 00OJIOYKH B KpaTyai-
1iee BpeMsl, IPaKTHYECKH OJHOBPEMEHHO C OKOHYaHHEM IPOLIecca FTOPEHHUSL.

B3peIBOyCTOHYHMBOCTE 000JI0YEK B3PBIBOHENIPOHHUIIAEMOTO 3JIEKTPO060-
PYAOBaHMA OINpPEACIACTCS KOHTPOJIBHBIMH THAPABIMYECKUMH HCIBITAHHSIMU
Ha 3aBOJaX-U3rOTOBUTENAX. BenuyrHa U30BITOYHOrO JaBJICHUS 3aBUCHT U OT
KaTEroOpHHU B3PBIBOONACHOM CMECH, JIs1 KOTOPOi 060s10UKa MpeaHa3HavyaeTcs.
Cornacno IIMBP3, npu o6beme 060JI04KH CBBINIE 2 J BEJIUYUHA U30BITOYHO-
ro JaBJIEHMs NpPHU THIPaBIMYECKOM HCIBITAHUM NpUHHMMaercs paBHOH 800
kIla ms B3peiBoOnacHeIX cMecei kateropuu IIA, 1000 xITa — o cMecei ka-
teropuu IIB u IIC.

TemnepatypHblii pexxum 000j04kn. Bee HapyXHbBIE 4acTH B3pHIBOHE-
[IPOHHLIAEMOTO JIEKTPOOOOPY/JOBAHHUS, CONPUKACAIOIINECS CO B3PBIBOONACHOM
Cpe/io, He JOJDKHBI HarpeBaThCs BBIIIE MAKCUMAJIbHOM TEMIIEpaTypsl Kak Mpu
HOPMAaJIbHOM PEXHME, TaK M MPH BO3MOXKHBIX INEperpy3Kkax WIH KaKHX-THOO
noBpexaeHusX. [1oaToMy mapamMeTpbl HEKOTOPBIX PEXXHMOB, HapUMEp MOLI-
HOCTb M NMPOAOJDKUTENIBLHOCTh K3, KOTOpBIC yUHTBIBAIOTCS IPH KOHCTPYHPOBA-
HUM U HUCIBITAHUHM B3PBIBOHEIIPOHHUIIAEMOIO 3JIEKTPOOOOpYJ0OBAHMUS, 3apaHee
00yCIOBIUBAIOTCS.

ITo I'OCT 12.2.020-76 [14] u IT'OCT P 51330.13-99 (mpuin. 4) Temmnepary-
pa Hapy>XHbBIX 4YacTeil 000JOYKM B3PBIBOHENPOHMIIAEMOro (M APYTrHX BHUJIOB
B3PBIBO3ALHTHI) 2IEKTPOOOOPYIOBAHUS NPH UIMTEILHOM H KPaTKOBPEMEHHOM
neperpeBe He IOJDKHA TNPEBBIIATh MAaKCHMalbHOH BEIMYMHBI, YKa3aHHOH B
tabin. 2.13.

Ecnu anektpoobopynoBanue MpeaHa3HaueHo Uis ONpeeIeHHOH B3pBIBO-
OMacHOH CMecH, MaKCHMaJbHas TEMIIepaTypa €ro HOBEpXHOCTH He JOJDKHA
IPEBBIIATH TEMIIEPATYPbl CAMOBOCILIAMEHEHHS 3TOH CMECH.

JInst B3pBIBOHENPOHHLIAEMOTO JIEKTPOOOOPYAOBAHUS U BCEX APYTUX BH-
JI0B B3pbIBO3ALIUTHI [ 18] 0OBEKTOB C BHIJEICHHEM B3PBIBOONACHBIX MbUIEH (30-
Ha kiacca B-II (21)) TemnepaTtypa 060704KkH J0/DKHA OBITH HE MEHEE YEM Ha
50 °C Hike TeMIepaTypsl TIIEHHS Ul TICIOMIUX MbUICH U COCTABIATE He Oomee
A TEMIIepaTyphl CaMOBOCIIAMEHECHHUSA (MUl HETJICIOMMX MBLIeH). DTOT BHUI
B3pBIBO3AIIUTEl MOKET 00ECIIeYUTh YPOBHH B3PHIBO3ALIUTEI 3JIEKTPO0OOpPYI0-
Bauus 2(H) u 1(B) (cm. Tabm. 2.11).
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DJ1eKTPo0OOPY/10BaHHE B3PbIBO3aIIHIIEHHOE ¢ 3AIIHTOH BH/IA «€»
(NOBLILIEHHOH HA/IE}KHOCTH IPOTHB B3PbIBA)

B3peiBo3aluIneHHOe 3JeKTpooOOpyAOBaHHE C 3AIIUTON BHIA «€» OT aHa-
JIOTHYHOTO 3JIeKTpo0bopyoBaHus 061ero (HEB3phIBO3ALUIMIIIEHHOr0) Ha3HaYe-
HUS OTJIMYACTCS JIMIIL HEKOTOPHIMH JOMOJHUTENLHBIMU 3aIMTHEIMH CPEJICT-
BaMH U Mepamu. KoHCTpyKums Takoro o6opyIoBaHHUs MPENSATCTBYET BO3HHUK-
HOBEHMIO MCKD, 3JIEKTPUYECKOH AyTH H ONMACHBIX TEMIIEPATyp B TEX MECTax, IIe
UX HE JI0JDKHO OBITH MPU HOpMaJbHOI pabote U myckoBoM pexume. Hopmais-
HO MCKPSIIHECS YaCTH TOJDKHBI OBITH 3aKJII0UYEHbI B 060JI0YKH J1I060r0 Apyroro
BHJIa: B3PBIBOHENIPOHHLAEMBIE, TPOAYBaeMbI€ MO H30BITOUYHBIM [aBJICHUEM, C
MAacIsSHBIM 3aM0JHEHUEM H Jp.

K cpenctBam u MepaM, o6ecriedHBalOIUM 3aLIUTY BHAA «E», OTHOCATCS:

MPUMEHEHHUE HJICKTPOU3OIALIMOHHBIX MATEPHAIOB BBICOKOTO Ka4eCTBa, T.€.
CTOMKHMX K BJare, BO3JCHCTBUIO XMMHYECKH AKTUBHBIX BEIIECTB, a TakkKe K
CKOJNB3AIIUM pa3psiaaM (TBepble TUIIEKTPUKH), HCKIIOYAOMUX obpa3oBaHue
nyru u nocnexyomue K3;

CHIDKEHHE TEeMIIepaTyp HarpeBa M30JLILHOHHBIX OOMOTOK (10 CPaBHEHHIO C
normyctuMbiMu 1o 'OCTYy u1st JaHHOTO Kitacca U30JIILHK) He MeHee yeM Ha 10 °C;

YCTaHOBIEGHHE MaKCUMAJIBHBIX TEMIIEPaTyp HarpeBa MOBEPXHOCTH JIOOBIX
qacTeil 21eKTpoobopynoBanus, 6onee HU3KHUX, YeM TeMIlepaTypa CaMOBOCILIA-
MEHEHHs CMECH TOPIOYHUX I'a30B, MTAPOB WM MBIIM C BO3LyXOM WIJIM YEM TeMIIe-
patypa TJEHHs TbUIM, OCEJalollei Ha AeTalsX 3JIeKTpoobopynoBaHus (ITH
TEMIIepaTyphl HE JOJDKHEI MPEBBIIATh 3HAYCHUH, TPUBEICHHBIX B Tabm. 2.13);

obecrieyeHne pa3MepoB, PAacCTOSHHUS M JJIEKTPHYECKHUX 3a30POB MEXTY
METAJUIMYECKUMH YACTAMH Pa3HOrO MOTECHILMANA, TIPH KOTOPBIX HUCKITIOYAETC
BO3MOXXHOCTb MOBEPXHOCTHOTO NMPOOOs U3OIALMU U BO3SHUKHOBEHUS UCKPEHUS
WM 3JIEKTPUYECKOM TIyTH;

BBINOJHEHHE CTAOMIBHBIX COCIUMHEHUH TOKOBEIYIIUX YacTei, CHOCOOHBIX
JUIMTEILHOE BPEMs COXPAHATh HAaJEKHOCTh KOHTAKTa 0e3 MCKpEeHHs M Harpesa
BBILIE JJOMYCTUMBIX HOPM;

UCIIOJIB30BAaHHUE 3ALIMTHBIX YCTPOMCTB, MPETOTBPALIAIOLIMX TPUKOCHOBE-
HHE K TOKOBEAYIMM YacTsAM U CONPUKACAHUE C HUMH, a TAKXKE COIPUKOCHOBE-
HHE C 3JIEKTPHYECKON M30JISIMEH BOBI M MBLUIH;

IIPUMEHEHHUE Ul 000I04€K KOHCTPYKIMOHHBIX MaTepHaloOB MOBBILICHHOM
MEXaHUYECKOH TPOYHOCTH, MPOTHBOCTOALIMX BHOpaUMM W yJapaM, BO3HH-
KaIOLUM IPH TPAHCIIOPTHPOBKE, MOHTaXKe WIH paborTe.

O6omnouka 21eKTpoOOOPYIOBAaHUS TIOBBIICHHOH HAJEKHOCTU IPOTHUB
B3pBIBA, COJEpIKallas H30JHPOBAHHBIE TOKOBEAYLIHE YacTH, JODKHA UMETh CTe-
TMIeHb 3aLUThI OT HAPYXKHBIX BO3/IeHCTBUH (cM. nanee Tabu. 2.18) He Hike IP54.
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[ToBbIICHHYI0 HAIEKHOCTH NMPOTHUB B3pBIBA 3JIEKTPOOOOpYHOBaHHS 0O0Y-
CIIOBJIMBAIOT TAKXKe MpeJie/bHas TeMIepaTypa u BpeMS Tg, B TEYEHUE KOTOPOrO
31IEKTPOOOOPYIOBaHKE (HATIPUMED, ACHHXPOHHBIE JABUTATENH, 3IEKTPOMArHUTEI
MOCTOSIHHOTO TOKa) HarpeBaeTcs MyCKOBBIM TOKOM OT TEMIIEPATypsl, JOCTHI-
HYTOM NpH AJIMTENBHOH paboTe B HOMUHAJIBHOM PEXHUME, 0 MaKCUMAaIbHOM
TEMIEpaTyphl.

I[Ipenenbhas TemnepaTypa 0OMOTOK B3pPhIBO3AILHIIEHHOIO IEKTPOOOOpPYI0-
BaHUs BHJIA «E» HE JIOJDKHA IPEBOCXOAUTH 3HAUCHHUH, IPUBEACHHBIX B Tab. 2.14.

Tabnuua 2.14
Knace n3onauun [pesensHas Temneparypa o6MoToK, °C
no 'OCT 8865 - 70 1PH HOMUHANILHOM PeKHME B KOHUE BPEMEHH [
A 105 160
E 120 175
B 130 185
F 155 210
H 180 235

OTOT BUA B3PBIBO3AIIUTHI MO3BOJSIET 00ECIEYUTh JBA YPOBHS B3pBIBO3a-
umtel 2 (H) u 1 (B). Yposens 1 (B) o6ecriednBaeTcst Npu yCIOBUH 3aKJIIOUCHHUS
3JIEKTPOOOOPYAOBaHUS BUIA «&» B 0001104Ky BUIa «Py» min «d».

3JIEKTp0060pyHOBaHHe B3pPbIBO3ALHIIEHHOE C BHAOM
B3PbLIBO3ALIMTDBI ((MCKpOﬁCZlO[lKCHﬂﬂ JJIEKTPHYECKasA Helb»

B3pBIBOHENPOHUIIAEMOCTh  3JIEKTPOOOOPYIOBAHUSI BO B3PBIBOOMACHBIX
cpeax He BCerja JOCTaTOYHO ONpaBjaHa Ul CHCTEM aBTOMAaTH3allMH, Telle-
KOHTPOJIS, CBSI3H, CHTHAIM3ALUH U JUCTAaHLIMOHHOTO yrpaBieHus.. OOBIYHO 3TH
CHCTEMBI COCTOAT U3 KOMIUIEKCa ManorabapuTHBIX MPHOOPOB H JaTYHKOB He-
6O0JIBLIOI MOLHOCTH M MMEIOT Pa3BETBICHHYIO 3JIEKTPUYECKYIO 1emnb. [Toatomy
NPHUMEHEHHE B3PBIBOHEIPOHHI[AEMOH 00OJIOUKH M TepMETH3alHH TPpyO 3iek-
TPUYECKHX MPOBOJOB CBA3aHO C OONBIIMMHU 3aTpaTaMH U HEYy100CTBOM MOHTa-
’a, a OMBIT KCIUIyaTallMH [MOKA3BIBAET, YTO B3PHIBO3AIIUTA TAKUX MHOTOBIE-
MEHTHBIX Pa3BETBJICHHBIX CXEM OYECHb YACTO HApYyIUAETCsS H3-3a KOPPOAMPYIO-
LIero JefCTBUA OKpYIKaloLIeH cpe/ibl, HapyIIeHUs 3a30pOB U JIp.

HauGosee mporpecCHuBHBEIM METOIOM OOecIedeH s B3PIBO3AIMTEl TAKON
anmapartypsl sABISIETCS HCKpOOE30MacHOCTh €€ 3JIeKTpUYeckoi uenu. B3peiso-
3alIMIIEHHOE 3JIEKTPo0OOPYAOBaHHE C HCKPOOE30MacHOH Lenbio XapaKTepu3y-
€TCs TeM, YTO MCKpPBI, BOHHKAIOIIUE [IPH HOPMaJbHOU paboTe MM MpH MOBpe-
xaenusx (06psiB, K3 u T.11.), HE MOTYT BOCIIJIAMEHSTH B3PBIBOOMACHYIO CPEy.
Be3onacHOCTh Takoro 31eKTpoOOOPYIOBaHUA HE MOXET OBITh HapylIeHa B
npolecce IKCIUTyaTaluy HU 1o omubKe, HU 1Mo HeOpexHocTu. Takoe 31eKkTpo-
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000py/IOBaHHE KOHCTPYKTUBHO MaJ0O OTJIMYAETCS OT 3JIEKTPOOOOpYIOBaHMS
o01ero Ha3Ha4eHMs], a 3aTPaThl HA aIIapaTypy U CPEACTBAa aBTOMATU3ALUH C
UCKpOoOe30macHo# Lenbio cHIxkaTcs Ha 25-30 % 1o cpaBHEHHMIO C 3aTpaTaMu
Ha TaKylo Xe anmnapaTrypy BO B3pbIBOHEIIPOHUIIAEMOH 000I0UKeE.

YCTaHOBICHO, YTO MCKPOOE30MacHOCTh 3JEKTPUYECKOM IEIH 3aBUCHT OT
TOKa, HANpSKEHUS, HHAYKTUBHOCTH, EMKOCTH 3JIEKTPUYECKOH LIENH, SHEPTUH
HCKPOBOTO HMJIM JYIOBOTO paspsija, BPEMEHHU M CKOPOCTH pa3MBIKaHHS IIEIH, a
TaKke OT (OpMBI M MarepHana KOHTaKTa HCKpPOOOpa3yloLIEro yCTpOWCTBa,
KOHIIEHTPAIMH B3PBIBOOITACHBIX CMECEH.

DnekTpuyeckue UCKpoOe3onacHble LEeNU MPUHATO YCIOBHO pa3fensaTh Ha
Ge3bIHIyKTUBHBIE, MHIYKTHBHbIE, EMKOCTHBIE M KOMOMHUPOBAHHBIE.

DnekTpudeckas HCKpa Kak HCTOYHHK BOCIUIAMEHEHHUS CYUTaeTcs Oe3omac-
HOM, ecnu OHa He 00JajaeT JHEepruei, JOCTaTOYHOH UIA BOCIUIAMEHEHUS
B3pPBHIBOONACHON cMecH. [l Kakaoi B3pHIBOOIACHON CMECH B JIaHHBIX YCJIO-
BUSAX CYIIECTBYET MMHUMANIbHas 3HEPTUst UCKPBI Wy 4, HHXKE KOTOPOH BOC-
TUIaMEHEeHHe He NMpPOUCXoAuT. Kpome TOro, sHeprus MCKpOBOrO paspsna He
MIOJTHOCTBIO PAcXOAyeTcss Ha BOCIUIAMEHEHHE CMECH, 3HAYMTENIbHAas 4acTh €€
3aTpayMBACTCs Ha HArpeB KOHTAKTOB, U3JTy4eHHE, TEIUIONOTEPH H AP.

Paznuuator ciemyronue BUIBI pa3psAnoB B raze: HCKPOBOH, TICIOLIHH H
IyroBoi. MIckpoBble pa3pssl MOTYT BO3HHKHYTh TOJBKO MEXIY KOHTaKTaMH
3JIEKTPUYECKUX LIENel, B KOTOPBIX HaNpsDKEeHUe JocTHraeT npuMepHo 250 B u
BhIIIEe, obecnieunBas npoboif B ra3ax. Tieromuii pa3psaa BO3HHKAeT NMPH Ha-
MPSDKEHUSAX B HECKOJIBKO COT BOJIBT MPEHMYINECTBEHHO Y 3a0CTPEHHOTO MIIH
TOHKOTO INPOBOJAHUKA. B GoNBIIMHCTBE CIy4aeB TJICIOMIMN pa3psn sBISETCS
NepBOHAYAIBHON CTagueH B (JOPMHUPOBAHHH UCKPOBOTO MJIH JYyTOBOTO pa3psi-
Jla U HE B COCTOSHHM BOCIUIAaMEHMTH B3PBIBOONACHYIO cMech. Yaine B 3Jek-
TPUYECKHUX LEMAX MPOUCXOQUT AYrOBO pa3psl, XapaKTepU3YIOIIHIACI MaJIbIM
maJieHUeM HalpsHKEHHWs M BBICOKOW TeMmeparypoil B karie aAyrd. OmsiTaMu
YCTaHOBJICHO, YTO HHEPrHsA, pacceMBaeMas Ha JYrOBOH CTaJuH pa3psia NpH
pa3MBbIKaHUH, SBJISETCS OCHOBHBIM ITapaMETpPOM, MO KOTOPOMY MOXKHO OIIpe-
JIEJIUTh BOCIIIAMEHSIOLIYIO CIIOCOOHOCTH JNIEKTPUYECKUX Pa3psAmoB 3TOTO BH-
Ja. OTa 3HEprus COCTaB/IAeT NPUMEPHO OT MOJOBUHEI 0 TPETH 0OLIEH Hep-
THH, PaCCEHBAEMOMH B HCKpE.

Ipu ouenke MCKPOOE30MACHOCTH IIEKTPUYECKOM e UCXOAAT U3 TIOHS-
THI MUHMMAaJIbHOTO BOCIUIAMEHSIOIIETO M MCKPOOE30IIacHOTO TOKa, HaIpsike-
HHSI, MOIITHOCTH MJIH Q9HEPTHH.

Munumanvuwiti  6ocnaamenaowuti. moxk (HamnpsDKEHHE, MOLIHOCTH MIIH
9HEPrus) — TOK (HampspKeHHE, MOLIHOCTh WIIM SHEPrHs), BBI3BIBAIOLIMI BOC-
TUTAMEHEHHE B3PBIBOONIACHOI CMECH ¢ BEPOATHOCTHIO 107,
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Hckpobesonachuviii mok - HanGOMBIIMI TOK (HAMpPsDKEHHE, MOIIHOCTD HIIH
3HEPrHs) B 3IEKTPUYCCKOH IienH, 00pasyouuii pa3ps/ipl, KOTOPBIil HE BBI3BIBACT
BOCIUIAMEHEHHs B3pbIBOONacHo# cmecu B npeanucanneix FOCT P 51330.10-99
(mpun. 4) uI'OCT 22782.5 — 78 [15] ycnoBusiX HCIIBITAHHIA.

HckpobeszonacHble 1enu AODKHBI UMeTh K03 duImeHT nckpobesonacHo-
CTH He Huke 1,5 B HOpMambHOM pexume paboThl 3JeKTpooOopynOBaHMs, a
TaKXK€ B aBaPUMHBIX COCTOSHHAX €TO NMPU UCKYCCTBEHHO CO3/1aBaEMBIX IIOBpE-
KIEHUAX 2JIEMEHTOB M coeauHeHu. [log koagduyuenmom uckpobesonacro-
CMu TIOHUMAETCS OTHOLIEHHE MHHMMAJTBHBIX BOCIUIAMEHSIOLIMXCS TApaMETPOB
K COOTBETCTBYIOIIUM HCKPOOE30MacHBIM.

HckpobesonacHsle NIEKTPHYECKUE LEMU Pa3IesITIOTCS Ha TPU YPOBHSA ig,
ip, i (Tabn. 2.15) ¥ B 3aBUCHMOCTH OT TPYHIIbI WM MOATPYMIBI B3PhIBO3ALIM-
IIEHHOTO J1EKTPO000PYyJOBaHHS JOJDKHEI PACCUMTBHIBATBCS AT HCIIOIb30BaHHU
B COOTBETCTBYIOMIEH INPEJCTaBUTENBHOM B3PBIBOONACHOM CMECH, KaK 3TO yKa-
3bIBaeTcs B Ta0JI. 2.16.

Tabanua 2.15
3HaK ypoBHs HCKpoOe30nacHoit 31eKTpuyecKoil uenu YpoBeHb B3pblBO3aUHTHI
Ana dnekTpoobopynoBanus rpynnsi 11 no 'OCT P 51330.10-99 u [1YD
iy Oco60oB3peiBo6Ge30NACHbIiT
ip B3peiBoGe3onacHslii
ic IToBbINIEHHOH HA/IEKHOCTH MPOTHB B3pkIBa
. Tabnuua 2.16
[pynna u noarpynna B3pbiBo3a- -
uMUEHHOro 060pyA0BaHUs 10 IMpeacraBurensHas Cocras cMmecu ¢ Haubonblueit Bocnna-
OCT 12.2.020 -76 B3pbIBOONACHAA CMeECh Mensiiouieli cnoco6HOCTbI0A% 00.
['OCT P 51330.10-99
: | MeTtaHoBO3/y1LIHAS 83+0,3 .
1A Hponauosozn’ymuan 53+0,3
IMenranoBo3aynHas 4,6+03
1B OTHIEHOBO3IYILIHAS 73405
1IC Bonoponososaynisas 21,0420

s anektpoobopynoBanus rpymnmel II TemmepaTypa MOBEPXHOCTH 3JIe-
MEHTOB LIeIH, KOTOPBIE HarpeBaloTCs MOA JEHCTBHEM MPOTEKAIONIEro 110 HUM
TOKa M CONPHUKACAIOTCS CO B3PBIBOOIACHOM CMEChIO, HE CHaOXEHBI CPEICTBAMU
B3PBIBO3AIHTHI 110 I'OCT 12.2.020 — 76, e nomxHa npesbimats 85 °C.

HckpobesonacHas Lienb, KaK MPaBHIIO, HE JODKHA 3a3eMIISTLCS, €CIIH 3TO-
ro He TpeOyIoT yciaoBus paboTsl dnekTpoobopynoBanus. [pu 3a3emuenun uc-
KpoOe3omacHbIX LeNei CoeMHEHHEe C 3eMJeH PEeKOMEHIYETCs BLIONHAThH B
oxHoM Touke. Eciu 31ekTpoobopyoBaHHE YCTaHABIMBAECTCS BO B3PBIBOOIAC-
HEIX 30HaX, HAPY)XHBIE 000TOYKH JOJDKHBI 00€CIeYHBaTh 3aIIUTy BHYTPEHHHX
JJIEMEHTOB OT TOBPEXICHHH CO CTENEHbIO 3alIMTBl He HWke [P54 1o
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I'OCT 14254 — 96 [16]. Ecnu xe 31ekTpoobopyfoBaHHE yCTaHABIMBACTCS 3a
npejesaMi B3pHIBOONACHBIX 30H B 3aKPBITBIX mKadax MIHM IUTaX, 060mouka
JIOJDKHA IMETh CTEeNeHb 3alUThl He Hike /P20. OTOT BUA B3PBIBO3AIIUTEI MO-
KeT obecreuuTs 060 ypoBeHb B3pEIBO3AIUTHI (cM. Tabm. 2.11).

3J1e|crp0060pynonauue B3PbIBO3ALUINEHHOE C BUAOM B3PbIBO3ALIIHTHI
«MacJIsiHOe 3anoJIHeHue 000JI0YKH ¢ TOKOBEAYIIHMH HaACTAMMU

Bo B3pHIBO3ANIMIIEHHOM 3JI€KTPOOOOPYJOBAHIM C BUIOM «MacIsIHOE 3a-
HOJIHEHHE 0O0TIOYKH» HNMEKTPUUECKHE YaCTH JOJKHBI HAXOAUTHCS MOJ 3allUT-
HBIM cioeM Macna. Ecnu yactu o6opyoBaHHs, TeMIepaTypa KOTOPBIX Ha II0-
BEPXHOCTH HE NPEBBINIAET AOIyCTHMBIX BEIUYHH, HEBO3MOXHO MOTPY3UTH B
Macjo, X CIEAYET 3aKJIIOYUTh BO B3PBIBOHEIPOHHLIAEMYI0 000I04Ky MM 060-
JIOYKY C JPYTHM BHAOM B3pbIBO3amIUTEL. OCHOBHOM 3JIEMEHT B3PHIBO3AIIUTHI
TAKOTO 3NEKTPOOGOPYIOBAHHS BO B3PHIBOONACHBIX CPENaX — MHHMUMATBIO 10-
IyCTUMBIH 3alIMTHBIH CJIOH XOJIOJHOTO Macya Haj Jiio0oi TOYKOM, B KOTOPOW
MOXET MPOU30HTH MCKpeHue. TouuHa C10s ONpeaesseTcsl pacueToM, HO BO
BCEX CIIyHasX OH JOJKEH OBITh MMHMMYyM Ha 25 MM BBILIE BCEX TOKOBETYIIMX
M HaXOJAIIMXCA I0J HANpsDKeHHEM dacTei. DTo HeoOXoauMo, YTOOBI BhIjE-
JIMBLIASACS NPH MCKPEHUH MM JTyrooOpa30BaHHU CMECh TOPIOYMX Ta30B (BOJO-
PO, aLETUJICH U JIP.) U YIJIEKUCIIOrOo ra3a, HOAHHMAasCh BBEPX uepe3 CIIoi Mac-
Jla, ycriena OXJaAUThCs He TOJBKO HIDKE TEMIIepaTyphl CaMOBOCIIAMEHEHHS,
HO ¥ HH)KE€ TEeMIIepaTyphl CaMOBOCIUIAMEHEHHS TeX Ia30B, KOTOPBIE MOTYT MpPO-
HHKaTh BHYTPb KOXyXa U3 aTrMochepsl.

" B KOHCTPYKIMH MacJIOHAMOJHEHHOTO B3PBIBO3ALIMIICHHOTO 3JIeKTp0060-
pyZOBaHHs B KA4€CTBE JOMOIHUTEIBHBIX CPEICTB B3PHIBO3AIIUTEI IPUMEHSIOT
3alIMTHBIE 9KpaHbl THNa | (3akpemseHHas ra3ompoHMIacMasl ceTKa MM IUla-
CTHHA U3 NMpo4yHoro marepuaina) u Il (3akpenynenHoe B 0607104Ke YCTPOHCTBO B
Buze nepGopupoBaHHEIX JHUCTOB M3 MPOYHOrO MaTepHana, MEXIY KOTOPBIMU
pa3sMeIEH CJIOH ChIMydYero MaTepHasa B BHJE MIAPUKOB WIIM IpaHyJI). 3amur-
HbIE SKpaHbl O3BOJIIOT YMEHBIIUTH BBICOTY 3aIUTHOTO CJIOS Macia.

3HaYeHHUs TOJILIMHBI 3aIMTHOTO HEIKPaHHUPOBAHHOTO H, M 3KpaHUPOBaH-
Horo H,, (B MM) ciios Macia Ajs B3pBIBOONIACHBIX CpeJl BCeX KaTEeropuii u
TPYIII 10 YCIOBUAM MCKPOBOTO paspsia ONpeaesioTes o Gopmyiam:

H,=0,15N, 2.8)
H,,=0,08 N, (2.9)

rae N = 1,73 IU — pacueTHas pa3pblBHas MOLIHOCTE amnmapara (MpU CKOPOCTAX
ABwkeHusa kouTakToB 0,12-0,69 cm/c), kB-A; 31ech / — pa3pBIBHOM TOK ammapa-
Ta, K-A; U — Hanpsbkenue B ceTH, B.
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B MacnoHanoJgHeHHOM 3JIeKTPoOOOpYAOBaHHK MpPHMeEHseTcs TpaHcdop-
MaTopHOe MacJo, o0ajaiomee BHICOKMMH AYroracsiuMu CcBOicTBamMH. [{nsd
KOHTPOJIs 32 yPOBHEM MacJiia B IIPOLIECCE 3KCIUIYaTal[Mi B KOXKYXe 3IEKTPoo6o-
PYAOBaHMs yCTaHABIMBAIOT Macjoyka3aresab. HabmoaaoT 3a ypoBHeM Macia
4epe3 CMOTPOBBIE OKHA M3 HErOPIOYero MaTepuara.

Temnepatypa Macyia B BEpXHEM CJI0€, a Tak)Ke TeMIepaTypa 4acTeii arnra-
para, CONMpPHUKAcalOIMXCs CO B3PHIBOOIMACHBIMH CMECSIMH, HE JOJDKHA INPEBBI-
waTh B IPOLECCE IKCIUIyaTallMd COOTBETCTBYIOMIMX 3HAYEHMH JUIS TPYII
B3pbeIBOoOnacHbIX cMecer: T1, T2 u T3 — 115 °C; T4, T5 — 100 °C; T6 — 80 °C.

O6onoukn 37eKTPo0bOpyI0BaHHs B COOPAaHHOM BHJE, BKIIOYAs BBOAHBIE
YCTpOMCTBA, JODKHBI MMETh CTeNeHb 3aumMThl He Hike [P54 1o
['OCT 14254 — 86. DTOT BHA B3PBHIBO3AIIMTEL MOXET OOECIIEYHBATH TOJIBKO
ypoBeHsb B3pbeiBo3amuthl 2(H) (cMm. Tabn. 2.11).

DJ1eKTPo0OOpYA0OBAHHE B3PbIBO3ALIMILEHHOE C BHIOM
B3PbIBO3ALIHTHI «32I10JIHEHHE HIIH TIPOYBKA 000/104KH
0/ H30bLITOYHBIM AaBJIEHHEM»

ToxoBemynMe MM HaXOJANIMECS IMOJ HANPSDKEHHEM YacTH 3TOTO JJIEK-
TpOOOOPYIOBaHKS, B TOM YHCIE 3IEKTPOOOOPYIOBAHHS OOMIEro Ha3HAYCHHS,
BCTPauBaIOTCA B 00OJIOUKY, 3aMOJHAEMYIO0 HIH MPOAYBAaEMYyIO MOJ U30BITOY-
HBIM JIaBJICHHEM 3aLIUTHBIM Ta30M.

3awumnbiu 2a3 - HEroplOYMIA Ta3, KOTOPbIH HAXOAUTCA B 000J0YKE HIICK-
TPooOOPYMOBAHUSA MO/ H3OBITOYHBIM JaBJICHHEM U MPEJOTBPAILaeT MPOHUKHO-
BEHHE BHYTph OOOJIOUKH OKpYy’Kaiolleil B3phIBOONMAcHOM cpenbl. B kauecTse
3aIMTHOTO ra3a IS 3aMOJHEHUS MM NMPOAYBKH OOOJIOYKH MO M30OBLITOYHBIM
JlaBJIEHHEM MPUMEHseTCs atMocepHblit BO3ayX Wi a30T. M30siTouHOE 1aBie-
HHE 3al[MTHOTO ra3a y CTEHOK O0OJOYKM M Ia30MpOBOIOB, HAXOIAIIMXCS B
npejenax B3pbIBOOMACHOM 30HbI, J0KHO ObITh He Menee 100 ITa, a BEIOpoc ero
13 000JTOYKH OCYIIECTBIAETCS 3a MpPEIENbl B3pHIBOONACHOM 30HKL. Jlomyckaer-
CsI IPOM3BOJIUTH BEIOPACKIBAHUE 3aIMTHOTO I'a3a BO B3PBIBOOMACHYIO 30HY TPH
MPEAIYCKOBOM MPOIyBKE 000IOUKH, T.€. EPEe BIIIIOYEHHEM IEKTPO0OOpYI0-
BaHUA B JJICKTPHYECKYIO LENb IS yAaneHHs M3 00O0JOYKH NMepBOHAYAIbHOH
CpeJibl C BO3MOXXHBIM HaJIMYHEM B3PBIBOOITACHBIX CMECEHT.

VYerpoiicTBa moxauu aTMocepHoro Bo3jayxa, MMEIONUIHE 30HBL C pa3ps-
XeHueM (HarpuMmep, BEHTHIIATOPHI), YCTaAHABIMBAIOTCS 3a MpeaeaMH B3phI-
BOOMACHOM 30HBI U MPH HEOOXOIUMOCTH JOJDKHBI MMETh 3aIUTY OT aTMO-
chepHBIX BO3AEHCTBUH, BO3MYXOOUMCTHTEIM H BO3AYXOIOJOIPEBATEIH
(puc. 2.4). DnexkTpoobopynoBaHHE 3TOTO BMJA B3PHIBO3AIIUTHl JOJKHO
MMeTh OJOKHPOBKY:
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JIOMYCKAIOUIYI0 BKJIIOYEHHUE 3JIEKTPOOOOPYJOBaHUA B IJIEKTPHYECKYIO
LIEIb TOJIBKO 10 HCTEYEHUH BPEMEHHU MPEIITYCKOBOM MPOIYBKH 000JI0YKY U Ta-
300pPOBOJOB 3AUIUTHBIM ra30M B KOJHYECTBE, NOCTATOYHOM JJIs yIaJICHHA us3
HHX [E€pBOHAYAIBHOM CPEeIBl, HO HE MEHee MATHKPATHOro oObeMa 000I0uKH U
BCEX Ia30MIPOBOJIOB;

BKJIIOYAIOIIYID CHUTHaJI HJHM OTKIOYAKNIYIO 3J1e1<'rp0060py)103aﬂue oT
BCEX JJICKTPUYECKUX LIeNeil MpU MafgeHuu H30BITOYHOrO JaBJICHHMs HHXKE JI0-
IIyCTUMOM BETUYHHBL.

II 11

— e —————— — —
N
“w
LN

Puc. 2.4. [IpuHuunuansHas cxema obecreyeHus 1eKTpOABHraTes
3aIUTHBIM r'a3oM:
|- NpocTpaHCTBO B HEB3PHIBOONACHOH 30He, U3 KOTOpOro 3abupaercs atMochepHblit
BO3/lyX /U1 NIPUMEHEeHHMs B KauecTBe 3alUTHOro ras3a; II- HeB3pbiBoonacHas 30Ha;
ITI- B3pbiBOONacHas 30Ha; /- GuabTp; 2— HarpeBate/b; 3— BEHTUAATOP MOAAYH
3aLMUTHOIO ra3a; 4- 3aC/IOHKA /1A pery/MpoBaHHis KONMYECTBa 3alMTHOrO rasa;
5— BIXO/AUIMI ra30npoBOA; 6— 3NeKTPO/ABUraTeb; 7— NPOAYBOUHbIH KnanaH

B nocnenHeM ciydae Bpemsi cpabGaTbiBaHUs HPUOOPOB OGJIOKMPOBKH J0-
IyCKaeTCs TaKKM, YTOOBI 1oJjaya curHaia (Juis 31eKTpooOOpyI0BaHUS C YPOB-
HEM «IIOBBILIEHHAs! HAJEKHOCTh MPOTHB B3PHIBAY») WU OTKIIOYEHUE 3JIEKTPO-
00opy10BaHHA OT 3IEKTPUYECKOH Iermu (JUisi B3phIBOOE30MacHOro M0 YPOBHIO
B3PBIBO3ALMTEI) MIPOMCXOJUIO OBl paHbIle, YeM BeTMYMHA W30BITOYHOTO JaB-
nenus B obonouke cuuzurcs o 50 Ila.

CreneHu 3amUThl 0OOJOYKHM M Ta30NMpOBOJIOB MPUHUMAIOTCS HE HIKE
IP40, a MakcHUMaJbHasl TEMIIEpaTypa Hapy>XHBIX TOBEPXHOCTEH 000JIOYKH IO
YCIIOBUSIM B3pBIBOOE30MAaCHOCTH HE JOJDKHA MPEBHIIATH MAaKCHMATBHBIX TEM-
neparyp (cM. Tabm. 2.13) Juli COOTBETCTBYIOIIETO TEMIIEPAaTypHOro Kiacca
3NEKTPOOOOPYJOBaHUSA. DTOT BUJ B3PBIBO3AIIUTH MOXXET O0ECHEeYHUTH [Ba
ypoBHs B3pbiBo3amuTel - 2(H) u 1(B) (cM. Tabm. 2.11).
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3JleKTp0060pyIlOBaHHe B3PbIBO3AalUHLIIEHHOE C BH/IOM
B3PbIBO3ALIMTBI KKBApLIeBOE 3a110/IHEHHE 000J104KH»

KBapieBelii 1eCOK ONpeneneHHOi KOHIULMH 00TafaeT PsAAOM LICHHBIX
CBOWMCTB: JIOCTaTOYHO BBICOKOH 3JIEKTPUYECKOH MPOYHOCTHIO, CIIOCOOHOCTBIO
MIOHMXKATh NaBJICHME IMPH B3PHIBE MapoOra3oBO3AYIIHOH cmecH B obonouke,
60IBII0} B3PBIBOHENPOHHUIIAEMOCTBIO.

BspeiBo3amura 31eKTpoo6OpyI0BaHMS C TOKOBEIYIIMMH WM HaXOJSIIH-
MHCS TI0/1 HATIPSDKEHUEM YaCTSIMHU, TOTPY>KEHHBIMH B TaKOH TMECOK, JOCTUTaeTCs
HE TOJILKO MCKIJIIOUEHHEM IPSAMOTO CONPUKOCHOBEHHUS CO B3PBIBOOIACHON cpe-
JI0#, HO ¥ TEM, 4TO B3PBIBOOMACHAsI CMECh, HAXOIAMIAACT MEX/IY MECUHHKAMH, B
9THX YCJIOBUSX HE TOPHUT, a JIEKTpHYECKas Jyra, pacKaJICcHHbIE METAJUIHYCCKHE
YaCTHIBl M pacKaJieHHas CTEKJIOBHIHAs Macca, oOpasylomascs Mpu AEHCTBHH
JIyTH Ha MECOK, HE MPOPHIBAIOTCS HAPYXKY Yepe3 3alllUTHBIH c10if necka. Tommm-
Ha 3alMTHOTO CJI0s MeCKa 3aBUCHT OT HOMUHAJIBHOTO HAMPSKEHHUS, MOIIHOCTH U
BpEMEHH JeicTBUsA gyroBoro K3 u onpenensercs pacuerom [17].

B 060104Ky, 3am0JIHEHHYI0 KBapLEBBIM MECKOM, MOXHO MOMEILATh JJIeK-
TpooOOpyAOBaHUE 3HAUUTEIBHOI MOIHOCTH: Tparchopmarops! 10 320 kBA,
JpocceNbHBIe KaTYIIKH M JIPyroe 3J1eKTpooOOopynoBaHME, HE MMEIOIee IOJI-
BH)KHBIX 4acTeH.

Hcnonp3oBanue 31MeKTpooOOPY0BAHHS C KBAPLEBLIM 3aIllOJIHEHHEM J10-
IyCKaeTCs BO B3PBIBOONACHBIX 30HAX BCEX KJIACCOB, KOTOPhIE MOTYT COJEPKaTh
B3PBIBOOIACHBIC CMECH BCEX KaTEropHii M rpynm. MakcumaneHas TeMIeparypa
qacTei 271eKTpooOOpyIOBaHHS, COMPUKACAIOIIMXCS CO B3PHIBOOIACHBIMU CMe-
CSIMU, HE JIOJDKHA TPEBBIIATh BEIMYMH, yKazaHHbBIX B Tabn. 2.13. Obonouxa
3JIEKTPOOOOPYIOBAaHMS C KBAPILIEBBIM 3aMOJHEHHEM J0JDKHA UMETh 3allUTy OT
BHELIHUX BO3JEHCTBUIA He HUke P54 M BBIIEP)KUBATh MHIPABINYCCKHE UCIIBI-
TaHus M30BITOYHBIM jAaBieHueM 50 klla. DTOT BHJ B3PHIBO3AIIMTBL MOXET
obecneunBaTh ypoBeHb B3pbiBo3amuTel 2(H) (cm. Tabm. 2.11).

DJIeKTP006Opy/10BaAHKE B3PbIBO3aLIHIIIEHHOE
€O CIelHaJbHbIM BHIOM B3PbIBO3AILHThI

B3pbIBo3annieHHoe 3MEeKTPO0OOPYIOBaHHE MOXKET HUMETh CleHATbHBII
BH/I B3PHIBO3ALINTEL, OCHOBAHHBIH Ha CPEJCTBAX, OTIHYAIOIIUXCS OT PACCMOTPEH-
HBIX BbIE, HO 3()(EKTHBHOCTh M JOCTATOYHOCTh KOTOPBIX HPH3HAHA HCIIBITA-
TeJTbHBIMU OPraHU3aLMsIMK U coryiacoBaHa ¢ [taBrocanepronanzopom. Hampumep,
TOKOBE/IYILME YACTH JIEKTPOOOOPYIOBAHHS MOTYT OBITh 3aK/IIOUEHBI B 000I0UKY
C 3aJIMBKOM SMOKCHIHBIM KOMITAYH/IOM, TepMETHKOM H IPYTHMHU BelleCTBaMH, 00-
JaIAfOIMMH 3JIEKTPOH30IILIMOHHBIME CBOMCTBaMU. [t obecredenus Takoro Bu-
J1a B3PIBO3ALIMTHI HA B3PHIBOONACHYIO CMECh, IPOHUKAIOILYIO B 000JIOUKY 3JIeK-
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TpooOOpyAOBaHUs, BO3AEHCTBYIOT CHEIHAIBHBIMH YCTPOMCTBAMH MJIM BEIECTBA-
MU U1 TIOIVIONIEHHUsI, (rierMaTH3alluy WK CHIDKEHHS ee KOHLIEHTpaLHH 0 3Ha-
4yeHul, He npepbimaoumx S0 % HIKHEro mnpejena B3phIBOOMACHOCTH. MOXXHO
TaKKe OTPAHUYUTh BpeMs AeHCTBHA MCTOYHHKA HHUIIMMPOBAHHS B3PhIBA WM CHH-
3UTh BOCIUTAMEHSIONIYIO CIIOCOOHOCTh MCTOYHHKA B3phIBA [0 TaKUX 3HAYCHHH,
IIPU KOTOPBIX MCKITIOYAIOCh OBl BOCIUIAMEHEHHE B3PBIBOOITACHOM CPEabI.

3anmTHas 000JI0YKa C 3aJIMBKOM 3MOKCHAHBIMH CMOJIAMH HCIOJIB3YETCS
MoKa JUIsl 3allMThl MaJOMOIIHOTO 3JIeKTpo0oOOpyHROBaHHUS, TpaHCHOPMATOPOB
MaJIOl MOILHOCTH, KaTyuleK, OJOKOB KOHAEHCAaTOPOB HJIM CONPOTHUBICHHH U
JIPyroro 31eKTpoobopy10BaHHs, HE HMEIOLIETO MOJBHKHBIX YaCTEH.

IIpenenvHas TeMneparypa HarpeBa 3JIeKTpooOOpyI0BaHUS CHELUAIBLHOIO
BUJ/IA HE JIOJUKHA IIPEBBILIATh 3HAYCHUH, YKa3aHHBIX B Tabm. 2.13.

OTOT BUJ B3PBIBO3AIINTEl MOXKET 00ecreduTh 10001 ypoBEeHb B3PhIBO3a-
LU TEIL.

2.4. MAPKHPOBKA B3PbIBO3AUIMIIEHHOI'O
SJIEKTPOOBOPYAOBAHUSA

B 3aBucHMOCTH OT KJ1acca B3pBIBOOMACHOM 30HBI MOXET NMPHUMEHSATHCS TO
WJIM MHOE 110 YPOBHIO M BH/TY B3pPBIBO3ALIUIICHHOE 3IIEKTPOOOOpYIOBaHHUE, a B
OTAEIBHBIX ciydasx (Harmpumep, B 30Hax B-I6(2) u B-1la(22)) u anexkrpoobo-
pyaoBaHue o0IIero Ha3HAYCHHUS, HO C OMpPEJENICHHON CTEMEeHbI0 3aIlUTHl 000-
nouku o 'OCT 14254 - 96.

MapkupoBKa 371€KTpooOOpyI0BaHMUS 110 B3pHIBO3AILKUTE SIBIIAETCS XapaKTe-
PHCTHKOH 0COOEHHOCTEH HAlMOHAJIBHBIX IPABUJI H3TOTOBIEHUsS B3pPBIBO3AILH-
IICHHOTO JIEKTPOOOOPYI0OBAHUS M CIyXKHT JUIs ONEpaTHBHOM OLEHKH 00NacTi
€ro IMPHUMEHEHHUS BO B3PbIBOONACHBIX 30HaX. OMBIT MPUMEHEHUS OTEYECTBEHHOTO
U 3apyOeKHOr0 B3PBIBO3AMIMILIEHHOTO 3JIEKTPOOOOPYIOBAHUS 1TOKA3aJl, YTO Ha-
JUYHE MHAMBUAYATBLHOM JUIS KaXJOTO HAIMOHAIBHOTO CTaHJapTa MapKHUPOBKH
T10 B3PBIBO3ALIMILEHHOCTH CO3/1aBaJI0 HEKOTOPHIE 3aTPyJHEHUS U ABJLSUIOCH He-
JKeJaTeNbHBIM B IIPOSKTHOW M JKCIUIyaTAallMOHHOW NpakTuke. B cBs3M ¢ 3TUM
" 6wu1 paspabotan FOCT 12.2.020 - 76 [14], B KOTOPOM yCTaHOBNIEHA HOBast Map-
KHPOBKA B3PBIBO3AIHIICHHOTO EKTPOOOOPYI0BAHUS C YUETOM PEKOMEHIAIMIA
COB u MOK (MexaynapojHast 3JIeKTPOTEXHHUECKass KOMUCCHS) U MPEIyCMOT-
peHa yHu(UIMPOBaHHAS MApKUPOBKA 3JIEKTPOOOOPYAOBAHMS MO B3PHIBO3ALIHTE.
CornacHo 3TOMY CTaHJapTy, B MAPKUPOBKY IO B3PHIBO3ALIUTE 3EKTPOOOOPYI0-
BaHus rpymsl [I B ykazaHHOI HIKE MOCIEI0BATEIbHOCTH BXOIAT:

3HaK YpOBHS B3pPBIBO3AILUTHI AJIeKTpoobopyaoBanus (2,1,0 - Tabim. 2.11);

obmuit 3Hak Ex (Explosionprof - B3pBIBO3aLIMIIEHHBIH), yKa3bIBAIOIIMI
Ha COOTBETCTBHE 3JIEKTPOOOOPYAOBAHHS CTAHAAPTaM Ha B3PHIBO3ALIMILEHHOE
anektpoobopynoBanue [11, 14, 15, 17, 18, 19, 20, 21, 22, 23];
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3HaK BHJa B3PBIBO3AWMTE (d, p, i, 0, 5, ¢, min - Tabn. 2.12), anexTpoobo-
PYZIOBaHHE C BUIOM B3PHIBO3AILMTHI «i» MOXET OBITH 00ECIeueHo TpeMs YpOB-
HAMH (i, ip, i - TAOM. 2.15);

3HaK IPYIINbl WIHM TMOATPYIIBI AMEKTPOOOOPYOBAaHUS M KaTErOPHU B3PBI-
Boonacuoi cmecu (11, IIA, 1IB, IIC - Ta6n. 2.7);

3HAK TEMIIepaTypHOro kjacca snekrpoobopynosanus (T1, T2, T3, T4, TS,
T6 - Tabm. 2.13).

B MapkupoBKke 1o B3phIBO3AIIUTE MOTYT OBITH JAOTIOJHUTENBHBIC 3HAKU U
Haamucu B coorBeTcTBUH ¢ TpeboBanusmu 'OCT 51330.0-99 u cranmapramu
Ha 3JIEKTPooOOpyJOBaHHE C OTACABHBIMH BHIAMH B3pPBIBO3ALIMTHI (Ipuil. 4).
Tak, B MapKHpPOBKE B3pBIBO3AIHUTHI 2JIeKTpooOopyqoBanus rpynmnsl I, npeaHa-
3HAa4E€HHOH TONBKO UIA ONpPEENICHHOI B3PHIBOONACHOI CMECH, BMECTO 3HAKa
TEMIEPaTypHOTO KJIacca MOXeET ObITh yKa3aHa MPEAEIbHO JOIyCTUMAs TeMIIe-
partypa as 3toi cmecH, Hanpumep 630 °C. Ecinu 3HaueHue npeesibHOM TeM-
nepaTypbl 11 KOHKpeTHOM cmecu menee 450 °C, B ckoOKax AOMOJHUTEILHO
MOXeT OBITh yKa3aH M TeMIepaTypHBIH KIacc 3JIeKTpooOopy10BaHusl, HAPU-
mep 350 °C (T2).

MapkupoBKa B3pBIBO3AILUTEl JOJDKHA BBLIMOJIHATHCS B BHJE LIEJIOTO, HE
pa3/ieNeHHOr0 Ha YacTH 3HaKa, 3aKJII0YEHHOTO B MIPSIMOYTOJIBHHK.

[Tpumepsr MapKHPOBKH B3pBIBO3ALIMTEI 3JEKTpO0OOpyA0BaHMs rpymmnsl [1
npuBesieHs! B Tabm. 2.17.

MapkupoBka 371eKTpoobopy10BaHMs 110 B3pbIBo3amuTe cornacuo [TMBPD
[7] comepxHuT yclOBHBIE 3HAKH, KOTOPBIC B yKa3aHHOH HIKE MOCJIEI0BATEIb-
HOCTH 00603HAYaIOT:

ypoBenb B3peiBo3amuThl (H, B, O - Tabn. 2.11);

HaUBBICIIYIO KaTeropuio B3pbiBoonacHoi cmecu (1, 2, 3, 4 - Tabn. 2.5);
ypoBeHb B3pbiBo3auuts (H, B, O - Tabn. 2.11);

HaHWBBICIIYIO Tpynmy B3peiBoomacHoit cmecu (T1, T2, T3, T4, T5 —
Tabm. 2.4); Buz B3peiBozamuTel (B, H, M, U, IT, K, C - Tabn. 2.12).

Cormacuo ITMBPD, mapkupoBka 31eKTpooOOpYyaOBaHMs 110 B3PLIBO3a-
IIUTE COCTOMT M3 OCHOBHOTO 3HaKa, PAacloOJIOKEHHOTO B MPSAMOYTOJIbHHUKE H
OTpaXaloIero ypoBEHb B3PHIBO3ALIUTHI, KATETOPHIO U TPYIILYy B3pLIBOOINAC-
HOH cMecH. BuI B3pBIBO3AaLIMTHl 3J1EKTPOOOOPYAOBaHMS MOMEIIACTCS B
KPY’XKe OT[EeJBHO HJIM BMECTE ¢ OCHOBHBIM 3HaKOM (moa uuM). [lomyckaercs
BBIMOJIHEHHE 3HAKa BHJA B3PHIBO3AIIMTHI HA OJHOH CTOpOHE (crpaBa) ¢ oc-
HOBHBIM 3HAaKOM uepe3 MPOIYCK WK KOCylo 4epTy. B ciyuae, ecnu asekTpo-
060py0BaHHE COCTOUT M3 JIEMCHTOB, UMEIOIIUX pa3HbIC BUbl B3pPBIBO3a-
IIATH, B MApPKUPOBKE YKa3bIBAIOTCA BCE BH/BI, 00ECIEUUBAIONINE B3PBIBO-
3alUIIEHHOCTh 3JIEKTPo0OOpYyIOBaHHs. YPOBEHb B3PBIBO3AIIMTEI B 3TOM
cllyyae yKa3blBaeTCsl HAMHM3LIHM.
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OnexrpoobopynoBanue, usrorosneHHoe mo [IMBD, Ha ypoBHHM B3pBIBO-
3alMTHl HE Mojpas/ensiercs. Buabl B3pHIBO3ALIMTE 31E€KTPOOOOPYIOBAaHHS B
MapKHpPOBKe 0003HavaloTCsA TeMHu ke OykBamu, yto u 1o [IUBPD.

Takum o6pa3oM, B MAapKHPOBKY B3PbIBO3ALUTEI IEKTPOOOOPYIOBAHHUS 1O
[TUBD B yka3aHHO# HHXKE MOCIIE0BATEILHOCTH BXOIAT:

BUJI B3PBIBO3AILHUTHI (CM. Tabm. 2.12);

HaWBBICIIAs KATErOpHs B3PBIBOONACHON CMECH, JJIsl KOTOPOH 3JIEKTP0o060-
pyZOBaHHE ABJIACTCSA B3PBIBO3AMIMILEHHBIM (CM. Tabi. 2.5), ecu B3phIBO3ALIH-
Ta 371€KTPo0OOPyI0BaHHS HIM OTJEIbHBIX ee JacTei obecreunBaeTcs B3phIBO-
HeTpoHHIaeMoii o6osnoukoil. Ha anekTpoobopynoBanuu ¢ JpyrMMH BHAAMHU
B3PBIBO3ALIMTEI, SBJISAIOLIEMCS B3PbIBO3AILUILEHHBIM U B3PbIBOOIIACHBIX CMeE-
cel BCeX KaTeropui, BMeCTo 0003Ha4YeHHs KaTerOpHH B3PBIBOOIACHOH CMeECH
CTaBUTCS HOJIb;

HaMBBICIIAs TPYyIIa B3phIBOONACHOH cMecH (cM. Tabm. 2.4), [yt KOTopoi
3JIEKTPOOOOPYI0BAHHE ABJIAECTCS B3PHIBO3ALIMILICHHBIM.

Js 35exkTpoobopyIoBaHUS C 3aIUUTOH BHIA «e» (MOBBIICHHAS HAIExk-
HOCTH NPOTHUB B3pBIBA) C UCKPAIIUMHU YAaCTSIMH, 3aKJIIOUEHHBIMH BO B3pBIBOHE-
NPOHHULIAEMYIO 000JIOUKY, 3alOJIHEHHYI0 MAcloOM HJIH IPOJYBaeMyI0 MOJ H3-
OBITOYHBIM [ABJICHHEM, BMECTO HYJIs CTAaBHTCS 0003HA4Y€HHE COOTBETCTBYIO-
mero BUa B3peIBo3amuThl: B, M wu I1.

Jlns 35mekTpoobopynoBaHUsl ¢ MCKPOOE30NMacHBIMU JIEKTPUYCCKHUMH 1ie-
ISIMU YKa3bIBAacTCA HaMMEHOBAHHE TOPIOYETO BELIECTBA, HA KOTOPOM OHO HC-
nerraHo. O603HaueHHe KaTeropuu M IPYINbl I TaKOro 3JIeKTpoobopynosa-
HHS HE MMPOCTABIISAETCS.

IIpu oneHke ypoBHEH B3PHIBO3ALIMTHI JIEKTPOOOOPYJOBAHUS, H3TOTOB-
nenHoro no ITMBD, cnexyer HCXOAUTH U3 TOTO, YTO K YPOBHIO «3JIEKTPO0OO-
pyZIOBaHHE IOBBIIIEHHOH HAJCKHOCTH IPOTHB B3PhIBa» OTHOCHUTCS 3JIEKTPO-
obopyoBaHHE, HMEOLEE B MapKUPOBKE 110 B3phIBo3amuTe OykBy H, a Tarke
wudpy 2 nepen 6ykpoit U, nanpumep HMB, HOI', H2A, HI1J], HOA u T1.1.
OnexTpoobopynoBaHHEe ¢ APYTUMH MapKHPOBKAMH IO B3PBIBO3AILUTE, BBIIOJ-
HeHHbIMHU 110 [IMBD, cnexyer OTHOCHTBH K YPOBHIO «B3phIBOOE30MAaCHOE 3JIEK-
Tpoobopyznosanue» [1].

2.5. 3APYBEXHOE B3PbIBO3AUIUIIEHHOE
JEKTPOOBOPY/IOBAHUE
[TpoGnema 6e30MaCHOCTH MPH KCIOJIB30BAHUM JIEKTPOOOOPYHTOBAHHS BO
B3PBIBOOMACHEIX MPOM3BOJCTBAX MpHOOpeTaeT ocoboe 3HaYEHHE B CBA3U C IKC-
uIyaTaipeil 60JIbIIOr0 KOIHYecTBa 3apy0ekKHOr0 3JIEKTpOoOOpyAOBaHHS, TO-
cTaBIsieMoro B PoccHIo Kak OTAEIbHO, TaK H KOMIUIEKTHO C T€XHOJOTHYECKHM
obopysoBaHHEM.
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Beibop u mpumeHenune B Poccuu 3apy6e:XHOro B3pBIBO3AIIMIIEHHOTO
9JIEKTPOOOOPYLOBAHMS periaMeHTUpyercs ykasanusamu . 3.4 [10], PJ1-03-67-
94 [12] u otpacneBbiMu cTangapTamu [13].

CrpaHbl, MPOU3BOAAIINE U IMOCTABIISIONINE B3PBIBO3ANIHILICHHOE IIEKTPO-
obopynoBaHKe, HMEIOT HALMOHAJIBHBIC CTAHAAPTHI (IIpaBUJIa) Ha IIPOEKTHPOBA-
HHUE, UCIIBITAHKE, MAPKUPOBKY, BEIOOP U MPUMEHEHHE TaKOT0 3J1eKTpoobopya0-
BaHWUS, a TAaKKe CTAHAAPTHl Ha KIaCCU(HMKALMIO B3PHIBOONACHBIX YCTAaHOBOK
(30H) ¥ B3pBIBOOMACHBIX cMecel (cM. Tabu. 2.9 u 2.10).

Kpome HaluoHaIbHBIX CTaHAAPTOB CYIIECTBYIOT MEXTyHapOIHBIE PEKO-
MEH/JAIlMH ¥ HOPMBI, HallpuMep:

pexkoMeHIalMu MexayHapoaHO IeKTPOTEXHUYECKOH KoMuccHu - MOK
(IEC), obwpenunsiomei npakTHYeCK! BCE CTPaHBI, H3TOTABIMBAIOIIUE WU T10-
TPeOIIIONHE B3PHIBO3ALIMILECHHOE JIEKTPO0OOPYJ0BAHHUE;

eBpomneiickue HopMEl (EN), sBisiomuecs o6s13aTeIbHBIMU IS BKIIOYSHHUS
B Hal[MOHAJIbHBIE CTAHAAPTHI CTPAaH-WICHOB EBponeiickoro koMuteTa mo Koop-
quHanuy anekrporexunyeckux Hopm (CENELEC).

BonpinHCTBO 3apyOeXHBIX CTAHAAPTOB M TPaBHJ CYHNIECTBEHHO pa3iiu-
qaloTcs MexAy coboii u ominyatores ot HopM Poccun. Tak, KpuTepuu, mo Ko-
TOPBIM TPOBOJMTCS KJIacCH(UKALHM B3PIBOOHACHBIX 30H, KATETOPUH U TPYII
B3PBIBOOIIACHBIX CMECEH, B CTaHAApTaX pPa3HBIX CTpaH pa3iuyHsl [13, 24]. Ha-
npumep, B CLIA u Kanaze orcyTcTByer Kiaccu(pHKalys B3pbIBOOIIACHEIX CMe-
ceif mo rpynnam. BoNBUIMHCTBO CTaHAAPTOB HE MpeaycMaTpUBaeT Kiaccubpu-
KalMI0 B3PBIBO3AIHIIECHHOTO 3JIeKTPO0OOPYAOBaHUS 110 YPOBHIO B3PBIBO3AIIIH-
Tel. HeolMHAKOBBI M HOPMHPOBAHUE CPEJICTB B3PHIBO3ALIUTEI AIEKTPOOOOPY-
JIOBAHUS, METOIBI €r0 UCTILITAHUS U MaPKHPOBKA B3PBIBO3AIHUTEL

Taxkum oOpazom, oOMIKE HOPM, CTAaHJAPTOB M PEKOMEHAALMN 3aTPYIHACT
COIOCTABJICHUE IEKTPOOOOPYAOBAHUS N0 OJJHO3HAYHOCTH €r0 B3PHIBO3AIUTEI
M ycnoxHser npobieMy BbiOOpa MOHTaka M IKCIUTyaTalMH 3apyOexHOTo
B3PLIBO3AILHUILEHHOTO 3IE€KTPO0OOPYI0BaHHS, KOTOPOE JOKHO COOTBETCTBO-
BaTh TPEOOBAHUAM POCCUICKUX HOPM U MPAaBHIL.

B Poccuio 3apy6exHoe B3pbIBO3AIHULICHHOE 3JEKTPOOOOpYHIOBaHHE I10-
CTymaeT, KaK MPaBUIIO, B KOMIUIEKTE C TEXHOJOIMYECKHMH B3PBIBOONACHBIMH
YCTaHOBKAMHM, HO MOJKET 3aKymaThCsi M MHIMBHIYaJbHO (POCCHINEIO). B KoM-
IUIEKTE CO B3PBIBO3AIIUIIEHHBIM 3IEKTPO0OOPYHOBaHHEM (HHPMBI-U3TOTOBUTE-
751 W (GUPMBI-TIOCTABIIMKA JODKHA TPEICTABIATECSA H COOTBETCTBYIONIAs J0-
KyMEHTAaLUsI.

B cocTaB TeXHHYECKOM TOKYMEHTAI[MX BXOST:

IepeyeHb MEKTPooOOPyAOBaHHS, B KOTOPOM YKa3bIBAETCS BHUA B3PBIBO-
3amuTel (10 3apy0OexxHOMY cTaHzapTy M cTaHmapry Poccum), MapkupoBka
B3PLIBO3ANIHUTEI (0 3apyOeXXHOMY CTaHAAPTY);
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B3pBIBOOIIACHBIC YCJIOBHS MPHMEHEHMs (KJIacC B3PBIBOONIACHOHM 30HBI, Ka-
TETOpPHs ¥ IPyIMIia B3pHIBOONACHOH CMECH 110 3apyOeKHbIM CTaHapTaM U CTaH-
naptam Poccun);

cepTu(UKaT (KOIHs CBHAETEJIECTBA) O B3PHIBO3ALIMIICHHOCTH KaX/0TO H3-
Jenus (WM NMapTUH OZHOTHITHBIX M3aenuil). B ceprudukate yka3pBaeTcs: CTaH-
JapT, M0 KOTOPOMY M3TOTOBJICHO 3JIeKTPOOOOpYIOBaHKE; BUJ B3PHIBO3AILMTEL,
MapKHpPOBKa B3PBIBO3AIIMTEI U B3PBIBOOMACHAs CPe/ia, Ha KOTOPYIO PAacCUHTaHO
snektpoobopynosanue. CepTHUKAT JoIKEH OBITH COTIACOBAH C HALMOHAILHOM
(3apyOexHoil) uchbITaTeNbHOi opranusauuein. OOpasiusl cepTU(UKATOB psiaa
CTpaH M MEpPeYeHb HALMOHAIBHBIX MCIBITATEIBHBIX OPraHU3aLuil MPUBCICHB! B
PJ1-03-67-94, OCT 16 0.800.699-79-OCT 16 0.800.704-79 [12 u 13];

HMHCTPYKLUS IO MOHTAXY U 9KCIITyaTalluy;

cOOpOYHBIC YEPTEXHU EKTPOOOOPYOBAHUSI WIIH €r0 Y3JIOB C yKa3zaHHEM
Mep, CPEICTB M NapaMeTpoB, 00ECIIeYMBAOIINX B3PHIBO3ALIHTY.

Ilo npocesbe 3aka3zuvka (MHHHCTEPCTBA, AKIMOHEPHOTO OOILECTBA HIIH
¢upMbl) Ha 3apy0exHOE B3pPBIBO3AILMIIEHHOE 3J1eKTpoobopynoBanue ohopM-
JSIeTCS CBHETENILCTBO MCHBITATENBHOM opranu3anuu Poccun (Hampumep,
BoctHUH - BocTOYHOro Hay4HO-HCCIEA0BATEIBCKOIO HHCTUTYTA 10 Oe3omac-
HOCTH paboT B TOPHOi MPOMBIIUIEHHOCTH MJIM HCIBITATEIBHOTO HEHTPA B3PBI-
BO3aIIHUILIEHHOTO 3MekTpoobopynoBanus POSAL] - BHUNO® B r. Capose). Ha
3NEKTPOOOOpyIOBAaHKE, 3aKyMacMOe MHIMBHIYaJIbHO (POCCHINBIO), odopmie-
HHE CBUJIETEJILCTBA SBISICTCS 0053aTEILHBIM.

B cBunerensctBe (cepTudukare) 0 B3pHIBO3AMIMIIEHHOCTH 3JIEKTPO0OO-
PYAOBaHHs MCHBITaTeNbHAs Opranu3aus Poccun ykasbsiBaeT BO3MOXKHOCTB €T0
TPUMEHEHHs BO B3PBIBOONACHBIX 30HAX M B3PBIBOOMACHBIX CMECAX B COOTBET-
CTBUH C HOPMaMH H IpaBUIaMH, AeHCTBYIOMKUMH B Poccun.

3apy0OesxHOe B3pBIBO3ALIMIICHHOE JIEKTPOOOOPYAOBAHHE, KaK M OTEYEeCT-
BEHHOE, B COOTBETCTBUH C HALIMOHAIBHBIMHM CTAHAAPTAMH JO/DKHO MMETh MapKH-
POBKY (3HaK) B3PBIBO3ALIUThI WIH JAHHBIC O B3PHIBO3AIIMIIEHHOCTH. MapkupoBKa
B3PBIBO3ALIMTHl YKa3bIBaeTCs 0OBIMHO HA (PMPMEHHON WM CHELMAIbHOI Tadmuy-
Ke. MapKupoBKa MOKET OBITh pebe(h)HO OTIUTA 320JHO C OCHOBHOM JETANIBIO HIIH
9acThI0 000JIOUKH 3JIEKTPOOOOPYIOBAHUS (Ha KOPITYCe, KPBILIKE H 1IP. ).

MapkupoBKa B3pPBIBO3AMIUTEl 3JIEKTPOOOOPYAOBAHMS COTIACHO HALKO-
HaJIBHBIM CTAHZAPTaM 3apyOeKHBIX CTPAaH M MEXIYHapOIHBIX OpraHH3aluit
npusoautcs B OCT 160.800.699-OCT 160.800.704-79 [13] u [24]. Mapkupos-
Ka B3PBIBO3ALIUTEI COACPXKHT YCIOBHBIC 3HAKH MJIM JaHHbIE, KOTOpble 0003Ha-
varoT (cM. Tabu. 2.6, 2.7 [24] u [13]):

NPUHAUISKHOCTb IEKTPOOOOPYI0BAHUS K B3PBIBO3AMIMILIEHHOMY (00
3HaK B3pbiBo3auuThl, HanpuMep: Ex, EEx, S, Rb, AD, SA u ap.). Crangapte
SInonuu u 1lIBenuu o6ero 3Haka He UMEIOT;
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BHJI B3pbIBO3AIIUTHI (cM. Tabm. 2.6, 2.7 [24] u [13]). CrangapTe! benbruu,
CIIA, Kanazpl, a Takxe paHee JelHCTBOBaBIINE CTaHAAapThl AHrauu ¥ Ppan-
MM 5THX JAHHBIX HE MpeycMaTpHBaIIH;

KaTeropuu B3pBIBOONACHOM cMecH (cM. Tabm. 2.9, 2.2 u 2.3 [24] u [13]).
Kareropust ykassiBaercs JUist SIEKTpo0OOpYAOBAaHUS WM €T0 y371a, UMEHYIOIIE-
ro BHJ B3PBIBO3ALIUTHl «B3PBIBOHENPOHHUIIaeMas 000/1049Ka» M, KaK IPaBUIIO,
«ucKkpobe3onacHas dIEKTPHYECKAsT LENby;

IpyIIIy B3phIBOONAcHO cMecu (cMm. Tabm. 2.10, 2.4 u 2.5 [24] u [13]). Co-
rinacHo ctangaptaM CILIA u Kanazpl, a Taioke JeiCTBOBaBLIMM paHee CTaHAapTaM
Anrnmuy, @pannuu 1 YTamu, B3peIBOONACHBIE CMECH HE KIIACCH(HIMPOBAHEI TI0
rpyIamM, Mo3TOMYy B 3THX CIIydasX B MapKMPOBKE IPYIIa HE yKa3bIBaeTCs.

B3pbIBO3aIUIIEHHOE 3IEKTPO0OOPYHOBaHHE MOXKET UMETh OJUH HIH He-
CKOJIBKO BHIIOB B3PBIBO3AILMUTEL B mocieqHeM ciaydae 371eKTpooOopyA0BaHHIO
NPUCBAUBAIOT, KaK MPaBHIO, KOMOMHUPOBAHHYIO MapKUPOBKY HJIM YKa3bIBAIOT
3HaK B3PHIBO3aIIMTHI Kaxkaoro Buga. B psane crpan (PPI, ABctpus, Snonus,
IIBenus) KoMOMHMpPOBAaHHAS MAPKHPOBKA IMPUCBAUBACTCA U3/EIHIO B TOM CIIY-
qae, eciM KX/l BUJ B3PBIBO3AILUTEl UMEET BaXKHOE 3Ha4YeHHE Mo obecneye-
HHIO B3PBIBO3ALIUTHI AJIEKTPOOOOPYJOBAHHUL.

B MapkupoBKe B3pBIBO3AIHUTEI 3JIEKTPOOOOPYIOBaHUSA, KPOME OCHOBHBIX
3HAKOB, MOTYT YKa3bIBaThCS JONOJHUTENIbHBIE JaHHBIE, TaKHe, KaK HOMEp cep-
TH(HKaTa, HOMEP CTaHAApTa, 30HA B3PBIBOOIACHOCTH, AOIYCTHMBIE MapameT-
phl o uckpobesonacuoctu (U, I, L, C), nomyctumoe Bpems T,, MaKCUMaJbHAas
TeMIepaTypa HarpeBa 4acTei 31eKTpoo0opyA0BaHHs.

Bo Bcex 3apy0exHbIX cTaHJapTax [JIsi BCEX BUIOB B3PBIBO3AIIUTEI, KpOME
UCKpPOOE30MacHBIX 3JIEKTPUUYECKUX CeTei, OTCYTCTBYET IeJeHHE Ha YPOBHHU
B3PBIBO3AILMTEI.

EBponeiickuM KOMHUTETOM II0 3JIeKTPOTEXHHYECKOH CTaHZapTH3alUU
(CENELEC) BBenensl obmue TpeOoBaHHs K B3pPBIBO3AIIUIICHHOMY 3JIEKTPO-
obopynoBanuio, Ha3biBaeMbie EBpomneiickumu nopmamu (EN50014), xoropsie
JIOJDKHBI  OBITH  BKJIIOYCHBI B HALMOHAIBHBIE CTAaHAAPThl CTPAH-YWICHOB
CENELEC (®PI', Asctpus, [lanus, Ucnanus, @unnanaus, Opanrys, Upnan-
nus, Uramus, Hopserus, [Nomnanaus, [Mopryranus, Aurmus, 1lseuus u lIsei-
Hapus). OTH HOPMBI COJIEpXKAT Takxke TPeOOBaHUA K €JUHON CHCTEME MapKH-
POBKH B3pBIBO3AIIHUILEHHOT0 3JIEKTPOOOOPYOBAHUSL.

Hecmotps na nanuuue pexomengauuit MOK u CENELEC, 6onbioe ko-
JUYECTBO 3apyOexXHOro AMEKTpooOOPYIOBAHMUS H3TOTOBIISETCS MO HAIIMOHAIIB-
HBIM CTaHJapTaM, KOTOpBIE €Ille HE IPHUBEAEHBI B COOTBETCTBHE C MEXIyHa-
POJZHBIMU CTaHJapTaMH.

Pexomenzaiuu 1o BbIOOPY 3apyOeXHOT0 B3PBIBO3ALIMIIEHHOTO 3JIEKTPO-
000pyI0BaHus U OLICHKH €r0 COOTBETCTBUSA TpeboBaHmaM 1Y BKIIOYAIOT STallbL:
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BBIOOP YPOBHS U BUJIa B3PBIBO3ALIUTEI 3JIEKTPOOOOPY/LOBaHHUS HAa COOTBET-
CTBHE KJIaCCy B3pPHIBOONACHOM 30HEI (cM. Tabum. 2.7 [24] u [13]);

BBIOOP MapKMpPOBKHM (3Haka) B3PHIBO3ALIMTEI HA COOTBETCTBHE B3PHIBO-
OMacHOM cMecH (110 KaTeropuu u rpymmne) - Tabur. 2.9 u 2.10.

B HapyXHBIX yCTAaHOBKaxX 3J1€KTPOOOOPYIOBaHKE HOKHO OBITH MPUTO-
HBIM 7151 pabOThI Ha OTKPHITOM BO3/IyXe HIIH UMETh YCTPOHCTBO VIS 3aLIUTEI OT
aTMOC(EPHBIX BO3ACHCTBHIA.

B Tabi. 2.18 npuBOAATCS MPUMEPHI COMIOCTABICHUS MAPKUPOBOK OTEYECT-
BEHHOTO M 3apy0eKHOro 3IeKTpoo6opyI0OBaHHs 110 B3PBIBO3ALIUTE U 00IacTH
€ro IPHMMEHEHHs BO B3PBIBOOIACHBIX CPEIax.

Tabnuua 2.18
Bua MapK1poBKa 10 B3pblBO3aLLMTE B CTPAHAX

B3pbl- | B3pbiBo- Poccus Dpan-
BO3a- | onacHas rocTt uma,

wotel | omech | 122.020- | MUBPY | mupd | 1CCP | ®PT | Snowna | Awrawi | opnp
76 LEC

1 Exd Ex3 Exd Exd Exd

r Meran | yary | BITI-B | BlAa | ‘g0 | yapg | 9161 | faqy | AT
1ExdIICT Ex3 | Exd Exd | Exd

e 6 B4TS-B | B4l | wr | ncre | ©*C° | ncre | ncre
Cepnbtii | 2ExelICT Ex0 Exe Exe Exe

X aup 4 HAT4-H | KOT' |y | ners | *%* | ners | ners
Jusu- | 1ExolIBT Ex5 Exo Exo Exo

o HLA 2 B3T2M | MOLL | g5 | B2 | °? | mBr2 | mm2

Tpu-

1ExpIICT Ex6 Exp Exp Exp

P ’”‘;’::"‘ 3 BAT3- | NOC | ye | pers | 93 | wers | ners
Oxkuch | 1ExsIIBT Ex8 Exs Exs Exs

$ ITHJICHA 2 RAE2C.| COB S|B 1IBT2 — IIBT2 | IBT2
1o . 4 )
3 1ExilICT Yy Ex9 Exi : Exi Exi

! H, 1 RATIH “ggi' HA | nert | 9 | nent | nen

Jlomyck K MPUMEHEHHUIO 3apyOe’HOr0 B3PBIBO3ANIMIIEHHOTO JIEKTPO0OO-
PYZAOBaHHUsI HOJDKEH Pa3pelIaThbesi TOJTOBHBIMU OTPACIECBBIMU TEXHOJIOTHYECKHU-
MH HHCTHTYTaMH COBMECTHO C oOpraHamu Haazopa Poccuu (Hampumep,
['maBrocsnepronaazop, 'ocroprexnaazop u ap.).

2.6. OCOBEHHOCTH BbBIBOPA, MOHTAXA,
SKCIVIYATALIMUU U PEMOHTA B3PbIBO3AIIMILEHHOI'O
SJIEKTPOOBOPYJOBAHUSA

Br10op 1 ycioBHsl IpHMeHeHHs JJieKTpoodopynoBanus. Hanexnocts u
6€30MacHOCTh AKCILTyaTal[M¥ B3PHIBO3AILHUIIEHHOTO 3JIEKTPOOOOPYAOBAaHUS BO
B3PBIBOOMACHBIX 30HAX MOXeET ObITh obecredeHa, eciu oHO OyJIeT COOTBETCT-
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BOBAaTh KJIACCY B3PBIBOOIIACHOW 30HBI, KATETOPUH M TPYMIE B3PHIBOONACHOM
CMECH, a TaKkXke YCJIOBUSIM, XapaKTEePU3YIOIIUM TEMIIEPATypy, BIaXHOCTh, XH-
MHYECKYIO arpecCHBHOCTh M 3albUICHHOCTH cpeibl. IIpH 3TOM KONIHMYECTBO
B3PBIBO3AILHKIIEHHOTO 3JEKTPOOOOPYIOBaHMS, yCTaHABIMBAEMOIO BO B3PBIBO-
OIIAaCHBIX 30HAX, JOJKHO OBITH MO BO3MOXKHOCTH MHHMMAJbHBIM, a 3JIEKTPO-
obopyioBaHHE C HOPMAIBHO MCKPSIIMMU YaCTSIMH PEKOMEHIYETCs BBHIHOCHTH
3a Tpe/ielibl B3PhIBOONACHBIX 30H.

Bri6opy kosMyecTBa U MeCTa yCTaHOBKH 3JI€KTPOOOOPYNOBAaHHSA JOJDKEH
NpPEECTBOBAaTh AHAIN3 TEXHHYECKON JOKYMEHTal[MH KaK CaMOro 3JIEKTpo-
000pyioBaHMs, TaK H MECTA €r0 YCTaHOBKH.

[Ipu no>xxapHO-TEXHUYECKOH SKCIEPTU3E TEKTPOTEXHUIECKOH YaCTH IIpo-
€KTOB WJIM MOXaPHO-TEXHUYECKOM 00CIe0BaHMH 3JIEKTPOYCTAHOBOK JIEHCT-
BYIOLIMX OOBEKTOB CIEAYET YYUTHIBATh, YTO PAcyeT U TEXHHYECKoe 000CHOBa-
HH€ KJlacca B3PbIBOOITACHOM 30HBI MPUBOISATCS B TEXHOJIOTHYECKON YacTH Ipo-
ekTa. B aekTpoTeXHUYEeCKOH YacTH mpoekTa (Ha I1aHax pacroyIoKEeHUs CUIIO-
BOTO M OCBETHTEIHLHOTO 3JIEKTPOOOOPYHAOBAHMS) yKa3bIBAIOTCSA KIIACCHI B3PHI-
BOOITACHBIX 30H, TPYMNIBI M KaTErOPHH B3PHIBOOMACHBIX CMECEH, 10 KOTOPBIM
OBUT TPOU3BECH BEIOOP 31€KTPOOOOPY/I0BaHHUS.

OmnpenensiomuM npyu BEIOOpE B3PHIBO3AMIMILEHHOTO 3JIEKTPOOOOpPYI0Ba-
HUS SBJIACTCSA €r0 Ha3HAa4YCHHE, YPOBEHb M BHJ B3PHIBO3AIIUTHL. OTH XapakTe-
PHCTHKH YCTaHaBJIMBAIOTCA 110 MAclOPTHBIM JaHHBIM M MapKupoBke. Jlomyc-
THUMBIC YPOBHH B3PBIBO3AILMUTHI, a TAKXKe NOIYCTHMas CTENeHb 3aIlUTHl 000-
JIOYKH 371eKTPooOOpyJoBaHUS (OIS Cilydas, KOTZa B3pbIBO3AMIMIIEHHOE JJIEK-
TpoobopyoBanue He Tpebyercs, a JoImycKaeTcs 3JIeKTpoobopyaoBaHue obe-
T'0 Ha3HAYCHHs ) MPUBOAUTCS B Tabu. 2.19.

ITpu MPOEKTHPOBAHUM HOBBIX OOBEKTOB U PEKOHCTPYKLHH CTApBIX JJICK-
TpoOGOPYI0BaHHE JUISl B3PBIBOOIIACHBIX 30H JOJKHO BBIOUPATHCS B COOTBETCT-
BuU ¢ TpeboBanusamu . 7.3 [1], ¢ yuerom Tabm. 2.19, ¢ cobmonenuem npu
9TOM OMpEICICHHON MOCIeI0BATENLHOCTH [24].

B ciydae, eciu MPOMBIIIIEHHOCTh HE BBINYCKAeT B3PBIBO3ANIMIICHHOE
ANIEKTPOOOOPYIOBAHHE B HYXXHOM HCIOJHEHHMH, BOMPOC O 3aMEHE peIIaeTcs
I'maBrocsnepronaazopom.

B ocHoBe BbIGOpa 3apy6exHOro B3phIBO3ANIMIIEHHOTO 3JIEKTPO0OOpYIOo-
BAHUS JIOXKAT T€ e (paKkTOphl, T.C. aHAIU3 B3PBHIBOONACHBIX YCIOBHH Oymymiei
9KCIUTyaTallud M OCOOEHHOCTEH ero B3phIBO3ALIMTHL 3ajaya HECKOJIBKO YC-
JIOKHSACTCS, €CITH 3apy0eXHOEe B3PHIBO3ANIMIIEHHOE 3JIEKTP00OOpyLOBaHHE IO-
CTaBJIAETCA KOMIUIEKTHO, TaK Kak 00s3aTenbHO TpeOyeTcst MPOBOIUTE CPAaBHE-
HHE KJIacCH(HKAIL[MH B3PBIBOOMACHBIX YCJIOBHIA MO 3apyOeXHOMY CTaHIAApTy C
KIaccuuKanueil B3ppIBoonacHsIX 30H no ITYD.
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BropsiM BakHBEIM (hakTOpoM BBIOOpA SBIAETCSA YCTaHOBIEHHE COOTBETCT-
BUS BUJIA B3PBIBO3ALIUTEI JIEKTPOOOOPYLOBAHUS KATETOPUM U IPYIIIIE B3PHIBO-
OMAacHON CMeCH. DTO COOTBETCTBUE AO/DKHO YCTAaHABIMBATHCS 110 MapKUPOBKE,
a TaKKe 0 yKa3aHUsAM cepTuukara (WIM CBUACTENLCTBA).

Jlio6oe 3apybexxHoe B3phIBO3AIHIIEHHOE 3IeKTPO0OOPYyJ0BaHHE NOIKHO
0053aTEILHO MPONTH TOCYJIapCTBEHHBIE KOHTPOJBHBIE MCIBITAHUS Ha HaLHO-
HAJIbHOM HCIIBITATENIHOM CTAaHIMH MJIM HA UCIBITATENIbHON CTAHLIMU CTPaHBI, B
KOTOpYIO OHO OyzeT noctaBiuATees. [1o pe3ynabraTaM HCHBITAHUN HUCIIBITATEIIb-
Hasl CTAHIUS BBIIAET cepTU(UKAT (MM CBUAETEIHCTBO) O MPOBEACHHBIX MCIIBI-
TaHUSX, B KOTOPOM yKa3bIBAIOTCS OCOOEHHOCTH PacCMOTPEHHOTO 3JIEKTpoobo-
PYAOBaHHS.

3apy6exHoe B3PHIBO3AMIUIEHHOE IEKTPO0OOpyI0BaHHE, MTOCTaBIIEMOE
B PoccHI0 KOMIUIEKTHO C TEXHOJIOTUYECKOH YCTaHOBKOM MJIM OTAEIBHO, JOJDK-
HO TPOWTH OCBHIETEILCTBOBAHHE CPEJICTB B3PHIBO3AMIUTEI B KOHTPOJBHBIX
(ucnpITaTeNbHBIX) Opranu3aiisx [12]. B HeKOTOpBIX ciaydasX OCBHIAETENILCT-
BOBaHHME MOXXHO HE MPOBOAUTH, OrPaHUYHBIIUCH COOTBETCTBYIOIMIMM 3aKIIIOYe-
HHEM TOJIOBHOW INPOEKTHOW OpraHM3auuH, eci 3apybexHoe obopynoBaHue
OyIeT MCIIOJIB30BaThCs TONBKO B KaKUX-JIMOO KOHKPETHBIX YCIIOBHSX, HAINpH-
Mep Ha razopacrpeelHTeIbHON CTAaHIIMU ¢ XOPOLIO U3BECTHBIMHU B3PhIBOOIAC-
HBIMH YCJIOBHSMH.

[locne mosydeHus! JOMOTHUTENBHBIX Pe3yJIbTATOB OCBUAETEIHCTBOBAHUS
UCTIBITaTeNIbHAsT OpraHu3alus opOpMIISET CBUIECTENBCTBO O B3PHIBO3AMIMIICH-
HOCTH (cepTH(HKAT) yCTaHOBICHHOrO oOpaslia M MepeaeT ero Ha yTBepiKe-
nue B ['maBrocanepronaazop. B naneneitmem nocrynatomee B Poccuio nmomo6-
HOE 3JIEKTPo0OOpyAOBaHUE OCBHICTEIBCTBOBAHMIO He moanexur. Ilocnemyro-
IIME NepPEOCBU/ICTEILCTBOBAHUSA MIPOBOAT YEpe3 5 JIET.

HopmartuHO 3ajaua BeIOOpa 3apy0eXHOrO B3pPBIBO3AIHIICHHOTO 3JIEK-
TpoobopyaoBanus peuaercs B ceere Tpebosanuii [12] u OCT 16.0.800.699-
79-OCT 16.0.800.704-79 [13].

OcoGeHHOCTH MOHTaXka 3JIEKTPooOOpPYyAOBaHHSl. MOHTaX B3pHIBO3a-
IIMIIEHHOTO 3JIEKTPOo00OpY0BaHHS JOJKHEI IPOU3BOAUTH CIELHATU3UPOBAH-
HBIE 3JIEKTPOMOHTaXKHBIE OPraHU3allMK B COOTBETCTBHHU C TpeboBanusmu 1Y
[1], CHulI 3.05-06 [25], a Takxke MHCTpYKIIMM MO MOHTaXy 3JIE€KTpoobopyro-
BaHMS, CHJIOBBIX U OCBETHTEIBHBIX CETEH B3PHIBOOMACHBIX 30H [26], cienuais-
HBIX MHCTPYKIMH (MJIM yKa3aHUI) MO MOHTaXy OTIENBHBIX BHUIOB B3pPBIBO3a-
IIUIEHHOTO JIEKTPOOOOPYI0BAaHUS U JPYTHX HOPMATHBHEIX JJOKYMEHTOB.

MonTaxHbie pabOThI JOKHBI BBITOJIHATECS B COOTBETCTBUH C MPOEKTOM
IPOM3BOJICTBA AIICKTPOMOHTAXXHBIX paboT, pa3paboTaHHEIM COITIACHO YKa3aHH-
sM ¥ HopMaM. [Ipu 3TOM HEoOX0UMO CTPOTo COOMIOIaTh BCe YKa3aHUs MHCT-
PYKIIMH 110 MOHTaXy ¥ 3KCIUTyaTalli¥ B3pBIBO3AIIUIIEHHOTO 3JIEKTPOOOOpYHO-
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BaHHMs 3aBOJIOB-H3roToBUTENEH. OOBIYHO OHH MOMEIIAIOTCS B MPOEKTE MPOU3-
BOJICTBA 3JIEKTPOMOHTAXXHBIX padoT, B pa3zjene «ObecneyeHue B3pbIBO3AIIUTEL
IIPH MOHTAXe».

BHOBb CMOHTHpOBaHHAs WJIM PEKOHCTPYHPOBAHHAs 3JIEKTPOYCTAaHOBKA
JOJKHA OBITH TMPUHATA B 3KCIUTyaTalMIO B MOPSIKE, YCTAHOBIEHHOM EHCT-
BYIOLIMMHU HOpMaMHu | npaBunami [1, 10, 25, 27].

IIpu coade B dKcILTyaTaluio KpoMe JOKYMEHTALUH, MPeyCMOTPEHHOM OT-
pacieBLIMM IIpaBUIIAMH IpHEMKH U nipaBuiiaMu [ 10], 1oIDKHEL ObITH 0GOpPMIEHE]
U TIepelaHbl IPEANPHUSITHIO, HATIPUMED, CIIeYIONHE JOKYMEHTBI U PACUeThI:

a) MPOEKT CHJIOBOTO NIEKTPOOOOPYJOBAHUS U 3IEKTPUYECKOTO OCBelle-
HHsI, KOTOPBIA Hapsay ¢ OOBIYHBIMH TEXHHYECKHMH pacueTaMH U YepTexaMH
JIoJDKeH coaepxarts (1. 3.4.4 [10]):

pacyueT WM TEXHHYECKoe 000CHOBAaHHME BO3MOXXHOCTH 00pa30BaHMs B I10-
MEIIECHNH WIIH BOKPYT HapyXHO#H yCTaHOBKH B3pbIBoonacHbIX cmecer JIBXK, I'T,
I'TT unmu I'B B cMecH ¢ BO3yXOM, T.e. 000CHOBaHHE KJIacCa B3PBIBOOMACHOH 30-
HBI KaTeropuM W TPYMIBI B3PBIBOOMACHBIX cMecel U Jp. Pacuer wiaM TexHuye-
CKHe 000CHOBAHHUS MOTYT OBITH H3JI0’KEHBI B TEXHOJIOTHYECKOH YaCTH MPOEKTa,;

crerdUKanuio 31eKTpoo6OpyIOBaHHS U YCTAHOBOYHOH ammapaTypsl €
yKa3aHHEM MX MapKUPOBKH I10 B3PBIBO3AIHUTE;

TUIaHBl PACIIOJIOKEHHS JIEKTPOOOOPYIOBaHHS C PAa3BOJKON CHIIOBBIX, OC-
BETUTENbHBIX, KOHTPOJBHBIX M JAPYTHX 3JIEKTPHYECKUX LeMeil ¢ yKa3aHHEeM
KJIaCCOB B3PBIBOOMACHBIX 30H, KaTErOPHHU U TPYMIBI B3PBIBOOMACHBIX CMecei
WJIM HaUMEHOBAHUS TOPIOYHX BOJIOKOH JIHOO MBUIH, IO KOTOPBIM OBLIO BBIOpa-
HO 3JIeKTpo00OopyIOBaHHE; ’

JOKYMEHTAIMIO MO MOJHHE3AMUTE 3aHUi U COOPYXKEHMH M 3aIluTe OT
CTaTHYECKOTO JIEKTPHYCCTRA,

pacyeT TOKOB KOPOTKOT'O 3aMbIKaHUsA B ceTAX HanpsbkenueM 1o 1000 B;

nepeyeHb MEpOINpUATHI, KOTOpble MOTyT IpelOTBPAaTHTh 0Opa3zoBaHHE
B3PHIBOOMACHBIX KOHLEHTPALMIL: yCTPOHCTBO BEHTHIISILIMY, CUTHAJIM3ALMH, yC- .
TaHOBKA 3AIUTHBIX OJIOKUPOBOYHBIX YCTPOMCTB M aBTOMAaTHYECKHX CPEJCTB
KOHTPOJIsl KOHIIEHTPALUH B3PBIBOONACHBIX T'a30B, MAPOB, BEILECTB H JIP.;

0) MOKyMEHTalHs MPUEMOCHATOYHBIX M IyCKOHAJIAJOYHBIX HCIBITAHHH
anekTpoobopyaoBaHus, mnpenycMorpeHHbx [1YD [1], u cooTBercTByromme
IPOTOKOJIBL: MPE/ITYCKOBBIX MCIIBITAHUI B3PHIBO3AIIHIIEHHOTO JIEKTPO0bOopy-
JOBaHUA (10 MHCTPYKLMSAM 3aBOZOB-M3rOTOBUTENEH); M3MEPEHHUs H30BITOYHOTO
JaBJIeHHs B MOMELICHUSX, IpeaycMoTpeHHsle [1YD; ucnblTaHuil JaBIeHHEM
IUIOTHOCTH COEQUHEHUH TpyOONpPOBOJOB U pa3leNUTEIbHBIX YIUIOTHEHHH
3JIEKTPOTIPOBOAOK; IPOBEPKH TOJHOTO COMPOTUBIICHU: NETIH (a3a-Hylb B yc-
TaHOBKax HanpspkeHueM a0 1000 B ¢ KoHTposeM KpaTHOCTH TOKa OJHO(pa3HO-
ro K3 HoMuHaneHOMY TOKy Opkaiiueil riaBKOH BCTaBKM MPEJOXPAHHTEINA
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WM YCTAaHOBKH aBTOMaTHYECKOTO BBIKJIIOYATEINA B COOTBETCTBUH C YKa3aHUAMHU
r1. 7.3 [1] u . 3 yyeOHuKa U T.1.;

B) JOKYMEHTAIHs, MOCTaBisieMasi ¢ MMIOPTHBIM B3pBIBO3ALIUIECHHBIM
3JIEKTPOOOOPYAOBaHHEM (OIpEeNAeTCss KOHTPAKTOM ¢ HHOCTpaHHOH (pupMoii);

I) MHCTPYKLUMH 3aBOJOB-M3TOTOBHTENECH MO MOHTaXy M OKCIUTyaTalluu
B3PBIBO3AILHUILEHHOTO MIEKTPOOOOPY J0BaHHUSL.

IIpu mpueMke B 3KCIUIyaTalMIO JIEKTPOYCTaHOBOK KPOME BBHINMOJIHEHHMS
tpeboBanuit [1YD [1] u [10] u MHCTPYKIUMI 3aBOIOB-U3TOTOBUTENCH CIEIYET
00s13aTeIbHO KOHTPOJMPOBATh: COOTBETCTBHE IPOEKTY YCTAHOBIEHHOIO BO
B3PBIBOOTNIACHBIX 30HAX 3JIEKTPOOOOpYIOBaHHS, a TaKKe CMOHTHPOBAHHBIX
NPOBOJIOB M Kabesel; TeXHUYECKOe COCTOSHHE KXKIOT0 EKTPOTEXHHUECKOTO
M3eHsT; IPABHIBHOCTE BBITIOJIHEHUS BBOJA IIPOBOJIOB U Kabemnel, HaeKHOCTh
MX YIUIOTHEHMS; HaJU4yHe pa3feIUTeNbHBIX YIUIOTHEHHH 3JIEKTPOIPOBOIOK
(moaTBEpKAAeTCsA MPOTOKOJIOM MOHTAXXHOW OpraHU3alliM); HATHYUE YIIOTHE-
HHI B maTpyOKax IpH MPOX0/1e OJMHOYHBIX Kabeleil uepe3 CTeHsI U T.11.

IIpuemka B 3KCIUTyaTallMio B3PBIBO3AIHIIEHHOTO 3TEKTPO0OOPYA0BAHHS C
JnedeKTaMy M HEMoJIaZAKaMH 3aMpeniaeTcs.

OcoGeHHOCTH 3KCIUIyaTaUMH 3jeKTpoodopynosanusi. CMOHTHpOBaH-
HOE WM pPEKOHCTPYHPOBAHHOE 3IEKTPOOOOpPYNOBAaHME, YCTAaHOBICHHOE BO
B3pPBIBOOMIACHOMH 30HE, JHOJDKHO OBITH MPHUHATO B AKCIUTyaTaLUIO CIIELUaNBHOMN
KOMHCCHEH B COCTaBe MpPEACTABUTENCH MOHTAXHOHW OpraHH3al[HH, SKCILTyaTH-
PYIOIIETo MPeANpPUSTUS ¥ MECTHBIX KOHTPOJUPYIOMUX (HAaI30PHBIX) OpraHH-
3auuit. CocTaB KOMHCCHH YTBEPXKIAEeTCS TJIABHBIM MHXXEHEPOM IPEINPHUSITHS.
ITopsitox ydacTHs TpeCTaBUTENSI OPIaHOB [OCYJAPCTBEHHOTO MOXapHOTro Hal-
30pa B KOMHCCHHM peryaMeHTupyetcs nonoxenusmu HITb 05-93 [27].

K skcruryaranuy BO B3phIBOOMACHBIX 30HAX JOIYCKAeTCs IEKTPOOOOpY-
JIOBaHHE, KOTOPOE M3TOTOBJICHO HA CIICLUATH3UPOBAHHBIX NPEANPHUATHIX B CO-
OTBETCTBHHM C TpeOOBaHUAMH npaBui [7 u 8], craHAapTOB HA OTAEILHBIC BUIBI
B3pbIBO3aIMUTHl (Hanpumep, [11], [14], [15], [17]-[23]) nu6o snekTpoobopymo-
BaHHe, UMEIONIHe MapKUPOBKY IT0 B3PBIBO3AILUTE U CHA0KEHHOE KCIUTyaTallu-
OHHOM JOKyMeHTauuei (cM. npui. 4).

OnexkrpoobopyaoBaHUe, H3TOTOBJICHHOE HECTELMATM3UPOBAHHBIMU TIPE-
HPHATHSIMH, a TAKXKE ONBITHBIE 00pa3Lbl B3PBIBO3AMIUILEHHOTO IEKTPOOOOpY-
JIOBAaHUS MOTYT NMPHUMEHATHCA BO B3PHIBOONACHBIX 30HAX TOJBKO IMOCTE TOJY-
YEeHHUs 3aKII0YEHHS HUCTBITATEIbHONW OpraHu3auuy (HarmpuMep, B UCIBITATEINb-
HOM LIEHTpPE B3PBIBO3AIIUIICHHOTO 31eKTpoobopynoBanus POSAI-BHUUDD).

BesonacHas 3KCIUTyaTalMss B3pBIBO3ALIHIICHHOTO 3JIEKTPO0OOpYI0BaHUS
obecnevnBaeTcs MpaBUWILHON OpraHU3alKeif OCMOTPOB U MEPUOIUUECKHUX MPO-
BEPOK CPEJCTB M IMapaMeTpoOB, 00ECIEYNBAIONINX UX B3PHIBO3ANIUIICHHOCTD, a
TaK)X€ CBOCBPEMEHHBIM YCTpaHEHHEM Pa3IM4HBIX HapymeHui. C 3Toil 1enpio
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OTBETCTBEHHBIH 3a JIIEKTPOXO3AHCTBO NPEANPHATHS 00s13aH 00eCeYnTh HHCT-
PYKTaX 3JIEKTPOTEXHHYECKOTO MEPCOHANa MO BOMPOCAM B3pbIBOOE30MaCHOCTH
B COOTBETCTBMM C MHCTPYKUHUSIMH, YTBEPXKICHHBIMH TIJIaBHBIM HHKEHEPOM
TPEANPHATHS.

Ha xaxmoe B3pbIBO3AIIMIIEHHOE 3JIEKTPOOOOPYJOBAHUE COCTABIACTCA
MacrnopT HMHAMBHAYAIBHOH OSKCIUTyaTaluM (HampuMmep, B BHAE OTAENBHBIX
KapT), B KOTOPBIX yKa3bIBAETCSl €r0 COCTOSHHUE Ha Pa3sIMYHBIX CTaJHAX MPOBE-
JICHHUSI pErTIaMeHTHBIX paboT.

IIpu 3KcruryaTaluy B3pBIBO3AIIHMIIECHHOTO 3JIEKTPOOOOPYIOBAHHS IOJIb-
3YIOTCs yKa3aHMAMH AEHCTBYIOIMX npaBui [10] ¥ pa3aMyYHBIX MHCTPYKIMN Ha
KOHKpETHbIE BUJIBI 000PyJOBAHH.

Ha B3priBo3amunieHHOM 000pyIOBaHUH 3anpeujaemcs 3aKpalluBaTh rac-
nopTHeie Tabnu4yku. HeobXxomumo mepHoauyecKky BOCCTAHABIMBATH OKPACKY
3HaKOB B3PBIBO3AILUTEl M MpEAYNpPEAUTEIbHBIX Haamuced. LIBeT ux okpacku
JOJDKEH OTIHYAThCA OT IL[BETa OKPACKHU 3JIEKTpooOOpyaoBaHus (Kak IPaBUIIO,
JIOJDKHA MIPUMEHATHCS KpacHas Kpacka).

ITeproguuHOCTE NMPO(PUIAKTHYECKHX HCIBITAHUN B3PBIBO3ANIMIIEHHOTO
3JIEKTPOOOOPYIOBAHUS YCTAaHABIMBACTCS OTBETCTBEHHBIM 3a 3JIEKTPOXO3SHCT-
BO MPEANPHUATHSA C YUETOM MECTHBIX YCIOBHUH M JOJDKHA OBITH HE pexke, 4eM
yKa3aHO B COOTBETCTBYIOLIMX IJIaBaX MpaBHJI dKCIutyaTauu [10] mis anekrpo-
obopyroBaHHs 001IEro Ha3HAUCHHUS.

OkcmryaTaus 3apy06eKHOTO B3pBIBO3AIIUILICHHOTO 3JIEKTPo0OOpya0Ba-
HHUS [JOJDKHA TIPOM3BOAMTBECA B CTPOTOM COOTBETCTBHM C YKa3aHUSIMU
ri. 3.4 [10].

ITpu skcrTyaTaluu 3JIEKTPOYCTaHOBOK BO B3PBIBOOMACHBIX 30HAX CIIEAYET
PYKOBOJCTBOBAThCS TAKXKE U MPaBHIAMH TEXHUKH Oe3omacHocTH [28].

OcobGeHHOCTH peMOHTa 3J1eKTPoobopyoBaHus. PeMOHT B3phIBO3alIHU-
IEHHOTO EKTPOoOoOOPYA0BAaHHS B MIPUHLIUIIE HE OTJIMYACTCS OT PEMOHTA 3JIeK-
TpooOopynoBaHUs OOLIEro Ha3HA4YEHHs, OJHAKO IPU ITOM HEOOXOAMMO He
TOJILKO BOCCTAHOBJIEHHE €ro paboTocrnocoOHOCTH, HO U COOMIOCHHE TapaMeT-
POB €ro B3pLIBO3AIIHIICHHOCTH.

[InaHOBO-NpEaYIPEAUTENbHBII PEMOHT M NMPO(UIAKTHYECKHE HCIIBITAHHS
3JIEKTPO0OOPYAOBAHUS JOJKHBI OCYIIECTBIATLCS MO rpaduKy B CPOKH, yCTa-
HOBJICHHBIC B IpaBuiax [10], HHCTpyKIMEH 3aBOAA-U3TOTOBUTENSA H APYTUMH
OUPEKTUBHBIMU MaTepranaMu. K peMOHTY B3pbIBO3AIIMLIEHHOTO 3JIEKTPo06o-
PYZOBaHHMS AOIyCKAIOTCA JIUIIA, MPOIIE/IINEe OAHOBPEMEHHO C MPOBEPKOH 3Ha-
Huii (06mux) rn. [10] u [27] npoBepky 3Hanuit 1. 3.4 [10], uHCTpyKIMI 3aBO-
JIOB-M3TOTOBUTENEH, a Takxke npasui (7, 8], cranmapros [11], [14], [15], [17]-
[23] u op. (cm. npui. 4). TIpu npoeneHnH MpoGUIaAKTHIECKUX OCMOTPOB, TEX-
HUYECKOro 00CITyXKMBaHMSA U TEKYHIMX PEMOHTOB 3KCIUTyaTallHOHHOMY IIE€pCO-
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HaJly pa3pellaeTcsl BBIIOIHATH paboThl, HE CBA3aHHBIE C BOCCTaHOBJICHUEM
B3PBIBO3AIIUTEl IEKTPOOOOPY/JOBaHHS WM HE BIUSIOIIME HAa €r0 B3PhIBO3a-
LIUTY, HATIPUMEP:

3aMeHy CMa3KH B MOAUIMITHUKAX M CaMMX MOALIMITHUKOB,;

PEBH3HUIO TOKOBEIYIIUX YaCTeH U KOHTAKTHBIX COCIUHEHHUH;

YCTpaHEHHE TeYH MAacia U ero 3aMeHy;

3aMeHYy NMEeperopeBLIMX JIaMIT U MOBPEXKAEHHBIX CTEKISTHHBIX KOJIAKOB B
CBETHJIBHUKAX;

3aMeHy YIUIOTHSIOIIMX [POKIAI0K;

PEMOHT CHCTEM MPOAYBKH, YHCTKY U 3aMEHY (UIBTPOB, 3aMEHy pa3OUThIX
CTEKOJI CMOTPOBBIX OKOH;

3aMeHy JeTaJIei ¥ y3JI0B Ha aHAJIOTHYHBIE 3aIIaCHBIE, TOCTABJICHHBIE 3aBO-
JOM-H3TOTOBHTENIEM KOMIUIEKTHO C M3ZEIHeM, JTHO0 M3rOTOBICHHBIE 3aBOJOM
10 3aKa3y OpraHMU3aL|H, SKCIUTyaTHPYIOLIeH H31eTus.

CpenHuii ¥ KalUTaJBHBIH PEMOHTHI, CBSI3aHHBIE C 3aMEHOH, BOCCTaHOBJIC-
HHEM WJIM U3TOTOBJIEHHEM JieTaneil 1 cCOOPOYHBIX €UHHII, HEUCTIPAaBHOCTh KO-
TOPBIX MOXET MOBJIeYb 3a cO00H HapyIlIeHHe B3PBIBO3ALIHIICHHOCTH 3JIEKTPO-
06opyIoBaHus, BBIIONHAIOT B cooTBeTCTBUHU ¢ Pl 16.407.95 [9], 3apeructpu-
poBaHHBEIE B opraHax ['ocroprexHaj3opa peMOHTHBIE NMpPEANPUATUS (3aBOMBI,
LIEXH, YYaCTKH), OCHAIIEHHbIE COOTBETCTBYIOIIUM 000pyIOBaHHEM H UMEIONIHE
paspelIeHre BBIIECTOAICH OpraHU3aluy, ONpeeNHBIICH JOCTaTOYHOCTh HX
CIEeLHAIU3ALHH.

PemoHT 3apy6eXHOTO B3pBIBO3ALIMIIEHHOTO 3JEKTPOOOOPYLOBaHUS Opra-
HU3AIHOHHO MAaJIO YeM OTJIMYAeTCs OT PEMOHTa OTEYECTBEHHOI'O 3JIEKTPOo0Oo-
PYIOBaHUSI aHAJOTMYHOTO Ha3zHayeHHs. OCIIOKHEHHEM SBISIETCS OTCYTCTBHE
CHeHaTbHOH PEeMOHTHON JOKYMEHTALlMH, KOTOPYIO BBIHYX/IEHBI pa3pabatsl-
BaTh PEMOHTHBIE IPEINPHATHS U B YCTAaHOBJICHHOM IOPSAKE COTJIACOBBIBATH C
KOHTPOJBHOH (HCIIBITATEIBHOM) OpraHu3aLuei.

2.7. OCOBEHHOCTH BbIBOPA, MOHTAXA M OKCIUIVATALIIMM
JIEKTPOOBOPY IOBAHUSI MOJKAPOOINIACHBIX 30H M IOMEIIEHHIA
C HOPMAJIBHOM CPEJIOM

Jns obecriedenus moxkapHoi 6€30MacHOCTH 3MEKTPOOOOpPYIOBaHUS B IO-
XKapOONacHBIX 30HaX TOMEIIEHHH H HAapY)XHBIX YCTaHOBOK II0)KapOOIAcCHBIX
TIPOU3BOJICTB TPHUMEHSETCS JJIEKTpoobopyaoBaHKe obmero HasHadeHus. [lpu
9TOM CTENeHb 3aLIUTH 000JIOYKH 3JIEKTPO0OOPYHOBaHHS TOJDKHA COOTBETCTBO-
BaTh KJIaCCy M0XKapoonacHo! 30HsI (cM. 1. 2.1 u tabn. 7.4.1, 7.4.3 [1] u [24].

[Ipy pa3MenIeHHH B MOMELICHUAX MM HapyXXHBIX YCTAaHOBKAX €JHHUYHOIO
M0XapOoOoNacHoro o6OpyIoBaHus, KOTJa ClELHaIbHBIE MEphl IPOTHB pPacIpo-
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CTpaHEHHMs MoXKapa He IMPEAyCMOTPEHb], 30Ha B Mpejeiax 0 3 M [0 TOPU30HTa-
JM M BEPTHKAIH OT 3TOro 000pyZOBaHHS SBJISETCS MOXKapOOMACHOH, a ee Kiace
OIpeeNIsIeTCs B 3aBUCHMOCTH OT HOPMATHBHBIX [IPH3HAKOB U XapaKTEPUCTHK.

Inexmpoobopyoosanuem obwe2o HazHaveHus HA3BIBACTCA 3JIEKTPOOOO-
py/JoBaHHe, BBIIOIHEHHOE 0e3 cobmofeHus cnenuduyeckux TpedoBaHuH, Xa-
PaKTepHBIX JUIsl ONPEEICHHON OTPACIH MPOMBILUIEHHOCTH HIH ONpPeAe/IeHHO-
TO Ha3HAYCHHSL.

Ha o6onouky Takoro 31ekTpoo6opyoBaHUs WIH Ha TabIMYKY C €ro mac-
MOPTHBIMH JaHHBIMH, MO0 B MOMEIIEHUSX, YKa3aHHBIX B CTaHJApTaX MU TeX-
HUYECKUX YCIOBHAX MOTYT HaHOCHTHCS YCJIOBHbIE 0003HAUEHHUs CTEHECHH 3a-
mutel 06070uku o ['OCT 14254-86 [16]. Takas crenens o0o3HayaeTcs Jja-
THHCKUMHM OykBamu [P (HayaneHble OYKBEI clOB International Protection).
Cnenyromue 3a HUIMH JiBe MBI 03HAYAIOT: MepBas — CTENEHb 3al[UThI Iep-
COHaJIa OT CONPUKOCHOBEHHUS C TOKOBEIYIIMMU YAaCTAMM U NOMAJaHHs BHYTPb
000J109KM TBEPABIX MOCTOPOHHUX TEJN; BTOpas — CTEIEHb 3aluThl 060py/10Ba-
HUS OT NMPOHHKHOBEHHS BHYTpb 000y04kH BoAabl. B Tabm. 2.20 npuBeneHs!
IPEANOYTHTEIbHbIE CTENICHH 3alUThl 000JI0YeK 31eKTPO0OOpy A0BaHUS.

: Tabnuua 2.20

nepm ll"q)Pﬂ: 3auurTa oT BTOPB’I Uuppa — 3auMra oT NPOHUKHOBEHHSA BOAbl

NPpOHHKHOBEHHSA U NonaaaHus

o ﬂOCTOpOHHHXTCI] 0 1 2 . 3 4 5 6 7 8
0 P00 | IPO1 | - = : : . - -
1 P10 | IP11 | IP12 | IP13 | - : - - ’
2 P20 | IP21 | IP22 | IP23 | - . . - .
3 IP30 | IP31 | 1P32 | IP33 | IP34 | - . » .
4 P40 | IPA1 | IP42 | IP43 | IP44 | - . . a
5 - . . - | 1Ps4 | 1pss | 1PS6 | - ;
6 . i = ; - | 1P65 | 1P66 | 1P6T | -
i 3 - . : ; y . - | 1pes

Ecmu st anektpoobopyaoBaHus HET HEOOXOAUMOCTH B OJHOM M3 BHIOB
3aIHTHI, TO B YCIOBHOM 0003HAYEHMH JOIyCKAETCs NPOCTABIATh 3HaK X BMe-
CTO 1H(POBOTrO 0003HAUCHHS TOTO BH/A 3ALLUTHI, KOTOPBIH B JaHHOM 3JIEKTPO-
obopyzoBaHuU He TpeOyeTCs WM UCIIBITAHUS KOTOPOTO He mpousBozsaTcs. Ha-
npumep: IPX2, IP3X u T.1.

IIpu BBIGOpE 271EKTPOOOOPYIOBAHMSA, YCTAHABIMBAEMOTO B [10XKapooIac-
HBIX 30HaX, HEOOXOAMMO YUHTHIBATh TAKXKE YCIOBHA OKPYIXKaIOIIEH cpelbl (XH-
MHYECKYI0 aKTHBHOCTb, aTMOC(EPHBIE OCAIKH H T.II.).

Di1eKTpo0OOPYIOBAHHE C YACTAMH, HCKPAIIMMHU IIPU HOPMaJbHOM paboTe,
PEKOMEH/TyeTCsl BRIHOCHTE 3a TIpe/ieNibl 0KapOONacHbIX 30H, €CIIH 3TO HE BbI-
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3bIBACT 3aTPYAHEHHH MPH IKCIUTyaTallHH U HE COMPSKEHO C HEOIpaBJAaHHBIMU
3aTpaTamMu. B ciyyae ero yCTaHOBKHM B Ipejeax M0XapoomacHOW 30HBI OHO
JIOJDKHO YIOBIETBOPATH TpeboBanusm 1. 7.4 [1].

OnexkTpoobopynoBaHUE B MOMEIEHUAX C HOPMATIBHOM cpeoi (T.e. He co-
JIepXKalliX 1MoXKapo- U B3PHIBOOMACHEIE 30HBI) WM PAcIoiaraéMoe Ha OTKPBI-
TOM BO3/yX€ WJIH MO HABECAMH JOJDKHO OBITh CTOMKMM B OTHOLIEHUH BO3MEH-
CTBUI OKpY)KaIOIIEH Cpeabl WM 3aIHIICHHBIM OT 3TOTO BO3JACHCTBUSA (BIaru,
IBUTH, XUMUYECKH aKTHBHOM CPEJIbl, MOBBIIIIEHHON TEMITEPATypPHI U T.IL.).

B cBs13u ¢ ykazanueiM Tpe6GoBanuem B 1. 1.1 [1] BeiGop anekrpoobopyno-
BaHUS YBS3BIBACTCS C KiaccH(UKalMeil momenieHu# no oOImKM CBOMCTBAM U
XapakTepy OKpY)Kalolei cpefibl: CyXue, BIaXKHEIe, CHIpBIe, 0000 ChIphIE, Xap-
KHe, MBUIBHBIE (MMeeTCs B BHJY, YTO MbUIb HEroployas, HO TOKOIPOBOASAMIAs
WJIM HETOKOTIPOBOISIAS) U ¢ XMMHYECKU aKTHBHOM CPEMOii.

C y4eToM 3TO# KJIacCU(UKAIMK B COOTBETCTBYIONIMX pa3fenax M IiaBax
ITYD [1] yka3sIBaeTcs AOIMyCTHMAs! CTENEHb 3allUThl 060J09eK 3IeKTpoobopy-
JIoBaHHs 06uiero HazHadeHus (cM. Tabm. 2.20).

MonTaxkHple pabOTHI JODKHBEI BBIIOJHATECS € ydeToM Tpebopanuii [1],
[25], a Takxke MHCTPYKLMH IO MOHTAXY 3JIEKTPOOOOpPYAOBaHHSA MOXkAapoomac-
HBIX ycTaHOBOK [30].

2.8. KOHTPO.Ib 3A ITIPOTHBOMNOXAPHBIM COCTOAHUEM
JEKTPOYCTAHOBOK

Ham3op 3a coOiiofieHHeM MpaBuJI YCTPOICTBA M INPAaBMJI TEXHMYIECKON
SKCIUTyaTallMH  JIEKTPOYCTAHOBOK OCYILECTBJIAETCS oOpraHaMu I aBHOTO
YMpaBJICHUs TOCYAapCTBEHHOI0 YHEPreTHYECKOro Hama3zopa MUHMCTEpPCTBA TO-
rmBa ¥ 3uepretuku Poccuiickoit @enepanun. [loaroMmy npeacraBurens I'ocy-*
JapcTBEHHBIN npoTuBonoxapHoi ciyx6sl (['TIC), xpoMe MaTepuanoB, MOATO-
TOBJICHHBIX MOXKAPHO-TEXHHUYECKOH KOMUCCHEH, IOJDKEH BHUMATEIBHO H3YUUTh
JIOKyMEHTBI ¥ MaTepUaJibl PEBU3MH M 00CIIEJOBAaHUS 3JIEKTPOYCTAaHOBOK Ipes-
craButessaMu 6e3omacHocTy — I'ocanepronaasopom u I'ocroprexnagzopom. Ec-
oM TpeGOBaHUS 3TUX HAA30PHBIX OPTraHOB MMEIOT OTHOLICHHE K ITOXKapHOM
6€30MacHOCTH 3JIEKTPOYCTAHOBOK, MX MOXKHO MOATBEPAUTH TNpPEANHCAHHEM
TOCIOXXHA30pa, T.€. BKIIOYUTH OTAEIbHBIMU MyHKTaMu. CleyeT yqauThIBaTh U
TpeboBanus npasui [36 u 37].

Bonbioe 3HayeHue B obecrieueHHH MoKapHOH 6€301macHOCTH 3JIeKTpoyc-
TAaHOBOK MMEET B3aMMOJIEHCTBHE rocroXkHaa3opa ¢ opraHaMu I'ocynapcTBeH-
HOTO HEPreTHYECKOro Haja30pa. YKazaHHBIE OpraHbl JO/DKHBI aHAIH3HPOBAThH
MOXapsl, MPOUCIHICAIINE 10 TIPUYMHE HEUCTIPABHOCTH MJIM HEMPaBHIIBHOM 3KC-
IUTyaTalliy JIeKTPOYCTAHOBOK, M pa3pabaThIBaTh MEPONPUATHA 110 UX INpexy-
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NPEXICHUIO H TYILICHUIO, IPUHUMATh COBMECTHOE y4YacTHE B YCTAHOBICHUH
NPHYMH [0Xapa OT 3JIEKTPOYCTAaHOBOK; COBMECTHO IPOBOAUTH MEPOMNPHATHA
0 MOBBIIEHHIO KBaTU(GUKALMKU PaOOTHHKOB, CBA3AHHBIX C MOHTAXXOM M 3KC-
IUlyaTallMed 3JeKTpoycTaHOBOK. JlommkeHn ObITh 0OMeH uH(oOpMalneit mo Hop-
MaTHBHO-TEXHHYECKUM BOIIPOCAM YCTPOMCTBA M 3KCIUTyaTal[Ud JIEKTPOYCTa-
HOBOK, a TaK)Ke CBEICHHAM O MPOMCIIEUINX aBapHsiX M MoXKapax OT 3JIEKTPO-
YCTaHOBOK.

Ob6ecneueHue Moxapo- 1 B3pbIB00E30MacHOCTH 3JIEKTPOYCTaHOBOK JOCTH-
raeTcs M BBINOJHEHHEM HOPMATHBHO-TEXHHUYECKOH paborel opranamu ITIC,
HArpuMep, IyTeM KOHTPOJIS 3a BBINOJHEHHEM IMPOCKTHBIMU OpraHU3aLUsIMH
NPOTHBOIOXKAPHBIX TpeOOBaHMIi, 001IErocy JapCTBEHHBIX HOPM U NPABHI IPHU
pa3paboTKe MPOEKTOB, T.€. BBIMOJIHEHHEM MOXKAPHO-TEXHUYECKOH KCIIEPTHU3BI
mo00H YacTH NPOEKTa, B TOM YHCIIE U IIEKTPOTEXHUYECKOM, HIIH BCETO MPOEK-
Ta B 11en1oM. OGopMIIOTCS CIEAYIONME JOKYMEHTBI: NUCbMO B IPOCKTHYIO Op-
TaHM3alHI0 MM npeonucanue, B KOTOPBIX INPEAyCMaTPHUBACTCS YCTpaHEHHE
BBIABICHHBIX HapyIIEHHH M OTCTyIUIeHHH OT HopM mnpoektupoBanusa (I'OCT,
I1Y3, CHull, I193I1, I1TH, TY, HIIB, I1[16 1 Be1oMCTBEHHBIX HOPMATHBOB).

B pexoMeHnmammsax, pa3pabaTbIBaeéMbIX II0 pe3yJibTaTaM MOKapHO-
TEXHHYECKOH OKCIEPTU3BI, HOJDKHBI OBITh MPEATOKEHBl TAKHE TEXHUYECKUE
pelIeHUs] N0 YCTPAaHEHHUIO HapyleHui TpeOoBaHUH MokapHOi Oe30macHOCTH,
KOTOpbIe ObUIH OBl 3KOHOMMYECKH LiesiecooOpa3Hbl 1 000CHOBAHBI Ha ypOBHE
COBPEMEHHBIX JOCTHIKEHUI HAyKH ¥ TEXHUKH.

[ToxxapHO-TEXHUYECKAsE IKCMIEPTH3a MOKET MPOBOJMTHCS B MOPSIKE OCY-
mectBienusa QGyukuuid I'TIC mpu paccMOTpeHHM OTIETBHBIX TPOEKTOB B
I'VTTIC, YTTIC, OI'TIJA MBJ] Poccuu, MPOEKTHBIX M CTPOMTENIBHBIX OPraHu3a-
MAX, Y 3aKa3uuMka. B 3TOM ciydae 3KCHepT MOJDKEH PYKOBOICTBOBATHCS MO-
noxxeHussMH U HactaBieHusMH I'TIC, B KOTOPBIX 006J1acTh 3KCHEPTU3EI U 00BeM
BOIIPOCOB MOTYT OBITH OTPAHHYCHHBIMHU, HAIIPUMEp:

PAacCMOTPEHHE MPOEKTOB AEKTPUUECKUX PACTIPENSTUTEIBHBIX YCTPOHCTB
U 3JIEKTPHYECKUX MOJACTAHLIUI MPOU3BOIAMUTCS TOJNBKO B YAaCTH COOTBETCTBHS
MPOTHUBOIIOXAPHBIX Pa3PhIBOB HOPMaM MPOEKTUPOBAHMSA, COOIIOEHHS HOpMa-
THUBHBIX TpeOOBaHUIi, MPEIBABIAEMBIX K BCTPOCHHBIM 3JIEKTPOMOACTAHLMAM U
pacrpemycTpoiCcTBaM, a TAKXKE B YACTH MX NPOTHBOMOXKAPHOH 3alIUTEL;

MPUHIUITHATBHBIE CXEMBl IEKTPHYECKUX CeTel MpeAnpusiTUil M ydpexk-
JICHWI B LIEJIOM OpraHbl TOCIOXHAA30pa He paccMaTpuBaioT. [IpoekTsl BHYT-
PEHHHX JJIEKTPOCETE pacCMaTPHBAIOTCS B YACTH COOTBETCTBUS THIIOB U MapoK
MPOBOZOB (CIOcOGOB MX MPOKJIAJIKH); NEKTPOJBHraTeNei, CBETUILHUKOB afl-
[apaToB, paclpeaesIUTEbHBIX IUTOB KJIAcCy M0KapOB3PbIBOONACHOCTH 30HBI
XapakTepy U CBOICTBaM OKpY)Kalolleil cpeibl, onmpeaesieMbIM MPOEKTHOH op-
raHu3aLue.
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ITosxapHO-TeXHUYECKasT IKCIIEPTH3a MOXKET MPOBOAUTECS MO TPeOOBAHHUIO
cyieOHBIX OpPraHoOB IO ZIeJiaM O MoXkapax. B 3ToM ciyyae skcmepT MoxkeT (U
lIOJDKCH!) JAaBaTh 3aKJIIOYECHHUE I10 JTFOOBIM BOIIpOCaM, NMpPEACTaBJICHHBIM Ha 3KC-
HepTu3y.

[Ipu cocraBieHHH 3aKIIOYEHHS MO pe3yJabTaTaM M0XKAPHO-TEXHUYECKOH
IKCMEPTHU3BI HeOﬁXOIIP[MO YYUTBIBATH, YTO!:

npe/yiaraeMble MepONPHSATHS H3JIaraloTcs KpaTko, YeTKO, ¢ 000CHOBaHUEM
TpeGOBaHUI HOPM IPOEKTHPOBAHHUS;

B 3aKJIIOYCHHUH YKa3bIBaIOTCA Tpeﬁoaaum IO BBINIOJHCHHIO HOPM INIPOEK-
TUPOBAHHS, a HE CIIOCO0 UX BBIOJIHEHMUS;

NPOTHBOMOXXAPHEIE MEPOIPUSATHS, TPEAYyCMOTPEHHbBIE HOPMaMH TIPOEKTH-
POBAHMS, M3JIAraloTCs C MCIOJIB30BAHHEM CJIOB «IODKHO OBITH», «HEOOXOIH-
MOY, «CIIEAYET» U MIPOU3BOAHBIX OT HUX.

NPOTHBOIOXAPHBIE MEPONPHUATHS, HE NPeAyCMOTPEHHBIE HOPMaMHU IpO-
EKTUPOBAHUS, M3JIaralOTCs C UCTIOJIB30BAHUEM CIIOB «PEKOMEHIYETCS), Iele-
coobpa3Ho» - kak 3T0 pekomenayercs [TYD [1].
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I'naBa 3

AIIMMAPATBI 3AIIUTHI B 3JIEKTPOYCTAHOBKAX

AnmapaThl 3alUThl PEJHA3HAYAIOTCS JUISA 3aIMUTHI JJICKTPUYECKHUX CETeid,
MalldH M aNlapaToB OT aBapHHHBIX PEXUMOB (HampHMep, KOPOTKHX 3aMBIKa-
HMH, IEpPerpys3oK), yrpokaloluX COXpPaHHOCTH 3JIeKTPoobopyAoBaHusA U 6e30-
MacHOCTH nepcoHana. OIHAKO MPHU HENpPaBHIBHOM MOHTaXEe M AKCIUTyaTaluH
OHM CaMM MOTYT OBITh IPUYMHOM aBapyH, MOKapa MM B3pbIBa, TAK KaK BO Bpe-
Ms MX pabOTB! BOSHHKAIOT 3JIEKTPHYECKUE UCKPEI, IYTH U IpoYee.

HanGoee yacTo npuMEHsIEMBIMH aNapaTaMH 3allUThl SBIAIOTCS IIABKHE
IIPEIOXPAaHUTEIH, BO3AYIIHBIE aBTOMATHYECKHUE BBIKJIIOYATEIH (aBTOMATEI), pe-
ne (B y4eOHHMKE pacCMaTpPHBAIOTCS TOJBKO TEIIOBLIE pene, MPUMEHSICMBIE B
MarHUTHBIX MMyCKaTeNAX) M yCTpoicTBa 3amuTHoro otkmoueHus (Y30).

3.1. IJTABKHME IIPEJJOXPAHUTEJIM
IIpuHuun yerpoiicTea M paboThl IVIABKUX NPeA0XpPaHHTe el

ITnasxum npedoxpanumenem Ha3bIBAETCA YCTPOHCTBO, B KOTOPOM IPH TOKE,
MPEBBIIAOIIEM JOIYCTUMOE 3HAYEHHE, PACIUIABIIAETCA IUIABKHI 3JIEMEHT IUIABKOH
BCTaBKH M Pa3MBIKAeTCA dJEKTpHUecKas uenb. [L1aBkuil mpeaoXpaHuTeIb COCTOUT
U3 IUIaBKOH BCTaBKM, MOIEPKUBAIONIETO €¢ KOHTAKTHOrO YCTPOHCTBA W MaTpoHa
(xopryca). OCHOBHOM 4acTBIO TUIABKOM BCTABKM ABJIAETCS TUIaBKHUiT yieMeHT. [1naB-
Kasi BCTaBKa MOJUICKHT 3aMeHe Tociie cpabaThIBAHUS PEIOXPAHUTEIIS.

MHorue nperoxpaHuTeIH UMEIOT CIeLMalIbHbBIC YCTPOMCTBA IS TalleHHs
JyTH, oOpasylomeiics npH pacrIaBIeHUH [UIaBKOTO 3JIeMeHTa BeTaBKH. OOBIYHO
TUIaBKUE BCTaBKU HAaXOIATCSA BHYTPH IATPOHA, MOKPBITOrO M30JIAILMOHHON 000-
JIOUKOM, apMHUPOBAaHHOTO AETAIAMH U KPEIUICHUS BCTaBKU M MOJBOJA K HeH
Toka. [T0 KOHCTPYKIMH IJIaBKUX BCTaBOK NPEAOXPAHUTENH OBIBAIOT pazbopHubl-
Mu U Hepazbopuvimu. PazbopHBIE OIMYCKAIOT 3aMCHY IUIABKHX 3JIEMEHTOB I10-
cie cpabaThIBaHUA Ha MECTE IKCIUTyaTaluy 0e3 CIelHalbHOT0 HHCTPYMEHTa. Y
Hepa300pHBIX 3aMeHe IMOIEKHT BCA IIaBKas BCTaBKa.

Paznuyalor npenoXpaHuTeNy ¢ HanonHumenem, y KOTOPBIX Jayra racuTcs B
[IOPOIUKOBOM, 3€pPHMCTOM MJIH BOJOKHHCTOM BEIIECTBE (TaJbK, KBApIECBBIH IIe-
COK H T.1.), U 6e3 nanonnumens, y KOTOPBIX rallleHUe JyTH MPOUCXOAUT Oiaro-
Japsi BLICOKOMY JaBJIEHHIO B MAaTPOHE MM ABMXKEHHIO ra3oB. [Ipenoxpanutenu
HHOTa UMEIOT BU3YyallbHBIH yKa3aTenb cpabaThIBaHuU, MO3BOJISIOIINIT CYIUTh O
pacIuIaBlIeHHH MIaBKOTO 3JIEMEHTa BCTABKH MPU cpabaThIBaHUU.

JlelicTBHe TUIaBKHX MpENOXpAHUTENEeH OCHOBAHO Ha TOM, YTO JJIEKTpUYe-
CKHH TOK B IIABKOH BCTaBKE BBIJEJNISET TEIUIO. TerioBoe AeHCTBHE TOKa, MpO-
TEKAIOUIEro Yepe3 MpeJoXpaHuTelb, XapaKTepU3yeTCsl JPKOYJIEBBIM HHTErPaJIoOM
j' i’dt. TIpu HOPMAJIBHBIX YCIOBHAX 3TO TEILIO OTBOJUTCSH B OKPY/KAIOLIYIO CPeLy
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[yTeM M3ITy4eHHsI, KOHBEKLMH M TETUIONPOBOJHOCTH (TJIaBHBEIM 00pa3oM 4epes
KOHTAKTHI). ECIIM KOJIMYECTBO BBIJEISIOIErocs BO BCTaBKe Terua 6oiblIe OT-
BOZMMOTO, H30BITOK Temaa Oy/IeT MOBLIIATh TEMIIEpaTypy BCTaBKH 10 TeEX TOp,
II0Ka CHOBA He OyIeT JOCTUTHYT TEIUIOBOH OalaHC IpH HOBOH TeMIiepaType WK
BCTaBKa pacruraButcs (meperoput). Ona MoxeT OBITh pa3opBaHa 3JEKTPOAMHA-
MMYECKHMH CHJIAMU M JI0 Havasa IuiaBieHus. [1naBkue npeqoXpaHuTeny Xapak-
TEPHU3YIOTCS CJIEIYIOIMMY NapaMeTpaMH.

Homunanvnoe nanpsaicenue U,y — HanpsKeHHE, yKa3aHHOE Ha TpeaoXpa-
HHTEJIE ¥ COOTBETCTBYIOLIEe HanboIblIeMy HOMHHATEHOMY HAINpPSLKEHHIO CETek,
B KOTOPBIX pa3spellaeTcst yCTaHOBKa JAHHOTO NpefoxpaHuTend. Tak, mperoxpa-
aurenu tuna [1P-2 nepsoro rabapura (MeHBLIMX pa3MEpOB) HMEIOT MapKHPOBKY
250 B m MoOryTr ycTraHaBIMBaThCi B CETAX C HOMMHAJIBHBIM HaNpSKEHHEM JI0
250 B nocrosmHoro Toka u 10 380 B nepementoro toka. Ilpenoxpanurenu I1P-2
BTOporo rabaputa (60JBLIMX pa3MepoB) HMEIOT MapkupoBky 500 B u moryr yc-
TaHABIMBATLCA B ceTax HanpspkenueM 500 B u ke (cm. mpu. 1).

Homunanvnsiii mox npedoxpanumens Iy, — TOK, yKa3aHHBII Ha npeaoxpa-
HU'TENIC M PaBHBIH HaHOONBLIEMY M3 HOMHHAJIBHBIX TOKOB IUIaBKMX BCTaBOK,
IpeaHa3HaueHHBIX IS JaHHOTO TpefoxXpanuTels. Ha aToT TOk paccyHTaHBI Bce
TOKOBE/YILHE KOHTAKTHBIEC YACTH MPEJOXPAHHUTEIIA.

Homunanvuwiii mox nnasxoti 6cmagku Iy — TOK, yKa3aHHBII Ha BCTaBKeE,
JUIs KOTOPOTO OHA MpeHa3HaueHa, MpH JIHTeNbHO paboTe. HoMHHANBHBIH TOK
MpPeIOXPAHUTEIIS BCETr/Ia IOJDKEH OBITh OO0JIbIIE MIIH PaBEeH HOMHHAILHOMY TOKY
TUIABKOH BCTaBKH, T.€. [y np = Ly per-

TToepanuunviii mok naaexou écmaéku I - TOK, IPH KOTOPOM BCTaBKa pac-
TUTAaBHTCS Yepe3 MPOMEXYTOK BPEMEHH, HOCTATOYHBIH UL JOCTHKEHHS €I0 yc-
TAHOBUBILEHCA TemriepaTypsl. 1o BpeMs 00br4HO paBHO [-2 4. Tok /. Gombire
[u.ac:'r~

Ipedenvviii mok omrnouenus npedoxpanumens Iy, ., — HauboplIee 3Ha-
yenne Toka K3 ceTH, mpu KOTOPOM rapaHTHpyeTcs HaiexHas pabora mpemo-
XpaHHTeNEH, T.e. Jyra racutcsa 6e3 Kakux-Ju00 MOBPEKACHUH MaTpoHa.

3ammuTHAs XapaKTepUCTHKA NPeJIoXPaHHTe s

[Mpenoxpanurenn oOJamalOT 3aLIUTHOH, WM BPEMATOKOBOH XapaKTepH-
ctuxoit (puc. 3.1). Ona npexacraBnser co6oi 3aBUCUMOCTb BPEMEHH IMOJHOTO
OTKJIOHEHHUS Tope; OT OTHOLIEHHUS OKMIAEMOro Toka B 1enu (Toxa K3 mnu nepe-
rpy3ku /) K HOMMHAJIBHOMY TOKY IJIaBKOMH BCTaBKH.

B nonHoe BpeMsi OTKIIOYEHHs BXOAWT BPEMs HATPEBAHUS BCTABKU IOBBIILICH-
HBIM TOKOM /, ee pacIUIaBJIeHHe, NOSBIICHHE XyTH U ramenue. OTKIaqsBas KpaTHO-

CTH TOKA 10 TOPU30HTATBHOMN OCH M BPEMS Tory TIO BEPTHKAILHOM, HMEEM KPHBYIO

Torkn =f(l/[u,ucr)- 3.1)
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Puc. 3.1. Tunosas 3amurHas xapaktepucTika npegoxpannrens [1H-2

XapaktepucTuka (cMm.puc. 3.1) ABIACTCS TUITOBOI, T.€. OHa OTHOCHTCS HE K O/1-
HOMY TIpeIOXPAHUTEIIIO, @ K CEPUH MOAOOHBIX MPEIOXPAaHUTENICH Ha Pa3HbIe HOMHU-
HAJIBHBIC TOKU [y uer. ECiH TpeOyeTcst XapakTepH3oBaTh KaXIylo BCTaBKY OT/ENBHO,
Ha FTOPHU30HTAIBHON OCH OTKJIAJIBIBAIOT HE KPATHOCTH TOKA HATPY3KH, @ TOK.

XapaKTepHCTHKH OTJCTBHBIX MPEIOXPAHUTENCH OTKIOHAIOTCS OT CPEeTHHX
3HAYCHUH M3-3a MPOM3BOJCTBEHHBLIX IOMYCKOB B pa3Mepe M COCTaBE IUIABKMX
BCTABOK, Pa3JIMYHOTO Ka4eCTBa ¥ KOJIMYECTBA KOHTAKTOB, a TAKXKE CTapEHHUs Ma-
TepHaja BCTABOK B Mpolecce IKCIUTyaTtauuH. [1ooToMy 3amMTHYIO XapaKTepu-
CTHKY M300pakaloT He JIMHHEH, a B BHJE MOJIOoCH (cM. puc. 3.1), B mpejenax Ko-
TOPOH JISKHT BO3MOXKHOE BPEMSI OTKJIIOUEHHU.

OO6BIYHO BCE XapaKTEPUCTHKH NPEJOXPAHUTENICH B CBS3H C MIMPOKUM JHa-
[a30HOM H3MEHEHHS MX MapaMeTpoB NMPUHATO M300paxkaTh B BUJE CeMeHCTBa
rpaMKoB C JIOTApUPMHYCCKUM MaCIITAOOM JUIS Pa3InYHBIX HOMHHAJIBHBIX TO-
KOB ITaBKOH BCTaBKH.

3amuTHas XapaKTEPHCTHKA IMO3BOJSET ONpPEACNATH HAAC)KHOCTH 3aLIHTHI
3JIEMEHTOB JIEKTPOYCTAHOBOK IUIABKUMH IPEJOXPAHUTEISIMH OT TOKOB Mepe-
rpy3ku u K3. [l 3TOro Ha COBMEILEHHOM rpaduke HEOOXOAMMO COMOCTaBHTh
3aMIUTHYIO XapaKTEePHCTHKY MPEOXPaHUTENA M TEIUIOBYIO XapaKTepHCTHKY 3a-
IIMIIIaEMOr0 JIeMeHTa (IpoBoAa, Kabes, dIeKTPOABUraTe s H T.11.).

TennoBas XapaKTEpHCTHKA 3IEMEHTA 3JIEKTPHYECKOH YCTAHOBKH
n300paxcaeTcsi KpHBOH M BBIPaXKaeT 3aBUCHMOCThL MPOMEKYTKA BPEMEHH, B
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TEeYeHHe KOTOPOTo TEMIIEPATypa TOTO JIEMEHTAa CTAHET NpENeTbHO JOMYCTH-
MOi1, OT OTHOLIEHHS (PAKTHYECKOTO TOKA B HeM [y HOMHHAJILHOMY TOKY Iy, T.€.

Tarp = f (I/1,.). 3.2)
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Puc. 3.2. ConocrapieHHe 3alMTHBIX XapaKTEPUCTHK MIaBKHX
BCTABOK C TEIUIOBOIi XapaKTepPHCTHKOI 3alllMIIaeMOro d7IeMEeHTa

JJIEKTPOYCTAaHOBKH:
a, ¢ — 3aUlMTHbIC XapaKTEPUCTHKH; b—rennosas XapaKkTepucTHKa

Ha puc. 3.2 comocraBiieHb! 3alINTHbIE XapaKTEPHCTUKH IIABKHX BCTaBOK
IpEeIOXpaHHUTENICH U TETUIOBas XapaKTEPUCTHKA 3JIEMEHTA dJIEKTPHYECKOH ycTa-
HOBKH. BcTaBka ¢ XapakTepHCTHKOM a obecrednBaeT 3aluTy JIeMEeHTa 3JIeK-
TPOYCTAHOBKHM C TEIUIOBOH XapaKTePUCTHKON b npu Jr000# KpaTHOCTH TOKa.
BcTaBka ¢ XxapakTepHCTHKON ¢ MOXeT 00ecrieyrBaTh 3alUTy TOTO K€ 3JIeMEHTa
TOJIBKO NP 3HAYUTEIIBHBIX KPATHOCTSX, B JAHHOM CIIydae IIpH KpaTHOCTH Goree
geTblpex. [Ipy MEHBUIIMX KPAaTHOCTAX TEeMIlepaTypa 3alIUIIaeMOro 3JIeMEeHTa
MOJKET MPEBBICHTH MPEIETLHO IOMYCTUMYIO PaHbILE, YeM ITepeTOPUT BCTABKa, a
3NIeMeHT mnoBpexuTcs. I103ToMy Ui yIydIUeHHs 3alMTHBIX XapaKTepHCTHK
IUIABKHX BCTABOK, 3aBUCSAIINX B OCHOBHOM OT OTHOWIEHHS I/l per, HEOOXOIH-
MO, YTOOBI 9TO OTHOLIEHHE OBUIO KaK MOXKHO MEHbILE TIPH MaJIOM BPEMEHH OT-
KITIOUEHUS Torgm, T.C. XAaPaKTEPUCTHKA JIOJDKHA OBITH mosoroil. Bmecrte ¢ Tem
CIIMIIKOM MajI0€ OTHOIIEHUE /o /1 ser ABUIOCH OBl IPUUHHOM JIOXKHBIX OTKIIOYC-
HUI 1IpH HEOONBIIMX Teperpys3Kax, YacTo BO3HUKAIOUIMX IPH IKCIUIyaTallud U
HE TPEACTABIIONIMX OMACHOCTH JUIA dJIeMeHTa. Takue OTKIIOYEHHs HEeIOIycC-
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THMBI, TaK KaK HapymarT HOPMaJIbHYIO p360Ty TEXHOJIOTHYECKHX YCTaHOBOK.

ITosTOMy JU1l MIABKMX BCTABOK MPUHATO OTHOMEHHE Lo /Ty yer OT 1,25 10 2,0.
Takum o6pa3om, yciaoBreM 6e30MacHOCTH M HaIe)KHOCTH 3alIUTHI 3JIeMeH-
Ta 3JI€KTp0}’CTaHOBKI/I NPEAOXPAHUTEIIEM ABJIACTCA COOTHOIICHHUE

T ST (3.3)

Cnoco0b! y/Ty4iueHust 3a1lUTHBIX XapaAKTePHUCTUK Npel0XpaHuTeJIe

VIIyqmuTh 3aIlUTHBIE XapaKTePUCTHKH MOXHO BBHIOOPOM MaTepHana UL
IIABKOH BCTaBKH, IMPUMEHEHHEM BCTAaBOK C TaK HA3bIBa€MBIM METaJUTyprude-
ckuM 3 pexToM, BEIOOPOM pallOHAIBHOM KOHCTPYKIMH ITaBKOH BCTaBKH, T.€.
ee JUIMHBI U (HOPMEL.

Martepnan niaBkoii BcraBkM. [InaBkue BCTaBKH OOBIYHO HM3TOTOBISIOT
U3 MeqH, cepebpa, OJI0OBa, CBUHIA, IIMHKA, ATIOMUHUS U X CIUIaBOB. Martepuan
OYEHB BJIMACT Ha 3alUTHYIO XapaKTEPUCTHUKY BCTABKH. DKCIIEPUMEHTAJIBHO yC-
TaHOBJICHO, YTO BCTABKU U3 JIETKOIUIABKMX METAJJIOB - 0JIOBA, CBHHIIA, [IMHKA U
aMOMHHHSA - 6onee yROOHBI I 3alIMTHI 3JIEMEHTOB 3JIEKTPOYCTAaHOBOK OT TO-
KOB TI€PEerpy3kH, Tak Kak MO3BOJSIOT MOJYYUTh OOJBIIYIO BEIIEPHKKY BPEMEHH.
BcTaBky M3 3THX MarepuHasioB 0071amaloT GONBLUIMM yICIBHBIM 3JIEKTPUYECKHM
CONPOTHBIECHHEM M MaJlOi TEeIIonpoBOAHOCThIO. OIHAKO Macca BCTaBKH M3
3TUX METaJUIOB IPH OJMHAKOBOM HOMMHAJIBHOM Toke Ooiplie, 4eM Macca
BCTaBKM M3 MeAM WiM cepebpa. DTO CHIDKAeT pa3phIBHYIO CIOCOOHOCTH
IpeJOXPAHHUTEN.

BceraBku M3 Meu M cepedpa JaloT MEHBIIYIO BBIIEPIKKY BPEMEHH IIPH Ie-
perpyskax, 4To yXyAIIaeT MX 3allUTHBIC XapakTepucTHKH. CyIIecTBEHHBIM He-
JIOCTaTKOM TaKHX BCTABOK SBJIETCS CPAaBHUTEJIBLHO BBICOKAs TEMIIEpAaTypa HX
IuaByieHust (OHM TYroruiaBku). IIpM IJMTETBHOM TOKE, MEHBIIEM, YeM TOK
IJIaBJIEHHS, BCTABKU MOTYT HAarpesaThes A0 Temreparypst Boime 900 °C. Crons
BBICOKHH M JUIMTEIbHBIH HArpeB IJIaBKMX BCTABOK MOXET IPHBECTH K Ype3Mep-
HOMY IIeperpeBy KOHTAKTHOM CHCTEMBI M KOpITyca IpeJoXpaHHUTeNs, 0COOEHHO
3aKpBITOTO, BBI3BATh MX paspymieHHe. OfHaKo MPUMEHEHHE MEIHBIX U cepedps-
HBIX BCTABOK ITOBBILIAET Pa3phIBHYIO CIIOCOOHOCTH MPEIOXPAHUTENCH, TaK Kak
YBEIHYMBACTCSA MPEACIBHBIN TOK OTKIIOYEHHSA [pp.

Bosplrasi paspeiBHas CIOCOOHOCTh BCTaBOK M3 TYTOIUIABKOTO MeTajula
SIBUIACH MPEJIOCHUIKON /I MPUMEHEHHUS IUIaBKUX BCTABOK C TaK Ha3bIBAEMBIM
Mmemannypaudeckum dghgexmom. Jlns meramryprudeckoro sddexra B cepenuse
BCTABKHM M3 TYTOIUIaBKOTO MeTa/Ula HallauBalOT [IAPHUK M3 JIETKOIUIABKOTO Me-
taia (puc. 3.3). Pusnueckas CyIHOCTh METAILTYprudeckoro a¢dexra 3akimo-
yaeTcs B PaCTBOPEHHH 6oJiee TyroIuiaBKOro Marepuaia BCTaBKH (Melpb, ceped-
pPoO) B JIETKOIUIaBKHX cpezax (0JIOBO, CIJIaB OJIOBAa C KaAMHMEM H Jp.), IPHYEM
nuddyHaupoBaHue MeIU WK cepebpa MOBBILIAETCS ¢ YBEIHMYEHHEM TeMIepa-
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Typbl. Takas BcTaBka nMeer 6osee 6JaronpHATHYIO 3aLIMTHYIO XapaKTEPUCTUKY
OT TOKOB IEPerpy3KH M Ieperopaer IpH MEHBIIEM 3HAYEHHH OTHOLICHUS
I ./l ser M HEBBICOKOW TeMImepaType (IIPUMEpPHO B ABA-TPU pa3a MEHBILE, YEM
TeMIlepaTypa IUIaBJICHHsS OCHOBHOTO MeTauia). Pasmep mapuka (Ha3blBaeMoro
TaK)Ke METAJUIMYECKMM pacTBOpHTENTeM) BiIuseT Ha pabory BcraBku. Ilpu
CIIMILIKOM MaJioM ILapHKe MeTaLTypruueckuil 3GQekT Mai, npH CIMIIKOM
60JIBIIIOM - OTBOJ TEIIa OT BCTABKM B MECTEC HAXOXKAEHMSA LIapHKa HACTOJIBKO
CHIJKAeT TeMIIepaTypy BCTABKH, YTO INAPHMK HE IUIABUTCA U METAJTypPru4eCcKui
a¢dexr ocnabngerca. OnTUMaNBHBIN JHaMeTp, HAIPHMEp, OJIOBAHHOIO LIapHKa
B LIEHTPE MEAHO# poBoJoKkH AnaMeTpom ot 0,25 1o 0,6 MM coctaBisier 1-2 MM.
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Puc. 3.3. [InaBkas BcTaBKa (3JIEMEHT) C METaJLTyp-

ruyeckuM dddekTom:
1 — meab; 2 — CBUHEL MK 0NOBO; 3 — HAKOHEYHHMK (KOHTaKT)

C TOYKM 3pEHUS KOHCMPYKMUBHO20 UCNOIHEHUs Ha 3AIUUTHYIO XapakKTe-
PHCTHKY BJMSET IJIaBHBIM 00pa3oM JuiMHa U (opMa BCTAaBKU. YBEIHYEHHE
JUIMHB! TOBBINIAET MOTPAaHUYHBIH TOK BCTaBKH. {1 mpemoxpaHuTeneil Ha-
npspkenuem ot 120 o 500 B onTuMansHas akTHBHAs JIMHA BCTaBKH COCTaB-
nsier 70 Mm. [lpu MeHbLIeH UIMHE CHHMXKAeTCS pa3pbIBHAs CHOCOOHOCTD Ipe-
JOXPAaHUTEIA.

Jlnst ymenbiieHus o6beMa paciulaB/IsIeMOro MeTasia U yBEJIHIEeHHs ObICT-
poTHI paspsiBa npu K3 uis 0AHOro ¥ TOTO K€ IMOTPaHUYHOTO TOKa /_ BCTAaBKH
JIENIAI0T C HECKONBKUMH TMapasieIbHBIMH BETBAMH, YTO YBETHYHBACT pa3phIB-
HYIO CIIOCOOHOCTB MPEMOXPAaHUTENS U YMEHBIIACT BPEeMS TallleHHs TyTH.

B HeKoTOpEBIX THMNAX MpeIoXpaHHUTENEH UCTIONB3YIOTCS MIAaBKHE BCTABKH,
MMeEIOLIME JiBa-4eThIpe KOPOTKMX mepemreiika A-A (puc. 3.4). B atux mepe-
niekax MOBBIMIAIOTCSA 3JIEKTPUYECKOE COMPOTHUBIIECHHE, MIOTHOCTh TOKAa H
BbIZIeNIAeTCs OoblIe TeIa, YeM B IIMPOKUX YacTsAX. B HOpMaNbHBIX yCIOBH-
X 9TO TEIJIO OTBOJUTCSA K MEHEE HarpeThIM YacTAM BCTAaBKH H KOHTAaKTHBIM
HOXaM IPeJOXpaHUTENA, C KOTOPBIX OHO PACCEHBAETCA B OKPY’KaIOIIYIO Cpe-
ny. ITpu Tokax K3 mepemreiiku ObI1CTpO HarpeBaloTCs O TEMIIEpaTyphl IJIaB-
JICHUsT METajUla, M TUIaBKas BCTaBKa pacIUIaBIAETCS BO BCeX Mepemnierkax.
ITpu meperpyskax BCTaBKa HarpeBaeTCs 3HAYUTENILHO MEIJICHHEE, YeM TpH
tokax K3, n Gmaromaps ny4meMy OXJaKAECHHIO ee IIMPOKHX MECT OHa pac-
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MJIaBIsAETCS OOBIYHO TOJBKO B OIHOM MECTE, 4Yalle BCECro B cpe,zmeifi 4acTH,
HalpuMep Ha JIMHUH A-A.

A A

A A

Puc. 3.4. IInaBkas BcTaBKa (3JI€MEHT) MpeaoXpaHHTes
Tuna [1P-2

[Ipu skcmayataumu ciegyer OOpaTUTh BHUMAaHHE Ha HEIOIYyCTHMOCTh
NpPHMEHEHHs HECTaHIapTHAIX, HEeKAIHOPOBaHHBIX TUIaBKMX BCTABOK W3 MEJHBIX
WJIM IPYTHX HPOBOJIOK (¢<OKY4KOBY»). IlorpaHH4HbIe H HOMHHAJIBHBIE TOKH TaKO#H
BCTaBKHU M 3allIHTHAs XapaKTEPHCTHKA MPEJOXPAHHUTENA UMEIOT KpaiiHe Heorpe-
JeneHHble 3Ha4eHus. [Ipy Takux BCTaBKaxX BEPOATHBI MECTHBIE MEPErPeBEl, MOp-
Ya ¥ JaXkKe pa3pblB IaTPOHOB (Hampumep, npeaoxpanutenei tuna [1P-2), peskoe
M3MEHEHHE KOMMYTAlUMOHHOH (pa3phIBHOI) CIHOCOGHOCTH MNpemoXpaHUTENeH.
Bce 3T0 MOXeT BBI3BaTh aBapUH H ITOXKapHI.

Tunel IUIaBKUX NPeI0XPAHUTEEH IS YCTAHOBOK
Hanpsikeauem 10 1000 B

ITo KOHCTPYKIMH MPEIOXPAHUTEIH MOTYT OBITh pa3/eNieHs! Ha CICAYIOLINe
THIIBI: OTKPBITBIE (MM TUIACTHHYATHIE), TPyOUaTsle M OXHOINOJIOCHBIE pe3bbo-
BBI€ (IIPOOOYHBIE).

OTKpBITHIE (MUIACTHHYATEIE) TPEJIOXPAHUTENH KOHCTPYKTHBHO IMPOCTHI H
MPECTABIIAIOT COOOH OTKPBITYIO OJMHOYHYIO NMPOBOJOKY (MM HECKOJIBKO Ma-
paJIeNbHBIX MPOBOJOK), BIASHHYIO B MEIHBIC WIIHM JIATYHHBIE TIOCKHE HAKO-
HeyHHKH. OHM HEe MMEIOT JIYroracHTEeNbHBIX YCTPOHCTB M MO3TOMY obnamarot
MaJioit pa3peIBHOM criocoOHOCThI0. [IpH pacruiaBieHHH BCTaBkHM 0Opasyercs oT-
KpbITas Jyra, pa30OpbI3THBACTCS pacIUIaBJICHHBIH METall, paclpoCTPaHSIOTCA
packalieHHbIe ¥ HOHM3MPOBaHHBIE ra3bl. Bee 3T0 onacHo [y 06CTy KHBAIOIETO
MepCcoHalIa, a TAKKe YBEIHIUBAET BO3MOXKHOCTB [10%kapa, 0COOEHHO B MOXapo-
omacHbIX noMenieHusnX. [1o3ToMy NpHUMEHEHHe OTKPHITHIX MpeJoXpaHHuTeNeH
CIIeIyeT 3anpearh.

TpyOuaTeie npeoXpaHUTEIHM H3TOTABINBAIOTCS MO0 C 3aKPBITHIMU (UOpO-
BBIMH TpyOKaMH, JTHOO C 3aKPBITHIMU CTEKITHHBIMU WIH (GaphopoBEIMH TpyOKa-
MH, 3arMOJIHAEMBIMH MEJIKO3EPHHCTBIM MecKoM. IIpefoXpaHHuTeNn ¢ 3aKpBITBIMH
¢ubposeiMu TpyOkamu THna [1P-2 (puc. 3.5) ucrone3yioTcs B yCTaHOBKAax IO-
CTOSIHHOTO M TepeMeHHoro Toka HampsbkenueM 220 B (kopotkue) u 500 B
(TMHHBIE), pacCUMTaHBl HA HOMHHAJIBHBIE TOKH OT 6 10 1000 A. OTH npenoxpa-
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HHUTEIM yCTaHABIMBAIOT B Pa3JIMYHBIC pacIpeleluTeIbHbIe YCTPOHCTBA (ILHUTHI,
mKadel, Anpka). OHM JOMyCKAlOT NPUCOEAMHEHUE HE TOJBKO MEAHBIX, HO H
TIOMHHHUEBBIX MPOBOIOB, kabeneit v muH. [Ipu neperopanuy raBKoi BcTaB-
KH ¥ TOsIBIIeHHH TyTH GubpoBas TpyOka obropaer. BeiensieMbie py 3TOM Terl-
JIOEMKHE Ta3bl JEHOHU3UPYIOT OYTY M CO3JAI0T B IAaTPOHE BHICOKOE IaBJICHHE,
IPONOPIMOHATEHOE 3HEPrHH, BBIIEISAIOMIEHCS B Ayre, H 0OpaTHO MPOMOPLIHO-
HaJIbHOE BHYTpeHHeMy 00beMy matpona. IIpu 6ompmux Tokax K3 oHO mocturaer
150 xIla 1 criocoGcTBYeT OBICTPOMY M HHTEHCHBHOMY TaIlICHHIO TYTH.

7 4
3
A 5
2
I Tr\

Puc. 3.5. Ilpenoxpauutens tpyouareiid [TP-2:
1 — pubposas TpyOka; 2 — naTyHHas BTy/Ka; 3 — NaTyHHbIH Koanax; 4 — KoH-
TaKTHblE HOXKH; 5 — GONTbI; 6 — UMHKOBAA N1aBKas BCTaBKa (31€MEHT)

IIpu otkmouenun Toka K3 Graromapst sHepru9HON NEHOHU3AIMU IYTH B
3aKpBITOM NAaTPOHE CONPOTHBIECHHUE €€ HACTOJIBKO OBICTPO M 3HAYMTENLHO YBe-
JMYMBaeTcs, 4To ToK K3 B 1enu BBIHYX/IEHHO YMEHBIIAETCS A0 HyJsA paHblIe,
4eM B LM IEPEMEHHOr0 TOKa OH JOCTHIAeT yapHOro 3HAYEHHMA, a B IIEMNH 110~
CTOSHHOTO TOKA - YCTAHOBHBILETOCS 3Ha4YeHMA. Tak, B LENMH ¢ AEHCTBYIOLIUM
tokoM K3, paBueiM 50 000 A, npemoxpaHHTeNb ¢ IUIABKOH BCTaBKOW Ha 6 A
NPOM3BEJIET OTKII0YEHHE NpH Toke Beero aumb 400 A. Takue npempoXpaHUTeNH
Ha3bIBAIOT TOKOOTPAaHMYMBAIOIIMMH. VX mpenenbHas paspblBHas CIOCOOHOCTH
JIOCTAaTOYHO BEJIMKA U XapaKTepH3yeTcs AaHHBIMHU Tabur. 1 mpuur. 1.

B npenoxpanurensax tuna IIP-2 ciexyer ucmoas30BaTh TOJNBKO IIUHKOBLIC
IUIaBKHE BCTaBKH, TaK KaK TeMIlepaTypa BHYTPU TPyOKHU He NOJDKHA OBITH BBILIE
TeMIepartypsl miasieHus uunka (400 °C). Dtu npegoxpaHuTenu o61anaot ps-
JIOM HEJOCTAaTKOB: MX Pa3pblBHas CIOCOOHOCTH Maja IJIs COBPEMEHHBIX IIpO-
MBIIUICHHBIX YCTAHOBOK, 3allIUTHAs XapaKTEPUCTHKAa HecTabMIIbHA, TaK KakK CO-
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MPOTHBJIEHHE KOHTAKTa BCTaBKM C HOXaMM MATpPOHA 3aBHCHT OT CTEIEHH 3a-
TXKH 60TOB. [IpeIoXpaHHTeNH BETHKH 10 pa3MepaM, HEJOCTATOYHO HAJEK-
HBI (mporopaiot GuOPOBEIE KOPITyca) H JOPOTOCTOSIIH.

B npenoxpaHuTensax ¢ MeNKO3epHUCTHIM HAIOJIHHUTEIEM IJIaBKHE BCTaBKH
IIOMELIEHB! B 3aKPBIThIE TPYOKH, 3aIIOJHEHHBIE MEIKO3EPHHCTBIM HM30JIALMOH-
HBIM HaronHuTeneM (0OBIYHO KBAapLEBBIM MecKoM). PackaleHHbIe 1 HOHU3HPO-
BaHHBIE Ta3bl, 0Opa3ylonMecs Mocjie UCapeHHs IUIaBKOH BCTABKH, NPOHUKAsA B
MPOMEXYTKH MEXIy 3€pHAMH HANOJHUTENSA M CONPHKACAACH C MOBEPXHOCTHIO
HOCIEIHUX, JeHOHH3UpYIoTcs. Kanenpku Metaiuia, pa3OphI3sruBasch B CTOPOHEI
U NIPOHHKAsA B IIy0b HANOJIHUTEIA, KOHACHCHPYIOTCA Ha €ro IMOBEPXHOCTH. 3ep-
Ha HaroJIHUTEN XOPOUIO MOIIOMAIT TEIUIO, OXJIAXKAAIOT Ta3bl U TEM CaMbIM
PE3KO CHIDKAIOT JJaBJICHHE B TATPOHE B MOMEHT HMCrapeHus BcTaBkH. Kpome To-
ro, JUIA TpeyNpek/eHHs Meperpesa NaTpoHa NpH JUIMTENBHOM Meperpyske
BCTAaBKH, HE CONpPOBOXIAIOLICHCS €€ pacIUIaBICHHEM, HCIOIb3yIOT MeTamep-
ruYeckuit 3¢ pexr.

KBaprieBsie NpemoXpaHUTENN ABIAIOTCA TakKe TOKOOTPaHMYHMBAIOLIUMH.
Bpewms ramenus B TakoM IpeJoXpaHUTeNIe HACTOJIBKO MaJio, YTO TOK HE yCIieBa-
€T JIOCTHYB TOTr0 HauboJIbIIero 3Ha4eHus, Koroporo poctur 6s1 npu K3 B ycTa-
HoBKe 0e3 mpenoxpanurenedt. Hampumep, mpemoxpanurenu thma [TH-2-100
nporyckaioT Tok K3, He npessimaroumit 5 kA. B 1o e Bpems npejenbHas oT-
KJIIOYalolas crnocoOHOCTs mpenoxpanutens gocturaer 50 kA. K rpynmne mpe-
JOXpaHHUTENEH ¢ MEIKO3EPHUCTBIM HAMOJHUTENIEM OTHOCATCS MPEeI0XPaHHTEIH
tunos: HITH, ITH-2, TIHBS, I1I131, I11124, T11117, I1T23, T1T26, ITP23, TIP26 n
Jp. B HOBO# cepum npemoxpaHUTeNei Bce TOKOBEIYIIME YacTH BBITOJIHAIOTCA
U3 ATIOMMHHSA U €70 CIIaBOB.

Jlns 3amuTEl aBTOMaTHYECKMX BO3MYLIHBIX BBIKJIIOYATENEH, MAarHUTHBIX
myckaTtejgel U KOHTAaKTOpOB MpH Ooapmux Tokax K3, mpeBelmaromux uX OT-
KJIIOYAIOIIYIO CITIOCOOHOCTB, OCBOEHA HOBasi cepus npenoxpanuteneit 11126 na
TOKH OT 25 A ¢ HoMUHATBLHEIM HanpsokeHueM 400 B. Jng aTux npenoxpaHure-
JIed XapaKTepHO MOBBIIICHHOE BPEMs IUIABICHHSA IJIaBKOTO 3JIEMEHTA IIPU TOKaxX
6-10 I, per ¥ OBICTpOE cpabaTbiBanue mpu Tokax K3. ITockonbky 3TH mpenoxpa-
HUTEJU NPUMEHSIOTCSA C aBTOMATHYECKUMHU BO3YIIHBIMH BBIKJIIOYATEIAMH MU
TEMJIOBBIMH pejie, OHU Ha3BaHbl conymcmeyowumu. Takue npegoXpaHuTend He
MOTYT OBITh HCIIOJIB30BAHBI IS OTKJIIOYEHHS MAJIBIX TOKOBBIX MEPETPY30K.

Ha puc. 3.6 nokasan npenoxpanutens Tuna [TH-2-400. [Tatpon npenoxpa-
HUTEIS, 3alI0JHEHHBIH CyXMM KBAapLEBBIM NECKOM, COCTOMT M3 JBYX KOHTAaKT-
HBIX HOXeH /; kBajgpaTHOH (aphopoBoit TpyOKkH 2 ¢ KPYIJIbIM OTBEPCTHEM B
LIEHTPE; ABYX METAJUIMYECKHX KPBINICK 3, MPUKPEIICHHBIX BUHTAMH K TOpIaM
TpyOKH; IUVIaBKUX BCTABOK 4, YKPEIUICHHBIX Ha HOxax. [1aBkue BCTaBKH IITaM-
MYIOT U3 TOHKOH MeqHOM neHTel. Ha cpeaneil 4acTu miIacTHH BCTABKM HamasHO
0JI0BO 5 (pacTBOpHTENb). B 3THX MecTax IIacTHHBI PACIUIABIAIOTCA IPH TOKaxX
neperpysku. [Ipu K3 nmiacTiHB! BCTaBKM pacIIaBIsiOTCS B MeCTax 0.
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Puc. 3.6. Ilpenoxpanurens tumna [TH-2 — 400:
1 — koHTaKTHbIE HOXM; 2 — happoposas TpyOka (kopnyc); 3 — MeTanIMuecKas KpblilKa; 4 — ni1aBKas
BCTaBKa (3/1€MEHT); 5 — 0/10B0; 6 — MECTa pacilaBleHHs IUIACTHH [/IaBKOBOIO 3NeMeHTa; 7 — MeAHas
croiika; 8 — M301ALMOHHAA MINTA; 9 — 3aKUM
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KonTakTHbIe HOXHM MaTpoHa BpyOaroTCsA B IUTAMIIOBAHHBIE MEIHBIE CTOii-
KM 7, YKPEIUICHHBIE Ha H30JALMOHHO# IuuTe 8. 3aXuMBl 9 CIyXkKat UL IpUcoe-
JMHEHHs WHMH WK poBojoB. [Ipenoxpanurenu 3Toi cepuM B 3aBUCUMOCTH OT
THIIA UCIIOJIHEHUA MOTYT UMETh YKa3aTe/H cpabaThIBaHUA M CBOOOIHBIN KOHTAKT.

Bnaronaps 6onbloii oTKIIOYatOLIEH criocoOHOCTH Tpeaoxpanutenu ITH-2
naxe ¢ HeOONBIIMM HOMHHAJIBLHBIM TOKOM MOTYT OBITH MCIOIb30BAaHbl UL 3a-
IIMTBl OTBETBJICHHH B MOILIHBIX JJIEKTPHYCCKMX cuctemax. Ilo cpaBHeHHMIO ¢
JOPYTUMH TIPEJOXPaHMTEIAMU OTEYECTBEHHOIO IMPOM3BOACTBA OHH Oonee Ha-
JIeXKHBI, UMEIOT Hanbosee yCTOHYMBYIO 3aILMTHYIO XapaKTEPHUCTHKY, MEHBLIHE
pasMepbl U CTOMMOCTh. Tak Kak MpH pacIUIaBICHUH BCTABKU IJIaMs M MOHH3H-
pOBaHHBIE Ta3bl HE BHIOPACBIBAIOTCS M3 MPEJOXPaHUTENIEH, 3TO BECbMa yrpoluia-
€T MX YCTaHOBKY B paclpele/MTEeIbHBIX YCTPOHCTBAX, MOBHILIACT MOXAPHYIO
6e3omacHOCTB M 6€30MaCHOCTE 0OCITYKUBAHUS.

OnnonomocHele pe3pboBble (MpobouHbIe) mpenoxpanurtenu tvmos L1-27,
11-33, ITPC, I1/1, ITJIC u apyrue mpHMEHSIOTCA B T€X CIydasx, Korja Tpedyercs
O4YeHb Malible rabapuThl pachpeIeUTeNbHBIX YCTPOicTB. IlpemoxpaHuTeny
1-27 u 11-33 oTnu4aioTcst TOJIBKO JUaMETPOM pe3bOBl.

IMpenoxpanurenu I1J1 u I1JIC no cpaBuenuto ¢ npenoxpanutensmu [[-27
(600 A) u 11-33 (1000 A) obnamaroT Gojee BEICOKO# pa3phIBHOM CIIOCOOHOCTBIO
(ot 2000 mo 15 000 A). DTo nOCTHraeTcs 3anoJHEHUEM BHYTPEHHEH 4acTH Kop-
myca npoOKH KBapLEBEIM MECKOM, 00JIeryaronmm ramenue ayru. [Ipegoxpanu-
tenu [1/1 u [1JIC npennasHayeHs! JUIs HEMOCPEACTBEHHON YCTaHOBKM Ha TOKO-
BEJIylIHE IIUHBI paCTIPEeIUTEIbHBIX YCTPONUCTB.

IIpemoxpauutens I[1I124-25 — npemoxpaHuTens IUIaBkuil mpobou-
HBIH; 24 - HOMep cepuH; 25 - HOMHHAJIBHBIA TOK rnpegoxpanurens. [Ipeanasna-
YeH JUIA 3alIMThI 3JIeKTPO0OOPYI0BAHHS MPOMBIIIIEHHBIX YCTAHOBOK M JJIEKTPH-
YECKHUX CeTel ¢ HOMHHAJIBHBIM HampsbkeHunem a0 660 B nepemeHHOro toka u
440 B nocrosiHHOTrO ToKa. COCTOMUT M3 M30JIALIMOHHOIO OCHOBAHHS C KOHTAKTaMH
B cOope; Hepa30OpHOH IIaBKOH BCTaBKM C ykasaTeseM cpabaThIBaHMsA; TOJOBKH
(nepkartenb IUIABKOH BCTaBKH) € pe3b0OBBIM KOHTakToM B cOope. I[lnaBkas
BCTaBKa C KEPAMHYECKUM KOPITYCOM M CepeOpsAHbIM IUIABKHM 3JIEMEHTOM 3arioJl-
HeHa KBapIeBBIM IeckoM. IIpemoxpaHuTens MMeeT KOHTPOJIBHOE YCTPOHCTBO,
NPEISTCTBYIONIEE YCTAHOBKE MUIABKOH BCTABKM Ha OOJBIIMH HOMHHAIBHBIN TOK.

IMIpenoxpanurtens III117 — npemoxpanurens ruiaskuii, 17 - HOMEp
cepuH, HOMHHaIbHOE HampspkeHue 380 B, HOMMHAIBHBIH TOK IPeROXpaHUTENA
1000 A. IlpennasHaueH Ul 3alIMTHI 3JIEKTPOOOOPYJOBAHHS TPOMBIILIEHHBIX
YCTAHOBOK M 3JIEKTPUYECKHX ceTeil Tpexdasnoro nepemMenHoro toka. CocTtouT
U3 KOHTAaKTOB OCHOBAHHUS C KPENEXHBIMU ICTAJIAMM, TUIABKOH BCTABKH, TOME-
IIEHHON B KEPaMHYECKHil KOPITYC, 3al0JHEHHBIH KBApLEBLIM MECKOM, yKasaTe-
1151 cpabaThIBaHHS M CBOOOTHOIO KOHTAKTA.

[pu pacrulaBIeHUH IUTaBKOH BCTABKM NPEAOXPAHHUTENS MEperopaet IJaB-
Kas BCTaBKa yka3aTrelssd cpabaThIBaHHsA, O0CBOOOKIas B3BEACHHBIH mpu cOopke
ykasatens 00eK, KOTOPBIi nepekiouaeT cBOOOAHbIH KOHTAKT.
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[Ipenoxpaunutenu IIT23, I[IT26 (npenoxpanurenu Tpybuarsie)
ITP23, TIP26 (mpemoxpaHUTENN-pa3beMHUTENIN) MMEIOT IUIaBKHE BCTAaBKH
Tuna BT®OM (B - BcraBka; T - Tpy6uaras; ® - dpapdopoast; M - mogepHH3HPO-
BaHHAasA). SIBIAIOTCS TOKOOTPAHHYHMBAIOIIMMH C KO3()(HIMEHTOM TOKOOTpaHH-
yenus 0,3 - 0,4.

IMpenoxpanutemu IIT cocroar U3 (eHOMTACTOBOrO OCHOBaHMA, Ha KOTO-
POM HEMOABHMXXHO 3aKPEIICHEl KOHTAKTHBIE CTOMKH C KPEMeXKHBIMHU y3JIaMH IS
MPUCOEIMHEHHS BHEIIHUX MPOBOJHHUKOB. B KOHTAaKTHBIC CTOMKM BXOMAT ILIaB-
KHE BCTaBKHM TpyO4aToi (OPMBI, KOpITyC KOTOPBIX M3roToBIeH H3 (apdopa
(BcTaBku THIIa BTOM).

ITpenoxpanurenu-pasbeaunureny [P cocToAT M3 clnemyromuX OCHOBHBIX
gacTel: Kopmyca M3 JBYX IOJIOBHH, MEXIy KOTOPBIMHM PacIONOXKEHBI IIIaBKHE
BcTaBkd BT®M Ha HenmoABHXHO 3a()MKCHPOBAHHBIX KOHTaKTaX IpeJOXpaHHTe-
J C KpPENeXXHBIMU DJIEMEHTaMH Ul MOACOECAMHEHUS INPOBOIHHKOB; CKOOBI-
CTSXKH I KperUleHHs oOeHMX IOJIOBHH KOpITyCa; 3aIleNKH IS yCTaHOBKH
pasbeuHHUTENA. PyKosATKa ycTaHABIMBAETCS MOABHKHO MEXTY ABYMS IOJIOBH-
HaMH Kopryca. BriIodyeHune M OTKIIOYEHHE pa3beAUHHTENsS OCYLIECTBIAETCS
TIOBOPOTOM PYKOATKH. IIpeoXpaHuTe I UMEIOT MCIIOJHEHUS ¢ CHTHAIHU3aluen
0 cpabaTeIBaHUH MPEIOXPAHUTENA U 6€3 CHTHAIN3ALUH.

B ucnonHeHusx ¢ curHagM3aluel nmaHeNlb CUTHAJIM3aLlUM PacriookKeHa B
PYKOSTKE M COCTOMT M3 MHIYKTOpa equHudHoro tuma AJl 37 B, nuona kpem-
nuesoro KJI 521 B, pesucropa MJIT-0,25-100 kOM. KOHTaKTBI ITaHEIH CHUTHA-
JIM3alMM COCIAMHEHB] NMapauIeNIbHO C JICMEHTOM IIJIaBKOM BCTaBKM, M HHIYKTOD
IIPY €€ TMeperopaHuy HauMHAET CBETUTHCS.

IMpenoxpanutenu ITP u I1T MoryT ycraHaBIMBaThCS B KOMIUIEKTHBIE pac-
TIpe/ieTUTeNIbHBIE YCTPOHCTBA.

Bonemas rpynna ninaBkux npemxoxpanuteneit cepuit: I1T138, T11140, III150,
II160C, III160M, ITIIA u np. ¢ Hepa3GOPHBEIMY IJIABKUMU BCTaBKaMHU IIpe/iHa-
3HAYEHB! JUIA 3aIUTHl MOJYNPOBOJHUKOBEIX THPHCTOPHBIX MPUBOJOB, BBIIPS-
MHUTEJIEH, BRIPSAMHUTEINICH 1T JIEKTPOIIH3a, Mpeobpa3oBareneit pa3IMuyHoOro Ha-
3HAYCHHUS, TPEOYIONMX MaJIOrO BPEMEHHU OTKIIOYEHHS MPH KOPOTKHX 3aMBIKa-
HUAX B LEMAX MepeMEHHOr0 WM IMyIbCUpyIonero Toka gactotoi 50 u 60 I'n u
B LIETISAX IIOCTOSTHHOTO TOKA.

TexHuueckue qJaHHbIE HEKOTOPBIX THITOB M CEPHH IUIABKUX IpeOXpaHHTe-
neit npuBozaaTcs B Tabu. | mpui. 1.

3.2. ABTOMATHYECKHUE BbIKJIIOYATEJIX (ABTOMATBI)

Jlns Gornee HaEXKHOM 3aLIUTEI HIEKTPUIECKHX CETeil OT TOKOB MEperpy3KH
u K3 npumeHsioTcs aBTOMaTHYECKHE BBIKIIOYATEIH, KOTOPBIE OJHOBPEMEHHO
MOTYT CIYKHTb JUI HEUaCThIX KOMMYTALM 3JIeKTpHdeckux cereil. [ToaTromy ux



CllelyeT UIMPOKO MCIOIB30BaTh B 3JEKTPOYCTAHOBKAX IMOXKapo- M B3PBIBOOIMAC-
HBIX IIPOU3BOJCTB.

ABTOMATEI pa3NMyaloT 1Mo ux ObICTponeicTBHI0. Hike paccMmaTpuBaroTcs
TOJIBKO Hebvicmpodeticmeylowue aBTOMATHI, MOJYYHBLIME OOJIBIIOE PacIpo-
CTPaHEHHE Ha MPOMBILNUIEHHbIX MPEIIPUATHAX, Y KOTOPBIX COOCTBEHHOE BpeMs
OTKIIOUEeHHUs He MeHee 10 mc.

YceTpoiicTBo M npUHUMI PaGoThI HEGBLICTPOAEHCTBYIOLIHX
ABTOMATOB

ABTOMaT COCTOMT M3 KOpITyCa, MOJBVIKHBIX M HEMOJBHXXHBIX KOHTaKTOB,
JYrOraCUTENIbHBIX KaMep, MeXaHH3Ma YIpaBJICHHS, MeXaHH3Ma CBOOOIHOTO
PACIEIUICHHUs ¥ PaCLeIUTEs.

Kopmyc aBromMara BBINOJHEH M3 IU1actMaccel, ¢apdopa uiM CTald U co-
CTOMT M3 OCHOBAHHA, HA KOTOPOM HEMOCPEJCTBEHHO MOHTHPYIOT YacTH aBTOMa-
Ta u KpeikH. Kopmyc 3akpeiBaer Bce yactH, obecreunBas 6e30macHOCTE rep-
COHaJla IIpH cpabaTBIBAHHH aBTOMATa U €ro 06CITyKMBaHHH.

Y MHOTHX aBTOMaTOB KOHTAaKTBI KaXIOTO ITOJIIOCA 3aKITIOUEHBI B TyrOracH-
TEIBHYIO KaMepy, Il Ayra racuTcs JpoOJIeHHeM M JIeMOHHU3alHeil ee B LIEIX
MEXIY TOTIEPEYHbIMI METAIIMYECKMMH TUIACTHHKAMH.

Mexanus3M ynpaBieHus o0OecredynBaeT MOMEHTHOE 3aMBIKAHHE U Pa3MBI-
KaHHe KOHTaKTOB C IOCTOSIHHOH CKOPOCTBIO, HE 3aBHCSLICH OT CKOPOCTH IBH-
MEHHs KHONKHM MM pbrdara. OH MOXET MpPeACTaBIATE cO00H phIuar ¢ pyKosT-
KOH MJIM KHOIIKY BKJIIOUCHHS M OTKJIIOYEHHMS, 110 MOJ0KEHUIO KOTOPBIX OIpesie-
JIeTCsE KOMMYTALMOHHOE MOJIOXKEHHE KOHTAKTOB aBTOMATa.

OCHOBHBIM Y3710M, 00€CIIeYMBAIOIINM aBTOMAaTHYECKOE cpabaThIBaHUE aB-
TOMara IpHu HEHOPMAIEHOM PeXHME, SBJICTCS paclenurenb. B apTomartax Hau-
Goryee yacTO MCIONB3YIOTCS PACLENUTENIN MAaKCUMAaIbHOTO TOKA, KOTOpBIE Cpa-
0aTHIBAIOT TP TOKE, MPEBILIAIONIEM TOK YCTaBKH. B 3aBUCHMMOCTH OT BCTpau-
BaE€MBIX paclenuTenaell MakCHMaJbHOTO TOKa aBTOMATBl H3TOTOBIAIOTCS C
9JIEKTPOMArHUTHBIM paclenuTesieM M, TeroBsIM pacuenureneM T u koMOuHu-
poBaHHBIM pacuenureneM MT (T.e. 2IeKTPOMarHUTHBIM M TEIUIOBBIM).

Ha puc. 3.7 npeactaBieHsl aBTOMAThl € 3JEKTPOMarHHTHBIM paclenuTe-
neM. Bo BKITIOYEHHOM IOJIOKEHHWH aBTOMAT YAEPXKMBAET 3allelika 4, CIEIICH-
Has ¢ peraaroM 3 pykoatku /0. Ilpyxuna 7 obecrieyuBaeT HafeKHOCTh 3TOTO
cueruienus. [Ipy HopMaIbHOM TOKE SIKOpPh & 3alIeNKH 4 CTPEMHUTCS IPUTAHYTH K
CepIeYHHKY JIEKTPOMArHuTa 9, HO 3TOMY NpPEnATCTBYeT NpyxkuHa. Korma Tok B
3aIMIAeMOH LIENH NPEBHIAeT YCTAHOBICHHOE 3HaYeHue (Harpumep, rnpu K3),
AKOph 8 MPHUTATMBAETCS K CEPICUYHHKY, 3alllelKa MOBOPAaYMBACTCS HA OCH 5 U
ocBoOoxmaer peryar 3. [Tocie 3Toro moj JeHCTBHEM OTKIIIOYAIOLIEH MPYKHUHEI
2 ¥ coOCTBEHHOTO Beca IOJBIKHOTO KOHTakTa / aBTOMaT oTKitoyaetcs. [Toio-
JKEHHE 3alIeNIKU NP OTKJIIOUYEHHOM aBTOMATE OINPEAEIIAETCA YIOPOM AKops 6.
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Puc. 3.7. [IpyHuunuanbHas cxema OQHONOIIOCHOTO aBTOMAaTa
C JIEKTPOMATrHHTHBIM PAcLENUTENIeM MaKCHMaJIbHOIO TOKa

6e3 BBIIEPKKH BPEMEHH:

a —5neKTpuYeckas cxema: 6 — MOHTaXHas cxema; / — NoABMKHbIH
KOHTAKT; 2 — OTK/IOYAIOLIAs NPYKUHA; 3 — pbiuar; 4 — 3alenka; 5 — ocb;
6 — ynop SKops; 7 - npy’HHa cuenienns; 8 — AKopb; 9 — 3eKTPOMariur;

10 - pyxoaTka

B 371€KTPOCHIIOBBIX YCTAHOBKAX 4acTO BO3HHKAIOT KPaTKOBPEMEHHBIE IO-
BBIILICHHbBIE TOKH, HE OTACHBIE [UIS YCTAHOBKHU (HAaNpHMEp, ITyCKOBBIE TOKH 3JIEK-
TpojaBuratesnei). YroOsl u3bexars OTKIIOUEHHS LEMH NMPH TAKUX TOKaX, pacle-
MUTEIb MaKCHMAJIbHOTO TOKA YCTaHABJIMBAIOT HAa TOK cpabaThIBaHHA, KOTOPBIH
NPEBBINIAET 3HAYCHUE KPAaTKOBPEMEHHBIX OonbmuX TOKOB. IIpu 3TOM aBTOMAT
MepecTaeT 3alMILaTh MIEKTPooOOpyNOBaHHE OT BCEX NMEPErpy3oK, He IMpeBbHI-
IAIOLIMX TOK cpabaTeIBaHUSL.

BoNBIIMHCTBO aBTOMATOB MMEIOT PACHENMHTENIM MaKCHMAalIbHOTO Toka 6e3
BBIIEP)KKM BPEMEHH M MTHOBEHHO OTKIIOHaloTcs. HekoTophle aBTOMaThI CHab-
HKAIOTCS PacLIENMTENEM MaKCHMAILHOTO TOKA C BBIICPKKOH BPEMEHH, T.€. NpH-
CIOCOOIEHHEM, KOTOPOE CO3/1aeT ONpe/IeICHHBIH MPOMEKYTOK BPEMEHU MEXKITY
BO3/IcHICTBHEM TOKAa Ha aBTOMAT U MOMEHTOM OTKJIIOYeHMs LenH. Jlns BeIIepK-
KM BPEMEHM HCIOJIB3YIOTCS 4aCOBOW MEXaHM3M, MAaC/IAHBII MIH BO3TYLIHBIH
TOPMO3, 3JIEKTPOMArHUTHBIE 3aMEUTUTENH U T.I. Y TaKMX aBTOMATOB CEpAEYHHK
9JIEKTPOMAarHuTa BEPHETCSA B HCXOJHOE TOJIOKEHHUE, €CITH TOJNYOK TOKa 3aKOH-
YUTCA Npexe, YeM MEXaHU3M BBIEP)KKM BPEMEHH IO3BOJIUT OCBOOOIHTH 3a-
menky. CylmecTBeHHBIM HEIOCTATKOM aBTOMATa, NPEeACTaBIEHHOTro Ha puc. 3.7,
ABJACTCS OTCYTCTBHE MeXAHU3MA C60000H020 pacyennienus, aBTOMATHYECKH OT-
Kmouatoniero asromar npu K3 u B ToM citydae, Koraa no kKakuM-aM60 mpHyu-
HaM TOJBIKHBIH €ro KOHTAaKT / J0Jroe BpeMs YAEpKHUBAETCS PYKOH BO BKIIO-
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YEHHOM I0JIOKEHHH. DTOT MEXaHU3M BBITIOJHAIOT B BHJIE CHCTEMBI JIOMAIONIIHX-
CA pbIYaroB. ABTOMaThl 0€3 MeXaHH3MOB CBO60}IHOFO pacueriCHusAs HEAO0CTa-
TOYHO HAJEXHBI U HeOe30macHsI npu 060Hy)l(PIBaHHPI. HpnmeHe}me aBTOMAaToOB
6e3 MexaHu3Ma CBOOOIHOIO pPacUCIUICHUA [JIA 3alIUThI 3JICKTPOYCTAHOBOK ITO-
JKapOB3pPBIBOOMACHBIX ITPOU3BOJACTB HEAOITYCTHMO.

Puc. 3.8. Cxema TemioBoro pacuenuTe)ids MakKCHMaJIBHOI'O TOKa

KOCBEHHOTO JICHCTBHS:
I —ocb; 2 - 3awenka; 3 — HarpeBaTebHblit 21eMeHT; 4 — GumeTannuueckni
IMEMEHT; 5 — NpyKuHa; 6 — TAra; 7 — KOHTAKThbl

Ha puc. 3.8 mpexacraBiiensl aBTOMAaThl C TEIUIOBBIM pacuenurenem. Takoi
pacienuTe b AeHCTBYET MPU MOMOIHM OMMETaUIHYECKOTO JIeMEeHTa 4, KOTOPHIi
npejcTaBisieT co0oif B MEXaHMYECKHM CBA3aHHBIC IUIACTHHBI M3 METAUIOB C
Pa3IMYHBIMH TEMIIEpaTypHbIMH Kod(duumentamMu pacmupenus. Termmno, Belze-
JIsIeMO€ HarpeBaTe/IbHBIM 3JIEMEHTOM 3, BKJIIOUYEHHBIM B LIEMb IJIaBHOTO TOKa
(3ammmaeMyio 1enb), BO3JICHCTBYET Ha OuMeTandeckuit anement. [lpu nepe-
rpy3Kke LenH TJIaBHOTO TOKa 00e IUTaCTHHBI OMMETANIMYECKOro 3JIeMEHTa, Ha-
rpeBasich, 3HAYUTEIBHO, . HO HEOJHHAKOBO Y/UIMHAIOTCS, BCJIEJCTBHE 4ero Oume-
TAJUTMYECKHH 3JIeMEHT M3rHOaeTcs BBEPX M BBIXOAMT M3 3aLlETUICHHA C 3alllell-
koit 2. [Tocnenuss mox AeiCTBHEM TPY>KHHBI 5 MOBOPaYHBAETCS BOKPYT OCH /
10 9acOBO# CTpeJsIKe H M3OJIALMOHHON TATOH 6 pa3MBIKAaeT KOHTAKThbI 7, IPEphl-
Bas 1IENb ONEPAaTHBHOIO TOKA /o DTO COOTBETCTBYET HaXaTHIO KHOMKH «CTom»
B CXeMe MarHHTHOTrO myckaress. YacTo B aBTOMaTax C TEIUIOBBIM pacLEIMTe-
JIEM HarpeBaTeNIbHBIN JIEMEHT OTCYTCTBYET, M TOK IPOTEKAaET 110 OMMeTaunye-
ckoMy 3nemeHTy. Ilocne cpabaTeIBaHMS TEIUIOBOM pacLENHUTENb JOKEH Oc-
THITB, M TOJIBKO IIOTOM aBTOMAT MOKET OBITh BKJIIOYEH BHOBb.
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JUyIst TETIOBBIX paclenuTesneil XxapakTepHo: yeM OoJblie TOK, TeM ObicTpee
HapacTaeT TeMrepaTypa OMMETalIH4ecKOro 3JIeMeHTa, TeM ObICTpee OH H3IH-
GaeTcs ¥ IPOM3BOAUT OTKIIIO4eHHE. [103TOMY aBTOMATEI C TEIIOBBIMH Pacleny-
TeJSIMH 3aIIHIIAIOT OT MEeperpy3ok ¢ oOpaTHO3aBHCHMOMN OT TOKa BBIAEPIKKOM
BPEMEHH.

B aBTOMarax ¢ KOMOMHMPOBAHHBIM PacLENHTENIeM IPH OTHOCHTEIHHO He-
OOJIBIINX TOKaX MEperpy3ku JACHCTBYET TEIUIOBOH PacLENHUTeNb C BBIIEPKKOH
Bpemenu. [Ipu Tokax K3 BeImie onpeneneHHOH BEIHMYUHBI CpabaTHIBAET 3JIEK-
TPOMAarHUTHEIH paclENUTeNTh MTHOBEHHOTO AEHCTBHS (IAaeT OTCEedKy) O TOro,
Kak OMMeTa/uIMyecKkas IIacTHHA YCIIEeT HarpeThes U M30THYTHCS.

TakuMm 00pa3oM, OTKITIOYEHHE aBTOMAaTa MpH cpabaThIBaHUM JIF0GOTO pac-
LENHUTEIs MPOUCXOJAMT BCICJACTBUE BO3ACHCTBHA Ha MEXaHM3M CBOOOJHOrO
pacuenurens. [Ipu 3ToM Hapymaercs CBA3b MEXITY MEXaHU3MOM YNpPaBICHUA U
KOHTaKTaMHM, ¥ OHHU MEPEXOAAT B OTKJIIOYEHHOE MOJI0KEHHE IO IEHCTBUEM OT-
KJIIOYAIOMIMX MPYXKHH HE3aBHCHUMO OT MOJIOXXEHUS MEXaHH3Ma YIIPaBICHHS.

Kak yxe oTMeuanoch, OJHOH M3 BaXXHEHIIMX XapaKTEpHCTHK alapaToB
3QLLUTHI ABIAETCA MX OBICTPOJEHCTBHE. DTOT MapamMeTp 0co00 BaKHOE 3HAYCHHE
UMeeT B CIIydasX, KOrZia Harpy3Ko# SJIEKTPUYECKHX CeTell SBIAIOTCS IMOYIpO-
BOJIHHKOBBIE Tpe00pa3oBaTeiy, BRINPIMHUTEIN M APYyTHE YCTPOHCTBAa Ha OCHOBE
HOJIyIIPOBOAHMKOBBIX 3JIEMEHTOB: TPAaH3UCTOPOB, THPHCTOPOB, CHMHCTOPOB.

OxHMM M3 HENOCTATKOB IOTYNPOBOAHHKOBEIX NpeoOpa3zoBaTenei, Kak M
JIPYTHX TOJIYTPOBOIHUKOBBIX YCTPOHCTB, SBIAETCA UX HU3KAA Nepezpy304YHasn
cnocobrocme 1O TOKY. DTO BBIIBUTAET HOBBIEC CrelM(pUUecKHe TpeOOBaHUA K
anrnapaTaM 3aIlUThl 10 TOKOBOW 3alMTe MOJYIPOBOIHHKOBLIX YCTPOWCTB, KO-
TOPBIMH HE 00/1a/aloT aBTOMAThl C 3JEKTPOMArHUTHBIMHM DPAaCLENUTENAMH H
MHOTH€E THIIBI TUIABKUX TPeIOXpaHuTeNeH.

VYka3aHHBIM TpeOOBaHUAM OTBEYAIOT ABTOMATHYECKHE BHIKIIOYATEIH C I10-
JTyNPOBOJHUKOBBIMH PAcLENUTENIIMH Ha 0a3e CHIIOBBIX IOJYIPOBOIHHKOBBIX
anmeMeHToB (cMm. 1. 5.5, puc. 5.12 u 5.13).

B KOHCTPYKUHMH aBTOMaTHYECKUX BHIKITIOUATENEH C IOIyNPOBOIHUKOBEIMU
pacuenuTenaMu 3GGEeKTUBHO coveTaloTcs (GYHKIUM 3alIUTBl H YIpaBICHHS.
Onu o6nagaroT 6ONbIIKM OBICTPOAEHCTBHEM M BBICOKOIA CENIEKTUBHOCTBIO 3a-
mutel. KpoMe TOro, oHM MMEIOT BBICOKYIO M3HOCOCTOWKOCTB, GOJIBIION CpPOK
cIy>XOBI M BBICOKYIO HaJexKHOCTh paboThl. ITonHOE Bpems BKIIOYEHHS HE Tpe-
BocxoauT 30 Mkc, a otkmrouenus 0,01 c.

Bnok-cxema moIynpoBOAHMKOBOTO pacLENUTeNs MepeMEeHHOro TOKa ce-
JIEKTHBHOTO MCIIOJIHEHHMS npejcTaBieHa Ha puc. 3.9. C M3MepHTENbHBIX 3JTe-
MeHTOB / (TpancdopMaTOp TOKa), YCTAaHOBJICHHBIX B Ka)KIOM IIOJIOCE BBIKIIIO-
qaTeNs, CHTHAJIBI, MPOMOPLUHOHAIBHEIE TOKY B 3alMIIAEMOH CETH, MOCTYMAOT
Ha CXeMy BBIJEJCHHSA HaHOOJBIIEro CHrHajua 2, OTKyZAa IOCIEAHUIH MOCTYIaeT
Ha BXOJBI OJIOKOB meperpys3kH U Kopotkoro 3amelkanus (K3). Biaok nuranus 10
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obecrieyrBaeT IMUTAHUE CXEMBI MOJYyNPOBOAHHUKOBOIO pacUCNHTEIA H 00OMOTKH
HE3aBUCUMOTO pacUCIUTENIA.

i
! |
10 %t 3 ] 4 |Bnok K3 {
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! 1
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Puc. 3.9. Brok-cxema nosrynpoBoJHMKOBOIO pacLennTeIs
NePEMEHHOr0 TOKA CEIEKTUBHOIO HCIIOIHEHHS!

brok meperpysku BKJIIOYaeT pesie Meperpy3ku 5 U 3JeMEHT BPEeMEHHO
3a7epXKKH (¢ 00paTHO3aBUCHMOM OT TOKA XapaKTEPHCTHKOH), MOCTPOCHHBIN
Ha OCHOBE PEJaKCalHOHHOTO reHeparopa § M MarHUTHOTO HAaKOMHTEILHOTO
CYeTYHKa 7.

Brok K3 cocTout U3 pene KOpOTKOTo 3aMbIKaHUS 3 M 3JIEMEHTa BpEMEHHOH
3aJIepXKKH 4 C HE3aBUCHMOIT OT TOKa XapaKTepPUCTUKOI cpabaTbiBaHus. Bennun-
Ha BPEMEHHOMH 3a/Iep)KKH ONPEAENACTCS YCTaBKOH TOKa KOPOTKOTO 3aMbIKaHH,
KOTOpasi HE PETyJIMPYETCs IPU IKCIUTyaTALHH.

BeixonHbie cHrHamnsl 6JI0KOB MEPerpy3kH ¥ KOPOTKOTO 3aMBIKaHHs TOCTY-
MalT Ha cXeMy (opMHpOBaTeNs BBIXOJHOIO CHTHaTa 9 M Jajee Ha BXOJ He3a-
BHCHMOTO pacLEeNUTeNs, KOTOPbIH BO3ACHCTBYET Ha MEXaHU3M YNPaBICHMS aB-
TOMAaTHYECKOTO BBIKIIOYATEIS.

[Ip1 BO3HUKHOBEHMH B CeTH ToKa K3, mpeBhInIaomero cooTBeTCTBY IOLLYIO
yCTaBKy, cpabaThIBaeT pesie KOPOTKOTO 3aMBIKAHUS 3 M BBIXOJHOM CHTHAII pene
yepe3 EMEHT 3aJepXKkH 4 ocTynaeT Ha BXoJ Gpopmuposarens 9.

ITpu BO3HMKHOBEHHHM B CETH TOKA MEPETpy3KH, NPEBBIIAIONIEr0 3aJaHHYIO
ycTaBKy, cpabaThIBaeT peje Meperpy3ku 5, BBIIOJIHEHHOE Ha OCHOBE KOMIIapa-
topa. CHrHai, TreHepHpyeMBIi KOMIIapaTopoM, 4Yepe3 CXEMy paclpe/esIeHUs
CHTHAJIOB 6 IOCTYIAeT CHavana Ha BXOJ| «cOpOCY HAKOMUTEIBHOTO CUETYHKA 7,
a 3aTeM Ha BXOJI «3aIlUCh» TOro ke cueTynka. MMiyibchl Ha CUETUHK IOCTYTIa-
I0T ¢ BbIX0/a reHepatopa 8. CHTrHAT MeperoyHeHUs CUeTYHKa Yepe3 dJIEMEHT 6
IIOCTYIaeT Ha cxeMy (opMupoBarens curuana 9.
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ABTOMaTBI XapaKTEePU3YIOTCs CIIEAYIOLIUMHU MTapaMeTpaMu:

Homunanvnoe nanpscenue U,, - HanpsyKeHHE, COOTBETCTBYIOLIEE Hau-
GonpuIeMy HOMHUHAIBHOMY HAMpPSHKEHHIO CeTel, B KOTOPBIX paspenraeTcsi mpu-
MEHATH JaHHBIH aBTOMAT.

Homunanenwit mox 1, - HaMOONIBIIMH TOK, Ha KOTOPBIH pacCYUTAHBI TOKO-
BeJlyllHe ¥ KOHTaKTHBIC YaCTH aBTOMATa, PaBHBII HaHOOIBLUIEMY W3 HOMHHAJIb-
HBIX TOKOB PACLIEIIUTEIS.

Homunanvnwiii mok pacyenumens (lysyms lizenn W Iy xous) - HAaOOBIIMI
TOK, Ha KOTOPBIH pacCYUTaH pacLENUTe]b aBToMara AJIS JUINTEIbHONH paboTh.
[Ipu 3TOM pacuenuTens He cpabaThIBacT.

Homunanvhwiii mox ycmagku mennogozo pacyenumens - TOK, Ha KOTOPbIH
OTperyJIHpOBaH TEIUIOBOH pacuenurens. [Ipy 9ToM pacuenuTens He cpabaThiBa-
er. Harmpumep:

JUIS aBTOMATOB C PETYJIMPOBKOM TOKA YCTABKU

’n.ycr.renn = (0’6'1) Ly venns (34)
JJIA aBTOMATOB 6e3 PEryJIMpOBKH TOKa YCTaBKH
lu‘ycr.'renn = ly.renn- (343)

Tok cpabamuisanus (yemaeku) pacyenumenst Iopsnm, Ioprenn - HAMMEHBIIHI
TOK, TPU KOTOPOM cpabaThIBAaET pacLenuTe]Ib aBTOMATa, HallpuMep:
JUISl aBTOMATOB C 3JIeKTPOMArHUTHBIM MJTH KOMOHHUPOBAHHBIM PaCICIIUTENIEM

lepoam = (7-15) Buonws (3.5)
JUIs aBTOMAaTOB C TEIUIOBBIM paclenuresieM 6e3 peryIMpoBKH TOKa YCTaBKH
Leprenn = (1,25-1,45) Ly xens; (3.5a)

JUIA aBTOMATOB C TEIJIOBBIM PACLENUTENIEM C PETyIMPOBKOH TOKA YCTaBKH
Iep:vean = (1,25-1,33) Lyyervenn. (3.56)

IIpedenvuviti mox omknoueHus npu Oannom Hanpaxcenuu In,, - HanGoIIb-
mee 3HaueHMe Toka K3 cetH, npu KoTOpoM rapanTtHpyercs HajexHas pabora
aBTOMATA.

 HomuHanbubie IapamMeTphl aBTOMATOB IPHBE/ICHBI B KaTaJloraX MIIH yKa3a-
HBI Ha 3aBOJICKMX Tabjmykax (IMIMTKaX) aBTOMATOB.

BalllHTHble XapaKTepHCTHKH aBTOMATOB
ITomHoe BpeMs OTKIIIOYEHHUS LeIH aBTOMATOM ONpeenseTcs o Gopmyie
Torxn = Te+ Ty (36)

rae T, - COOCTBEHHOE BpeMs OTKIIOUCHMS (HampuMep, VIS TEIUIOBbIX paclenH-
TeneH Te=Ty+Tp. 3MCh T, - BpeMs, HeoOX0qUMOe JUIs HarpeBaHus GUMeTasIa
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110 TEMIepaTypsl cpabaThIBaHUS; T, - BPeMs, HCOOXOOUMOE JUIA pacLernIeHUs
MeXaHH3Ma); T, - BpeMs TOPEHHs TyTH.

3aBHCHMOCTH ITOJIHOTO BPEMEHH OTKIIIOYEHHS T oy, TOKA aBTOMATOM H300pa-
KaroT rpaMYecKy 3alUTHOM, WM BPeMSTOKOBOM, XapakTepHcTHKoi (puc. 3.10).

Torkn 10
5
1
50 ;
|
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5
E 1
£ 05
s
0,1 6
0,05
§ 0,01 i
go,oos = -
© 0,001

1235 10 20 50 100 200 5001000  Mlyrens ¥ Vlisam

Puc. 3.10. 3amurHas xapakrepuctika asromara A3120
¢ KOMOHHHPOBAHHbBIM pacLENnuTeNeM

3amurHas XapaKTEpUCTHKa aBTOMaTa ONIPEACIACT 3aBUCHMOCTE ITOJIHOTO
BPEMEHH OTKIIIOYEHHA LEMH OT OTHOMICHHA TOKA B PAaCLCIMTEIIC K HOMHHAJIb-
HOMY TOKY paCLCIIUTEIIA:

T otkn =f(I/IM.TCIL’1/N.')Il.M)' (37)

Ha puc. 3.10 muHus a onpenenser 3aBHCHMOCTh BPEMEHH OTKJIIOYEHHS OT
KPaTHOCTH TOKa Ieperpy3ky, OTKJIIOYaeMOro IoJ| BO3ACHCTBHEM TEMIOBBIX pac-
LenuTeNei; IMHUA 6 - HOMMHAJIBHYIO KPaTHOCTh TOKA, IPH KOTOPOH YXe HauH-
HaEeT JCHCTBOBATh IEKTPOMATHUTHBIN PacLENUTeNb PAKTHIECKH 03 BhIAEPKKH
BpeMeHH. DaKkTHYECKH 3Ta KPaTHOCTh MOXKET OKas3aThCs 000 B mpeaenax 30-
HbI, 3aIITPUXOBAHHOM 110 00€ CTOPOHBI TMHUHM 6. JluHuA 6 - BpeMs oT Havana K3
JI0 MOMEHTa yJapa SKOpS 3JIEKTPOMArHUTHOTO PACLENHTENA 110 OTKIIoYaloniei
peiike, TOCNIe 4ero aBTOMAT OTKJIFOYAETCS HE3aBHCHMO OT TOTO, MPOAODKACTCS
K3 niu Her. JIunus 2 0603HavaeT BpeMs MOJTHOTO OTKIIOYEHHS Torg, ABTOMATOM
Toka K3 mox aeficTBMEM 371€KTPOMArHUTHBIX pacLENUTENEH.
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3amuTHas XapaKTepHUCTHKa aBToMara THiia AB-25M ¢ TerioBsIM pacuenuTe-
JIeM mokasaHa Ha puc. 3.11. [TockombKy B JeHCTBHTENBHOCTH HabMONA0TCA Cyle-
CTBEHHBIE OTKJIOHEHMS OT CPEHHX 3HAYECHHH XapaKTepPHCTHK, BEI3BAHHBIE ITPOM3-
BOJICTBEHHBIMH M JKCIUTyaTaLMOHHBIMH (hakTopaMM (IOIMyCK Ha KauecTBO Mare-
pHaia TepMO3JIEMEHTOB M KOHTAKTOB, Pa3IMYHOE CTAPEHHE JIEMEHTOB 3allIUTEI K
T.IL.), BPEMATOKOBYIO XapaKTePUCTHKY H300paXKaloT He OIXHOM JIMHHEH, a monocoi
ME3K/Ty ABYMs, B IIpeJie/iax KOTOPOH JIEKHT BO3MOXKHOE BPEMs OTKITIOYEHHS.

TO'I'KJUC
10000 FN—X

1000,0 X

100,0 \

10,0 ~ o

1,0 =
L1131,51,71,9225335 44556 7 UVrem

Puc. 3.11. 3ammnrHas xapakrepucTuka apromata AB-25M

3auMTHas XapakTepHCTHKAa aBTOMAaTa MO3BOJIAET OMPEEIUTh HAaJeKHOCTh
3aLIUTHI 3JIEMEHTOB JJIEKTPOYCTAHOBOK OT TOKOB meperpy3ok u TokoB K3. s
9TOTrO, TaK K€ KaK M IPH 3alIUTE MpPEeJOXPAHUTEIIAMH, HEOOXOMUMO COIOCTa-
BUTH 3aLIUTHYIO XapaKTEPHCTHKY aBTOMAaTa C XapaKTEPUCTUKOW JOITyCTUMOM
Meperpy3ky 3alIUIaeMoro 3JI€MEHTa, T.€. C €ro TeIUIOBOH XapaKTepHCTHKOIL.
Mesxy STUMH XapaKTepHCTHKAMH JTOJDKHO OBITH COOTBETCTBHE, YTOOBI IIPH OT-
KITIOYCHUH TOKa, HAaNpHMep H3-3a NeperpyskH, TemIepaTypa 3allHIaeMOoro
ayeMenTa Obl1a 61M3Ka K MpeesIbHO IOy CTUMOM.

YcnoBueM 06e30MacHOCTH M HAIEKHOCTH 3aLIUTHI JIEMEHTA 3JIEKTPOYCTa-
HOBKH aBTOMaToM OyZIeT ABIAThCS BhpaxkeHue (3.3).

Tunbi YCTAHOBOYHBLIX ABTOMATOB

Yamge Bcero HCNoONB3YIOTCS YCTAaHOBOYHBIE aBTOMAarhl THIOB: A3100,
A4100, A3700, BA, AII-50, AK-63, AB-25M, A-63, AE-20, AE-1000,
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AE-2000 u xp. OHM He pacCYMTaHBI Ul pabOTHI B Cpe/iaX, HACBILICHHBIX TOKO-
IPOBOJAILEH MBUIBIO MM COZCPIKAIIMX €AKHE Mapbl WIM ra3sl B KOHLEHTPALH-
AX, paspyIIaloMUX METaUIbl H M30JIALHMIO, BO B3PHIBOOMACHBIX Cpeax, a TAKxke
B MECTax, HE 3alMIIECHHBIX OT MOMaJaHus BOIBI. ABTOMATHI 3TH HE PaCCYMTAHBI
JU1s paboTHI B MECTaX, MOJABEPKEHHBIX yJ[apaM U BUOpaLUu.

ABtoMatrel THna A3100 M3roTOBIAIOTCS HA HOMHMHAJIBHBIE TOKH OT
50 no 600 A mnsa cereit nmepeMeHHOro Toka HaripspkeHueM 10 500 B u ms cereit
MOCTOAHHOrO Toka HanpspkenueM 110-220 B. Onu Moryt ObITh OJHO-, ABYX- H
TPEXMOJIIOCHEIMU CO BCTPAaHBAaEMbIM PACIEMHTENIEM MaKCUMAIBHOIO TOKa, T.€.
TEIUIOBBIM, 3JIEKTPOMArHUTHBIM M KOMOMHHMPOBAHHBIM PacLEnHTeNIMH (CM.
Tabu. 2 npui. 1).

Astomats! THra A3160 BBITYCKaIOT TOJBKO C TEIIOBHIMU PaCLEMHTENISIMH
Ha HomuHajdbHbIe TOKM 15,20,25,30,40 u 50 A; Bce ocTalbHBIE ABTOMATHI
(A3110, A3120,A3130 u A3140) - ¢ 5MEKTPOMAarHUTHBIMU MIIM C KOMOMHMpO-
BaHHBIMHU pacuenurexaMu. [Ipu Bo3HMKHOBEHHH B KakoH-1HO0 (ase meperpys-
ku wiau K3 cpabaThIBaroT TEIUIOBOH MIIM JIEKTPOMArHHTHBIH PacLenUTeNN JaH-
HOTO I0JTI0CA, MOBOpaYMBas OOLIYIO /I BCEX MOJIIOCOB OTKJIIOUAIONIYIO PEHKY.
Bce ¢assl aBTOMaTa pasMBIKAalOTCA OJHOBPEMEHHO. Pacienureny aBTOMaToB
3TOTrO THIIA HE PACCYMTAHbl Ha PEryJHPOBKY TOKA YCTAaBKH NPH IKCILUTyaTalHH,
4TO SBJIAETCH MX OCOOEHHOCTBIO. Takas perynMpoBKa MPOU3BOAMTCS B 3aBOJI-
CKMX YCJIOBHSX.

ABtoMaTel Tuna A4100. s obecriedeHUs CEIEKTHBHOTO OTKIIIO-
YEHHS aBTOMATHYECKHX BBIKJIIOYATENeH MPH MOCIEA0BATEIBHOM MX BKIIOYECHUU
B Clly4ae BO3HHKHOBEHHS TOKOB KOPOTKOT'O 3aMbIKaHHs pa3paboTaHa U BHeJpe-
Ha cepus ABYXIOJIOCHBIX M TpexmoyocHblXx aBromatoB A4100 ma toku 160,
250, 400, 630 A, 440 B nepemenHoro Toka 1 220 B moCTOSAHHOTO HaNpsKEHH.
Astomarsl cepun A4100 no BHemHeMy BHIY M crocoOy ynpaBieHus (pyKosAT-
Koit) moxox#u Ha cepuio A3100. J[ByXmoynocHbIe aBTOMAThI BBITOJHEHB! B raba-
pUTax TPEXIMOJIIOCHBIX. ABTOMAThI pacCYHTaHbl Ha paboTy MpH TeMIepaType oT
-5 10 +40 °C. [lns obecrieyenus BHIAEPKKHE BpeMEHH B aBToMarax cepun A4100
IPUMEHSIOTCSA PACLENUTEIH C BO3IYUIHBIMHU 3aMeUTHTEIIAMH.

ABTOMAaTHYECKHE BO3AYIIHBIE BBIKJIOYATENH (ABTOMATHI)
cepuu A3700 npeBocxoaat aBromatsl cepuii A3100 u A4100 no psxy noka-
3aTelnei: MeHbuIMe rabapuTHbIE pa3Mepsl B 2,2 - 8,8 pa3a; MeHblIas Macca B 2,3
-9,5 pasa; Gonsiuast (B 1,6 pa3a) H3HOCOYCTOHYHUBOCTH; BO3MOXKHOCTh SKCILTya-
Tauuu B uensx 660 B nepemennoro toka u 440 B mocTosHHOrO TOKa, IO CpaB-
neruto ¢ 500 u 220 B mis cepuit A3100 u A4100.

Konctpykuus Beikmoudateneit cepun A3700 sBisercs 61o9Hoi. Bonpmmm
HPEUMYLIECTBOM HMX SABISIETCS TO, YTO KaK MOJYIPOBOAHUKOBEIE, TaK M TEILIO-
BBIE PACLENUTEIH MAKCUMATBHOTO TOKA SABJIAIOTCS CMeHHbIMU OIOKaMH.

Beikmouaremu A3700 npeqHasHa4yeHbl: Ul MaKCUMaJIbHONW TOKOBOM 3aIllu-
TBI JIEKTPHYECKUX YCTAHOBOK Ipu meperpy3kax ¥ K3; mna newactsix (mo 3
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BKJIIOYEHHH B 4ac) ONMEpPaTHBHBIX KOMMYTaLMH IENeH, a Takke NMPH CHIKEHUH
HaTpsHKEHHS 0 HEJOIyCTHUMOro 3HayeHus. KpoMe Toro, BEIKIIOYATENH 3TOH ce-
puH 00ecreunBalOT BO3MOXKHOCTh QHCTAHIMOHHOTO OTKJIFOYEHHS LENH TP Mo-
Jla4y CHrHaya (HampspDKEHHS) OT BHELIHEro yCTpoiicTBa. B BEIKIIOUaTENM MOTYT
MOHTHPOBAThCSA BCIIOMOTATE/IbHBIE KOHTAKTHI (3aMbIKAIOIIMA U PasMBIKAIOLIHIA),
KOTOpBIE CITYXAaT IS MEepeKIIoueHui B LernsX OJOKUPOBKH, YIPaBJICHHA M CHT-
HaJIM3alMH B 3aBUCHMOCTH OT KOMMYTALHOHHOTO MOJIOXKEHHUS BBIKIIFOYATEIA.

Brixmogarens cepun A3700 cOCTOMT M3: KOpITyca, KOHTaKTHOH CHCTEMEI,
MeXaHH3Ma YIpaBJICHHUs, paclenuTeNeH, QyroracuTebHeIX kamep. Pacuenure-
JM MOTYT OBITh: TEIUIOBBIMH, 3JI€KTPOMAarHHTHBIMH, MUHUMAJIbHBIMH, HE3aBH-
CHMBIMH H MOJTYTIPOBOAHHKOBBIMH.

Pacuenurens nezasucumbiii IpeCTaBIACT COOOM 3IEKTPOMArHUT, KWHEMa-
TUYECKH CBA3aHHBIH ¢ MexaHM3MOM ynpaBineHusa. Ha HezaBucHMBIH pacuenu-
TeJb MMOCTYIAET CHIHAJI OT BHEMIHUX YCTPOMCTB MJIM OT IMOJYIPOBOJHHUKOBOIO
pacuenuTens, KOTOPhIH BO3ACHCTBYET Ha MEXaHU3M PACLIeIICHHUS.

Munumanvrvii  pacuenuTeNb HaNpsHKEHUS 00ECIeunBaeT OTKIIOUYEHHE
BKJIIOUEHHOTO aBTOMaTa 0e3 BBIAEP)KKH BPEMEHH IIPH HANpPKEHUH Ha KaTyILIKe
< 0,7 Uyon IpH IEPEMEHHOM TOKE. MUHMMAaJIbHBIE PACLEIHUTENN U3rOTOBIIAIOT-
cs Ha HanpspkeHus ot 127 go 660 B ogHoda3HOro nepeMeHHOro TokKa.

ITo pomy 3aIIMTEI BBIKTIOYATEIN MOTYT 00€CIICYHBATh CeleKMUGHYI0 3alli-
Ty (C peryaMpyeMeIM BpeMeHeM cpabaThiBanus B 30He ToKoB K3) 1 MoryT ObITh
MOKOO2PAHUYUBAIOUJUMUL.

MaxkcuMaibHas 3alMTa TOKOOrPaHWYHBAIOLIMX BBIKIIIOYaTENNeH obecreyn-
BACTCs IOJYNPOBOIHUKOBBIMU M 3JICKTPOMArHUTHBIMHM PacLEIUTENISIMH, a ce-
JIEKTHBHBIX - TOJIBKO MOJTYTPOBOJTHHKOBBIMH PACLIEITUTEIAMH.

BrikimioyaTenu ¢ MoaynpoBOAHHKOBEIMU PACLEMHUTENSIMU JIOIYCKAIOT pe-
I'YJMPOBKY CIEAYIOIHX MapaMeTpoB: HOMHHAJIBHOTO paboyero Toka pacLelny-
TeJs, YCTaBKH 10 TOKy cpabateiBanus B 30He K3, ycraBku 1o BpeMeHH cpaba-
TBIBAHMS B 30HE TOKOB MEPETPY3KH.

VYcraBky pacuenureneil MakCUMaabHOTO TOKa:

nonynpoeooHukoeozo - no Toky K3 - 2,3,5,7 u 10 I,;; 1o Toky neperpyskH -
1,251,; mo Bpemenu cpabarsiBanus ot TokoB K3 ot 0,1 mo 0,4 c; mo Bpemenu
cpabaTeIBaHHs OT TOKOB IEeperpysk - 4, 8,16 c.

anekmpomaznumuozo - To Toky K3 — 101, (41, ronsko A3710); mennosozo
B 30He neperpysku - ot 1,12 no 1,161,.

Texnnuyeckue XapakTepHCTHKH (mapamerpsl) Belkmodarened A3700 (ua
npumepe A37136) npuBenens! B Tabmn. 3 npui.l.

ABTOMAaTHYECKHE BBIKIIOYATENH cepuu BA ABIAIOTCA HOBEHi-
e cepHei U B UX YCTPOHCTBO BXOJAT T€ XK€ (pyHKIIMOHAIBHEBIE YaCTH, YTO U B
BeIkMouaTenu cepuu A3700. OTnuyueM 3TOH CepuH BBIKJIIOYATEIECH ABISETCS
pacimupenue GpyHKIHOHAIBHBIX BO3MOXHOCTEH M 3HAUYEHHI HOMHHAJIBHOTO TO-
Ka 1o cpaBHeHuto ¢ A3700.
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Beikmouareny cepur BA npUMeHAIOTCA: [JIS 3aLIMTEI 3JIEKTPUYECKHX Lienei
OT TOKOB ITEpErpy3KH, KOPOTKUX 3aMbIKaHHI{, OIIEPATHBHOTO OTKIIIOUEHHS M BKIIO-
YEHUsT OCBETHTENBHBIX (HarmpuMmep, BA16) u CHIOBBIX ceTeif; s MpSAMBIX Hedac-
TBIX ITyCKOB M OTK/IIOYCHHH aCMHXPOHHBIX dyekTpoaBuratenei (BAl4, BASI u
p.), @ TAKKe MPH HEAOIYCTHMOM CHIDKEHHH HanpspkeHud (BAS1, BAS2).

Brikmouatenn BA12-BAS1 npuMeHSIOTCS U1 TOKOB, HE MPEBIMIAOIINX
630 A, ¥ KOMIUIEKTYIOTCS JIEKTPOMArHUTHBIMU U TEIUIOBBIMH PACLEITHTEIIAMH.
Y HUX MMeeTCs peryJIMpoBKa TOKa YCTaBKH TEIJIOBOTO pacuenuTens. B Bikiio-
qaresx Ha HOMUHaIbHBIE TOKM cBblnie 630 A (BAS3, BA81) mis 3amuTel oT
MAaKCHMAJIbHBIX TOKOB HCIIOJIB3YIOTCS MOJTYTPOBOJHHKOBBIE PACLCITHTENH.

TexHuueckue XxapakTepUCTHKH BbIKIouarteneit BA npuseneHs! B Tabm. 5
npun.l.

ABtomaTel Tuna AII-50 BeIIycKaloT B ABYX- M TPEXIOIIOCHOM HC-
nonseHun ¢ kom6unupoanHbiMi (AII-50-2MT, AII-50-3MT), anexrpomar-
HuTHEIMH (AIT-50-2M, ATII-50-3M) u terutoBeiMu (AII-50-2T, AII-50-3T) pac-
uenutensiMi. ABroMatsl AIT-50 MOTyT HMeTh pa3IMuHBIE CIIEIHATbHBIE HCIION-
HCHHSA C JIOTMOJHHUTENbHBIMH PACLENUTENIAMH, HAlpUMEp C paclCHHTeIsIMH
MHMHHMaJIBHOTO HANPSHKEHUS JUCTAaHIHOHHOTO OTKJIIOYEHHS.

Ha puc. 3.12 uzobpaxen pa3pe3 aBromata AIl-50-3MT. Bce gactu ero 3a-
KPBITBI KOXKYXOM, BBINOJHEHHBIM U3 IJIACTMACCHI M COCTOSILHMM H3 OCHOBaHHSA 4
u kpeimukH 5. KoMMyTupylomee ycTpoHCTBO COCTOMT M3 HEMOABMKHEIX 6 H
MOJBWKHBIX 8 KOHTakTOB. I'mOkue mpoBomuHMku /(0 COEIMHSIOT MOIBHKHBIE
KOHTAaKTHI C TEIJIOBBIMU PACLEMHUTEIIMH 3, KOTOpHIE, B CBOIO OYepe/b, COCIH-
HEHBI C O3JEeKTPOMAarHUTHBIMH pacuenutensMu 2. JlepxaTenu IOABHIKHBIX
KOHTAKTOB MOHTHPYIOTCS Ha HM30JMPOBAHHOW TpaBepce [/, KMHEMaTHYECKH
CBSI3aHHOM C MEXaHH3MOM CBOOOIHOrO pacuerseHus (3TOT MEXaHH3M Ha pH-
CYHKE HE BHICH), U ONEpaTHBHBIMH KHONMKaMH «Bka» u «Omkny. KOHTaKTHI
Ka)XJO0ro I0JII0Ca 3aKIIOYEHBI B JIyroracHTeNnbHylo kamepy 9. Iamenue myru
MPOUCXOJHUT IMyTeM APOOICHHUSA M AEHOHU3ALMH €€ IOINEPEYHBIMU CTalbHBIMH
[UIACTUHAMH 7.

I[Ip1 BO3HMKHOBEHHHM B Kakoi-mmbo daze meperpysku mwiu K3 cpabarsiBaer
TEIJIOBOW MIIM 3JIEKTPOMArHUTHBIA pacLeNnuTeNb, COOTBETCTBYIONIMHI JaHHOMY
IOJIFOCY, M TTOBOpPAaYMBaeT OOLIYIO /Ul BCEX IOJIIOCOB OTKJIIOYAIONIYIO peHKy /.
Mexannsm cBOOOJIHOTO pacueruieHHs cpabaThIBaeT, M BCE IOJIIOCHI aBTOMATa
Pa3MBIKAIOTCA OJHOBPEMEHHO, HE3aBHCHMO OT IOJIOXEHHSA B ITOT MOMEHT
KHOITKH YTIPaBJICHHUA.

Astomar AII-50 umeer npucrnocobaeHue I peryJIupoBKH TOKAa yCTaBKH
TeryioBoro pacuernurens. [lepemerienuemM cnenuaabHOrO pblyara BHU3 TOK yC-
TaBKH MOJXKET OBITh YMEHBIICH JI0 HOMHHAIBHOTO, CICTYIONIEro Mo IIKajie yc-
TaBKH ¢ TouHOCTBIO 10 20 %. Hanpumep, yctaBky Ha 25 A MOXXHO U3MEHHTS JI0
16 A;Ha 16 A - 10 10 A u T.1. ABTOMATHI, M3rOTaBJIMBAaEMBIEC B IJIaCTMacCOBOM
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KOXYX€, HMEIOT 3all[MIIEHHOE HCIIOIHEHHE, B JOMOIHUTEIBHOM METAIIHYECKOM
KOXKyXe - NbUIeHenponunaemoe. Texuudeckue nanHslie aBTomatoB AIl-50 c
KOMOMHHMPOBaHHBIM pacLeUTeIeM NpHBeeHb! B Tabi. 4 npui.l.
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Puc. 3.12. Asromar AIl-50-3MT:
1 - otkntouaioutas pefika; 2 — 31eKTPOMArHUTHBIN pacLenuTeb; 3 — TeNn0Bo# pacuenures;
4 — ocHOBaHMe; 5 — KpbILIKA; 6 — HENOABHXKHbIA KOHTAKT; 7 — CTaNbHbIE MIACTHHbI; 8 — MOABHIKHBII KOHTAKT;
9 — nyroracutenbHas kamepa; /0 — rubkuii nposoanuk; // - TpaBepca

HeBbicokas koMMyTalMoHHas criocobnocTs aBromatoB AIl-50 mpuBena k
pa3paboTke U BHEIPCHHUIO B CEpHiiHOE MpoH3BOACTBO aBTOMaroB AK-63, pac-
CUYMTAHHBIX Ha HOMHHaIbHbIE TOkM OT 0,63 1o 63 A. OHu umerotT B 2,5 pasa
60JIBIIYI0 KOMMYTAIIMOHHYIO crtoco6HOCTh, YeM AII-50. ABTOMaTsl H3rOTaBIH-
Barotcs Ha 500 B mepemennoro wiu 220 B MoCcTOSHHOTO HampsDKEHHS OIHO-,
JBYX- M TPEXIOIIOCHBIMH C 3JI€KTPOMArHUTHBIMH PACHEMHTENIMU MaKCHMAlb-
HOT'O TOKA M C THAPABIMYECKUM 3aMeTHTeNeM MM 6e3 Hero. ABTOMATHI C 3a-
MEUIHTENIEM OTK/TIOYAlOT TOK MEperpy3ku C BBIAEPKKON Bpemenu. Ilpu mepe-
MEHHOM TOKE M C 3aMEIIMTENeM OTCeYka aBTOMAaTa OTperyJHpoBaHa Ha
14-kpaTHBIH TOK, @ IPU OTCYTCTBUH 3aMEUIUTEINA - Ha 3- Win |4-KpaTHEIIT TOK.
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OIHOIMOJIIOCHBIE aBTOMATHYECKHE OBITOBBIE BhIKIIOYaTean Thna Ab-25M
npeHa3Ha4YeHbl /A 3alUThl OAHO(A3HBIX ceTeil mepemMenHoro toka no 220 B
(B XHIBIX ¥ OOLIECTBEHHBIX 3IAaHMAX, CIY)KeOHO-OBITOBBIX M MPOU3BOACTBEH-
HBIX MOMELIEHHAX MPOMBIIUICHHBIX MPEANPHUATHI) OT TOKOB IEPErpy3KH H TO-
koB K3, a Taxoke 114 BKIIOUEHHS M OTKJIIOYEHHUS STUX CETeH BPy4YHYI0. ABTOMA-
THI H3rOTaBJIHBAIOTCS C HEPETYIMPYEMBIMH TEIUIOBBIMH PACLEITUTEIIMH Ha HO-
MHHaJIbHBIE TOKH 15, 20 1 25 A.

ITpenensHas KOMMyTalMOHHAs crocoOHOCTH aBToMaTtoB AB-25M - He Mme-
Hee 1000 A (amrumutynHoe 3HadeHue) npu Hampspkenuu 220 B u cos@ =0,9.
OCHOBHOIT HEJOCTATOK 3THX aBTOMATOB 3aKJIIOYAETCS B TOM, YTO OHU HE I03BO-
JSI0T OCYIIECTBIIATH 3alUTY IPH TOKE MeHee 15 A.

Astomats! Tuna AE-1000 u AE-2000 B manbHeiineM H0/HKHBI 3aMEHHUTH BCE
paHee pa3pabOTaHHBIC aBTOMATEI B THAria30He HOMHHATBHBIX TOKOB 10 100 A.

Opnonomocusle aBToMaTel AE-1000 Ha 220 B npegHasHadeHs! U1 3alH-
THI CETEH KMIIBIX M OOLIECTBEHHBIX 37MaHuil. OHM MCIONHAIOTCS C TEIUIOBBIMU
WM 371€KTPOMAarHUTHBIMH MTHOBEHHOTO AEHCTBMA (MM KOMOMHMPOBaHHBIMH)
pacuenuTensaIMu Ha HOMHHaNIbHBIE TOKH 6,10 u 15 A. Ux oTkimovaromas cro-
cobHocTh paBHa 1,5 KA (aMIuIUTyqHOE 3HaueHHE) pU K03 (HULHMEHTE MOIIHO-
ctu He Hke 0,9. AHAJOTHYHB! HA3HAYEHUE M XAPAKTEPUCTUKH TPEXITOIIOCHBIX
aBTOMATOB 3TOTO THIIA.

Cepwust 0f1HO-, IBYX- M TPEXNOMOCHBIX aBToMaToB AE-2000 Ha HOMHHAIIBHBIE
TokH 25, 63 1 100 A npenHa3Hagaercs U1 IPUMEHEHHS B IPOMBIIIICHHOCTH.

Texuuyeckue XxapaktepucTHku omHonomocHeIX AE-1000 u Tpexmomoc-
He1Ix AE-2000 npuBegens! B Tabu. 6 npui. 1.

3.3. TEILJIOBBIE PEJIE

TennoBsle pese 0OBIMHO MPUMEHSIOTCS JUIS 3aLUTHl JIEKTPOJABUTATENCH C
JUTMTETBHBIM PEXUMOM paboThl (paboymit mMepHoJa COCTaBJIAET HE MeHee
30 MUH) OT OMAaCHOTO HarpeBa NpH JUIMTENbHBIX Meperpy3Kax.

TerutoBoe pene (puc. 3.13) COCTOUT U3 YETBIPEX OCHOBHBIX 3JIEMEHTOB: Ha-
rpeBartels 7, BKJIIOYAEMOTO IOCJIEA0BATENIbHO B 3aAILHMIIAEMYIO OT NEPerpy3ku
ceTh; OMMEeTaUIHYECKOH MIAaCTHHKU 8 U3 IByX CIPECCOBAHHBIX METAJUIMYECKHX
IUIACTHH C Pa3IMYHBIMU KO3()(PUIHEHTaMH JIMHEHHOTO PAaCUIMPEHMS; CHCTEMBI
pbIYaroB M NpyXHH; KOHTakToB 6 1 5. Korja yepe3 HarpeBaTeIbHbINA 371€MEHT 7
MPOXOIHUT TOK, NPEBBIMAIOINI HOMHHATBHBIN TOK 3JIEKTPOJIBUTATENs, BBIACIA-
€TCs TaKoe KOJHMYECTBO TeIUIa, YTO HEe3aKPEIUICHHBIH (Ha pUCYHKE JIEBBIH) KO-
Hell OMMeTaJUTHYeCKO MIaCTUHKKU M3rHbaeTcss B CTOPOHY METallIa C MCHBIIUM
K03 pHIIMEHTOM JTMHEHHOTO paciIMpeHus (T.€. OIMyCKaeTcs) ¥ BBIBOJIUT 3allen-
Ky I u3 3aneruienusi. B 3ToT MOMEHT moj eiicTBHEM NPY>KHHBI 3 BEPXHUH KO-
Hell pplyara 2 IOJHUMAETCs, Pa3MBIKAeT KOHTAKTHI 6 W 5, pa3pbIBacT LENb
yIpaBJIeHUS MarHUTHOro myckarens. Knomka 4 ciryskuT [ py4HOTo BO3Bpara
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pblyara 2 B HCXOIHOE IOJIOKEHHE mocie cpabaThiBaHus pese. [l peryiuposa-
HHSA TOKA YCTaBKH CIIYXKHUT CIIELHAIBHOE YCTPOHCTBO 9.

Puc. 3.13. Cxema (@) u koHcTpyKUHs (6) TeroBoro pene tuna TPII:
1 —3auenka; 2 — pbiyar; 3 — npyxuHa; 4 — KHONKa;
5 1 6 — KOHTaKTbI; 7 — HarpeBarteb; 8 — OuMeTananyeckas NIACTHHKA;
9 — perynupoBoYHOe YCTPOHicTBO

B TeruioBeIX pene, BCTpaMBaeMbIX B MAarHUTHBIEC ITyCKaTeNH, HarpeBaHHUE
6MMETaJUTHYECKOr0 JIEMEHTa IIPOMCXOUT OT TOKa B CAMOM OHMMETAITHYECKOM
3NIeMeHTe (pacLenuTeNb ¢ HeMOCPEACTBEHHEIM HarpeBOM) MM B CIELMAILHOM
HarpeBaTelIbHOM 3JeMeHTe (pacuenurens (cM. puc. 3.8) ¢ KOCBEHHBIM Harpe-
BOM), UM KOMOMHMPOBAHHO, T.€. B TOM U JIPYTOM 3JIEMEHTEe (pacuemnuTesab co
CMELIaHHBIM HarpeBoM).

TerutoBble pene UCHONB3YIOT 00BIYHO ¥ IS 3aLIUTHI QJICKTPOABUIATENS OT
paboTel Ha ABYX (a3ax. B 9THX ciTyyasx NMPUMEHSIOT JBa OXHOYJIEMEHTHBIX Te-
IUIOBBIX pelie WM OJHO JBYX3JIeMeHTHOe. TeruioBsle peie MMEIOT CIeMyIOoNHe
rmapameTpsl.

Homunanvnoe nanpsicenue pene Uy, - HaubomIbIIEE H3 HOMUHAIBHBIX Ha-
NPSDKEHHUH ceTeil, B KOTOPBIX JIOIYCKAeTCsl IPUMEHATH JaHHOE perie.

Homunanvuwiii mox pene 1, , - HanbonbIIMi JUIMTEIBHBIH TOK, KOTOPBIH HE
BBI3BIBAET cpabaThIBAHUA pelle.
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Homunanvhoui mox nazpeeamenst Il yap - HaMOONBIIMK JUTMTENIBHBIA TOK,
NpH KOTOPOM pene ¢ NaHHBIM HarpeBareneM He cpabatbiBaeT ([ pelne co
CMEHHBIMH HarpeBaTelIsMH).

Homunanenwiii mok ycmaexu pene (Ons pene ¢ pecynamopom) lyyerp - Hau-
GonbuINi JIMTENBHELH TOK, KOTOPBIH IIPH JAHHOH HACTPOHKE pesie He BBI3BIBACT
cpabareiBanusA. OOBIYHO J, yerp = (0,6-1) Ly pumarp)-

Tox cpabamvisanus mennoeozo pene lep,p - HAMMEHBLINH TOK, IIPH KOTOPOM
cpabateiBaeT TemnoBoe pene. O64HO Iopp = (1,2-1,3) Ly pgunarp)- B

Jns pene ¢ perynaTopoM 3Ha4eHUS lyp U lyyarp COOTBETCTBYIOT HYJIEBOMY
(cpeaneMy) IOJIOXKEHHUIO MOBOAKA PEryJATOpa (TOKY HyJIEBOH ycTaBkH). s
pesie co CMEHHBIMM HarpeBaTeIIMH HOMHHAJIBHBIH TOK pene paBeH HauOoJIb-
HIEMy M3 HOMHMHAJBHBIX TOKOB HarpeBarelsiel, KOTOpble MOTyT ObITh YCTaHOBIIC-
HBI B IAHHOM pere.

IIInpokoe MCMONB30BaHUE TEIUIOBBIX pejie [UIA 3aIlUThl IEKTPOJBHIaTe-
neil oOBACHAETCA TEM, WTO MX 3alIMTHBIC XapaKTePUCTHKH HUMEIOT TaKOH ke
BHUJI, KaK U IIEPErpy304Hble XapaKTEpPUCTHKHU dJekTposurareneii. Ha puc. 3.14
M0Ka3aHO THITMYHOE B3aMMHOE PACIIOJIOKEHHE MEPErpy304HOi XapaKTepUCTHKH
3NEKTpOJBHraTeNs / M 3alIMTHBIX XapaKTePHCTHK TeruioBoro pere 2 u 3. 3a-
IIUTHAs XapaKTEPUCTHKA 2 TEIUIOBOTO pelie COOTBETCTBYET CIydaro, KOraa Ho-
MHHAJIbHBIH TOK peJie paBeH HOMHHAIBHOMY TOKY 3JIeKTpoasuratessi. CoriacHo
puc. 3.14, cymecTByer 3HauUTeNbHAs 30HA MEPErpy30K, Ha3pIBaeMas 30HOM re-
pe3aluIEeHHoCTH (30Ha A), rie pesie cpabaThIBaeT paHbILe, YeM JJIEKTPOIBHIa-
TeNIb JOCTHTAET AOMyCTUMON Temmneparypsl. [Ipu Gosblmx neperpyskax, coot-
BETCTBYIOUIMX DPEXHMY 3aTOPMOXXEHHOTO 3JICKTPOIBMIaTeNs, KOrja pene He
obecrie4nBaeT CBOEBPEMEHHOTO OTKIIOYEHHs OJICKTPOJBHIATENs, CYIIECTBYET
30Ha HEJO03aIUIIEHHOCTH (30Ha b).

Puc. 3.14. B3aumHoe pacnoyiokeHHe neperpy30uHon XapakTepHCTHKH
97eKTpoABHraTens / v 3alIMTHBIX XapaKTepHCTHK TersoBoro pene 2 u 3
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Jlns yMeHbIIEHHS 30HBI A M JIYYIIEro HCIOJb30BaHHS IEperpy304Hoi
CIIOCOOHOCTH 3JIEKTPOABUraTels TOK CpabaTBIBaHKA pene BHIOMPAIOT PaBHBIM
Ipp = (1,15 + 1,2)1,. B 5TOM cilydae 3amuTHas XapaKTEPUCTHKA pejie 3aiiMer
nonoxenue 3. HezamuuieHHocTs B 061acti 60MbIINX Meperpysok (3oua b) Mo-
KeT ObITh KOMIIEHCHPOBaHA INPUMEHEHHEM Hapsfy ¢ TEIUIOBBIM peje IJIaBKHX
MpeaoXpaHUuTEeNICH.

B nacrosiuiee Bpemst mpumensitor pene cepuit: TPII, TPH, TPA, TPB, TPT,
TPT. Pan pene (cepun TPII, TPH u fap.) ocHameHs! peryasTopoM, MO3BOJIAIO-
UM B JOBOJIBHO IIMPOKHX MpefieslaX IUIaBHO H3MEHATH 3Ha4eHHe TOKa cpabaThl-
Banus. HekoTopble cepun TemioBeIX pene (Hanpumep, cepun TPH) umeror Tem-
MepaTypHyI0 KOMIEHCALHIO, TI03TOMY MaJIOUyBCTBUTEIbHBI K KOJICOAHHUAM TEM-
nepatyps! cpezpl. OnHodasusre pene cepun TPII, paccyuTanHbie Ha TOKH OT 1 10
600 A, MpUMEHSIOTCA BMECTO TEIUIOBBIX pene cepuu PT B MarHMTHBIX ImyckaTe-
max cepun [TA u cTanimax ynpasienus. [{Byx¢asHble peine ¢ TepMOKOMIIEHCALH-
eit cepun TPH, paccuuranusre na Toku 0,4 - 40 A, npeqHasHavaloTCs U Mar-
HHUTHBIX Iyckateneit cepun [IMU, I1-6, ITA-300, IIME, cranumii ynpasieHus.

Harpesarensusie anements! pene tunoB TPH-10A (8A) u TPII-10 (8) npu
3amuTe 3ekTpoasuratenei ¢ /, < 600 A BriouyaioTcs depes TpaHchopMaTop
TK-20 npu ycnoBusx:

I, < 146 A; npumensiercs Tpancdopmatop ¢ ko3dduuuenTom TpaHchop-
maumu K= 300/ 5;

I, < 300 A; tpancdopmarop ¢ K= 600/5;

1, < 600 A; Tpancopmarop ¢ K;= 1000/ 5.

ITpu TakoM BKJIIOYEHHMH BBIOOp pere M HarpeBaTelied NMPOHM3BOIMTCSA TaK
Xe, KaK TMPH OTCYTCTBHHM TpaHC()OPMATOPOB TOKa, HO B pacyeTHHIX (opmyiax
(cM. npumeuanue 4 k Tabn. 7 npui. 1) BMecTo I, 37eKTpoABUTaTeNs HEOOX0aH-
MO NOJACTaBJIATH Benuuuuy I, =1/ K.

ITpu BBIOOpE TOKA TEIUIOBHIX pelie BEChbMa PAclpOCTPAHEHHBIX MATHUTHBIX
myckareneit cepuit [IME u ITA (B3amen cepuu I1) crexyer pykoBOACTBOBATHCS
JaHHBIMU NTpUMedaHus 5 tabu. 7 npui. 1.

3.4. BBIBOP AIIMTAPATOB 3AILUATHI

ITnaBkue MpeJoXpaHUTEIM ¥ aBTOMAThl HMEIOT Pa3JIMYHBIC JOCTOMHCTBA H
HEJOCTAaTKH, KOTOPHIE CIEJYyeT YYHTBIBATH IIPU 3aLIUTE 3JIEKTPOYCTAHOBOK OT
TOKOB Ieperpy3ok U TokoB K3, ocoGeHHO 371eKTpoyCTaHOBOK IOXKapOB3pBIBO-
OMACHBIX MPOM3BOACTB. [IOCKONBKY NpenoXpaHUTENb SBIACTCS OAHOG(A3HBEIM
anmapaToM, NMpHU Neperpy3kax MOXKET IEperopeTh IUIaBKas BCTaBKAa TOJIBKO B
onHoit u3 a3 Tpexdasnoii cern. Tpexdasublii anexTpoasuraTens oyaet paGo-
TaTh HA OCTABLIMXCA ABYX (azax. O6MOTKH 3J1eKTpoABHUraTens ObICTPO Harpe-
BalOTCA (B TE€YCHHE HECKOIBKHX MHHYT) M IPU OTCYTCTBHH 3aLIUTHI OT IIepe-
IPy3KH TEIIOBBIMU Pejie MOTYT OBITh IOBPEKICHEI.
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[MpenoxpanuTeny Xyxe, 4eM aBTOMATHI 3alIMILAIOT YCTAHOBKY OT HEOOIIb-
KX TEPerpys3ok, Tak Kak y HUX OTHoumeHue /., /1, o; Oonbluee, T.e. HHEPLHOH-
HOCTh BeIIIe. IIpu 3TOM M Bpems, HeoOX0oauMOoe JUIs 3aMEHBI ITABKUX BCTABOK M
BOCCTaHOBJICHHS ITUTAHHUS OTKJIIOUCHHOH yCTaHOBKH, 10CTarOYHO Benvko. M3-3a
3TOTO MPOMUCXOAAT OOJBIINE MPOCTOU 0OOPYHAOBAHMS, YeM TIPU HCIOIb30BAHHH
aBTOMATOB.

KoHCTpyKIMs HEKOTOPBIX THIIOB NPEJOXPAaHHTENEH MO3BONIAET NPHMEHATD
HecTaHAapTHBIe (HeKanMOpOBaHHbBIE) IUIABKHE BCTABKH, (OKYYKH» M T.1. Ilpu
TaKUX KYCTApHBIX BCTaBKaX BECbMa BEPOSATHBI MECTHBIC MEPErpeBbl, mopya u
JlaXke pa3phIB MaTpoOHOB (Hampumep, npejpoxpanurenci tuma I[1P). Onun nepe-
CTalOT OBITH HAJEKHBIMH aNIapaTaMy 3al[UThl U MOTYT TPUBECTH K aBapHAM,
nokapaMm ¥ B3pbiBaM. OJIHAKO MO CPaBHEHHIO C ABTOMATaMH TNPEJOXPaHUTENH
MMEIOT ¥ HEKOTOpble npenmyiiecTBa. OHM AemIeBbl, KOHCTPYKTHBHO MPOCTHl U
cpabaTeIBalOT MpH cBepXToKax Oe3oTkaszHo. [IpemoxpaHuTenu mydmie orpaHu-
qyuBaroT Gonbmme Toku K3 u obmamaror Gomnblied paspbIBHOI CIIOCOOHOCTHIO,
4eM yCTaHOBOYHBIC ABTOMATHI.

ABTOMATBl PEKOMEHIYeTCsl MPUMEHATh B TEX YCTAHOBKAaX, B KOTOPBIX He-
06X0/1MMO OBICTPOE BOCCTAHOBJIEHHE MUTAHU. ABTOMATBl HMEIOT Hosee ycToi-
YHUBBIC M TOCTOSHHBIC 3AILUTHBIE XapAKTCPHUCTHKH, 0OECMEUMBAIOT HAIEKHOE
OTKJTIOUEHHE H CEJICKTUBHYIO 3aIIUTY OT CBEPXTOKOB, MO3BOJIAIOT CPABHUTEILHO
TOYHO YCTaHOBHUTH ONpPEAENeHHBIH ToK cpabaTbiBanusa. OHM yIO0OHEI B 9KCILTya-
TalMH, HaIeXHsl ¥ Oe3zomacHbl. Bo3MOXHOCTE HEmoNHO(pA3HBIX OTKIIOYEHHIT
IPH 3aI{Te aBTOMaTOM OTCYTCTBYeT. B 3apybexHoil mpakTHKe 4acTo MCIOJIb-
3yIOT COBMECTHYIO YCTAHOBKY aBTOMAaTOB M TOKOOTPaHMYHMBAIONIMX Ipeaoxpa-
HUTENEH, a HeKOTopble (UPMBI JaXke BCTPAMBAIOT TaKHE IMPEHOXPAHMTENH B
KOpITyca aBTOMATOB.

TpebGoBanus K annapaTam 3alMThbl

Arnmapatsl 3aIHThl JOJDKHBI YOBIETBOPATH CIEAYIONMM TPpeOOBaHUAM.

1. He narpeBaTbcst CBepX JOMYCTHUMOM I HMX TEMIIEPATYphl B YCIOBHAX
HOPMaJIbHOM 3KCILTyaTallH.

2. He oTkto4aTh 371€KTPOYCTAHOBKHM IPH KPAaTKOBPEMEHHBIX IE€pErpy3Kax
(ycKOBBIE TOKH, KITHKH» TOKOB TEXHOJIOIHYECKHX HArpy3o0K, TOKH IPH caMo3a-
IyCKe U T.IL.).

HoMmuHanpHple TOKM IUIAaBKMX BCTABOK INMPEAOXPAaHUTENEH M TOKH YCTaBOK
aBTOMATOB, CIIYKAIMX JUIS 3aIMUTHl OTACIBHBIX YYaCTKOB CETH, CIIEIYET BBIOH-
paTh M0 BO3MOXKHOCTH MHUHHMAJILHBIMHM 110 PacyeTHBIM TOKaM 3THX Y4YacTKOB
WIM HOPMaJbHBIM TOKaM 3JIeKTpornpueMHHKOB. Cobmonenue 3THX YCIIOBHIA
06s13aTeIBHO BO BCeX ciydasx. JUIMTENbHBIN NEperpes anmnapaToB 3allMThl pes-
KO YXyJIIAaeT UX 3alUTHBIE CBOICTBA, HATIPUMEP, BO3MOXHOCTD CpabaThIBaHUS
TIpH Harpyskax, CBOHCTBEHHBIX HOPMaJIbHOM SKCILUTyaTallHH 3JI€KTPOYCTAHOBOK,
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OTKJIOHEHHE 3aLIUTHBIX XapaKTEPHCTHK OT CTAHJAPTHBIX, CBOMCTBEHHBIX HOP-
MalbHOMY TEMIIEPaTYPHOMY PeXXHUMY pabOTEL, H T.1.

Ilpy HEHOPMaJLHOM TEMIIEPAaTypHOM pPEXHME anmaparsl 3alUThl MOTYT
cpabareIBaTh HeceleKTHBHO. He ompaBjaHHBIE YCIOBMAMH OKCIUTyaTallMd OT-
KIIIOUEHMs JIEKTPOYCTAHOBOK MPHUBOIAT K PAaCCTPOHCTBY PEXHMa TEXHOJIOTHYE-
CKOTO TpOIiecca, a HHOTAa MOTYT SIBUTBCS MPHYMHON aBapuH, MoXkKapa U B3phIBa.
JIns ynoBIeTBOPEHHUS IIEPBOTO yCIOBHA HEOOXOAMMO BEIOHPATH anmnapar 3allkThl
TaK, 4ToObI HOMHHAJIBHEII TOK CaMOro anmnapara U IIaBKOH BCTABKH MIIH paclie-
nuTeneit ObUIM paBHBI PACYETHOMY TOKY CETH, T.€.

JUIS IIpeIoXpaHuTeNIeH

I
e & (3.8)
lH.BCr
JUIL @BTOMATOB M TEIVIOBBIX PEJIE MArHUTHBIX nycxaTeneﬁ
Ha
21 (3.9
HOJLM, H.TeL
Iu-p(H-Harp) 2 Ip;

JIns ynoBieTBOpeHHs BTOPOro TpeGoBaHHA HEOOXOAMMO YYHTHIBATH pe-
’KHMM pabOThl YCTAHOBKM U PACUETHBIE TOKH CETH.

BpI6Op MmIaBKHMX BCTABOK, €CJIM MMEIOTCS HX XapaKTePHCTHKH, IPOH3BO-
JMTCS CrIeylonmuM obpa3oM: Ha ceMeHcTBO KpHBBIX /, 2, 3, 4 (puc. 3.15) HaHO-
CAT ITyCKOBYIO TOKOBYIO XapaKTepHCTHKY 3JIEKTpoJBHrarens 5. BcraBka momx-
Ha OBITH BBEIOpaHa C Takoif XapaKTEPUCTHKOH, YTOOBI BCE €€ TOUKH JIeXKaJIU BBI-
1I€ KPUBOH IyCKOBOH XapaKTePUCTHKH 3JIEKTPOJBHUIATENS, B JAHHOM CIIydae - C
xapakrepucTukoi 2. Crioco® BbIOOpa IpenoXpaHHTENeH NMpH OTCYTCTBHH HX
3aLIUTHBIX XapaKTEePUCTHK paccMaTpuBaeTcs B 1. 4.4.

IM.BU!' ‘

W~

BN

—> Torkn

0
Puc. 3.15. 3amuTHble XapakTepUCTHKH IUIABKUX BCTaBOK /, 2, 3, 4
M MyCKOBasi XapaKTepPHUCTHKA JIEKTPOABHIaTeNs 5
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IIpu 3amuTe aBTOMAaTaMM € 3JIE€KTPOMArHUTHBIM HJIM KOMOMHHMPOBAHHBIM
pacuenureneM HeobXoAuMo, YToObl TOK cpabateiBaHus Iy, (TOK YCTaBKM) pac-
LETHUTEeNs TPEBBIIAT MaKCHMalbHBIH KPAaTKOBPEMEHHBIH TOK JHHHH lyaxc
(cM. T11. 4) ¥ COOTBETCTBOBAJI YCIOBHIO:

Juia aBTomatoB A3120, A3130, A3140, AII-50 u ap.

lcp.an.n 21,25 L
s aBTromatoB A3110
lcp.:m.M 2> 175 [Maxc~ (310)

Koapduumentsr 1,25 u 1,5 y9uTHIBAIOT HETOYHOCTH B ONpPEAEICHUH MaK-
CHMaJIBHOTO KPaTKOBPEMEHHOTO TOKA JIMHUM lyae M PazdpoOC XapaKTEPUCTHK
3JIEKTPOMArHUTHBIX pacuenureneil aBroMaroB. [Ins GONBIIMHCTBA aBTOMATOB
BEJIMYMHA 3TOro Kodpduumenta, paBHas 1,25, obecrieunBaer HEBO3ZMOXKHOCTh
JIO)KHOTO OTKJIIOYEHHS JIMHUM MpPHU IyCKe 3JIEKTPOJBHIaTess, Tak Kak pazbpoc
XapaKTEePUCTHK aBTOMAToB He mpeBocxoauT *15 %. Jlna aBromatoB A3110 u
Ip., pa3bpoc XapakTepuCTHK KOTOpBIX gocturaet +30 %, Benmuuna kod(huim-
eHTa NpuHUMaeTcs paBHO# 1,5. Tok cpabaTbiBaHMs TEIUIOBOIO PACLEITUTES aB-
TOMATa M TEIUIOBBIX PeJie ONPEeNIeTCs MO YCIOBUAM:

s aBroMatoB cepur A3100, AII-50 u AB-25, A3700 (cM. Takxke Tabn. 5
npui.1)

Loprenn 2 1,25 I; (3.11)

JUIS TEIUTOBBIX pelieé MarHUTHBIX ITycKaTesei Mpu JIErKUX YCIOBHUSAX ITycKa
3NIEKTPOBUraTENs (JUIMTENBHOCTH Imycka 10 10 ¢)

Iu.p 2 In.narp = Ly, (31 la)

JUIS TEIJIOBBIX PEJIC MAarHUTHBIX HyCKaTCJ’ICﬁ IPH 3aTSOKHBIX ITYCKOBBIX pe-
KHUMax 3HCKTPOIIBHI‘aTeHeﬁ

Lip 2 Lyyarp = (1,05 - 1,2)1,. (3.116)

3neck /, ecth paboumii TOK B 3aIIMIIAEMON CETH (B CETH, MUTAIOLIEH OMH
3JIEKTPOABHIaTENb, I, = I, T/A€ I, - HOMMHAIIBHBIH TOK 37IEKTPOIBUTaTEIA).

3. Ammapatsl 3alMThl JOJDKHBI OTKJII0YAaTh CETh NPU JIMTENBLHBIX Iepe-
rpy3Kax ¢ 00paTHO 3aBUCHMOM OT TOKA BBIIEPIKKOH BPEMEHH.

4. Bo Bcex cirydasx ammapatbl 3alUThl JOJDKHBI 00ecreunBaTh OTKIIIOUYE-
HHe aBapuifHOrO ydacTka npu K3 B KOHIE 3aluIIaeMol JMHUM: OpH oxHOda3-
ueIx K3 - B ceTsx ¢ riyxo3a3eMIIeHHO# HeiTpaiblo, npu aByx¢asusix K3 - B ce-
TAX C M30JIMPOBAHHON HEHTPAIIBIO.

CornacHo ITYD, 31eKTpOMarHUTHEIH paclpeeInTeNls aBToMaTa BbIOMpa-
IOT 110 YCIOBHIO Iepanm < 4,5 Lion. Eciu pu moBpexenuu nunuu Tok K3 Gyzmer
NpeBbIaTh TOK cpabaThIBAaHUA AaBTOMaTa, aBTOMAT IIOYTH MIHOBEHHO
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OTKJTFOUHUT 3aUIMIIAEMYI0 JIMHUIO ¥ MPEIOTBPATHT BO3ZHMKHOBEHHE HEIOIYCTH-
Moro meperpesa mposoos nunuu Tokom K3. Eciu ke BemmyuHa Toka K3 oka-
JKETCJA MCHBIIC TOKa cpa6an,mamm aBTOMara, aBTOMaT MOXET HE cpa60'rarb )
Tok K3 BBIBeZEeT M3 CTpOs MpoBOJA MM Kabesb MOBPEXIECHHOrO y4acTKa JIH-
Hup. JnuTensHo HeoTkIouaemble K3 HemomycTHMbI, 0COOEHHO TaM, TAe €CTh
OMacHOCThH IOXapa WJIM B3pPbIBa, HAPUMEP BO B3PBIBOOMACHBIX 30HaX JII0O0ro
KJlacca.

OOpryHO 00pamaloT cepbe3HOe BHUMAHME Ha OMAcHOCTh JUTHTEIBHOIO
NIPOTEKaHHs Ype3MepHbIX TOKOB K3, BEI3BIBAIOIINX IeperpeB MpoBOIOB U Kabe-
JIeH, BOCIUIAMEHEHHME MX M30JIALUH 10 Bee JummHe. Ho ¥ TOkH, He BBI3BIBAIOIIHE
Neperpy3ky MPOBOJHMKOB, JOCTATOYHON I BOCIUIAMCHEHHMS W30JIALHMH 110
BCCH JUTHHE NPOBOJA, TAKXKE MOIYT OBITH ONACHBIMH. DJIEKTpHYecKas ayra B
MeECTEe HOBpC)KZ[eHPI}l, €CJIM OHa NMpOAOJIKHTEIIBHOC Bpemx HE OTKJIFO4YaeTcHd, CIlo-
co0OHa BbI3BATH MECTHOE BOCIUIaMeHeHHE M3omALuy. [1o Mepe pa3pymieHus u3o-
nauu K3 6yner mepemeniatbes K HCTOUHMKY MUTAHHSA, IOKAa HE BO3PACTET Ha-
CTOJIBKO, 4TO KPaTHOCTh OKaXETCS JOCTATOUHOH s cpabaThIBaHUS Hpenoxpa-
HUTEJIEH MJIM aBTOMAaTOB.

ITpu 3KCIUTyaTallMy 3JIEKTPOYCTAHOBOK BO MHOTHX CIydasX MIYT Ha HEKO-
TOpOE YBEIWYEHHE HOMHUHAIBHOIO TOKA IUIABKHX BCTABOK U TOKOB cpabaThIBa-
HHS paclenuTeneil aBTOMaToB, HAPUMED IS YCTPAHEHHS JIOXKHBIX OTKIIOYe-
HUI OT JOIyCTUMBIX KPaTKOBPEMEHHBIX MEeperpy30K Ju00 Uit JOCTHXEHHUS ce-
JIEKTUBHOCTH M0 OTHOLIGHHIO K HIDKECTOSIIMM amiapaTaM 3alluThL.
3arpy0OaeHue BCTaBOK NpEIOXpaHUTENEH MPUMEHACTCS MHOTJA JUIl yMEHbLIe-
HHS CITydaeB MOBPEXICHHH ABUraTesnei npu pabore Ha AByX (aszax.

Taxkum 006pa3oM, B HEKOTOPBIX CIydYasx MMpOBEpKa anmapaToB 3aLlUTHl Ha
otkmoyenye TokoB K3 craHoBHTCS HEOOXOJMMOM, @ BO B3PBIBOOMACHEIX YCTa-
HOBKax oHa oOs3arensHa. OTkmodyenue TokoB K3 B KoHIE 3amMILaeMol JIHHHH
Oyzmer obecrieyeHo, eciy BBIMOJIHSIOTCS CIEAYIOIINE YCIOBHS:

IpY 3al[HTe CEeTel BO B3PBIBOOIIACHBIX 30HAX

Iz )/ Liser 2 4
I3/ Iepon 21,25-1,47; (3.12)
IK3(K) 1 orong: 26
IpH 3a0IUTE ceTel B HEB3PBIBOOITACHEIX 30HAX
IK3(K) / IH.BCT 2 3;

IK3(K)/ICP.3J1.M 2 1725_134*; (3.13)
1K3(x) / ln‘mrm 2 3;

’ 1,25 — ans aBTOMaTOB HAa HOMHHAJIBHBIE ToKH cBbile 100 A u 1,4 — 10 100 A.
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Jia npubnmkenHoro pacdera Toka K3 B cersax nanpsbkenuem g0 1000 B
MOXHO IOJIb30BaTLCS CIEAYIOMUMH HOpMYTaMH:
Tok oxHO(a3Horo K3 B ceTsx ¢ riyxo3a3eMieHHONH HEUTPaIbIo

Iaway = Uyp ! 2@ (3.14)
ToK JByX(azHoro K3 B ceTsx ¢ H30IMpOBaHHOI HEHTPANIBIO
Iz @ = Un/ 224, (3.15)

rae Uy, U, - HomuHanbHoe (asHoe M JIMHEHHOe HampshkeHHe ceTH, B; Zg.o), 2 -
MosHoe compoTuBienue nenu Toka K3 coorBercTBenHo A merian «basa -
HyIb» U 171 (assl, OM.

3HaveHHs Z ONPEENAIOTCA Mo hopMynam:

0= \/(Eq, +Xn+ XY+ +X%) +2u; (3.16)
= SR+ +3n)’ +(Ex+ X5, (3.17)

rae ry=p (I / Sy ), X¢ = al - akTHBHOE M MHIYKTHBHOE CONPOTHBIICHHA MPOBOJ-
HHKa (a3bl yuactka uenu, Om; ro= p (I / Sy), Xo =al - aKTUBHOE M HUHIYKTHBHOE
COIPOTHBIIEHHE HYJIEBOIrO MpoBOAHHKA, OM (37eCh p - pacueTHOe YAEIbHOE CO-
NpOTHBJICHHE, paBHOE 19 1t Menu u 32 Juis allOMUHMS, OM'MMZ/KM; [ - nuHa
y4acTKa LeMH, KM; S¢2H So - cedeHue NMpoBoAHHUKA (a3bl M COOTBETCTBEHHO HY-
JIEBOTO TIPOBOJA, MM} @ - CpelHee 3Ha4YeHHE MHAYKTHBHOTO COMPOTHBICHHSA
1 xm npoBoxHuka, pasHoe 0,07 g xabeneit; 0,09 - 1 MPOBOIOB, MPOJIOKEH-
HBIX B TpyOe; 0,25 - Wif M30JIMPOBAHHBIX MPOBOJOB, MPOJIOKEHHBIX OTKPHITO,
Ha poNMKaxX WM u3onaropax; 0,3 - amsd BO3MYNIHBIX JMHMIT HU3KOTO Hampsike-
HuA); ry= ¢ / Sy, Xy = dry - aKTHBHOE ¥ HHIYKTHBHOC CONIPOTHUBIICHHE (ha3bl M-
Taroiero Tpancgopmaropa, OM (31ech S; - MoLHOCTh TpaHcdopmaropa, kB-A;
¢ - koadduument, paBublii 4 mua Tpanchopmartopor g0 60 kB-A; 3,5 — mo
180 xB-A; 2,5 - no 1000 kB-A; 2,2 - no 1800 kB-A; d - ko3¢ dpunment, paBublit
2 nns Tpancdopmaropo 1o 180 kB-A; 3 - mo 1000 kB-A; 4 - mo 1800 kB-A);
Iy - 106aBOYHOE CONMPOTUBIICHHE NMEPEXOHBIX KOHTAKTOB, OM; Zy(j) - pacyeTHoe
[OJTHOE CONpOTHBIIEHHe TpaHchopmaTopa Toky K3 Ha kopryc (3emiio), Om.
IIpu moxcuere oxupaeMeIx 3HadyeHuid TokoB K3 B ycranoskax mo 1000 B
(BO M30exaHue MoydeHHs rpyOsIX nmpeyBeandeHHit) HeoOX0IUMMO ToIHEe Y4H-
THIBAaTh HE TOJIBKO aKTHBHOE CONpPOTHBJICHHE BceX dneMeHToB nermm K3, Ho u
AaKTHBHOE CONIPOTHBJIECHHE IMEPEXOAHBIX KOHTAKTOB 3TOH neTyin (60NTOBBIC KOH-
TAKTBl HA LIMHAX, 3@KMMbI Ha BBOAAX M BBIBOJAX alMapaToB, pa3beMHBIC KOH-
TaKTHI amapaTtoB ¥ KOHTAKT B Touke K3). Cnemyer umers B BUIY, 4TO AMHAMH-
yeckre cwibl Toka K3 Bcerja HampaBieHbl Ha pa3beAMHEHHE KOHTAKTHBIX CO-
e[IMHEHHH, MMO3TOMY MEPEXOAHOE COIPOTHBICHHUC TMOCJIEIHUX BO3PACTAET.
Heo6xoauMo Taroke y4UTHIBATh, YTO GOJIBIIHE TOKH YBEIHYHBAIOT MEPEXOAHOE
conpoTuBieHHe B Touke K3 (Tak Ha3plBaeMble IMHAMHYECKMI M TEPMHYECKHH
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3¢ exTs) U, caefoBaTeNnbHo, NosBIsgeTcs orpannueHue Toka K3. Yeennuenue
MepeXoAHOT0 COMPOTHBICHHA B ToUKe K3 cTaHOBHTCA 0COOEHHO 3aMETHBIM IIPU
Tokax 10 kA u Gonee.

[Tpu OTCYTCTBHH JOCTOBEPHBIX JAHHBIX O TOJHOM YHCJIE KOHTAKTOB M O Tepe-
XOIHBIX COMPOTHBICHMSAX B HHX, BKJIIOYas KOHTAakKT B Touke K3, pexomeHmyercs
MIPHHUMATH JUI BCEX KOHTAKTOB JI00aBOYHOE aKTUBHOE COIPOTUBIIEHHUE 7,, PABHOE:

JUISL pacripeIeIuTeNIbHBIX IUTOB Ha mojactaHuusx - 0,015 Owm;

JUIA TIEPBUYHBIX IEXOBBIX PACIpPEACIUTENBHBIX ITYHKTOB HaNpSKEHHEM
380 B, muTaeMbIX paAMaIbHBIMM JIMHUAMH OT UIMTOB noactaHuuii - 0,02 Owm;

IUIE BTOPHYHBIX LIEXOBBIX Paclpee/IUTeNbHBIX MyHKTOB, IUTOB M Ha 3a-
JKMMax annapaToB, MUTAEMBIX OT NMEPBUYHBIX PACHpPEAEIUTEIBHBIX ITyHKTOB, -
0,025 Owm;

JUIS anmaparypsl, YCTAaHOBJICHHOW HEIOCPEACTBEHHO Y 3JIEKTPONPHEMHHU-
KOB (KOHTAKTOpBI, IyCKaTeJX M T.I.), MOJyYalOUMX ITHTaHHE OT BTOPHYHBIX
pacrnpeneaMTeNbHbIX MyHKTOB, - 0,03 OMm.

B pacnpenenurensupix cersax g0 1000 B akTuBHOE CONPOTHBIEHUE LIEIH
Op1BaeT uHOrAa Ooyblie MHAYKTHBHOTO. [loaTOMy mpu ompepencuuu Toka K3
MOXKHO IpeHeOpedh CyMMapHBIM HHIYKTHBHBIM COINpPOTHBIEHHEM KOPOTKO-
3aMKHYTO# 1enH, ecim Y X, < 0,3 Y ry, T.6. € €ro BIMAHHEM MOXHO HE CUH-
TaThCA M M0JIaraTh MpHU pacyerax x, = 0.

3HaueHHe pacYeTHBIX COMPOTHBIICHHH IMOHMXKAIOIMX TpaHC(HOPMATOPOB
Zz(1) C BTOpHYHBIM HanpsbkeHueM 400 / 230 B B ¢opmyne (3.16) juis cimydas on-
Ho(a3zHoro K3 yyHTBIBAlOT NpH MOIIHOCTH TpaHC(OPMATOPOB TOIBKO IO
630 xB-A, ecnu HX 06MOTKH coeuHeHb! mo cxeme Y/ Y, (cMm. tabm. 3.1).

Ecnu mpu npakTHYeCKHX pacyeTax CONpPOTHUBICHHSIMH OOMOTOK TpaHC-
(opmaTopa z;;) U HHOYKTHBHBIM compoTuBieHneM nermim K3 x, MoxHO mpe-
Hebpeub, Toraa popmyna (3.16) npumer Bux

g0y = X rp+ 2 I+ ), o (3.18)

Ecnu ammapar 3anutel He oOecriedMBaeT Halqe)XHoOro otkiatoueHus K3 B
COOTBETCTBHH ¢ TpeboBanuamu popmyr (3.12) u (3.13), Ha MMHME HEOOXOAUMO
YCTaHOBHTh MPOMEXYTOYHBIH anmapar ¢ MEHBIIMM TOKOM CpabaThIBaHHSA WM
MPHHATH MEPBl K YMEHBIICHUIO CONPOTUBJIICHHUS JHHHH, HAlPUMEp YBEIUYHUTh
CEYEeHHUE HYJICBOTO IPOBO/IA.

Tabnuua 3.1

MouHocts Tpatcopmaropa, kB-A [lepsuunoe Hanpsisenue, KB Ziay OM
25 6ul0 3,110

40 1,949

6ul0 1,237

N 20 1,136

6ul0 0,779

e 20135 0.764
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Oxonuyanue tabi. 3.1

Mouixocts Tpancdopmaropa, KB-A [lepBuunoe HanpsxeHue, kB Zr1y OM
160 6ul10 0,487

20mu 35 0,478

6ul0 0,312

i 20m 35 0,305

6110 0,195

bt 201 35 0,191

6ul0 0,129

630 20m 35 0,121

ITIpumeuanue. Tlpn BropuuHoM Hanpspkenuu 230 / 127 B 3nauenus conpo-
THBJICHHH ClIEJTyeT YMEHbIUHTb B 3 pa3a.

ITpexxne Bcero cieayeT pacCMOTPETh BO3MOXKHOCTH YBEIHYEHHS TIIOLIAIN
CeYeHHs HYJIEBOTO MPOBOZA Ha YETHIPEXNPOBOJHBIX M TPEXIPOBOAHBIX ydacT-
Kax (aBe (a3sl - HyJIb), MOXeT OBITh, aXe 0 6oabLIero 3Ha4YeHHs, YeM y (das-
HBIX MpoBOJOB. Ecii 310 He obecreynBaeT KpaTHOCTH, HAa MAJOMOIIHBIX OT-
BETBJICHHUAX OT JMHHUH IPH KOMMYHaIbHO-OBITOBOH Harpy3ke MOKHO YBEIHYHTh
IUTOMIAZb MOMEePEeYHOro cedeHus M y (asubix mpoBonos. Ecnu 3tu mytH wim
JlaXke COBMECTHOE MX NMPHUMEHEHHEe He 00ecreunBaloT HeoOX0IMMYI0 KPaTHOCTh
no ¢opmynam (3.12) u (3.13), addexTHBHOE NEHCTBHE 3aHYIECHHS MOXET OBITh
TOJIBKO MPH YBEIUYCHUH YHCIIA JTMHUH, OTXOAALIMX OT MHUTAIOIIHMX MOICTAHIMH,
OTYero JHHUM OyIyT MeHee MOIUHBIMH (A 3HAYUT, CHU3UTCS HOMHHAJIBHBIN Ma-
paMmetp ammapata 3amuThl 1o Gopmynam (3.12) u (3.13)) u Gonee KOPOTKHMH,
4TO MOXET MOBBICHTH TOK 0JHO(a3HOro K3 B KOHIIE JIMHUH.

5. OTkmoyaromas ciocoOHOCTb /Iy, anmapara 3aliUThl JOJDKHA COOTBETCTBO-
BaTh TokaM K3 B Hawane samumaeMoro ydactka cetd. Ecim oHa okaxercs
MEHBILIE BEIMYHHBI BO3MOXHOro Toka K3, oTkiioyeHHe aBapHiHOro ydacTka
MOXET He MPOM30HTH WIIH BPEeMs OTKIIOYEHHS OyJeT HEeIOMyCTUMO OONBIIMM H
caM ammapar noBpeautcs. [TostoMy HyxHO, 4TOOBI /;p, ObLT GONBIIE HIH paBeH
HauOoIbIIEMY BO3MOXHOMY TOKy K3 B Hauasie 3alIMILIaeMOT0 y4acTKa CeTH, T.€.

Inp 2 Ix3)- (3.19)

B coBpeMeHHBIX LeXOBBIX pacnpeaenuTenbhsix cersax o 1000 B toku K3
JOCTHUTAalOT MHOTJA BEJIWYHH, 3aTPYAHSIONIMX BHIOOpP amnmapaToB 3alHTHI, CO-
riacHo ¢opmyie (3.19). B takux cioydasx tok K3 Moxer ObITh OrpaHudeH 10
JOITYCTHMBIX TPEENIOB C MOMOIIBI0 TOKOOTPAHUUMBAIONIMX MPEAOXPAaHUTEINCH,
CHIDKEHHEM MOIIHOCTH MHUTAIOMMX TpaHcdopmaTtopoB M T.4. IIpenensHblii Tok
OTKJIFOYEHHUS alMapaToB 3allUTHl ONMPEJCIAIOT 10 HMX MaclOPTHBIM MJIM KaTa-
JIOKHBIM AaHHBIM (cM. npui.l). Tok Tpex¢asnoro K3 B Hauane 3auuiaemMoro
ydacTka Tpex(a3Ho# ceTH (B MecTe yCTAaHOBKH alllapara 3aIllMThl) He3aBHCUMO
OT peXuMa HeHTpau TpaHchopMaTopa onpeessercs rno Gpopmye

I3 wy»=Un / V3 2. (3.20)
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Tok K3 B Havase 3alIMIIaeMOro y4acTKa CETH IpH cXxeMe «aBe (a3sl -
HyJIb» omnpezensercs no Gopmyie (3.15), a B oaHodasHEIX ceTax - 1m0 dop-
myne (3.14).

CesleKTHBHOCTD (M30MPaTEIbHOCTD) ACHCTBHSA
anmaparToB 3alHUTHI

Anmnapatsl 3aUIMTHI JODKHBI OTKJIIOYATH CETh U YCTAHOBKHU NPH MOSABIECHUU
onacHsIX JUIi HUX TokoB K3 ¥ meperpy3ku B MHHMMaJbHOE BpeMs, HO IO BO3-
MOXHOCTH CeJIeKTUBHO. [10/1 celeKTHBHBIM JIeHiCTBHEM aInapaToB 3alHTHI ClIe-
JIyeT MOHMMATh TaKylo X paboTy, Korjia Ha IOsSBJIEHHE CBEPXTOKOB (TokoB K3,
Meperpy3ku M T.I.) pearupyeT TOJBKO OMIKalIIMii K MECTy MOBPEKIEHHUS 3a-
IIMTHBIN annapar 1 He OTKJII0YaeTcs MOCIe IO anrapar.

BriGop amnmapaToB 3alllUTBl C y4ETOM CENEKTHBHOCTH MX ICHCTBHSA MMeEET
0c000 BaXKHOE 3HAUCHHE VIS CeTeH 3MIeKTpOoCHaOKEeHH MPOU3BOJCTB CO B3pHI-
BOOITACHOW TexHoJorueit. Eciu oTKmounTcs He OIMKaiIIui, a BEIIIECTOAMIMMA
K MECTy IOBPEXIEHHS B CXEME IEKTPOCHAOKEHHUS alapaT 3alll|Thl, 3TO MpH-
BEJIET K OTKIIOUYEHHIO HE OJIHOTO moTpeburens, a rpynmnsl notpebureneii. Cie-
JIOBATEJILHO, MACIITabbl M TOCIEACTBUSA aBapHIHOIO OCTaHOBA TEXHOJIOrHYe-
CKHX annapaToB MOTYT 00YyCJIIOBUTH BOZHMKHOBEHHE MOXKapa HIIH B3pHIBA.

T(Y'I'KII
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Puc. 3.16. CenektnBHoe AeiCTBHE annapaToB 3alUThI:
a— cXeMa pasMelleH s npenoxpauuteneii / n 2;
6 — pacnono)eHHe 3alunTHBIX XapaKTepUCTHK npeaoxpanureneii / u 2

CenleKTUBHOCTB JIEHCTBUS aNIapaToB 3alIMThl PACCMOTPHM Ha NpUMEpe
CXEMBI pa3MENIeHMs] TPEIOXpaHHUTeNeHl B pajHalbHBIX LEXOBBIX CETAX
(puc. 3.16, a). Tlo ycioBusAM CeneKTHBHOCTH BCTaBKa Oiidkaiiiero Kk Mecry mo-
BPEXKJIEHHA MpenoXpanurens / N0/DKHA NMeperopaTs paHblile, 9eM TeMIleparypa
BCTaBKH IOCJICAYIOMIETO MPEAOXpaHHUTENS 2 NOCTUTHET TEMIIEpaTyphl IJaBie-
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Hus. TIpoBepKy CENEeKTHBHOCTH IMPOU3BOJAAT HAJIOXKEHHEM Ha oOmuili rpadux
OZHOMACIITA0HBIX 3AlIMTHBIX XapaKTEPHCTHK CpPAaBHMBAEGMBIX aIlIapaToB
(puc. 3.16, 6). CenexTUBHOCTH OOecre4yMBaeTCs, KOrga Bpems cpabaTbiBaHHS
MOCJIEIYIONIETo anmapaTa 3alUThl 3HaYUTENbHO Oolblle BpeMeHH cpabaTbiBa-
Hus Omokaitiero. C y4eroM pa3dpoca 3alIMTHBIX XapaKTEPHCTHK 11 Ge3yc-
JIOBHOTO TIOJy4EHHS CEJIEKTMBHOCTH, HANIpUMeEp MpeIoXpaHuTenei, HeoOXomam-
MO, YTOOBI BpeMs OTKIIOYEHHs INMpPEJOXpaHUTENs 2 MPEeBOCXOIUIO BpeMs OT-
KITIOYEHUS NPeIoXpaHuTeNs / He MeHee 4eM yKa3aHo B Gopmyie

Tomxkn(2) > (1,7-3)’Cm(1). (321)

Koadpuuuent 1,7 npuHumaercst As cetelt 00BIMHOTO Ha3HAYEHHUS, KOI(-
¢buuent 3 - 11 cereif 0co00 OTBETCTBEHHOTO HAa3HAYEHHUS, HAaNpUMep cereif
B3PBIBOOIACHBIX 30H.

IIp1 OJMHAKOBBIX MPENOXPAHUTENAX C IUIABKUMH BCTaBKAMH M3 OJHOTO U
TOTO K€ MaTepuana Juii obecredeHHs CEIEeKTHBHOTO AEHCTBHA HEOOXOIHMO,
4TOOBl HOMMHAJIBHBIE TOKM IUIABKMX BCTaBOK ITOCNIEOBATENBHO BKJIIOYEHHBIX
npeIOXpaHHUTeNel OTINYAIHCh APYT OT ApyTa M0 BO3MOXKHOCTH Ha JIBE CTYTNEHH
IIKaJIbl HOMHHAJIBHBIX TOKOB, T.C.

Lyser@y ! luseray 2 1,6 - 2. (3.22)

CenextuBHoCTh aBToMatamu cepuit A3100, AB-25M u npyrumu obecre-
YHMBAETCS, €CJIH HOMHHAJIBHBIE TOKH PacLEIHUTeNIeH CMEXHBIX aBTOMAaTOB OTJIH-
YaloTCs APYT OT Apyra Ha JiBe CTyIeHH Io mkaie. Ecnu xke Takoe TpeboBanue
IPUBOIUT K 3aBBILICHUIO CEYEHUS TPOBOJIOB, JUIS HE 0COOCHHO OTBETCTBEHHBIX
CJIy4yaeB JIOIyCKaeTCsl HMETh 3Ty Pa3sHHILy B OJIHY CTYIICHb.

[pu 3amMTe 3JEKTPOYCTAaHOBOK MPEJOXPAHUTEIIMH U aBTOMaraMu (0co-
6eHHO 0e3 BBIICPKKH BPEMEHH) CEIEKTHBHOCTD JCHCTBHA MOCIECAHUX MPOBEps-
ercs ¥ MoAOHpaeTcss IO 3alUTHBIM XapaKTePUCTHKAM MM MO TabiaHiam
(cm. Tabm. 3.2, 3.3).

Eciu Ha ydYacTKe CeTH BBIIECTOSIHM SBISETCSA IPENOXpaHUTENb, a OIH-
JKANIIUM - TEIJIOBOE peJie MArHUTHOTO ITyCKaTeJIs, [0 YCIOBHAM CEICKTHBHOCTH
HEe00X0IUMO, YTOOBI

In.ncr < 41H.p(H.Hal‘P)' (323)

an 3alIUTe y4yacTKa CETH aBTOMAaTOM C 3JIEKTPOMAariUTHBIM pacUeIuTe-
JIEM MakCHMaJIbHOI'O TOKa (HJIH JICKTPOMarHuTHBIM pene) M TCIUIOBBIM peEjie
CCJICKTUBHOCTH 6y}1€T coSmo,ucna, €CIIn

I opaine <10 1 i pguiarpy- (3.24)

JI71s aBTOMATOB C TEIUIOBBIMH PACLICIIUTENIAMH CEIEKTHBHOCTE MOXKET OBITH
obecrieyeHa pH yCIOBUH

Iu.'renn(Z) =1,5 ln:renn(l)- (3.25)
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Tabnuua 3.2

HoMuHanbHble TOKH aBTOMATOB, A
IMpenoxpanurenn A3161, A3163 A3161, A3163, A3110 A3120
NpH KOPOTKHUX 3aMbIKAHUAX NpH neperpyskax
40 s 15 -
60 - 20 15
100 - 25 20
150 15 30 25
200 20; 25 40 30
250 30 - -
300 40 50 40
400 50 s 50
Tabnuua 3.3
HoMmuHanbHble TOkH, A
aBToMara npeaoxpanutens [P-2
(rabapur 11)

15 6

20 10

25 15

40 20; 25

50 35

60 -

80 -

100 60

120 80

140 100

200 125

Jlnst aBTOMAToB C MOJYNPOBOJHUKOBBIMH PACLEIUTEIAMH CEJCKTUBHOCTD
cpabaThIBaHHSA MOXeET OBITh 0OecreueHa, eCliM BBIIECTOSIIMI B CXEMe JIEKTPO-
CHAOXXEHMsA aBTOMAT OyAET OTIMYATBCS OT HHXKECTOAMIEro (PacItoyIOXKEHHOTOo
O6mKe K MoTpebUTeNsIM) He MEHEe YeM Ha OJHY CTYIeHb HOMHUHAJIBHBIX TOKOB
pacLenuTenei.

B ciyuasx, koraa coOmoAeHHE CeIeKTUBHOCTH ACHCTBHUS 3alLUThI CBSI3aHO
¢ OONIBIIMMU 3aTpaTaMH WIM 3aTPYAHEHO MO KaKMM-THOO0 MpUYUHAM, a BEPOAT-
HBIC HECEJICKTHBHBIE OTKJIIOUEHHUS 3aBEIOMO HE YTpOXaloT HU aBapHeil, HH Io-
’KapoM, HH B3PBIBOM, HH CYIIECTBEHHBIMH YOBITKAMM HM3-3a MOPYH HPOIYKIIHH,
JIOITYCKAEeTCsl OTCTYIIEHHE OT COOJIIOACHHUS YCIIOBHS CEJIEKTHBHOCTH.

Bblﬁop MECT YCTAHOBKH aNNapaToB 3alUThHI B 3ABHCHMOCTH
oT yCJ'IOBHﬁ nomapuoii 0e30MacHOCTH M TEXHHYECKHX yCJIOBHﬁ

ITo ycaoBuAM MoxapHOH 6€30IaCHOCTH anmapaTsl 3alIUTHl YCTAHABIMBAIOT
Ha maHensx cOOpok, mMTOB, MmKaoB M OJOKOB YIpaBIeHUS TakK, YTOOBI
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BO3HMKAIOIIHE B HUX MCKPBI M 3JIGKTPHYECKas Jyra HE MOIJIM MPHYMHHUTE Bpeaa
00CITyKHMBAIOIIEMy TEpPCOHANY, BOCIUIAMECHHMTb MJIM TOBPEJUTH OKPYXAaKOLIUe
npeaMeTsl. B moMemeHusax CHIphIX M ¢ XMMHYECKHM aKTHBHOM Cpemo¥ anmaparsl
3alIMTHl CIETYET pacroyaraTth B YIUIOTHEHHBIX MIKaax HIM BBIHOCHTH MX H3
9THX MOMEIIEHHH: NOBBIIIEHHOE COAEPIKAHUE BIIATH M XUMHYECKH aKTUBHBIX Be-
LIECTB B BO3JyX€ BBI3BIBAET OKHUCIEHHE M IOCTENEHHOE pa3pylIeHHe amnnapaTroB
3amuTel. B moxapoonacHsix 30Hax kinaccoB [1-1 u I1-1I anmapate! 3amuTs! T0ODK-
Hbl OBITH YCTAaHOBJEHBI B 3aKpBITHIX IKadax /P54, a B MOMEIIEHHAX Kiacca
I1-Ila - B 3ammmennsix /P33. Jlyduie Bcero yCTaHaBIMBATH Alaparhl 3allUThl B
OT/IEJILHBIX HEMOXKAapPOOIaCHbIX MOMELICHHAX PacIpeIeTUTENLHBIX YCTPOHCTB.

YcranoBka mkadoB ¢ annapaTamy 3alUThl BO B3pbIBOONACHBIX 30HaX BCEX
KJIaCCOB 3allpelaeTcs, Tak Kak P HOPMAJIbHBIX MM aBapUIHBIX peXXUMaxX Mo-
ryT 06pa3oBBIBATECS B3PHIBOOITACHBIE CMECH, UL KOTOPBIX 3JIEKTPUYECKHE HC-
Kpbl M IyTH ABJIAIOTCA AOCTaTOYHBIM MCTOYHMKOM BOCILUIaMeHeHMs. Mckmove-
HHE COCTABJIAIOT IIUTKM B COOTBETCTBYIONIEM HCIOJIHEHHH IO B3PHIBO3AILMUTE,
Harpumep ocBeTHTenbHble MUTKHU THa [I{OB-2 1 IIIOB-3 B ucnonuenuun B3I,

Arnmaparsl 3alIMTHI CIEAYeT YCTaHAaBIMBATh BO BCEX MECTAX CETH, IJe ce-
YeHHE JKMIIbI IIPOBOAHMKA YMEHBIIAETCS, MM B MECTAX, IJie 3TO HeoOXoauMo
Juis coOmoneH s ceneKTUBHOCTH. [Ipyu 3TOM anmapatsl 3aIiMThl JOJDKHBI YCTa-
HABJIMBAThCA B MECTaX NPUCOCIUHEHHS 3all[HIAEMBIX MPOBOJHHUKOB K MHTaIO-
mei uHuK. B ciiydae He0OXOAMMOCTH PacCTOSIHHE MEXIy MHUTAIOIICH JIHHHEH
M annapaToM 3allUThl OTBETBJICHUA MOXET OBITh 10 6 M. CeueHne MpoBOIHHKOB
Ha 3TOM Y4acTKe JIOJDKHO OBITh MEHBIIE, 9Ye€M CEUeHHE IUTAIOLICH JIMHUHU, HO He
MEHee CEeUeHHUs IIPOBOIHUKOB MOCIIE 3allMTHOTO arnapaTa.

3.5. YVCTPOMCTBO 3ALIIUTHOI'O OTKJIFOYEHMSA (Y30)

V30 npenna3nadeHo it obecnedeHus 3IeKTpo- M MoXapHOH Oe30macHo-
CTH B OBITOBBIX M NPOMBIIUICHHBIX 3JIEKTPOYCTaHOBKaX. M3 BceX M3BECTHBIX
CPEZCTB 3ALIUTHI OT 3JIEKTpHYecKkoro Toka Y30 sBiseTcs eIMHCTBEHHBIM YCT-
pOCTBOM, 00ECIEYHBAIOIIMM 3alUTY Y€JOBEKA OT MOPAXKEHHUSA TOKOM, JaXe B
Clly4yae MpsMOTo NMPHUKOCHOBEHHS K TOKOBeAYmMM dacTaM. Y30 mpenoTspamia-
€T BO3TOpPaHHs ¥ M0XKaphl, BOBHUKAIOLIUE BCJIEICTBHE JIHTEIBHOTO MPOTEKAHU
TOKOB YTEYKH M Pa3BHBAIOLIMXCSA U3 HMX TOKOB KOPOTKOro 3aMblkanus. Y30
HPOU3BOIUT OTKIIOYECHHE NMOTPeOUTENCH IEKTPUUECKOH SHEPTUH MPH BO3HHK-
HOBEHHHM B HUX TOKOB YTEUKH, BEJIMUYMHA KOTOPBIX 3HAYHTEIBHO MEHBILE TOKOB
KOpoTkoro 3ameikauus. [Toatomy Y30 mpemynpexaaloT HarpeB MpOBOIHHKOB,
obecrieynBas TaKXKe MOXKapHyI0 6€30MacHOCTb.

DnexTpuueckas 6€30MacHOCTh TEXHHYECKHMH CPEICTBaMH MOXeT obecrie-
YUBATBCA TpPEMsA CIOCO0AMH: YMEHBLICHHEM HANpsHKEHUS NPUKOCHOBEHUS;
YMEHBILEHHEM TOKa, KOTOPBIH MOXKET IMOPAa3HTh YEJIOBEKA; YMECHBIICHHEM Bpe-
MEHH BO3AEHCTBHSA HAMPHKEHHUA U TOKa, HOPaXKAIOIUX YeTOBEKa.
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Konctpykuus Y30 obecreunBaer OBICTPOE OTKIIOYEHHE 3alIMIIAEMOi
3JIEKTPOYCTAHOBKH OT CETH IPHU TPOTEKAHHH TOKA 4epe3 Teso dernoBeka. Eciu
TOK yTEYKH Ha 3eMJII0 BO3HHKAET B pe3ysbTaTe pa3pyIueHus usomsnuy, To Y30
MOXXHO pacCMaTpHUBaTh KaK yCTPOHCTBO MOKapHOH 6€30MacHOCTH.

Nl /nzl s

N J12

Puc. 3.17. YcTpoHCTBO 3allIMTHOrO OTKJIIOUEHMSA:
I — MarHMTONpOBOA; 2 — MArHUTO3NIEKTPUYECKas 3allenKa; 3 — NpyKuHa; 4 — KOH-
TaKTHad rpynna; 5 — KHOIKa TecTa; 6 — pe3sucTop TecToBoii uenu; 7 — paboune
NPOBOAHMKY; 8 — MEXaHW3M pacuenuTens

DuieMeHTbl KOHCTPYKIMH Y30. OCHOBHBIMHU 3JIEMEHTAMU KOHCTPYKIIHH
V30 (puc. 3.17) sBnstorcs: TpaHcHOpMaTOp TOKA /; UyBCTBUTENBHBIH 3JIEMEHT
- MarHUTORJIEKTPUYECKAs 3alleiKa 2; MeXaHHYECKHH MPyKHHHBIA pacLenuTeNh
3; KOHTaKTHas rpynmna 4; KHOIIKa TecTa 5; Pe3HCTOp TECTOBOH 1enyu 6; pabouue
IPOBOJHUKH 7; MEXaHU3M pacuenurens §.

Llenb TecTHpOBaHUA MpEAHA3HAYEHA I OCYIIECTBICHUS TEPHOIHIECKOTO
KOHTPOJIS UCIIPABHOCTH yCTPOHCTBA, CO3/IAlOMIET0 TOK YT€UKH HaXKaTHEM KHOII-
KH «TECT».

Ipunuun aeiicteusa ¥Y30. YcTpoicTBO 3aIIMTHOTO OTKIIOYEHUS IpPe-
cTaBIsAeT OBICTPONEHCTBYIONIHI BBIKIIOYATENb, aBTOMATHYECKH OTKIIIOYAFOIIHIH
KOHTPOJIMPYEMYIO 3JIEKTPOYCTaHOBKY OT CETH NPU BO3HHKHOBEHHMH B Heil Toka
yTeukH Ha 3emiio (puc. 3.18).

Tox yTeuku MOXeT OBITh BBI3BaH MPAMBIM MPHKOCHOBEHHEM YeJOBeKa K
TOKOBETYIIMM YacTAM B pe3ysbTaTe MOBPEKACHHA HIH Pa3pyILUeHHs H30JIALMH.
CpabateiBanne Y30 NMpoOUCXOIUT 3a CYET MCITOIB30BAHHSA YHEPTHH TOKA YTEUKH
Iy, BBI3BIBAIOIIETO CpabaThIBaHHE MAarHUTOJIEKTPHYECKOH 3alEIKH U IPYKHH-
HOTO pacLenuTes.

Jlo Tex mop, MoKa TOK YTEYKH OTCYTCTBYET, T.€. HET Mpobos HIIH TIOBPEX-
JEHHUS M30JIALMH 3JIEKTPONPUEMHUKA WM HET MPAMOTO IPUKOCHOBEHHS Helo-
BeKa K TOKOBEIYIIUM YacTAM, TOKH B IpAMOM /; U o6paTHOM I, IPOBOAHHKAX
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Harpy3ku 3 paBHbI H HABOJAT B MATHUTHOM cepJieuHuKe 4 TpaHc(opMaTopa To-
ka Y30 paBHble, HO BCTPEYHO HAIpaBIeHHbIe MarHUTHBIE TOTOKH @) u @, , B
pe3ynbTaTe 4ero TOK BO BTOPHYHOH OOMOTKE 5 paBeH HYJIO M HE BBHI3BIBAET
cpabaTpIBaHHsl YyBCTBUTEIBHOIO 3JIEMEHTA - MAarHUTOJIEKTPHYECKON 3alllelIKH
6, KoTOpas Takxke mpencTaBieHa Ha puc. 3.17. [Ipy BO3HUKHOBEHHH TOKa yTed-
KM, HallpuMep NPUKOCHOBEHHUS YeJoBeKa K (ha3sHOMY NMPOBOAHHUKY, OayaHc TO-
KOB M MarHMUTHBIX NOTOKOB HApyIIAaeTCs, BO BTOPHUYHON OOMOTKE MOSBIACTCA
ToK HebamaHca /A, KOTOpBIN BbI3bIBaeT cpabarbiBaHUE 3allelKku 6, BO3AEHCT-
Byl()[l.leﬁ, B CBOIO O4Y€pelb, HA MEXAHU3M pPACLCIIUTEIIA 7u KOHTAKTHYIO CHCTE-
My 8. DnexkTpoMexaHuueckas cuctema Y30 paccuMThIBaeTcs Ha cpabaThlBaHHE
IpH OMpEENeHHBIX 3HAYeHUAX - «yCTaBKa» Toka yreuku. HambGonee mmpoko
npumensiores Y30 c ycraBkamu 10, 30 u 100 MA.
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Puc. 3.18. Cxema anekrpoycravoBku ¢ ¥Y30:
1, 2 — npamoii u 06paTHbIi NPOBOAHMKH; 3 — HArpy3Ka; 4 — MarHUTHbIH CepACHHHK
TpaHcdopmaropa; 5 — BropuuHas 0OMOTKa; 6 — MarHMTONEKTPHYECKAs 3allenKa;
7 — MexaHu3M pacuenutens; 8§ — KoHTakTHas cuctema; J1y, Jly, JI; — nuueiinbie npo-
BoAHKKH; N — paGounii 1 3alMTHBIA HeliTpanbHblii (HyNeBoi) NPOBOAHMK

Ha puc. 3.19 npexacraBnena obiacte 3Ha4eHUH A, KOTOpas XapaKTepU3yeT
BEJIMYMHY OIACHOTO JUIS YeJIOBEKa TOKa M BpeMs €ro BoszaeHcTBuA. Bemnuuna
TOKa M BpeMs, B TeYeHHe KOTOPOro A0ukHO cpabotatk Y30, npeacrapieHs! 00-
nacTeio b.

V30 ycnenrHo BBHITONHSIOT CBOW 3aIUTHBIC (PYHKLHH B CETAX C TIIyX03a-
3eMJIeHHOH He#Tpamsio (puc. 3.20) ¥ B ceTAX C M30JMPOBAHHON HEHTpaIbIO
(puc. 3.21).
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Puc. 3.19. I'pahuk ToKONEpeMeHHON 3aBHCHMOCTH (PH3HOIOrMYECKOT0 BO3JEHCTBHA
Ha yesioBeka nepemenHoro Toka (50-60 I'u) i paGoueii xapakrepuctuku Y30:
A - 061aCcTb OLLYTHMbIX BO3AeHCTBUI TOKA Ha YeN0BeKa, BbI3bIBAIOLIMX ONAcCHOCTb GubpuanALM
cepaua (BepoaTHocTb MeHee 50 %); b - 30Ha cpabatbiBanua Y30

R, Ry

Puc. 3.20. Cxema 3/1€KTpOyCTaHOBKHU C HYJIEBBIM pab0OYHM U 3aLUTHBIM
pasfebHbIMHA MPOBOJIHHKAMH:
J1,, J1;, 1;-nuueiinbie npoBoaHuku; N-HelftpanbHbiif (Hynesoit) pabouuit nposoaxuk; PE-3auutHbii
HyneBoii npoBoanKK; H-Harpy3ka; R, - pabouee 3a3emnenue; Ry, - 3alUTHOE 3a3eMNeHue;
PEN — paGouuit 1 3alUTHbIH HyNeBble NPOBOAHUKU

1 L
| b T

123 v3

Rs

Puc. 3.21. Cxema 371€KTPOYCTAHOBKH C H30JIMPOBAHHOMH HEHTPaIBIO:
J1y, JI, J1; — nunelinble npoBoAHuKM; H — Harpy3ka; R,, — 3auuTHOE 3a3emneHue
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Tepmunbl u onpejenenus napamerpos Y30.

HomunanvHoe nanpsscenue - NEHCTBYIOIIEE 3HAYEHHE HANPSDKEHUA, TIPH
KOTOpoM obecrieunBaetcsi paboTocnoco6HocTs Y30 (B 4aCTHOCTH, MPH KOPOT-
KOM 3aMbIKaHHH).

Homunanvnuiii mox nazpysku - 3Ha4€HHE TOKa, KOTopbiii Y30 MoxeT mpo-
IyCKaTh B IIPOJODKUTEIIBHOM PeXXUMe paboTHL.

Homunanenwuii omkniouaiowuti mox - 3Ha4eHHE TOKA, KOTOPOE BBI3BIBACT
orkmodenre Y30 npH 3alaHHbIX YCIOBHAX HKCILTyaTal[HH.

Ceepxmoxk - mo60H TOK, KOTOPBIH MpEBBINIaCT HOMHHAIBHBIH TOK Ha-
TPY3KH.

Ilpedenvroe 3nauenue HeOMKIIOUAIOWE20 C6EPXMOKA - MUHUMAJIBHOE 3Ha-
YeHHe HEOTKIIIOYAIONIEro CBEPXTOKA MPH CUMMETPHYHON Harpyske ABYX- M 4e-
TBIPEXMOMIOCHBIX Y30 WM HECHMMETPHYHOH Harpyske 4YeThIPeXIOTIOCHBIX
V30.

Homunanvnas exnovaowas u Omruoyarwas cnocobHocms (kommyma-
YuoHHas cnocobnocmy) - ASHCTBYIONICE 3HAYCHUE OXKHIAEMOTO TOKA, KOTOPBIN
V30 cnocobHO BKIIOUHTH, MPOITYCKaTh B TEUCHHE BCEIO BPEMEHH Pa3MbIKaHHA
Y OTKJIIOYHTh IIPH 33IlaHHBIX YCIOBHAX JKCIUTyaTamuu 0e3 HapyLICHHS ero pa-
6orocrocobHOCTH.

Homunanenas exniouaiowas u omxuouanowas cnocobrocms no ougge-
peHyuanvHomMy moky - JIeHCTBYIOLIee 3Ha4eHHe OxupaemMoro auddepeHnmans-
HOro Toka, koropoe Y30 crnocoOHO BKJIIOYHTH, NMPOMYCKAaTh B TEYECHHE BCETO
BPEMEHH Pa3MBIKaHUA M OTKJIIOYMTH TPH 3aJaHHBIX YCIOBHAX IKCILTyaTal[MU
6e3 HapymeHus ero paboTocrnoco6HOCTH.

HomunanvHuiii ycnoeHwlii mok KOpomKoz2o 3amblKanus (mok mepmuyeckol
cmotikocmu) - IEHCTBYIOIIEE 3HAYCHHE OXKUIAEMOro TOKa, KOTOpOe CIOCOOHO
BeIiepkaTh Y30, 3auunaemMoe yCTpOHCTBOM 3aIUThl OT KOPOTKHUX 3aMBIKAaHUI
- IUJTaBKO# BCTaBKOM ¢ HOMHHATBHBIM TOKOM, PaBHBIM TOKY Harpysku ¥Y30.

Homunanvnwiii ycnoenwlii oughgepenyuansHolii moxk KOpomKo20 3amblKaHus
- JeHcTByIoLlee 3HAYCHHE OXHUIaeMoro AudGdepeHIHaIbHOr0 TOKa, KOTOpoe
crocobHO BhLIepkaTh Y30, 3amminaeMoe YCTPOHCTBOM 3aIIMTBI OT KOPOTKHX
3aMbIKaHHH TPH 33/JaHHBIX YCIOBHAX dKCIUTyaTaluy 0e3 HeoOpaTHMBIX H3MeHe-
HUH, HapyIIAIONIMX ero paboTocrnoco6HOCTb.

Homunanvnoe epems omrnouenus - IpOMEXyTOK BPEMEHH MEXTy MOMEH-
TOM BHE3aIIHOTO BO3HMKHOBEHHMS OTKJIIOYAIOIIEro AuddepeHuaIsHoro Toka u
MOMEHTOM BBINOJIHEHHST (YHKLUMH JAaHHOTO YCTPOHCTBA /IO MOJHOTO TallleHHUs
QYTH.

Iapamempuor Y30. Koukpernas mogudukanus Y30 BeiOupaercs Ha OCHO-
BE HJIEKTPOTEXHUYECKOTO pacueTa HOPMAJIBHBIX H aBapHHHBIX PEXHUMOB PabOTHI
9JIEKTPOYCTAHOBKH.

Texuuueckue TpeboBanus Ha mapamerps! Y30 npuBeeHs! B a1, 3.4.
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Tabnuua 3.4

HHaJIbHOE
Ne n/n [Mapamerp H%:aqeﬂue
1 Hanpsokenne Uy, B 220, 380*
2 Yacrora fy, ' 50
3 Tok Harpysku Ly, A 16, 25, 40, 63*
4 Orxmouatommit quddepeHranbHbli TOK (TOK YTe4KH) 10, 30, 100*
1A, MA
5 Heorkmovaromuii anddepenunanshblii ToK /Aq 0,5 1Ay
6 Biirouaiowmas ¥ oTKIro4anmas (KOMMyTalMOHHas) crnocob- 1500
HOCTb Iy, A
7 Y coBHBIH TOK KOPOTKOrO 3aMbIKaHHs (TEPMHYECKas CTOM- 10
KOCTB) [PH M0CJIe/I0BATENBHO BKJIIOYEHHOH MIABKOI BCTABKe
63 A, KA
8 Bpewms OTKIIOYEHHS PH HOMHHAIBHOM AH((epeHHaTbHOM 30
TOKE Ty, He bonee, Mc
9 Jlnanason pabounx temneparyp, °C -25°C+40°C
10 MakcHMaJIbHOE CeYeHHe MOJKIIYaeMbIX MPOBOHHKOB, MM’ 25
11 | Cpok cnyx6bl1, He MeHee:
3JIEKTPUYECKHUX LIMKJIOB 4000
MEXaHHYECKHX LIHKIIOB 10 000

* B 3aBUCHMOCTH OT MOAM(UKALIMH yCTPOIiCTBA.

TpeboBanusi k pexkumam padorbl. Y30 NOMHKHO OTKIIOUHTH 3alHINac-
MYIO 9acTh 3JIEKTPOYCTAHOBKM IpPH TOABJICHHH B HEH TOKAa YTEYKH CHHYCOH-
JabHOTO TEPEMEHHOT0, ITyJLCHPYIOIIEro, MOCTOSHHOrO (B 3aBHCHMOCTH OT
MoauuKauy), npessimaoiero 0,5 HOMUHAIBHOTO OTKIIOYAomero audde-
PEHLMAIBHOTO TOKA.

CraHgapTHBIC 3HAYEHUS MaKCHMaJbHOTO BPEMEHH OTKIIOHYEHHA IpH JIIO-
6oM paboueM TOKe Harpy3KH He JOJDKHBI IPEBBINIATh NPHBEASHHBIX B Ta0MI. 3.5.

HomunaneHoe Bpems otkmodeHus T, Y30 npusenens! B Tabi. 3.5.

Tabnuua 3.5
.3, iC
1A, 2IA, 5IA, 500 A
0,3 0,15 0,04 0,04

* Ty - 3a/1aHbl JUIs 1106010 paboyero ToKa, He MPEeBBILAIOLIEr0 HOMHHAIBHEIH.

ITpu BeIcOKO#H 3 dekTuBHOCTH Y30 OHM HE 3aMEHSIOT IUIABKUX IPEmo-
XpaHUTENEeH H aBTOMAaTHYECKHUX BBIKIIOYATENICH.

Koncrpykuus Y30 MoXeT 0TIIM9aThes COCOO0M TeXHUYECKON peaTu3aLiuu:

V30, ¢yHKIHOHATEHO HE 3aBHUCAINEE OT HAIpPSKEHHS NMUTaHUs (JIEKTPO-
MexaHuyeckue). McTounukoM sHepruM, HeoOXoAMMOH Ui (hyHKIIMOHHPOBa-
HHSA — BBITIOJHEHHS ONEPALMH OTKIIOYEHHU, ABIACTCA TOK yTEUKH;
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Y30, QyHKIHOHANIBHO 3aBHCAIICE OT HANPSHKCHHS MUTAHUA (DJIEKTPOH-
Hoe). MX MexaHu3M JUIsi BBITIOJHEHHS ONEPAaLMH OTKIIOYCHHS HYXHAeTcs B
SHEPTHH, MOTy4YaeMon MO0 OT KOHTPOIMPYEMOi ceTH, MO0 OT BHEIIHEro Mc-
TOYHHKA.

[Tpumenenue snextponHsix Y30, st paGoThl KOTOPHIX HEOOXOJUM HC-
TOYHHK ITHUTaHHA, OOMYCKACTCSA TOJBKO B Ka4eCTBE JONOJHHUTECIBHBIX (IIyGIIH-
PYIOIIHX).

Yerapku Y30 BHIOHPAIOTCS Ha OCHOBE KPHTEPHEB NIEKTPOOE30NACHOCTH C

Y4eTOM TOKa Harpy3KHu coriiacHo tabi. 3.6.
Tabnuua 3.6

HoMuHabHBIH TOK B 30HE 3aILHThI, A 10,16 | 25 40 63 100
VcraBka npu pabore B 30He 3aUMTBI OJHHOYHOTO 10 10 30 30 30
notpeburesns, MA
Vcramcix npu paboTe B 30He 3aLMUThI FPYIIbl MOTPe- 30 30 30 100 | 100
oureneit, MA

VYerapka Y30 mpoTHBOMOXKAPHOrO HA3HAYCHMS HA
BPY (BPIL), MA

300 | 300 | 300 [ 300 | 500

CenexktuBHocTh paborsl Y30. [[ns obecniederus TpeOOBaHHIA CETEKTHB-
HO# paboTs! HeckonbkuX Y30 B pafiHalbHBIX CXeMax 3JIEKTPOCHa0XeHUs Heob-
XOJIMMO YYHTBIBATH CIEAYIOIIHE HaKTOPHI.

B cuy crieruduku Texaudeckux mapametrpoB Y30 (B nepByto ouepean UxX
OYEHb BBICOKOTO OBICTPOAEHCTBHA) MPAKTHUECKH HEBO3MOXKHO 0OECHEYHTH ce-
nekTuBHOCTH JeiictBug Y30 no Toky mpu 3HadeHusx ycrasok 10, 30, 100 MA.
B aToM nama3oHe ycTaBOK celeKTHBHOCTH pabotel Y30 moxer ObITH obecre-
yeHa npumeHenneM moaudukanui Y30 c Beiaepxkoit Bpemenu (Y30 ¢ uHmek-
cOM «S»), HIMEIONIMX 3a/iepkKy cpabaTeiBanus 10-20 mc.

CenekTUBHOCTh CpabaTBIBaHMA MO TOKY YTEYKH Ha 3€MJIIO MOXET OBbITh
obecrieyeHa rnpu MPUMEHEHHH Ha BBOJE B KauecTBe rojoBHOro Y30 mpoTHBO-
HnokapHoro HaszHayeHus ¢ ycraBkamu 300, 500 MA ¥ Ha OTXOAAIIHX JHHUAX
(rpymmax) Y30 c ycraBkamu 10,30 MA.

Tabnuua 3.7
Tunsl ycTPOHCTB 3aUMTHOIO OTKAKOUEHHSA
Tapamerpbi V30 | V30 | V30 | Y30 I V3L | 30YI1 | Y30 | ACTPO*
2 10-2 20 B 10 25 25 Y30
Hanpsoxenue, B 220 380 220/380
. 50... | 50... 50... 50...
Yacrora, ['il 60 60 50 60 50 50 60
HoMHHaIBHBIH TOK, A 0] gy 102 | g 10 25 16-63
# 32 32
HomunaneHoe 3HaueHHe
yCTaBKH cpabaTbiBaHuM 110 ) 10 10, 10 10 10 30 e
30 30 100
TOKY YTeUKH, MA

137



Oxkonyanue Tabn. 3.7

Tunbl yCTPOHCTB 3alUUTHOrO OTKIIOYEHHUA

IMapamerpst V30 | Y30 | Y30 | Y30 | V3l | 30YIl | Y30 | ACTPO*
2 10-2 20 B 10 25 25 Y30
Bpewms cpabateiBanus, ¢ 0,04 | 0,04 | 0,05 | 0,08 | 0,05 | 0,05 | 0,04 0,04

g:TpeGJmemax MOILLHOCTb, 20 | 40 | 35 " 45 5.0 45 Her
-40 -20 -10 | -20 -10 -4 -40 -20

PaGosas renmeperypa, "C | jx5 | 455 | 440 | 440/ {1435 | 40 | 455 | 445

3aBHCHMOCTB OT Koneba- He 3a-
2 3aBUCHT
HHUil HANPsKEHUS CeTH BHCHT
[Torpe6HOCTL B HCTOUHHKE He Tpe-
= Tpebyercs x
[HTaHUS Oyercs
Dnek-
Y TpoMme-
Tun pacuenurens DNeKTpOHHO-3/1EKTPOMAr HUTHBIH
XaHnye-
CKHit

Ipumeyanue. Jins ®unbix, oGUIECTBEHHBIX U APYTHX 31aHHI PEKOMEH/YETCS NMPUMEHATE
V30, ne Tpebyromue HeTounHKa nutanus (3nexrpomexanndeckne). Hanpumep, ACTPO*Y30.

Tpebopanust moxapHoi 06e3omacHocTn. Koncrpykums Y30 pomkHa
obecreunBarth ero MoXxapHyo 0e30MacHOCTh Kak B HOPMAaJIbHOM pexuMe pabo-
TBI, TaK M NPH BO3HMKHOBCHHHM BO3MOXKHBIX HEHCIIPABHOCTEH M HapyIIEHHI
IPaBHJI KCILTyaTalMH.

ITpu onenke Y30 Ha noxapHyio 6e30I1aCHOCTh H BO3MOXHOCTS MPUMEHEHHUS
JIOJDKHEI OBITH ONpe/ieNieHsl ero rnokasareny. HomeHknaTypa nokasarenei moxap-
HOM OIIACHOCTM M BO3MOXXHOCTH mnpuMeHeHust onpenenensl HITB 243-97 [44]
Hopmamu noskapHoii 6e30macHOCTH.

TToka3zaTeny MoXapHOH OMacCHOCTH CJIEAYeT ONMPEENATh IyTeM HCIBITAaHHS
CTaHJAPTHBIX 00pPa3IOB JNEKTPOU3OIALHOHHBIX MaTepHaloB WIK 00pasloB u3
cocTaBa eranei, koMmiekryomux Y30.

Konerpykuua Y30 m0mKkHa HCKIIOYATh MOSBICHHE B IpoOLECCe AKCILTya-
TallMH M UCIIBITAHUH HA MOXaPHYIO OMACHOCTh IIAMEHH, IbIMa, Pa3MIAT4eHUs U
OTLIABJICHUS KOHCTPYKIMOHHBIX MaTepHAJIOB.

KauectBo Y30 momkHO OBITH rapaHTHPOBAHO TaKKe CEPTH(GUKATOM ITO-
XKapHOi 6e30macHOCTH.

He nomyckaercs npumenenune Y30 1 21€KTpOyCTaHOBOK, BHE3AITHOE OT-
KITI0OYEHHE KOTOPBIX MOJXKET MPHBECTH IO TEXHOJOTHYECKUM MPUYHHAM K BO3-
HUKHOBEHHUIO CHTYaI[Hi, ONACHBIX JUIA MOJIb30BaTelNeH (HampuMep, K OTKIIIoYe-
HUIO M0XKapHOH, OXpaHHOH CUTHAJIM3ALUH U T.I1.).

B nacrosmiee Bpems Beimyckatorcs Y30 aByxmomocHsle (111 ogHO(a3HBIX
9JIEKTPOYCTAHOBOK) M YETBIPEXTIOIIOCHBIE (1S TpeX(pasHBIX AJIEKTPOYCTAHOBOK).

Hexotopsie Buapl oreyecTBeHHBIX Y30 M MX MapaMeTphbl NpeACTaBIeHbl B
Tabm. 3.7.
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I'naBa 4

MMOXKAPHAS BE3OIIACHOCTb U METO/Ibl PACUETA
JEKTPUYECKHUX CETEH

Ilpn omenke moxxapHOW OMACHOCTH HaHOOJBIIEr0 BHHMAaHUS 3acIy’KHBa-
IOT BHYTPEHHHE 1IEXOBBIC DJICKTPUUECKHUE CETH, TaK Kak B HUX Kabeau U mpoBo-
Jla Yalle BCEro pacrosaraloTcs OTKpPBITO B BUJAE My4ukoB. OCHOBHBIMH TPHYH-
HaMH, MPHUBOJALIIMMH K 3arOpaHUIO TOPIOYEro Marepuana (M30JIAIMs, 3aIluT-
HBIF TIOKpOB 0060504ek) kabeneil U NMPOBOJOB SABIAIOTCA aBapHHHBIC PEXKHUMBI
paboTs! aexTpoobopynoBanus. Hanpumep, Bo3nukHoBenne K3 compoBoxia-
eTcs BHIOPOCOM 3aKHMTalOIIMX YACTHI[ B BHJE TOPSIIMX MM PacIUIaBICHHBIX
Kanejb MeTajllla TOKOIPOBOIAIIMX 2J1eMeHTOB. TokoBas neperpyska kabenei u
NpOBOJOB, OOJIBIINE NMEPEXOJHBIC CONPOTHBIEHUA B MECTaX MX COCAMHEHHIA,
OTBETBJICHHH M NOJKIIIOYEHHH K KJIEMMHBIM YCTPOICTBaM MalllMH, alapaToB,
CBETHUJIBHUKOB M JPYTHX YCTPOWCTB NPHBOAAT K MEPErpeBy TOKOMPOBOIAIINX
JKWJI ¥ 3aTOPaHMIo roprovero Matepuana (cM. m. 1.3).

Hanmyue s1eKTpHyecKol 3alIuThl, BEIOPAHHOH B COOTBETCTBHH C HOpMa-
MH M NpaBHJIAMH, HE BCErJa rapaHTUpyeT 06e3omnacHoe MpoTeKaHHe aBapHiHBIX
PEXHMOB TIPH TOSABJIEHHH MCTOYHHKA 3axkuranusa. Tem Oosee, 4To, Hanpumep,
aBTOMATHYECKHE BBIKJIIOUaTeNu MMeloT HanxexHocTh ot 0,85 mo 0,95. Kpome
TOTO0, 3aIUTHBIE XapaKTEPUCTUKH aBTOMAaTMYECKHX BBIKIIOYATENCH M IIIABKHX
NpeIoXpaHUTENeH UMEIOT 3HAYUTEIbHEINH pa3dpoc, 4To B psAzie CoydaeB He I0-
3BOJIsIET ODECHEeYHTh BpeMs cpabaThIBaHMA 3aLUMTHI JO IOSBICHHS I0XKAPO-
omacHbIX ()aKTOPOB (3aXKMUTalOLIMX YAaCTHL, HarpeBa NMPOBOJHHKOB, BOCIIAME-
HEHHUS ra3000pa3HBIX MPOIYKTOB pPa3jokKEHUs H3omauuu H T.11.). C ydyeroMm
60BIION MPOTAMEHHOCTH CETEH OT HMUX, KaK IMOKa3bIBACT CTATHCTHKA, IIPOHC-
xoauT 10 50 % ciryyaeB 3aropaHMii M M0XKapoB.

4.1. HATPEB NPOBOJJHUKOB 3JIEKTPUYECKHM TOKOM

[loxxapHass 0©€30MaCHOCTh IJJIEKTPUYECKUX CETEH Ompenessercss psaoM
(aKkTOpOB: COOTBETCTBHEM MapKH IPOBOJHUKA M CII0C00a MPOKIIANKU XapaKTe-
Py ¥ CBOMCTBaM OKpY)KAalOILEH Cpe/bl, B TOM YHCIE M €€ M0XKapOoB3pPhIBOOIIAC-
HOCTH; COOTBETCTBHEM CEYEHHsI NMPOBOJHUKOB TOKOBOil Harpyske; BbIOOpOM
HOMHMHAJILHBIX [IAPaMETPOB alIapaToB 3alIUTEl OT TOKOB MEPEerpy3KH U KOPOT-
KHX 3aMBIKaHHUiT; cOOII0IeHHeM TpeOOBaHMH MOHTaXa, IKCIUTyaTaluH H T.I.

BaxHbM (akTopoM obecriedeHus NokapHOH 0e30IacHOCTH 3JIeKTpHYe-
CKHX CETel SBJIAETCS MOMYCTHUMBIH HOPMaMM YPOBEHb HarpeBa IPOBOIHHUKOB.
Temmneparypa MpOBOJHUKA, JUIMTEIBHOE BPEMs HE HAXOJALIErocs MoJ Harpys-
KOM TOKOM, paBHa TeMIIEpaType OKpY’KaloweH cpezbl. Eciii Tako# MpoBOIHHUK
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HArpy3uTh TOKOM HEM3MEHHOM BEJIMYMHBI /, €ro TeMIeparypa Ha4HET YBEJH-
YHUBATBCS M MOCTENEHHO JOCTUTHET YCTAHOBMBILEHCA BEIWYMHBI f,, COOTBETCT-
BylomIeH TOKy /. ;
[IpencraBuM OTPE30K MPOBOJA, B KOTOPOM ¢ MOMeHTa 7 = () IIOABHJICA TOK

. TlpumeM Temmepatypy Cpelbl paBHON HYJTIO M PacCMOTPHUM IIPEBBIIEHHE
TeMIepaTypsl POBOJA 7 (T) HaJl TEMIIEPaTypol CPeIbl, T.€. MEPErpes IMPOBOJA.
Torpa 3a BpeMs dT B IPOBOJHHUKE, UMEIOLIEM aKTHBHOE CONpPOTUBIICHHUE 7, BbI-
JenuTes TeroBas 3Heprus Oy, = Prdt. Yacts 310i oHepruM Quarp OyneT 3a-
TpaueHa Ha HarpeBaHHe MPOBOJA, Apyras 4acTh Qpe OyJAET MmyTeM JIydeHcIyc-
KaHHs C MMOBEPXHOCTH MPOBOAA, KOHBEKLMH M TEIJIONPOBOAHOCTH paccesHa B
OKPY’KaIOLIYIO Cpey:

Quarp = cmdlt,
e ¢ — TeII0eMKOCTh IpoBoa, Jx/(kr); m — Macca IpoBOJa, KT;

Qpac = otd (3

rze 0. — koa(duument Temonepenaun, B/ (m*- °C).
Torna nomydaeM Quun = Quarp + Opac WIN
Prdt = cmdt + oudr. (4.1)

PasnenuB o6e yactu ypaBHenus (4.1) Ha dt, 6yneM MMeTb OJJHOPOIHOE TH-
(epeHLHaIbHOE YpaBHEHHE TIEPBOTO MOPSJIKA C IOCTOSHHBIMU KO3 HLUHEHTaMU

Pr= P = cm(di/dt) + ou. 4.2)
Kopenp XapakTepHCTH4eCKOro ypaBHEHHUS K ITOJIy4aeM U3 BBIPAXKEHHS

cmk+ a=0
HIIH
= - (a/cm).

0611ICC PpeUICHUE 3aITHIICTCA TaK:
f[(T) i AC-(‘“/""),

rae A ecTh MOCTOAHHAS MHTETPUPOBAHMS, NOJIEKAIIASA ONPEIEICHHUIO.
YacTHoe pelieHHe WM yCTAHOBUBLIMUCS IEPErpeB MOJy4yaeM M3 ypaBHe-
nus (4.2), npupaBHsB dt/dt = 0 (HeT U3BMEHEHUS NeperpeBsa).
Torna t, = t, = PlaL.
Hrak, noryuaem:
(1) = ti+t,= Ae ™™+ (P/a). (4.3)

IIpu T = 0 meperpes paBeH HyJIIO ¥ U3 ypaBHeHHs (4.3) umeem:
A+Pa=0 wm A4=-Pla
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Takum 06pazom, OKOHYATEITLHO

t=1(t) = (Plat) - [(Plar) € "] = (Play)[1-e "™
HITH
() = 1,(1-e™"), (4.4)

rae T = cm/0- moCTOSHHAsA BpeMEHH HarpeBa npoBoaHMka. Eciu T = 7, 3a 310
Bpems neperpeB pocturaer 0,632 t,. I[IocTOSIHHYI0 BPEMEHH MOXHO Ipe/cTa-
BHUTH KaK BpeMs, B TEYEHHE KOTOPOTO MPOBOJ HarpeJcs Obl 1O yCTaHOBHBIIECH-
Csl TEMIIEPATYPHI f, €clIM ObI paccesiHie TelIa B OKPYIKAIOILYI0 Cpexy OTCYTCT-
BOBaJ0. 3HaueHHs 7 I HEKOTOPBIX THIIOB NMPOBOJHUKOB M YCJIIOBHH NPOKJIa-
KU [IPUBEJCHBI B JIUTEPATYpE.

OTOT mpolecc pocTa MPEeBBINICHHs TeMIIEPaTyphl. IPOBOIHUKA OT HYJIA 10
t, MoxeT OBITH npescTaBneH kpuBoit OB/ (puc. 4.1), ypaBHeHHe KOTOPOi uMe-
et BuA (4.4). Ilo Mepe pocTa NMpeBLILIEHHUA TEMIEpaTyphbl MPOBOAHMKA OTJayda
TEemJIa B OKpYy>kalomly1o cpeay Bospacraet (kpusas OB/]), mo3TOMy Mpolecc ro-
BBINICHUS TEMIEpaTyphl Bce OOMblIE 3aMEUIAETCS M HAKOHEL HACTyMaeT Mo-
MEHT, KOT/JIa pa3HHIla MEXAY KOJHYECTBOM TeEIlIa, OTJaBAEMBIM TIOBEPXHOCTBIO
MPOBOJHHKA B OKPYJXKAIOUIYIO CPEAy, U TEIUIOM, BBIJICISEMBIM B IPOBOIHHKE,
CTaHOBUTCS Hem3MeHHOH. CleloBaTeNbHO, C JOCTATOYHOH TOYHOCTBIO MOXHO
CYUTATh TEMIIEPaTypy HarpeBaeMoro NpOBOAHMKA YyCTaHOBHBLIEHCS, €CIH Bpe-

Ms T paBHO oT 4 10 5 7.

1,°C
T /A Harpes npooanuka 4 /7
Oxnaxaenue
NPOBOJIHUKA
iy B P
a
0
> o
I =]
%
Y Yo <) | | . E 1t

! I
0 T, .2T 3T. 4T, .0 T 2T 3T 4T

Puc. 4.1. 3aBHCHMOCTb HarpeBa M OXJIAXKICHHA OJHOPOIHOTO
npoBojiHuKa 1o dopmye (4.4)

Ecnu ¢ mpOBOJAHUKA CHATH HArpysKy /, MpeBbILICHHE TEMIIEPaTypsl Mpo-

BOJAHHMKA HAYHHACT IMOHWXATHCA OT YCTAHOBUBILIEIOCS 3HAYCHUS fy U TIOCTEIICH-
HO OOCTHTAC€T HYJIA. rot TMPOLECC OXITAXACHHA MOXKET OBITH n306pa>er
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kpuBoit [JE. Takum 06pa3oM, MOKHO aHAJMTHYECKH M rpaduyecKH Mpejacra-
BUTh W3MEHEHHE TPEBBIIICHUS TeMIepaTypsl NPOBOJHHKA NpH M000H mepe-
MEHHOM Harpyske.

JUIs JUTHTENIBHOTO peXxuMa paboThl, MPU KOTOPOM JOINYCKaeMBIH Harpes
IPOBOJIHMKOB OOBIYHO HEBEITHK, MOXKHO 0€3 3aMETHON MOTpelIHOCTH CYHMTATh,
4TO COINPOTHBJICHHE MPOBOAHUKA M KOIPPHUIIMEHT TEIUIONPOBOAHOCTH — BEJIH-
YHHBI MOCTOsIHHbIC. HO mpH yBenu4YeHHH TeMIepaTypsl MPOBOJHHUKA YBEIHYH-
BAaeTCA M ero comnporusienue. CiaeaoBaTeNbHO, YBEIMYMBACTCA U KOJIHYECTBO
BBIICJIAIONIETOCS B HEM TeIlla, XOTS TOK OCTaeTcsd HensMeHHbIM. OHAaKO NpH
TOBBIIICHHH TEMIIECPATYPhbl MPOBOJHHMKA YBEIHYMBACTCA IEpenajg MEXIy TeM-
[epaTypoil IPOBOAHKKA M TEMIIEPATYPOi Cpe/ibl, a 3TO YIy4ILIaeT CIoco6HOCTh
MOBEPXHOCTH MPOBOJHHKA PACCEHBATh TEIUIO (MOBHINIAET KOI(POHIHMEHT Tem-
JIONPOBOJHOCTH). B mTOre yBenuueHue KOIMYECTBA BHIACIAIOMIETOCA TEra B
OIpe/ieNICHHOH Mepe KOMIIEHCHPYeTCs yBeIHYeHHeM TemooTaadu. Ilpu stux
YCIOBHSX YCTaHOBHBILICECS TPEBBINICHHE TEMIICPATyphl MPOBOJHMKA 3aBHCHT
TOJIBKO OT TOKA M MOXKET OBITh ONPE/ICNIEHO BBIPaKEHHEM

R Rl (4.5)

rae fy, — AOIMYCTHMOE NPEBBINICHUE TEMIIEPATYpPhl, IPHHATOE N0 HOPMaM
YD pns pacyera JUIMTENTBHO AOMYCTHMOTO TOKa [y, °C; I — dakTuue-
CKHUH TOK, A.

JlonycTuMoe mpeBbILIeHUE TeMnepaTyphl, npuHsaroe B [1YD npu BeI-
YUCIHEHUH /4o, OTIpEENseTcs no Gpopmyiae

byw = by — rcp.m (46)

TAE lxu — JIUTENBHO JIONMYCTHMAas TEeMIIepaTypa XHJ IPOBOJHHUKOB IO
HopmaM, °C; tp, — pacueTHas TeMIepaTypa cpeasl no nopmam, °C.

Yr1o6bl 0OecnieynTh HOPMANbHBEIH pexuM paboTel MpoBoAa MM Kabens,
COEIMHUTENIBHBIX KOHTAKTOB M M3OJIALMH, a TaKXKe MOXKapHYI0 0e30macHOCTS,
HarpeB MPOBOAHHMKOB HH NPH KAaKUX YCJIOBHAX HE CIEIyeT AOIYCKAaTh BBILIC
TeMIepatyp, yka3zaHHbX B Tabu. 4.1. HarpeB npoBOAHHKOB JIOJDKEH COOTBET-
CTBOBAaTh JaHHBIM Tabu. 4.1, ake ¥ B TOM Clly4yae, KOTZa pacyeTOM yCTaHOB-
JIGHO, YTO OTHOCHUTEIBHOE CTApEHHE U30JIALMHU 3@ BECh pacCMaTPHBAEMBIit I1e-
PHOJ HE BBIXOJIUT 3a Mpeeisl JOIMYCTHMOro (He NnpeBblliaeT eAnHULs). [pu
GoNBIINX TEMIIEpaTypax MOTYT OBICTPO YXYALIATHCS KOHTAKTHI, YTO 00YCIIOB-
JIMBAET 3HAYUTEJIBHBIC NEPEXOIHbIE CONPOTUBICHHS U HEIOIYCTUMO GoMbLIHE
MECTHBIC HarpeBbl. Bce 3TO MPUBOAUT K PE3KOMY CHHIKEHHIO MEXaHHYECKON
NPOYHOCTH MPOBOAHUKOB, UX ycToH4YMBOCTH K K3, mopye uzonsuuu u ee Boc-
TIAMEHCHHIO.
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Tabnuua 4.1

Bup u matepuan
NpoBOAHMKA

JinutenbHo ao-
nycTumas Temne-
partypa xun no
HOpMaM Iy ,,, °C

KparkospemeHHO
AonycTuMaa Temrie-
patypa K1 rpu ne-

perpy3kax f,, °C

MaxkcnmanbHo 10nycTUMOE NpeBbi-
LUEHMeE TeMIepaTypbl K1 110 HOp-
mam npu toke K3 ¢, ,,, °C

LIuHbI ¥ ronsle

YHCJIa MPH NPOKJIaJiKe HEINOCPEJACTBEHHO B BO/IC

npoBoJa:

MeJIHbIe 70 125 300

aNOMHHHEBbIE 70 125 200
KaGenu ¢ 6ymax- C meaubimu | C amomuume-
HOH NPONUTaHHOH KHIAMH BBIMH JKHIIAMH
H30JIUHEN NPH
HanpsXKeHuH:

1o 3 kB 80 125 200 150

10 6 kB 65 100 200 150

1o 10 kB 60 90 200 200
Kabenu u nposoza 65 110 150 150
C PE3HHOBOMH H M0-
JIHBHHWIXJIOPH/-
HOW M301AUNEH

Tabnwua 4.2
MecTo npokiaak NpoBoOAHMKA Temneparypa cpeabt no [1Y3,°C

OTkpbiTasi M 3alHMINEHHAs MPOKJIAJKA MMPOBOJOB, Ka- 25
Oeneit U WHH B Bo3ayXe (BHYTPH MOMELICHHUIT)
Onun kabens ¢ 6yMaxxHOH H30ALMelH NPH NMPOKIaaKe 15
HENOCPE/ICTBEHHO B 3€MJIE C Y/EIbHbIM COMpPOTHBIIE-
HueM 120 Om-cM (TenoBbIxX)
To xe, B 3emne (B Tpybax) 25
Kabenn ¢ GymaxkHOH H30nsLMEH HE3aBHCUMO OT HX 15

PacueTHble TeMMEpaTyphl CPEbI fepy, TpUHATHIE B [1YD m1s onpenenenus
JUIMTENIBHO JIONTYCTHMBIX TOKOB B IPOBOAHHMKAX B Pa3JMYHBIX YCIOBHAX HX
NPOKJIAAKH, NpuBeeHs! B Tabm. 4.2. [Tonp3yscek Tabn. 4.2 M yCTaHOBUBLIMMCH
[PEBBIILIEHHEM TEMIIepaTypbl IPOBOHHUKA 1y, MOACUYUTAHHBIM 110 popmyie (4.5)
JUIS Harpy3KH, OTJIIMYHON OT JUIMTEJIBHO JOIYCTHMOH MO HOpMaM, MOXKHO OIl-
pemenuTh (paKTHUECKyI0 TeMIepaTypy HarpeBa poBOJAHHKA

Ly = Iy + lepy.

4.7)

Pacyersr o dopmynam (4.5) u (4.7) 1eHCTBUTEIBHBI I IPOBOJHUKOB C
MHOM M30JIALMENH U JUTS MHBIX TEMIIepaTyp Cpejsl, HalpuMep AJIs CTpaH ¢ TPo-
MMUYECKUM KIUMATOM.
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4.2. JONNYCTUMASI HATPY3KA HA ITPOBOIHUKH 11O HATPEBY

JlonycTrumasi Harpy3ka Ha roJible nposoanuku. HopmupoBanue mpe-
JIEJILHO JOMYCTUMBIX TEMIIEPATYp NMPOBOAHHUKOB (cM. Tabi. 4.1) TeopeTHdecku
MO3BOJIIET BBIBECTH COOTHOIIEGHHE MEXJYy TOKOM H TeMIIepaTypoll Harpesa
kw1 I1o 3TOMY COOTHOLIEHHIO MOXKHO OMNPEIENUTh JOIMYCTUMBIN JIIHTEIbHBIH
TOK JUISA JAHHOTO CEYEHHUS MPOBOAHHKA B 3aBUCHMOCTH OT TEMIIEPATYPHI OKPY-
xaromeil cpeabl (cM. Tabn.4.2) ¥ MarepHana SKWIbl. YacTh 3JIEKTPUUECKOH
9HEPruH, MepeaaBaeMoii Mo MPOBOAHHKAM, IEPEXOIUT B TEIUIOBYI0. DTa 4acTh
paBHa Q = P’r7. TenoBas 9HEPrHs pacXxoIyeTcs BHAYale Ha IMOCTENEHHOE yBe-
JIMYEHHE MPEBBIICHHS TEMIEpPaTypsl IPOBOJHHKA, 3aTeM Ha TOJAepKaHHe yc-
TaHOBMBIIETOCS NPEBBIICHHSA TEMIIEPATYpPHI #y BO BpeMs paboThl, T.e. Ha KOM-
MEHCALIMIO MTOTEPh TEMIa B OKpYXKarouyio cpeay. KonudecTBo Temia, oTxaBae-
MOTO0 IPOBOJAHMKOM B OKPYXKAIOIIYIO CPeIy, paBHO

0= aF(t)l(_th.H)t7 (4.8)

rae o — ko3 GUIMEHT TeIUIOO0TAAYH NMPH KOHBEKTHBHOM M JIyYHCTOM TEII0006-
mene, Br/(m” - °C); F — MOBEPXHOCTh MPOBOXHHKA, M’ £, — TEMIEpaTypa mpo-
BojgHuka, °C; f,, — pacyeTHas TemmepaTypa OKpyxatomeH cpensl, °C;
T —eMHHLIAa BDEMEHH.

IIpn ycTaHOBHMBILEMCS PEKHME KOJHYECTBO TEIUIa, BBIAEISIEMOTO B IPOBOJ-
HUKE B €IMHHLY BPEMEHH, TODKHO OBITh PAaBHO KOJHMYECTBY OTAAHHOIO TErUa:

P rt= oF (ti—tep) T,
OTKyza
P = [aF(ty—tep ). (4.9)
C npyroit CTOpOHH!,
F=mdil; r=1/ys = al/ynd,
rae y — yHenbHas MPOBOAMMOCTh MaTepyana MpoBOAHMKA, M/(OM-MM’);
d\ — IMameTp NMpOBOJHWKA, M; [ — IUTMHA MPOBOJAHHUKA, M; S — IUIOLIAAL MOIe-
PEYHOro CeueHns MPOBOIHMKA, MM .
[Moncrapnss 3vadenus F u r B popmyny (4.9), monyyaem

I=(m2) \Jod™y(t, ~tep,)- (4.10)

@opmyna (4.10) mo3BoigeT ONpeAeNUTH TOK [0 3aJlaHHOMY TIepernamy

TeMIepaTyphl (tx—tep.). 10 9TOH *Ke GopMyrne MOXKHO ONPENENTUTh TOMYCTH-

MBI JUTHTENBHEIN TOK [50n JUIS TOJIOTO NMPOBOJAHUKA, UCXOAA M3 3aJaHHOM IO

HOpMaM TIpEJIeIbHOM TeMIepaTypsl MPOBOIAHHKA 1y, M PACYETHON TeMIepary-
PBI CPEIbT fop. !

Lion= (/2) \Jad™y(t,., —1p,)- (4.11)
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[Tonb3ysch MOJNYYEHHBIMH COOTHOLICHHSMH, MOXHO IO M3BECTHBIM J0-
IyCTUMBIM 3HAYEHUAM [yon U ty, ONpPENENUTh 3HaueHue / Juid moObIX Opyrux
yCHOBHﬁ. Hanpnmep, 3HAYCHHE HOBOT'O JOITYCTHMOIO TOKA AJIA HOBBIX AOITYC-
THUMBIX YCJIOBHH HarpeBa IMPOBOIHHUKA Z TOIyYHM ITyTE€M JICICHHUS BBIPKCHUH
(cm. popmysr (4.10) 1 (4.11)):

I'= Lo of(fa = topus) (b = 1op.)- (4.12)

AHaJIOTHYHBIE NEPECUETH MOXKHO CJIENATh B CIIydae M3MECHEHHUS TeMIepa-
TYPBI OKPYKaIOIIei CPEIBI Zp IO CPABHEHHIO C PACYETHOM Zep !

1 = [Aon \/(tx(n g tcp)/(tx(,n 3. tcp,u) = IﬂOnKlv (4 l 3)

rae K; = (twu-tep)/(txw—tcpn) — TONPABOUHBIH KOIDPHUMEHT HAa H3MEHEHHYIO
TEMIIEPATYPY OKPYXKalolled cpe/ibl II0 CPABHEHMIO ¢ pacyeTHOH [1].

3Has JOMyCTHMBIH TOK AN MPOBOAHMKA W3 NaHHOTO MaTepuana (Ha-
MPHUMEP, MEJH), MOXKHO ONpPEJAENUTh JOIYCTHMBIH TOK IJIS NMPOBOJHHUKA M3
JIpyroro marepuana (Hampumep, adioMHHUS). [ 3TOro BETHYMHY IOIyC-
THMOTO TOKa Ha aJIOMMHHEBOM IMPOBOTHHKE [, non, BBIYHCIEHHYIO 1O (op-
Mmyne (4.11), cnegyer pa3sfenuTh Ha BEIHIHHY Iy jon MPH BCEX IMPOYUX pPaB-

HBIX YCIIOBHAX, T.€.
Lanon/lwson = /s 1Yy s

rae 1a= 31 M/(OM-MM%); 7= 53 M/(OM-MM). Torza
Iy.0on = 0,77 Ly gon. (4.14)

HecMoTpst Ha TO YTO AOIMYyCTUMBIE TOKH AJIS TOJIBIX MPOBOJHHKOB, HCXOIS
U3 tyu, lpw M MaTepHasa >KMJ, MOXHO ONpenenuts mo ¢dopmynam (4.11) -
(4.14), B mpakTHYECKUX pacueTax OOBIYHO IONB3YIOTCS TOTOBBIMH TabIHIaMU
JIOIYCTHMBIX JUTUTETBHBIX TOKOB.

Jonycrumasi Harpy3ka Ha HM30JIMPOBAHHbIE NPOBOAHUKHM. TerioBsie
MPOLECCHl B M30JIMPOBAHHBIX NMPOBOAHMKAX (IPOBOAA M Kabemu) MpoTEeKaroT
TakK ke, KaKk U B TOJIBIX MPOBOAHUKAX. OJHAKO 3/IeKTpUYecKas M30JIALUS U 3a-
IIUTHEIE 000J0YKH HECKOJIBKO MEHSAIOT YCIOBHA OXJIaxAeHHs. [IpH HEKOTOpBIX
JIOMYLIEHUSX MOXKHO BBIBECTH 3aBHCHMOCTH JUIA M30JMPOBAHHBIX IPOBOJOB U
kaberei, ananornyseie popmynam (4.10) - (4.14). B npakTHUeCKHX ke pacye-
Tax MOJIB3YIOTCA TOTOBBIMHM TaOJMHLAMH JOMYCTHMBIX JJIMTENBHBIX TOKOB (CM.
tabm.1.3.4 - 1.3.28 [1]).

PacuerHple OIMyCTHMBIEC ATUTENbHBIC TOKH KabOened NMpHHATH UIS Mpo-
KJIazKu B TpaHuiee Ha riryoune 0,7 — 1 M (ne Gonee oxHoro kaberns) npu Tem-
neparype 3emnu +15 °C. [Ipu HHBIX TeMIlepaTypax u uucie kabenei BBOmATCS
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nornpaBoyHbie ko3dduuments! (cMm. Tabdm. 1.3.3 u 1.3.26 [1]). JlomycTumele To-
KM OJJMHOYHBIX Kabelnei, mpoK/aasiBaeMbIX B TpyOax B 3emiie 6€3 HCKyCCTBEH-
HOM BeHTHIIALMH, JOJDKHEI IIPHHUMATHCS TAKUMH JKe, KaK ¥ Ui Kabelnei, mpo-
KJIaJpIBaeMbIX B Bo3ayxe. Cedenus kabesneif Ha Tpaccax ¢ pa3sHBIMH yCIOBHAMU
OXJIX/ICHUS TOJDKHBI OBITH BHIOPAHBI 110 YYacTKy TPacchl ¢ XYAUIMMH YCIIO-
BHSAMH OXJIQKICHHS, €CIIU JJIMHA TaKoro ydacTka npebimaer 10 M. IIpu 6ois-
IIOH MPOTSHKEHHOCTH KabeNbHOM TPacChl peKOMEHYeTCs MPUMEHATH VI yda-
CTKOB C XY/IIMUMH YCIOBHAMH OXJaXXIAeHHs KabenbHyI0 BCTaBKy OoJbliero ce-
YeHHUs, YTOOBI HE YBEIMYHUBATh CEYEHHE BCETro Kabes.

[Ipu onpeneneHuy JOMYCTUMBIX IIMTENBHBIX TOKOB JUIA M30JHPOBAHHBIX
M HEH30JMPOBaHHBIX IPOBOAOB M IIMH, MPOJOXKEHHBIX B Cpele, TeMIeparypa
KOTOpO#! CyIIECTBEHHO OTJIMYAETCS OT NPUBEICHHOM B Tabxu. 4.2, BBOAATCS I10-
npaBouHble Koddduupents! (Tabs. 1.3.3 [1]).

4.3. MOXKAPHAS OIMTACHOCTb KOPOTKOI'O 3AMBIKAHUA
B QJIEKTPUYECKHX CETAX

KopoTkue 3aMbpIKaHMA B NPHHLMIIE BO3MOXHBEI BO BCEX 3JIEKTPOYCTAHOB-
Kax, B LIEMAX WK y3J1aX KOTOPBIX MPOTEKAeT EKTPUIECKHX ToK. B maparpade
1.3 npuBeieHbl NPHYHHBI, IPUBOAAIINE K KOPOTKHM 3aMBIKAHUAM B Pa3JIHYHbIX
IEKTPOYCTAHOBKAX.

B nmomasnsionieM GOJBIIMHCTBE CIIy4aeB B pe3ysbTaTe KOPOTKHX 3aMbIKa-
HHUH BO3HMKAIOT TOKH, BO MHOTO pa3 MpPEBBILIAIONINE HOMHHAIBHBIE 3HAYCHHS.
HecMoTps Ha KpaTKOBPEMEHHOCTh PEXHMOB KOPOTKHMX 3aMBIKaHHMH (CEKyHJIBI
WM IOJIH CEKYH/IBI), @ CIE€I0BATEIbHO, U KPATKOBPEMEHHOCTh MPOTEKAHHUS TO-
KOB KOPOTKOTO 3aMbIKaHHs, OHH BO MHOTHMX CIydYasX CIOCOOHBI BBI3BaTh Kak
TNoKap EKTPOYCTAHOBKH, TaK M MOXKap Ha 00BEKTe 3a CUeT OOUIBLHOTO BBIIE-
JICHUs TeIla PacKaJCeHHBIMM NPOBOAHMKAMH MM pPacKaJeHHBIMH YaCTHIAMH
MeTaJlla PacIIaBICHHBIX MPOBOIHUKOB.

B mpoBojaHMKe NpH NPOTEKAaHWH IO HEMY IOCTOSHHOTO 3JIEKTPHYECKOTO
TOKa TEPAETCS MOIHOCTh

P=IR, (4.15)

rie / — nedcTByIOmHUil TOK; R — CONMPOTHBICHUE NMPOBOAHUKA.
[Tpu nocrosuHOM TOKE R = p(I/S), rie p — yAenbsHOe CONPOTUBIEHUE MPO-
BOJIHHKA, [, S — COOTBETCTBEHHO JTHHA U NONEPEYHOS CeYEeHHE TPOBOTHHKA.
ITpu mepeMEeHHOM TOKE MOTEPH BO3PACTAIOT 33 CYET MOBEPXHOCTHOTO 3()-
dexra u sddexra 6nusoctn. OHM YUIUTHIBAIOTCSH KOI()OUIHMEHTOM HOIOIHHU-
TEeIBHBIX TTOTEPh K

P = I’RK,. (4.16)
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HpOTCKaHHC TOKa B TCYCHUEC BPEMECHHU T IPUBCICT K BBIACIICHHUIO SHEPIUH
Pdt = PRKydr. (4.17)

YacTe 3TOH 3HEPrHH pacXomyeTcs Ha HarpeBaHHe NMPOBOJHHKA, 4acTh Oy-
JIeT OTBEJEHA B OKpYxKaroniee pocTpaucTBo (SKrdr).
Jlns mo6oro MOMeHTa BpeMeHM OyIeT CIpaBeIMBO CIEAyIoLiee ypaBHe-
HHE TEIIOBOro OanaHca:
Pdt = Mcdt + SKrtdt, (4.18)

rae M — macca MpOBOJHMKA, KT ¢ — y/eNbHas TeroeMKocTb, Jx/(kr-K);

S — IOBEPXHOCTH TEIIOOTAAYH MPOBOJHUKA, M,  — IPEBBIILICHHE TEMIIEpaTy-
PBI IPOBOIHUKA TI0 OTHOILEHHIO K OKpyXatoueH cpene, K; Kt — koappuuuent
temootaaun, Br (M> K).

ITpeBrInIeHre TeMnepaTypsl MPOBOJHMKA M3MEHAETCA BO BPEMEHH IO 3a-
KOHY IOKa3aTenbHON QyHKUUH (3KCTTOHEHTHI). [IpM KOPOTKOM 3aMBIKaHHH IO-
TEpH B MPOBOJHHUKE BO3PACTAIOT B COTHH pPa3.

YpaBHenue TemnnoBoro GamaHca A ciaydas KOPOTKOTO 3aMbIKaHMA OyzeT
MMETh BH]L ‘

Pdt= Mcdt, (4.19)
OTKyZa

dt = (PIMc)dt = (pKplye)(ilS) dr, (4.20)

rae i — MTHOBEHHBIH TOK; P — y/IeNbHOE CONPOTHUBIIEHUE; Y — IUIOTHOCTH Mate-
pHaia MpOBOAHMKA; S — ceyeHHe MPOBOAHMKA; Kj — KO3(DUIMEHT NOIMOIHH-
TEJIBHBIX MOTEPb.

Jlns ynpoueHus pacyera OyeM CYMTAaTh BEIUYUHEI O, ¢ U § HOCTOSSHHBIMU
BO BpeMeHH. Toraa HapacTaHHe TeMIepaTyphl IPH KOPOTKOM 3aMBIKaHHH CO-
CTaBHUT:

tes = (pKnlye) Prty, (4.21)

rae I° — TIOTHOCTH TOKA; f, — JOMYCTHMOE TPEBBIICHHE TEMITEPATyphl Haj
TEMIIEPaTypoil OKpy Kaloueil cpeibl B MOMEHT KOPOTKOTO 3aMbIKaHHUA (B Hada-
1e); Py C;— 3HAYCHHS VIS TEMIIEPaTyphl HarpeToro NPoBOJIHHKA.

HarpeB mpoBOAHHMKA IIPU KOPOTKOM 3aMBIKAHUHM IPOHCXOAUT MpAaKTHYE-
CKH I10 3aKOHY, IMOKa3aHHOMY NpsAMoi Ha puc. 4.2. OxnaxaeHHe NpOBOJHUKA
[10CJIe OTKJIIOUEHUS! KOPOTKOTO 3aMBIKAHUA IIPOMCXOIHUT MO TEM K€ 3aKOHaM,
YTO ¥ [IPU HOPMAJIBHBIX PEKHMaX.

Cnemyer OTMETHTb, YTO pacdyeT TOKOB KOPOTKOTO 3aMbIKaHHSA B CETAX Ha-
npsokeHreM 7o 1000 B otimyaercs oT pacuera KOPOTKOTO 3aMbIKaHUS B CETAX
nanpsokeHuem Boime 1000 B Tem, uro B cersx nampsbkenuem Beime 1000 B
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- 0OBIYHO YYHMTBHIBAIOT TOJBKO HHIYKTHBHOE CONPOTHBICHHE OTAEIBHEIX 3Jie-
MEHTOB LierH (TeHepaToOpoOB, TPAHC(HOPMATOPOB, JTHHHI, PEAKTOPOB H T.1.), a UX
AKTUBHOC COMNPOTHUBJICHUEC YYHUTBIBAIOT JIMUIL B OTACIBHBIX CIy4dasX. B cersax
HarpsokenneM 10 1000 B yuuTeIBaeTCs aKTHBHOE CONPOTHBIIEHHE J1aKe BECHMa
HEeOOJIBIINX YYaCTKOB IHTAIOUIMX TPHCOEAUHEHUH M NIMH. YUUTHIBAETCH aK-
THUBHOE€ COIIPOTHBIICHUE TéK)Ke TAaKHUX JJICMEHTOB, KakK ICPBHYHBIC 0OMOTKH
MHOTOBHTKOBBIX TPaHC()OPMATOPOB TOKA, CHJIOBBIX TPaHCHOPMATOPOB, TOKO-
BBIX KaTylIeK, KOHTAKTOB aBTOMATOB, PyOHIBHUKOB M T.[. YUHTBIBAETCS TAKkKe
H HH}IyKTHBHOC COIIPOTHUBJICHHUE 3THX 3JIEMEHTOB.

5°6G
(4
m| B
X<
B
o A
A 0 1,¢
Hauano K3' K3 | . Koneu K3

Puc. 4.2. Harpepanue 0ZJHOPOZHOTO NMPOBOJHUKA NMPH KOPOTKOM
3aMbIKAHHH:
OB — narpeBaHue np1 HOMMHaNLHOM Toke; BC — TO e NpU KOPOTKOM 3ambikaHuu; C/J - oxnaxaeHHe

Jna norpebuteneit HanpsbxkenueMm 10 1000 B MOIIHOCTH MOHMIKAIOIIMX
TpaHcopMaTopoB OOBIYHO HEBENHKA M peako npesocxogut 750-1000 xBA.
Tak kak MOIIHOCTb MHUTAIOMIMX HCTOYHHKOB Yallle BCETO Sguer = 50 Syp, 3TO MO-
3BOJIAET CYHUTATH MEPHOANYECKYIO COCTABIIAIONLYIO TOKA (M HANpPsXKEHHE Ha BBI-
BOJIaX IOHMKAIOIEro TpaHc(OpMaTopa) BEIUYMHOH, HEU3MEHHOH B TEYEHHE
BCEro MpoIecca KOPOTKOTO 3aMbIKAHUSA: k3 = Lycr.

JInst MpakTHYeCKUX LieJIeH OLCHKA BEJHMYHH TOKOB KOPOTKOTO 3aMbIKaHHS
B ceTAxX HanpspkeHueM 10 1000 B MoxeT npou3BOAUTECS MO METOIUKE, H3JI0-
XeHHoil B maparpade 3.4.

4.4. IPOTUBOIMOXAPHAS 3ALLATA 3JIEKTPUYECKHX CETEN
INPU NIPOEKTHPOBAHUHN

BuyTtpuuexossie cetn HanpsukenueM 10 1000 B paccuuThIBaIOT Ii1aBHBIM
o0pa3oM Ha JOIyCTHMBIH TOK IO YCIOBHSAM HarpeBaHHs MPOBOAHHMKOB M Ha
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JIONyCTHMYIO TIOTEPI0 HampspkeHHA. Takue pacyeTbl HEOOXOAMMBI Ul Ipey-
NPEX/IEHHA OMacHOTO INeperpeBa MPOBOJHUKOB, T.e. JUIS CO3JaHHA YCIOBHH
MoXapHo# 6e30MmacHOCTH U obecreyeHus JIEKTPOIIPUEMHHUKOB 3JIEKTPOIHEP-
ruei Hajlexamlero kadyectna. [10 3KOHOMHUYECKOH MJIOTHOCTH TOKA MPOBOJAHH-
KH TaKHX CeTeil He MPOBEpSIOTCS.

W3 nByx ceueHuii, onpeneneHHbIX YKa3aHHBIMM pacyeTaMH, IPUHUMACTCA
6onbiiee. [IpuHATOE CeueHHE MOIDKHO OBITh HE MEHBIIE CEYEHHS, PerlaMeHTH-
POBaHHOIO yCIOBHAMHM MEXaHMYECKOW MPOYHOCTH AN HaHHBIX YCIOBHMH IPO-
knanku. bes aToro He MoXeT OBITH TapaHTHPOBaHA HE TOJIBKO MOXapHas 6e30-
IIaCHOCTB, HO M 3JIEKTPOOE30MaCHOCTh ANEKTPHUUECKUX CETeH, OCBETHTEIBLHON
WM CHJIOBOH YCTaHOBKH B LIEJIOM.

IIpy MpOEeKTHPOBAHUH HIEKTPHUUECKHX CETeH OXHOBPEMEHHO C BHIOOpOM
MHMHHMAJIBHO JOITYCTUMOTO CE4YEHHs IMPOBOJHHUKOB BHIOMPAIOT HOMHHAJLHBIE
IapaMeTphl alnapaToB 3alUTHL.

Pacyer cereii no ycjoBusim Harpesa. Boibop annapaTos 3auThl

3ammTa 21eKTPUYECKHX ceTeil NIABKMMHM npejaoxpanurtensiMu. [lpu
BBIOOpE CEeYeHHUs NMPOBOAHMKOB CETeH M HOMUHAIBHBIX TOKOB IJIaBKMX BCTaBOK
npeoXpaHuTeNe HeoOX0aUMO COOMI0ACHUE CICAYIOIINX PABHIL.

IIpaBumo 1. JIn5 OCBETHTENBHBIX CETEH HOMUHAIBHBIH TOK IJIaBKON
BCTaBKH NPETOXPAHHUTENS BO BCEX CIydasxX JOJDKEH OBITH OOJbIIE WM pPaBeH
pabouemy TOKY, T.e.

Lyser 2 . (4.22)

IIpaBuno 2. Jnst OCBETUTENBHBIX CETEH, HE MOJJIEKALIUX 00sg3aTeib-
HOM 3allMTe OT TOKOB IEperpy3kH, HOMHHAJIbHBIH TOK IUIABKON BCTAaBKH Ipe-
JOXPaHUTENA JOIDKEH OBITh MEHbILE MIIK PABEH JIUTENBHO JOIYCTHMOMY TOKY
JULSL BEIOMPaeMoro ceyeHwus, T.¢.

Ly.ser < Dyon- (4.23)

JInst CHJIOBBIX CeTeil XapaKTEepHBI 3JIEKTPONPUEMHHKU CO 3HAYUTEIbHBIMU
IIyCKOBBIMH TOKAaMH, TPEBILIAIONIMMHA HX HOMHHAIbHBIE TOKM B 4-8 pa3 (Ha-
IpUMep, Y aCHHXPOHHOTO HJICKTPOABUrATENS C KOPOTKO3aMKHYTEIM POTOPOM).
[TyckoBO#M TOK 3JIEKTPOJBHIATENA IPH pasroHe poropa naxaer B Teyenue 10 ¢
10 paboyero Toka MpH JIETKOM ITyCKOBOM pexXuMe (JEKTPOJBUTaTEIH MeTal-
71006pabaTEIBAIONIMX CTAHKOB, BEHTHIIITOPOB, HACOCOB M T.I1.) M B TeyeHue 40 ¢
— [PH TSKETIOM ITyCKOBOM peXHuMe (JEKTPOBUTaTen HeHTpudyr, 1pobuiok,
TPAHCIIOPTEPHBIX YCTPOHUCTB, KPaHOB ¥ T.11.). B To e Bpems (cMm. maparpad
3.1) miaBKuil BIEMEHT BCTaBKH JOJDKEH, HE PacIUIaBIIssACh, BBIEPKHBATE TOK,
paBublit (1,3—1,6)], cr B Teuenue 1 4.
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Takum 06pa3oM, B CHIIOBBIX CETSX BBIOOD [y per CAECAYET MPOM3BOIUTE IO
npaBuiy 3.

IIpaBuno 3. B CHIOBBIX MM CMEIIAHHBIX CETAX HOMHHAIBHBIA TOK
TJIaBKOH BCTaBKH JIOJDKEH OBITH OOJbIIE MM PaBEH MaKCHMaJbHOMY KpPaTKO-
BPEMEHHOMY TOKY, IPOTEKAIOIEMY Yepe3 NPeRoXpaHUuTENb, IEICHHOMY Ha KO-
3¢ ULMeHT ¢, T.e.

Lyser 2 Iyaxe/t, (4.24)

riie Iy pcr — pacyeTHas BeIMYMHA HOMHMHAJIBHOTO TOKA IUIaBKOH BCTAaBKH, A; O —
K03 PUIIMEHT, 3aBUCALIMI OT pexuMa Neperpy3ku MpeaoXpaHuTens, ero THa
M YCIIOBMIA TycKa 3JIeKTpoABHMraTeneil. 3HaueHus O NpuBeleHs B Tabi. 4.3;
lmakc'_ HauOoJBIIas BEIUYHHA KpPaTKOBPEMEHHOI'0O TOKa, IMPOTEKaIIIEro qyepes
MPEOXPaHHUTENb (3aBUCHT OT BHJA 3alIMIIAEMOH CETH), A.

Tabnuua 4.3
PCKOMCHMCMHE JHa4YCHHUA
AN TAKENbIX YCI0-
NS Nerkux ycnosuit SUIRVERA B
T { Marepuan | nycka aneKTpoABUra- Y
UMbl U MapKy NpeaoxpanuTenei TpoABHIraTens u
BCTaBKH Tena M camosanycka
camosanycka ero
€ro npy XoJ10CToM N1PH HArpyIKEHHOM
Xoje annapara
annapare
BribupatoT ToNb-
Wuepun- | L-27, 11-33 npu Caunen e nopnpaamry 1 375
OHHbIE Liser <35 A, CITO u IIT Mensb o> T
w.scr = Ip
Mano- M
HHepLH- [1P-2, 1 npy Lyser 235 A 3 2
Mens
OHHBIE
-33 npH Ly ser=60 A;
Bessinep- 4 X 5
P | KT, HITH, HITP, T ﬁee‘;"f” 25 1,6
npH Luser <35 A
BeicTpo-
& HHAJIBH
aeicr- TTHE-2 T
BYIOLLIHE s

IIpu OTCYTCTBHMH HaHHBIX, MTO3BOJIAIOIIMX BOCIONB30BAThCS Tabi. 4.3 s
3NIEKTpOBHraTeNeil ¢ KOPOTKO3aMKHYTHIM POTOPOM, O IPHHUMAETCS PABHBIM
2,5; ns 3NeKTPOJBHUIaTeNeH OTBETCTBEHHBIX MEXaHH3MOB (C LIeJIBI0 0c000 Ha-
JIeXKHON OTCTPOMKH MpefOXpaHHUTEeNei OT MyCKOBBIX TOKOB) JIOIYCKAETCS MPH-
HUMaTh O, paBHBIM 1,6 (HE3aBHCHMO OT YCJIOBHH ITyCKa 3JIEKTPOABHUIATENIA).
Jlnst OTBETBIEHHH K OAMHOYHBIM aCHHXPOHHBIM 3JICKTPOABHIATEISIM

(4.25)

Liie = nyck — 1K,
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€ lnpyex — IyCKOBOM TOK 3JEKTpoABHTaTens; I, = PH103/ 3U,, -cosg,Mn, — HO-

MHHAJIBHBIA TOK 3JEKTpoAaBHratens; K, — KpaTHOCTb ITyCKOBOTO TOKa (mJd
3JIEKTPOJIBUTAaTENIe ¢ KOPOTKO3aMKHYTEIM poTtopoM K, = 4-8; ¢ ¢a3ueiM poTo-
poMm K, = 1,5-2,5).

Jlna cereif, MUTAIOMKX /1 HEKTPOABUTATEICH,

Iuaxc -~ le(n-l)KO + lnycxy (426)

rae — 2l,p1y) — cyMma pabouMX TOKOB BCEX 3JIEKTpoABMrareineil 6e3 oaHoro,
HMEIONEro HaubOoNbIINH MycKoBO# TOK; Ky — K03()GHUIMEHT OJHOBPEMEHHO-
CTH, YYHTBHIBAIOIMH MPHCOETUHEHHYI0O MOUIHOCTH (hakTHYeCKH paboTarommx
9NIEKTPOABUTATENEH; Jyycx — MYCKOBOH TOK 3JEKTPOABUTATENS, MMEIONIEr0 HaH-
OONBIIYIO €r0 BeJUYHHY.

Pa6ounii Tok anekTpoaBUraTeneit onpeaensercs no Gopmye

I,= LK, (4.27)

rae K; — ko3 GHULUHEHT 3arpy3KH 3JIEKTPOABUTATENCH, T.€. OTHOILEHHE JAeHCT-
BUTEJIBHOH 3arpy3KH 3JIeKTPOABHUIaTeNsl K HOMUHAIBHOM (IIPH OTCYTCTBHH CBe-
JEHUI 0 3arpy3Ke 3JIEeKTPOABUTATENS U JUIS OTBETBJICHUI K OJHOMY 3JIEKTPO-
JBUrarteio K, NpuHUMaeTcs paBHBIM 1).

IIpu pacyere OTBETBICHHUH C KOPOTKO3aMKHYTHIM 3JIEKTPOJBHIATEIEM BO
B3PBIBOONACHBIX 30HaX (3a uckmouyeHneM B-16 u B-Ir) paGounii Tok 35eKTpo-
JIBHTATEJIS ONpesensieTcs no Gpopmyie

I,=1,251,. (4.28)

ITocne onpenenenuit I ger 10 Gopmynam (4.23), (4.24) 1 COOTBETCTBYIO-
meMy Kartanory wid Tabn. 1l mpun.l BRIOHUPAIOT [, per PABHBIM MM OIHIKAMIINM
60BIIMM JUIA TAaHHOTO THIA Mpexoxpanurtens. Heobxomumoe ceueHue npoBo-
Ia WIK Kabens CeTH OmpeneNsioT 1Mo TabaulaM JOMYCTHMBIX JUIMTEIBHBIX TO-
KOB Harpy3ok [1] ¢ yuerom npasuna 4.

IMpaBuno 4. JIomyCTHMBIH IIHTENBHBIH TOK IPOBOJA MK KabGemns A0J-
eH OBITh paBeH pabouemy TOKY 3JIEKTPOTIPUEMHUKOB MK GOJIBILEM €ro, T.€.

Lion2 1, (4.29)

PabGoumii TOk Harpy3ku B OCBETHTEJIBHBIX M CHJIOBBIX CETAX ONpEeNAeTCs
pacueToM. BriOpaHHbIH MpeoXpaHUTeIb B 3aBUCUMOCTH OT BHA 3allMIAEMON
CEeTH JIOJDKEH YIOBIETBOPATH dopmynam (3.8), (4.22), (4.23), (4.24), a no ycio-
BMIO HAJICKHOCTH OTKJII0UeHHUs TOKOB K3, oTKiIiouaroniei criocoOHOCTH U CelleK-
THBHOCTH AeicTBus — popmyiam (3.12), (3.13), (3.19), (3.22), (3.23) u (3.24).

3amuTa IeKTPHYECKUX CeTell ABTOMATHYECKMMH BbIKJIKHYATEIAMH
WM TEIJIOBBIMH peJie. BbIOOp HOMHHAIBHBIX TOKOB TEIUIOBBIX pacLenuTeneH
I vens WJIM HArpeBaTENBLHOTO 3JIEMEHTA TEILUIOBOTO pesie MarHUTHOTO ITyCKaTels
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Ly varp, @ TAKOKE HOMHHAJBHBIX TOKOB 3JIEKTPOMATHUTHBIX PACLEIUTENECH Ly sy
cIemyeT Mpou3BOAKTE 110 dopmyie (3.9). UtoOb! n36exaTh JI0XKHOIO OTKIIH0YE-
HHS CETH, MPaBHIBHOCTH BBIOOpA yKa3aHHEIX TapaMeTPOB HEOOXOIHMO MpoBe-
puth 1o popmynam (3.10) u (3.11). Beibop cedenuit mpoBonoB M Kabenel mpu
3alIMTE CeTeH aBTOMaTaMM MPOM3BOAMTCA TakK )K€, KaK M B CIy4ae 3allHTHI Ce-
Tei MpeoXpaHUTEISIMH, T.€. TT0 PaBHiIy 4.

BriOpaHHbIi aBTOMAaT B HEOOXOIMMBIX CIIydYasX NOJDKEH OBITH MPOBEPEH
Ha OTKJIIOYEHHe aBapuMHHOro y4actka npu K3 B KOHLE 3amIuMuIaeMoil ceTd 1o
¢dopmymnam (3.12) u (3.13), a ero oTkiIOHAIOMmAas CIOCOOHOCTH HOJDKHA COOT-
BEeTCTBOBaTh TokaM K3 B Hayase 3aiumaeMoro yyactka cetu (coraacHo ¢op-
myze (3.19)). Kpome Toro, aBToMarsl MpOBEPSIOT Ha CENEKTUBHOCTh JACHCTBHIM
(cMm. maparpad 3.4).

OcobeHHocTH BbIOOPA CeueHHI NPOBOIHUKOB CeTeil, moexamux oos-
3aTeIbHOM 3aLMTe OT neperpy3Ku. 3auTe OT TOKOB NEPErpy3KH IOJJIexKaT:

CeTH BHYTPH ITOMEIIEHHUII C OTKPBITO NPOJIOXKEHHBIMHM HE3alIHIECHHBIMU
NPOBOAAMM C HApYKHBIMH TOPIOYMMH OOOJIOUKOH MM M30JALMEH, a TaKke
BBITIOJIHEHHBIC 3aIIUIICHHBIMU ITPOBOJHUKAMH, NMPOBOAHUKAMH, MPOJIOKEHHBI-
MH B TpyOax, HECrOPaeMBIX CTPOUTENIBHBIX KOHCTPYKLMAX H T.II.

OCBETHTENIBHbIE CETH B XXHIBIX M OOLICCTBEHHBIX 3JaHUAX, TOPrOBBIX IT0-
MENIEHUAX, CIyKeOHO-ObITOBBIX MTOMELIEHUAX MPOMBILIUICHHBIX TPEANPHATHI,
BKJIIOYAsk CETH I OBITOBBIX M MEPEHOCHBIX JJIEKTPONPHEMHHKOB, a TaKXkKe B
T0’KapOOITaCHBIX 30HAX;

CHIJIOBBIC CETH Ha NMPOMBIIUICHHBIX MPEANPUATHAX, B XHIBIX U 00LIecT-
BEHHBIX 3JaHUSX, TOPrOBBIX IOMEIICHUAX B CIIy4yae, KOTa IO YCIOBHAM TeX-
HOJIOTHYECKOTO TpoLecca I PeXXUMY paboThl MOXKET BO3HHKATh JJIUTEIbHAs
neperpysKa IpoBoJIOB U Kabenei;

CETH BCEX BHJOB BO B3PHIBOOIACHBIX 30HAX (3a MCKIIOYEHHEM 30H B-16 u
B-Ir) He3aBHCHMO OT YCJIOBHif TEXHOJIOIHYECKOTO MpoLecca MM pexHMa pa-
60Te1. Bo BCex OCTaNBHBIX CIIyYasX CETH 3aLMINAIOTCA JHIUBb OT TOKOB K3.

CeueHus cereid, 3alMIIACMBIX OT MEPErpy3KH, CIeIyeT BHIOMPaTh TaKxke
no mpasuiay 4. [Ipu 3TOM JOMYCTUMBIH UIMTENBHBIH TOK MPOBOJHHMKOB Inon
JIoJKeH OBITH He MeHee:

a) 125 % HOMHHAJIBHOTO TOKA IUIABKOH BCTaBKHM WJIM TOKAa YCTaBKH aBTO-
MaTH4eCKOT0 BBIKIIOYATENA, MMEIOMIEro TOJBKO MAaKCHMAalbHBIH MTHOBEHHO
JEHCTBYIONMH (3JIEKTPOMArHUTHBIN) pacIUenuTeNb, AT MPOBOJHUKOB C Pe3H-
HOBOM M aHAJOTMYHOM IO TEIUIOBBIM XapaKTepHCTHKaM u3ojinuei. Takoi
croco® onpeneneH s JOMYCTHMOTrO TOKa PaclpoCTPaHAETCs Ha MPOBOJHUKH,
MPOKJIaJIbIBAEMBIE BHE B3PBIBOMOXKAPOOMACHBIX 30H MPOMBINUICHHBIX MPEAIPH-
aruit. [lns Hux npumenuMa dopmyna (4.23). 1o o0BsACHACTCA TEM, YTO IIIaB-
KH€ BCTAaBKH IPEJOXPAHHUTEJIEH, a TaKKe IEKTPOMarHUTHBIE PACLEITUTENH aB-
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TOMATOB CPaBHHUTEJIBHO MAIOYyBCTBUTEIBHEI K MAJILIM MEPErpys3kaM, Mo3ToMy
CeYeHHe MPOBOAHHKOB IPUXOJUTCS BBIOMpATh HE 10 paboueMy TOKY, a 1o To-
Ky, 61IM3KOMY K TOKY cpabaThIBaHHS 3aIIUTEI, T. €.

lﬂon 2 1125 lH.BCTv
Iyon21,25 Icp.an.u; (4.30)

6) 100 % HOMHHAIBHOIO TOKA IUIABKOW BCTABKH MJIM TOKA YCTAaBKH aBTO-
MaTHYECKOr0 BBIKJIIOYATENA, MMEIOMIEr0 TOJIBKO MAaKCHMAJIbHBIN 3JIEKTpoMar-
HUTHBIH pacuenurens, Ui kabenei ¢ 6yMaKHOM U30IIALHEiT;

B) 100 % HOMHHAJIBLHOTO TOKa TEIUIOBOTO PACLEIUTENsT aBTOMATHYECKOTO
BBIKITIOYATENS C HEPETYIMPYEMOi XapakTepHCTHKOM (He3aBUCHMO OT HAM4HA
WJIH OTCYTCTBHS OTCEYKH) JUISl IIPOBOJJHHKOB BCEX MApPOK, T.C.

Lnon 2 Ly renn (4.31)

r) 100 % Toka TporaHus TEIJIOBBIX pacLeNuTeNIel aBToMara ¢ peryaupye-
MOM XapaKTEpUCTHKOH JUIA TPOBOJOB M Kabenel ¢ pe3MHOBOH M aHAJOTMYHOM
110 TEMJIOBBIM XapaKTePUCTHKAM H30JIA1HEH;

n) 100 % HOMMHATBHOTO TOKA 3JIEKTPOJIBUIaTeNs I MPOBOIAHUKOB OT-
BETBJICHUH K KOPOTKO3aMKHYTBIM 3JIEKTPOJABHMIATENsM B HEB3PBLIBOOIACHBIX
TMOMENIEHHAX, a TAK)KE B 30HaX KjaccoB B-10 u B-1r;

e) 80 % Toka TporaHHs TEMJIOBBIX paclENHUTeNel aBTOMaTa C peryjimpye-
MO¥ XapaKTepHCTHKOI U1 kabenel ¢ 6yMakHOH H30JISALHCH.

Ecnu ponmycTUMBIR AJUTENBHBIH TOK B NMPOBOAHMKE, ONPEHEICHHBIH IO
IyHKTaM a, 0, B, I, JI, €, HE COBIAJACT C JAHHBIMH TaOJIMII JOIYCTUMBIX Harpy-
30K, BO3MOXKHO IpPHUMEHEHHE Omkaillero MEHbIIEro Ce4eHMs, HO He MEHee,
4eM 3To Tpebyercs no dpopmyie (4.29).

OcobGenHocTH BbIOOpa cevYeHHMsi NMPOBOAHMKOB CeTel, 3alIMLIaeMbIX
T0JbKO 0T TokoB K3. Ot ceuenus BeiOuparoT Takum oOpa3om, 4ToOBI HC-
KITIOYAJICSl HENOIYCTUMBIH MX meperpeB. HemormycTHMbIi neperpes npoBOAHH-
KOB OyJer Torja, Korja HOMHHAJIbHbIC TOKH IUIABKMX BCTABOK NPENOXpaHHTE-
JIel WIM YCTaBOK aBTOMAaTOB OKaXyTCA HAMHOro 0OOJbIIe DOMYyCTHMBIX TOKOB
IPOBOJHUKOB. [109TOMY HOMHHAJIBHBIE TOKH IUIABKMX BCTABOK IpPEJOXpAaHHTE-
JIeW M YCTaBOK B IIPOBOJIHHKAX JIOJDKHBI HMETh KPaTHOCTb:

IIPY 3aLIKTE NPEeIOXPaHUTEIIMH

Liser/ Lion < 3; (4.32)

IIpH 3alUTE aBTOMAaTaMH TOJBKO C MaKCHMAaJIbHBIMH 3JIEKTPOMArHUTHBIMH
pacuenuTensiMu (0Tcedka)

Lepsnm! Lon < 4,5; (4.33)
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IIpH 3aIIUTEC aBTOMAaTaMH C TCIJIOBBIMH PACUCIUTEIIAMH 6e3 perynupoBa-
HMS TOKa cpabaTeiBaHus (HE3aBUCUMO OT HAJIMYHUS WM OTCYTCTBHS OTCEYKH)

Ly xenn/ lnon =1 (4.34)

IIpH 3alUUTE aBTOMaraMy C TCIUIOBBIMH PaCLCIHUTEIIMH, HMEIOIIHUMH pe-
TYJIHPOBKY TOKa cpa6aTmBaHux (CCIIH Y aBTOMAaTOB €CTh 3JICKTPOMArHWUTHBIE
pacuenuTeId, KpaTHOCTh HX TOKa cpa6armaaﬂuﬂ HE orpaHanBaeTcx)

Ieprens/Tnon < 1,5. (4.35)

Jlormyckaemoe 3arpy6nenue 3amuThl mo Gopmynam (4.32) u (4.33) cnenyet
IPUMEHATH B T€X CITy4asx, KOTJa B 3TOM €CTh HE0OXOIUMOCTb, T.€. B TaKHX MeC-
TaxX M CETAX, B KOTOPHIX BOCIUIAMEHEHHE H3OJLILIMH HE I'PO3HT IMOXKApOM MIIH
B3PBIBOM, M TOJIBKO IS IIPOBOJHUKOB, IPOJIOKEHHBIX B TPyOax MIIM MMEIOMIUX
Heroproure 000J104kH. B HEKOTOpBIX Ciydasx, HampuMep Ul HaAEXHOH OT-
CTPOMKHM OT TOKOB CamMO3aIlyCKa 3JICKTPOJBHUTATEeNICH, JOMyCKAeTCs 3aBBIIICHUE
HOMHHAJIBHBIX TOKOB IJIABKMX BCTABOK IPEOXPAHHUTENEH H yCTABOK aBTOMAaTOB
10 CPAaBHEHHUIO C BEIHYMHAMH, IPUBEICHHBIMH B opMmynax (4.32) u (4.33), eciu
kparHocTs Toka K3 no ¢opmyie (3.13) He MeHee 5 11 npeoXxpaHuTeneil u He
MeHee 1,5 1711 aBTOMAaTOB € JIEKTPOMAarHUTHBIMU PacUEeUTEIAMH.

Pacuer cereii 1o noTrepe HanpsizKeHUs

Biusinne HanpskeHusi Ha padoTy djeKkTponpueMHHKoOB. HopMmanbHas
paboTa 3JIeKTPONPHEMHHKOB MPOTEKAET NMPH HOMHHAIBHOM HaNpsHKEHUH, COOT-
BETCTBYIOILEM MX MACMOPTHBIM JaHHBIM. JI1060€ OTKIOHEHHE MOJBEIECHHOTO Ha-
NpsHKEHUS OT HOMHHAJIBHOTO YXYAIIAeT paboTy 31eKTPONPHEMHUKOB U YCIOBHUS
TEXHHUKH 0€30MacHOCTH, a MHOT/A YBEIMYMBACT MO’KapOB3PBIBOONACHOCTD TIPH-
MeHsieMoro aekTpoobopynoBanus. Hanpumep, MoHmkeHHe HOMHHAIBHOTO Ha-
npsokenus Ha 10 % y acCMHXPOHHBIX JIEKTPOJABHUTaTelNei MpH HOMUHAIBHOM Ha-
Tpy3Ke Ha Bay IMPHBOIUT K YBEJIMUCHHIO TOKA CTATOPA M MOBBILIEHHIO TEMIepa-
Typsl 06MoTKH. HaoGopoT, nmoBbIlIeHHe HANPsHKEHUS CBEPX HOMHHAIBHOrO Ha
10 % BBI3BIBACT yBEIMYEHUE BPAIIAIONIEr0O MOMEHTA M ITYyCKOBOTO TOKA, YMEHb-
menHre Kod(GHULMeHTa MONIHOCTH. 3HAUYUTETBHOE CHIDKEHHE HAMPSHKEHHS MO-
XKET MPUBECTH K OCTAHOBKE MIIM HEBO3MOXHOCTH 3aITycKa 3JIEKTPOJBHIATEINs,
MPHUBOJIAIIETO B JIBHXKCHHE MEXaHU3M C TSDKEIBIMHU YCIOBHAMH ITyCKa.

YV 3NeKTpHYECKUX JIaMIT HaKaJIMBaHHs MOHMXXEHHE HANPSDKEHUs MO CpaB-
HEHHIO ¢ HOMHMHAJBHBIM Ha 5 % BBI3BIBACT YMEHBILEHHE CBETOBOrO MOTOKA
namnel Ha 17 %, a MoBBIICHNE HANPSOKEHUS Ha 3 % COKpalaeT CpoK CIIy:KObI
namn ¢ HopmupoBaHHBIX 1000 no 555 4. Mi3MeHeHue HanpsKeHUs BIHUSET Tak-
e Ha CPOK CIy>KOBI ra30pa3psaHBIX JaMIl U ITyCKOPETYJIHPYIOIIHUX alnapaToB
(ITPA). V snexTpoHarpeBaTeIbHBIX MPUOOPOB (YTIOTH, 3I€KTPOKAMUHBI, TUIHT-
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KH{ ¥ T.I.) IPH TOBBIIIEHUH HANPDKEHHSA COKPAILAETCA CPOK CIIyKObI, IIPH M0~
HIDKEHUH — PE3KO YMEHBILAETCsl MOIHOCTh, oTAaBaeMas npubopam. Cienosa-
TENBHO, YBEIMYUBACTCS BpeMs, HEOOX0AMMOe IS HarpeBaHus NpHOOPOB.

Tak kak HanpsDKEHUE CHIIBHO BIHSET Ha paboTy 3IeKTPOIPHEMHHKOB, He-
00X0MMO TaK IPOEKTHPOBAThH MU IKCIUTYaTHPOBAThb CE€Th, YTOOBI JIEKTPOIPH-
eMHHUKH paboTany 1o HaNpsHKeHHeM, GIM3KUM K HOMHHaIBHOMY. OTKJIOHEHHE
HaNpsDKEHUS Ha 3aKMMax 3JIEKTPOJBHUraTeNICH OT HOMHHAJIBHOTO JOJIKHO OBITH
He Gonee £ 5 % (B OTAENBHBIX CIOy4asX MOMYCKAIOTCH OTKIOHEHHs BBILIE HO-
MuHanbHOTO 110 10 %). CHIKeHHe HanpspkeHUs y Hanboliee yHaleHHBIX JIaMIT
BHYTPEHHEr0 paboyero OCBELIEHHMs NMPOMBINUICHHBIX MPEANPUATHI KUIBIX U
00LIECTBEHHBIX 3aHHH, a TAKXKe aBapHIfHOTO HAPYXKHOI'O OCBEILICHHS JOKHO
661TH He 6onee 5,0 % HOMMHANBHOIO HANpPSsDKCHUs JaMIl. JJIt OTACIbHBIX I110-
TpebuTenell ycTaHaBIMBAIOTCS ClENMaNbHBIe TPeOOBaHHMSA K JOMYCTHMBIM OT-
KJIOHEHHUAM HaIPsKEHUS.

U3 o6bryHEIX moTpebureneit Hanbonee xecTkue TpeOOBAaHUS K JIOIMYCTH-
MOMY OTKJIOHEHHIO HANPSDKEHUA NMPEABABIAIOTCS B OCBETHUTEIBHBIX YCTAaHOB-
kax. OJIHaKo 3TO HE 03HAYAET, YTO U MOTEPS HAMPSIKEHHU B OCBETUTEIBHOM ce-
TH He JOJDKHA OBITH Gonee 5 %. Mexay IOMyCTHMOI BEITHYMHON CHIKEHHS
HAIpsDKEHHUST Ha MCTOYHHMKAX CBETAa M JOIMYCTHMOIl noTepeil HanpsKeHHs B OC-
BETUTENHHOM CETH MMEETCS CYIIECTBEHHas pasHHLa. DTO OOBACHAETCS TeM,
4TO B LIEXOBBHIX TpaHCcOpMaTOpax, MUTAIOIIMX YCTAaHOBKH HANpSKEHHEM J10
1000 B, BropuuYHOE HampsHKEHHE NpPHU XolocToM Xoxe (6e3 HarpyskH) BbILIE
HOMHHaJIBHOTO Ha 5 % (c perynupoBko# B npeaenax * 5 %). Hanpumep, eciu
HOMHHAJIbHOE HamnpspkeHue cetd paBHo 380/220 B, BropuyHOEe HOMHHAIBHOE
HampsDKeHHe MPU X0JIOCTOM Xoze TpaHcdopmaropa pasuo 400/230 B. Crnemo-
BaTEJIbHO, HANpsOKEHHE MEXTy (a3HbBIMH M HYJIEBBIMH MPOBOJAMH Ha IIMHAX
TIO/ICTAaHIIUK IIPH XOJIOCTOM XoJie TpaHcopmaropa Oyner 230, a ne 220 B.

Korna Tpancgopmarop Harpyaercs, TOK B €ro 0OMOTKaX BBI3BIBAET I10-
TEpIO0 HANPSDKEHHs, KOTOPas 3aBHCHT OT MOIIHOCTH TpaHC()OpMaTOpa, CTENEeHH
ero 3arpysku, ko3¢dHureHTa MOIHOCTH NUTAEMBIX MOTpebHTENeH U HEKOTO-
PBIX APYTHX NPHYMH.

B Tabn. 1 mpui. 2 ykasaHbl JOIMYCTUMbIE IOTEpU HANpsKeHUS AU, B
[POLIEHTaX B OCBETHUTENBbHOMH U CHIOBOH CETAX NpH NMUTAHMH OT Tpancdopma-
TOPOB pa3NIMYHONH MOLIHOCTH. B ceTax nampskenuem 12 um 36 B moreps Ha-
npsokeHus pomyckaercs g0 10 %, cuutas OT BBIBOJOB HHM3KOTO HaIpsKEHHS
TIOHIKAIOUIMX TPaHCHOPMATOPOB (HE3aBHCUMO OT MX MOLIHOCTH).

[Ipu pacyeTe ceTeil Ha MOTEPIO HANpPSHKEHUA HEOOXOAMMO MMETh B BUIY
JBa ciy4as. B mepBoM cirydae 1mo 3aJaHHOMY CEYEHHIO IPOBOJOB B JIMHHH OII-
peAeNsIOT NoTepio HanpspkeHus AUy M, cpaBHUBas €€ C J0MyCTUMBIM 3Ha4eHH-
eM AU, IENaloT BBIBOJ O COOTBETCTBHM CedyeHHs MpoBojoB. Hampumep,
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BBIOOp CEUeHHi MPOBOMOB VIS CHUIIOBBIX CETeH OOBIYHO IPOM3BONAT BHAYaje
0 JIOMYyCTHMOMY HarpeBy, a 3aTeM YXe IPOBEPAIOT Ha JOIyCTHMYIO IOTEpPIO
HanpsDKeHUs. OTOT ciydail XapakTepeH M8  BBIIOJHEHMUS II0XapHO-
TEXHHYECKOMH IKCIIEPTU3BI IPOEKTA HIIM MOXKapHO-TEXHUYECKOro 00Cie0BaHus
JEHCTBYIONIUX 3JIEKTPOYCTAHOBOK.

Bo BTopoMm ciydae mo 3amanHoit BenwuuHe AUy, ONpenensioT HeoOoxoau-
MO€ ceueHHe MPOBOAHMUKOB ceTel.. DTOT cllydai XapaKTepeH IJIA CTaJuHu pas-
paboTKH MPOEKTHOTO pELICHHUS, T.e. NIPH pacyere, HalpHMep, OCBETHTEIBHBIX
CeTeM, IS KOTOPHIX ONpEeIAIONIUM SBIAETCA pacueT Ha JOIYCTHMYIO IOTe-
pio HanpspkeHus. BeiOpanHoe cedeHue NpoBOIHUKOB 110 3TOMY YCJIOBHIO 3aTEM
IPOBEPAIOT M0 IOITYCTUMOMY HarpeBy.

Pacuer ceru no morepe HanpsoKeHUsi 0e3 y4yeTra HMHAYKTHBHOCTH
npoBoauukoB. ITorepro Hanpsukenus AU B Tpexda30Boif JIUHUM ¢ Harpys-
KOH, COCpe0TOUeHHOM B KOHIe IUHUM (puc. 4.3), B obuiem cirydae onpeje-
JA10T 110 popmyre

: AU =1,73 11 (rocos Qg + xosin @), (4.36)
rae [ — Tok Harpy3ku, A; [ — IIMHA Harpy3KH, KM; 7o — aKTUBHOE COIIPOTHBIIE-

uue, OM/kM; Xy — UHIYKTHBHOE conpotusieHne, OM/kM; cos ¢ — koddduipment
MOIIHOCTH HATPY3KH.

U e Us
AU = Uy-U,

ro, Xo

Pcos@

4 3

Puc. 4.3. Cxema cetu ¢ Harpy3Koi Ha KOHLE

AKTHBHOE M MHIYKTHBHOE CONpPOTHBIICHHUS rp M Xo JTMHHU OTPENeIISIOTCS
10 CIPaBOYHBIM TabnMIaM WIH pacyeToM. MHIYKTHBHOE COMPOTHBICHHE JH-
HHMHM 3aBHCHT OT PacCTOSIHHS MexJIy mpoBomaMu. Hanpumep, mns xabGenbHBIX
JIMHMH ¥ TIPOBOJIOB B CTATBHBIX TPyDax, Y KOTOPBIX PACCTOSIHUE MEXIY XKHIIa-
MH HEBEJIMKO, MHIYKTUBHOE cOnpoTHBiIeHHe oueHs Maio (0,06-0,08 Om/km). V
IIPOBOJIOB, TPOJIOKEHHBIX BHYTPU 3[aHMH Ha pOJMKAaX M M30JIITOpax Ha pac-
CTOSIHUM ApYT OT Japyra 50—150 MM, MHIYKTHBHOE CONPOTHBIIEHHE YBEIHYHBA-
ercs u coctasiser 0,2—-0,25 Om/kM. JI71s ceTeit MOCTOSHHOTO TOKA, a TaKXe VI
ceTeil TOJNIBKO C OCBETHTENBHOM HAarpy3Kod M Harpy3kod OT 3JIeKTpOHarpeBa-
TENBHBIX NMPUOOPOB M YCTPOHCTB (y KOTOPBIX COS ¢ = 1, a ClIeOBaTENBHO,
sin @ = 0) HHAYKTHBHOCTBIO IIPOBOJIOB BCET/Ia MOXKHO IpeHeOpeyb.
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Takum o6pa3oM, IpH pacdeTe CeTeH 10 MoTepe HaNpsHKEHUS HHIYKTHBHO-
CTBIO MPOBOAHUKOB MOXKHO IpeHeOpedhb B CeTAX: MOCTOSHHOIO TOKa, epeMeH-
HOro Toka ¢ yactoToi 50 I'y 1 cos ¢ =1; BBEIOTHEHHBIX MPOBOAaMHU U Kabems-
MH CEYCHHEM JI0 6 MM’ BKJTIOUMTEIBHO H MPOBOAAMH HMJIH KabeasiMH BHYTPU
3JJaHUi, €CIIM UX CEYEHUS He NMPEBOCXOJIAT YKa3aHHbIX B Tab. 4.4

Tabnuua 4.4
¥
Marepian | Ko [——————— i paonon o

fiponoaitka MotloeT no 1 kB 6-10kB B Tpybax Ha poJIMKax Ha n30asTOpax
Menb 0,95 70 50 50 25 16

09 50 35 35 16 10

0,85 35 25 35 10 10

0,8 35 25 25 10 6

0,75 25 16 16 6 6

0,7 25 16 16 6 6
Anomu- 0,95 120 95 95 35 25
HHUi 0,9 95 50 50 25 16

0,85 70 50 50 16 16

0,8 50 35 35 10 10

0,75 50 25 25 10 10

0,7 35 25 25 10 6

@dopMyna I OnpeaeNeHUus] He0OX0IMMOr0 CeUeHHs MPOBOIHUKOB CeTei
110 3a1aHHO# BennunuHe AU o, MOXXET ObITh BbIBeeHa TaK. [1yCcThb JIMHHS 1OCTO-
SIHHOTO TOKa MMeeT TPH Harpysku (puc. 4.4) 1 0IMHAKOBOE CEYCHME M3 METal-
Jia C yAENTbHBIM COIPOTUBIICHUEM P Ha BCEM NMPOTAKECHHH.

Ecnu nomyctumas notepst HanpspkeHHs oT Touku 0 10 3 paBHa AUy, TO

AUpon = AU, +AU, + AU,
IJie B [IPAaBOi YacTH paBeHCTBA — MOTEPH HAMPSDKEHHS Ha ydacTkaxX. OHM PaBHBI:
AU= nly = p2L/S) Iy; AUy= raly = p2L/S) I;  AUs= r3l3 = p(2l/S)Is.
CrnemoBarebHo,
AUsen = (20/S) (b1 + byt Bl). 1= PY/Uy = (p1+ pa+ psY/ Us:
L= Py/Uy= (prtp3)/Uy; 3= PyUy= p3/U,.

. Bsumy HeGonbnioi morepu HanpsukeHUs AUyon MOXKHO NPHHATH HAMpsiKe-
HHE MEX/y MPOBOJAMH B JI0O0M MeCTe JIMHHH PaBHBIM HOMHHanbHOMY. Torza
HOJIY UM -

AUon= (2p/SUy) [(Li(p1+ pa+ p3) +b(p2 + p3)+ lips] =
= (ZP/SUH) [P1 11 +P2(l|+ Iz) +P3([1 + [2+ 13]
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U P p2 p3
(%,
a
Ly
Ly Ny
Ly
i B P A A
0 1 2 )
&
—_ I —_—bh —_— I B
— 1 —m; —p3
"Px va “P;
6

Puc. 4.4. Cxema onpezenenns He0OX0UMOro ceyeHns NPoBOAHUKA N0 Uyon:
a — cXeMa IMHMK; 6 — pacueTHas cxema (MaciuTabbl He coBntoAeHbI)

CormacHo puc. 4.4, Li=L;; h+bh=L, u Lh+bL+hL=1L,
CnenosatensHo, Ly, L, u L; ecTb «iedn» Harpy3ok P, P, u P; (aHaio-
TFHYHO IUIeYaM MEXaHMYeCKHX CHJI IIPU pacyeTax 6anox).
Hrak,
AUyon= 2p/SUy) (Py L1+ Py Lyt P3Ls) =

3 n
=(2p/SU,)Y L =2p/SU)IM,. 4.37)
1 1
BenuunnHa ’zl:MK npejacTaBaser coboif CyMMy MOMEHTOB 3JIEKTPHYECKHX
1

Harpy3ok (MOIHOCTE#) OTHOCHTEJIBHO Havaa JIMHMMH.
U3 dopmynsr (4.37) nomyyaem cedeHue npu 3agaHHbIX AU, B B u mro-
6oM umcie Harpy3ok B Br:

S = 2p/UyAUser) 3, PiLy. (4.38)
1

Ecnu nepeiiti k AU,oq B ponieHTax u Py B KBT, momy4um

S = 2pl0/UsAUpon) 3 Pe L. (4.39)
1
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2p10° B

O603Ha4uB : gepes ¢, Oyaem UMeTh
H
S=3 PcLi/cAUsen (4.40)
1
UIn
S=3 MdcAUson, (4.41)
1

n
rae S — CeYeHHUE HKUITBI TPOBOJA MITH Kabens, MMZ; Y My = ZPy Ly — cyMMa Mo-
1

MeHTOB, KBT - M; Py — pacyeTHas MOLIHOCTh Harpy3kH, kBT (uis amn Hakaiu-
Bauua P = XP,K.; 11 JIOMHHECUEHTHBIX namn P = 1,25XP,K.; nius pTyTHBIX
namn tina JIPJI P = 1,125P, K.; [is OTOENbHBIX dNeKTpoaBurateneii P = Py;
JUIA TpYyMNsI dyekTpoasurareneit P = XP, K.); L — paccTosSHHE OT Hayaja pac-
CMaTpHBAaEMOro y4acTKa JMHHH O Harpysku, M; ¢ — KO3(G(HIHMEHT, yUUTHI-
BAIOLIMH HaNpsOKeHHe, CHCTEeMY IMHUTaHUS M MaTepHasl MpoBOJAOB (cM. Tabin.2
npuit. 2); AUy, — IDOIMyCTHMasi IOTepsA HANpsOKEHHs IJIS PacCYMTBIBAEMOTO
ydJacTKa JIMHHH, %.

OO6uias nomycTUMas MOTeps HANpSUKEHHS Ha BCEX YYaCTKaX OCBETHTEINb-
HO¥ (wu cunoBoi) muauK ot TII mo mamGonee ymaneHHOH JaMIIBI pacCUHTHI-
BaEMOro ydactka ompezaenserca mo Tabm.l npun2. Tak kak OCBEeTHTEIbHas
cetb oT TII 1O CBETHMIBHHKOB COCTOMT OOBIYHO M3 JIBYX OTHENBbHBIX 3BEHBEB
(MTaromero M rpymnmnoBOro), HeOOXOAMMO OMNpPENEIHTh, Kakas 4dacTh oOmieH
JIOIYCTUMOM MOTEPH HANPSKEHUS JOJDKHA ObITh OTHECEHA K IMUTAIOLICH CeTH U
Kakas — K IpyIIIOBOM.

HauBeironneiimee pacrnpejeneHue oduiei 10mycTUMOH MOTepH Hampske-
HHUS MEXIY 3THMH 3BEHBSIMH JIOJDKHO OBITH ONPEEIeHO B KaX/JIOM KOHKPETHOM
CITy4yae IyTeM BBIMOJHEHUS CIENHANbHBIX JOBOJBHOTO I'POMO3JKHX PACYETOB.
Crnenyer y4YHTBIBaTh, YTO 4YeM OOJNBILYIO MPOTSKEHHOCTh MMEET MHUTAroIas
ceTh, TeM OOJBIIYI0 4acTh OOLIeH JOIMyCTHMOW MOTEPH HANpsHKEHHS Ieleco-
00pa3Ho K Hel oTHecTH. Bo MHOTMX cimydasx GbIBaeT OCTATOYHO MPUHSTH IMO-
TEpIO HANpsHKEHHUS B IPYNIOBOH ceTH, paBHo# 1,5-2,0 %, a ocranbHylo YacTh
TEpATH B MUTAIOILEH CETH.

3nayenue koddduuuenta cnpoca K, 11 pacyera nuTaronieil cetu pabode-
IO OCBEILEHUA ClIeAyeT MPUHUMATH: | — U1 TOPrOBBIX IOMEILEHHH, MEIKHX
3[JaHUH MTPOU3BOACTBEHHOTO XapaKTepa M JIMHMH, MUTAIOIMX OTAEIbHBIC IPYTI-
noBsle mMTKH; 0,95 — s MPOM3BOJCTBEHHBIX 3/1aHUM, COCTOSMIMX M3 OTACIb-
HBIX KPYNHBIX nponetos; 0,9 — wig 6ubnnoTek, 30aHui aIMUHHCTPATHBHOTO Ha-
3HAYEHUA U MMOMeIeHuH obmecTBeHHoro nuranus; 0,85 — m1s npou3BoACTBEH-
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HBIX 3JJaHUH, COCTOSIIMX M3 HECKOJIBKUX OTAENBHBIX IoMemenni; 0,8 — s ne-
4eOHBIX, IETCKHX M y4eOHBIX YapexKIeHHH, OBITOBBIX H 1a00PATOPHBIX 3aHHUH.

Ilpu pacuere rpynmnoBoi cetd paboyero OCBENIEHHs 31aHM, BCEX 3BEHbEB
aBapHIHOTO OCBELICHHA, @ TAKXKE CETH HAPY)KHOTO OCBEIIEHHA CIEQyeT NpH-
Humarh K. = 1. 3Hauenue ko3 uIMeHTa cpoca JIs CUIOBBIX YCTAHOBOK 3a-
BHCHT OT pekuMa paboThl MEXaHU3MOB, IPHBOAUMBIX B IEHCTBHE 3I€KTPOIBH-
rarensaMu. [1o3ToMy MX ycTaHaBIMBAIOT JUIA TPYI TEXHOJIOTHYECKOro obopy-
JIOBaHHMA: CTAaHKOB, BEHTHJIATOPOB, HACOCOB, CBAPOYHLIX YCTAHOBOK, TpaHC-
($hopMaTopoB u T.1I.

OmnpeneneHue cyMMbl MOMEHTOB ZM 3aBHCHT OT XapakTepa pachpenerne-
HHS HAarpy3KH M B IPaKTHYECKHX pacueTax MoxeT ObITh ympomeno. Korma na-
Ipy3Ka paBHOMEPHO pacnpejesieHa BAoJIb Beel nuHuM (puc.4.5, a) uim no ot-
JIeNBbHBIM ee ydacTkaM (puc. 4.5, 6), cyMMapHas Harpys3ka NpHUKIaJbIBacTCs B
CepeIMHe COCPEIOTOYEHH OTAEIBHBIX HAarpy30K (aHAJOTHYHO JUIA paBHOMEp-
HO pacIpeieIeHHBIX CHII P pacdere 6aok).

Ly - Ly
L Lse Lsp2
Ly Lg - ]
[ 4 Do | ] Lo - Ls e
< L
- Ll
2 B B B O bl b b | e | ot | |4
A8
e Yy \ |
Pi Pl‘Pl P 4 p2 ‘ P2

p1=8 kBt p2=5kBtr  p3=6kBr

=100 | £r= 40 | 43=30l

> 2P=p1+p2+p3

8

Puc. 4.5. TIpumep ynpoIeHHOro onpeaeaeHnss MOMEHTOB Harpy3KH:

a — py paBHOMEPHOM pacrpefenesuu; 6 — npu HepaBHOMEpPHOM pacnpeaeeHun
N0 OTAC/IbHLIM YHACTKaM JIMHUHU] 6 — [1PH pa3HbIX CEYEHUAX M Harpys3Kax

Jlna nuauu, cornacHo puc. 4.5, a,

ZM—‘—ZP(I[ +ly +l3p) = 2P [(Ly + Ly)/2] = 2ZPL. 4.42)
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JUns TMHKEK, COrIacHo puc. 4.5, 6,

ZM=M| +M2=ZP1(11 + 12+ 13) +ZP2(11 +h+ L+l + s+ l5+l7/1)
HIIN
IM = 3P\[(Ly +Ls)/2] + SPy(Lg +L;)/2) = P, L, + SP,L, . (4.43)

Ecnu 1o M3BeCTHOMY CEYEHHIO IPOBOIOB Y9aCTKa CETH ISl HEro HeoOXo-
JIMMO ONPEAENHTh (aKTHYECKYIO MOTepIo Hanpsukenus AUy B mpoueHTtax (Ha-
IIPUMED, TPH JKCIIEPTH3E MPOEKTHLIX MATEPHUAJIOB WIIM 3KCIUTyaTHPyeMOoii ce-
TH), IOJIB3YIOTCA cheaytomen Gpopmynoi, BeiTekatomei u3 hopmynst (4.41):

AUy = ZM/cS. (4.44)

Yacro mpu pacuere no ¢opmyne (4.41) ceyeHue MPOBOJOB IMOTyYaETCs
Oonblle MM MEHBIIE CTaHAAPTHOIO. B Takux ciywasx BeIOMpaercs Gimxaii-
mee 6omblIee WM MEHBLIEE CTAHAAPTHOE CeueHHe, a hakTuyeckas moreps Ha-
IPSDKEHUS OIpeiersieTcs o hopmye

AUy = AU,on = (Sp/Se), (4.45)

r/1e S, — CedeHHe MPOBOJIOB, TIOTYUEHHOE 10 PACUETY, MM’; Se— IIPHUHATOE CTaH-
JapTHOE CeYEeHHe MPOBOJOB, MM .

Ecnu ceTh COCTOMT M3 HECKOJBKHX Y4acTKOB (pHcC.4.5, 6) ¢ pasiHYHbIM
CeYeHHEeM IPOBOJHUKOB M Pa3HBIMH HArpy3kaMH, OlpejelieHie oTeph Hamps-
XKeHHUs (B IPOLIEHTAX) MPOU3BOAUTCSA JUIS OTACNIBHBIX YYaCTKOB, a CyMMapHas
1oTeps HanpspKeHUs OyJleT CyMMOI TOTeph Ha BCEX y4acTKax:

2AUy= AUy +AUgz + AUy3 = (M /cS ) +(Ma/cS 2)+ (M3/cS3),  (4.46)
rae
AUy = M\/cS\ = [(p1+ p2 +p3)|)/cSy;

AUyr = My/cS; = [(p2+p3))/cSy;
AUys = Ma/cS3 = p3ly/cSs.

Pacuernsie ¢popmyisl (4.37) — (4.46) 1O3BONAIOT ONpPEAENATH MOTEPH Ha-
OpsDKEHHUS B CETH IPH 3aJaHHBIX ee MmapameTpax (KOHQUrypauus, IpoTsKeH-
HOCTB, MECTa ¥ BCJIMYMHBI NMPUIOKEHHBIX HArPY30K, CEUCHUE TPOBOAOB) HIIH
ce4yeHHe NMPOBOJIOB OTAEIBHBIX YYaCTKOB (110 JOMYCTUMBIM HIIH 3aJaHHBIM I10-
TepAM HAIPSDKEHUS, IepeaBaeMOoi Harpys3Ke, NPOTSKEHHOCTH YYaCTKOB).

OKOHOMHYHOCTb 3alIPOEKTHPOBAHHON CETH MOXKET ObITh 000CHOBAHA JMILBL
B TOM CIlydYae, €CIM PacXo NMPOBOJHUKOBOTO MaTepHasla B JaHHOH CeTH ObLI
HauMeHbIIMM. [10o3TOMYy B IEIAX 9KOHOMHH IPOBOJHHKOBOTO MaTepHaia ceye-
HHUS TIPOBOJHUKOB OCBETHTEIBHOH CETH BBHIOHPAIOT B GOJIBIIMHCTBE CITy4yaeB He-
OJIMHAKOBBIMU Ha pa3HbIX ydacTKaX. 3aJada pacyeTa CeTH Ha HAMMEHBIIYIO 3a-
TpaTy MpPOBOJHHUKOBOTO MaTepHana CBOAMTCA B oOLIeM BHAE K PEIICHHIO
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BOIPOCA, KaK paclpeeluTh PACUeTHbIE MOTEPH HATIPSKEHUS MEX/IY OTAEIbHBI-
MM y4acTKaMH CeTH, YTOObI 00eCcIeuynTh HAaMMEHBIINN PAacXo/l IPOBOJHUKOBOIO
Marepuaa.

Takum o6pa3zoM, eciu HEOOXOAMMO pacCYUTaTh PA3BETBIECHHYIO CETh
(puc. 4.5, 6) 1 pu 5TOM COOJIFOCTH YCIOBHS, 00eCIIeYnBAIONINE MUHUMAIbHBIH
pacxoj MPOBOJAHMKOBOTO MaTepHala, CeYeHHe KaX/I0r0 ydacTKa CeTH OIpee-
JAI0T 10 GpopmyIre

S = (EM+dZm)/cAU, (4.47)

rie S — ceyeHHe PaCCUMTHIBAGMOTO YUacTKa CETH, MM ; ZM — CyMMa MOMEHTOB
JJAHHOTO y4YacTKa CeTH ¥ BCeX MOCHEyIomuX (110 HaNpaBICHHIO IOTOKA HEP-
T'HH) YYaCTKOB C TEM K€ YHCIIOM IPOBOIOB B JIMHUH, YTO M B PACCMAaTPHBAEMOM
y4yacTke, KBT-M. B 3TOM cilydae Bce MOMEHTBI YYacTKOB C APYTHM YHCIIOM
IIPOBOZIOB YMHOXAIOT Ha K03 duImeHT npuseneHus MoMenToB d. Koadduuu-
€HT d 3aBHCHT OT YHCJa MPOBOJOB PACCYUTHIBAEMOI0 Y4acTKa M OTBETBIICHHMH
(tabm. 4.5); AU — pacueTHBIC NMOTEPH HANPSKEHHUs, JOIyCKAaeMble OT Hadaja
JAHHOTO y4yacTKa J0 IocieHei, Haubonee yaaneHHoit naMmsl, %.

Tabauua 4.5
Sk o — 3HaueHue kodpduieHTa
NpHBEAEHNUA MOMEHTOB d
Tpexdasuas ¢ nynem | OgHodastoe 1,85
To xe JIByxdasnoe ¢ Hynem 1,39
JIByxdaszuas ¢ nynem | Onnodasnoe 1,33
Tpexdazuas JIByxdasHoe (AByXNpOBOJHHKOBOE) 1,15

®opmyna (4.47) npuMeHsAeTCS MOCIEA0BATEIBHO KO BCEM Y4acTKaM CETH,
Ha4yMHas OT ydacTka, Oibkaiiiero Kk MCTOYHHMKY nutanus. Ilpu BeIOOpe ceye-
HHUS Ha KaXJIOM M3 YYacTKOB ciemyeT OpaTe Onwkaiimiee M, Kak IpaBHIIO,
GonpIMe CTAaHAAPTHBIE CEYEHHS 10 CPABHEHHUIO C pAaCYETHBIMH, ITOIY4YECHHBIMU
1o ¢opmyie (4.47). [lo BEIOpaHHOMY CEYEHHIO JAaHHOTO Y4acTKa ¥ ero (akTu-
yeckoMy MoMeHTY ((opmyna (4.44)) onpenesnsior MoTepH HANpPsHKEHUS B yda-
ctke. Ilocnemyromue ydyacTKH pacCUMTHIBAIOT AHAJOTMYHBIM IYTEM Ha pas-
HOCTh MEXIY PAacYeTHBIMH MOTEPSIMH HANpPSDKEHHUS W IMOTEpSMH 10 Havaja
JTAHHOTO y4acTKa.

Pacyer ceTH no morepe HanpsHKeHHs: ¢ y4eTOM WHAYKTHBHOCTH Ipo-
BOAHMKOB. OH HE MOXeET OBITH NPOBEJCH HENOCPEICTBEHHO Mo (opmyre. Pac-
CYMTBIBAs TPEXIIPOBOJHEBIE CeTH HanpsykeHueM 380 B M 4eThIpeXmnpoBoIHbIE
(380/220 B), MOXHO TOJIB30BAThCSA TAONHULEH, B KOTOPOIt IS Pa3lIHYHBIX YC-
JIOBUH NpUBEJieHa TMOTeps HanpsbkeHus B mpoueHtax AU nHa 1 kBt- kM. Ilpu
pacuere cereif HanpspkenueM 220 B uimm 220/127 B MOXHO 1OJIB30BaThCS JaH-
HBIMH 3TOH ke TabGIHUIIbI, YBENTHYHBAsA UX B TPH paza. Torga moreps Hampsoke-
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HUA B JIMHUH 3aTaHHOTO CEYCHHUA IPH 3aJaHHBIX YCJIOBHAX IPOKJIAJAKH ONpeac-
asercs o popmye
AUy=AU2M, (4.48)

rae AU, — naiineHnas notepst HanpspkeHust Ha 1 kBT - km, %; ZM — cymma Mo-
MEHTOB JUIsi PacCYMTBIBAEMOro y4yacTka, KBt - km. [To aToif motepe HanpskeHus
MOJIBICKMBAIOT TaKOE CEYEHHE, KOTOPOMY YIOBJICTBOPSIO GBI COOTHOLICHHE

AU, <AU,/5M. (4.49)

4.5. IPOTUBOIOXKAPHAS 3ALLMTA SJEKTPUYECKHX CETEN
NP MOHTAXKE M SKCIIVIYATALIUU

OnekTpuYecKkue CeTu MOryT OBITh IPHYMHOM aBapHii, HECYACTHEIX CIIy4a-
€B ¥ II0XXKapOB, €CJIM B MPOLECCe MX MOHTaXka HE BBITIOJIHAIOTCS HEOOXOaUMBIE
TEXHUYECKHE YCIIOBHMS WIH HApYIUAIOTCA YCIOBHS HOPMAaJbHOM JKCILTyaTaluH
U pemoHTa. TpeGoBaHHS K 3NIEKTPOMOHTAXXHBIM paboTaM ONpenensioTcs IeH-
crBytomumu I1YD, HHCTpYKUMAMHU 10 MOHTaxy [25], [26] ¥ TeXHHYECKHUMH
YCIOBMSIMU Ha NMPHEMKY JIEKTPOMOHTaXHBIX pabot [27]. B ocHOBe ykazaHHBIX
TpeGOBaHMI JIEKUT CTPOroe COOJIONCHHE COOTBETCTBUS NPOEKTY MOHTHpYe-
MBIX NPOBOJIOB, kKabeneil, ceueHHit TOKONMPOBOJAIINX XHJI M BHJIOB 3JIEKTPO-
poBoIoK. OcoOEHHO 3TO BaXKHO IPH MOHTAXE IIEKTPHUECKHX CETEH B3PBIBO-
OTIaCHBIX 30H: COBEPIICHHO HEJOMYCTHMO NMPOM3BOJUTH CAMOCTOATENBHO (MIIH
C corjiacus 3aKa3dmka) Kakyro-1u00 3aMeHy KOHCTPYKIMHA ceTH; mobas 3aMeHa
00s13aTeNIbHO JO/DKHA COTJIACOBBIBATHCS C TIPOSKTHOM OpraHu3aluei.

Tak Kak Ha IMPOMBIINUICHHBIX MPEANPHATHAX IIMPOKO MPUMEHSAETCS Mpo-
KiTazika kabeneil ¥ IpOBOJOB Ha JIOTKAaX U B Kopobax, TO A MCKIIOYEHHs To-
PEHHS 10 Tpacce HIEKTPHIECKOH CeTH UCMONB3YIOT Pas3IHYHbIe OTHEeNperpaIm-
TeNbHBIE YCTPOHUCTBA. DTH YCTPOICTBA, BHINOJIHAEMbIC B BHJE NOSICO8 U nepe-
20p00OK U3 OZHE3AUjUMHO20 MAmepuand, pacrojaraioT 10 JUIMHE Tpaccel, a
TaKKe B MECTAaX ee MPOXO0Ja Yepe3 CTEHbI U MepekphITHs. DPEeKTHBHOCTD Ta-
KHX YCTPOWCTB BBISABISIOT B IPOLIECCE UCIBITAHUMN, IPU KOTOPBIX ONpPEENAeTCs
MX TIPEZIeN OTHECTOMKOCTH.

Cremyer OTMETHTb, YTO CYIIECTBYIOIIHE B MPOEKTHO-IKCILTyaTallHOHHOM
[PaKTHKE KOHCTPYKTHBHBIC PEMICHHS 110 YCTPOHCTBY MECT MPOXO0Ja 3JIEKTPH-
YECKOM CEeTH 4epe3 CTEHbI M TEPeKpBITHS He BCErja IpernsaTCTBYIOT pacHpo-
CTpaHeHHuIo OrHs. JlaHHOe 06CTOATENECTBO 00YCIOBIEHO TEM, YTO JUIA 3a/IEIIKH
MECT Mpoxoja kabenei U MPOBOAOB NMPUMEHAIOTCSA CIIOCOOBI U MaTepuansl 6e3
ydera 0cOOEHHOCTEH Mepejayn Teruia U pacrpoCTPaHEHHs FOPEHHS B CMEXHOE
OT TOXapa IMOMELICHNE H3-3a CIOKHOCTH NMPOUCXOANIEro Mpolecca: HeoaHO-
POIHOCTH KOHCTPYKIIMH OOYCIIAaBIMBACT Pa3JIMYHBIE 110 BEJIMYMHE TEIIOBBIE
IIOTOKHM I10 TOKONPOBOISIINM JKHJIaM, M30JIALMH, 06omouek kabeneil u orue-
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NperpajuTenbHoi neperopoiku. Kpome T0ro, TemnoBbie MOTOKH IO 3JIEMEHTaM
3JIEKTPONPOBOJKH M NMEPEropoJKH HE CTALMOHAPHBI H U3MEHSIOTCA C Pa3BHTH-
€M TIoXapa.

B nocnenuee Bpems B Poccuu u 3a py6exxom 60mb110€ BHUMaHHE YAETISIOT
CO3JIaHHUIO T'ePMETU3UPYIONIMX YIUIOTHEHUHM JUIS 3alMTHl OT OTrHS MOTOKOB Ka-
Geneit M MPOBOJOB B MECTAaX MX MPOXOJa uepe3 CTEHBI M MepekpsiTHa. Mare-
pHasl ISl YIUIOTHEHHH JOJDKHBI MMETh UTHTENBHYI0 YCTONYHBOCTD B YCIOBH-
AX ToXapa, He MPOIyCKaTh AbIM M OTOHb, CACPKHUBATh MPEBBILICHUE TEMIIEpa-
TYpbl C IPOTHBOIMOJIOKHBIX CTOPOH mperpajasl. K TakuM MaTepHanaM cIemayer
OTHECTH, HaNlpUMep, YIUIOTHEHHS Ha OCHOBE MEHOIIACTa, KOTOPKIH COXpaHsET
anactuyHocTts npH 200 °C, a npu 600 °C on 06paszyeT Ha MOBEPXHOCTH 3aLIHT-
HYIO KBapLEBYIO KOPKY.

HcnplTanust OrHEnperpaguTeNIbHOH MeperopoKH, BEITOJIHEHHOH Ha OCHO-
BE 3TOr0 MaTepHalia, B YCIOBHSAX MMHTHPYIOIIMX peasbHBIN MOXKap, MOKa3alH,
YTO IMOBEPXHOCTH Meperopojky Beiaepxkuana 1000 °C B TeyeHHE HECKOIBKHX
MHHYT, a OTOHb U JIBIM HE PacnpocTpaHsauch B TeueHue 1 4. MccnenoBanuamu
YCTaHOBJIEHBI TOJIIIMHEI [IEHOIUIacTa, obecneyrBaromye 3auTy B TedeHue 60,
90 u 120 muH.

HcnpITaHusM MOIBEPralINCh TAKKe MUIMTHI U3 SYEHCTOro 6EToHa M OrHesa-
muTHEIX coctaBoB OIIK (TY10-666-81) u BIIM-2 (TY10-1626-77). Hacts uc-
IBITAHHBIX 00pa3IOB MMeNIa JONOJHUTEIBHOE MOKPHITHE BBIXOSAIIMX M3 Iepe-
rOpoJIKK yJacTKoB KabGeneit ornesamutHeiM coctaBoM OIIK. Ilpeana3nayeHHbIE
JUIL MCHBITAaHUMH 0Opa3ibl BOCHPOM3BOJHIM MECTa NPOXOAA OJHMHOYHBIX HIIH
IyYKOM BIUIOTHYIO ApYT K ApYyTry Kabesei depe3 CTeHBl M MepeKphITHA. Brixo-
JAIIME U3 IePEropoaKH yJacTkH kaberneii mokpeiBanmuck coctaBoM OIIK.

B pesynerare McnelTaHuii 06pa3LoB BBIABICHO, YTO HCMOIb30BaHHE CO-
crapoB OIIK u BIIM-2 a4 3amonHeHus 3a30poB JaeT aHAJIOTHYHbBIE pe3ysbTa-
Thl 110 oruecroikocty. IIpumenenne OIIK u BIIM-2 mo3Bonsier obecre4uThb
NpeJiesl OTHECTOMKOCTH mpoxoza kabenei u mpoBoaoB yepes creny 0,75 4 npu
TOJIIMHE OTHENperpaauTensHoi neperopoaku 0,2 M. C yMEHbIIEHHEM TONIIH-
HBI IIEPErOPOJKH MpeeN OTHeCTOHKOCTH yMeHbluaercs. Ecau Tonmuba mpe-
rpajsl Maja, TO IOBBICHTH NpPEIE] OTHECTOMKOCTH MOXKHO ITyTE€M HOKpPBITHA
BBIXOJAIIMX M3 IEPEropojki y4JacTKOB KaOeleH OrHe3allUTHBIM COCTaBOM
OIIK na y4actke He menee 0,1 m.

AHanu3 pe3ysbTaTOB MCHBITAHUH IOKa3al, YTO Ha BEJHYMHY Npejelia or-
HECTOMKOCTH OIPEIETICHHOE BIIHAHHE OKa3bIBACT CEYEHHE TOKOIPOBOISAIIMX
XKuII Kaberns: yeM OoJblile cedeHHe JKHJII, TEM MEHBILE MPE/IeNl OTHECTOHKOCTH.

IIpu mepexone kabeneil 1 MPOBOJOB Yepe3 MEPEKPHITHE OHW HAXOIATCS B
XyJAIKX TEMIEPaTyPHBIX YCIOBHAX, YEM IIPH Mepexojie uepes creny. M3-3a To-
o, YTO MEPEKPHITHE UMEET HeOOBIIYIO TOMIHHY, 3aTPyAHACTCS 3aIIUTa MPO-
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XOAALIMX yepe3 Hero kabenei u npoBoaoB. [1010XKUTENBHEIH pe3yIbTaT B 3TOM
cimyyae OBbUT TOCTUTHYT 3a CYET NOIONHUTENBHOTO MOKPHITHS BBIXOJAIIMX M3
MEepeKpBITUs ydacTkoB kabeneit cocraBoM OIIK ma mmuny ne menee 0,1 M.
[Tpenen orHeCTOMKOCTH IIPH 3TOM ITOBBINIAETCS B IBa pasa.

Takum 06pa3oM, HCIIBITAHUS TTOKA3AIIH, YTO:

Ha BEPOATHOCTB MOXapa oT kabenel U MPOBOJOB OKA3bIBACT BIHSIHHE Ha-
JIMYHE OTHE3AIIUTHBIX ITOSICOB U IIEPErOPOIOK;

NPUMEHEHHE OTHE3aIIUTHBIX MOACOB MeHee 3((EeKTHBHO, YEM MEPeropo-
HOK;

3 PEeKTHBHOCTH OTHE3AIIUTHBIX CBOMCTB MOSCOB 3aBHCUT OT MX JJTHHBI,

C YBENIMYECHHEM JJIMHBI 1105Ca M TOJILHHEI IIEPErOPOAKH CKOPOCTH Pacrpo-
CTPaHEHHMs TOPEHUS YMEHBIACTCH,

NpUMEHEHHE OTHE3alMTHON IMEepPeropoaku YMEHBIIAET CKOPOCTh pacrpo-
CTpPaHEHMA TOPEHHA MO KabelsiM M MPOBOJAM 10 CPABHEHHIO C IOSCAMH UTH-
Hoi#t 2,0 M Ha Ba nopska (6osee yem B 118 pa3s);

npeJen OTHECTOMKOCTH OTHENPErpauTeIbHOM MeperopoIKH Mpu MpoXoe
kabeneil mMydykoM uepe3 MEepeKpBITHS 10 CPABHEHHIO CO CTEHOH HECKOJBKO
CHMXKACTCS;

TMIOBBIICHUE TIPEZeNia OTHECTOHKOCTH BO3MOXKHO ITyTEM IOKPBITHSA OTHE-
3aIMTHBIM COCTaBOM BBIXOJALIMX M3 NMEPEropoJKH y4yacTKOB kabeneil M mpo-
BOJIOB Ha JuinHe He MeHee 0,1 M;

IIPUMEHEHHE I OTHENpErpajuTelbHOi Meperopoki MaTepHasioB ¢ KO-
apduentom termnonposoasoct 0,5-0,3 Brwm' K! Ipu HeOONBIINX Tepe-
rpy3Kax OpUBOAUT K MEpPErpeBy H30JALMH Kabenaei H MpoBOJOB M MOBBILIEHUIO
CKOPOCTH €€ CTapeHHUsI.

ONeKTponpoBoaka BO B3PHIBOOMACHBIX 30HAX JOJDKHA MOHTHPOBATHCH
0COOEHHO THIATENBFHO M HAJEXKHO. BO B3PHIBOOMACHBIX 30HAX BCEX KJIACCOB
Haubosiee HaJNEKHOH SABIAETCA JIEKTPONPOBOAKA B CTAJBHBIX BOJOra3oIpo-
BOJHBIX Tpy0ax C COOTBETCTBYIOIIMM AHTHKOPPO3MIHBIM MOKpHITHEM. Takue
IIPOBOJKH SIBIAIOTCS B3PBIBOHEIPOHUI[AEMBIMH HIIH MOBBINICHHOH HaJEKHOCTH
IIPOTHB B3PHIBA.

OpHaKo NPUMEHEHHE CTATBHBIX TPYO JOMYCTUMO TOJIBKO B CIydae TEXHH-
9eCKOH M HOPMAaTHBHOM 000CHOBaHHOCTH. BO B3pBIBOONACHBIX 30HAX JJIEKTPO-
IPOBOJKH JOJDKHBI NMPOKJIAJBIBATECS B CTAIBHBIX OOBIKHOBEHHBIX TpyOax o
I'OCT 3262-75. TOHKOCTEHHBIE M HEKOHIMIMOHHBIE BOIOIa30IpPOBOJIHBIE
TpyOBI BO B3PBIBOONACHBIX 30HAX MPHMEHSATH HE JIOITYCKAETCS.

Coenmunenus TpyO Mexmy coboif, ¢ marpybkamu (UTHHrOB, KOpoOOK u
CBETWJILHUKOB, a TalKe C armapatypoil ¥ BBOJHBIMH KOPOOKaMH 3JEKTPO/IBH-
raTeneil DO/DKHBI OBITH BBINOJHEHBI TOJNBKO Ha TPYOHOH LMIMHIPUYECKOH
pe3nbe. Bce pe3pOoBble COEIUHEHHS JODKHBI HMMETh HE MEHee MATH
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HETIOBPEXICHHBIX HUTOK Pe3b0BI ¢ MoAMOTKOM Ha pe3ply neHTel ®YM (¢prop-
JIMHOBOTO YIUIOTHUTENBHOIO MaTepHana).

JIst OTBETBICHHH M COEIMHEHHUI MTPOBOJIOB M KabeneH, Uit NpOTATMBaHU
IPOBOJIOB B CTAIBHBIX TPYOax JODKHBI MPUMEHATHCS B3PBIBO3AIIHIIEHHBIE KO-
pobku cepun KBII (mmactmaccossie) win B (uyrynnsre, nanpumep: KIIIT —
npoxoanaa npsamas; KTO — tpoitnukoBas orserButensHast; KITJI — npoxoanas
pasmenuTeNbHast I IOKAJbHBIX UCTIBITAHUH H JIp.).

Kopo6xku cepuit KBII u B (puc. 4.6) Ha nporskenue 660 B umeror B3peI-
BOOE30MaCHbIH yPOBEHb B3PBIBO3AIIMTEI H BHJ B3PBIBO3AILMUTEl «B3PBIBOHEIPO-
HuLaeMas obonouka» ¢ MapkupoBkoit B4TS5-B wmu 1ExdIICT6. [omyckaeTcs
NPUMEHATH 9TH KOPOOKH UL B3pBIBOOIIACHBIX 30H JII0O0ro Kiacca.
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Puc. 4.6. Kopobka oTBeTBUTENbHAS B3pbIBO3alukLeHHas KBII-25
¢ ypoBHeM u BuoM B3peiBosamutsl B4T5-B wiu 1 ExdIICT6

B oCBETHTENBHBIX CETAX B3PHIBOOMACHEIX 30H kiaccoB B-1a, B-16, B-1r u
B-Ila nist BBIOJTHEHHS OTBETBJIEHMH M COeMHEHUIT HeOpOHMpPOBaHHBIX Kabe-
JeH, MPOKJIAaABbIBAEMBIX OTKPBITO, JOITYCKAIOTCS IIaCTMAacCOBBIE KOpOOKM ce-
puu Y409 co crenensio 3amuThe /P65.

JIns mpemoTBpamieHHs Iepexoja B3phIBOOMACHBIX cMeced mo Tpybam u3
OJIHOTO FOMEMIECHUS B IPYTroe MM HapyXKy, a TAKXKE JUIS OTIENCHUI U OrpaHude-
HUS 00BbEeMa BBOJHBIX YCTPOWCTB 3JIEKTPUYECKUX MAIHH, alapaToB, CBETHIIb-
HHMKOB M JIPYTOTO 3JIEKTpooOOpyAOBaHMS Ha TpyOaX yCTaHABIHMBAIOT pa3lenu-
TEeNbHBIE YIIOTHEHHA. JI711 3TOro BO B3pHIBOONACHBIX 30HaX KiaccoB B-I, B-la
npuMensioT kopobku tuma KIUT (TY 36-1739-74) wmu KIIP ¢ ux JOKaJbHBEIM

166



HCIIBITAHHMEM Ha T€PMETHYHOCTb, 6€3 HCIBITaHus caMHuX TpyOompoBosoB. B oc-
TaJIbHBIX B3PLIBOOIIACHBIX 30HAX Pa3/e/MTENbHBIC YIUIOTHEHHUS YCTAaHABJIMBATH
He TpebyeTcs.

Kopo6xu KIIJI (puc. 4.7) UMEIOT TpH BHYTPEHHHE IMOJOCTH, U3 KOTOPHIX
J(B€ KpaiHHE MpeAHa3HAYEHBI Ul BBIMOIHEHHUSA B HUX YIUIOTHEHHH IPOBOIOB
WM Kabenel ymIOTHUTENBHBIM cocTaBoM YC-65, a cpeusss — Ui MoJauy M3-
6BITOYHOrO AaBieHMs Bo3ayxa 250 kIla mpu MCHBITAHUH Pa3JEeIUTENBHOTO YII-
notHeHus. [Ipu 3TOM B TedeHue 3 MHH JOIyCKaeTcs MaJeHue JaBlIeHus He 0o-
nee uem 1o 200 xIla. '
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Puc. 4.7. Kopobka KIJT:
I - kopnyc; 2 —cocraB YC-65; 3 — npobka; 4 — Kpbliuka; 5 — HabuBka u3 acbectoBoro
LHYypa UM JUKyTa; 6 — TpyGonposoa; 7 — npoBoaa unu Kabenb

PaznenurensHble YIJIOTHEHHS BBINOIHSAIOT NPH mepexojae TpyO u3 omHoMi
B3pPBIBOOIIACHOM 30HBI B JIPYTYIO, €CJIM TH 30HBI OTJIMYAIOTCA IO KJIACCy HIIH
0 B3PHIBOOMACHOM CMECH, a TakXe IPH BBIBOJE TPYO 3a Ipejensl B3pBIBO-
OIacHO# 30HHI (3a UCKIII0YEeHHEM 30H KiaccoB B-16, B-Ir u B-1la). Ycranapmu-
BalOT pa3JeIUTENIbHbIE YILIOTHEHHS BO B3PLIBOOIIACHBIX 30HAX, B HENOCPECT-
BEHHOIT 6J1M30CTH OT BBIXOA TPYD, Kak 3TO 1MoKa3aHo Ha puc. 4.8.

Sup

l

Puc. 4.8. Pa3mereHue pasieuTelbHbIX YIUIOTHEHHH JUIi OCBETHTEBHOMN CeTH:

I — pacnipesenuTenbHbli WHT; 2 — pa3aenuTe/bHOE YIIOTHEeHHe, BblonHeHHoe B kopobax KITJ1

# KI1P; 3 — B3pbiBO3aliMuieH bl CBETH/ILHUK; 4 — Pa3ACAUTENbHOE YIIOTHEHHE, BbINOAHEHHOE
NPOKNAAKO# M3 TEPMOCTOHKOM pe3nHbl (MMeroLleiics B CBETHIbHUKE)
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B 3onax kyiaccoB B-1 u B-la paznenurensHble YIUIOTHEHHS yCTaHaBIMBA-
I0TCA Ha BBOZE TPyOONpPOBOZOB B CBETHJIBHMKH, @ Ha BBOJHBIX YCTPOHCTBaX
3JIEKTPHYECKHX MALIMH U allapaToB TOJBKO B TOM CIIydae, eCIIM 3TH YCTPOMCT-
Ba HE MMEIOT CIIELHATBHBIX CAJIbHUKOBBIX YIIIOTHEHHH, BBIICPKMBAIOMIHX HC-
MBITATEIBHOE IaBJICHHE.

ITpu MoHTaxe cienyeT obpaniaTh BHUMaHHE Ha IPaBHILHOCTH YCTPOHCTB
IIPOXO/I0B TPYO uepe3 CTEHBI M MEPEKPBITHA U3 JAHHOM 30HBI B COCETHION HE-
B3PBIBOOMACHYIO MJIM B3PBIBOOIACHYIO, HO JAPYTOT0 KJacca WM ¢ JApYyroi Kare-
ropueil ¥ rpynmoi B3pbIBOONACHOH CMECH.

HeobxoaumMo MCKIIOYMTH BO3MOXKHOCTH PAacCHpPOCTPAHEHHMS B3PBIBOOMNAC-
HBIX CMECEH B HEB3PLIBOOIIACHEBIC OMEIIEHHS M HapYXXy 4epe3 HEIIOTHOCTH
3aJIe]IKM IPOXOJ0B WK 00pasyrouiuecs ycaJo4Hble TpeluHbl. B cinyyae npo-
X0/la CKBO3b CTEHY IOMCILIEHHH C B3PLIBOONACHBIMHU 30HaMH KiaccoB B-I u B-
Ia npuMeHAIOT cTanbHbIe NaTpyOKH, IPUBAPEHHBIE K METAIMYECKUM paMaM, ¢
HABEPHYTBIMH Ha OJMH KOHeI Kaxaoro matpybka xopodkamu KIIJI, koTopsle
pacrnoyiaraloTCsAs CO CTOPOHBI B3PBIBOOMACHOH 30HBIL. IIpUMEpHI BBINOJIHEHHUA
IPOXO/0B TPYO CKBO3b CTEHEI MPHBEAEHHI Ha pHc. 4.9.

ITpoBosa u kabenu, UCHONb3yeMble Ul NMPOKIAAKH B TpyOax, MOIDKHBI
COOTBETCTBOBATH crocoby npoknaaku. CedyeHue nMpoBoJoB U Kabenei ¢ men-
HEIMH JKHJIaMH JIOJDKHO OBITh He MeHee 1,5 MM’, C alTIOMHHHEBEIMH — HE Me-
Hee 2,5 MM,

Yamie 371eKTpHYECKHE CETH BO B3PHIBOONACHBIX 30HAX BBIMOIHAIOT C IpH-
MeHEHHEeM OpOHMpPOBAaHHEIX (MM HEOPOHMPOBAHHBIX) Kabelneil, 63 HapyXKHO-
ro NMOJHBUHMIXJIOPUIAHOTO MOKPOBa MM ¢ HUM. B 3oHax kiaccoB B-la, B-I6,
B-Ila ms ycTpoiicTBa OCBETHTENBHBIX CETEH JIOMOJHHUTENBHO K MPOBOAKAM,
NIPOJIOXKEHHBIM B CTaJILHBIX TpyOaX, 1 OPOHHPOBAHHEIM KabessiM pa3pemaercs
IPUMEHATH (IPH OTCYTCTBMM MEXaHHYECKUX M XMMHYECKUX BO3ZEHCTBHIA) OT-
KphITYI0 (6ecTpyOHYI0) MpoKIagKy HeOpOHHPOBAaHHBIX Kabeseil B MOJHMBUHMI-
XJIOPHUIHOM, PE3MHOBOH M METAJUTMYECKO# 000I09KaXx.

bectpybnas npoxsiazika kabenei BO B3pbIBOOITACHBIX 30HAX MOXKET ITPOM3-
BOJMTLCA I10 CTEHAM, KOJIOHHAM, (hepMaM, Ha ckobaxX, KabenbHBIX KOHCTPYKIIHU-
AX U B JOTKaX, a Takxke B Kopobax (kpome 30H kinaccoB B-II) u B kabenbHbIX
kananax. B sonax B-II u B-Ila npokxnajsiBaror kabens mo kabenpbHBIM KOHCT-
PYKUMSAM, UMEIOIIUM Y3KHE FOPH30HTaJIbHbIC IOBEPXHOCTH, OTPAaHHYMBAIOILNEC
ckorenye neutd. Kabeny pacrnonaraior B OMH BEPTHKATIBHBIN PAJ C paccTos-
HHEM OT CTeHbI He MeHee 20 MM, 4TO YNpoIIaeT OYHUCTKY UX OT IBUIH.

Tpaccel OTKPBITO MPOKIAABIBAEMBIX Kabesei Tak e, Kak U 3JeKTpoMexa-
HUYEeCcKue TpyOonpoBos! (B 30HaxX KkiaccoB B-1 u B-la), npu coBmMecTHOI mpo-
KJIaZKe ¢ TEXHOJIOTMYECKUMH TPyOONpOBOJAMH, HECYIIUMH TOPIOYHE Ta3bl M
napel ¢ yAenbHeIM BecoM MeHee 0,8 1Mo OTHOIIEHMIO K BO3/yXY, CleIyeT pac-
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noJjiaraTb HHXKE€ TCXHOJIOTHYECKUX prGOHPOBOIIOB HIIN HaJd HUMH, €CIIN YACIIb-
HBIH BEC FOPIOYHX ra30oB M mapos Oonee 0,8 M0 OTHOLIEHHMIO K BO3/YXY.
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Puc. 4.9. Merannuueckue pamsl ¢ otpeskamu Tpy6 u kopobkamu KITJI:
a— Ana oaHoro paja Tpy6; 6 — aAna ABYX paaos Tpy6; / — mydra; 2 — KoHTpraiika; 3 — kopoGka
KI1J1; 4 — orpe3ok TpyGbl; 5 — pama U3 CTanbHbIX [1010C

ITpu mpokianake kabesei caeayer yYUTBIBATh, YTO BO B3PBIBOOIACHBIX 30-
HaX, a TaKkKe B HEMOCPEACTBEHHOH OJM30CTH C TEXHOJIOTMYECKHM aIapaTom
yCTaHOBOK kyiacca B-Ir 3ampemaercs pacmonaraTe COCAMHMTEIBHBIC H OTBET-
BHTEJIbHbIE KabeabHble My(GThl. DTO BbI3BaHO 0OJIbIICH BEPOATHOCTBIO 3aMEbl-
KaHMi B My(Tax (c BEIOPOCOM 31EKTPUYECKOi IyTH, pacKaJCHHBIX MapOB M ra-
30B HapyXy), 4eM B LIEJIBIX yYacTKax Kabes.

ITpoxonas! kabeneit CKBO3b CTEHBI, MEPETOPOJKH U MEPEKPBITHS CIEAYET
BBINIOJIHATD 4epe3 3aJeslaHHble B HUX OTPEe3KH TPyO ¢ YIUIOTHEHHEM KOHLIOB
Tpy6 cocraBoM YC-65 (puc. 4.10). Ilpu atom B 30Hax kiacca B-1 ymiorne-
HHE BBIIOJIHSIOT 110 00€ CTOPOHBI MPOX0/ia, a B 30HaX KiaccoB B-la — Tosbko
CO CTOPOHBI B3PBIBOONACHOH 30HKEI 60JI€e BEICOKOTO Kjacca; B 30HaX OJHOT0
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KJ1acca — CO CTOPOHBI 30HBI, COJepXKalleil B3pbIBOOIACHBIE CMeCH GoJiee BhI-
COKOIf KaTeTOpHH M TPYIIIIHI.

100-120

777

N

6

Puc. 4.10. ITpoxons! oHOUHBIX Kabeseil CKBO3b

BHYTpeHHHE cTeHsbl 30H kiaccos B-1 u B-la:

a - ynnotHenune cocrasom YC-65 GponupoBaHHbix kabeneii 6e3 Hapy)KHOro NOAUBUHUAXIOPHAHOIO
NoKpoBa; 6 — ynnoTHekune coctaBoM Y C-65 HeGpoHnpoBaHHbIX M 6poHHpoBaHHbIX Kabeneit ¢ noau-
BHHMAXNOPHAHBIM NOKpoBOM; / — GonT 3a3emnenus Gpouu kabens; 2 — otpe3ok Tpybbl; 3 — kabenb; 4
— HaGuBKa 13 acGeCTOBOro LIHYpa; 5 — YIIOTHHTENbHbI cocTaB YC-65; 6 — ueMeHTHbIH pacTBop

B 3onax kmaccos B-I, B-la, conepxammux napbl win rasel ¢ yAeJIbHBIM Be-
coMm Gonee 0,8 1Mo OTHOIICHHIO K BO3IYXY, a Takxke B 30HaX kiacca B-II, ka-
GenpHbBIe KaHAIbl CIEMyeT 3ackimath rneckoM. Ilpu BeIxome kabenelt U3 TyHHe-
JIeH MM U3 KOJIOJUEB KaHAIU3ALUK CIeAyeT NPUMEHSITh CaJlbHUKOBBIE YIIIOT-
HEHUS, KOTOpble TPeOyloTCs JUIA MCKIIOUEHHS BO3MOXHOCTH NPOHUKHOBEHUS
B3PBIBOOINACHBIX CMeCEeH B HEB3PHIBOONACHBIE MOMEILEHHS H KabeabHbIe CO-
OpYIKEHHS.

[Ipu BRIXOJE KabGeabHOro KaHala M3 HOMEIEHHs HapyXy WM ero Iepexo-
Jie B coceiHee HEB3PBIBOONACHOE noMenieHue (6e3 ycTpoiCTBa CrenHalbHbIX
YIUTOTHEHHH1 NePex0/10B) KaHaJbl JOMKHBI 3aCEINaThCs eckoM Ha 1,5 M mo obe
CTOPOHBI CTEHBI. DTO YCTPaHAET HAKOIUIEHHE B3PBIBOOIIACHBIX CMECEH.

HaznexxHoctb, 6€30TKa3HOCTB, I0KAPOB3PHIBOOE30MACHOCT JJIEKTpHUE-
CKHMX ceTeif obecreunBaroTcs NMpaBHIBHBIM YXOJOM M CBOGBPEMEHHBIMH ILIa-
HOBO-TIPEAYNPEAUTENBLHBIMH U KallMTaJbHBIME PEMOHTaMH, CHCTEMaTHYeCKH-
MH ocMoTpamH. Bosbinoe 3nauenue B Gecriepe6oitHoit u 6e3aBapuiiHoii paboTe
L[EXOBBIX PACHpPEACIUTENbHBIX YCTPOUCTB MMEET COCTOSIHUE MX KOHTAKTHOM
4acTH, KOTOPYIO HEOOXOAUMO CHCTEMAaTHYECKH MIPOBEPATh H PEMOHTHPOBATb.
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CocTosiHME H3OJALMM JIEKTPUYECKHX CeTeil ONpelesioT H3MepeHHeM
COIIPOTHBJICHHS IPH TEKYIIHUX PEMOHTaX, HO HE PEXE OJHOTO pas3a B TPU roja.
Jlns u3MepeHus CONPOTHBIECHHS H30JSLHMH CHIOBBIX M OCBETHUTENIBHBIX CETEH
HanpspkenueM 10 500 B ucnone3yior Merommerpst Ha 1000 B. ConpoTuBieHue
M30JIALMK CeTel Ha yYacTKE MEXIY JBYMS CMEXHBIMH IPEAOXPAHHTEIAMH, 3a
MOCNIETHUMH TIPEOXPAHUTEIAMH, MEXIy TIOOBIMH MpPOBOJAMH M 3eMJeH, a
TakXe JIIOOBIMU JBYMs MPOBOJAMH JIOJKHO ObiTh He MeHee 0,5 MOwm. Ecmmn
9JIEKTPOCETh HE BBIACPKHBAECT 3TH HCIIBITAHUA, IIPOM3BOAUTCA HUCIBITAHHE H30-
nauuu HanpsbkenueM 1000 B mpomsinuieHHO# yacToThl B Tedyenne 1 muH. Hc-
NBITaHUA H30JALMH ceTel HanpspkeHueMm 1000 B npoMbInuieHHOM 4acTOThl MO-
IyT OBITH 3aMEHEHBI H3MEPEHHEM B TeyeHHe | MUH MErOMMETPOM C Harpsike-
nuem 2500 B.

KaGenbHple ceTH NPOMBINUICHHBIX MPEANPUATHI HanpspkenueM no | kB
HCIIBITBIBAIOT TOXXe MeromMeTpoM Ha 1000 B. Benuuuna conpoTuBieHust u3o-
nauuy KabenpHBIX ceTeill momkHa 6s1Th He Menee 0,5 MOwm. HauGonee pacmpo-
CTpaHEHHBIMU NPHOOPaMM JUIS M3MEPEHHUS CONPOTHUBIICHHUS M3OJALHMH CeTeil
SIBJIAIOTCA MEPEHOCHbIe MAarHUTOJIEKTpUYecKHe MeroMmmetpsl Tuna M-1101 na
1000 B ¢ Bepxuum npeaeiaom 1000 MOm.

Ha 6a3e merommerpa tuna M-1101 paspaboran nckpoOe3onacHblii MeroM-
Mmetp tHna M-1102 B ucnonsenuu PB-U (pyanuyHbIil B3pbIBO3AIIHILEHHBIH HC-
KpoOe3onacHbli), MpeAHa3HauYeHHbIH Uit paboThl B Cpejie CO B3PBIBOOMACHOM
CMeChIO MeTaHa, OeH3MHa, MponaHa U Jp. MeroMMeTpbl MOTYT MCIOJIL30BATHCA
TOJBKO JUISL U3MEPEHUS U3O0JIALMH LieTel, He HaXOALIMXCS MOJ HANPSKEHHEM.
Hanpscenue zenepamopa mezommempa 500-1000 B onacro ona uenogexa.

Kpome ykazaHHBIX NpHOOPOB, AT HMCHBITAHUS M3OJALMH CETCH ITOBBI-
IICHHBIM HAIpsKEHHEM MOXKHO MOJIb30BaThesA MeromMerpamu tuna MC-05 u
MC-06 nanpsokennem 2500 B.

IIpu npuemMe B 3KCILUTyaTalMi0 BHOBb COOPYXXEHHOH 3JIEKTPHUYECKOH CEeTH
HpeanpHUATHE JOMKHO HMETh TEXHHYECKHH MPOEKT, COrIaCOBAHHBIN C 3HEPTo-
cHaOXaloIel OpraHu3alieil, a TakKe UCIIOIHUTENIbHBIC YEPTEXKH U JOKYyMEH-
TaLMIO: TUIAHBI CHJIOBOH M OCBETHTENBHON CETH; PACUYETHBIE CXEMBI MM TabiH-
I[BI; CXEMY 3alMTHOTO 3a3€MJICHUS; MPOTOKOJIbI HUCTBITAHUA M3OJSALMH U 3a-
IUTHOTO 3a3eMJICHHS; aKThI Ha CKPBIThIC pabOTEI H JIp.

4.6. IPO®MIIAKTHKA NNOXKAPOB HA BBOJIAX
3JIEKTPHYECKUX CETEM B 3JAHHS 1 COOPY)KEHHSI OFBEKTOB
ATPOIIPOMBIIIIJIEHHOIO KOMILIEKCA

BBOI(OM oT BOSIIleIHOﬁ JIMHUHM JJICKTpOIIEpeaavYu Ha3bIBACTCA JJICKTPO-
MpoOBOJAKA, COCANMHAIONIAA OTBETBJICHHE OT BO3[ly1HHOﬁ JIMHHUH 3JICKTpoIepeaa-
YH C BHyTpCHHCFI 3J'I€KTpOIIpOBOHKOﬁ, CYHUTasAs OT U30JIATOPOB, YCTAHOBJICHHBIX
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Ha Hapy)XHOH MOBEPXHOCTH (CTEHE, KPHIIIE) 3MaHHA WIH COOPYXEHHMs, 10 3a-
’KUMOB BBOJIHOTO yCTpoiicTBa. B KauyecTBe BBOAHOrO YCTPOMCTBA 4Yalle HMC-
MOJIB3YeTCs IIMTOK, Ha KOTOPOM YCTaHABJIMBAIOTCS almapaThl 3alIMTHl (TUIaB-
KHE MpPEeIOXPAaHUTEIH, aBTOMAaTHYECKHE BBIKJIIOYATENIH), CUYETYMKH 3JIEKTPO-
SHEpruM (U1 XKHIBIX JOMOB) M KOMMYTALIMOHHBIE ammaparsl (pyOHIbHHKH,
BBIKJTIOUATENH Y T.I1.).

OCHOBHBIMHM NpPUYHHAMM BO3HHKHOBEHHS IT0KApPOB OT TEIUIOBBIX AEHCT-
BUI 3JIEKTPHUYECKOr0 TOKA Ha BBOAAX M BBOJHBIX YCTPOHMCTBAaX 3[aHHH M CO-
OpyeHHIl 00BEKTOB arporpOMBIIIJIEHHOT0 KOMIUIEKCA SBISIOTCA HapyLICHHs
HOpMaTHUBHBIX TpeboBanuii [1].

B cootBercTBuH ¢ 1. 2.1, 2.2, 2.4 nipaBux [1] TpeGoBanus moxapHoi 6e30-
IacHOCTH K oTBeTBiIeHMAM BJI HampaBineHs! Ha mpemoTBpalleHHE aBapHHHBIX
M0KapOOMACHBIX PEXKUMOB: OOPBIBOB M KOPOTKHX 3aMBIKaHHUH B MpOBOAaX, KO-
TOPBIE CONPOBOKIAIOTCS PA3JETOM PACKAJIECHHBIX YacCTHI[ METAJUIOB, MaJCHHEM
(ha3HBIX MPOBOJIOB Ha 3a3eMJICHHBIE NPEJMETHI C MOCIEIYIONMM HX pa3orpepa-
HHMEM TOKOM 3aMBIKaHMS Ha 3€MJII0 M BO3TOPAHHEM IOPIOYMX MaTEpPHATIOB H T.11.

[MToxaprast 6e30MacHOCTh OTBETBJICHHH pErJIaMEHTUPYETCA: JOMYCTHMBI-
MH PacCTOSHUSIMHU TOPH30HTAJIBHOTO ¥ BEPTHKAILHOTO CONMKEHHUS TTPOBOIOB C
3eMIleif, 3JIeMeHTaMt 3aHUsS ¥ NPOBOJAMM JIMHUH CBA3H, pafHo, TenedoHa
T.IL; JOMYCTHMBIM COJIMJKEHHEM MPOBOJOB B TOYKAX MX KPEIUICHUS K U30JIATO-
paM ONopE! ¥ BBOJA; MHHUMAJIBHO JOIYCTHMBIM CEUEHHEM IIPOBOJOB OTBETB-
JICHUS. B 3aBHCHMOCTH OT MaTepHaga TOKOMPOBOJAIICH MBI, 3alIUTOH OT-
BeTBICHUsA (M1 Hauboyiee OTBETCTBEHHBIX OOBEKTOB) OT I'PO30BBIX IEpeHa-
npsbkeHuit (cM. maparpad 8.6).

IlpaBuna paspeuaoT NPUMEHATH Ha OTBETBICHUAX K BBOJAM KaK M30JIH-
pOBaHHBIE, TaK ¥ HEM30JIMPOBaHHEBIE (rOJIBIC) NIPOBOJA; B paifOHAX C OXHOITAX-
HOI 3aCTPOIKOIf OTBETBIICHUS BBIMOJHAIOTCS MPOBOJAMH € aTMOC(hepHOit u30-
JSIUCH.

JlomycTUMBIE 0 MEXaHHUYECKOH TMPOYHOCTH CEYEHMs NPOBOAOB IpHBEe-
HBI B Tab1. 4.6.

Tabnuua 4.6
MaTepnan nposoza Haumenbluee CEUCHME, MMz
B nposere 10 10 M B nponere ot 10 10 25 M
Meas 4 6
Cranb 3 4
ANIOMHHHH M €ro CruIaBbl 16 16
Camonecyuine npoBosa -+ 6
ABT-1; ABT-2; ABTY; ABTB;
ABTBY; CAllr; CAllcur; CACIIT;
CACIIcu
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Haubonee THIMYHBIM HapyIIEHHEM MPABUII ABISAETCSA MCIOJIB30BAHUE UL
oTnaek OOBIYHBIX YCTaHOBOYHBIX MpoBoxoB THna AIIB wmm AIIP ceuenmem
4-6 MM’, 4TO 3HAUMTENBHO HITKE Tpebyemoii Bemmunisr (16 Mm®). Hanbonee
M0XapOONacHLIMH y3/1aMH OTBETBJICHHH SBIAIOTCA MECTa MX COEIMHEHHH C
BBOJIaMH, MOCKOJIKY OHHM, KaK IPaBHJIO, BBIMOJHAIOTCA OOBIYHOH CKPYTKOH,
KOTOpas B TIPOIECCE 3KCILTyaTallMu ObICTPO ociabeBaeT, pacTeT NepexoHoe
CONPOTHBJICHHE COCIMHEHHUS U HACTYIIAeT MeperpeB.

B cBo1o ouepesib, meperpeB BhI3BIBACT YCKOPEHHBIH POCT OKHCHON IUICHKH
(0co6eHHO 3TO 3aMETHO IPH UCIIOIB30BAHHHU ATIOMHHHEBBIX TIPOBOIOB), KOTOPAs
enie GoJblIe YBEIHYUBACT IIEPEXOJHOE CONPOTHBICHHE M MEPErPEB COCTHHEHUS
CKpPYTKOH. Bce 310 MOXeT BBI3BaTh B CKPYTKE MCKPEHHE, KOTOPOE MOKET MpH-
BECTH K 3HaYUTEJIILHOMY HarpeBy MPOBOOB H BOCIUIAMEHEHHIO M30JIALIUH.

Oco0by10 nokapHyI0 OIacHOCTh NPECTaBIsAET CKPyTKa MPOBOIOB, BBIMOJI-
HEHHas M3 MPOBOIOB C Pa3HOPOAHBIM METAJIOM, B KOTOPBIX OKHCJIEHHE IO-
BEPXHOCTH TOKOINIPOBOJAIINX XM CYIECTBEHHO yOBICTpAETCA MO AcicTBHEM
JNEKTPOXHUMHUYeCKUX ABneHuil. [TosToMy s mpemoTBpamieHus 3aropaHui U
[I0’KapOB, BBI3BAHHBIX HEKAYECTBEHHBIM COCJMHEHHEM IIPOBOJOB, 3TH COCIH-
HEHHS JIOJKHBI BBITIOJHATBCS C TIOMOMIBIO CIIEIHMAIBHBIX 32KMMOB MJIH CBAPKH.
OJHONPOBOJIOYHEIE TMPOBOJA MOIYCKACTCA COCHMHATH CKPYTKOH, HO 00s3a-
TENBHO C MOCIEAYIOEH naikoil MecTa coeIMHEHHS!.

CoenuHeHNE NPOBOJIOB M3 Pa3JIMYHBIX METAUIOB M PAa3HBIX CEYCHHH BBI-
MOJHAETCA TOJBKO HA OMOpax MpH IMOMOIIM CIEUMATLHBIX MEPEXOIHBIX 3aXKH-
MoB (Hanpumep, Turos: LHIJIK-2B, IJIK-26, HJIK-2A, OAC-1, OAC-2 u ap.).
3axxumel THa OAC SBIAIOTCSA NPOTPECCHBHON KOHCTPYKIIMEH, obecrieunBaioT
XOPOIIHH IEKTPUYECKHI KOHTAKT MEXKIY CTAJBHBIMH M aJIOMHHHEBBIMH IIPO-
BOJaMH, BEICOKYIO MEXaHHUYECKYIO POYHOCTh M T€PMETHUYHOCTh COCAHHCHHS.

ITpu nmro6oM BHIE BBOAA OT BO3AYUIHBIX JIMHHI B 34aHHA (Y€pe3 CTEHKY B
M30JIILHMOHHEIX TpyOax M 4epe3 KpBIUIM B CTATbHBIX TPyOax) MAOJKHO MCKIIO-
YaThCS IONafiaHue BOIbI BHYTPh TpyO. [Ipu BeIMONHEHNH BBOJIOB B 3/JaHUS ue-
pe3 TpybocToiiku HeoOXoauMO oOpamark BHHMaHHE Ha TO, YTOOB!I TOJIIIMHA
CTEHKH CTalbHOH TpyOBl ObUla HE MEHbIIE, YeM 3HAYCHMs, NPHBEICHHBIC B
Tabmn. 4.7.

Tabnunua 4.7
[1poBoAA C CeUeHHEM KK, MM iy ——
aNlOMUHHEBbIE Me/Hble
6 - 2,5
10 4 2,8
16-25 6-10 32
30-50 16 3,5
70 25-35 4,0
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BBozmble ycTpoiicTBa (pachpefenuTenbHble MUTHl U UIUTKH) B 3HaHHUA
JOJDKHBI PAcIoNaraTbCs B MeCTax, YA0OHBIX A 00CIy)KHBAaHHSA, HA PAcCTOS-
HUM He Gonee 3 M OT BBOJa B 3J1aHHEC. Hpoaona HHTalOH.[Cﬁ JJMHHUHU Ha 3TOM
y4acTKe JOJDKHBI OBITh HAaIEKHO 3alIMILCHBI allapaTaMH 3allUThl, YCTAHOB-
JICHHBIMH BO BHEIIHEH ceTH. J[JIs 9TOro MCIOMB3YIOTCsS Tpib006pasHble mpeio-
XPaHUTECIH WJIH NPEAOXPAaHHUTEIIM APYTHX THIIOB, YCTAaHOBJICHHBIC B SIIMKaX,
3aLIMIIAIOLIMX HX OT aTMOCEpHBIX ocaakoB. [Ipoknagka 3TOi THHUM B TIOMe-
IIEHHE HEe3aUIMIIEHHBIMU H30JIHPOBAHHBIMH NIPOBOJIAMH JOITYCKAETCS TOTBKO B
HETI0KAaPOOIACHBIX TOMELIEHHUAX 10 HECTOPAEMBIM MTOBEPXHOCTSM.
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I'naBa 5

JEKTPOABUTATEJU, TPAHC®OPMATOPBI
N AIINAPATHBI YIIPABJIEHUS

5.1. OBIME CBEJIEHHUSA OB SJIEKTPO/IBUTATEJISAX

Onexmpodseucamenv — MallMHa, NpeoOpa3yionias JEKTPUYECKYIO JHEp-
THI0 B MEXaHHYECKYI0. B 3aBUCHMOCTH OT pojia MOTpeOIseMOro Toka 3J1eKTpo-
JBUTATENH NMOAPA3ACAIOTCS Ha 3JIEKTPOABUTATEIIN NepemMeHHo20 U NOCMOAHHO-
20 moka. DNEeKTPOABHMIaTEeIN IMEPEMEHHOrO TOKa JCNATCA Ha aCUHXPOHHbIE,
CUHXPOHHbIE U KOJLEKMOPHbIE.

ACHHXPOHHBIH 3JI€KTPOJBHraTeNb COCTOMT M3 cTaTopa M poropa. O0-
MOTKH CTaTopa M pOTOpa pa3sMeEILeHbl B Ma3axX WX MarHUTonpoBojoB. Ha po-
TOpE aCHHXPOHHBIX 3JEKTpOJBHraTesci pacrnoiaraercs naubo QasHas, T.c.
uMeronas oObIYHO CTOJIBKO Xke (a3, CKOJIbKO W 00MOTKa cTaTopa, JInbo Ko-
poTko3aMkHyTas. KopoTkozamMkHyTas 0OMOTKa pOTOpa COCTOMT M3 Pacro-
JIOXKEHHBIX B €r0 Ma3zaXx 3aMKHYTBIX MexJay co0oif 1o o6euM CTopoHaM po-
TOpa HEM30JHPOBAHHBIX CTEpXKHEH M3 NPOBOJHMKOBOro Mmarepuana. OHa
MOXET OBITh TaK)Ke BBITIOJIHEHA 3aJIMBKOH Ma3oB anoMuHueM. B 3aBucumo-
CTH OT THMa OOMOTKHM pa3IM4aloT aCUHXPOHHBIC IBHIaTCIH C (aszHbim W C
KOPOMKO3AMKHYMBIM PDOMOPOM.

CHHXpPOHHBIE JJIEKTPOJBHIaTeNIM MPHMEHSAIOTCA B JJIEKTPONPHBOJAX, TIE
TpeOyeTcs MOCTOSHHASA 4aCTOTa BPALCHHUS, OJTHAKO OHHM HMEIOT IUIOXHE ITyCKO-
BBI€ CBOWCTBA M I MUTAHUA OOMOTKHM BO30YXAeHHs TpeOyeTcs MOCTOSHHBIH
ToK. [IpumenstoTcs Ha MomHocTH cBbiiie 600 kBT, Ha Hanpsukenue 6 u 10 kB
M KaK MHKPOJBMIaTeJId MOIIHOCTBIO 10 | kBT. MHorue cepuu u TUIbI CHH-
XPOHHBIX ABHTaTeNeH NMPUMEHAIOTCA VI MPHUBOJA: KOMIIPECCOPOB, MEJIBHHII,
BEHTHJISITOPOB, PE3HHOCMECHTEJICH M IPaHyIsATOPOB U T.J.

KosnekTopHbIE 3€KTPOABUTATEIM MEPEMEHHOIO TOKa, B OCHOBHOM Ma-
JIOMOILHEIE, HCTIOB3YIOTCS JUIsl IPHBO/A dIEKTPUPHLNPOBAHHOIO HHCTPYMEH-
Ta, OBITOBOH TEXHUKH, MEIHIIMHCKOTO 000PYAOBAHHS H T.II., T.€. B T€X CIy4asXx,
KOrJa ISl MX NMUTaHUsA HeoOXoauM oaHo(pasHbli M pexe TpexdasHblil mepe-
MEHHBIH TOK.

KomnekTopHble 3JIeKTPOIBUTAaTEN IOCTOSIHHOTO TOKa Dojee pacnpocTpa-
HEHBI B IIPOMBIIUICHHOCTH, YTO OOBACHACTCS BCEBO3PACTAIOIIMM IPUMEHCHH-
€M CTaTHYECKHX BBIMPAMHTEINEH, a TaK)Ke MPOCTOTOH M HAJICKHOCTBIO criocoba
peryJIMpoBaHUs 4aCTOTHl BPAIEHHs, OOIBIINMHU ITyCKOBBIMH MOMEHTAaMH H Iie-
perpy304Hoii crlocoOOHOCTBIO, YEM Y IBHTATEIICH MIEPEMEHHOTO TOKA.

OCHOBHBIMH KOHCTPYKTHBHBIMH 3JIEMEHTaMH JIBUraTejeH IMOCTOAHHOTO
TOKA ABJIAIOTCS CTaHWHA C 3aKPEIUICHHBIMU HA HEH IJIaBHBIMH M 100aBOYHBI-
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MH IOJIIOCAMH, BPALIAIOMMHCH SKOPh ¢ 0OMOTKOH M KOJJIEKTOPOM M IIETOY-
HBIH anmapar.

B Hacrosmee BpeMa OCHOBHOH cepueil ABHrareseH ITOCTOSHHOIO TOKa
oburero Ha3HaueHus sisiercs cepus 2I1. Mcxons u3 tpeboBaHHii COBpEMEHHO-
TO 3JEKTPOIPOBOJIA CO3JaHO HOBOE ITOKOJIEHHE 3JIEKTPOJBUraTeIeH MOCTOMH-
Horo Toka cepuu 4I1. B HOBOI#I cepun peanu3oBaHa uzies yHU(GHUKALUHU JBUTATeE-
neii MOCTOSIHHOTO TOKa ¢ aCHHXPOHHBIMU JIBUTATEIAMH CepHU 4A.

Haunbonee 1mmMpOKO pacmpoCTpaHEHBI B 3JIEKTPONPUBOIAX ACHHXPOHHBIE
3JIEKTPOABUIaTENM TpeX(a3HOro NEpeMEHHOro TOKa ¢ KOPOTKO3AMKHYTBIM pO-
TOPOM. ACHHXPOHHBIE 3IEKTPOJBUTaTeIM NOTPeOIsIoT oKkoso 60 % Beei BhIpa-
GaTbIBaEMOI 3JIEKTPHYECKO 3HEPTHH. ACHHXPOHHBIE AIEKTPOJABHIATEIH BEI-
IMYCKAIOTCA B PA3sIMYHOM KOHCTPYKTHBHOM HCITOMHEHHH B 3aBHCHMOCTH OT Ha-
3HAYCHHUA M YCNIOBHH mnpuMeHeHHA. OObIMHON ABISETCA KOHCTPYKLMSA 3JIEKTPO-
JBUTATENs IS YCTAHOBKH €ro B TOPU30HTAILHOM MOJIOXKEHUH. MIMeloTes KoHCT-
PYKTHBHBIC UCITOJTHEHHS IS PACIIONIONKEHHUS UX BEPTHKAIbHO. Takue JBUraTeNy,
KaK TpaBUJIO, M3rOTaBIMBAIOTCA C (DIaHLEM JUIS KPEIUIEHHS K BEPTHKAIbHOH
CTEHKE MPUBOJUMOrO B JBH)KECHHME MeXaHH3Ma. BEITycKaroTcs 371eKTpoBHraTe-
JIM BO BCTPAMBACMOM HCIOJIHEHHH, KOTOPbIE MOHTHPYIOTCSL BHYTPH CTaHKa MJIU
JIPYroro MpHBOJMMOro B IBIXKEHUE 00BEKTa U ABIAIOTCS €ro HEOThEeMIEMON a-
CTBIO.

B npomblnmenHoctH Hanbojee IIHPOKO TNPUMEHSIOTCS ACHHXPOHHBIE
IEKTPOABUTATENN eAMHON cepun 4A, obnazaronire HeOONBIION MeTannoeM-
KOCTBIO M BLICOKHMM MEXaHMYECKUMH XapaKTepHCTHKAMH.

Cepus 4A sBnsercs MacCOBOM cepHel aCHMHXPOHHBIX JABHraTeleH, pac-
CUMTAHHBIX Ha MIPHUMEHEHHE B PA3JIMYHBIX 00JacTAX mpoMbriuieHHocty. OHa
OXBaTBIBAET JUANa30H HOMHUHAIBHBEIX MomHocTei oT 0,06 1o 400 xBt. Ce-
PHs BBIITYCKACTCA B OCHOBHOM MOAM(PHIIMPOBAHHOM H CHELIMATH3HPOBAHHOM
HCIOJIHEHHUH.

JIBUTaTeNM B OCHOBHOM HCIIOJHEHHH - 3TO TpeXasHble IBUraTeNH ¢ KO-
POTKO3aMKHYTBIM POTOPOM, UMEIOIKE CTENEHb 3alUThl /P44 wmu [P23.

MoauduiypoBannble U CreHATH3HPOBAHHEIC HCTIOTHEHUS ACHHXPOHHBIX
nBuraresieit cepun 4A BBINOIHEHb! Ha 6a3e MX OCHOBHOTO HCIIOJNHEHHs, Ha-
IIPUMED: JBUTaTEIH C MOBBIIIEHHBIM ITyCKOBBIM MOMEHTOM (4AP); moBbImeH-
HBIM HOMHHAJIBHBIM CKOJbXeHHEM (4AC), MHOTOCKOPOCTHBIE (CO CTyHeHYa-
THIM PETYJMPOBAHNEM YaCTOTHI BpAlleHHA); ¢ YacToToi nutanus 60 I'; a Tak-
K€ UCTIOJHEHHH: TPOIMYECKOr0, XMMOCTOMKOTO, CEILCKOX03IHCTBEHHOT O, BIla-
rOMOpPO30CTOMKOr0, MBUIE3AINIIIEHHOTO U PYIHHYHOTO.

B cepun 4A npunsra ciaeyiomas cuctemMa 0603HaueHHA:

1 2345678,
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rae | — naumenoBanue cepuu (4A); 2 — UCIOJIHEHHME 110 CIIOCOOY 3alUTHL: OyKkBa
H — ucnonnenne /P23, orcyrctue OykBbI 03Ha4aeT ucronHenue [P44; 3 — uc-
MOJIHEHHE M0 MaTepHaly CTaHMHBI (CTaTopa) U IUMTOB: A — CTaHMHA M IIUTHI
AIOMUHHUEBBIE, X — CTAHUHA ATIOMUHUEBAs, IATHI YyTyHHBIE (MM obpaTHOE cO-
yeTaHHe MaTepHasoB); OTCYTCTBHE OYKBBI — CTaHMHA (CTaTopa) M MUTOB: A —
CTAHWHA M LIMTHI AIIOMHHHEBBIC, X — CTAHMHA AJIOMHHHEBAs, UIUTHl YyTYHHBIE
(un obpaTHOE coYeTaHHE MaTEepHAJIOB); OTCYTCTBHE OYKBBI — CTAaHWHA M LIUTHI
YyTYHHBIC WM CTAJIBHBIE; 4 — BBICOTA OCH BpalleHHs, MM (JIBe WM TpH LM pEI);

5 — yCTaHOBOUHBIH pa3Mep MO JUIMHE CTaHMHBL OykBbel S, M u L (MeHbLIMH,
cpenHuii WM OONBIION); 6 — JUIMHA cepieuHMKa: A — MeHblIas, B — Gonbiias
NP YCJIOBUM COXPAHEHHUS YCTAaHOBOYHOIO pa3Mepa; OTCYTCTBHE OYKBbI O3Haya-
€T, 4TO TMpU JaHHOM YCTaHOBOUHOM pasmepe (S, M u L) BBIMOIHAECTCS TOJIBKO
OIlHA JUIMHA CEpJACYHHMKA; 7 — YHMCIO TOMIOCOB (oaHa WiM JBe HU(PEI);
8 — KIMMaTHYecKoe ucronHenue u kateropus pasmemenus o 'OCT 15150.

Heo6xoauMo Taroke y4uTBHIBaTH KJIMMaTHUeckue (DakTOpel, Tak Kak HE
BCSIKOE 3JIEKTPOOOOPYJ0BAHHE MOXKET Halle)KHO paboTaTh B Pa3sIMUHBIX KJIHMa-
THYeCKuX paionax. [ToaToMy Ha Bce BHBI AJIEKTPOOOOPYAOBAHHS YCTaHOBIIE-
HBI TpeOOBAaHUs, ONPENENAIONIHE KAUMAMUYECKOe UCNONHeHUue W Kame2opuio
pazmewenus 1o FOCT15150 — 69, a Taxke onpeaeneHbl YCIOBUSA TPAaHCIIOPTH-
pOBaHMs, XpaHEHHUA M IKCIUTyaTAalMM B YacTH BO3JEHCTBHSA KIMMAaTHYECKHX
(haKTOpOB B OTAENBHBIX MUKPOKIMMATHYECKHX paifoHax.

ObopynoBanue v U3eNHsA, IPEIHA3HAYEHHBIC [UIA SKCIITyaTallui B OJHOM
WIH HECKOJBbKHX MHUKPOKIMMATHYECKHMX paioHax (HampuMmep, Ha cylie, pekax,
MOpe), BBIITYCKAIOT B CJEIYIOUIMX KIMMAaTHYECKHX UCITONHEHUAX: Y — yMepeH-
ueiii, YXJI — ymepennslit u xonoausiid; TB — tponmuueckuit Bnaxuslif; TC —
Tponnyeckuit cyxoi; T — Tponuyeckuii (cyxoi u Bnaxuslif); O — obmexiuma-
tuaeckoe ucnonnenne. Menomuenuss TB, TC, T moryT 6bI1Th 0603HaueHBI 00-
M TepmuHoM — T. Bee 3TH ucnonHeHus MoryT o603HavyaThes OyKBaMH Jia-
THHCKOTO aJ(aBUTa, NPUHATHIMH B HEKOTOPBIX 3apyOexHbIX ctpanHax: N, NF,
TH, T, U cOOTBETCTBEHHO BBILIENEPEUHCICHHBIM HCIIOJIHEHHAM.

Kareropuu pasmerueHust 000pynoBaHusS M U3AENUI MPU 3KCIUTyaTalMH B
BO3JYILHOIT cpesie 0003HaYaloTCA UPpaMH U MOTYT UMETh YKpynHeHHsle (1, 2,
3, 4, 5) wm ponomuurensusie (1.1, 2.1, 3.1, 4.1, 4.2, 5.1) XapakTepUCTHKH.
Hampumep: 1 — [u1st 9KCIuTyaTalMy Ha OTKPLITOM BO3yXe (BO3JEHCTBHE COBO-
KYIMHOCTH KJIMMAaTH4eCKHX (PaKTOpoB); 4 — JUId SKCIUTyaTallHH B IOMEIEHUIX
(06BeMax) ¢ MCKYCCTBEHHO PEryJIHpyEeMBIMH KJIMMAaTHYECKUMHU YCIoBUsIMY; 1.1
— U XpAaHEHUsI B IOMELICHUAX KaTeropun 4 u T.11.

BykBbl 1 1M pbl, 0003HaYAIOUIME KIMMATHYECKOE UCIIOHEHHE H KaTETOPHIO
pasMelueHys, BBOAAT B YCIOBHOE 0003HayeHMe THa (Mapku) oOOpyJOBaHMA M
U3JIesue mocje BceX 0003HaYeHUH, OTHOCAIIMXCS K MX MOAU(DHUKALUH, HApUMep
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B3PbIBO3ALMILEHHBIH 3/1eKTpoABUraTeb cepuy B Tuma B200 — 4 B KIMMaTHYECKOM
ucrnoHenun Y ¢ xareropueii pasmeruenus 2 — 5 obosnavarot: B200 -4 Y2 - 5.

Onextpoapuratenu cepun 4AM SBISIOTCS MOJAepHM3alMeil cepuu 4A.
MozepHu3aLys MO3BOJIMIA CHU3UTh YPOBEHB IIyMa, IIOBBICUTH 3HAYEHUE HEKO-
TOPBIX OCHOBHBIX [TAPAMETPOB, YMEHBIIUTH Maccy. O603Ha4YeHHe THIIOB JBHIa-
Tenel cepun 4AM aHanornuHo 0603HaAUYEHHIO cepud 4A €O CTENEHBIO 3aLIMTHI
IP44 u nononueHo 6ykBoit M (MOA€pHU3HPOBaHHBIH).

ACHHXpOHHBIE JBUraTeNy 00uiero HasHaueHus cepuu AU ABIAIOTCA HO-
BOH YHHDHUMPOBAHHOH cepHel aCHHXPOHHBIX JIBUTATENeH, OTBEUAIONIUX IIep-
CIIEKTHMBHOMY YPOBHIO Pa3BUTHA MHPOBOTO 3JIEKTPOMAIIMHOCTPOEHHUSA. DJIeK-
TPOABHUIATENH ITOM CEpUH JODKHBI MOJHOCTHIO 3aAMEHUTh CEPHIO JBHraresnei
4A, ee Moaupukanuu u cepuio A4M.

Jsuratenu cepun AU B ominyne ot cepuu 4A UMEIOT: yJayqieHHBIE ITyC-
KOBBIE XapaKTEPHCTHKH, IMOBBIIICHHbBIE MOKA3aTEIH HAAECKHOCTH, yIy4IIeHHbIE
BHOpPOAaKyCTHYECKHE XapPAaKTEPHCTHKH, CHIDKCHHBIH pacXof aKTHBHBIX MaTe-
pHAJIOB, CHIXKEHHYIO Maccy aBurateins. CTEeneHb 3alUTHl 3JEKTPOABHIaTeICH
cepun AU — IP44 n IP23.

CrpykTypa 0003HaYeHUS THIIOPAa3MEPOB ACUHXPOHHBIX JBHTaTENEH Cepuu
AW ananornyHa cepuu 4A M OTIMYAETCs NMepBBIMHU TpeMs OykBamu: Oykssr AU
0003Havalo0T BU ABUTATENIA HOBOH cepun cTpan MHTEpanekTpo.

3HAUUTENBHO PeXe NMPUMEHAETCS MOAM(PUKAIMA ACHHXPOHHBIX JJIEKTPO-
nBurarenei ¢ (asHeIM poTOpoM ¢ TpexdaszHoii 0OMOTKOM, BHINOTHAEMOH MO-
JOOHO CTAaTOPHOM, C TEM e YHUCIIOM MomocoB. OOMOTKA COeUHIETCS 3BE30M
WJIM TPEYTOJILHUKOM; TPHU KOHI[a OOMOTKH BBIBOJAATCA HA TPH H30TMPOBAHHBIX
KOHTAKTHBIX KOJIbI[a, BPAIAIOMIMXCA BMECTE C BaJOM MallMHbL. Yepes meTkH,
YKpEIUICHHBIE Ha HEMOABWKHON YaCTH MAlIMHBI M CKOJB3SIIHE 10 KOHTAaKTHBIM
KOJIBLIaM, B POTOP BKITIOYAETCs Tpex(as3Hblif IMyCKOBON WM PEryJHMpOBOYHBIH
peocTar, T.e. B Kaxayio (asy poTopa BBOAMTCS aKTHBHOE COHNPOTHBIICHHE.
ACHHXpOHHBIE JBHUraTeNH € (ha3HBIM POTOPOM MPHMEHSIOTCA TaM, Iae Tpedy-
eTCs TIABHOE PEryJMpOBaHUE CKOPOCTH IMPHUBOJMMOTO B JIBH)KEHHE MEXaHU3-
Ma, a TaKXKe IPHU YaCThIX MMyCKaX JBUraTels M0J Harpy3Ko.

OnexTpoABUraTeNy (a TakXKe anmaparsl) KIacCHQHIUPYIOTCS 110 CTenensm
3anuTel UX obosouek (Tabm. 5.1).

Jlnst mpoM3BOJACTB, HMMEIOMIMX CHEHH(HYECKYIO CpeXy, BBITYCKAIOTCA
JNEKTPOJBUIATEIM B CHELHATEHOM KOHCTPYKTMBHOM HCMOJHEHWH. Tak, st
NPHBOZIA MPOM3BOJCTBEHHBIX MEXaHH3MOB BO B3PHIBOOMACHBIX 30HAaX OOBIYHO
NPUMEHSIOTCS 63pbléo3aujuuyentvie 3eKkTpoasurateny. [lo Buay m crmocoby
YCTPOHCTBA B3PBIBO3AIIUTEl 3TH 3JICKTPOJBHIATENH Pa3JeNsIIOTCS Ha B3PBIBO-
HEMPOHHUIIAEMBIE, NTPOyBAaEMBbIE MO U30BITOUHBIM JIaBICHUEM M IOBBINICHHOM
HaJIeKHOCTH MPOTHUB B3PHIBA (3aIIUTa BHIA «E»).
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Tabnuua 5.1

Hcnonuenue snextpoasurarens ) O603HaueHHe cTerneHH 3aunTsl 060n0uek
(annapara) no OCT 14254 —96 [16]

OTkpeITOE 1P00

3aluieHHoe IP10, IP20, IP30, IP40, IP11, IP21, IP31, IP41,
IP12, IP22, IP32, IP42, IP13, IP23, IP33, IPA3,
1P34, IP44

Bpei3rozamuimensoe IP34, IP44, IP54

KannesammuiesHoe IPO1, IP11, IP21, IP31, IP41, IP51, IP12, IP22,
IP32, IP42, IP13, IP23, IP33, IP43

3akpsiToe IP54, IP55 v np.

O6ayBaemoe IP54 (c 06ayBOM)

IlponyBaemoe IP34, [PA4, IP54 (¢ ycTpOICTBOM 15l OXJIaXIEHHS)

Ibinesamumensoe IP50, IP51, IP54, IPS55, IP56, IP65, 1P66, IP67,
1P68

Bojnoszaumimensoe IPS55, 1P65, IP56, 1P66

Haubonpmiee pacrnpocTpaHeHHe MOIYYHIN B3PBIBOHEIIPOHHUIIAEMBIE JICK-
TpoasHrarenay. LIMpoko MCIONB3YIOTCSA 3MEKTPOJABHIATEH, IPOYBAaCMBIE IO
M30BITOYHBIM AaBieHHeM. OHM BBINYCKAIOTCSA Ha OONBIINE MOLIHOCTH (CBBIIIE
100 xBT) u npepHa3HaveHsl JUIA MPUBOAA KPYIHBIX HACOCHBIX, KOMIIPECCOp-
HBIX M IPYTHX CHELHATbHBIX YCTAHOBOK.

B3peiBo3anuTa ¥ HameXHOCTh B paboTe B3PBIBO3ANIMILEHHBIX 3JIEKTPO-
JIBUTaTeIeH BO MHOIOM 3aBHCAT OT CBOMCTB HCIOJIB3YEMBIX B HUX MaTepHAJIOB.
OTH MaTepHalibl JCJIATCA Ha KOHCMPYKYUOHHbIE, AKMUBHbIE U U30NAYUOHHDBLE.

K xoncmpykyuonHbim OTHOCATCS MaTEpHAIIBI, H3 KOTOPBIX H3TOTOBIIAIOTCS
MeXaHHYECKHE JeTAH U 4aCTH dJIeKTPOABUraTess (KOpILyc, BaJl, MOAMIUITHHKO-
BbIE MIMTHI U T.X). K HEKOTOPEIM KOHCTPYKLHOHHBIM MaTepHasaM HpeIbsBls-
10TCs crenuduieckue TpeboBaHHUsA MO 06ecreyeHHio B3phIBO3aUThEL. Hampu-
Mep, BEHTHJIATOP MPUHYAMTEIBHOTO BO3AYLIHOTO OXJIKACHHA (LEHTpoOex-
HBIH, YCTaHOBJICH Ha BaJly, HIMEET HANpPaBIAIOMIMI KOXYX) BBIITOIHAETCS U3 He-
uckpsimiero Matepuana LIAM-4-1, yTo MCKIIO4aeT MCKpOOOpa3oBaHUE IPU
yJapax ero o CTaJIbHOH KOXYyX M BOCIIIAMEHEHHUE B3PBIBOOIIACHOH CpeJIbI.

K axkmuenbim OTHOCATCA TOKONMPOBOAAMIME MaTEpHANBI HIM T€, B KOTOPBIX
HPOTEKAIOT 3IEKTPUYECKHE MPOLIECCH (HAIPUMED, JIMCTOBAS JIEKTPOTEXHHYECKAT
CTaJIb U1 M3TOTOBJIECHHS CEPACYHMKOB CTATOPa M POTOPA, AIIOMHHHUH H T.IT).

K uzonayuonnvim OTHOCATCA MaTepHalbl, peIHa3HAYCHHBIC JUISA JJIEKTPH-
YeCKON H30JIALUU TOKOMPOBOJMUIMX YacTed asurareneil. Mzomsnuonnelie ma-
TEpHaNbl MPEKAE BCEro MOJDKHBI 00ECTIeunTh HaNeKHYI0 paboTy 3IeKTpPOIBH-
raTeqnsd B PassIMYHBIX YCJIOBUAX dKciuryarauuu. OT HHX 3aBHCAT M TEXHHKO-
9KOHOMHYECKHME IIOKa3aTeNu JJIeKTpoaBuratens. [l B3pBIBO3ANIMIIEHHBIX
JNEKTPOABHUTraTeNIeH H30IUMA 0OMOTOK JOIDKHA ObITh He HMXKE Kiacca B
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(mo TOCT 8865-70), Hanpumep, MHKaleHTa, MUKadOIHH, CIIOAMHHUT, CTEKIIO-
TKaHb, CTEKJIOTEKCTOIUT H T.A.

Bapblno3au1n'ra B3PBIBOHECITPOHHUIIAEMBIX 3neKTponBuraTeneﬁ obecrieun-
BaeTcs TpeMms (akTopamu: B3PHIBOHEIIPOHHKHOBEHHMEM, B3PBIBOYCTOHYMBO-
CTBIO M TEMIEPaTyPHBIM pPEXHMOM 000JI0YKH. B3pBIBOHENIPOHUKHOBEHHE
JOCTHIAaeTCs CO3IaHHEM B3PBIBOHENIPOHUI[AEMBIX 3a30POB B MECTaX COYJICHE-
HHS OTJAENBHBIX 4acTel o6omouku. K TakuM MecTaM OTHOCATCS COUIECHEHMS:
HOJIIUITHUKOBBIX LIMTOB C KOPILYCOM M BAJIOM, KOpITyca IPUCOEIMHUTEIBHON
KOpOOKH BBOJOB C KOPITYCOM JIBUTATENs, KPLIIIKHA KOPOOKM BBOJOB C KOPITY-
COM JIBUTATEJIs, KPBIIIKK KOpOOKH BBOZOB C KOpIycoM KopoOku u ap. Bee co-
YJIEHEHUS BBIMOJHAIOTCA C MHMHHMAJIBHBIMH 3a30paMH, YKa3aHHBIMH B
I'OCT 22782.6-81 [22]. Ha puc. 5.1 nmoka3zaHsl B3pbIBOHEIIPOHUIIAEMBIE 3a30-
pbl 06onoukK anekTpoxsuratend. Ha ueprexax oHu 00bYHO 0003HauYaIOTCA
CIIOBOM «B3PBIB.

2
I
1
B
6 < L]
Bappis 7

Puc. 5.1. Cxematuyeckoe ycTpOHCTBO B3PBIBO3AIMILEHHOTO JIEKTPOIBHIaTE s
1, 4 — KpBILIKK NOAWMIHKKA; 2 — KOpNYC; 3 — NOAWMNHUKOBbIA WHT; 5 — BBOAHAA
KopoOKa; 6 — B3pbIBOHENPOHMLIAEMbIE 3230pPbl, 0003HAYAEMbIE C/IOBOM «B3PbIB»

Ocoboe BHUMaHME ynensercs 00ecredeHHIO B3pPHIBOHEMPOHHKHOBEHUS
NPHCOEAMHHUTENIBHOM KOPOOKH. DTO MOCTUraeTcs IyTeM MPHMEHEHUS CalbHH-
KOBOTO YIUIOTHEHHMS MM 3aJMBKH 3aTBEpACBAIOMICH H30JUPYIOLIEH Maccoif
MecTa BBoza B Hee kabeid. [lng BBoga kabens WM IPOBOJOB B TpyOe mprme-
HAIOT My(THI C TpyOHOIT pe3nboii.

B3peiBoycToiuMBOCTE 06ecnednBacTCs BBICOKOH MEXaHHYECKOH MPOYHO-
CTBIO KOPITYCa 3JIEKTPOJBHIATENs, MOJIINITHUKOBBIX IUTOB, KOPOOKH BBOIHO-
rO YCTPOMCTBA M €€ KpPBILKHU. OTH YacTH, a TAaKXKe KPENeXHBIC 3JIEMEHTBI
JOJDKHBI BBIICPXKUBATh O€3 MOBPEXICHUS M OCTATOYHON AedopMaliu ruapas-
JIMYECKHE MCIBITAaHUSA M30BITOYHBIM NABJICHHEM, PABHBIM IIOJYyTOPAKPaTHOMY
JaBJICHHIO, KOTOPOE BO3HHMKACT BCICACTBHE BOCIUIAMEHEHHS B3PBIBOOMACHOM
CMECH NPH HOPMAJIbHBIX YCIOBHAX, HO HE MEHEe 3-10° IMa.
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TemnepaTypHelif pexkxuM 000JIOUKHM 3NIEKTpOABUraTens obecreunBacTcs
TEM, YTO TEMIIEPATypa HAPYXKHBIX MOBEPXHOCTEH B pabodyeM pexume He JOJIK-
Ha IIPeBBINIATh 3HAYCHHIH, yKa3aHHBIX B Tab. 2.12.

B3peIBOHENpOHMIIAEMbIE 3JIEKTPOBUIATEIM U3TOTABIUBAIOTCSA I pabo-
THI B KaTeropusx B3peiBoonacHoit cmeceit ot IIA no IIC (ot 1 no 4) u rpynmax
B3peIBoOnacHeIX cMmecei ot T1 mo TS (ot A mo [I). B3peiBoHenponuiiaembie
SJIEKTPOJIBUTATENIM ABJSIOTCA NPEUMYLIECTBEHHO 3JIEKTPOABHUIATENIAIMH C KO-
POTKO3aMKHYTBIM POTOPOM.

OTeyecTBEHHBIE CEPHU M THIBI B3PBIBOHENPOHHIIAEMBIX 3JIEKTPOIBUTaTE-
Jei npuBeaeHs! B Tabu. 5.2.

Tabnwnua 5.2
TS:I;T]::M Mouu- U B MapkupoBka Cocrosnue ClBiisauiie
PO | yocts, kBT cd B3PbIBO3ALMTLL | NPOM3IBOACTBA P
ABUrares
ITpuBoa Hacocos,
K, KO 4-100 | 380/660 B3I CepuiiHoe | BEHTHIATOPOB, Jebe-
JI0K
BIT
mazs | 22| 380660 B2I Tome | APMBOX
Bar ueHTpudyr
MA 37 160 380\660 B2I" « I1puBoJ HacocoB
BIT, B2T,
220/380, B3I
PAD 108408 | e BAT « -
B4/1
22-37 | 380/660 IIpuBOJ BEHTHIATO-
BACO-1' 39 00| Sutise [ B3T41 B . pos
BACO 2 22-75 | o 660 1FxdIIBT4 « BeprukanbHbli
BAOK 17-55 | 380/600 BITI ITpnBox MexaHH3MOB,
(c dazubim 75-250 | 380/660 B3I’ « TpedyIoUNX MIaBHOTO
pOTOPOM) B B1T4 - B ycKa
400 - 6000 — ITpuBon BepTHKAIBHBIX
BACS 2000 10000 LERIER TS « He(TAHBIX HACOCOB
55-315 | 380/660
BAO2 | 200- | 6000- | S>Ti-B . -
2000 10000
ITpnBoa Hacocos,
500 - KOMIPECCOopoB, Ha-
BA3MBI "2000 6000 1ExdIIBT4 « rHeraresei 1 Apyrux
OBICTPOXO/IHBIX MeXa-
HH3MOB
0,25 - 220/380 Yacrora o6oporos
B 110 | 380v660 | !ExAUBT4 . 1500 = 3000 06/mi
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Oxonuanue Tabun. 5.2

TE:‘;::;“P‘:’_ Mouu- U.B Mapkuposka Cocroanue TpHmenante
HOCTb, KBT " B3pbIBO3ALMTLL | NPOU3BOACTBA
JABHraresnsa
ITpuBOA NOABEMHO-
TPAHCMOPTHBIX H JIpY-
[HX MEXaHWU3MOB B
1,5-22 gggjggg 1ExdIIBT4 Cepuiinoe xuimqecxoﬁ,vﬂeq;m-
HO# M ra3oBoM NMpo-
2B MBIIUIEHHOCTH H JIpY-
IHX Cyyasx
1,5-55| Ho 660 B3T4 -B To xe To xe
37-110 | Mo 660 1ExdIIBT4 « «
BA132 3-4,5 | 380/660 | 1ExdIIBT4
2ExdIICT4 « «
BA200 15,5-45 | 380/660 To xe
ITpuBO/I MeXaHH3MOB
AUM (C) 4-22 Jo 660 | 1ExdIIBT4* B XHMHYECKOH, ra3o-
1ExdIIBT4 « BO#H, He(Tenepepaba-
AUM (P) 7-30 Jlo 660 To xe TBHIBAIOLIEH M APYTHX
oTpaciax

* IlepBble NMEIOT BBOJIHOE YCTPOMCTBO C BHJOM B3PbIBO3ALMTHI «€», a KOPIYC —C BH-
JIOM B3pbIBO3ALIMTEI d, T.e. Js B3pbiBoOmacHeX 30H B-la(2),B-Ir(2), B-16(2), B-1la(22).
Bropsie (mox uyeproit) — BBOAHOE YCTPOICTBO M KOPIYC HMEIOT 3alliuTy BHAA d, T.e. JUIs
B3pbIBOONacHsIX 30H — B-I(1), B-II(21).

Onexrpoasurarenu cepud BAO Bcex MapKHUpOBOK IO B3phIBO3aIIUTE (OT
BIT" no B4]] BKIIOYHTENHEHO) UMEIOT OJMHAKOBBIE YCTAHOBOYHBIE M MOHTAX-
HBIE pa3Mephl, CTaHJapTU3UPOBAHHYIO IIKAIy MOIIHOCTEH, 4To obecneynBaeTr
MX B3aMMO3aMEHAEMOCTh, YNPOLIAET NMPOEKTUPOBAHHE M MOHTaX BO B3pPBIBO-
OIIACHBIX 30HAaX.

Cepus anextpopsuratreneir BAO BkI0o4aeT OCHOBHOE MCIOJIHEHHE H MO-
quukanuy. B monmHoMm 0603HaYEeHUH 3IEKTPOABUIaTeNIss OCHOBHOTO HCIOJIHE-
HusA, HarpuMep BAO-21-4, mudpa 2 yka3pBaeT Ha BTOpoi rabapur (T.e. Ha yc-
JIOBHBIH HapyKHBIH JAHaMETp JUCTOB cTaTopa), | — Ha yClOBHYIO JUIMHY (TIep-
BYIO MJIM BTOPYIO) MaKeTa cTaTopa, 4 — Ha yHcIIo moaocoB. Moaudukanuu ce-
puu BAO wumeror cnemyromme o6osnauenus: BAOK (¢ ¢asueiv poropom),
BAOT (xonseitepusie), BAOJI (ne6enounsie), BAOM (ans MecTHO# BEeHTHIIA-
mun), BAOA (nns 3anopHoif apmMatypel) U T. 1.

B Hacrosmee BpeMs HallaXXe€H CEPUIHBIH BBITYCK HOBBIX B3PLIBOHEIIPOHH-
LaeMBIX dNeKTpoaBUrateneii cepun B, 2B, BA, AUM u np. Onu npenuasHade-
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HBI JUIs IPUMEHEHHUS BO B3PHIBOOIACHBIX 30HaX kyaccoB B — 1 u B — 11, a Taxxke
B-TauB-Ir.

B3peiBo3amuTa 31€KTPOABUTATENCH, TNPOMYBAEMBIX IOX H3OBITOYHBIM
JIaBJIEHHEM, OCHOBaHA HAa HENPOHHMKHOBEHHH B3PBIBOONACHOH CpEIbl BO BHYT-
PEHHIOIO MOJIOCTH JICKTPOJABHUraTeNs. ITO NOCTUTAETCS MPOIYBKOH BHYTpEH-
HEH MOJIOCTH 3JIEKTPOJBUTATEINIA U BO3TYXOMXYBOB (B MpeJeaax IPaHull B3pEIBO-
OMacHOM 30HBI) YHCTBHIM BO3JYXOM WJIM MHEPTHBIM Ia30M M CO3JlaHHEM B HHX
n36bIToyHOro naBienus He Mexee 100 ITa. DmekTpopBuraresin MOryT UMETh
3aMKHYTYIO MM Pa30MKHYTYIO CHCTEMBl BEHTHJIALMU. B mepBom cirydae uump-
KYJHMpYeT OJHH M TOT ke 00BeM BO3IyXa, OXJIaXTAeMOTO IBYMS BOISHBIMH
BO3yXooxnaguTensMu. Mmeercs Tpy6onpoBos JUIsl OTBOAA BO3/yXa TpH IIpo-
JTyBKE 3JIEKTPOABHUTATEN Mepel MyckoM. B pazomMkHyTO# cucteMe Bo3myXx (cM.
puc. 2.4) 3abupaeTcst BHE B3PBIBOONACHON 30HBI, MPOXOJUT B (QUILTPAX OYHCT-
Ky OT IIBUIM, 3aT€M NPOTOHAETCA IO BO3AYXOBOJAAM M IOJOCTH 3JCKTPOJBHIa-
Tens M BeIOpaceIBaeTCS HapyKy (BelOpaceiBaTh OTpaboTaBUIMIT BO3AYX BO
B3PBIBOONACHYIO 30HY HE PEKOMEHIYETCA).

JIOTONMHUTENBHBIMU MEpaMM 0 3TOMY BMIY B3PBIBO3AIIUTEl SBISAIOTCS:
HOPMHpPOBAHHE TEMIepaTyphbl 060J0UKH (OHA Takas ke, Kak M y B3PBIBOHEIPO-
HHMIAEMBIX 3JICKTPOJBHIaTeliel); aBTOMaTHYECKOE OTKIIOYEHHE WM Iojayda
CHTHasa ¥ OJIOKMPOBKa.

[Ipn mageHUH CTaTHYECKOTO JaBJeHHs BHYTpH obosouku Hipke 100 ITa B
3oHax B-1 u B-II momkxHO mMpoM30MTH aBTOMAaTHYECKOE OTKIIOYEHHE JJIEKTPO-
nBurarens, a B 30Hax B—Ia u B-Ila qonyckaetcs aBToMaTu4eckas rnojadya CUrHa-
J1a OMAaCHOCTH. It 3TOr0 MPUMEHSIOTCS MeMOpaHHbIe CUTHAIN3aTOPHI TaBICHHS
CII/IM, KoTOpbIEC YCTaHABIHBAIOTCA 3a IPEETIaMU B3PEIBOOIACHOM 30HBI.

BriokupoBKa npeaynpekaacT BKIIOYEHHE IEKTPOABHIaTeNs 10 TOr0, KaK
4epe3 ero 060JI09Ky COBMECTHO CO BCEMH 3IeMeHTaMu (TpyOonpoBoagamMH, BO3-
JYXOOXJIQAUTEIAMH U T.[.) CUCTEMbl BEHTHIALMU He OyIyT MpOJIYTHl YHCTHIH
BO3/yX WJIM MHEPTHBIH ra3. O0beM ra3oB J0/keH ObITh HE MEHEe IMATHKPATHOH
eMKOCTH 00O0JIOUKH M BCeil CHCTEMBI BEHTWIALMH. OTa GJIOKMPOBKA BBITTOIHSA-
eTcsl NMpH IMOMOILIH pejie BPEMEHHM, BKIIOYAIOIIEro 3JIEKTPOIBUIaTENlb TOIBKO
TOT/a, KOT/la BEHTHJIITOP OCYIIECTBHUT MpPOXYBKY. Bpems BeIICpKKH pene Bpe-
MEHH OIpeAensieTcs no popmyse

T2 [5(Vi + V)]0, (5.1)
rxe V; — 06beM BO3IYXOBOIOB, M*; V, — 06BEM dJIEKTPOABHraTeNs (BEIYMCIAET-
cs mo raGapuTHEIM pasmepam), M'; Q - TPOM3BOIMTENHHOCTh BEHTHIATOpA
TOZITHTKH HJIH TIPOJLYBKH, M°/C.

DNeKTPOABUTATENN B 3TOM HCIIOJHEHUH ABISIOTCS KPYMHBIMU MalIMHAMH
4 TIPUMEHAIOTCA JUIA TNPHUBOJA HACOCOB, BEHTHIIATOPOB, KOMIIPECCOPOB U
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JIPYTHX OOIIEMPOMBIIUIEHHBIX MEXaHH3MOB BO B3DHIBOOIACHBIX 30HAX BCEX
KJTacCoB (3a MCKJIIOYeHHeM 30HBI B-IT), KOTOpEIE MOTYT COAEpKaTh B3PBIBO-
OITaCHbIE CMECH BCEX KaTel"OpHﬁ M I'pynil. HCKOTOpBIC JaHHbIC OTECYECTBECHHBIX

THIIOB M CEPHUii TaKUX DJIEKTPOABHUTraTeseil mpuBoaATcs B Tadm. 5.3.

Tabnuua 5.3
Cepusa naun Yacrora OBoLaARIE
TN 3/1eKTpo- | MouHocTs, KBT U,B BpalleHus, B3PHIBOIALLATHI INpumeuanue
ABurarens 06/MuH
CJIKII2 315- 8000 6000 250-500 | B4TS-IT unn | [puBon
H4TS-IT NOPIIHEBBIX
KOMITPECCOPOB
A3 32- 2000 220/380 550- B4TS5-I1 unu | IlpuBox raso-
AB 380/660 3000 B4T5-11 BBIX KOMIIpec-
H4TS-11 COpoB
CTAIl 630-112500 6000-10000 B4T5-IT unu
3000 HA4TS-I1
ATH2 315- 5000 6000 B4T4-I1 unn | IlpuBon naco-
3000 B4T5-11 COB, BEHTHJIf-
TOPOB M JpY-
rux ObICTpO-
XOJIHBIX YCT-
poicTB
JAII 1250-2500 6000 H4TS-B
AT/, A3II, 500-2500 3000-5000 1500 HA4TS-B
APII 3000

DNEeKTpOoABUTaTE N MOBBILIEHHON HAIEXHOCTH NPOTHUB B3PhIBA TPH HOP-
MaJbHOM pexxHMe paboThl He MOTYT OBITH NPUYMHOM B3pHIBA: Y HUX OTCYTCT-
BYET OTKPBITOE MCKPEHHE, TYTU WIIH OITaCHbIe TeMIeparypbl. J{OnOITHATENbHEI-
MH ¢dakTopamu, 00€CHEYMBAIOMIMMH 3TOT BHJ B3PBIBO3AIIKTEI, SBIISIOTCS:
CHIDKEHHE JOIYCTHMOH TeMIIepaTypsl H30JIHpOBaHHEIX 06MoToK Ha 10 °C (rmo
CPaBHEHHIO C JOIYCTHMBIMH), NMPUMEHEHHE JIEKTPOH30JIIIMOHHEIX MaTepHa-
JIOB BBICOKOT'O Ka4ecTBa (CTEereHb 3aluThl 000109ku He Hike [P33 nmm IP54).
BeImyck Takux 3J1E€KTPOJBHIaTeNel OrpaHMYeH cepueil A JIecAToro M OfuHHa-
nuaTtoro rabaputoB MouIHOCTHIO 55-320 kBT, Hanpsbkennem 380/660 B u 3000
B B ucnonuenusx HOA, HOB, HOT'.

ONeKTpoABUTaTeIN MOBBINIEHHOH HaJEKHOCTH MPOTHUB B3PHEIBA MOTYT
IPUMEHATHCSA BO B3PHIBOOMACHBIX 30HAX BCEX KJIACCOB (3a MCKIIOYEHHEM 30H
knacca B-I u B-1I) n Bcex kaTeropHii B3pbIBOOITACHBIX CMeCEi IpH COOTBET-
CTBHH €€ TPYIIIEL.

OneKTpoABHraTeaM OOBIYHO MMOCTABIAIOTCS KOMIUIEKTHO C TEXHOJOTHYE-
CKMM 00opynoBaHHEM (HacocaMH, KOMIPECCOPaMH, BEHTHIATOPAMH W T.I.).
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Eciy ke OHHM MOCTaBJICHbI HEKOMIUICKTHO, MX BBIOMpPAIOT [0 POAY TOKA, Ha-
NPSHKEHHIO ¥ HOMMHAJIBHBIM IaHHBIM, TPUBOAUMBIM B 3aBOJCKHX KaTaJOrax.

Br160p anmekTpoABHraTeeii mo poay TOKa M HAMPSKEHHIO HECIOXKEH: POJ
TOKa M HAIPSHKEHUE OTIpeie/IeHbl YCIOBUAMH JICKTPOCHAOKEHHUS, MOLIHOCTHIO
CaMHUX 3JIEKTPOJBUTaTENeH U HEOOXOJUMOCTBIO PEryIHPOBAHHS YAaCTOTH Bpa-
ICHHS.

BaxxHo¥ 3amaveil mpH BbIGOpE 3JEKTPOABHUIATENIs ABISETCS ONpEeIeHHE
YCIIOBHif, B KOTOPBIX OH Oyner pabGotatb. Bo MHOTHX ciydasx oKpyiKaromas
cpena COmepXKUT OONbIIOEe KOJNMYECTBO BJATH, TbLIM, Ta30B, MapoB, XHMHYE-
CKMX BeuIecTB. [109TOMy cTeneHs 3aiuThl 000JI0UKH 3JIEKTPOABHIATENSA A0IDK-
Ha COOTBETCTBOBAThH OKpYKatomieH cpeze. [Ipu BeIOOpe anekTpoBHraTens s
B3PBIBOOMACHBIX 30H, KPOME TOTO, YYWTBIBAIOT KJIACC 30HBI, YPOBEHb M BHI
B3PBIBO3ALIMTEI, KaTETOPHIO M TIPYIIy B3pbIBOONACHOI cMecu. [[ns moxapo-
OMacHbIX 30H TAKXKE YUHTHIBAIOT €€ KI1acc.

THUI aCHHXPOHHOTO 3JIEKTPOABHUrATeIss BO MHOTOM OMpEJENseTcs YyCIo-
BHAMH ITycka paboyero MexaHu3Ma, a TakxkKe pexXuMoM paboTel. Pexxum paGoTs!
9JIEKTPOJIBUTATEIIS ONPEENACTC XapaKTepOM €ro 3arpy3kH ¥ BpeMeHeM, B Te-
YeHHEe KOTOPOro OH MOXKeT paboTaTh, HE HArpPEBasCh BBIIIEC YCTAHOBJICHHON
TEMIIEPaTYpBI.

[Ipu JutnTensHOM pexxuMe paboThl BBIOOP dMEKTPOABUraTesIeil JOCTaTOYHO
npoct. Ecnm Harpyska MexaHu3Ma IOCTOSHHA (HACOCHI, BEHTHJIATOPHI, KOM-
HPECCOPBI, Pa3IMYHOrO Psija TPAHCIOPTEPEI), HCXOIAT U3 YCIOBHUS

Py = Pyex, 5.2)

rae P, — HOMHMHANbHAas MOIIHOCTH (MO KaTajory) 3JIEeKTpOoABHratessi, kBT;
Pyex— HOMHHAJIBHAS MOIIHOCTE pabo4ero Mexannama, kBT.

MoIHOCTE Pyex OMPEAENISETCS MO ITapaMeTpaM MPpOU3BOJICTBEHHOTO Me-
XaHM3Ma U HKCIUTYaTallMOHHBIM XapaKTepHCTHKAaM B COOTBETCTBHM C TEXHOJIO-
IHYECKHM TMPOLIECCOM.

MOoMHOCTH NIEKTPOABUTATENIS HAacoca

Pyexn = [QY (H + AH) k;)/102 1Ny, (5.3)

rae Q — NPOM3BOAMTENBHOCTh HACOCA, M/C; Y - IVIOTHOCTH NEpeKaYHBACMOI
KHAKOCTH, KI/M’; H — BHICOTA HAMOpa, paBHAs CyMME BBICOT BCACHIBAHHS M Ha-
rHeTaHus, M; AH — majieHue Haropa B MarucTpaisix, M; k3 — koaddumnuenr 3a-
naca (PeKOMEHAYeTCs HMPHUHUMATh MPH IJIEKTPOJBUTATENIAX MOIIHOCTBIO O
50 kBt pasubiM 1,2; ot 50 mo 350 kBt — 1,15; ceie 350 kBt — 1,1); n, —
KIIJ wacoca, pasubii 0,45 — 0,85 (Gonpmas uudpa oTHOCHTCS K OOnbIuei
momHocTH); M, — KIIJI nepenaun: pemennout 0,85 — 0,9; knuHopemennoit 0,97
—0,98; mpu HeMoOCPEACTBEHHOM COEAMHEHHH C TIOMOLIBIO MyThI — 1.
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MOHIHOCTB OJIEKTPOJABHIATEIIA BEHTUIIATOPA
Puexs = QHJ(/IOOOT]BT]", (54)

rae Q — NPOM3BOIMTENBHOCTb BEHTHIIATOPA, M/c; H, — TaBIeHHeE, pa3BUBAEMOE
BeHTWIATOpOM, [la; k3 — ko3 duumenT 3amaca, MPUHUMAEMbIA IJIA 3JIEKTPO-
nsurarens 10 1 kBt pasueiM 2; ot 1 mo 2 kBt — 1,5; ot 2 no 5 kBt - 1,25;
ceeiie 5 kBt — 1,1 (1,15); N, — KI1J] Beutuusaropa (0,5-0,8).

MoHOCTE 3IEKTPOABUTATENS KOMIIpEccopa

Pyexx= Q/V100077K77n, (5.5)

rie Q — NPOM3BOIMTENBHOCTH KOMIIpeccopa, M/c; A — paboTa, 3aTpaunBaemas
Ha ckaTHe 1M’ rasa 7o onpeenenHoro nasnenns, Jix; 1, — KI1J] komnpeccopa
0,5-0,7).

IIpuBoas B JBHXKEHHE MPOU3BOACTBEHHBIH MEXaHHU3M, 3JIEKTPOJABHIATE b
COBEPIIACT IMOJIE3HYI0 paboTy IO MPEOOICHHIO CHII CONPOTHBIEHHUS, 06yCI0B-
JICHHBIX CHJIAMU TPEHHS B Iepefayax M JBIXKYIIMXCA YaCTAX MEXaHM3Ma, a
TaKKe MOJIEe3HOH Harpy3KkoH Ha ero pabouem oprase.

KommdecTBo nosie3Hoi paboThl, coBeplIaeMoe B €IMHHILY BPEMEHH (B ce-
KyHJy), Ha3pIBaeTCs MOJe3HOH MomHocThio. [ToTpebnsemas MomuocTs P; s
ACHMHXPOHHOTO 3JIEKTPOJIBUTaTelIs paBHA

P; = 10°V3 U,lcos, (5.6)

rae U, — nuHeiiHoe HampspKeHHe, nuTaioniee oOMOTKH cratopa, B; [, — nunei-
HBII TOK oTpebienus, A; cosQ - KOAGGHUIIUEHT MOIIHOCTH JJIEKTPOBUTATEIS.

XKenarenpHo, 4TOOB KaXKABIH 3JIEKTPOABUTaTENh paboTal C BO3MOMXKHO
OonpLIel HArpy3Koi, pa3BHBas BO3MOXHO OOJBLIYIO MOJIE3HYIO MOIIHOCTb.
OmHako yBeIWYEeHHE HArpy3KH 3JEKTPOJBHUTraTeNsl COIMPOBOXAACTCS YBEIHYe-
HHEM TeMIlepaTyphl ero dacreidl. Hambonee 94yBCTBHUTENBHOH K IMOBBILICHHIO
TeMITEpaTypsl 3JIEMEHTOB SBJISACTCS H30JSALUA 0OMOTOK 3JIeKTpOoABHraTeis. Yem
BBIIIE paboyasi TeMreparypa, TeM ObICTpee cTapeeT U paspyLaeTcs W30 SIUS.

[IpuBeneHHbIe Ha MIUTKE 3JICKTPOJABUIaTENsl HOMMHAJIBHBIE 3HAYEHHUS
MOIIHOCTH Pyoy, TOKA [0y U CKOPOCTH BPAIIEHHS Myoyq COOTBETCTBYIOT HOMM-
HaJIBHOHM Harpy3ke Ha Bally, TPU KOTOPOi 371EKTpOABUIaTeNb, paboTas B HOMi{-
HAJILHOM peXHMe, TPH TeMreparype okpyxatomei cpens! + 35 °C umeer mak-
CHMAJIBHO JIOTYCTHMYIO TEMIIepaTypy.

5.2. ABAPUMHBIE MOXKAPOOIIACHBIE PEXXUMbI PABOTBI
SJIEKTPOJBHUTATEJIENA

ABapuifHBIM pexXHUMOM paboTHI dNEKTpoABHUraTes OyAeM Ha3bIBaTh JIO-
6oif pexxuM paboThI, yBETHYMBAIOIIMI TEMIIEpAaTypy HarpeBa 3NMeKTPOABHUIaTe-
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JIA BBILE J0MycTHMOH. HeoOHapyeHHBIN aBapHUiHBII pexxuM paboThl 3JeK-
TPOJBHUTATE/A MOXKET NPHBECTH K €0 3aropaHHio. ABapuiHBIE PeKUMBI pado-
TBI 3JIEKTPOJBHUIaTENICH BOZHMKAIOT M3-3a CHIDKEHHS WM yBEIHYEHMsS IHTAI0-
LIETr0 HANPSKEHUsA NPH HOMHHAJIBHOH Harpyske Ha Bajly, YBEIHYCHHUH HArpys-
K{ Ha BaJly BbIIIE HOMHHAIbHOM, OOpBIBE OAHOM (ha3bl, CHHKEHUH MEXBHTKO-
BOTO COTPOTHBJICHUS HM30JIIIMH CTATOPHBIX OOMOTOK; YXYIIICHHH BEHTHIIS-
LM, YBEJIMYEHHH YUCIIa BKIIOUYEHHH BBILIEC TOITYCTHMOTO.

B noaasnsioniemM GOJIBIIMHCTBE CTy4aeB aBapHUHHBIC OTKA3bl JIEKTPOIBH-
rateyiel MpOMCXOIAT M3-3a MOBPEXIACHUA 00MOTOK — 85-95 %. OcHOBHBIE OT-
Ka3bsl 0OMOTOK 00yCIIOBIEHEI MEXBUTKOBBIMU 3aMBIKaHUAMHU — 93 % [43].

4 1 T 1 i k _ U
07 08 09 1,0 1,1 12 ¥ Ui

Puc.5.2. 3aBucumocTs neperpesa 0OMOTKH CTATOPa JBUraTes

OT HaNpAKEHHs JNEKTPOCETH NMPH HOMUHANILHON HArpy3Ke:
1—-4AX80B2Y3; 2-4AX80A4V3; 3-4A100Y3

Ha puc. 5.2 npuBeneHbI 3aBHCHMOCTH TEMIEpaTypbl OOMOTKH cTaTtopa
JJIEKTPOJBUTATEIS OT HANPKEHHUS MHUTAIOIIEH CETH NMpU HOMMHAJIBHOH Ha-
rpyske Ha Banmy. M3 pucyHka BHIHO, 4TO CHM)XXEHHE ITUTAIOIIETO HANPSXKEHHA U
YBEJIHUEHHE €ro MPUBOAAT K BO3PACTAHHIO TEMIIEPATYpPhl JIEKTPOJBUIATENs.
IMosicuuM (U3MYECKYIO CYLIHOCTh 3THX ABIeHUH. s obecrieuenus Bpamaio-
IIero MOMEHTa ABHUTraTels, IMPEOJ0IEBAIONIEro HOMHHAIBHYIO MEXaHHYECKYIO
Harpy3Ky Ha Bayy, TpeOyeTcs HOMHHAIbHas 3JIEKTPUYECKas MOLIHOCTb, IO-
Tpebisemas oOMOTKaMu cTtaTopa M3 ceTH TpexdasHoro toka. IIpu cHmxeHHn
HAIpPsDKEHHUS MUTAHUSA CTATOPHBIX OOMOTOK 3JIEKTpHUYECKas MOLIHOCTh YMEHb-
LINTCS, BpAlIAIONIMIi MOMEHT TaKXe YMEHBIIUTCSA, POTOpP COaBHT YHCIIO
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060poTOB, B pe3yabTaTe 4ero B 0OMOTKe poTopa Bo3pacTaer HaBoaumas 3/1C
MHAYKLMH M YBEIHYHBAECTCS COOTBETCTBEHHO TOK, KOTOPHIH, B CBOIO OYEPENb,
YBEJIMYHUT CBOW MArHMTHBIN MOTOK. A Tak KaK MarHMTHBIH ITOTOK pOTOpa Ha-
NpaBJIeH HaBCTPEYY MarHHUTHOMY IOTOKY CTaTopa, pe3yJbTHPYIOIIMH MartuT-
HBIH TOTOK JIo/KeH yMeHbuuThes, 1 DJ]C caMOMHIyKIHK B 0OOMOTKaxX cTaropa
TaKKe yMeHbmuTcs. ClenoBaTenbHO, TOK B CTATOPHBIX OOMOTKAX YBEJIHYUTCS
Ha BEJIMYHHY, HEOOXOAMMYIO Uil KOMIICHCALMM TOTEPAHHON 3JIEKTPHYECKON
MOINIHOCTH M3-3a CHW)KEHHS MUTAIOUIEr0 HANpPSUKEHHS CTaTOPHBIX 0OMOTOK. 3a
cuer GoNBIIEro TOKa CTaTopa pe3yIbTHPYIOUINI MATHUTHBII IOTOK BO3pacTaeT
0 TIpexHeH BenMWYMHb, MOMEHT, BpalIAIONMH 3JIEKTPOJABUraTeNb, CTAHET
paBHBIM MOMEHTY HAarpy3kd Ha Baiy; ABUrartenb Oymer paboTaTh ¢ MEHBLIMM
9HCJIOM 0D0POTOB.

CHiKeHHe HanpshKeHHs, MuTalouiero oOMoTkH craropa, Ha 20 — 25 %
NPHBOJMT K I10XKapOONAacHOMY YBEJIHYEHHIO Toka B oOMoTkax craropa. Ilpu
YBEJIMYEHHU HANpPsKEHHA, MUTAIOET0 CTaTOPHBIE OOMOTKH, TOK B HHX TaKKe
YBEIMYHTCA, a CJIeI0BATEIBHO, YBEIHYHTCS U TEMIIEpaTypa Harpesa 3JeKTpo-
JIBHTATEJIs.

OG6peIB IpoBoIa OAHOM U3 Tpex (a3 0OMOTKHM cTaTopa (mpu paboTarouieMm
0/l HAarpy3KO# 3JIEKTPOJBHIaTelie) IPUBOJUT K TOKOBOH INeperpyske IByX oc-
rapmmxcsa (a3. Eciau mpu aToM He cpaboTaer TeruioBas 3alluTa, MoXapoornac-
HO€ TPEBBLIIEHHE TEMIIEPATyphl HACTYIHUT 3a HECKOJBbKO MHHYT. Ha puc. 5.3
MPUBECHBI 3aBUCHMOCTH TEMIIEPATyPhI JJIEKTPOIBUTaTels IS Clrydast oOpbiBa
OJTHO¥ (ha3kl M IIPH IeperpysKe.

| | | | | 1
0 1 2 3 4 5 6 7 T,MHH"

Puc. 5.3. IIpeBbllIeHHE TEMMEpaTypbl
acHHXpoHHoro asurarens 4AX80A4V3:
1 —npu obpsise dasbl; 2 — npu neperpyske (I, = 2yon)
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Eme 6osiee moxkapoonacHsIi peXHM HAaCTYIaeT, KOTAa 3JIeKTPOABUTATEh
BKJIIOYaercs B pabory mpu oOpeiBe oiHoii ¢a3sl. Hapacranue Temmepatypsl
TIpH 3TOM NpoucxoauT B TedeHue 10 - 20 ¢ nmociie BKIIOYEHUS JIEKTPOABUTaTE-
I 1o HampspkeHue (M. puc. 5.3). XapakTepHbIM MPU3HAKOM paboThl 3JeK-
TPOABHUTaTeNsA Ha ABYX (aszax sBIAETCS TyIACHUE.

ITpoGoit m3onsauuKH 06GMOTKH POTOpa Ha KOPIIYC MPHUBOIHUT K MEITICHHOMY
YBEIHYEHHIO YacTOThI BPAILCHUS MPHU MyCKe aCHHXPOHHOro asuraressi. Potop
CHJIBHO HarpeBaeTcs Jaxke Npu HeOonbuIoi Harpyske. K Takum e sBICHUAM
IPUBOJHUT HapYIIEHUE H30JIALUH MEX/y KOHTAKTHBIMH KOJIBIIAMH M BAJIOM pPO-
TOpa y aCHHXPOHHOTO JABUTATENs C (hasHBIM POTOPOM.

[Ipo6oii m3omaMK Mexay hazaMu MPUBOIUT K KOPOTKOMY 3aMBIKAHHIO B
obmortke. [Ipn K3 o6moTky craTopa HabmoatoTCs CHIBHBIE BUOpALIMM IBHIa-
TEJIsl IEPEMEHHOr0 TOKa, CHIBHOE T'yJeHHE, HECHMMETPHs TOKOB B (pa3zax, Obl-
CTPEBIl HarpeB OTAENBHBIX YYacTKOB OOMOTKM M KaK pe3yJbTaT — 3aropaHue
H30JIALHMH OOMOTKH.

ButkoBOoe KOpOTKOE 3aMBIKaHHE OOMOTKH CTaTOpa HJIM POTOpa MPHBOIUT
K Ype3MEepHOMY HarpeBy 3JIEKTPOJBUTATENIS JlaXKe MPH HOMHHAIBLHON Harpyske.

OTpBIB CTEPKHA KOPOTKO3aMKHYTOI 0OOMOTKH pOTOpa MPUBOIMT K TOBBI-
IIEHHBIM BUOPAIMAM, YMEHBIICHUIO YaCTOTHI BPAIIEHHs 110/ HATPY3KOH, MyJb-
calMsAM TOKa CTaTopa MocieaoBaTeNnbHO BO Beex (aszax.

Hapyrienue KOHTaKTOB Ma3HBIX WM CBAPHBIX COCAMHEHHH B aCHHXPOHHBIX
JIBUTATENIAX KBHBAJICHTHO IO CBOEMY MPOSBICHHIO OOPBIBY BUTKOB, CTEPIKHEH
KOPOTKO3aMKHYTBIX 00MOTOK MM (pa3sl 0OMOTKM B 3aBHCHMOCTH OT MECTa Ha-
XOJXK/ICHUS JaHHOTO CoeiMHeHus. HapynieHue KOHTakTa B MM IETOK MPUBOIUT
K MOBBIIIEHHOMY HCKPEHMIO MEXIY KOHTAKTHBIMH KOJbLIAMH M IETKaMH. A B
9NIEKTPOJBUIATENIAX KOJUTEKTOPHBIX MIEPEMECHHOTO TOKA ¥ MAIIMHAX OCTOSHHOTO
TOKa TaKO€ MCKPEHHE HMEeT MECTO MEX/Ty IIETKAMHU U KOJUIEKTOPOM.

Henmonyctumoe CHMXXEHHE COTIPOTHBIICHUS H30JISALUH MOXET ObITH B pe-
3yJIbTaTe CHJIBHOTO 3arpA3HEHMS H3O0JALMH, YBIAXHEHHS M YaCTHYHOTO pas-
PYIICHHUS, BBI3BAaHHBIX CTApEHHEM H30JIALMH, U KaK CJIEJCTBHE — ee NMpoboil u
KOPOTKOE 3aMBIKaHHE.

Hapyuienue MeXJIHCTOBOM H30JAIMM CEPACYHMKOB MarHMTONPOBOIOB
NPUBOAUT K HEAOMYCTUMOMY IOBBILICHUIO TEMIIEPATYPhl OTACIBHBIX Y4aCTKOB
MarHuTONpPOBO/A M BCEr0 MAarHUTONPOBOJA B IICJIOM, MOBLILIEHHOMY HarpeBy
00MOTOK, BBITOPAaHHIO YaCTH MarHMTONPOBOA (TTOXKap B CTaJIH).

3acopeHHe OXMaXJAIOUMX (BEHTWIALHOHHBIX) KaHAJIOB IMPHBOAMUT K He-
JOITYCTHMOMY HarpeBy 3JIEKTPOJBHUTATEN WIM OTACIBHBIX €ro 4acTeH.

BeipaboTka KOJUIEKTOpa M KOHTAKTHBIX KOJICIl MPHBOJUT K YXYILICHHIO
KOMMYTALUH, OBICTPOMY H3HOCY LIETOK U MOBBILIEHHOMY HarpeBy KOHTAKTHBIX
KOJIeLl ¥ KOJUICKTOpa M CHIIBHOMY MCKPEHHIO (BIIOTH 10 «KPYTOBOTO OTHS).
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ONeKTPOJBUIraTeNM Yalle BCETO MOBPEKAAIOTCA H3-32 HEIOIYCTHMO JJIH-
TeNnbHOM paboTsl 6e3 pemMoHTa (M3HOC), IIOXOTO XPAHEHHS W 00CITyKUBaHUS,
HapyLIeHHA pexKHUMa paboThl, Ha KOTOPHIi OHM PACCYUTAHBI.

OnHUM U3 OTHOCHTENBHO CIa0bIX MECT ANIEKTPUYECKOI MalIMHEI ABJIAETCS
TTO/IUIMITHUKOBEIH y3€l, 0COOEHHO B CKOPOCTHBIX MamHHaX, 2-5 % 3mekTpo-
JBUTaTEJNeil OTKA3BIBAIOT M3-3a MOBPEXICHUs MONUITHUKOB [43]. Bonee 80 %
MOAUIMITHUKOB KaYCHHs BBIXOAAT M3 CTPOS BCJIEACTBUE pa3spyIICHUH yCTanocT-
HOTO XapakTepa, a B NMOAIIMIHUKAX CKOJBXECHHS MOXET OBITh BBIILIABJIECHA
6a66uta. Bce 370 NPUBOANT K HApYLIEHUIO COOCHOCTH BaJIOB 3JIEKTPOJBUTATE-
I8 M MEXaHW3Ma, K IOABIEHHMIO AKCLUEHTpHcuTeTa poTopa. Hepemko oTkas
MOJIIMITHUKOBBIX Y3JIOB IIPUBOJUT K [T0XKAapOONACHOMY TeMIIEpaTypHOMY Mepe-
rpeBy 3THX Y3JIOB M BCEro Kopiyca siekrpozaBuraresis. Kpome Toro, Bo3HH-
KalolMe B MOJUIMITHMKAX OOJbIIME TPEHHUS YBEIMYHBAIOT TOPMO3ZHOH MOMEHT
(Harpy3ky) Ha Bajy, OTYEr0 BO3pacTaeT TOK B 0OMOTKaxX CTaTopa M TeMIIepaTy-
pa HarpeBa BO3pacTaeT IO M0XKapOOIacHOi.

VYcnoBus HarpeBa pa3iMYHBIX YacTel 3JICKTPOABUTaTesel pa3HbIe: Harpes
MOIIHITHUKOB ONPEJIENIeTCsl B OCHOBHOM TMOTEPAMH 3HEPTHH B HUX M MaJIo 3a-
BHCHT OT Harpepa 0OMOTOK; HarpeB OOMOTKH CTaTOpa ONPENEeSIeTCS HE TOJIBKO
MOTEPSAMH JHEPrHH B caMOW OOMOTKE, HO M TOTEpAMH B OOMOTKE poTOpa H B
CTaJlM MarHUTONpPOBOJOB. JIs MpHOIHKEHHON OLIEHKH HarpeBa 3JIeKTPOJIBHUIa-
TENS MOXHO BOCIOJIB30BAThCA YMPOIIEHHONH MOJENbI0 HarpeBa OAHOPOIHOrO
TeJa, HOTEepH SHEPTHH B KOTOPOM PAaBHBI IIOTEPSM B JAHHOM JIEKTPO/IBUTaTENIE.

ITpeanonoxum, NOTEpU MOIIHOCTH B 3JIEKTPOBUTATENE, BKIIOYas BCE MO-
TepH, paBHbl P. Torja 3a aneMeHTapHBIH MPOMEKYTOK BPEMEHH MOTEPH JHEP-
THH cocTaBAT Pdt. TIpy TEMIOEMKOCTH 3JIEKTPOJBHIaTeNsl ¢ SHEPTUA, HAYIIAs
Ha HarpeB Tesia OT MOBBILIEHUS Temrepatypsl Ha dT, coctaBut cdl. Jpyras
9acTh 3TOH SHEPTHM OTHACTCA B OKPYXKAIONIYIO CPEIy, HalpHMeEp, OKpYXKaro-
IIEMY BO3IYIIHOMY TPOCTPAHCTBY ITyTe€M HPSAMOH TEIIONepesad, U3y deHHs
Y KOHBEKIIUH.

Otpaya Tenna 3aBHCUT OT Pa3HOCTH TEMIEpPaTyp HAarpeToro Teia M OKpY-
XKalOIEro MPOCTPAHCTBA, MPEBBLIMICHUS TeMIepaTypsl 7' ¥ IUIONIAH OXJIaX-
naemoit mosepxuocTH S. OTmava TEMIOTHI MPSIMOM TeruTonepenavei mporop-
moHanbHa 7. Kom4yecTBo TeMmIoThl, OTJaBaeMOif H3TydeHueM, I abCOII0THO
YEPHOTo Tesa MPONOPLUOHATBHO PAa3HOCTH TEMIIEpPATyp HAarpeToro Teila M OK-
py’Xalomei cpeibl B 4YETBEPTOHl cremeHH. B y3koM amamazone TeMmeparyp
MOJKHO CUMTATh OTJA4y TEIIoTel npubnusurensHo 7. OTaada TEruIoTHl KOH-
BEKIIMEH M3MEHACTCS 10 CI0XKHOMY 3aKOHY ¢ M3MeHenneM 7. B y3kom auama-
30HE TEeMIIepaTyp MOKHO TaKKe CYHTATh OTIAdy TEIUIOTHI IMPOMOPLHOHAIBHOM
T. Ilpu 5>TUX yNpOIIEHUSIX MOXHO ONPEAETUTh OTJa4dy TEeIUIOTH TEJIOM 3a 3Jie-
MEHTapHBII MPOMEKYTOK BpeMeHH kSTdt, rue k — koo pUIMeHT TermooTaauH,
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PaBHBIi KOJIHMYECTBY SHEPTHH B JDKOYIAX, OTAABAEMON C OXJIaXHAIOLIEHCs Mo-
2
BEPXHOCTH IUIOMaJbi0 | M™ 3a | ¢ nmpu MpEBBIICHHH TEMIIEPaTyphl Ha OJMH

rpajgyc.
YpaBHeHHE HarpeBa OJHOPOJAHOTO TeJla BBIMIAAMT TakK:
Pdt = cdT + kSTdt. 5.7
Paznenus obe yacTu ypaBHeHUs Ha kSdt, noaydum
T + (c/kS) (dT/dt) = P/kS. (5.8)
Ilo oxonyanuu mnpouecca H3MeHeHUs Temmneparypbl dT/dt = 0 u

Tyer= P/(kS), T.e. mpaBas 4acTh MOCIEIHEr0 BBIPAXKEHHUS NMpH P=const onpee-
JA€T YCTaHOBUBIIEECS MPEBBIIIEHNE TEMNEPATYPHI Tyc;.

Bemuuuny c/(kS), uamepsemyio B JIx-°C-c, Ha30BeM MOCTOSHHOI BpeMeHH
Harpesa T,. C y4eToM 3THX 3aMeYaHHH MOTyYuM

T+[7,(dT/dD)] = Tyer. (5.9)

Penrenue sroro ypaBHeHus Oy/eT UMETh CIIEIYIOUHH BUI:
1 1

T=Tie* +T;(l-¢ %), (5.10)

rae 7 — Ha4aJpHOE MPEBBIIICHHE TeMIepaTypsl Tena; 75 — KOHEYHOe yCTaHo-
BHBIIEECS MPEBBILICHHE TEMIIEPATYPHI NIPH JaHHBIX MOTEPsX P.

Ecmu Ty = 0, T.e. TeMnepaTypa 3JIeKTpOJBUTaTelIs B Hayaue paboTel He OT-
JMYaNack OT TEMIEPaTypbl OKPYXKAIOUICH CPeJibl, NEKTPOIBUraTeNb K Hayawy

pa60'r1>1 TIOJTHOCTBIO OXJIAAUJICA, U BBIPAXKCHHUEC JJIA T umeeT BUJ
!

T=T;(1-e ). (5.11)

[NpeBrlimieHne TeMIepaTypsl mpu paboTe BO3pAaCTaeT MO 3KCIOHEHIIHATb-
HOMY 3aKOHY; IIOCTOSIHHAs BPEMEHH T, MOKET ObITh Onpesiesiena rpaguueckum
IIOCTPOEHUEM. Y CTAaHOBHBIIEECS INPEBBILICHUE TEMIIEPaTyphl JOCTUTACTCA MPH
t —> oo, NPAKTHYECKH TEMIIEPAaTypa YCTAHABIHMBAETCA II0 MCTEUYEHHH BPEMEHH
t<(3-4)1,.

ITocTosiHHBIE BpEMEHH HarpeBa MMEIOT 3HAYCHHE OT HECKOJIbKHX MHHYT,
JUISL BTIEKTPOJBHUTATENeH Majoif MOLIHOCTH, 10 HECKONBKMX 4acoB, JJIS MOII-
HBIX JJIEKTPOABUTaTEICH.

Kak BMIHO M3 KpAaTKOil XapaKTePUCTHKH OTKA30B JBUTaTeNeH, UX MOXKHO
pasfeNuTh Ha JBE KAaTeropuu (IO MPHYMHE TOABJICHUS OTKa3a) — JJEKTpHYe-
CKMe M MexaHudyeckue. Bce oHM MoryT oOyclOBIMBATH aBapHHHBIC TOXKapo-
ornacHele pexxHMbI uX pabotsl. [TosToMy B mpouecce 3KCIUTyaTalUH 3JIEKTPo-
JBUTATENIEH BaKHOE 3HAYCHHE MMEET BBIIOJIHEHHE M COOII0/IEHHE CPOKOB IIa-
HOBO-TIPEIYTPEAUTENLHBIX OCMOTPOB H peMOHTOB [10].

191



B3pbIBO3aIMIICHHBIE STIEKTPOJIBUTATEIN MMEIOT XyIUIME YCJIOBHSA OXJia-
xaenus. [109ToMy KOHTPONB M MPOGUIAKTHKA YCIOBHH M PEXHMOB 3KCILTya-
TallMM B3PBIBO3ALIUIIECHHBIX JIEKTPOABUTATENCH HOIKHEI OBITE 6e3yNmpedHBIMU
B COOTBETCTBHH C YCTaHOBJICHHBIMH [UISi KOHKPETHBIX YCIOBHH perjaMeHTaMH
u TpeboBanusamu ri1. 3.4 [10].

5.3. MOKAPHASI ONACHOCTb TPAHC®OPMATOPOB

IIpiMeHHUTENBHO K CHJIOBBIM TpaHcOpMaTopaM CIEIyeT pasiuyaTh HO-
MHHAQJIBHYIO MOIIHOCTH H HAarpy304Hyio crnocoOHocTh. HoMunanpHas moml-
HOCTh JIAHHOTO TpaHc(opMaTopa OJHO3HAYHA. ITO — HEKOTOpas BIIOJIHE OIpe-
JieJIeHHasT MOIHOCTh, KOTOPYIO OH IIpU KOHOMHMYECKH panuoHansHoM KITJ]
MOXET OT[aBaTh MOCTOAHHO, Oe3 mepeprIBa, B TEYEHHE BCET0 CBOETO0 HOPMaJlb-
HOro cpoka ciyxObl. Harpy3ounas crnocoGHOCTh — 3TO MOLIHOCTB, KOTOPYIO
TpaHc(opmMaTop MOXKET OTAaBaTh TOJBKO B TEYEHHE 3aJaHHOTO KOPOTKOIO
MPOMEXYTKa BpeMEHH. BenuunHa 3TOH MONIHOCTH 3aBHCHT OT YCIIOBHH 3KC-
IULyaTal#M, B KOTOPBIX TpaHCHOpPMATOp HAaXOIMUTCA B pacCMaTpUBAEeMBbIi Mo-
MEHT, ¥ OT TOro, JI0JDKHA JIM OHA JOIyckaTecs 6e3 ymiepba Uit ero HopMans-
HOTO CpoKa CIIy»OBbl HIIM K€ 32 CYET HEKOTOPOI'O YBEIHMYEHHS ECTECTBEHHOTO
U3HOCA €r0 M30JISALHH. :

B peanpHbIX yCIOBHAX 3KCIUTyaTallMM, KaK IPAaBHIIO, CHIIOBBIE TpaHChOp-
MaTopbl 3arpykaloTcsi HepaBHOMepHO. OTKIOHEHHE OT CpeIHEeCYTOYHOM Ha-
rpy3ku gocturaet 50-75 %.

ITeperpy3ska Tpanchopmaropa cBeiie 75 % OT HOMMHAJIBHOM OITYCKaeTCs
JMIIb HA HECKOJIBKO MHHYT M B PEIKHX CIIydyasX — Ha HECKOJbKO yacoB. 1 Ha-
KOHEIl, B MPOMBIIUICHHBIX YCJIOBUAX MMEIOT MECTO NMEperpy3kH, CBSI3aHHbIE C
ITyCKOBBIMH TOKaMH 3JIEKTPOJBHIATeNeH, IIUTEIBHOCTh KOTOPBIX COCTABIISET
10-40 c. B cBs3M ¢ TeM, 4TO MYCKOBBIE TOKH MOIYT OBITH CHCTEMaTHYECKHMHU,
neperpyxatomue tpanchopmaropsl Ha 300-500 %, Ha npeanpuATHAX pa3paba-
TBIBAIOTCS COOTBETCTBYIOIMIUE CTPYKTYPHI U TPaUKH IEKTPOCHAOKEHHS, CHU-
JKAIOIIME 3HAYUTENIBHBIC MIEPerpy3KH, MOBBIILAONINE OOl CPOK CITyKOBI 1H-
TaKOUUX TpaHCHOpPMATOPOB.

Oo6pasyromuecs B Tpancopmarope (B 00MOTKaX M MarHMUTOIPOBOJE) BO
BpeMsi paboThl MOTEPH SHEPTHH INPEBPALIAIOTCA B TEIUIO. 3HAUEHHE YCTaHO-
BHBLIETOCA MPH JaHHOH Harpy3ke MPEBBIICHHS TEMIIEPAaTyphl Haj TeMIepaTy-
POl OKpYy KaroleH Cpe/Ibl 3aBUCHT OT BETHYHMHBI TEIIOOTAAIOMICH MOBEPXHOCTH
TpaHc(opMaTopa M OT HHTEHCHBHOCTH TEIUIOOTAAYH.

Obuee auddepeHManbHOE ypaBHEHHE HATrPEeBaHHA W OXJIAXKICHHS
TpaHchopmMaTopa, €CJIH MPUHATH €ro 3a OAHOPOIHOE TEJIO, HUYEM HE OTIHYaeT-
cs1 ot ypaBHeHus (5.11).
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B ciyyae KOpOTKHX 3aMbIKaHHH MHTEHCHBHBIH 1eperpeB 0OMOTOK MPHBO-
JIHT K YBEJIHYEHHIO aKTUBHOTO COIMPOTHBIICHHSA MIPOBOAOB 0OMOTOK; ITOTEPH Te-
I1a BO3PACTAIOT. DTy 0COGEHHOCTD CIeAyeT YYUTHIBATH IIPH pacyeTax IMpeBbi-
IIEHHS TEMIIePaTyphl TPaHCHOPMATOPOB.

5.4. CHWKEHHME ITOXKAPOOITIACHOCTH N
QUIEKTPOU3O0JIALIMHA OBMOTOK 3JIETPOJIBUT'ATEJIEA
U TPAHC®OPMATOPOB

INoxapHasi ONMacHOCTB 3JIEKTPOJBHIaTelNel, TpaHc(hOpPMaTOpPOB, IJIEKTPO-
NPOBOAKH M APYTHX 3JIEKTPOTEXHUYECKUX M3ICTHH B 3HAYUTEILHON CTENEHH
OIpeJIeNIAETCS HAaJeKHOCTBIO NIEKTPOM30iAMUu. OCHOBHOH XapaKTEepUCTHKOH
9JIEKTPOH30IIAIMH 3JIEKTPOTEXHUYECKUX M3JCIHH SABJIETCS €€ JJIeKTpHYeCcKas
IPOYHOCTH, KOTOpas (B 3aBUCHUMOCTH OT YCJIOBHIf 3KCIUTyaTallud U BHJA H3JIe-
JIHMA) ONPEAENAeTCS MEXaHHYECKOH MPOYHOCTBIO, 3TAaCTHYHOCTBIO, MCKIIIOYAl0-
1Iei BO3MOXXHOCTh 00pa30BaHUs OCTATOYHBIX AehopMaluii, TPELUIUH, paccioe-
HHMH 0] BO3/ICHCTBHEM MEXaHHYECKUX Harpy3ok. OJHOPOAHOCTE M MOHOJIHUT-
HOCTB CTPYKTYPBI H30JIIIMH, €€ BBICOKAs TEIUIONPOBOIHOCTH MCKIIIOUAET BEPO-
ATHOCTh BO3HMKHOBGHHS MECTHBIX HArpeBOB, MPHBOJAIIMX K YMEHBIICHHIO
IIEKTPHYECKON MPOYHOCTH.

Paspymienne M30JM1IMH IMPOUCXOAMT B OCHOBHOM B pe3yJIbTaTe Harpena
TOKAMH Harpy3oK M BO3JCHCTBHH TeMriepaTyp BHEIIHEH cpejsl, BHOpalui u
JIPYTHX MEXaHH4YeCKuX BoszaeicTBuil. IToBbIIIEHHE TeMIepaTyphl Ha Kaable
8-9 °C B cpenmHeM BIBOE COKpamiaer cpok ciayx0sl u3onsumu. Ha crapenue
M30JIAIMY BIIMAET U JJIEKTPUUECKOE T0JIe.

DNIEeKTPOM3OIALMOHHBIC MAaTepHAbl [0 HarpeBOCTOMKOCTH, T.e. CIOCO0-
HOCTH BBIJEP)KMBATh 3alaHHYI0 pabouyio TemrepaTypy M BBINOJHATH CBOU
¢dynkuun, gemsres mo F'OCT 8865-70 na cems knaccoB V, A, E, B, F, H, C.

Haubonee ynorpeburensHsl Matepuansl kiaccoB A, E, B, F. B kmacc A
BXOJAT IPOMUTAHHBIE BOJIOKHHCTBIC MaTepHalbl M3 LEJUNIONO3Bl M HIENKa; B
Kinacc B — maTepuansl Ha OCHOBE CIOZBI, acbecTa M CTEKIOBOJIOKHA, MTPUMeE-
HSEMBIE B COYETAHHM C OPraHWYECKHMH CBA3YIOIIMMH M TPOMHUTHIBAIOLIHMMH
cocraBaMu. J{Jist M30JIMH 0OMOTOK NMPUMEHSIOTCS MaTepHaibl KiaccoB A, E,
B, F, H, nnst koTophIX B Tabu1. 2.14 mpuBeieHB! TOMTyCTHMbIE TEMIIEPATY PhI.

Cpok ciry6bl cTapeHus U30JIALMH f; B 3aBUCHMOCTH OT TemrepaTypsl 1’
paBeH [48]

te = A exp (-V1), (5.12)
rae A - cpok ciayx0sl u3onsuuu npu 7=0 (HekoTopas yCJIOBHAs BEJIMYHHA);
V - K09 (HHULUHEHT, XapaKTEePU3YIOIHI CTENeHb CTApEHHA B 3aBHCHMOCTH OT
KJ1acca M30JIA1HUH.
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Jns pac4eToB cpoka CIyXObI H30JSALHU OOBIYHO IMOJB3YIOTCA YCTaHOB-
JICHHBIM JKCIIEPUMEHTAIBHO 60Jiee IMPOCTHIM «BOCHMHUTPAIYCHBIM MPaBUIOMY.
CornacHo 3TOMy IpaBUILy, IUIMTENHHOE MPEBBIICHHE TeMIIEPATyphl IPOBOIHH-
Ka CBepX JOIMYCTUMOTO Ha KaXX/ble § rpaayCoB IPUBOAUT K YCKOPEHHIO H3HOCA
€ro M30JALMU BABOE. DTOT 3aKOH OTHOCHTEIBHO CTAPEHMS H3OJALHH MOXET
OBITh BBIPA)KEH 3aBHCHMOCTBIO

H = 2ty (5.13)

rae A — BennuMHA OTHOCHTENBHOTO CTAPEHMS M30JSLUM; fy, ty, — YCTAHOBHB-
mIeecsi TMPEeBBIILICHHE TEMIIepaTypsl HarpeBa NMPOBOJHHMKA HaX TEMIIEpaTypoi
OKpYyalomei cpesibl (COOTBETCTBEHHO (PAKTHYECKOE M IITHTEIBHO AOITyCTHMOE
o Hopmam), °C.

Tak, cormacno IIYD, temmepaTypa HpOBOJOB C PE3HMHOBOH H30JALMEH
MOXET HpeBLINIATh TeMmrepatypy Bo3ayxa (25 °C) na 40 °C. Ecau ckopocTs
CTapeHHs W30JIAIMHU IIPH TAKOM IeperpeBe NpHHATH 3a €AHHHILY, TO TIPH Harpe-
Be, HanpuMep, Ha 48 °C i = 2498 =,

CreroBaTenbHO, H30JALMA TIPH TAKOM MPEBBIIEHUH JOITyCTUMOTO HarpeBa
COCTApHUTCS COOTBETCTBEHHO B JIBa pa3a ObicTpee, yeM npH neperpese Ha 40 °C.

CBoiicTBa MOJMMEPHBIX TUIIEKTPUKOB OIPEACNAIOTCS CTPYKTYpaMH MO-
JeKyJ, T.€. JUIMHOH MaKpOMOJICKYJIbl U CHJIOH MEXMOJICKYJIIPHBIX B3aHMOCBS-
3eif, KOTOpbIe, B CBOIO OYEpEenb, MPOMOPLHOHAILHB KOHLEHTPALMH MOJEKYJ,
Y4YacTBYIOIIMX B XUMHUYECKOH peakiyu.

Mepa npounoctH usomauuu E/E; MponopuHoOHaNbHa CKOPOCTH XHMHUYeE-
CKOI1 peakliuH, 3aBHCAIIEH OT TeMIIepaTyphl:

In(E/Ey) = —kt, (5.14)
rae E/ Ey — 3Hauenus paboyeil XapaKTepUCTHUKH Ui MOMEHTOB BpeMeHH 0 u ¢
COOTBETCTBEHHO.

B cootBercTBuM ¢ ypaBHEeHHEM (5.14) cpok ciTy>kOBI H3OIALNK TIPU HEU3-
MEHHO# TeMIiepaType onpejesercst U3 ypaBHeHus [48]

Inter = B/T+Inko+In(E/Ep). (5.15)

Jlorapum Mepsl MEXaHUYECKHX, (PH3HYECKUX U AHIIEKTPUYECKHUX XapaK-
TEPUCTHK CBA3aH MNPAMOIHMHEHHOH 3aBHCHMOCTBIO CO BPEMEHEM TEIUIOBOTO
crapeHus u3omauuu. Eciau BeIOpaTh Kak Mepy TEIUIOBOTO CTapeHHs Orpeje-
JIeHHOE 3HaYeHHE KaKoH-1160 paboueil XapakTepHCTHKH JUIIEKTpUKa (Harpu-
Mep, yKaszaHHOE Bbllle OTHOMIeHUE E/E;), BpeMs f., MO0 UCTEYEHHH KOTOPOTO
M30JIAIMA TOCTHTAET 3TOI0 COCTOSHUA, MOXET OBITh ONPEENICHO U3 yPaBHEHHS

In te; = (B/T)+y (5.16)
HIIN

te = exp[(B/T)+y]. (5.17)
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OTa 3aBHCHMMOCTh CpOKa CIyOBI OT TeMIepaTyphl, MOATBEpPKICHHAA
ONBITAMH € M30JIALHEH 3IeKTPOTEXHHYECKUX H3IENHH, MOKa3bIBaeT HauyaIbHBIH
pa3bpoc k03¢ duLMEeHTOR B ¥ y Iy OJHOTO M TOTO K€ THIIA M30JIALHMH, YTO
0OBACHACTCA HE TONBKO HEKOTOPHIMH PA3HYUAMH YCIOBHH 3KCIIEPUMEHTOB,
HO, TJIaBHBIM 00pa3oM, TeM, 4TO MeXaHH4ecKas M 3JIEeKTpHYecKas IPOYHOCTD
MaTe€pHaJiIOB HOCHT cnyqai’mmﬁ XapakTep, Mo3TOMY YKa3aHHbI€ 3aBHCHMOCTH
MO>XHO MHTEPIPETHPOBATh TOJBKO KaK 3aBUCHMOCTH MEXIY CpeJIHMMH 3Hade-
HMAMH CPOKa CITy>KOBI U MPOYHOCTH B OJJMHAKOBBIX TEMIIEPATyPHBIX YCIOBHAX.
Bpems, 3a KOTOpOE M30JISLHSA JOCTHIHET HEKOTOPOT0 KPUTHYECKOTO 3HAYCHMS
paboyeil XapaKTEepUCTUKH IS ONPEJEICHHBIX TEMIIEPaTyPHBIX YCIOBHH, ABIIA-
eTcs ClIy4aiHOM BeIU4YMHON

ter = (1/ko) In(E/E) exp(B/T). (5.18)

CymecTBeHHBIM ()aKTOPOM, CIIOCOOCTBYIOIIUM HHTEHCHBHOMY CTapeHHUIO
M30JISLMH, SABJIAETCS MEXaHHYecKasi Harpy3ka Ha Hee, B 0COOEHHOCTH 00yCIOB-
JICHHAsl JJIEKTPOJMHAMHYECKMMH MPOLECCAaMU NP PE3KHX M3MEHEHHAX TOKa.
Ipenen MexaHHYECKOH NPOYHOCTH OBICTPO CHMIKAETCS 1O MEpE Harpesa.
DNeKTPOAMHAMHUYECKUE CHIIBI, BO3JEHCTBYIOLIHE BO BpeMs H3MEHEHMil TOKa,
MPONOPLHOHANBHEI KBaZPATy MTHOBEHHOT'O 3HAYEHHS TOKA.

BiusiHue BHOpALMOHHBIX HAarpy30K Ha CTApEeHHE M3OIALMH M IOTEpH
IPOYHOCTH JO HACTYIUICHHS 3JIEKTPONpPoOOs emle HeJOCTATOYHO H3YYeHO.
OOBIYHO Ha 3JeKTPOOOOPYIOBAHME YCTAHABIMBAETCS TIapaHTHUHHBIA CpPOK
ciyx0Bl, HO HE yKa3bIBAaeTCS, C KaKOil CTENEHBIO HAJEKHOCTH H, TeM Ooree,
MOXKapHO#T 6€30MacHOCTH OHO JIOJDKHO paboTaTh B TEUECHHE ITOTO CPOKa.

5.5. IOKAPHASI OTACHOCTbDb 3JIEKTPUYECKHX
ATIITAPATOB YIIPABJIEHUSA

DIIeKTpUYECKHUE alapaThl YIpaBIeHus — 9T cIaboTo4HbIe (C TOYKH 3pe-
HHsL COOCTBEHHOTO IOTPEONCHNS) 3JIEKTPOTEXHUYECKHE YCTPOHCTBA, TpeaHa-
3HAYEHHBIE [UIA YIPABICHUS CHIBHOTOYHBIMH 3JIEKTPOycTaHOBKaMH. OCHOB-
HBIMM BHJaMH aIlllapaTOB YIPABJICHHS SBJIAIOTCS: KOHTAKTOPBI, MarHUTHbIE
MyCKaTeJH, KOHTPOJUIEPHI.

[To NpHHIMITY KOMMYTALMH CHJIOBBIX LIETICH armapaThl yIpaBIeHHs IOApas-
JIENISAIOTCS. HA KOHTAKTHBIC M GECKOHTaKTHBIC. [lepBble MMEIOT IMOIBIDKHBIE KOH-
TAKTHBIE YaCTH, Pa3MBIKAIOIINE M 3aMBIKAIOIIME CHIIBHOTOYHBIE JJIEKTPUIECKHE
1eny. BeCKOHTAKTHBIE anmaparsl He UMEIOT MOJBIKHBIX KOMMYTHPYIOLUIMX KOH-
takToB. Kak mpaBuiio, MocieHUe HCTIONB3YIOT YIPaBIsSeMbIe MOIYIIPOBOIHUKO-
BbIE€ MJIM MarHUTHEIE 3JIEMEHTBI, KOMMYTHPYIOIIHE CHJIBHOTOYHBIC LIENH 3a CYET
M3MEHEHHs CBOETrO CONpPOTHBICHHS MOJ ACHCTBHEM claboTouHbIX cHrHaioB. K
arnmaparam yIpaBJIeHHs PEIBABISIOTCS CleyIonHe obume TpeboBaHus.



1. Kaxnplif anmapaT mnoTpebnser 3JeKTPUUECKHMl TOK, ONpeleeHHYIO
9JIEKTPUYECKYIO MOIIHOCTb, 3HAYUTENbHAs YacTh KOTOpPOi mpeobpasyercs B
TEILIO0. HpH 3TOM TEMIIEpaTypa HE€ NOJDKHA ITPEBBIIIATE HEKOTOPOIro OIpene-
JICHHOTO 3HAYEeHHS, YCTaHABIMBAEMOTr0 ISl JAHHOTO amrapaTa ¥ ero JeTanei.

2. B kaxI0# 37eKTpUYECKOil LIerm MOXeT ObITh HeHOPMAJBHBIH (Ieperpys-
Ka) WM aBapUiHBINA (KOPOTKOE 3aMbIKaHHE) pexxuM paboTsl. Tok, MpoTeKaromuii
IO anmapary B 3THX PeXHMax, BO MHOTO pa3 MpeBBINIAeT pabouuii (HOMHHANIb-
Hblif). [Ipy 3TOM ammapar B TeYeHHE OIPENEIeHHOrO BPEMEHH IOJBEpraeTcs
4Ype3MepHO OOJIBIIMM TEPMHUYECKUM M 3JIEKTPOAMHAMHYECKHM BO3ICHCTBUAM
TOKa, KOTOPBIE OH JIO/DKEH BBIICPKHBATh 03 KaKUX-JIMO0 MOBPEXKICHHHA.

3. Kaxaplit anmapar paGoTaeT B 3JIEKTPUYECKOH LEMU C ONpeAeIeHHBIM
HaIpsHKEHUEM, T/le BO3MOXKHBI M NepeHanpspkeHus. [Ipu 3ToM 31eKTpou3ons-
IMs anmapara Jo/DKHA obecrneyuBaTh HAJEKHYI0 paboTy ero mpu 3aJaHHBIX
3HAa4YCHUAX HANpPSKEHUH.

4. KoHTaKThl amnmapaToB (MJIH CHJIBHOTOYHBIE OECKOHTAKTHBIC yIpaBlsie-
MBIE 3JIEMEHTHI) TOJDKHBI OBITH CITOCOOHBI KOMMYTHPOBaTh TOKH pabouux pe-
KHUMOB, a MHOTHE — amnmapaTbl H TOKH aBapHﬁHbIX PEXHUMOB, KOTOPBIE MOTYT
BO3HHKHYTH B YIPaBISCMBIX CHIOBBIX LIEIIAX.

5. Kaxmpiit anmapaT JODKeH 00nagaTh OMNpeNeNeHHOH HaJeKHOCTBIO H
CPOKOM CITYXOBI.

Arnmapatel ynpaBieHHs OBIBAIOT BBICOKOBOJIBTHBIE — KOMMYTHPYIOIIHE
BBICOKOBOJIbTHBIC CHJIOBBIE LIEMH, HU3KOBOJBTHBIE — KOMMYTHPYIOIHE HU3KO-
BOJIGTHBIE CHJIOBBIE H OCBETUTENIBLHEIC LICITH.

Anmnapatel 00BIYHOTO HCIIOTHEHUS MPUMEHSIOTCS B HOPMAJIBHBIX YCIIOBH-
X OKpy>xaroueH cpesl. {1 B3pbIBOOIIACHOM Cpeibl H3TOTABIMBAIOTCS arla-
paThbl B3pBIBO3AalIHUILICHHEBIC.

M3 Bcex anmmapaToB YNpaBJeHHs caMOe IIMPOKOE PacrpoCTpaHEeHHe TOITy-
YWJIM 3JIEKTPOMAarHUTHBIE KOHTAKTOPBI, TPHMEHSEMBIE B CXeMaX AMCTAHLHOH-
HOTO YIpaBJIeHHs Pa3IUYHBIMU NPOMBIIUICHHBIMU 3JeKTponpuBoaamu. Kon-
TaKTOPBI COCTOAT M3 CHCTEMBI IJIABHBIX KOHTAKTOB, YJIEKTPOMAarHUTHOH CHCTe-
MBI, IYroracuTeseii 1 BCIIOMOraTelbHBIX KOHTAKTOB. [ J1aBHbIE KOHTAKTHI OCY-
IIECTBIIAIOT 3aMBIKAHHE U Pa3MBIKaHHE CHJIOBOH LIEIIH.

OJeKTpOMarHuTHas cucTeMa oOecreyuBaeT QUCTAHIMOHHOE YNpaBleHHE
KOHTaKTOpPOM, T.€. BKIIOYEHHE M OTKIIOYeHHEe. JlyroracurenpHas cucTeMa
obecrieynBaeT raluieHue MEKTPUUECKOH TyTrH, BOZHHKAIONIECH IPH pa3MbIKaHHH
IJIaBHBIX CHJIOBBIX KOHTAaKTOB. BeromMorarenbHbIe KOHTAKTBI HIPOH3BOASAT Mepe-
KITIOYEHHE B LEMAX YNPaBICHUS KOHTAKTOPA, OJIOKMPOBKH M CUTHAITM3ALHH.

KoHTakTOpBI MEpEMEHHOT0 TOKA MPOMBIIUICHHOH 9aCTOTHI H3TrOTOBJIAIOT-
cd, KaK IpPaBHJIO, TPEXMOJIOCHBIMH C 3aMBIKAIOIIMMH TJIABHBIMH CHJIOBBIMH
KOHTaKTaMH.

196



ONeKTpOMarHUTHBIE CHUCTEMBI ObIBaloT moBopoTHsle (E-oGpa3suble,
[1-o6pa3nble, KiIanaHusie U Ap.) U npaMoxoausie (1lI-o6pasusie, T-o0pasmsle,
COJICHOUIHEIE).

DneKTpoMarHuTHas CHCTeMa, He3aBUCHMO OT THIIa, COCTOMT M3 CepAeYHH-
Ka, AIKOps, KOPOTKO3aMKHYTOI'O BUTKA M KaTYILIKH C KPEMEXHBIMH JACTAIAMH.

OCHOBO# BCAKOTO MAarHUTHOTO ITyCKaTels SBISAETCS KOHTakTop. Maruur-
HEIH ITycKaTesb MpecTaBiIseT co60i KOMIUIEKCHOE YCTPOHCTBO, COCTOAILEE M3
TPEXIOIIOCHOTO KOHTAKTOpa, JABYX TEMJIOBBIX pe€l€ M KHONKH YIPaBICHHUS
(«rrycK», «cTOm»).

B mpou3BOJCTBEHHBIX YCIOBHAX HEPEJKO MPHMEHAIOTCSA TaK Ha3bIBAGMBIC
CTaHLMH YNpPaBICHHUS, NPEJCTABILIONIME COOON KOMIUIEKT CMOHTHPOBAHHBIX
COBMECTHO aNmnapaToB yNpaBJICHHUs, 3aIUThl ¥ OJIOKMPOBKH, MIpeHa3HAYEHHBIHI
JUIA  IMCTaHIIMOHHOTO aBTOMAaTH3MPOBAHHOIO YINPABJICHUA ACHMHXPOHHBIMU
3JIEKTPOJIBUIATEIAMH C KOPOTKO3aMKHYTBIM POTOPOM IIPH JUIHTEIBLHOM PEXKH-
Me pabotel. CraHuus coctout U3 6iokoB ynpasienus (BY). B Gnoke na or-
JeTbHON M30JIILMOHHON mmTe (6e3 paMbl) cobOpaHbl Bce HEOOXOAMMEIE arma-
patbl. CTaHLIMM yNpaBIeHUS COOMPAIOTCA B IMTHI, KPEMAIlHecs Ha pamax M3
YIJIOBOM CTajiH, Ha3plBaeMble miuTaMu craHuuid ynpasiaenus (ILCY). Hx
OOBIYHO yCTAHABJIMBAIOT B 3JIEKTPOIIOMELICHUAX BMECTE C PacIpele/IMTEIbHbI-
MH IIUTaMH.

Bo B3pBIBOOMACHBIX 30HAX HCHOJIB3YIOT B3PHIBO3AIIHMIICHHBIC MATHUTHBIE
MyCKaTeJIM BHAA «€» (MOBBIIEHHOH HAJEKHOCTH MPOTHB B3PHIBA) M C Macii-
HeIM HanonHeHueMm cepuu IIM (puc. 5.4) co 3HakaMH B3pBIBO3AIIMTHI
HMB (IIM712A-25, TIM712-100 u IIM711A-250), HMI' (IIM722A-25,
[IM722A-100, TIM721-250). OHu BBIMYCKAlOTCS HAa HOMHMHAJIBHBIE TOKH 25,
100, 150 A npu nanpsbxeaun 1o 500 B.

ITyckarenu I[IM711A, TIM712A wumeror
PAcLENUTeNH U TEIUIOBOH 3al[UTHl U HYJICBYIO
3amuty. OCTanbHble IyCKaTENIH UMEIOT TOJIBKO
HyJIeByI0O 3amuTy. bak myckarens 3anuBaioT
TpaHchOpMaTOpHBEIM  MacioM, 6e3 KOTOporo
9KCIUTyaTalus IycKaTess 3anpeineHa. B 6ak mo-
IPY’K€HbI MCKPAIINE KOHTAKTHI (TJIaBHBIE CHIIO-
Bele U OJIOKMpOBOYHbIC) M MHUHBEL OcTanbHbIC
neTany (TeIIoBoe pesie ¢ MEXaHU3MOM BKJIIOYe-
HUA, TPUCOCAMHHUTENbHBIC CHIOBBIE 3aXKHMMBbI)
pa3MeIaTcs B KOpoOKe Mblle- M BOAO3AIIH-
IEHHOTO MCIIOJHEeHHs. YNPABIAIOT MycKarenas-  Puc.5.4. Maruutpii nycka-
MH IIpH TOMOIIM BCTPOEHHOH KHOMKH. Ilycka- ~ Teib NOBBILEHHOM HA/IEKHO-
Tenb OMYyCKAaeT AMCTAHLMOHHOE YIpaBieHue  CTH MpOTHB B3phiBa (3awmra

IOCPEICTBOM KHOIIOYHOTI'O MOCTA. BH/A «e») C MAaCIHBIM HAroJI-
nenuem cepun [IM-700. O6o-

3HaveHne B3peiBo3amnTel HMb
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KHOmouHbIe CTaHIMH (IOCTHI) M KJIIOYH YIPABJICHUS TPEACTABIAIOT COO0MH
KOHTaKTHBIC YCTPOHCTBA C OJHOM, ABYMS MJIM TPEMs KHOIKAMH H OJHUM-IBYMS
MOBOPOTHBIMHU KJTI04aMH. HaxkaTHeM KHOIIKM WJIM ITOBOPOTOM KJIIOYa NPOM3BO-
JIAT 3aMBIKAHME WM pa3MBIKaHHE KOHTAKTOB, M CJIENOBATEIHHO, BKIIOYEHHE H
OTKJIIOYEHHE MPHCOEINHEHHBIX K HUM Lieneil. KHomouHble cTaHUMM M3rOTOBILA-
I0TCS IS ceTelt mepeMeHHOro Toka HanpsbkeHnueM 110 380 B u moctosHHOro TOKa
- 10 440 B. Jlna B3pBIBOONACHBIX YCTAHOBOK M3TOTOBIIAIOT KHOIOYHBIE CTAHLUHK
KY-90-B3I', KYB, macnonanonsesssie kimouy ynpasiaeaus KY-700 u gp.

KHomky ¥ ImyTeBble BBIKIIOYATENH NPUMEHSIOT B CXEMaX YIpPaBIeHHs 3JICK-
TPONIPUBOZOM KPaHOB ¥ 3a/iBibkek. OHM NpeaHa3sHaueHb! A1 OTKIIOYEHHS 3JIeK-
TPOJABHTaTeNeH MpH JOCTIKEHUH MEXaHW3MaMH OTHEIBHBIX IMPOMEXYTOYHBIX M
KOHEYHBIX IMOJIOXKEHHH. BBITYCKalOT BBIKIIOYATEIN HECKOIBKHX MapoK B pa3iInd-
HBIX MCITOJHEHMIX B3pbIBo3amuTsl, Hanpumep BK-700 (MO/L), BII-700 (MO/I),
KB-4 u KB-5 B ucnonsennu B3T', BK-B3I" u np. HexoTopsle qaHHbIe KHOIOYHBIX
MOCTOB, BBIKJIIOYATENeH U IPYTHX aliapaTtoB NpUBeAEHb! B Ta0I. 5.4.

OnexTpHYecKUe anmapaTbl COCTOAT M3 OTHEIbHBIX AeTaleil H NMPOBOJHH-
KOB, JIEKTPHYECKH COCTMHEHHBIX MEXIy co00i. MecTo mepexoja ToKa U3 OJ-
HO# TOKOBEIYIIEH JIeTaJIi B IPYTYIO HAa3bIBAIOT 3JIEKTPUUECKHM KOHTAKTOM.

Pa3z6opHbIe KOHTAKTHI — 3TO KOHTAKTBI, Y KOTOPBIX B Ipolecce paboTsl ae-
TaJ¥ HE IMEpPEeMEIAlOTCs OTHOCHTENBHO APYr Apyra, a OCTAIOTCA HAIEexHO
CKpEIUIEHHBIMH, HanlpuMep GONTOBBIE COCIUHEHHS IIMH, IPUCOEIUHEHUE Mpo-
BOJHHUKOB K 32)KMMaM H T.JI.

Tabnuua 5.4
Annapar
OG6nacTb NpUMEHEHUs
pynna Knacc
Hau:::oaa- Tun B‘:ﬁi‘;‘;ﬁ;ﬁ_ B3pbIBO- | MapkupoBKa B3pbi- B3pbIBO-
P onacHoi BO3aLLHTHL onacHoi
HO# cMecH
cMecH 30HbI
: B-I(1),
KYB-1(2,3) 1 A BIA B-Ir(2),
ynpasJiie- B-1I(21)
HHS 2
B-I1a(22)
KYB-11(12,13) 1 A BIA
KY-91B3I'(92,93) 1,2,3 ABT B3I
KY-B3I'-M-1(2,3) 123 ABT B3I
o KYB-11I(2I1,311) 123 ABI" B3I o
KVY-90(1,2,3) ITA,IIB T1-T5 1ExdIIBTS
I1B 1-4 T1-T5 B4T5-B
[1B-K IIA,IIB,IIC T1-T6 1ExdIICT6
KVY-700 12,34 AB.IJ1 MOJ
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Okonyanue Tabn. 5.4

Annapar
O6nacTb npuMeHeHus
I'pynna Knacc
Hau:;uona- Tun Keteropus sz?;lso- MapkupoBka B3pbl- B3pbIBO-
e B3pblBOONAC-
Aol cxeen onacHoit BO3AULMTBI onacHoi
cMecH 30HbI
Beixtio- BKM-1(2) ITA,IIB,IIC T1-T5 1ExdIIBTS To xe
YaTenu 1ExdIICTS «
KOHEYHbIE BB-5(6) 1 A BIA «
M ImyTe- BK-B3I' 123 AB,I' B3I «
BEIE, Te- BK-B3I'-M 1,2,3 ABI’ B3I «
pexioya- KB-4(9) 1,2:3 AB,I' B3I’ «
TeNn BK-700 1,2,34 AB 1 MOJ{ B-I(1),
VII 5800 1-4 A-Jl | MOJI(B4T5-M) | B-la(2)
BII-701 1-4 A-J1 MOJI(B4T5-M) | B-I6(3)
BII-701 II T1-T6 1ExOIIT6 To xe
BI1-4M 1A T1-T6 1ExdIIAT6 «
BIIB-4M IAIIB,IIC | TI1-T6 1ExdIICT6 «
BIIB-1 IIAIIB,IIC | TI-T6 1ExdIICT6
Komaunno-
gl KA-4800 1-4 TI-TS B4T5-M «
KyJ1a4Ko-
BBl
Bnoku
KOHTaKT- BKB-1 IAIIB,IIC | TI1-T6 1ExdIICT6 «
Hble
Pa3bem
B3pHIRG- BP-61M UAJNIB | TI-T4 | 1ExdIIBT4 «
3aLu-
ILIEHHbIH
B-1a(2)
Slumkn B-Ir(2)
W i Y K 1I T1-T5 2ExellTS BII(21)
Blla(22)
il R tExsigiite | DA
Ba 3a3eM- - XSiy
nemwias- | Y3A-2MH WAHG b BT | ypearre | DlEE
B-Ir(1,2)
TOLMCTEPH

KoMMyTHpYyIOIIHEe KOHTaKTHl — 3TO KOHTAKThI, KOTOpPBIE B Ipouecce pabo-
THI 3aMBIKAIOT WJIH MEPEKIIOYAIOT LIeMb ¢ TOKOM, HallpMMep KOHTaKTBI BBIKIIIO-
qaTenei, KOHTAKTOPOB, MArHUTHBIX IycKaTesei U T.1.
CKOIB3SMIME KOHTAKTHI — PA3HOBHHOCTh KOMMYTHPYIOIIMX KOHTaKTOB, Y
KOTOpBIX OJHA M3 Jeraieil mepememaercs (CKOJIb3UT) OTHOCHTENBHO IPYTOH,
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HO BHGKTPH‘-ICCKHﬁ KOHTAKT IIPpA 3TOM HE HapyLIaeTCs, HaIpUMEP KOHTAKTBI
PEOCTAaTOB, LMIETOYHBIC KOHTAKTBl TOKOCHhEMHHKA U IIP.

B 30He nepexoaa TOKa U3 OAHOIO Teja B Apyroe HMCC’I‘ MECTO JJICKTpHYC-
CKO€ CONPOTHUBIICHUE, HA3BIBAEMOEC IICPEXOAHBIM COINPOTHUBIICHHEM KOHTAKTa.
BenuuuHa ero ONPENACIIACTCSA BBIPAXKECHHUEM

Ri=€elF; (5.19)

rae € - HeKOTopas BeNMYHMHA, 3aBUCALIAs OT MaTepuana U (OpMBI KOHTaKTa,
criocoba 00pabOTKH M COCTOSHMSA KOHTAKTHOM MOBEPXHOCTH; F — Cuila, CXKH-
Mawonias KOHTAKTBI; 1 — ITOKa3aTeJIb CTCIICHH, xapax‘repﬂzylomuﬁ YUCJIO TOYCK
CONPUKOCHOBEHHUS B KOHTAKTE.

C yBenu4eHHEM TOYEK CONPHUKOCHOBEHHS IEPEXOIHOE COMPOTHUBICHUE
KOHTaKTa yMmeHblaercs. JlJis To4e4Horo KoHTakTa npuHumaiot n = 0,5; s
MHOT0TOYe4YHOro — n = 0,7-1; U1t moBepXHOCTHOTO — 1 = 1. 3Ha4YeHUs € BHIOH-
PAIOT U3 CIIPaBOYHBIX TaOIHIL.

Ha puc. 5.5 noka3aHna 3aBUCHMOCTB IIEPEXOIHOTO CONPOTHBICHHUSA KOHTAK-
Ta OT AaBieHus. [Ipu OTHOM M TOM jXKe Ha)KaTHH MEPEXOJHOE COMPOTHBICHHE
OJIHOTO M TOTO K€ KOHTAKTa IPH KaXXJOM 3aMBIKaHHH MOXET OBITh pa3HBIM H
pas3iuy¥aThCad B JOCTATOYHO LIMPOKHMX Ipejenax. ITo OOBACHAETCA TeM, 4TO
YHCJIO TOYEK KOHTAKTUPOBAHUS ITPU KKIOM 3aMBIKAHUU MOJXKET OBITh Pa3HBIM.

RII

)
Puc. 5.5. 3aBHCHMOCTB NEPEXOHOTO COMPOTHBIICHHS
OT CHJIbI COKaTHS KOHTAKTOB

Hepexonnoe COMNPOTHUBJIIECHUE KOHTAKTaA 3aBHCHUT OT TEMIIEPATYPhI, TaK KaK
IIPpA 3TOM HU3MEHAECTCA CTPYKTYpa IUIOMIAZ0K COTIPUKOCHOBCHHMA 3a CYET U3ME-
HEHHUA YIOCJIBHOI'O CONPOTUBIICHUA CMATHIO. IIJIH MEIu

Rux= Ruxon(1+71507), (5.20)

TZie O - TeMIepaTypHbIH KodhGULHeHT.

C pocToM TeMmeparyphl IEpeXOJHOE CONPOTHBJICHHE BHAayale pacTer
(puc. 5.6, yuacrok I), 3aTeM npu HeKoTOpoO#i Temmeparype (111 Meau U cepebpa
npu 200-300 °C)npoucxoauT pe3koe MaJeHHe MEXaHHYECKHX CBOMCTB Mare-
puana. Ilpu TOM ke HaXaTHM yBEIWYHBAETCS IUIOMIAJKA KOHTAKTHPOBAHUS,
nepexojaHoe conporusnenue (ydactok II) pesko mamaer. U nanee (yuacrox III)
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COIMpPOTHBJIEHHE JIMHEHHO PacTeT ¢ POCTOM TEMIIEPaTyphl, a MPH TEeMIepaType
IUIABJICHHS MaTepHalla KOHTAKThl CBAPHMBAIOTCH, MEPEXOAHOE CONMPOTHBIICHHE
pesko nagaet (ydactok IV).
Rll
111

T
Puc. 5.6. 3aBHCHMOCTb NEPEXOHOrO CONPOTHBICHHS
OT TeMNepaTypbl KOHTAKTOB

Ilpy MpoX0XXJE€HUM TOKA B IUIOMIAAKE KOHTAKTMPOBAHMS M3-3a HAJIHYMA
MEPEXOHOr0 COMPOTHBICHHS Gy/eT BBLACIAThCA sHeprus I Rydr. Tperimenue
TeMIepaTyphsl IUIONIAIKH KOHTAaKTHPOBAHHUA HaJl TEMIIEPaTypoil TEruIo0TAalo-
1L TOBEPXHOCTH KOHTAaKTa OYAET paBHO

T-Ty = AT, = I’pnioI32A\F, (5.21)

rae P - yAeIbHOEe CONPOTHBICHHE MaTepuasia KOHTAKTa; O -BPEMEHHOE COTIpO-

THBIIEHHE CMATHIO MeTamta, H/mvm’ (m1s amoMuuus oHO coctaBisger 900

H/mm?, Memu — ot 390 10 520 H/mm?, cepebpa 310 H/mmvd); A - K03 puIHeHT

TEIIONPOBOAHOCTH MaTepHaa KOHTAKTa; /' — Cujla KOHTAKTHOTO HaXKaTHs.
Ecnu npuHATH, 4TO NEPEX0AHOE CONPOTHBICHHE KOHTAKTa

Rn =par1

rae r — paanyc Iiomaiaku KOHTaKTHPOBaHHUA, W IToJ1aras, 4To €€ pasMep paBCH
nrz, TO
AT, = 1/8 (UA/Ap), (5.22)

rae U, — nageHue HanpsHKeHU Ha MEePeX0AHOM CONPOTHBICHHH KOHTAKTA.

Ha puc. 5.7 npuBeneHa 3aBUCHUMOCTb MOBBIILEHHS TEMIIEPATYPHI IIIOIA/-
KH KOHTaKTHPOBAHHSA OT NAaJCHHS HANPSDKEHUS B KOHTAKTHOM COEAMHEHHH.
[Ipu mpoTeKaHUH Yepe3 KOHTAKTHbIE COEAMHEHUS TOKa KOPOTKOI'O 3aMBIKAHHA
BO3HHMKAET OMAaCHOCTh CBAPUBAHHSA KOHTaKTOB. CiIeyeT OTMETUTD, YTO IpH KO-
POTKOM 3aMBIKaHHH HE TOJBKO PE3KO YBEIHYHBAETCS TOK, HO M BO3PACTAeT Ie-
PEXOHOE COMPOTHUBICHHE KOHTAKTa M3-3a 0CNA0JIEHHs KOHTAKTHOTO Ha)kKaTHs,
BBI3BIBAEMOTO JJIEKTPOANHAMUYECKMMH cuiiaMH. TeroBas sHeprus, Bblaesse-
Masi B MeCTe KOHTaKTa, paBHa

0, = [i*Rydt. (5.23)
0
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B cnydae 3aMBIKaHMS MM Pa3MBIKAHUS KOHTAaKTOB IPH KOPOTKOM 3aMBl-
KaHHH B KOMMYTHPYEMOH LIeNH TPOMCXOAUT CHIBHOE OIIaBICHHE, a HHOTAA U
pasieTaHue pacIUIaBICHHBIX YaCTHUIl MeTaylia. Takue SBICHUS HEpeaKo IMPHBO-
JAT K 3arOpaHusAM CaMHX amiapaToB WM K MOHKOraM OIHM3IeKalMX FOpIoYHX
MaTepuasoB.

ATy, °C‘
160}

140}
120}
100}
80}
60
40t
20}

1 L I 1 1

20 40 60 80 100 U, mB

Puc. 5.7. 3aBUCHMOCTb MOBBIILIEHUA TEMIEPATYPh! IUIOMAAKH KOHTAK-
TUPOBaHM OT MAJICHHS HANPSKEHH B KOHTAKTHOM COEIMHEHHH:
1 - cepebpo; 2 — menb

HaunGonblnyio noxapHylo OMacHOCTb anmapaToB CO3Jal0T TOKH KOPOTKOTO
3ambIkaHus. [1oaTOMY JUIS Kask0ro anmapata 3afaeTcsl TOK JOMyCTHMOH Belu-
YHHBI, TETJIOBOE BO3/ICHCTBUE KOTOPOTO anmapaT MOXKET BBIIEPXKATh B TEUCHHE
3aJlaHHOr0 BpeMeHH 6e3 BBIBOJA €ro M3 CTpOs. DTa BEIUYHHA TOKA HA3BIBACTCS
TOKOM TE€PMHYECKOH yCTOHUMBOCTH. Yamie Bcero 3ajgaercs TOK NECATH-, MATH-
WJIM OTHOCEKYH/IHOH TePMHUYECKOH YCTOHYHBOCTH.

ITpu KOPOTKOM 3aMBIKAHUH B KOMMYTHPYEMOMH CETH 4Yepe3 TOKOBEIYLIYIO
4acTh amnmnapara MOTYT IPOTEKaTh TOKH, B JECATKH pa3 MPEBBIMIAIONIHE HOMHU-
HaJdbHBIE. DTH TOKH, B3aUMOJCHCTBYs C MarHMTHBIM IIOJIEM, CO3/Al0T JJIEKTPO-
JUHAMHUYECKHE YCHIIHA, CIIocOOHbIe e OpMUPOBATh TOKOBEAYIIHNE YaCTH, H30-
JIATOPBI, HA KOTOPBIX OHM KPETATCS, pa3pylIUTh anmapar, BeI3Bath noxap. Cu-
J1a, JCHCTBYIOMIas Ha MPOBOJAHUK,

1
F = [Bisinpdl, (5.24)
0

rae B — marHuTHas HHAYKUIHA T10JIA; i — TOK, npo*rexaxomm?x B I[IPOBOTHHUKE; l -
JUTMHA NIPOBOTHHUKA; B = yroj MEeXay BEKTOpaMH HHAYKLUHWH U HAlIpaBJICHUA TOKa.
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B ciryqae moboro pacnoloXeHus MNpPpOBOJHHUKOB B OIHOM IIJIOCKOCTH
(B=90°

1
F = [Bidl. (5.25)
0
Cuna B3aMMOJEHCTBUA IBYX NMPOBOJHHUKOB, M0 KOTOPHIM MPOTEKAIOT
TOKH i; U iy B MPOTHBOMIOJOXHBIX HanpaBieHUusX (puc. 5.8), BeIpakeHa B
HBIOTOHAX:
F=10"iisk,, (5.26)

rae k, — K03 GHUILHEHT, XapaKTepHU3yIOIHil pasMep H PacrooKeHHEe MPOBOA-

HHUKOB.
+—

i <

LAY Y ILILLI Y, L
S P — ———— ¢

1 F

Puc. 5.8. Cxema B3auMo/IeiCTBHS JIByX MPOBOJHUKOB C TOKAaMH

Ecnu paccrosuue Mexmy NMpoOBOAAMM 3HAUMTENBLHO MEHBIIE MX JUIMHBI,
MOXXHO TIPUHATS k, = 2//a.
[Ipu npoTexkaHHuH 1Mo MPOBOAAM MEPEMEHHBIX TOKOB (i = [y -SINWY)
F = clylpsin’ot. (5.27)
Ecnu Toku paBHBI,
F = cP,[(1-c082wt)/2] = (Fy/2)-[(F/2)cosct], (5.28)
rJe ¢ — MOCTOSTHHAS, YUYUTHIBAIOUIAas FeOMETPUYECKHE pa3Mephl IPOBOIOB, pac-
CTOSIHHE MEXJy HHMH, CHCTEMY NMPUHATBIX €IMHHIl U MAarHMTHYIO IPOHHIAE-

MOCTB BO3yXa, F,, — MakCUMaJIbHOE 3HAaYEHHUE CHJIBI.
2

c
TakumM o0pa3oM, Cuila MMEET MOCTOSHHYIO —5'1 U MEPEeMEHHYI0 COCTaB-

72
JSIOIHE L—;"’—COS(DI.
CpenHee 3HAYCHHUE CHJIBI 3a NEPUOJ paBHO
L
F,=Q/T)|Fdt=cl},/2=cl’, (5.29)
0

rae [ - neﬁcmylomee 3HA4YCHHUE TOKaA.
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Ha puc. 5.9 mokasaHo H3MeHeHHe CHIIBI BO BDEMEHH IIPH IIEpEMEHHOM TO-
Ke. XapakTepHo, 4TO B OJHO(A3HOH LEmH CHIa, MCHAACh BO BPEMEHH, HE M3-
MCHACT CBOCIO 3HaKa.

Fii A

cl,’

Ell

Puc. 5.9. KpuBast H3MeHEHHs CHIIBI BO BPEMEHH
npH 0JiHO(A3HOM NMEPEMEHHOM TOKe

an NEPpEMEHHOM TOKE MOXET UMETH MECTO (B 3aBUCHUMOCTH OT MOMEHTaA
KOpPOTKOTO 3aMbIKaHHﬂ) ynapﬂmﬁ TOK, npesmmaroumﬁ AMIUIMTYAHOE 3HA4Y€HHUE

B 3,24 pa3sa:
F=324cl,. (5.30)

DIeKTpOAMHAMHUYECKHE CHIIBI B TpeX(a3HOH cCHCTeMe NMPOBOAHUKOB H3Me-
HAIOTCA BO BPEMEHH KaK IO BEIHYMHE, TaK M IO HAINPaBJICHUIO. AMNIapartsl
YIPaBJICHHS XapaKTEePU3YIOTCS 3JIEKTPOJMHAMHYECKOH YCTOHYHBOCTBIO — CIIO-
COOHOCTBIO MIPOTHBOCTOATH CHJIAM, BO3HUKAIOIIMM IIPH IPOTEKAHUH TOKOB KO-
POTKOTO 3aMBIKaHMA. DTa YCTOHYMBOCTH MOJKET BBIpaXKaThCs JIMOO Herocpen-
CTBEHHO AMIUIMTYAHBIM 3HaYCHHEM TOKA i, TPH KOTOPOM MeXaHHYeCKHe Ha-
NPSKEHUS B ICTAJIAX ariapata He BHIXOJAT 3a NMPEAENbl OMYCTHMBIX BEHYHH,
160 KPaTHOCTBIO ATOTO TOKA OTHOCHTEIBHO aMILIHTYIbI HOMHHAJIBHOTO TOKA.

Wuorzpa nuHamMu4eckass yCTOHYHBOCTH OILEHHBACTCS JEHCTBYIOIIMUM 3Ha-
YeHHEM yJapHOTO TOKa 3a EPHOJ IOCjIe Hayalla KOPOTKOT'O 3aMbIKaHHUS.

KonTakT MoXeT OBITH NMpEeACTaBlIeH Kak MPOBOAHHMK IEPEMEHHOTO ceve-
uus (puc. 5.10). B MecTe cy)xeHMs TMHUN TOKA BO3HUKAIOT MPOXOJIBHBIE dJIEK-
TPOAMHAMHYECKHE CHIIBI, CTPEMAIIHECS Pa30OMKHYTh KOHTAKTHL [ OJHOTO-
YEYHBIX KOHTAKTOB 3HAYECHHE ATHX CHJI OIPEIEIIIeTCs BhIpaKeHHEM

F = 107In(5/So), (5.31)
JJIs1 MHOTOTOYECYHBIX
F = 107(*/n)In(S/So), (5.32)
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rae S — ceyeHHe KOHTAaKTa B TOM MECTE, TA€C HET chpunneﬂnﬁ JIUHUU TO-
Ka, So - (bak'mqecxax mIomanaes KOHTAKTHPOBAHUA; n — YHUCIIO MECT KOH-
TaKTHPOBAaHUA.

B anmnaparax, paCCYuTaHHBIX Ha Gonpmue TOKH, CTPEMATCA KOHCTPYKTHUB-
HBIMH PEIUCHUAMH CHHU3HUTHL BJIIMAHHUEC J3JICKTPOJAMHAMHUYECKHX CHII MPH KOPOT-
KHUX 3aMBIKaHHUAX.

F

\
F
Puc. 5.10. Cxema KOHTaKTa 1 JAEHCTBHE 3NEKTPOJHHAMHYECKHX CHII

B Hepa3zMbIkaeMbIX KOHTakKTaX (COCIMHEHHSIX) CO BPEMEHEM MEpEeXOIHOE
COINPOTHBJICHUE YBEIMYHUBACTCS BCICACTBHE OKHMCICHHUS HA KOHTAKTHUPYIOIIMX
IUIOIIA/IKaX, OciabneHus Cuibl HaxatHa. IIpu NMpoTekaHWH TOKOB KOPOTKHX
3aMBIKaHUH BO3HUKAIOT JJIEKTPOJAMHAMHYECKHE CHIIBI, YXY/ILIAIONINE WK JaXe
pa3pymarnHe KOHTAaKTHBIC COSIMHECHUS, YTO HEPEIKO ABJIACTCSA MPUIUHOI 3a-
TOpaHHH.

Takum 06pa3zoM, IEKTPHYECKHE annapaThl yNpaBIeHUsA H Jaxe anmaparsl
3aIUTHI JJICKTPOYCTAHOBOK M0XKAPOOIMACHEI B IPOIEcCe HOPMAJILHOH IKCILTya-
TalMd W TeM Ooyiee MOXApOOMACHBI MPH YXYAIIEHHH KOHCTPYKTHBHO-
TEXHUYECKHX IMOKa3arenel (MeXaHHYEeCKHX OC/IabIeHHsX, 3arpA3HEHHAX H H3-
HOCaX KOHTAKTHBIX coeMHeHHi M zp.). IlokapHas omacHOCTB 3JIEKTPHYECKHX
annapaToB yNMpaBJIEHUSA PE3KO BO3PACTACT MPH KOPOTKHUX 3aMBIKAHUAX B KOM-
MYTHPYEMBIX CHJIOBLIX IIEIAX.

KomMmyTHpOBaHHE 3JIEKTPUUECKHX Lenei, 0cOOCHHO pa3MbIKaHUE MOJ] TO-
KOM, COITPOBOXIACTCS IEKTPHYECKHM Pa3psioM MEXIY PacXOoAAIMMHCA KOH-
TakTaMu. BO3AymIHbI# MPOMEXKYTOK MEXIy KOHTaKTaMH HOHM3MPYETCA M CTa-
HOBHUTCS Ha HEKOTOPOE BpeMs NPOBOJAAIIMM, B HEM BO3HHMKAET JyTa.

Ha puc. 5.11 noka3ana 3aBUCUMOCTH MaJCHUS HANPSKECHHUA HA pa3pAaHOM
IPOMEXYTKE OT TOKa 3JIEKTPHUYECKOro paspsija B rasax. IlepBeiii ygacTok (00-
nacte I) KpuBOH, mpeacTaBisIONMi co00il 00JacTh TICIOLIEro paspsjia, Xapak-
TepH3yeTcsi BBICOKMM MaJeHHeM HanpspkeHusa y katona (200-250 B) u mansivu
tokamu (o 0,1 A). Ilpu Tieromem paspsaae IUVIOTHOCTb TOKAa B paspsAIHOM
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HPOMEXYTKE H3MepsieTcsi HeCKOIBKMMU MHKpoaMiepaMy Ha | cM’. C pocTom
TOKA YBEJIMYMBAETCS MaJIeHUE HANPHKEHUS Ha pa3psaHoM mpomexyTke (1o 300-
400 B). Bropoii yaactok kpuBoii (o6macts II) mpencrasiser coboit mepexon u3
TIEIOLIEro paspsaa B ayrooit. TpeTnii yqacTok KpHBOif — IyroBoit paspsan (06-
nacts III) — xapakTepusyeTcst MaJbIM [afieHueM HalpshKeHHs y a1ekTpoos (10-
20 B) u Gonbuo# mioTHOCTEIO ToKa (10 100 kA/cm”). C pocToM ToKa HarpsKe-
HHE Ha yTOBOM IPOMEXYTKE CHaJalla MmaJjacT, a 3aTeM Majao MeHAeTCs.

U,B
300 \
200 \
100

1 i \{ ] m

102 10" 1 10 100 100 A

Puc. 5.11. BonsTamnepHas XxapakTepHCTHKa
9JIEKTPHYECKOro paspsijia B razax

OnekTpUvecKas {yra COpOBOXK/IAETCSA BRICOKOH TEMIIEpaTypoi M CBA3aHa
¢ 310l TemMnepartypoit. [103ToMy Jyra — siBlIeHHE HE TOJBKO JJIEKTPHYECKOE, HO
¥ TEILIOBOE.

CompoTtuBieHHe Iyrd R, HE3aBHCHMO OT pOfia TOKa MOXHO CYHTATh YHUCTO
akTUBHBIM. OHO SBNISETCSA BEIMYHHOI IEpEMEHHOI, magaomuieif ¢ pocToM TOKa,
¥ MOXET OBITh OIpPENIENICHO U3 BOJBTAMIIEPHOi XapaKTEePHCTHKH TyTH

R,=Uyi.
MoOLHOCTE 3NIEKTPHYECKON TyTH
P,=Uji. (5.33)
DHeprus, BbIeIAEMas B Iyre 3a BpeMs T, €e TOPEeHHs, paBHa
W, = [U, idr. (5.34)
0

O'rxpuraﬂ QJIEKTPHYECKas JAyra COMpPOBOXAAECTCA BBIACICHUEM 60BIIOTO
KOJIM4YECTBA CBETALIMXCA ra30B, NPEACTABIAIOLINX coboii rramMs AYTH. Bons-
mrass KOHLICHTpaLHuA 3apsaXCHHBIX YaCTHIL (HOJIO)KHTCJ'ILHHX H OTpPII.IaTCIIBHBIX)
B IUTaME€HH TPHUBOAMUT K 60BIIOH IIPOBOJUMOCTH. Bricokas IIPOBOAUMOCTE
MJIaMEHH OYTH MPHBOIUT K TOMY, YTO 3TO IUIaMs MOXET BBI3BAaTh IIPU HaAIIpA-
KCHHUH B HECKOJIBKO HNECATKOB BOJIBT MEPEKPBITHE TaKUX IMPOMEXYTKOB, KOTO-
pbI€ B HOPMAJIBHBIX YCJIOBHUAX HE npon;axorcx IpU OCCATKAX TBICAY BOJIBT.
B'ropaﬂ OINMAaCHOCTH CBA3aHA C BBIAEJIEHHUEM IJIAaMEHH BBICOKOMH TEMIIEpaTypEI,
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NPE/ICTAaBIAIOMIEH MOXApHYI0O ONACHOCTh KaK JUIA CaMOro amnmnapara, Tak v Uit
MOJDKOTa JIETKOBOCIIAMEHAIOLIMXCS MAaTepualioB, paclo0XEHHBIX B HEIO-
CPEeACTBEHHOH OIM30CTH.

B nnamMenn npoHCcXoAAT noXapoonacHele XMMHUUECKHe rpoueccsl. [Tapsr me-
JI KOHTAKTOB, IOMIazias B IUIaMsl JyT'd, OKUCIIAIOTCA M MOTIOIAIT KUCIOPO BO3-
Jyxa. OcTaBLIMICS ITOC/IE 3TOTO a30T COEAMHACTCS C TApaMH BOJIBI M KHCIIOPOJIOM,
o6pasys a30THYI0 KHCIOTY. Karumu 3Toit KHCIOTBI MOTYyT 00pa30BaTh NPOBOIAIIHE
KOHTaKTHBIE ITEPEMBIYKH U MPHBECTH K I0KAPOOIMACHBIM 3aMbIKaHHAM TOKOBEY-
IMX yacTel B TAKMX MECTax, Ky/(a HH Jyra, HH €€ IUTaMsi He MOTYT MOMacTb.

Jlns CHIDKEHHS M0XKapOOIacHBIX MOCJIEACTBUM JyrH B anmaparax yIpaB-
JIeHHS] TPUMEHSIOT pasNuyHble crocoOs! ramenus. Tak, adhekTHBHBIM crIoco-
60M rameHHs 3JEKTPHYECKOHW IYTH SBIAIOTCA y3KHE IMPOJOJIBHBIC LIENH pas-
JHYHBIX KOHQUrypauuii. YcTaHOBKa PEIIETOK M3 TEIUIONpPOBOMAIIMX METAILIH-
YeCKHMX TUIACTHH HaJ y3KOH ILENIbIO QYrOracHTENbHOH KaMephl B 3HAYUTEILHOM
CTEMEeHH COMEHCTBYET MOJHOM JAEHOHU3AlUHN JYTH U €€ IUIAMEHU U TEM CAMBIM
obecneyuBaeT X raieHue.

JIns TyLeHus TyTH B anmaparax yrpapJieHHs IPUMEHSIOT H IPYTHE CIIOCOOBI:

C MOMOILBIO BBICOKOTO aTMOC(EPHOro JaBIEHMA, CHHXKAIOLIETO CTENEHb
HMOHM3ALMH [JIaMEHH;

BO3IYIIHBIM IYTHEM 3a CUET MEXaHHYECKOTO PaspyIICHHs JYTU U MHTEHCHB-
HOTO OXJIXK/ICHUS HArpeThIX HOHW3HPOBAHHBIX YaCTHIL yTOBOTO NPOMEXYTKA.

B psne cmydaes s TymIeHHS AyTH B anmnaparax yrnpaBJIeHHA HCIOIb3YIOT
MarHutHoe nojne. OHO BO3/eHCTBYeT Ha Jyry Kak Ha MPOBOJHHK C TOKOM, Ie-
peMellaeT ero B HalpaBJICHHH pa3pymIaloiuX mpucrnocobinenuit. B 6onpmmn-
CTBE CJly4aeB MarHMTHOE I10JIE CO3/1aeTCs OTKIIOYEHHEM TOKOB.

B nocnenHue roasl B CBA3M C pa3sBUTHEM 3JIEKTPOHHOH TEXHUKH CO3/1aI0T-
Cs M BCE LIMPE NMPHMEHSIOTCS yCTPOHCTBA OECKOHTAKTHOH KOMMYTAIIMH CHIIO-
BBIX lened. JIs 3THX 1eneil HCoap3yIoTCss THPUCTOPHI, CIIOCOOHBIE MPOITYC-
KaTh OOJIBIINE TOKH MPH MAJOM MaAeHUH HanpsukeHusa. TUpHCTOp mporyckaeT
TOK TOJIbKO B OJHOM HAIpaBIE€HHM M TOJBKO TOTAA, KOTJAa Ha YNpPaBJISIOMIMI
3MeKkTpo OyAeT MmoiaH MOJOXHTENbHBIN moreHuuan. [Ipu caatuu storo mo-
TEHIMaJIa THPUCTOP OCTACTCS OTKPHITBIM JI0 TEX II0P, TOKA [0 HEMY MPOTEKAET
TOK OmpeneneHHoi BeauyuHbl. Tak Kak CHHYCOMIalbHBIH IIEPEMEHHBIH TOK 3a
nepuoj 00A3aTeNnbHO ABAXK/IBI IPOXOAUT Yepe3 HyJb, THPUCTOP ABAXKIE! 3a Ile-
PHOJ MOXET OBITH BBIKJIIOYEH.

Cxema ofHO(hA3HOTO TUPHCTOPHOro Kil0Ya MmpuBeaeHa Ha puc. 5.12. Um-
HyJIBCHl YOpaBICHUSA (HOPMHUPYIOTCA M3 AHOAHBIX HANpPSKEHHH THPUCTOPOB.
Ecmu Ha aHone tHpucTopa JI1 monoxuTenbHas MOJYBOIHA HAIPSOKEHHS, MPU
3aMblKaHuK KiIo49a K uepe3 auon J13 M pesuctop R mpoHaeT MMITYIbC TOKa
ynpasienus TupucropoM /1. B pesynsrate Tupuctop JI1 BKmoduTes, anoaHoe
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Puc. 5.12. Cxema oH0(ha3HOro THPHCTOPHOTO KIII0Ya

Il 2 3
Tp— | RI &2 m S TT2
] :
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Cl Cc2 C3
K15 [1YCK BITEPE][
1 IIYCK HA3AJ
CTOIl

Puc. 5.13. Cxema Tpexda3Horo peBepcHBHOIO THPHCTOPHOTO IyCKaTeJst

HaIpsDKEHWE YIazeT MOYTH N0 HyJIs, CHUTHaJ YTpaBJICHHsS MCYE3HET, HO THPH-
CTOp OCTaHETCS B MPOBOMAAIIEM COCTOSHHM O KOHIA IOJYNIEpPHO/a, MOKa aHO-
HBII TOK He IpoiifeT yepe3 Hynb. B apyroii momynepuos (Mpu MPOTHBOIOIOX-
HOH MOJIAPHOCTH HANPSDKEHMSA CETH) aHAJOTMYHO BKJIOYaercsa TupHcTop J12.
IToka o4 K Gyner 3aMKHYT, THPHCTOpPBI OyIyT aBTOMaTHYECKH MOOYEPEITHO
BKJIIOYAThCs, obecrieyrBas MpoXoxkJACHHE TOKAa OT MCTOYHHUKA K Harpyske. Takue
THPHUCTOPHBIE KJIIOYH ABJIAIOTCS OCHOBOH 0HO(MA3HBIX U TPeX(a3HbIX KOMMYTH-
pyroummx ycrpoicts. Ha puc. 5.13 B kauecTBe mpuMepa H300pakeHa cXxema pe-
BEPCUBHOIO ITyCKaTeJs JUIA aCHHXPOHHBIX JBHraTesned. CHIOBBIMM KOMMYTH-
PYIOLIMMH 3JIeMEHTaMHU ABJIAIOTCA THpHCTOpHI J11-/110, KOTOpBIE OTKPBIBAIOTCS
konrtakramu K11, K12, K13 pene K1 (Bnepen) wnm kontakramu K21, K22, K23,
pene K2 (unasaxm). Tpaucopmaropst Toka TT1 u TT2 moaoTr curnan neperpys-
k4 B 610k 3amuThl b3, KoTOpEIH, BO3zeicTBys Ha 6a3y Tpansuctopa T21, cHu-
maet nutanue pene K1, K2 u TeM caMbIM IPUBOAMT K OTKITIOUEHHUIO ITyCKaTeIIsL.

BeckoHTaKTHBIC ammaparsl ynpapieHus Oojiee DONTrOBEYHB! M Gojee Imo-
kapobe30macHbl.

208



I'naBa 6

JIEKTPOOCBETUTEJIbHBIE YCTAHOBKHA

6.1. QJIEKTPUMECKHE MCTOYHUKHU CBETA

ITo npuHLMIy npeobpa3oBaHUs NEKTPUYECKON SHEPIHH B JHEPIUIO BH-
JUMBIX U3JTy4eHHUH HCTOYHHUKHU CBETa JEJIATCS Ha JBE TPYIIIBI: TEIUIOBbIE (B OC-
HOBHOM JIaMITbl HaKaJIWBaHHUsA) M ra3opaspsaHble (PTYTHEIE TpyOdaThie JIOMH-
HECLIEHTHBIC JIAMITBI HU3KOTO JABJICHHUS M PTYTHBIC JaMIIbl BEICOKOTO JAaBICHHA
¢ ucrpasjieHHOM uBeTHocThio THIa JIPJI). K mocneaneil rpynne oTHocsATCS Me-
Tajoranorenusle namnsl (JIPH, JIPU3) u HaTpueBbie JaMITbl BLICOKOTO JIaBjIe-
uud (JJHaT), a Taxke MOLIHBIE AyrOBBIC KCEHOHOBBIE TPYO4aThIe JIAaMITBI, THIIA
JKcT (Tonbko A7st HapyHOTO OCBEILEHHS).

B namnax HakanuBaHMA M3JIydeHHE NPOMCXOIMT OT HAKAJIEHHOTO O BhI-
cokoii Temmnepatyps! (2500-3000 K) Bonb(pamMoBoro tena B CTeKISHHO# Konbe,
B KOTOpO# CO3/]aH BaKyyM WJIM HaXOAMTCS MHEPTHBIH ra3. Jlammsl pasnuyaior
no momHoctu (15-1500 Br), mampsoxenuio (12-220 B), cBeroBomy MOTOKY,
KOHCTPYKTHBHOMY MCIIOJHEHHUIO U ap. OHM AeNATCA Ha JIBE TPYIIIBL:

obuiero Ha3Ha4eHHs - U1 OOLIEr0 ¥ MECTHOTO OCBENICHHUS B OBITY H Mpo-
MBIIIJICHHOCTH, a TAKKE VI HAPYKHOTO OCBEIIEHHS;

crielHaNbHble - obnajmarone 0coOBIM KOHCTPYKTHBHBIM MCIIOJHEHHEM,
G0NBLIOI TOYHOCTBIO, CTAaOMJIBHOCTBIO CBETOBBIX M JJICKTPUYECKHX ITapaMer-
POB U APYTrUMH 0COOEHHOCTSAMM, ONpPENENIAEMBIMH CIeM(PUKOH UX TpHUMEHe-
HMA (Harpumep, BUOPOCTOHKOCTD, TEIJIO- U XOJIOAOCTOHKOCTD H T.1.).

JlaMnbl HAKAJIMBAHHUSA COCTOST M3 KOJIOBI, LIOKOJISA ¥ BOIb(pPaMOBOi MOHO-
crniupany win 6ucnupanu. bucrnupany NpUMEHSIOT B JIaMIax ¢ OOJBIIMMMU Terl-
JIOBBIMH NOTEPSAMH (T.€. B razoHanonHeHHbIX oT 40 BT u Beiue). Hanonnenue
KOJIO JJaMIT KPUIITOHOM HJIM CMECBIO a30Ta M aproHa Mno3BoJISeT CHU3UTh HUCIa-
peHue BoJb(ppaMa U TOBECTH €ro TeMIepaTypy 10 MpPEeAenbHOMH, HO HECKOJIBKO
YBEIMYMBAET TEIUIOBbIe MoTepH. CBeTOBas OT/]aya ra30HaroHEHHbIX JIAMIT 110-
3TOMY BBIIIE, YEM Y ITyCTOTHBIX.

B mapkupoBke ynamn OykBbl o3HauaioT: B - BakyymHas, I' - rasonarnon-
HeHHas, b - oucnupaneas, K - kpunronosas. OCHOBHBIMH XapaKTEPUCTHKAMH
JIaMIT HAKAJIMBAHUS SBJIAIOTCSA: HOMMHANIbHBIE Hanpspkenus U, B, mommocts
P,Bt u cBeroBoit motok F, 1M (JIIOMEH), a TaKXKe CBETOBasg OTAaya
H = F,/P, nM/BT 1 cpennmii cpok cimyx0sl (mpumepro 1000 ).

Ha xapakTepHCTHKH JIAMIIbl HAKAJIMBAHHS CYIIECTBEHHO BIMACT BeJMYHHA
pabouero HanpspkeHus. [Ipy HanpspKeHUH, OOJbIIEM HOMHHAJIBHOTO, YBETHYH-
BA€TCsS TOK B JIaMIle, TEMIIepaTypa HUTH Hakaja M CBETOBOHM IOTOK, M3JTy4ae-
MBIt ammoi. OJHOBPEMEHHO YMEHBIIAETCS CPOK ee ciyxObl u3-3a Ooree
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ObIcTpOro paspyiieHus BoJb(ppamMoBo crupainu. [Ipy MOHMKEHHH HaImpsbKe-
HHS YMEHBIIAETCS CBETOBOH MMOTOK JIAMITBI M €€ cBeTooTaava (puc. 6.1).

Hanpsokenue, %

80 90 100 3
1000 2
110 120 500 s
= N\ / 8
: \ 271180
H N\ 160 22
g 500 N Y1 1. ER)
a AR el Il s
5 1 N, / 4 140 3§
: \ Ao g ¥
4 \ / Ly /4/ = 3
B ST 8 g
£ 200 N NA » - 120 g §
g it AT 1= X
2 A%k
o o
= 3| 45 100 & &
- 22N
Q
g — /// N\
5 90 7 7
@ s ®
g [l x4 | / Nk 50 o
g 80| AL ¥ N\ =
S L~ b 9 5}
= [=%
g 570 2 N\ 20 2
£g y. & \ g
g5 - 4 N\ 3
= z
[}
& g // 10 8
@ 250 =
s 5§17 110 g
E8 s
~ €40 5
= o
EE 80 90 100 2

Hanpsikeuue, %

Puc. 6.1. Ilapamerpsl 1amn HaKJIMBaHUS B 3aBHCHMOCTH
OT NPHJIOKEHHOTO K HUM HaNpPsKeHHs:
1- NpOAC/IKUTENLHOCTD FOPEHHA; 2 — cBeTOBOIi N10TOK; 3 — CBETOBAA 0TAAYa;
4 - norpebaseMas MOUIHOCTb; 5 - TOK

JIOCTOMHCTBA JIaMIT HAaKaJIMBAaHUS — IPOCTOTa YCTPOMCTBa, JELIEBU3HA,
yI06CTBO 3KCILTyaTallMH, BO3MOXKHOCTh M3TOTOBJICHHS B IUMPOKOM JHANa3oHe
MOIIHOCTEH U HanpspkeHWHd U 1p. K OCHOBHBIM HeZOCTaTKaM OTHOCSATCS: BECh-
Ma HHU3Kasg 3KOHOMHYHOCTH (TONBKO 2-4 % moTpebisieMoi MMHU 3JIEeKTpOIHep-
I'MH IIPEBpANIaeTCcs B CBETOBYIO), OTHOCHTEIBHO MaJbIi CPOK CIIykObl, moxap-
Hasl OTTaCHOCTb.

210



B namnax HakaJuBaHHS C BOJ’IL(‘I.)paMOI‘aJ’IOPCHHLIM LIUKJIOM HCIIOJIB3YECTCA
o, 6poM, XJIOp M CIIOXKHBIE TaOreHOpraHuYeckue coefuHenus. Ljmmmnapuye-
ckas konba 2 HoaHoH mammel (puc. 6.2) U3rOTaBIMBACTCS M3 BBICOKOTEMIIEpA-
TYPHOTO KBapleBoro crekia. Hute / pacnonaraercss TOYHO 10 OCH Ha OJZHMHAKO-
BOM M CPaBHUTEIBHO OJM3KOM PacCTOSHHMH OT CTEHOK KOJOBL DJIEKTPOIb! 4,
NOJBOJAIINE TOK K HUTH, U JiepKaTeNi 3 HUTH U3rOTAaBJIMBAIOTCS U3 BOJIb(pama.
Konba mamonmHsercs XOpOLIO OYHMIICHHBIM HHEPTHBIM Ta30M [0 MABJICHUS
5-10° - 10° Ila, uTo yMeHbIIAET CKOPOCTh MCTIAPEHHSA HHTH M MPEAOTBPAIIACT
nqyroobpasoBanue. B kon0y BBOAMTCA ompeneneHHOe KomuyecTBo Hoxa. Ero
aTOMBI, BBIIEIAIOMIMECS H3 MOJICKYJI MOJ BIMSHUEM BBICOKOM TEMIepaTypsl Ha
MOBEPXHOCTH BOJIb(PAMOBOI HUTH, NEPEMELIAIOTCS K CTEHKaM KONObI U 0bOpa-
3yIOT C OCEBUIMMH Ha HUX PAacHbUIMBIIMMHUCS 4aCTHUIAMH BOIb(pama ra3oo6-
pasHbIi Honun Bonsdpama. [locieauuii, momagas B 30Hy BBICOKHX TEMIIEPATyp
BONM3M HUTH, CHOBA pacrnamaercs Ha Boab(pam u #oxa. Bonedpam ocraercs Ha
HHTH, a aTOMBI ofa JudyHIUPYIOT K CTEHKaM M OINATh Y4acTBYIOT B LIMKIIC.
Kpyrosoii mponecc uner nmo cxeme W+2J WJ, CseroBoil MOTOK B 3THX
JlaMrmax K KOHITy CpokKa CiTy:kObl yMeHblIaeTcst Tosbko Ha 3-4 % (Bmecto 15-
20 % muia OOBIYHBIX JIAMIT HAaKaJMBAaHHA), CPOK CIyObl B JBa pa3a Ooibire,
cBeToBas orAava Ha 15-20 % BeImIe, 4eM y OOBIYHBIX JIaMII, CHIEKTPAIbHbIH CO-
CTaB M3JIy4YeHHs OIKe K €CTECTBEHHOMY M pa3Mephbl 3HAYMTEIBHO MEHBLIE.
DTO MO3BONIAET CHIXKATH ra0apUTHI K Maccy OCBETHTEIBHBIX IPUOOPOB.

| 254 mm

- A P A

A A
1

2 3 4

Puc. 6.2. KBapuesas ionHas namna HakanuBanmns tina KH220-1500:
1 — HUTb Hakana; 2 — konba; 3 — aepikarens; 4 - NEKTPOAbI

B nacrosiee Bpems Beimyckaercs 6omee 100 THIIOpa3MepoB raJoreHHBIX
JIaMIT HaKaJIMBaHUSA MOLIHOCTBIO OoT 5 BT no 5 kBTt (mpeamonaraercs BbIyck
nami 10 10 u 20 xBT), MpoaomKUTENILHOCTh TOPEHUSI KOTOPBIX MPEBOCXOIUT
Jydliie MHUpoBBle 00pasipl B aBa M Oonee pa3 (Hampumep, JIamIlbl THIIA
KNM10-90, KMN220-1500, KI'220-500 u ap). Takue naMmel mpUMEHAIOTCS TPH
$oTO- ¥ KMHOCBEMKAX, JUIS OCBEIEHMS 3JaHHH M a’poJpOMOB, CIIOPTHBHBIX
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COOpYKEHMH, OTKPBITHIX IUomane ¥ T.m. OHM SABIAIOTCA TAKXKE BBICOKOHH-
TEHCHUBHBIMH MCTOYHMKAaMHM MH(PAKpaCHOTO M3JIY4YEHHUSA M MCHOJIB3YIOTCA JUIA
Harpesa, IUIaBJIeHU, TepMO0OPabOTKH, MaiKH, CYIIKH U T.II.

Bosnee 5KOHOMHYHBIMH, YeM JIaMITbl HAaKAJIMBAaHUs, ABIISIOTCS ra30pa3psj-
HbIC JIaMITbl. BOJBIIMHCTBO M3 HMX HpeACTaBifeT coOOMH 3amasHHYIO CTEKIAH-
HYI0 KOJIOY LMIMHAPHYECKON, chepruecKoil WM HHOH (OPMBI ¢ BIASHHBIMH
anekrpoaamu. O6sr9HO K010a 3armonHeHa 60 HHePTHEIM ra3oM, 60 ra3om U
HeOOJIBIINM KOJIMYECTBOM MeTalIa (HarpuMep, pTyTH, HaTpus, kagMus). Eciu
K 2JIEKTPOZaM IMPUIOKHTH JOCTaTOYHOE HampsDKeHWe (Ha3bIBaeMOE HampsxkKe-
HHUEM 32)XHTaHMsA), MEXKIY HUMH BO3HUKACT JIEKTPUYECKHH pa3psi, KOTOPBIH
BBI30BET CBEYCHHE Ta3a. B 3aBHCHMOCTH OT JaBJIEHHA rasa M [apoB MeTajuia B
pabouem pexHUME pa3iHy¥aloT ra3opaspsAAHble JaMIbl HU3KOTO, BBICOKOTO H
CBEPXBBICOKOTO JIAaBJICHHS. DTH JIAMIThl Pa3AeNIAIOTCSA Ha JaMIIbl TJICIOLETro, Iy-
rOBOTO U MMITYJILCHOTO Pa3ps/I0B.

Bee paspsiauble nammel (kpome KceHOHOBBIX TpyOuathix Tuma JIKCT)
BKJIIOUAIOTCS B CETh Yepe3 MHAYKTUBHBIC MM €MKOCTHBIE GalIacTHBIE CONMpO-
THBICHHA. BamacTHbie CONPOTUBIICHHS (IPOCCENH) ABJIAIOTCA COCTaBHOM 4Ya-
CTBIO MycKoperyaupyromux ammapatoB (I[TPA), koTopble BKIIOYAIOT TaKke
KOHJIeHCATOpBI M cTapTepsl, a s namn tuma JPJI, IPU, APU3 u AHaT - um-
Iy TbCHBIE 3aXKUTAIONIHE YCTPOHCTBA.

4 SN

N

$
5
2 L2
3

] 7.

—
=

=

Puc. 6.3. JlioMmuHecueHTHas 1lamMa U CXeMa ee BKJIIOYeHHS:
I — npoccens; 2 — uoKoNb; 3 — 31eKTpo/ibl; 4 — cTapTep; 5 H 7 — KOHAeHcaTopbl; 6 — Tpy6ka

Haubonee mmMpoko A OCBEUICHHsS INPUMEHSIOTCS JIIOMHHECLCHTHEIE
Tpy6uaThle JaMIbl HU3KOro xaBienus (okono 1,3 -10° I1a). JlioMuHecHeHTHAS
mamna (puc. 6.3) npeacrapisger co00i CTEKIAHHYIO LHIMHIPUYECKYIO TPYOKY
6, 3arOJHEHHYIO aprOHOM M JI03MPOBAHHLIM KOJHYECTBOM pTyTH. Ha koHmax
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TPYOKH pacHosIokeHsl OHCHHpaabHbIe BOTb(PAMOBBIE NEKTPOAbI 3, KOHILBI
KOTOPBIX BBIBEJCHBI Yepe3 IOKOMM 2 Hapyxy. HampsbkeHue BBI3BIBAaET 3JIEK-
TPUYECKHH pa3psAa B ra3oBOM HamonHeHuH. HeBuaumoe ynprpaduoneroBoe
U3Jly4eHHE, BO3HHMKAIOUlee MpH pa3psjie M cocTaBisiomee okono 85 % Bcei
SHEPrUM M3ITy4YCeHUs (3IEKTPOTIOMHHECLEHIHs), 00JIydaeT TOHKMH CIIOH Jto-
MHHO(Opa Ha BHYTPEHHEHl MOBEPXHOCTH TPYOKH M BBI3BIBAET €r0 CBEHYEHHE -
¢doromomuHecueHmio. brarogaps 3TOMy JTIOMHHECLIEHTHBIE JIAMIIBI 00TaTatoT
3Ha4YMTENBHO G0JIee BBICOKOH 3KOHOMHYHOCTBIO. Eciu, Hanpumep, Jammsl Ha-
kanuBauua 220 B u momnocteio 100-300 BT MMeroT CBETOBYIO OTAady OKOJIO
15 nm/BT, TO moMuHecLeHTHEIE Jammsl Tura JIB40 MomuocTeio 40 BT uMerot
cBeToBYyI0 otaady 78 nm/Bt. Cpok ciyx6bl momMunecueHTHbIX adamn 12000 .
Temneparypa cTexIsHHON TpyOku He mpessimaer S0 °C, 4To AenaeT ux MeHee
10KapOOTAaCHBIMH 0 CPABHEHHIO C TaMIIaMH HaKaJTHBaHUS.

JlaMnbl ans obmiero OCBEmICHHs Pa3jIMYalOTCS MO LBETHOCTH: JHEBHOTO
(J11), 6enoro (JIB), terno-6enoro (JITB) cBeta M AHEBHOrO C YJIy4IIEHHON
useronepenaueit (JIZALY).

INonmapmsioniee GOIBIIMHCTBO JFOMUHECLEHTHBIX JIAMIT B HACTOSIIEE BPEMS
JIO3UPYETCS JKHIKOH PTYTBIO, YTO MMEET psiJi HeAocTaTKOB. OCHOBHBIE M3 HHX -
HapylIeHHEe THTHEHHYHOCTH TEXHOJIOTHH N3TOTOBJICHHS JIaMIT M TEX NMOMELICHHIA,
B KOTOPBIX OHH NMpPUMEHSIOTCS (pa3OpbI3rMBaHKMe M HUCIApeHHe PTYTH B Cllydae
605 1aMIT), a TakXKe CHIDKEHHE CBETOBOTro rmotoka jamm Ha 20-30 % (B 3aBucH-
MOCTH OT TEMIIEPaTyphl) MPU MPUMEHEHUH MX B 3aKPBITBIX CBETHJIBHUKAX. DTH
HEJIOCTaTKH YCTPAHAIOTCSA B aMaJbraMHBIX JIaMIIaX MOIIHOCTBIO OT 15 mo 125
Br. HauGonpiee pacnpocTpaHeHHe MOMYHWIM aMalbraMbl Ha OCHOBE MHIHSA U
KagMusA. AMajbrama B BHZE IIapHKa WM TabIeTKH MOXKET OBITh pasMelleHa Ha
BHYTPEHHEH MOBEpXHOCTH TpyOKkH. B MapkupoBky nami BBoguTcs OykBa A, Ha-
npumep, ABA 15-T, rae T ykassiBaeT Ha TPONHUYECKOE HCTIOJIHEHHE.

JIIOMMHECLIEHTHBIE JIaMITBI BKJIIOYAIOTCST B CETh NMEPEMEHHOTO HAINpPsKEHHA
127 1 220 B ¢ myckoperympytonieii anmaparypoii (ITIPA), kotopas obecrieunsaer
3a)KHraHHE JIaMIIbl, HOPMAJBHBIH PEKHM paboThl M YCTpaHEHHE PaaMOIOMeX.
[Tyckoperynupylomas anmnaparypa (cM. puc. 6.3) cocrout u3 apoccens /, ctapre-
pa 4 u xouzeHcaropos 5, 7. Craprep 4 mpejcrasiseT cob6oif MUHHATIOPHYIO He-
OHOBYIO JIaMITy ¢ OMMETaJUIMYECKMMH 3JIeKTpOoAaMH. B MOMEHT BKIIOYEHHS Ha
3JIEKTPOJBI CTapTepa MOACTCS TOTHOE HAPSKEHUE CETH, M MEXITY HUMH BO3HH-
KaeT TICIONMH pa3ps/, pa3orpeBaromuii anekTpoasl. OT HarpeBa OHM M3rHOAIOTCS
¥ 3aMBIKAIOTCS JIPYT C APYTOM: BO3HMKAET TOK, Pa30rpeBaOIHii 2IEKTPOIbI Jlam-
mel. B 3TOT MOMEHT pa3psjt B cTapTepe MpeKparaeTcs, SIEKTPOAbI ero 0XJIax/1a-
IOTCS ¥ Pa3MBIKalOTCs. MTHOBEHHBIH pa3phIB LIEMH BBI3BIBACT MMOABICHUE Ha POC-
cesie UMITyJIbca 0OpaTHOH ANEKTPOABHKYIIEH CHIIBI, KOTOpas M 3aXKHTaeT JIaMITy.
[Toce 3TOrO HaNpsDKEHHE Ha JaMIIe COCTAaBJISET OKOJIO MOJIOBHHEI ceTeBoro. Ta-
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KO€ e HampsbkeHue OyJIeT ¥ Ha cTapTepe, YTO HeJOCTATOYHO UIA BO30YXKICHHMA
TICIOIETO pa3psAja M ero MOBTOPHOTO 3aMbIkaHus. KoHieHcaTop 5 CHIDKAeT ypo-
BEHb PaIHONIOMeX, a KOHAEHCATOp 7 yiydmaeT Ko3)(GUIMEHT MOIIHOCTH JIaMIIbl,
KOMIIEHCHPYsl MHAYKTHBHOCTb JIPOCCEJIA.

CrapTepHble CXeMbI BKJIIOYEHHS JIaMIT IIPOCTHI M AemeBsl. OHAKO cTap-
Tep YMEHBIIAET dKCIUTyaTalMOHHYIO HaJeXHOCTh cXeMbl. Ero HeMcnpaBHOCTb
NPHBOJMT K CHIKEHHIO CpPOKa CyXObI namil. [loaToMy mpumensiotces u 6Gec-
CTapTepHbIE CXeMbl OBICTPOr0 ¥ MTHOBEHHOTO (XOJIOAHOT0) 3a)KHTaHHs JIaMIT.

Ha MIOMHMHECLECHTHYIO JaMITy, UMEIONIYyI0 CXeMy OBICTpOro 3aKMraHus,
HAaHOCHTCA ICKTPONPOBOAALLAs IUIeHKa WM nosoca. Haubonee pacmpoctpa-
HEHBI TpaHC(HOpPMaTOpHEIE CXEMBI GBICTPOrO Mycka, B KOTOPBIX B KauecTBe Oa-
JIACTHOTO CONPOTHBJICHHSA MCIIONB3YIOTCSA JPOCCENb, a MpeJBapHTEIBHBIN IM0-
JIOTPEB KaTOJMOB OCYILECTBIAECTCS HAaKaJIbHBIM TpaHchopmaTopoM JiHOO aBTO-
TpaHc(hopMaTopoM.

ITpu X0710THOM 3a’KMTaHUH JIaMIT YCTPAHAETCA MPeBAPUTENLHBIN OAOTPER
katoJ10B. Takoi crnoco® mpuMeHseTcs, HarnpuMep, MPH HCIOIB30BAHHH JTIOMH-
HECLIGHTHBIX JIaMIT BO B3PBIBOONACHBIX 30HaX, rie obecreyenue uckpobesonac-
HOCTH SBJISIETCSA OCHOBHBIM TpeGoBaHUeM. J[Jis XOJIOQHOTO 3aKHIaHMA K JIIOMH-
HECLICHTHOM JIaMIIe ITOJAaeTCs HalpsDKeHue, peBklnIalonee paboyee B 5-7 pas.

JlyroBele pTyTHBIE JIAMITBI BHICOKOT'O JIABJICHHSA C MCIPABJIEHHON LIBETHOCTBIO
(tuma JIPJI) GBIBAIOT JBYX3JIEKTPOAHBIMHE M YETHIPEXINEKTPOJHBIMH MOIIHOCTBIO
80-1000 Br. Onu co4eTaloT BHICOKYIO CBETOBYIO OTHAdy TpyOuUaThIX TIOMHHEC-
LEHTHBIX JIAMIT HU3KOTO JIaBJICHHS M 3Ha-
YUTEJIBHYIO CBETOBYIO MOIIHOCTH B OTHO-
CHUTEJIEHO HeOoIIbIIoM o0beMme.

JByxanektpoauas samma  JIPJI
(puc. 6.4) npencrapiseT coboit TOICTO-
CTEHHYIO KBapleBylo TpyOky (ropenky)
2 ¢ caMOKaJIAIIMMHUCH 3JEKTPOIaMH, 3a-
MOJTHEHHYIO MapaMH PTYTH H aproHoM
nox xasnennem 5-10° — 10° Ila. Tpybka
3aKJII0YeHAa B HAPYXHYIO CTCKIISIHHYIO
K010y 3 U3 TEPMOCTOMKOTO CTEKJ]Ia, Mo-
KPBITYIO BHYTPH CJIoeM JIoMHHOpopa 4.
Puc. 6.4. Jlyrosas pryTHas JIOMHHECUECHT-  (hopva konGbl GH3Ka K (POpPME JaMITbl

Has Jamna Beicokoro aasneuus JIPJI:
I — uokons; 2 ksapuesan Tpybka; 3 — konga;  HAKATHBAHHS M 3aKaHIHBACTCA LOKOJIEM
4 - niomuHohop 1. Jliomunodop mnpeobpasyer yiabTpa-
(uoneToBBINH MOTOK, MPOXOIAMHUIT wHe-
pe3 ropeyiky, B OpaHKeBO-KPaCHOE M3JTyUeHHE, HCTPABIAA LIBETHOCTH H3IY-
yeHus jammsl. CIeKTp JIaMITbl CTAHOBUTCS OJIM3KUM K JHEBHOMY CBETY.
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Bxmouenne namn JIPJI (puc. 6.5) nmpomspoaurca ¢ nmomompio ITPA, co-
crosmiei M3 Japoccens ¢ ocHoBHOH [ m 3axuraiomeit J[; oOMOTKamMu M MM-
MyJIBCHOTO KOHTYpa ¢ paspsanukom P. Ilpu mopjaue HampspKeHUs Ha JIamIry
kougeHcarop C 3apspkaeTcs depe3 CeJCHOBBIH BBIIpSAMUTENs B M orpanmnyu-
Bajoniee conporupienue r. Korpa nanpsoxenue gocruruer 180-220 B, uto BhI-
3pIBaeT NMpoboii paspsanuka P, koHaeHcaTop pa3psaauTcs Ha JOMOJIHHTEIBHYIO
00MOTKy apoccens [, 1 Ha KOHIAX OCHOBHOM 0OMOTKHM 6aiacTHOTO Apoccess
HHIYKTUPYETCS HMMITYJIbC BBICOKOTO HAampsDKEHHsA, 3axuraromuii mammy JL
[Tocne 3axkuraHus JamIbl MOBTOP- 1
HBIX paspsJoB KOHJIEHcaTopa He AT
NPOMCXOANT, TaK KaK HampsDKeHHe —_—
Ha JlaMIie BO BpEeMs €€ TOpEHHs, a
CIIeI0BATEILHO, U Ha KOHZAEHCaTope, p =
HIKE MPOOUBHOTO HAMPSDKEHHUS pa3- ,f
panuuka. [TIPA obecrneunBaeT Mruo- [
BEHHOE 3a)XKMT'aHHE JIAMIIBI TIPH TEM-
nepatype OKpy’Kalomieil cpeipl OT
-30 °C mo +60 °C, HO ycroiuuBas
paboTa JaMIbl ¥ HOMHHAJILHBIH CBe-
TOBOH MOTOK MOSBIIAIOTCA 4epe3 5-
7 MuH mocne BkmoueHus. IloBrop-
HOE BKIIOYEHHE JIaMIbl BO3MOXHO
TOJBLKO Mociie ee ocTeiBanus B Tedenue 10-15 mun. Ilostomy nammner JIPJI ne
paspenraeTcs MCIOIb30BaTh JUIA aBapHiiHoro ocsemienus. Mx nenecoobpasHo
NPUMEHSTH JUIS OCBEILEHUS YJIHUIl M IUIONIAJeH, BBICOKMX MPOM3BOACTBEHHBIX
MOMEIEHUH.

Ha ocHOBE PTYTHBIX JIAMIT BBICOKOT'O JIaBJICHMS ITyTEM BBEICHUSA CBETOM3-
Jydaromux 106aBoK (peKo3eMeNbHbIX IEMEHTOB) H ONTHMH3ALHKU TepMHUe-
CKUX ¥ JJIEKTPUYECKHX MapaMeTpoB pa3psjia M3rOTAaBIMBAETCA METAJIOrasio-
reHHble rasopaspsaseie gamnsl MIJI. Onu Bce 6osee BBITECHAIOT JPYTHE HC-
TOYHHUKHM CBETa U3 Tex obyacTeil ocBenieHus, rae Tpedyercsa yaydlleHHas LBe-
TOIepesaya U BEICOKasA OCBEIIEHHOCTb.

B Poccuu BriepBeie ObUTH CO37aHBI pa30oOpHbIE KCEHOHOBBIE JIAMIIBI C BO-
IUIHBEIM oxJakneHueM anektponos (tuma JAKcT), obmanaronue BeICOKOI MoI-
HocThIO (0T 2 710 50 kBT) npu oTHOCHTENBHO HEGONBIIMX radapuTax.

Hapsiy ¢ MHOTMMH JIOCTOMHCTBAMH OOJIBIIMHCTBY ra30pa3psAIHBIX JaMIl
HPHCYUIX M HETOCTAaTKU: CIIOKHOCTh BKIIOUCHHS B ceTh, npumenenue I1PA, B
kotopoit Tepsercs mo 20-30 % sHEpruM, YyBCTBUTEIBHOCTH K HM3MEHEHMAM
BHEIIHEH TeMIepaTypsl, HeyZ0OHbIe pa3Mepb! (KOHCTPYKTHBHBIE (OPMET).

R<— 220B
-

Puc. 6.5. Cxema Bxitouenus namnbt JIPJI
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6.2. OCBETUTEJIbHBIE INTPUBOPbI U CBETHJIbHUKH

JInst oCBeIEeHUs TOMEIEHUH WK OTKPBITOTO MPOCTPAHCTBA OOBIYHO Tpe-
OyeTcs palOHATBHO PACHPEASIHTh CBETOBOI MOTOK: HAIPABHUTH €r0 BHU3 HIIH
BBEpPX, CKOHIIEHTPUPOBATh Ha pabouem MecTe U T.A. B 3THX HenaX npuMeHsIOT-
€Sl OCBETHTENBHBIC TPHOOPEI, KOTOPEIE pasHeNsAioTcs Ha MmprOOpsl OIMKHETO
(mo 20-30 M) nmeHcTBUA - CBETHJIBHMKM M Ha MPUOOpBI JanbHEero AeHCTBUSA -
HPOXKEKTOPEL.

Puc. 6.6. Ceernnbauk H35-150M:

H — noBblleHHOMN Haf@KHOCTH NPOTHB B3pbiBa (3awuTa BHAA «e»); 3b — kateropua u rpynna
B3pblBOONACHOH cMecH; 150 — MouHOCTb aMnbl; M — MOAEPHU3MPOBaHHbII; / — 3alMTHAs ceTKa;
2 — B3pbIBOHENPOHHULUAEMbIIt naTpoH; 3 — oTpakarens; 4 — nposoa [IPKC; 5 — wryuep; 6 — kopnyc;

7 — yIIOTHUTENBHOE KONbUO M CANbHUK; 8 — KObLUO; 9 — 3almTHBI Koanax;
10 - namMna HakanuBaHus

CeTHibHHK (pHC. 6.6) COCTOMT M3 MCTOYHHKA CBETA M OCBETHTENBHOI
apMartypsl, riepepacrnpeensioneii cBeToBoii nmorok. OHa Takxe MpeIoXpaHsieT
rjasza OT Ype3MepHOH APKOCTH MCTOYHHMKA CBETA, a JIAMIIY - OT MEXaHHYECKHX
MOBPEXKICHHIH, 3alHINACT MOJOCTH PACIIONOKEHHS HCTOYHHKA CBETa U [AaTpOHa
OT BO3ACHCTBUS OKPYXKAIOIIECH Cpebl U T. 1.

B ofmem ciryyae ocBeTHTENIbHAS apMaTypa CBETHIBHHKA COCTOUT M3 KOPITY-
ca 6, oTpaxkaTelssl 3, pacCeMBaTels MM 3alIUTHOIO CTEKIIHHOTO Konnaka 9, ma-
TPOHA 2, 3aIlMTHON CETKH /, y3JI0B KpeIUIeHHUs eTayiell U camoit apMaTypbl. BBox
nposozioB 4 tuna [TPKC npoussoautcs yepes mryuep 5 u canshuk 7. Kombio 8
CIIY’KHUT JUISl KPEIUICHHS 3alllMTHOTO KOJIIaKa M 3alUTHON ceTku. OTpaxareinb u
pacceMBareb OrpaHHYMBAIOT CIETIIee JeHCTBHE UCTOYHUKA CBEeTa. B CBETHIIb-
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HHKaxX C pacCceMBaTeIMH OPAaHHYEHHE CIIETAILErO AEHCTBUS JOCTHIaeTCs MoA00-
POM paccerBatels. B cBeTUIbHUKAX ¢ OTpaXaTelsiMK, HO Oe3 paccerBaTenen cie-
Tsiee AeiCTBHE OrpaHHYNBACTCS 3AlIUTHBIMHU YIIIAMH CBETHILHUKOB. 3alllHTHBIM
YTJIOM CBETHJIbHHKA HA3BIBAETCS IUIOCKHH YTOJI MEXIy TOPU30HTAIBIO M HAIpaB-
JIEHHEM OT HIDKHET0 Kpas TeJla Hakala HCTOYHHKA CBETa Ha Kpail oTpaxarens (Ha-
HpHMeEp, YToJI Y Ha pHC. 6.6, eciti ObI OTCYTCTBOBAJI OTPAXKATEID).

CBETHIIBHUKY KIACCHQHLHMPYIOTCSA 10 XapaKTepy CBETOpPACIIpeIesICHNUs,
LEeIIEBOMY Ha3HAYEHHIO, CrOco0y yCTaHOBKHM, 3aLIUTE OT BO3JACHCTBHUSA OKpY-
xkaroler cpenp! U T.4. B Poccuu meiicTBYIOT CTaHAApTHI 10 3allMTE CBETHIIb-
HHKOB OT MBUIH M BOJIBI, OKA3bIBAIONIMX OOIBIIOE BIMSAHHE HAa HAJIEKHOCTh CBE-
THJIBHUKOB, 0€30IacHOCTh OOCTYKHBAaHHS W [OXapHYI0 0€30MacHOCTb, Ha-
npumep, I'OCT 16703-71 «CpetunbHuku. TepMHHBI M ONpeNCICHUNY,
I'OCT 13828-74 «Cermnbauku. Bunasl u o6o3nauenus», FOCT 14254-86 (cm.
Tabs. 2.18). Bua 3ammtel cBeTHIBHUKOB 0003HaYaeTCs ABYMs JIATHHCKUMH Oy-
kBaMH /P u nByMs nugpam, rneppas M3 KOTOPBIX YKa3bIBaCT CTCICHB 3alIUTHI
OT IBUIH, BTOpas - OT BOABI (Hanpumep, /P53).

MHoOrue THIbI CBETWIBHHUKOB HMEIOT OTKPBITBIC JIAMITbl, HE 3al[HIICHHBIC
OT OKpY>XKAIoUIeH CpelIbl, WM JIaMIIBI, 3aKPBIThIe HEYIUIOTHEHHBIMH CBETOIPO-
nmycKaromumMu obonoukamu (pacceuparensamu). [Ipu 5ToM KopIryca CBETHIIBHH-
KOB C pacroJIOKeHHBIMH B HUX JIEKTPUYECKUMH KOHTAKTaMH MOTYT UMETh He-
3alIMIICHHOE, MBIIe3alUIIEHHOe HIM TBIICHENPOHHIIaeMoe HcroaHenue. B
cBs3u ¢ atuM [OCT 13828-74 B 0603HaYeHHH 3aIIUTHI CBETWILHHKOB C HEH30-
JMPOBAHHBIMU OT OKPY’KalOIIEeH Cpe/bl JJaMImaMu HCKIiodaeT OykBel /P U BBO-
T WTpHX y uudps! (tadn. 6.1). Heo6XxoaumMo y4HUTHIBaTE, YTO yKa3aHHBIC B
KaTajorax M Jpyrux MHGOPMAIMOHHBIX MaTepHaliaX BHJB! 3alIHUTHl CBETHIb-
HUKOB OTHOCATCS K ONpeJesieHHOMY pabouemy MOJIOKEHUIO U B CIydasX ero
W3MEHEHHS CTENEeHH 3aIUThl MOTYT OBITh pa3INYHBIMU.

Hcnonp30Banne 00MIENPOMBIIUICHHBIX CBETHILHHKOB 00IIEro Ha3HaueHUI
(cM. Tabn. 6.1) BO B3PBIBOOIACHBIX 30HAX 3a HEOOJIBIIUM HCKJIIOYEHHEM HEI0-
nyctumo. B HHX HE0OX0AMMO MPUMEHSTH B3PLIBO3ALIHIICHHBIC CBETHIBHUKH.
B3peiBo3alyTa CBETHILHUKOB OCHOBBIBACTCS HA OJHOM BHJE MJIM COYCTAHHUH
HECKOJIBKHX BHJIOB: B3PBIBOHCIIPOHUIIAEMOCTH (B3pbIBOHENPOHHLIAEMas 000J104-
Ka), MOBBILIEHHOI HAJeKHOCTH MPOTHB B3pbIBa (3alLUTa BUAA «E»), 3alI0THEHUH
BCero JIN00 yacTH 06beMa 000JI0UKH BO3AYXOM WIIM HHEPTHBIM Ia30M MoJ H30bI-
TOYHBIM JABJIECHHEM HJIM MPO3PaYHBIMU JKHIKOCTSAMH, a TAKkXKE Ha NMPUMEHEHHH
YCTPOMCTB, 00ECTIEYHBAIONINX ABTOMATHYECKOE OTKIIOUEHHE JIEKTPOIOB JIaMIThI
NpH paspyLIeHHH KOJOBI (37IEKTpOMEXaHH4ecKast MM IHeBMaTHyeckas OJ0KH-
poBka). I103TOMy Takue CBETHIBHHMKHM MOTYT UMETh CJICAYIONIHE BH/IbI B3PHIBO-
3alUTHI: B3PBIBOHEIPOHUIIaEMas 000J104Ka, 3alIUTa BHAA «&» (MOBHILICHHOM
HaJIE)KHOCTH TPOTHB B3PbIBA) U CIIEUUATLHBIH BU B3PHIBO3AILMTEL.
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B3pbiBoHenponunaemble CBeTHJIbHUKH. Bce 4acTH TakuMX CBETHIIBHM-
KOB, TJIe MOTYT MOSABHTHCS MCKPEHHE MJIM BBICOKas TemrepaTtypa (aTpoH, Hc-
TOYHMK CBETa M JIp.), 3aKIIOYAIOTCS BO B3PHIBOHENPOHHIEEMYIO O0OJIOUKY.
O6on04yKka MOXET COCTOATH M3 KOpIyca M 3aIMTHOTO CTEKJISHHOTO KOJMaKa.
dakTophl, 0becrneyrBalomue B3pEIBOHEIPOHHULAEMOCTh 000I0UKH CBETHIIBHH-
Ka, paccMoTpens! B naparpade 2.3. KoHCTpyKTHBHEBIE 0COOEHHOCTH B3pLIBOHE-
MPOHMI[AEMBIX CBETHILHUKOB JUIS CTAllHOHAPHOM YCTAHOBKH MOXKHO PaccMOT-
peTh Ha mpuMepe ycrpoiictBa cBeTHnbHMKa B3I-200AMC (puc. 6.7). On co-
CTOMT U3 Koprmyca 8, cTshkHOro koibua /0, 3ammuTHOro Konmaka // M3 mpo-
3pa4yHOro CTEKJa, 3alIUTHON ceTku /2, oTpaxkatens /3 ¥ B3pHIBOHENPOHHIAE-
MOro rnarpona 9. DTOT CBeTHJILHHK HMEET BBOJHOE YCTPOHCTBO, COCTOSIIEE U3
HaOXUMHOH My(TEI /, KOprmyca 2 cO ChbeMHOI KPBILIKOH 7 ¥ PE3HHOBOTO YIIIOT-
HAIOIIETO KoJblia 3 ¢ TpeMs OTBEPCTHUAMY JUIS MIPOBOJIOB MIIM OJHUM I Kabe-
J151. ITO YCTPOHMCTBO MO3BOJIAET BBOAUTH B CBETHIBHHKH NMPOBOJA (B CTAJIBHBIX
TpyOax) u kabemu ¢ 0ObIYHOM (HEeHArpeBOCTOHKOI) H30IALHEeH, KOTOPBIMH BBI-
MOJIHAETCS OOBIYHO OCBETHTENBHAS CETh. 3aTSXKKOH OONTOB, COCAMHAIOLIMX
HOKUMHYIO My(]TY ¢ KOPITyCOM BBOJHOTO YCTPOHCTBA, JOCTUraeTCA HAlEKHOE
YIUIOTHEHHE BBOJOB. [IpoBoia MPHCOCAMHAIOTCS K (pasHOMY 5, HYJICBOMY M 3a-
3eMiIsionieMy 4 KOHTAaKTHBIM BBIBOZAM B KOpITyce BBOJHOIO yCTpOHCTBa. 3a-
PSIKY CBETHIBHHKOB Ha y4acTKe OT KOHTAaKTHBIX BBIBOJIOB MaTpoHa 9 10 KOH-
TaKTHBIX BBIBOZOB B BBOJHOM YCTPOHCTBE TPOHM3BOJWT IIPEANpPHUATHE-
M3roToBHUTENb NpoBosoM 6 Mapku [TPKC.

B MapkupoBKe CBETHJIBHHKA MPUHATHI 0003HaueHMs: B - B3peIBOHENpO-
HHUL@eMBIi, 3 - KaTeropus B3pbIBOONACHOIT cMecH, I - rpynmna B3peIBOONAcHOH
cMmecH, M - mozaepHusupoBanusblif; 200 - momHocTe nammnsl B BT, CBeTnisHHK
npeaHa3sHaueH A o0Iiero ocBenieHus 30H kinaccoB B-I, B-la, B-I1I u B-Ir. B
30Hax B-Ir CBETHIIBHUK MOXET MPUMEHATHCSA TOJIBKO MPH YCIOBHHU 3aLIHTEI €T0
OT NPAMOTO IOMAaJaHUi aTMOC(EpPHBIX 0CAaJKOB (pasMelieHHe IOJ HaBECAMH
WM YCTAHOBKA 3aLIMTHBIX KO3BIPHKOB).

Boibioe pacnpocTpaHeHHe MOJIYYHIIM PYYHBIE M TOJIOBHBIC MEPEHOCHBIC
B3pbIBOHENIPOHHLIAEMBIE CBETHIbHHKH, Hampumep CIIB-27M (puc. 6.8). Cse-
THJIBHUK MOXET TIPUMEHATHCS BO B3PBHIBOOIIACHBIX 30HAX BCEX KJIACCOB, B KO-
TOPBIX BO3MOXHO 00pa30BaHHE B3PBIBOOMACHBIX CMECEH MapoB M ra3oB C BO3-
JyXOM, OTHeceHHBIX K 1, 2, 3 kareropusiv u rpyrmam T1, T2, T3 u T4, a Takxke
B CMECH rOpIoYeH MBIIH C BO3AYXOM. YCIOBHBIE 3HAKH B3pbIBO3amuTel (B3T4-
B) 03Ha4aioT, 4TO CBETHJIBHHK 10 YPOBHIO B3PBIBO3AIIMTHI - B3phIBOOE30Mac-
HBIH, 0 BUY B3PBIBO3AIIHTEI - B3PLIBOHENPOHULAEMBIi, [UIst 3-i KaTeropuu u
rpynmnsl T4 B3pBIBOOMACHBIX CMECEH.
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Puc. 6.7. Cerunsunk B3I'-200AMC:
1 — my¢ra; 2 - kopnyc BBOAHOro ycTpoiicTsa; 3 — yIioTHAOlEe KOAbLO; 4 H 5 — KOHTaK-
Tbl; 6 — nposoa [NPKC; 7 — kpbliuka; 8 — Kopiiyc cBeTuAbHKKA; 9 — naTpon; /0 — cTA)HOe
K010 /] — 3awuTHbI Konnak; /2 — 3awmTHas ceTka; /3 - oTpaxarens

Puc. 6.8. O6mwmii Buza ceerunshika CIIB-27M:
1 - 3awuTHas peleTka; 2 — 3auluTHbI Koanak; 3 — Kopryc; 4 — NpUAnB 115 BbIBO-
na kabens W yIIoTHAIOULEro yeTpoiicTsa; 5 — noABecHoe yCTpoiicTBo

[To Ha3HAYEHUIO B3PBLIBOHETIPOHHIAEMbIE CBETHILHUKH JCJIATCS Ha JBE FPYIITBL:
00111ero ¥ MeCTHOro OcBelleHus. CBETMIILHUKH OOILEro OCBEIIEHHS - CTALMOHAPHBIE,
MECTHOrO, KaK MpaBuiIo, - nepeHocHble. OCHOBHBIE JJaHHBIE CBETHJIHUKOB, TIPHMe-
HAEMBIX BO B3PBIBOOIIACHBIX 30HAX BCEX KJIACCOB, IPHBEICHBI B TA0M. 6.2.
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Tabnuna 6.2

U Homunanbroe OGnacTb NpUMEHEHHA NO
T b Hanpskenue, | Mouocts, [ Macca, B3pbLIBOONACHOMH cMecH
i M0 B3PLIBO- | g it T Bt Kr
3aumre éarapeu Kareropus 'pynna
Cmayuonapnvie céemutbnuku
B4A-60A B4A 220 60 6,3 1-4 A
B3I'-60 B3I 2200 60 S 1,2,3 A, B, I"
B3I-100A B3r 220 100 8 1,23 A,B.T
B3I'-200AMC * B3I’ 2P 200 7.5 1,2,3 A, B,
B3I'-300 B3I 220 300 15 1,2, 3 A, B, I'
CIIA-B3I" B3I 2,5 3,6 8,5 1,2,3 A,B, T
CI1PM-300-B3r B3I’ 220 300 2,4 1.2,3 A, B, I
LLUC-B3r 11,8-
LLC-1-B3 B3r 24 50 115 52,3 A, BT
LICO-B3I" : 11,8-
LLICO-B3[ B3I 24 50 11,5 1,2,3 A,B, T
DBH-64 B3r 12 50 8,5 2.3 A,B. I
I1B-100 B3I 127/220 100 9,5 1,2,3 A, BT
[nagon-B3 .
[aadon-B B3I 24 10-25 12 1,2,3 A, B, I
[nadon [1B-100
Iaadon [1B-100M-1 B3r 127/220 100 10-9,8 1,2,3 A,b,
C-3B1, C-3B2 B3I 12-24 10 0,65 1,2,3 A,B. T
B3I'-J1PJI-125(80) B3I 220 80-125 13,5 1,2,3 A,B, I’
B3I'/B4A-200MC B3I'-B4A 220 200 8,3 1,2,3/4 | A,B, /A
B4A-60 B4A 220 60 0 1-4 A
B4A-100 B4A 110/220 100 14,2 1-4 A
C3B-15 T1,T2,
C3B-60 B1T4-B 220 15-60 6,2-6,45 1 T3. T4
PCI131-80 1ExedlICT4 220 80 (JIPJI) 11 IIA - 1IC T1-T4
80, 125, 14,5 -
PCI125-80,125,250 1ExedIICT4 220 250 (JIPA) 15.5 IIA - 1IC T1-T4
125, 175, 14,5 -
I'CI125-125,175,250 | 1ExedlIBT4 220 250 (JIPH) 15.5 IIA - 1B T1-T4
B3T3-J1PJ1250 1ExedIIBT3 220 250 18 1,2,3 A, BT
OMP-125(250)/B3I"-
JIPJTI25(250)[1PA B3r 220 125, 250 15,29 1,2,3 A,B, T
OBH-64-1
DBH-64-2 B3I 12 28 2,75 15:2;:3 A,B, T
Ilepenocnvie ceemunvnuxu **
B3I - 25 B3I 24 25 6,5 1,2,3 A, B, I
bI1-62-BM B3I 24 15 1,3 1,2.3 A, B, T
[1P-60-B B3I 12 15 2,1 1,2,3 A, B, I'
CI1B-9 B3I’ 12 8,2 2.5 1,23 A, B, I
CI1B-27M B3I 12 27 1,15 12,3 A,B, I
0,8
CP-B3I" B3r 12 18 (6e3 ka- 1,2,3 A.B, T’
Oenst)
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Okonvanue Tabi. 6.2

HomuuanbHoe O6nacts NpUMEHEHUA N0
Tun l/:l&;n::pr:::_e Hanpsxenue, | MouHocTts, | Macca, B3pbIBOOMNACHOH cMecH
3alumre B, SN e = Kareropus pynna
Gatapeu
CBP B3T3-B 12 - 0,9 12,3 T, T2, 13
[1P-60-BM
[1P-64-BM1 B3r 24 15 1,4 1,2,3 A,B,T
[1P-64-BMI1
CI'B-1 AKKyMyns-
pur B3I fopy 375 325 | 1,23 | ABT
C3I-2 C3r. To xe 2,4 3.3 1,23 A, B, I
C3I'-14 c3r « 24 3,1 1,2,3 A, B, I
CAB-3,75 B4l « 3,75 34 1-4 AB, I
YAC-3B B3I « 0,25 2,1 1,2,3 A,B, I’
HPI109x3,75 B4T5-B « 3,75 3,6 1-4 T1-T5

* B3zamen csetunbaukoB B3I'-200, B3I'-200A, B3I'-200M.
** MoryT NpUMEHATBCS BO B3PBIBOONACHBIX 30HAX MOMEIUEHHH U HAPYXKHBIX YCTaHOBOK.

OnuuM U3 Haubosiee BaKHBIX Y37I0B B3PBIBOHENIPOHHIIAEMBIX CBETHJILHH-
KOB SBNISIETCSA MaTpoH. KOHCTPYKIHSA €ro 3aBHCHT OT THIIA CBETHJIBHHUKA.

Ha puc. 6.9 npuBeneHa KOHCTPYKLHMS B3pPBIBOHEIPOHHLIAEMOTr0O MaTpOHA
JUISL CBETHJIBHHKOB, B KOTOPBIX OTCYTCTBYET OJOKHPOBKA, CHUMAIOIIAs HAINps-
’KEHHE C TOKOBEIYIIMX YacTeH MpHU CMEHEe JIaMIbl. Y B3PLIBOHENPOHHUIAEMOTO
MaTpoHa MpPU CMEHE JIAaMIIbl pa3MbIKaHUE WM 3aMbIKaHHE IEMH TOKa MPOUCXO0-
JIUT TOJILKO BO B3PBIBOHENIPOHUIIAEMOI Kamepe.

B KOHCTpYKUHAX psAAa B3pHIBOHENPOHHUIAEMBIX CBeTHIBHUKOB (B3I'-100,
B4A-60 u np.) mpeaycMaTpUBAIOTCS NEKTPUYECKUE U 3JICKTPOMEXaHWYECKHe
OJIOKMPOBKH, CHHMAIOLIME HANPsDKEHHE C TOKOBEAYIUMX YacTed MpU CMeHe
JaMINbl MM HapyIICHUH B3PBIBO3AIIUTEL. DJIEKTpHUYECKas OJIOKHPOBKA JOCTH-
raercsi J0CTaTOYHO CJIOXKHOW KOHCTPYKLMEH MaTrpoHa M KOHTAKTHOW IaHEIH
CBETHJIbHUKA (Hampumep, y cBeTwibHMKOB B3I'-60, BI1-62-13) unu npumMene-
HHMEM B LIEMTH NMUTAHUSA NAaTPOHa MUKPOKHOMOK C HOPMAJIbHO 3aMKHYTBIMH KOH-
taktaMu. B nocnenuem ciayyae 610KkMpoBKa MPHBOJUTCA B ACHCTBHE HaXXaTHEM
OJTHOTO M3 3JIEMEHTOB apMaTyphl CBETHJIbHHKA M KOHTAaKTa KHOIKM B coOpaH-
HOM BHJIE, a pPa3sMbIKaHHE KHONKH NMPOMCXOJHUT MPU CHATHH y3J1a 3aLUTHOTO
CTEKJITHHOTO KOJITIaKa JUIA 3aMEHBI JIAMITBL.

Bosbnroe pacnpocTpaHeHHE IMOIydaeT 3JIeKTpoMeXaHudeckas 0JOKHpOBKa
(y cserunsuukoB H4B6H-300, CITP-300 u xp.) mpu mOMOIM ABYXIOIIOCHOTO
TyMOsepa, KOTOPBIH pa3peIBacT LENb MaTpOHa MPH BCKPBITHH y3J1a 3aIUTHOTO
KOJITaKa.
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Puc. 6.9. B3psiBoHenpoHuiaemblii natpod P-27:
1 - kopnyc u3 nnacTMacebl; 2 — UeHTpabHblil KOHTAKT; 3 — npykuHa; 4 — BTyKa;
5 — B3pbIBOHENPOHHULIAEMasA Kamepa; 6 — TOKOBEAY Uit 3a0KnM

CBeTH/ILHUKH NOBLIIIEHHOH Ha/Je)KHOCTH NPOTHB B3pbiBa. B3phBo3a-
IIMTA TAKUX CBETHJIBHHUKOB (CM. pHc. 6.6 u Tabu. 6.3) obecrieynBaercs MpovHO-
CTBIO (HO HE B3PBIBOYCTOHYMBOCTBIO) METAUIMYECKOTO KOPITyca M 3alIUTHOIO
CTEKJITHHOTO KOJIaKa, MPHMEHEHHEM B3PBIBOHENPOHMIIAEMOr0 MaTpoHa M Y-
JIOTHAIOIIMX PE3HHOBBIX MPOKIANOK B MECTE BBOJA MPOBOZOB U B COCAMHEHUH
KOpITyCa CO CTEKJITHHBIM KOJINTAKOM, a TAKXKEe TEIUIOBBIM PEKHMOM, NPH KOTOPOM
TeMIiepatypa HanboJee HarpeThIX 4acTei He MpEeBbIlIaeT AOMyCTHMOMH VI yKa-
3aHHBIX TPYII B3PHIBOONACHBIX CMecei. OTa B3pbIBO3ALIMTA JOCTaTOYHA, €CIU
B3PBIBOOIIACHAS CMECh B MOMEILCHUH TMOSBICTCSA B PE3ysbTaTe aBapHH, KOTO-
pyr0 MOXHO OBICTPO JHMKBHAMPOBaTh. BO B3pLIBOOMACHBIX 30HAX KJacca
B-1, rae B HOPMaJIbHOM pPEXHME IKCIUTyaTallMH BO3MOMKHO HaJHMYHE B3PBIBO-
OMacHOU CMECH, YCTaHABJIMBATh TAKHE CBETHILHUKH 3aIPeIaeTcs.

KoHcTpyKTHBHBIE 0COOEHHOCTH CBETHIBHHKOB IMOBBILICHHOH HAIEXKHOCTH
MPOTHUB B3phIBa BHIHBI Ha MpUMepe cBeTHIbHUKa THTa H35-150M (cMm. puc. 6.6).

Bbi6op cBeTHiIbHHKOB. 1o ycioBusAM moxapHoii Ge3omacHoCTH HauGOIIb-
I UHTEPEC MPEICTaBIIAET BLIOOP CBETHILHUKOB B 3aBUCUMOCTH OT XapaKTepH-
CTHKH Cpellbl M, B YaCTHOCTH, IMOKapOB3PLIBOOIIACHOCTH 30HBI. Pekomenmanuu
ITY3 u I[MMBP3 nmo npyMeHEHUIO CBETHWJIBHHMKOB B JTHX 30HAX HE YBA3AHBI C
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CYIIECTBYIOILEH KJIaCCH(HKALMEH 3THX M3/JEIHil 10 CTENEHH 3allUThl OT MBI U
BobI (cM. Tabu. 6.1). [Tosromy B Tabn. 6.4 u 6.5 yka3pIBalOTC MUHMMAJIBHO He-
00X0qMMBIe CTENEeHH 3aIINTHl i HEKOTOPhIE NOMOJHUTENbHbIE TPEOOBAaHUS K CBE-
THJILHHUKAM, YCTaHABJIMBaEMbIM CTALIMOHAPHO B 30HAX Pa3HbIX KJIACCOB.

Tabnuua 6.3
Homu- OGnacTb NpUMeHeHHs No
Mapxuposka Hanb- Motil:
T B3pbiBO3alLU- Hoe Macca, | Knaccy KaTeropuu rpynne
e Thl CBETHNb- | Hanpa- H‘g“’ Kr B3PbIBO- B3pbIBO- B3pbIBO-
HMKa KeHue, T onacHoi onacHoi onacHoi
B 30HbL cMecH cMecH
B-Ir,
H4BH-150 H4b 220 150 7 B-Ia, 1-4 A, B
B-1I
H4B5-300MA H4b 220 300 10,5 « 1-4 A, B
H3BH-300-1 H3b 220 300 7,5 « 1,23 A, b
H3H-300-2 H3Bb 220 |- 300 75 « 1,2,3 A, B
H4B5-300MA H4b 220 300 10,8 « T-4 A, B
HOI'JI-1X80
HOMJI-2X80 Hor 220 80 15-25 « 1-4 A,B, "
HOJJ1-1X40
HOJUL-2X40 HOJ{ 220 40 11-20 « 1-4 ABE T
H4A-JIPJI-250 H4A 220 |~ 250 11 « 1-4 A
H4T2H-300 H4T2-HB 220 300 « 1-4 T1;, T2
H4T4J11X80
HA4T4J12X80 H4T4-HB 220 80 14-27 « 1-4 T1-T4
H4T5J11X65 5
HAT5J12X65 H4TS5-HB 220 ‘ "65- 14-27 « 1-4 T1-T5
220 "
PCI125-80 2ExedIICT4 (IPJY) EQ' 14,5 « [A-1IC T1-T4
PCII1- 220 125, 14,5-
125.175.250 2ExedlICT4 ey | 175,250 | 155 « IA-IIC T1-T4
oy s 220
250/H4T2 H4T2-H (IPH) 250 19 « 1-4 T4382
JIPJI250/TIPA
HCI123-220 2ExedlICT2 220 200 6,5 « 1TA-TIC T, 12
Tabauua 6.4
MutnmanbHas crenetsb 3auuTsl ceeTuabiukoB (FOCT 13828-74 u
["OCT 14254-86) B nokapoornacHblX 30Hax
" [Mpon3ssoncTseH- [1-II (npousBoscTBEHHbIE 110~ M-lla
CTOYHHMK CBeTa
Hble U CKNancKue MelueHns ¢ 06ueobMeHHOM (cknan- O-nr
noMetueHms BEHTUAAUMEN M MECTHbIM HIDK- |  CKue 10- o
-1 -1l HUM oTcocom oTxozoB), 1-1la MeLleHHs)
Jlamnbl HakaaMBaHUA P53 P53 2’3 2’3 23
Jlamnw IPJ1, IPH, H/1IB IP53 IP53 1P23 1P23 IP53
JlioMMHECLIEHTHBIE 1aMITbl 53 53 1P23 1P23 IP53
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Tabnuua 6.5

Knacc B3pbiBo- YpoBeHb 1 BUA B3pbiBo3awuTsl 10 [1Y; MuHuManbHas cTenetb 3auuThl 060104ek
OMMacHoi 30Hbl CBETH/ILHUKOB ¢ N100ObLIMK McTOMHUKaMK cBeTa no [OCT 14254-96
B-1 BapeiBoOe3onacHoe. B3psiBoHenpouniaemas obosouka *
B -la IToBBIIIEHHOM HAJEKHOCTH NMPOTHB B3pbiBa. JII0O0H BH B3pbIBO3ALIMTEL *
B -I6 be3 cpenctB B3pbiBo3amutsl (/P54). CBETHIIBHHKH C JIIOMHHECLIEHTHBIMU
JlaMNaMH — CTeNneHb 3auuThl 53
B-1II IToBBILIEHHOH HAJEHKHOCTH NPOTHB B3pbIBa. JII0OOH BUI B3pPbIBO3AMIHT *
B-Ila be3 cpexncrs B3peiBo3amuthl (/P54) CBETHIBHUKH C JIIOMHHECLIEHTHBIMH
JIAMITAMH — CTeNeHb 3alnThl 53
B-Ir IToBbIICHHOIH HAASKHOCTH MPOTHB B3pbiBa. JIl0GOH B B3pbIBO3aLMTEL *

* JInst COOTBETCTBYIOIIMX KATErOPHii H IPYII B3PLIBOOMACHBIX CMECEH.

Bce B3pBIBOHENPOHHILIAEMBIE ¥ TTOBBILICHHON HAJ[EKHOCTH MPOTUB B3PBIBA
CTalOHapHBIe CBETHIBHUKHU (cM. Tabm. 6.2 u 6.3) no 'OCT 14254-96 umeror
CTeMNeHb 3aluTel 0bonovek /P54. KoHCTpYKIMS COBPEMEHHBIX B3PHIBO3ALIM-
IIEHHBIX CBETHJIBHUKOB MO3BOJIACT BHINOJIHATh YIIOTHEHHBIH BBOJ MUTAIOIIHX
kabenei kpyryioi GopMbl ¢ HApYKHBIM AHaMeTpoM 16 MM u kabeneit U H30JH-
POBaHHBIX MPOBOZOB B CTATbHBIX TpyOax auamerpom 1/2”. CBETHIBHHMKH HO-
CTaBIAIOTCA 3apSKEHHBIMU NMPOBOJAMHM C HArpEeBOCTOMKON M30ALMel (HanpH-
mep, nposoga [IPKC unu [IPBC) BHYyTpH CBETHIBHMKOB OT BBOJIHOH KaMephl
o nmatpona. CeerwnsHukH ¢ gamnamu JIPJI u JIPM umeroT BCTpoeHHBIE He-
KomrneHcupoBanusle ITPA.

J1uist 3arpaiuTeNIbHBIX OTHEH (Ha BBHICOTHBIX HAapY)KHBIX YCTaHOBKAX) LieJie-
coobpa3Ho npumeHaTh npubopsl THna 30JI-2M (¢ namMmamMM HaKaaMBaHHA
220 B, 130 Bt) ¢ nByMs CTCKJISHHBIMH KOJINAKaMM: HAapY>KHBIA MPO3payvHbIi
OecLBETHBIH, TTaIKUH; BHYTPEHHMUI NPU3MAaTHYECKHH KpacHOro LBera. ODTH
npuOOpPHl HEB3PHIBO3ALIMILIEHHBIE U B IIpeJieslaX B3PhIBOONACHBIX 30H HE yCTa-
HaBJIUBAIOTCH.

B0 B3pBIBOONACHBIX 30HAX A 3THX LEJEH MOXHO MPUMEHATH CBETHIIb-
nuku tuna HCI123-200 wiu B3T-200AMC 6e3 otpakartesneid, y KOTOpBIX 3a-
IIMTHOE CTEKJIO CJIEAYET OKPALIMBATh U3HYTPH KPACKOH KPacHOM.

Ipu pa3MmerieHny CBETHILHUKOB M TPOKEKTOPOB JJIs OCBEIICHHUA HApYXK-
HBIX B3PBIBOOMACHBIX YCTAHOBOK C 30HaMM kiacca B — Ir mpeamoururensHee,
[0 YCIOBHAM I103KapOB3pHIBOOE30MACHOCTH, pa3MemaTh MPOKEKTOPH M CBe-
THJIbHUKH [POXKEKTOPHOT'O THIIA 32 TIPEEIaMH B3PbIBOONIACHOM 30HEI.

[lepeHOCHBIE CBETHIBHHKH VIS MOKAPOONACHBIX 30H BCEX KJIaCCOB MOJIK-
HBI MMETh MCIIOJIHEHHE He Hike /P54, a naMIbl 3aKpblBaThCA CIJIONIHBIM CTEK-
JISSHHBIM KOJIITAKOM, 3aIlMIIEHHBIM META/UIMYecKoi ceTkoil. Bo B3peiBoomac-
HBIX 30HaX Bcex kiaccoB, kpome B-I6 u B-Ir, nepenocHble CBETHIBHHKH MPHU-
MEHSIOTCS BO B3PBIBOHEIIPOHULIAEMOM WJIH CHELHAIBHOM HCIOIHEHUAX U, KaK
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NPaBHJIO, C METAUTHYECKOH 3alIMTHOH ceTkoi. B 30nax B-16 u B-Ir paspema-
eTCs MPUMEHATH CBETUJILHUKH JII0O0r0 B3phIBO3AMIMILEHHOTO MCIIONHEHHUS IS
COOTBETCTBYIOIIHX KAaTETOPUIl U IPYII B3PEIBOOIIACHBIX CMECEH.

HezaBucumeie IIPA 111 CBETHIBHHKOB € ra30pa3psaHBIMU JIaMIIaMH BBI-
COKOT'0 JIaBJICHHS B MOKAPOOIACHBIX 30HaX BCEX KIIACCOB 3aKIIOYaloTCs B 060-
JIOYKH CO CTENeHbIo 3auThl He Hike [P44. Takue e ITPA nna B3peIBo3amy-
HICHHBIX CBETHIBHUKOB MPUMEHSIOTCS C TEMH XK€ BHIAMH B3PHIBO3ALIMTEI H
CTENEHbIO 3alIUTH, YTO U CaM CBETHUIIbHUK.

OcBeTHTENbHBIE YCTPOMCTBA €O LuejeBbIMH cBeTOBOAaMH. CriocoObI
JNIEKTPHYECKOT0 OCBELICHHS MPOMU3BOJCTBEHHBIX M OOMIECTBEHHBIX 3/1aHMH 3a
HOCNeIHHE TECATUIETHS OCTAIOTCS MPAKTHYeCKH Heu3MeHHbIMH. HemocTtaTku
CHCTEM OCBELICHHS, OCYLIECTBISAEMBIX MPH MOMOMH OOBIYHBIX HCTOYHHKOB
cBeTa, 0COOEHHO 3aMETHBI IPH MOCTOSIHHO PacTYIIMX HOPMAaX OCBEIIEHHOCTH.
K Takum HeocTaTkaM OTHOCATCS: HEOOXOAUMOCTh IIPUMEHATH OOJIBIIOE KOJH-
YEeCTBO CBETHJILHUKOB (THICSAYH M JECATKH THICAY B OJHOH OCBETHTENBHOH yc-
TaHOBKE) C JIAMITaMH OTHOCHTENBHO Majoi MomHocTH (1o 1,5 — 2 kBT); upes-
BBIYAiHO OOJbIIas MPOTHKEHHOCTD JIEKTPUIECKUX CETeH ¢ HeM30eKHBIMU IO~
TEPSIMH SHEPTHU B HUX; OONBIINE IKCIUTyaTallHOHHBIE PACXOABI Ha MEepPHOIHYE-
CKYyIO 3aMEHY JIaMIl, YUCTKY M PEMOHT CBETHJILHHKOB M T.J. DTH HEJOCTaTKU
3HAYUTENIBHO YCYTYONAIOTCS B NMPOU3BOJCTBEHHBIX NMOMEIICHHUSIX C TAKEITBIMU
YCIOBHAMM Cpeibl (BIaXXHOCTh, XUMHUYECKask akTUBHOCTD U JIp.).

OcBetuTenbHbIe ycTpoiicTBa co mieneBbIMH cBeToBogamu (I1IC) numiensr
NOAOOHBIX HeZOCTAaTKOB. 1o CpaBHEHHIO C IEKTPOOCBEIIECHHEM IOMEIEHUH
OOBIYHBIMM CBETHWJIBHUKAMH 3(G(EKTHBHOCTh MPUMEHEHHS HIENEBBIX CBETOBO-
JIOB BBIPAXKAETCA B CHW)KEHHM PACUCTHBIX TOMOBBIX 3aTPaT Ha Ka)IbIH KHIIO-
BaTT YCTAHOBJIEHHOH MomHOCTH Ha 25-30 %; yMEHBIIEHHH TpPYHXOEMKOCTH
3NIEKTPOMOHTAXKHBIX paboT B 15-25 pas, a Takke KOJIMIECTBAa CBETOBHIX TOYEK,
Tpebyromux obcmyxuanus (B 10-50 pa3); B CHIXKEHHM pacXojia MaTEepHaJIoB,
HEOOXOUMBIX ISl M3TOTOBJIEHHUS CBETHIBHUKOB (B 20-30 pa3).

IlleneBsie cBeToBOABI (pHc. 6.10) mpeacTaBIsAIOT COOON LMIMHIPHYECKHE
(unu npyroit ¢popmel) TpyOsl GosbiIoH npoTskeHHOCTH (10 100 M U Gonee npu
muamerpe 10 1500 MM 1 Gosee), yacTh BHYTpEHHEH MOBEPXHOCTH KOTOPHIX I10
BCEH JUIMHE MOKPBITAa 3¢PKAIBHO OTpakatomum cioeM 6. CBeTOBO# MOTOK OIHO-
IO UCTOYHMKA cBeTa / (MM IPYIIIBI MOIIHEBIX JIaMIl, HAXOAAILIUXCA BO BBOIHOM
yCTpOHCTBE 3) HAIPaBIAETCS C IOMOIIBIO CHEHATBHRIX ONTHIECKHX CHCTEM 2 B
topusl 4 LIC, a BBIXOAUT U3 MIETEBBIX CBETOBOJIOB 5 PABHOMEPHO Yepe3 «OITH-
YeCKYIO HIeNb» 7 — 9acTh CBETOBO/IA, KOTOpAs HE MOKPHITA OTPAXKAIOIIMM CIIOEM.
OTO MO3BOJIAET Pa3MECTUTh BBOJAHBIE YCTPOMCTBA 3a MpeAeTaMH OCBEL[aeMOro
MOMEILEHHUS, UMEIOLEer0, HalpUMep, B3PHIBOOMACHYIO cpexy. CBETOBOM MOTOK
MONaiaeT B CBETOBOBI Yepe3 HILIIOMHHATOPHI (0kHa) B Topuax 4 II[C B orpax-
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JaomuX KOHCTPYKuMsAX. [ToaToMy ocobeHHO 3¢ (eKkTHBHO NMPUMEHEHHE TAKHX
OCBETHTEJILHBIX YCTPOMCTB B M0XKAPOB3PHIBOOIACHBIX 30HAX.

Puc. 6.10. IlpuHuMNIHaNbHAS CXeMa OCBETHTENIbHBIX YCTAHOBOK
CO LICJIEBBIMH CBETOBOAAMH
a— NJaH pasMeLeHHsa CBETOBO/OB; 6 — pa3pes 1o A-A; ] — MCTOYHHMK CBeTa; 2 — ONTHYECKas
cucTema; 3 — BBOAHOE YCTpOiicTBO; 4 — Topubt LLIC; 5 — cBeTOBOABI; 6 — 3epKalbHO OTpaXKAKOLMH
Cioit; 7 — «onTHYecKas wieby»

O601109KH CBETOBOJIOB TOOBIX TabapuTOB U ()OPMBI MOTYT HU3TOTOBIIATHCSA
U3 3JIACTHYHOH CBETOINPOIyCKaloNIeH MIEHKH, HalpuMep MOTU3ITHIeHTepedTa-
patHo#, TommuHOH 20-30 MKkM. 3epKabHOE MOKPHITHE HAHOCHTCS Ha 00010Y-
Ky CBETOBOJa METOJIOM AJIFOMUHHUPOBAHHS B BaKyyMe.

B HacTosee BpeMs OCBOEH BBITYCK KOMIUIEKCHBIX OCBETHUTENBHBIX YCT-
poiicte cepun KOV co menessiMu cBeroBogamu THma KOY1A-M275-
1X700Y2 u KOY1A-M600-4X700-Y2, koTOopble PEeKOMEHAYIOTCS U YCTa-
HOBKHM B 30Hax B-I, B-lIa, B-II B3amen cBeTwisHukoB B3I'/B4A-200, H45-300,
H4T5J1-40, H4T5J1-65, HAT5J1-80, HOJ1J1, HOT'JI u zip.

B npou3BOACTBEHHBIX MOMEILEHUAX C TSKEIBIMU YCJIOBUSMH CpPEIbl H 3a-
TPYAHEHHBIM OOCITY)KHBAaHHEM OCBETHTEJIBHBIX YCTAHOBOK, a TaKXXe CO B3pbI-
BOOMacHeIMH 30HamMu B-16 u B-Ila komruiekcHbIe OCBETHTENIBHBIE YCTPOICTBA
tuna KOY1-M275-1X700-Y3 u KOY1-M600-4X700-Y3 pekomeHmyeTcs MpH-
MeHATh B3ameH cBeTwiabHukoB H4b-300, H4BH-150, H4T2H-300, H4T5J1-
40(65, 80), HOAJI, HOI'JI, IITIA-500, ITI1-200, TIBJITT-2X40 u mp.
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6.3. CACTEMbBI M1 BU/Ibl DJIEKTPHYECKOI'O OCBELIEHHUA

B npakTHke NPUMEHSIOTCSA Pa3IMYHBIE CHCTEMBI M BHIBI 3JIEKTPHYECKOTO
OCBELIECHHS:

obuiee, mpeaHa3HaYeHHOE [UIS OCBENICHHUS TMOMEIIEHU (MM YacTH €ro) ¢
OTHOCHTEIBHO PAaBHOMEPHOH OCBELICHHOCTBIO MIIH JUIA JIOKQIH30BAHHOTO OC-
BELLCHHS;

MECTHOe, MpeIHa3HaYeHHOe IS OCBEIEHHS TONBKO paboumx MecT (cTa-
LHOHAPHOE WIH MEPEHOCHOE);

KOMOMHHPOBAHHOE, MPEACTABIIAIONIEE COBOKYIHOCTh OOIIEro ¥ MECTHOIO
OCBEILEHHUA.

Pa3nuyalor clemayroniue BUALI OCBELICHHS:

pabouee, obecnieunBaroliee HaIexallne yCIOBUs BUACHUS IpU paboTe.

PasnoBuaHOCTRIO pab0Yero OCBELICHHs SABIACTCS OXPAHHOE OCBELIEHHE,
ciyxaiiee Uit o0ecriedeHHs YCIOBUIl BHIACHHS BJOJb TPaHHL OXpaHAEMOMH
TEPPUTOPHUH;

aBapHitHOE, CITy’Kallee Ul BpeMEHHOT0 MPOJODKEH s paboThl;

9BaKyalHOHHOE, o0ecreduBaioniee MpH OTKIIOYEHUH pabodero ocene-
HHA 6€30IaCHYIO0 9BAKYaLHIO U3 TIOMEILEHHUSL.

ABapwuiiHoe OCBelIeHHe Ul MPOAODKEHHS paboThl JODKHO MPUMEHATHCS
B MOMEIIECHUAX U Ha OTKPBITBIX NMPOCTPAHCTBAX B CIydasX, KOI/a OTKIIOYEHHE
pabouero OCBENICHHUS M CBS3aHHOE C ATUM HapylIeHHE HOpMaJbHOH paboThl
IepcoHala MOXET BBI3BAaTh B3pBIB, I0XAp, OTPABICHUE TIa3aMH, AJTHTEIbHOE
PaccTpOHCTBO TEXHOJIOTMYECKOTO Mpoliecca, HapylIeHne paboThl TakKuX 00beK-
TOB, KaK 3JIEKTPOCTAHLINH, Y3JIbl paJHoNepenayu, BOJOCHA0XKeHHs, TeIIodu-
KallHu.

OBaKyallMOHHOE OCBELIEHHE TOJDKHO MIPUMEHSTHCS:

a) B MIPOHM3BOJICTBEHHBIX IMOMELICHHAX C MOCTOSHHOI paboToi mepcoHana,
€CIM TPH OTKJIIOYEHHMH pabouero OCBENICHHs BO3HMKHET ONMAacHOCTh TPaBMa-
TU3Ma M3-32 MPOMOIDKEHHA paboTel 000pYIOBAHHS MM HAJH4YHs MECT, OIac-
HBIX JUIS IIPOXOJIa JIIOZEH;

6) B NMpPOU3BOJACTBEHHBIX MOMEIIEHHUAX C YHUCIOM paboraromux Gosnee 50
4eJIOBEK, HE3aBHCHMO OT NPU3HAKOB, YKAa3aHHBIX B ITyHKTE «ay;

B) B OCHOBHBIX MPOXOJaX WJIM Ha JICCTHULAX, CIYXXAI[HX Ui 3BaKyalluu
JOJeH U3 MPOM3BOJCTBEHHBIX MM OOIECTBEHHBIX 3[aHHM, TIe paboTaloT WiIK
npebriBatoT 6onee 50 uenopek;

r) Ha paboYMX MeCTaX, OTKPHITHIX MPOCTPAHCTBAX, €CIIN IBAKyalUs CBs3a-
Ha C MOBBIIICHHON OMAaCHOCTBIO TPaBMAaTH3Ma;

II) B OT/EJBHBIX HEMPOM3BOACTBEHHBIX NMOMELICHUAX, 1€ OJHOBPEMEHHO
MoryT HaxonuTbesa Gonee 100 yenoBek (OonblIHe ayAUTOPHH, 3PUTENBHEBIC 3a-
JIBI, KPACHBIE YTOJIKH U T.II.);
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€) B JETCKUX JOMax, cajax H sCJAX, HE3aBUCHMO OT YHCJIa JIML, Mpedsbl-
BAIOILUX B 3[aHUH,

) Ha JIECTHUIAX XKUJIBIX 31aHHH, UMEIOINX GoJiee 6 aTaxei.

CBETHIIBHMKH aBapUHHOTO OCBEUICHUS IPHCOCAHHSAIOTCS K CETH, HE3aBH-
CHMOH OT ceTH paboyero OCBELICHWA, HAYMHAS OT IIMTA MOACTAHIIMH, a MPU
HaJIMYMH TOJIBKO OJJHOTO BBOJA — HA4YMHAs OT 3TOT0 BBOoJA. JlomyckaeTcs muTa-
HHE aBapMHHOIO OCBELIEHHUA OT CETH pabovyero OCBEIIEHHs C aBTOMAaTHYECKHM
HEPEKTIOYEHHEM Ha He3aBUCHMbIE UCTOYHUKY MUTAHHA MTPU aBAPUIHBIX PEXKH-
Max. CBETHJIBHHKH aBapHHHOTO OCBELIEHHs JOJDKHBI OTIHYATHCS OT CBETHIIb-
HHMKOB pab04ero OCBELICHHsS THIIOM WM Pa3MEpoOM, WM )K€ Ha HHUX IOJKHBI
OBITH HaHECEHB! CHEeLHAIbHbIE 3HAKH. ABapHifHOEC OCBEIICHHE JODKHO CO3/1a-
BaTh OCBEIIEHHOCTH JJIA 9BAaKyallMH 110 JHHHUSIM OCHOBHBIX IPOXOIOB Ha YpPOB-
He I10J1a M Ha CTyneHsax jecTHul He Menee 0,5 nk. CeTh OXpaHHOTO OCBELIEHHUA,
KaK IIPaBHJIO, CJIEAYeT BBINOJHATH Pa3/le]bHO OT OCTAJBLHON CETH HApy>KHOIO
OCBELLEHHS.

6.4. PACYET DJIEKTPUYECKOI'O OCBEIEHUS

JIns pacdeTa JIeKTPHYECKOr0 OCBEIEHHS IIUPOKO HCIOIB3YIOTCS METOIbI
K03 uLHeHTa HCII0IB30BAHUS CBETOBOIO MIOTOKA U y/IEIBHON MOIHOCTH.

MeTtoa ko3dpHuuHeHTa MCNOJIL30BAHHS CBETOBOI0 MOTOKA COCTOHMT B
OINpe/eNIeHUH MOTOKA JIaMIIbl, HEOOXOAMMOTO Ul CO3JaHHs HOPMHPOBAHHOM
ocemeHHOCTH paGoueii moBepxHocTH. KoddduumenToM Hcronb3oBanus 1|
CBETOBOTO ITOTOKA HA3bIBAIOT OTHOIIEHHE ITOJIE3HOTO CBETOBOTO MOTOKA Fig,,
Magaonero Ha pabouyio (pacyeTHyI0) IMOBEPXHOCTE S, K CyMMapHOMY CBETO-
BOMY IOTOKY F), BCEX JIaMIT OCBETHTEIbHON YCTAaHOBKH: 1 = Fiio,/F).

ITycTe B MOMELIEHHHU TUIOLIAABIO S YCTaHOBIEHO N CBETHIBHHKOB M CBe-
TOBOH IMOTOK JIaMIT B KaXJOM U3 HuX paBeH F. [Ipu ko3¢ duuuenrte ucmons3o-
BaHUA 1 IMOJIE3HBIH MOTOK Fyo, = NFT), pacupenensacs Mo Iiomaay nomenie-
HHS, CO3JAeT Ha pPAcyYeTHOH MOBEPXHOCTH CPEHIO OCBEHIEHHOCTh Lo =
NFn/S. Ecnu HeoOXoquM0 00ecrnednTh ONMpeaeIeHHYI0 HOPMHUPOBAHHYIO (MH-
HUMAJIbHY10) OCBeNIeHHOCTh Fy ¢ Koa(duipentom 3amaca K (Y4UTHIBAIOT CTa-
pEHHE U 3arps3HEHHE CBETHJIBHUKOB, CTEH H MOTOJIKA), HAaZ0 UMETh B BHAY, YTO
CpeIHssl OCBEILIEHHOCTh BCErza MpeBBIIaeT HOpMUpOBaHHYI0. OTHOmIEHHE Z =
E/E, aBnsercs kod3QGUIMEHTOM MUHUMANILHOM ocBemenHocTH. Takum obpa-
30M, pacyeTHas CpeJHsAA OCBEIIEHHOCTh cocTaBuT Ey, = E,K,. CpaBuuBas ee ¢
HPEABIAYIUM BRIPXCHHEM IIA Ep, TIOTYYaeM pacueTHyIo hopMyIry

*
OcsewenHocth £ = dF/dS — noBepXHOCTHas IUIOTHOCTb CBETOBOrO MOTOKA, paBHas
OTHOILIEHHIO CBETOBOrO MOTOKA K IUIOIIAJH OCBELIaeMOii MOBEPXHOCTH, 10 KOTOPOii OH paB-
HOMepHO pacrnpejenen. Equunia ocBeeHHocTH - oke (J1K); Lk = lam/m™.
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F =E, KS,/Nn. (6.1)

Ilpu ocewienny namnamu Hakauusauus win JIPJI no pacuera BeiOupaet-
Csl YMCIIO CBETHILHUKOB U 1o (dopmyste (6.1) ompenensercs pac4eTHBIH MOTOK
OJTHOH JIaMITBI (WJIH JITAaMIT B CBETHIIBHHKE), @ II0 HEMY NMoAOHpaeTcs B KaTanorax
WM CIIpaBOYHMKAX Onikaifmias cragapTHas jgamma. I10Tok BEIOpaHHOM JlaM-
Bl MOXKET NPEBBIIATh pacueTHHIH He Gonee yem Ha 20 %, HO HE MOXET OBITh
Mmenpie yeM Ha 10 %. Ecnu pacxoxaenue Gonplie, HU3MEHAIOT B Ty MM JApY-
I'YI0 CTOPOHY YHCJIO CBETHJIBHHKOB.

ITpu ocBemeHUH psAfaMM JIOMHHECLIEHTHBIX CBETHJIBHMKOB JO pacyera
HAMEYaeTCsl YHCIO PAAOB, a TAKXKE THI M MOLIHOCTB JIAMII, YTO OIPEAEIIeT
NMoTOK Fy. YHCIIO CBETHIBHUKOB ompejensercs rmo (opMmyrie, BHITEKAIOMmEeH 3
dhopmynsr (6.1):

N = E, KS,/nF;n, (6.2)
TJIe 1 — YUCIIO JIAMIT B K&)KZIOM CBETHIIBHHKE.

JenenneM N Ha YHCIIO PAIOB ONPENENACTCA YHCIO CBETHIBHUKOB B KaX-
JaoM pany. IIpu u3BecTHOM JUIMHE CBETHIBHHKA ONPENENIOT JUIMHY BCEX CBe-
THUJIBHUKOB psana. Eciu ota panuHa GiM3ka K reoMeTpHYecKoi JUIMHE pAfa, OH
NOJy4aeTcs CIUIOIHBIM. ECIH jke oHa MEHbIIE JUIMHBI PAAA, CBETHIBHUKY pa3-
MeNIalTCs B JAIMHY ¢ paspbiBaMu. EciH, HakoHel, oHa GoJblue JIHMHBI psja,
YBEIHYHBAETCS YMCIIO PSJIOB MIIM K€ KXIBIH paj oOpa3yercss U3 CABOEHHBIX
7160 BCTPOEHHBIX CBETHIBHHKOB.

Bxomsmmii B popmyisr (6.1) u (6.2) koadhdHIMEHT HCIONB30BaHUSA 1) OII-
peaensercs mo TabiaMIaM JUIS COOTBETCTBYIOIIETO CBETHJIBHHKA B (YHKIIMU
MHJEKCa MOMEIEHUA | U KO3()(HUIMEHTOB OTPaXKEHUS MOTONKA Py, CTEH P H
pacyeTHOM MOBEPXHOCTH P p.

Huaexc nomemeHus BLIYUCIAETCS 1Mo hopMyiie

i = S/h (A+B), (6.3)

rae A, b — juiMHa W mIMpPHHA MOMEIIEHHSA; /i — BBICOTA MOJBECA CBETHIIBHHUKA
HaJ| pabo4eit (pacueTHOI) MOBEPXHOCTHIO.

Ouenka Py, P, Pp AOBOJNBHO CiOXHA. IIpHOMIKEHHO OHA MPOMU3BOAMTCA C
y4eTOM MHOTHUX (hakTopoB. il MPOU3BOJCTBEHHBIX MTOMEILEHHH C TIAAKUMHI HITH
KECCOHMPOBAHHBIMH ITOTOJIKAMH OOBIYHO NPUHUMAIOT Py = 50 % ¥ p. = 30 %; s
Haubosee YHCTBIX 11eX0B 6epyT Py = 70 % u p. = 50 %. KoadduimenT orpaxkenus
pacyeTHOMN MOBEPXHOCTH MIIH 110J1a IPUHMMAETCS yaile Bcero paBHeM 10 %.

KoadduuueHt z ¢ 1ocTaTouHbIM NpUOIHXEHHEM MOXHO TIPHHUMAThH PaB-
HBeIM 1,15 npu ocBemenuu namnamu HakanuBauus u JIPJI, a mpu ocBeuieHun
pAnamMy JIOMUHECHEHTHBIX naMn — 1,1. Koadduiuent 3anaca K npuHuMaercs
1,3 s namn HakanuBaHUA U 1,5 — IS ra30pa3psAAHBIX JTaMIIL.
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Mertopa yaeabHo# MmomHocTH. [Tog yAeIbHON MOIIHOCTBIO () TOHUMAETCS
OTHOLIEHHE YCTAHOBJIEHHON MOIIHOCTH MCTOYHHMKOB CBETa Py K OCBEIICHHOH
mnomaau S, T.e. @ =Py/S.

HcxoaHbIMK JaHHBIMH JUTS pacdeTa 3JeKTPHYECKOT0 OCBEUICHUS METOIOM
YAENBHOH MOIIHOCTH SBISIOTCS: HOPMHPOBAaHHAA OcBelleHHOCTh £, (mo CHull
II-4 — 79 B 3aBUCHMOCTH OT Ha3HAYEHHs MTOMEIIEHHUsA), TUII CBETHJILHUKOB, BBI-
coTa uX mojBeca HaJ pabodel MOBEPXHOCTHIO /i, MIIOIIAAb MTOMEIIECHHS S, YHC-
JIO CBETHJIBHMKOB N, moiydeHHoe rocie ux pasmeumenus. Ilopsaok pacuera
OCBEILLEHHS 10 3TOMY MeTOxy cieayromuii. I1o BellIeyKa3aHHBIM JIaHHBIM B
CMELHANBHBIX Ta0MMIAX HAXOAAT YAENbHYIO MOILHOCTh (). YMHOXEHHEM
YAETbHOW MOIIHOCTH Ha IUIOLIAb MOMELIeHUs (I pabodyto IUIOIas) Onpe-
JEeNAI0T CyMMapHYIO0 MOIIHOCTE jlamnl Py. EqMHUYHAs MOLIHOCTB JIaMIIbI paBHA
CyMMapHOW MOIIHOCTH Py, JIeJIEHHOM Ha YUCIIO JIaMIl (CBETHIBHUKOB) N.

Konu4ecTBO CBETHJIBHUKOB ONPENEINAIOT, NMPOU3BEAA NpPEABApUTEIIBLHYIO
HMX pacCTAaHOBKY BHYTpPH IOMelleHHs. PazMeniats CBETHIBHHKH CIIEAYeT IO
BEpIIMHAM MPAMOYTOJIbHHKOB WM TPEYroNbHUKOB (pHc. 6.11). Jlns ocBemenus
OTHOCHTENBHO Y3KHX rnomemieHui (umpunoit 0,75 — 1,25 M) u xopuaopos
MPUMEHSIOT OTHOPAMHOE PACIIONIOKEHHE CBETHIBHUKOB. PaccrosHue L Mexmy
CBETHJIbHUKAMH OepeTcst paBHBIM yJBOEGHHOH BBICOTE MojBeca i Hajx pabodeit
MOBEPXHOCTHIO (CM. puc. 6.11, 6) wmu mMenee, T.e. L < 2h. PaccTosiHue KpaHHUX
CBETHWJILHUKOB OT CTeH g npuHuMaloT paBHbIM (0,3-0,5) L. Bepxuuii npenen
0,5-L BBIOHpAIOT PH OTCYTCTBHU pabOYMX MECT Y CTEH NMOMEILEHHS.

O @) O ®)
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Puc. 6.11. Pa3menerne cBEeTHILHHKOB O0ILEro OCBELEHHUS
a — 110 BEepLUMHAM NpsAMOYroJibHUKA; 6 —-no BEpLUHHAM TPEYroJibHHKa; 6 — CXe€Ma BbICOTbI [10/1BECA;
1 - cBec; 2 — paGoyas NOBEPXHOCTb; 3 — 10J
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Ecnu uucno cBetunpHUKOB N He OnpeAeaeTCa MpeABapUTEIBHBIM HX
pasMEIICHHEM, OHO BBIYHUCIIACTCA IO OTHOLICHHIO cmeapHOﬁ MOIIHOCTH P}; K
MaKCHUMaJIbHOW MOIIHOCTH JIaMITBl P, BblﬁpaHHOl"O ceetunbHUKa. [Tocne aToro
IIPOHU3BOJAUTCA pasMCIICHUE CBETHIIBHUKOB B IIOMEIICHHUH.

6.5. NIOXKAPHASI OITACHOCTb OCBETHUTEJIbHBIX IPUBOPOB

ITosxapHast OIMaCHOCTh OCBETHTEIBHBIX MPHOOPOB 00YCIOBIHBAETCA HAIH-
YHeM B HUX HCTOYHMKA CBeTa, KOHTAKTHBIX sneMeHTOB M IIPA. OcHoBHas
4acTh MOJABOAMMON K MCTOYHHMKAM CBETA 3JIEKTPHYECKOH 3HEPTUH HEMOCPENCT-
BEHHO ITI€PEXOAUT B TEIUIOBYIO, BCIEJCTBHE YETO Koyba JIaMITBI U HEKOTOPEIE
3JIEMEHTHI OCBETHTENIBHOM apMaTyphl HarpeBaloTes O BEChMa BBICOKOH TeMITe-
patypsl. COnpUKOCHOBEHHE HArpeThIX 4acTei, 0COOEHHO KOJO JaMI HaKaH-
Banus unu JIPJI (BeIcokoTeMIIepaTypHble HCTOYHUKH CBETA), C TOPIOYMMHU Ma-
TepHaJlaMi MOXKET BBI3BaTh 3arOpaHHe M MOXap.

Takum 06pazoM, MOXKAPHYIO OMACHOCTh, HANPUMEp, JAMIT HaKaJIUBAHU
NPHHATO OLIEHHBATh BO3MOXXHOCTBIO BO3HMKHOBEHHS IM0OXapa OT CONPHUKOCHO-
BEHUS (WM ONACHOIO NMPHUOJIMKEHNUS) JTaMITBI ¥ FOPIOYEro Marepuasna Wi BO3-
HUKHOBEHHS MOXKapa OT IOMaZaHus Ha OKPY’KalolIME TOpPIOYHE MaTepHalbl
PACKaJICHHBIX 3JIEMEHTOB JIaMIl, 00pa3yIoNMXcs IPH €€ pa3pylIeHHH.

HHoraa K 5TUM JBYM BO3MOXKHOCTSAM Z00aBIISIETCS M TPEThS — 3aropaHue
MaTpOHA MIIM MUTAIONIIUX IPOBOJIOB.

3HayeHMe NMpPEBBINICHHUA TeMrepatypsl At (Han TeMIepaTypol OKpy»Kario-
meH cpepl) Ha JTaMIax HakaluBaHHs oOmero mpumenenus v namn JPJI mpu-
BezieHo B Tabu1. 6.6 u Ha puc. 6.12 n 6.13.

Kax BugHO 13 T261. 6.6 1 puc. 6.12 1 6.13, MecTo MaKCHMaJIbHOTO Harpe-
Ba KOJIO 3aBUCHT OT THIA JaMIl U HX MOJOXEeHUA. Tak, y JJaMIIbl MOIIHOCTBIO
150-1500 Bt (cM. puc. 6.12) mMakcHUMalbHBIH HarpeB Ha rOpJOBHHE KOJOBI B
Toyke 3, a y JaMnbl MomHocTeio 60 u 100 BT Toyka MakcMMalbHOTO Harpesa
nepemMeraercs K mokono. CaMmelit 601b110# HarpeB Ko MoirydyaeTcs mpu ro-
PHM30HTAJIBHOM PACIIOJIOKEHHUH JIaMII (B TOUKe 2 HaJ| TeJIoM Hakana). IIpu sTom
3HaYeHUs cocTaBuAloT: 195-285 °C juid jamn HaKaqMBaHMA MOI[HOCTBIO
60-300 B, 235 °C mnsa IPJI mouocteio 250 BT. [IpeBslmieHue TEMIIEpaTyphl
nokosa cocrasiusger 100-145 °C mng namn HakaamBanus B 130-150 °C mus
JPJI. IIpu sTom HaubodbLIME TEMIEPaTyphl HA LIOKOJIAX MMCIOT JIaMIIbl HakKa-
suBanug 100 u 1500 Br; IPJI — 250 u 1000 Bt. Temneparypa Harpesa ko6 u
LIOKOJICH JIaMIl HaKaJHBaHHA 3HAYMTENBLHO HIDKE, YeM KolO M LOKoeH JaMm
JIPJI, 6mvokaIux 1o MOLIHOCTH.

Temneparypa Ha CTEHKax raJOreHHBIX JIaMII HaKaJMBaHHS COCTaBISET
400-450 °C B cpenueit yactu ammsl 1 130 °C B 30He 3JI€KTPOIOB.
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Tabaunua 6.6

Motuiders i By [pesbliiesne Temnepatypbl, At
Jlamna [laTpon [TpoBoa
Jlamna Ha- Konba OKOJlb Kon- n3ona-
Ki ARR Touku usmepenus (cm. an. 6l.l12 1 6.13) Kopnye TaKT ( uus)
Jlamna pacnonodxcena 6epmuKkanbHo YoKonem 66epx
60 - 60 65 80 100 85 50 30
100 - 70 80 115 130 105 65 40
150 - 80 90 125 115 80 65 50
200 - 80 115 140 110 85 65 40
- 250 205 250 200 150 100 95 75
300 - 79 95 145 95 80 65 40
- 400 160 250 240 140 100 100 80
y IIpoodonvras ocb namnbl coemewjeHa ¢ 20pu30HManbHol 0Cb10
60 70 195 84 49 36 22 6 Her
100 93 234 87 60 56 27 10 | manHbIX
300 102 285 78 48 37 24 10
Jlamna pacnonodicena 6epmuKkanbHO YOKONEM 6HU3
60 135 74 43 4] 37 19 6 Her
200 216 89 47 55 51 24 9 JIAHHBIX
300 208 107 46 41 31 21 20

Tpumeuanue. JlauHple MOMYYEHB! JUIS JTaMIT HAKAIMBAHUA — NPH MX MolHocTH Ha 10 %
Gosbire HOMUHANBLHOI, 115 Jiamit JIPJ] — npu ux Hanpsokenuu Ha 10 % Gonbie HOMHHAIBLHOTO.
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Puc. 6.12. 3navenns At ana JIH
(urdpbl Y KPHBBIX 03HAYAIOT MOLIHOCTD JIaMIlbl, BT)
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Puc. 6.13. 3uauenus Az ys JIPJ1
(uudpb! Yy KPHBBIX 03HAYAIOT MOLHOCTE Jamiibl, BT)
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JIIOMMHECLIEHTHBIE JJAMITbl HU3KOTrO [AaBJICHHs HAUMEHBLIYIO TEMIIEpaTypy
MMEIOT B CpeHell yacTH KoJObl Jammbl cHu3y. CpefHue 3HaueHHsA B TOYKaX
MHHHMAJIBHOTO HarpeBa cocTaBisiorT 15 u 25 °C cOOTBETCTBEHHO JUIS JIaMIl
momgHocTeio 40 1 80 Bt. ¥V kpaeB k016 (0KOIO 3/IE€KTPOIOB) TEMIIEpATypa 3Ha-
YUTENBLHO BBINIE U MOXeT gocturats 80-100 °C.

HcnpaBHOCTh U CPOK CIIyKOBI poccerneid 1 TpaHc(GopMaTopoB, BXOAAIIHMX
B [IPA, 1151 TIOMHHECLIEHTHBIX JIAMIT ONPEENAETCA B OCHOBHOM COCTOSIHHEM H
CPOKOM CIyXOBbI M30JIALMM OOMOTOYHBIX MPOBOAOB. IIpu 3TOM TMOBBIIEHHE
TeMIepaTypsl H30JALMH 3THX 1poBoaoB Ha 10 °C cBepX npeaeasHO JOMYCTH-
MOT0 3HAa4YeHHs COKpallaeT CPOK CIyXOblI apoccenelf M TpaHcHOPMATOPOB Ha
50 %; noBsimenue TeMieparypsl Ha cnenyromme 10 °C — na 50 % ocrapmero-
cst cpoka ciryxOs1 1 T.1. Hanbosee uyBCTBUTENBHEI K NMOBBIIICHUIO TEMIIEPATY-
pol Bxomsanmue B IIPA konaencaropsl. IIpeBeieHre TeMrepaTypsl KOHIEHCa-
TOpa CBEpX mpejeibHo pormycTumoil Ha 10 °C cokpamnaer cpok CiryXO6sl TOUTH
Ha 80 %. HabGmiomaercs Taxoke 3HAYMTENBHBIA HarpeB AeTajedl MaTPOHOB U
MOAXOAAUIMX K HUM IIPOBOJIOB.

I1pu oneHke MoXapHO# OMaCHOCTH MCTOYHHMKOB CBETA CIIEAYET YUUTHIBATH
TAKKe CYIIECTBEHHOE IMOBBILICHHE TEMIIEpaTyphl KOJIObI JaMIbl M3-3a 3arps3-
HEHHs IPOM3BOACTBEHHO MBUIBIO, HAPYLICHUs TEIIo0OMEHa ¢ OKpyXKaromieH
Cpezioii, a TaKkXKe ClieyeT yYHTHIBAaTh 3HAUUTEIbHbIC TEMIIEPATYphl HE TOIBKO
HeNoCpeACTBeHHO Ha konbe mamnbl (cM. puc. 6.12, 6.13, 6.14), HO U Ha He-
6obIIOM paccTosIHUM OT Hee (M. puc. 6.14).

A
3001+
200 So=0
S1=10 Mmm
100} ,/:,ﬁ"';__;__._ﬁ’f $2=30 Mm
‘EE=;==-V———O—-°—‘”—°_° S3=60 Mmm
| ! | -
0 100 200 300 U B

Puc. 6.14. 3nayenus Temneparyp Ha pa3JIMYHBIX PaCCTOAHHUAX
0T K00K! 1JaMibl HAKATUBaHUS MOLUHOCTBIO 150 Bt

Takum 06pa3oM, HafEKHOCTH M I0XKapOOe30MacHOCTh CBETHIBHHKOB B
3HAYNTENbHOH CTENEeHH 3aBHCHUT OT MX TEeIuIoBoro pexxuma. [Ipu HecooTBeTcT-
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BHH TEIUIOBOTO PEXHMMa CBETHJIBHHKOB M TEMIIEPATYpPHBIX XapaKTEPHCTHK
IPUMEHEHHBIX B HUX KOMIUIEKTYIOIIMX M3JEIMil ¥ MaTepHaloB COKpAIAeTCs
HX CPOK CiyObI u3-3a: K3 u 3aMbIKaHMii Ha KOPITyC MOHTaXHBIX IPOBOJIOB
BCJICICTBHE BBICBIXAHUS M BBIKPAIIMBAHUA MX H3OJIMH; MPUITAUBAHUA L[OKO-
JIeH J1aMIl K KOHTAaKTaM MaTPOHOB M HApPYIICHUA MPYKHHAMIMX CBOWCTB 3THX
KOHTAKTOB; 0OropaHMs MIACTMACCOBBIX NMAaTPOHOB; BBICBIXaHMS YIUIOTHSIOLIUX
MPOKJIAZIOK M IOTEPH HEOOXOAMMOH repMeTH3alli¥ CBETHIBHHKOB; COKpalle-
HHA cpoka ciayxObl tamn U [TPA u Beixoma u3 crpos [IPA B pesynbrate Mex-
BHTKOBBIX 3aMbIKaHMH H NpoboeB Ha KopIyc, nmpobos KOHIEHCATOPOB C BO3-
MOXHOCTBIO 3aTOpaHus | Jp.

Hepeakxo moxkapsl OT JlaMII HaKaJMBaHUS BO3HHMKAIOT B pe3yJbTaTe HC-
0JIb30BAaHMS JIaMIT IOBBIIIEHHOH MOLIHOCTH, HE MPEIYyCMOTPEHHOH THIIOM
cBeTHIBbHUKA. [103TOMY 9acThl ciydaw 3aropaHMsi INIaCTMACCOBBIX IUIa()OHOB.
IIpn ompeneneHHbIX YCIOBHAX B JIAMIAX HAaKaJIUBaHHS BO3HUKAIOT JyTOBBIE
pas3pssl MEXAY DJEKTPOJAMH, KOTOPBIE MOTYT BbI3BAaTh B3PBIB KOJIOBI HIIM
NpPOIIABICHUE €€ YaCTMLAMM HHKeNs, oOpasylolmMMHCS B pe3yslbTaTe pac-
TIUIaBJICHUS JYTOH 3JIEKTPooB. B imoboM citydae aBapHHHBIH PEXHM CONPOBO-
KIaeTcs 00pa3oBaHHEM M BHIOPOCOM MCTOYHHMKOB 3Q)KMTAHMS; YACTHIl HUKEIS,
pacrulaBlIeHHON BOJNB(PaMOBOH CIUPAIM M KOHCTPYKTHBHBIX JJIEMEHTOB, Ha-
IpeThIX 10 BBICOKOH Temmepatypsl (500-1500 °C).

I[Tpu B3pBIBE KOIOBI JIAMIIBI pa3Mep 30HbBI IOPAXKEHUS YaCTHI[AMU HE 3aBH-
CHUT OT IIOJIOXKEHHS JIaMITbl B IPOCTPAHCTBE, a PafiMyC pa3Mepa 4acTHIL COCTaB-
JseT npuMepHo 3 M. BepTukanbHO majalomue 4acTHIBI COXPAaHSIOT 3a)KMra-
TENBHYIO CIIOCOOHOCTE NpH mageHuu ¢ 8-10 m.

I'py6eiM nedexToM, 3HAYUTENBHO MOBHIMIAIOUIMM IMOXAPHYIO ONAaCHOCTH
JTaMII HaKaJIMBaHUSA, ABIAETCSA OTCYTCTBHE BCTPOEHHOI'O B JIAMITy IpPeIOXpaHH-
Ten.

IIpemoxpaHuTeNns B JIaMIe HaKaJHBaHHA — 3TO BCTPOEHHAss OMeJHCHHAs
depponukenesas npoponoyka auamerpom 0,25 MM M umMHOI 35-45 MM, KOTO-
pas BIIaWBaeTCA B OIMH M3 3JEKTPOAOB JaMibl. Haznauenue npegoxpaHuTesb-
HOTO 3BEHa COCTOMT B TOM, YTOOBI B caydae oOpa30BaHHs B JaMIle TyroBOTO
pa3psaa OTKII0YATh €€ OT ceTH 6e3 HapylIeHHs LEeI0CTHOCTH Konbkl. BeTpoen-
HBIl [IPeIOXpAHUTENb, KaK MPaBUIIO, cpabaThIBACT NMPH OTHOCHUTENLHO OOJIb-
wuxX 3Ha4eHusx cBepxToka (8-10 lyy) M ManoddheKTHBEH NpH Meperpys3kax.
BMmecTte ¢ TeM naxke mpu BO3HHKHOBEHMM AYTH TpEIOXpaHMTEIb HE BCerja
OCYIIECTBIISET IMOJHOCTBIO CBOU (DYHKILHMHU: B pSJE CIydaeB ycreBaloT obpaso-
BaThCS PaCKaJICHHBIE YaCTUIIbl HUKENA, KOTOPBIE MOTYT BEI3BATh IIPOIJIABJICHHE
WITH B3PbIB KOJOBI.

OpHako HECMOTpPS Ha yKa3aHHBIE HEIOCTATKU MPEJOXPaHUTENEH, JIaMIIbI,
MMEIOIINE TaKyIO 3aLINTY, 3HAUHTEIbHO HaJeKHee U MoxapobesonacHee JaMmI,

235



B KOTOPBIX OHa OTCyTCTBYeT. CielyeT TaKkKe OTMETHUTh, YTO I10 JHTEPATyPHBIM
JTAHHBIM BpeMs cpalbaThiBaHMs NPEJOXpaHUTENIEH B JIaMIIaX HEKOTOPHIX 3apy-
6exubx ¢pupm cocrasnset 0,02-0,04 ¢ ¢ Hagana aBapUHHOTO peXXUMa OTedecT-
BeHHOro npepoxpanutens — 0,2-0,24 c.

[ToxxapHasi omacHOCTH CBETHJILHUKOB C JIOMHHECLIEHTHBIMH JIaMIIaMH OII-
penenserca Tpems (pakropamMu: cXeMo# 3axkuraHus (ITycka), MaTepHaloM pac-
ceusatels ¥ kadectsoM ITPA.

PaccmarpuBas 1mycKOperyJIupyomuii anmnapar Kak BO3MOXHBIH HCTOYHHK
3a)KUTaHusA, CIEIyeT OTMETUTh, YTO MoxkapHas onacHocTh IIPA 3akmouaercs,
IJIaBHBIM 00pa3oM, B BOCIIAMEHEHHMH TOPIOYMX JIEKTPOM3OJIALMOHHBIX MaTe-
pHaJIOB BCIEACTBHE NeperpeBa oOMoTKH apoccens [45].

Onexkrpuyeckas M30IALUS OOMOTKHM COCTOMT M3 MAaTE€PHAJIOB C pPa3HBIMM
(bHU3MKO-XMMHYECKIMU XapaKTePUCTHKAMHU M HEOJUHAKOBBIMH IOKA3aTEJAMH
TMOXKAPHOH OMacHOCTH (TOPIOYECTh, TeMIepaTypa BOCIVIAMEHEHHUS, AIMO0Opa-
3yromas crnoco6HocTh | T.1.). Katynika U3 npoBoja ¢ SMaabH30JIALUEH U pa3-
JIMYHBIE 3JIEKTPOHU30JISILIMOHHBIE MPOKJIAZAKH MPOMUTHIBAIOTCS JIAKAMH MIIH KOM-
nayaamMmH, HMEIOIIHUMH CII0KHBIN COCTaB.

IMpuunnamu 3aropanuii [TPA MoryT SBHTBCS TaK)ke NMOBBHIIIEHHOE TEpe-
XOZHOC CONPOTHBIICHHE KOHTAKTHBIX COEIMHEHMH, MEXKBHTKOBOE KOPOTKOE
3aMbIKaHUE B 0OMOTKE M Ipyrue sBiIeHHs ¥ (PaKTOPHI, ABJIAIOIIHECS Yalle BCEro
CJICICTBUEM HAPYLICHHUS TEXHOJOTHH UX M3TOTOBJICHHUA.

Hccnenopanus nokazanu, yto [IPA cTaHOBUTCS MOKapoonacHBIM IIpH 3a-
MBIKaHUM OoJiee 4YeM ceMH BUTKOB 0OMOTKH Apoccelts, MPU 3TOM Hauboubiee
3HAYEHHE BEPOSATHOCTH BOCIUIAMEHECHHUS HACTYMAET MPH 3aMbIKaHUHM OKOJIO 78
BHTKOB 0OMOTKH HeKOTOpBIX cepuii [IPA mommuocThio 40 BT.

[Tpumensiorcs crapTepHas U GecctaprepHasi CXeMbl 3aKUTAHUS CBETHIIb-
HHUKOB C JIIOMHHECHCHTHBIMU JaMrami. [TojkapHast OmacHOCTh CBETHIIBHUKOB C
00eMMH CXEeMaMH 3a)KUTaHHs OJMHAKOBA.

[TpuunHoit meperpeBa 0OMOTOK Jipoccenst 0OBIYHO SIBISETCS AETEKTHPOBa-
HHE (BBIIPAMIICHHE) TOKA HEKOTOPBIMH JIOMHHECHEHTHBIMH JIAaMITaMH K KOHILY
cpoka ciykObl, MPUBOJAIIEE K IOBBIIICHHIO TEMIIEPATYphl APOCCENs BBINIE
180 °C. Ocobyio OmacHOCTh B CBETHJIBHHKAX C JIOMHHECLEHTHBIMH JIAMIIAMH
NpPEeACTaBIAIOT pacCeMBaTeNU, KOTOpPbIE, KaK IMPaBHIIO, BBITYCKAIOTCSA U3 TOPIO-
Yero MaTepuaia: MoJMMETHIMETaKpHiIaTa, MOJTMBUHMIXTOPUAHON IIIICHKH, T10-
JIMCTHPOJIA U T.I1.

[NoxxapHas OmacHOCTh CBETHJIBHUKOB ITOBBIIIACTCS OT HEHCIPABHOCTEH B
OCBETHTEIBLHON apMaType, HalpuMep, ocabaeHHe IPHCOeINHEHUS TPOBOIOB K
3JIEKTPUIECKOMY MaTPOHY BBI3BIBACT HATPEB KOHTAKTOB, HCKPEHHE M 3arOpaHue
M30IAIMK UM TulacTMacchl nmatpoHa. beisaior K3 y BBOZa NpuUBOIOB B CBETHIIb-
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HUK, @ TAaKKe B MATPOHE M3-32 HEOPEKHOCTH MPH MOHTaXKE HIIH HeZoOpoKade-
CTBEHHOM €T'0 U3TOTOBJICHHH.

B JIIOMHUHECILICHTHBIX CBETHJIbBHUKaX HCZIOGpOKa‘{GCTBCHHOC HU3roTOBJICHHUC
KOHTAKTHOT'O COCAMHEHHUA B IMaTpOHAX naMnonepmaTeneﬁ H CTaprepoaepxare-
et IPHBOJMT K «MHTAHHIO) JIAMIT ¥ [TOCIeyIolieMy mpo6oio 6ymMaxHOTo au-
JJICKTPHKa KOHAEHCATOpa H3-3a MOBBIIMICHHOIO HANpPsKCHHUA, a 3aT€M K €ro
BOCITAMEHEHHIO.

6.6. MTIPO®UJIAKTHKA ITOKAPOB OT OCBETHTEJIbHBIX IPUBOPOB

ITpy NpOeKTHPOBAHHU INMEKTPUUECKOTO OCBELICHUS HEOOXOAUMO, 4TOObI
BCE OCBETHTEJIbHBIC YCTAHOBOUHBIC 3eKTpou3aenus (cBeTHiIbHUKH, [TPA, BBI-
KJTI0YATENH, IITENCENIbHBIC PO3ETKH U JIP.) COOTBETCTBOBAIN CPEAC MOMEILCHHUIT
U HapyXHBIX YCTaHOBOK. Bnara, meutb, enxue mapsl M ra3bl, HaXoJsIInecs B
MOMEIEHHUH, HE JODKHBI OKa3bIBaTh BIMAHHUS HAa COCTOSIHHE CBETHJILHUKOB U
apyroe obopynoBaHue, a UX KOHCTPYKIHS He T0JDKHA OBITh MPHYMHON MOXKapa,
B3pBIBa U (MIJIM) MTOPAXKEHUSA TOKOM.

OCHOBHBIMH MEPONPHATHAMHU [0 CHIXXEHHIO MokapHOW omacHoctu [TPA
ABIIIOTCS MPUMEHEHHE B UX KOHCTPYKLHSAX TPYAHOTOPIOYMX KOMIO3HIINIL, U3-
roroienue ITPA MoJHOCTBIO B METAUIMYECKHX 000JI0YKaX, MOBBIILIEHHE MTOKa-
3aresieil HaIeXKHOCTH CTAPTEPOB M KOHAEHCATOPOB, ONTUMH3ALHUS KOHCTPYKIHH
Jpoccerneif Mo TeMIIepaTypHBIM PeXUMaM, NMPUMEHEHHE KOHJCHCATOPOB B Ke-
paMH4yecKuX KopmycaXx. O(Q(EeKTHBHBIM CPEACTBOM MOBBILICHUS MOXKaPHOI
6ezomacHoctu [1PA sBisieTcs BBeJeHHE B €ro KOHCTPYKIHIO TEPMOIpPEa0Xpa-
HHUTEJIEH ¥ TepMOBBIKJIIOYATENIeH, CpabaTBIBAIONIMX MPH MPEBBILICHHH JIOIyC-
THUMO# TeMIIepaTypsl KOpITyca JApocces.

B 1mo>xapoB3phIBOONACHBIX 30HAX NMPHUMEHAIOT CBETHIBHHUKH TOJIBKO C CO-
OTBETCTBYIOLUIMMH YPOBHEM, BHJIOM B3pBIBO3AaIIMTHI (cM. Tabiu. 6.2, 6.3, 6.4 u
6.5) ¥ cTeneHplo 3amuThl 000104eK (cM. Tabm. 6.1).

Jnst ocBenieHus: B3pbIBOOMACHBIX 30H BCEX KJIACCOB CO CpeJaMu, AJs KO-
TOPBIX HET COOTBETCTBYIOIIMX CBETHJIBHUKOB, MOXHO IPUMEHATH HEB3PBIBO-
3alIUILIEHHbIE CBETHIbHUKH:

3a HEOTKPHIBAIOIIMMHUCS OKHaMH M OKHamHu 6e3 ppamyr u ¢opTouek; cHa-
PYXXH 3JaHHsA, IPUYEM B CIydae OJMHAPHOIO OCTEKJIEHHA OKOH CBETHJILHHKH
JOJDKHBI HMETh 3aIlUTHBIE CTEKJITHHBIC KOJITAKH;

B CTEK/SIHHBIX HHUIIAX C ABOMHBIM OCTEKJICHHMEM M €CTECTBEHHOH BEHTHIIS-
L€,

yepe3 crenuagbHble (pOHApH C ABOMHBIM OCTEKJIEHHEM M €CTECTBEHHOH
BEHTHJIAIHCH;

B KOpoOax, Mo yBaeMbIX I10/] H30BITOYHBIM JaBICHHEM.
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Bo B3pBIBOOMAacHBIX 30HaX 3((EKTHBHBI OCBETHTEILHBIE YCTAHOBKH CO
1IeNIeBBIMU CBETOBOAaMH (cM. puc. 6.10).

BeIKiTIOMaTeNM OCBETHTENBHBIX Lieneil claeayeT yCTaHaBIMBAaTh 3a Ipeje-
JIaMH B3PBIBOOINACHBIX 30H.

[Tp1 MOHTaXKe U IKCIUTyaTalud HeoOXOMHMO HaJe)KHO KPENHTh apMarypy
CBETHJIBHUKOB. MOHT@)XX CBETHIBHUKOB PEKOMEHIYETCS BBHIIIOJIHATH OIHOBpE-
MEHHO C MpPOKJIAJKOH TPyOONMpPOBOOB UIA 3JIEKTPONPOBOAKH. JIg B3pHIBO-
ONAacHBIX 30H BCEX KJIAaCCOB CBETHJIBHUKH 3apsKaloTCs TPeMs IPOBOAAMH
(cM. puc. 6.6 u 6.7): da3Hbli MPUCOSAUHACTCS K LIEHTPATbHOMY 3aXKHMY, CO-
€IMHEHHOMY C BUHTOBOM T'MJIb30M MaTpOHa, 3alIMTHBIN HYJEBOH IPOBOJAHUK —
K BUHTY 3a3€MJICHHA B KOPITyCE CBETHUJIbHHUKA.

B 3o0He kiacca B-l mis mpucoeMHEHUS NMPOBOJOB 3aHYJIEHHS KOPITyCOB
CBETHJILHMKOB JIODKEH GBITH MPONOKEH JOMOMHHTENbHBIH MPOBOJ OT HyJEBOH
IIMHBl TPYIIIOBOro IMTKA. Bo B3pHIBOONMACHBIX 30HAX OCTAIBHBIX KJIACCOB
MPOBOJIA 3aHYJICHUS CBETHIBLHHMKOB CJIEAYET NMPHUCOCANHATH K HyJleBOMY pabo-
4yeMy MpoBOAY B Onmkaiiuieil pa3BeTBUTEILHONH KOpoOKe.

CBETWIBHMKH JIOJDKHBI 3apsDKaThCs MPOBOJAMH C TEPMOCTOMKOH H30IId-
et (Hanpumep, ITPKC win I[TPBC), Tak kak npu 5KCIUTyaTalMd UX OOBIYHAs
U301 IPOBOJIOB IEPErpeBaeTcsi. IT0 MPUBOJUT K KOPOTKUM 3aMBIKaHHAM.
Takoii crroco® 3apsaku TepMOCTOHKHM NMPOBOAOM HEOOXOIHM TOIBKO IJIA TeX
B3PBIBO3ALIMIIIEHHBIX CBETHJIBHUKOB, Y KOTOPBIX OTCYTCTBYET CIELHAIBHOE
BBOJIHOE YCTPOHCTBO M 3aBOJCKas 3apsiKka NpH M3roTOBICHUH. B Hacrosmee
BPEMsI 3aBOJIBI JIEKTPOTEXHHUUECKOH anmmapaTyphl MPUCTYIHIH K BBITYCKY CBe-
THIbHEKOB (Hanpumep, H3BH-150, B3I'-200AMC, B3I'/B4A-200MC) ¢ BBOA-
HBIMH YCTPOWCTBAMM M 3apAAKOH TEPMOCTOMKHM MPOBOAOM. DTO MCKIIOYAET
HE0OXOIMMOCTH 3apANKH TAaKMX CBETHJIBHHKOB Ha YYacTKE OT Pa3BETBUTEIBLHOM
KOpPOOKH IO NMPHUCOSIUHUTENBHBIX 3a)KHMOB BHYTPH BBOIHBIX YCTPOMHCTB MpO-
Bogom mapku ITPKC. BBoa B yka3zaHHBIC CBETHJIBHHKH HEOOXOJMMO BBITIOJI-
HATH OTKPBITO NMPOKJIAJBIBAEMBIMH TPEXKHIBHBIMH KaOeIsIMH HMIIH TPEMS Ipo-
BOZIaMH B Tpy0ax TeX ke MapOoK, KOTOpbIe TPUMEHEHBI B IPYTIIOBBIX CETSX.

OcCBeTHTENIBHBIE YCTAaHOBKH B3PBIBOONACHBIX 30H NPHHUMAIOTCS B 3KC-
ryatauuio ¢ cobmonenuem tpedosauuit [13311 (rn.3.4 [10]). Okcrutyararus
B3PbIBO3ALIHIICHHBIX CBETHIBHUKOB IPOU3BOIAUTCSA B CTPOTOM COOTBETCTBHH C
MHCTPYKIIHEH 10 MOHTAXy M SKCIUTyaTaLHH.

Ilpu sKcruTyaTalMH CBETHJIBHHKOB OCOOGHHO BHHMMATENBLHO CIEIAT 3a CO-
CTOSHHEM CPEZICTB B3PBIBO3ALIMTEI, MPEJOTBPALIAIONIMX U JIOKATU3YIOMIMX B3PhIB
B3pBIBOONACHOH cMecH. Ha Bcex ocMaTpuBaeMBIX B3pHIBO3ALIMTHBIX MOBEPXHO-
CTAX COeIUHEHUH JODKHBI OTCYTCTBOBAThH 3a00MHBI, LIaparyHbl, CKOJIbI, YBEIHMIH-
BAIONIME IUMPHUHY IIEIH MIM YMEHBHIAIOMIME MHHHMAIBLHO JOITYCTHMYIO UTHHY
conpspkeHus. Henb3st JoImycKaTh cpbiBa, CKOJIOB U APYTHX He(EeKTOB pe3bOEl.
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B cBETHJIBHHMKAaX MOBBIIICHHOH HaJE)XHOCTH MPOTHB B3phIBa BEIOOPOYHO
NPOBEPACTCA COCTOAHHUE PE3HHOBBIX YIUIOTHHUTEJBHBIX ITPOKIAIO0K, KOTOPBIE
00ecreynBalOT repMEeTHIHOCTh COSIMHEHHs KOpIyca CBETHJIBHHMKA C 3alIMT-
HBIM KOJITaKoM. Pe3nHOBBIE KOJIbIIA, MMEIOIHE MOBPEKACHHUA HIIH MOTEPABIIHE
3JIaCTHYHOCTD, 3aMEHAIOTCA. Y BCEX B3PBIBO3ALIMIIEHHBIX CBETHIBLHUKOB IPO-
BEPAETCS LEJOCTHOCTh CBETONpOIyCKatoniero snemenTa. Ecim y crekna mme-
I0TCS TPEUIMHBI, CKOJBI M Apyrue NedeKTsl, 3aMeHAETCA BECh CBETHJILHHMK. B
CBETUJIbHHK pa3pellaeTcs YCTaHaBJIMBATh MCTOYHHMK CBETA, THII M MOIIHOCTH
KOTOPOr0 OrOBOPEHBI MHCTPYKLHMEH 3aBOJa-U3roToBUTENA. [IpoM3BOAUTE CMe-
HY JIaMII BO BKJTIOYEHHBIX CBETHJIBHUKAX 3alpeliaeTcs.
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I'naga 7

3A3EMJIEHUE U 3AHYJIEHHUE B DJIEKTPOYCTAHOBKAX
HAIPSKEHUEM /10 1000 B

7.1. ONACHOCTb NOPAXKEHHSA JIEKTPUHYECKHM TOKOM

ITpyurHaMK OpaXKEHUS ITEKTPUIECKUM TOKOM MOTYT OBITh!

MIPUKOCHOBEHHE (MJIH HEIOIMYCTUMOE MPUOIIKEHUE) K YacTAM 3JIEKTPOyC-
TaHOBOK, HaXOAAIMMCS MO HaNIPsHKEHHEM;

MIPUKOCHOBEHHE K KOHCTPYKTHBHBLIM METa/UIMYECKUM 4YacTAM, OKa3aB-
UMCS IO/ HAINIPSHKECHUEM B PE3YJILTATE MOBPEKIACHUS U30IALHH;

HarnpspKeHHe 11ara, BO3HUKaouiee BOIU3H MECT MOBPEXKIACHUS dICKTpHYe-
CKOM M30JIALIMH MM MECT 3aMBIKaHUs TOKOBEIYIIMX YacTel Ha 3eMIIIO.

PaznuuaroT Ba OCHOBHBIX BHIA MOPAKEHHS YEJIOBEKA HIEKTPUUECKUM TO-
KOM — aieKkmpuyieckue mpaemvl U snekmpuieckue yoapwvl. OHH 4acTO COITYTCT-
BYIOT ApYT ApYTYy.

Dnexmpuueckoti mpaemou Ha3bIBACTCS SPKO BBIPAXKEHHOE MECTHOE Hapy-
IIeHHe TKaHel opraHu3Ma (KOXKH, MBILIL, KOCTeH, CBA30K). XapaKTEepHbIMH €€
IPOSIBJICHUAMH ABJIAIOTCS OXOTH, JJIEKTPUYECKHE 3HAKH, METAJUITH3aLUsA KOXH,
MEeXaHHYEeCKHE MOBPEKACHUA M Ap. DIEKTPUUCCKUH OXKOr — camas pacmpo-
CTpaHEHHas M OIacHas 3JIeKTpoTpaBMa. B 3aBUCUMOCTH OT yCIOBHH BO3ZHHMKHO-
BEHUS Pa3IHyaloT JIBa BUAA 05KOTOB: TOKOBBIH U KOHTAKTHBIM.

Onexmpuueckum yoapom HaszblBaeTcsi BO30yX/IE€HHE TKaHEH, BBHI3BAaHHOE
3JEKTPUYCCKUM TOKOM B OpraHM3MeE M COIPOBOXK/IAIOLIEEC HEPOU3BOIbHBIMHU
CYZIOPOKHBIMH COKpAI[eHUSAMH MBIILL (HampuMmep, pyk, Hor U T.A.). B Gosee
TSOKENBIX CIIydasX HaOJoJaeTcs MoTeps CO3HaHHs, HapylleHHe paboTsl cep-
JIEYHO—COCYIUCTON CHCTEMBI MJIM JIETKHMX, YTO MOXET IPHUBECTH JaXe K CMep-
TeJILHOMY HMcXoay. Bo MHOrmx ciyuyasx Bo3HMKaeT (GuOpHLIIALMA cepAua, T.c.
GecropsA0YHOE COKpallleHHe BOJOKOH CEpAEYHOH MBIIIIB], HapylIaonye
PUTMHYHOE HArHETAHHWE KPOBM B COCY/BI M MPHBOJAIIME K OCTAHOBKE KPOBO-
obpamenus. IIpyu snekTpuueckoM yzape MOryT ObITh M ApYTHe BHIBI Hapylle-
HUS JEATEIBHOCTH OpraHM3Ma — CIa3Mbl MO3TOBBIX U KOPOHapHBIX COCY/IOB,
napanuy AbIXaHusA U T.1.

[pu mopa)xeHHAX MEKTPUIECKUM TOKOM HEOOXOIMMO He3aMeUTHTEILHOEe
IIPUMEHEHNE METOJIOB OXKMBJICHHSA: MCKYCCTBEHHOE JBIXaHHE, HApYXHBIH Mac-
cax cepAua, CrocoOCTBYIOMIMI MOCTYIIEHHIO KPOBH B COCYABI, H JIp.

Ha creneHp 1 MCXO/ MOPAKCHHS SJIEKTPHIECKHM TOKOM BIHSET s (pakTo-
POB: BeJIMYMHA M BUJI TOKA, JUIMTEILHOCTH €ro JICHCTBHSA Ha OPraHU3M, BEIMYMHA
HANpsDKEHUs, BO3ACHCTBHIO KOTOPOTO TMOABEPraeTcs YeNOBEK, IyTh TOKa B Teje
yesloBeKa, OKpyJKatomas cpeia ¥ ap. Teno denoBeka, HaXOIAIIEECS B JIEKTPHU-
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YeCKOoM ey, CICAYET pacCMaTpUBaTh KakK IIPOBOJHHK CO CHO)KHeﬁIﬂHMH, TOJIb-
KO eMy IpHcymuMu cBoiictBamMi. C y4eToM BHJA JOMYILEHHH TENO 4YelloBeKa
MOXHO HpPIGJ'IPI)KCHHO NpeacTaBUTh KaK COYETAHHUE AKTHBHOTO M €MKOCTHOTO
conpomnneﬂuﬁ, BE€JIMYHHBI KOTOPBIX 3aBHCAT OT MHOXXECTBa ycnonm”l, B 4acT-
HOCTH OT COCTOSIHMA KOXXM B MECTE NPUKOCHOBEHHSA (CyXas, BJIaKHasd, TOBPEX-
nenHas). COnpoTUBIIEHHE BEPXHETO CJIOS KOXKH (MUIEPMBI) SBIAETCS OJHOH M3
OCHOBHBIX COCTAaBIISIOIINX MTOJIHOTO COTPOTHBIECHHUS TeJla YeI0BeKa.

Ipy TPOEKTHPOBAHUM, pacyeTe M HKCIUIYaTAalHOHHOM KOHTPOJIE 3alIHT-
HBIX MEPOTIPUATHIT B HNIEKTPOYCTAHOBKAX HEOOXOAUMO UMETh B BULY JaHHBIE O
(M3HOTIOTHYECKOM JICHCTBMM IEPEMEHHOTO TOKA IPOMBIIUICHHONH YacTOThI
(50 '), npuBenennsie B Tabm. 7.1.

Tabnuua 7.1

Tox, MA XapakTtep aeficTBus ToKa

Menee 5 | [TokaneiBanue v IpokaHHe NajublEB pyK, nepBbie 60EBbIE OULYILEH S

8-10 CunbHple 60K B MaybliaX M KHCTAX PyK. YNPaBieHHE MBILILAMH PYK 3aTpya-
HEHO, HO HE YTPa4yeHo

20-25 Pykn napanusyiorcs. OTopBaThCs OT IEKTPOMPOBOJOB HEBO3MOXKHO, 3aTpy-
HEHO JIbIXaHue

40 - 60 Ilpu Bpemenn Bo3aeiicTBua 2 ¢ ocraHoBka jAbixanusa. Hawano ¢ubpumnsuun
cepaua. Bosmoxua rubess noctpajasuiero

90 - 100 | Ocranoska asixanus. [1pu Bo3aeiictBuu 2 ¢ u Gonee ocraHoBka cepaua. Hau-
Gosiee BEpOSTEH CMEPTENbHbIH HCXO/

3000 OcranoBKa JpIXaHHs ¥ cepaua npu gedctsun cebiue 0,1 c. Paspymenne Tka-
u Gonee | Heil Tena

7.2. 3A3EMJIEHUE W 3AHYJIEHUE 3JIEKTPOYCTAHOBOK
KAK YCTPOMCTB 3JIEKTPO- M ITIOKAPHOM BE3OINACHOCTH

JIns 3aIIUTEI JIIOJEH OT TMOPaKEHUs JNEKTPHYECKHM TOKOM TPH TOBPEX-
JICHUH M30JSILMM JOJDKHA OBITH TMPHMEHEHa, 0 KpaifHeil mMepe, OfHa M3 clie-
JYIOIMX 3alMTHBIX MeEp: 3a3eMJICHHE, 3aHyJICHHE, 3alHTHOE OTKIIOYECHHE,
paszensgiomui TpancGopMaTop, Masoe HanpsuKeHHe, JBOHHAs M30JALMSA, BbI-
paBHUBaHHE NMOTeHIHaNI0B. OCHOBHBIMH M3 HUX ABISAIOTCS 3a3emieHue, 3anyne-
Hue ¥ 6bIpABHUBAHUE NOMEHYUANO8.

3asemnenuem BCEH yCTAaHOBKH MIIM €€ YaCTH HA3bIBAETCA INpeIHAMEPEHHOE
rajJbBaHUYECKOE COCAMHEHHE C 3a3eMIIIOMMM ycTpoicTBOM. COBOKYMHOCTH
3a3eMIIMTENIs M 3a3eMIIAIONIMX IPOBOJHUKOB HA3BIBACTCA 3aA3EMIAAIOUUM YCHI-
PpoUcmeom.

3anynenuem B deKTpoycTaHOBKaX HampspkenueMm no 1000 B naseiBaercs
NpeJHaAMEPEHHOE COCMHEHHE YacTeil 3JIeKTPOyCTAaHOBKH, HOPMAJIbHO HE Ha-
XOIALIMXCA IMOJ HANPSDKEHHEM, C TIIyX03a3eMJICHHOH HEHTpaibpio reHeparopa
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WM TpaHc(opMaTopa B CeTsxX Tpex(aszHoOro Toka, ¢ IIyX03a3eMJIEHHOH cpej-
Heil TOYKOH HCTOYHHKA B CETAX MOCTOAHHOTO TOKA.

Boipasnusanue nomenyuana — METOJ CHYKEHHUSI HAIPSDKEHUS MPUKOCHO-
BCHHUA M IIara MexJy TOYKaMH JJIEKTPUYECKOH LenH, K KOTOPHIM BO3MOXHO
OJIHOBPEMEHHOE NMPUKOCHOBEHHE MM Ha KOTOPBIX MOXET OJHOBPEMEHHO CTO-
ATh YeJIOBEK. BrIpaBHMBaHME MOTEHIMANIA OCYLIECTBIAETCS YIEKTPUUECKHUM CO-
€IMHEHHEM METaJUIMYECKUX KOHCTPYKLMH, HaXOMIIUXCS BOJU3H 3JIEKTpOyC-
TaHOBKH C €€ KOpIIyCOM, a Takxke (GOpPMHpOBAHHEM 30HBI PACTEKAHHA ITYTEM
HCIIOJIb30BAHHS CIIELMABHBIX 3a3EMIISIONIMX YCTPOICTB.

Bee ciayyan nmopakeHHs TOKOM SBJIAIOTCSA PE3yJIbTaTOM 3aMBIKAHHUS JIEK-
TPUYECKOH LieMH 4epe3 Telo, T.e. pe3yJbTaTOM INPHUKOCHOBEHHUS YelIOoBeKa K
TOYKaM IIeMH, UMEIOMIUM pa3Hble MoTeHnuansl. OmacHOCTh 3TOTO 3aBHCHT OT
HaIpSKEHUS CEeTH, CXEMbI CaMOH CeTH, pexkHMa ee HeHTpalli, COCTOSHUS H30-
TSI TOKOBEYIIHX 9acTei 0T 3eMJIM M T.II.

Paznuuaror cemu ¢ uzonuposannol neumpanvio, KOTAa HEHTpalb TpaHC-
(dopmaropa K 3a3eMIIIOLIEMY YCTPOHCTBY HETOCPEICTBEHHO HE MPHCOETHHEHA
MM TIPHCOEIMHEHA Yepe3 anmnaparsl ¢ OOJIBIIMM CONPOTHBICHHEM (HAIpUMep,
gepes TpaHC(HOPMATOPhI HATIPSIKEHUA), U Cemu ¢ 2LyXuM 3a3eMaeHuem Helmpa-
Ju, KOTZa HeHTpanb TpaHc(opMaTopa WM IeHepaTopa MPHCOCIHHEHA K 3a3eM-
JIIOUIEMY YCTPOMCTBY HEMOCPEACTBEHHO MIIM 4epe3 Majloe CONpPOTHUBIICHHUE
(nmanpumep, 4epes TpaHcdopmarop Toka). IloBpexaeHHe H30JALUN TOKOBEIY-
IIMX YacTeil M COCNUHEHHE MX C 3a3eMJICHHBIMH KOHCTPYKTHBHBIMH HacTAMH
MIIM HEIOCPEICTBEHHO € 3eMJICH CBA3aHO valle Bcero Jubo ¢ mokamu 00HO-
¢aznozo 3amvixanus Ha 3emnro (B CUCTEME C U30JIMPOBAaHHONW HEHTPANbIO), JTH-
60 ¢ moxamu oonogpasnozo K3 (B cucteMe ¢ riryXo3a3eMJICHHOH HEHTPAIbIO).

Toku 3aMBIKaHMH Ha 3eMJIIO TPH HEOJIArONMPUATHBIX YCIOBHAX (roprovas
cpena, 0OpBIB 3a3eMIIIOIIUX TPOBOAHUKOB MIIM MX OTCYTCTBHE, IIOXHE KOH-
TaKThl, HCKPOBBIE MPOMEXKYTKH M T.II.) MOTYT BBI3BaTh MOXap WM B3phIB. Ilo-
3TOMY 3a3eMJICHHE M 3aHYJEHHE CJIe[yeT pacCMaTpUBaTh KaK CPEJICTBO IJJIEK-
TpoOE30MacHOCTH U MMOXKapHOH 6e30macHOCTH.

3a3zeMiieHHe B CeTSIX € M30JIMPOBAaHHON HeHTpaJjbio. OmacHOCTh MpH-
KOCHOBEHHUS MPUHATO OIIEHUBATh 10 ABYM KpaiHHM CIydasM: NPUKOCHOBEHHE
K IBYM (azam u Mexay da3oil 1 3emei.

JIByx(a3zHoe MPUKOCHOBEHHE SABISETCA MpENENbHO HEONAaronpUsATHBIM U
MOXeT Bo3HHKaTh NpH rg = 0 wiu rc= 0 (puc. 7.1), 4TO COOTBETCTBYET NpezBa-
PUTENBEHOMY TUTyXOMY 3aMbIKaHHIO OJHOH M3 (a3 Ha 3eMiio. YesnoBek OKa3bIBa-
eTcs TOJ JIMHEeHHBIM HampspkeHueM. Tok, Mpoxojs yepe3 Telo 4YeloBeka, Mo-
XKET CTaTh onacHeIM. Ero BeTHMYHHA ONpeIeNAeTCs BRIpaXKEHHEM

Lien= N3 Ug/ruen= 380/1000 = 380 MA, (7.1)
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THOE ryen — AKTHBHOC COIIPOTHBJIICHHUE TEJla 4Y€IIOBCKaA, OM. B 3amauax 1o anex-
tpobe3onacHocti npunumMaercs pasueiM 1000 Om.

w

o~ T

Puc. 7.1. 3aMmpIkaHne HAa KOPITyC 3JIEKTPOIPUEMHHKA B CETH
C M30JIMPOBAHHOIT HEATPAIBLIO MPH OTCYTCTBHHU 3a3EMJIECHHSA

Takoe 3HaueHWe I, 3HAYUTENBHO Oospmie nomycTuMeix 40-100 MA
(cm. Tabn. 7.1), npu KOTOPBIX BO3MOXHA TUOENb MopaxeHHoro 4enoseka. Og-
HAKO CITy4au ABYX(}a3HOTro NMPHKOCHOBEHMS OYCHB PEAKH M HE MOTYT CIIyKHTh
OCHOBaHHEM JUIS OLICHKU OMAacHOCTH ceTH. OHM 0OBIYHO OBIBAIOT MPU MCIIONb-
30BaHUM HEHMCIIPABHBIX 3aIUTHBIX CPEACTB, SKCIUTyaTallMd 00OpyZOBaHMA C
HEOTPaKACHHBIMH T'OJILIMH TOKOBEAYLIHMMH 4YacTAMU (OTKPHIThIE PYyOHIBHHKH,
HE3aL[HLICHHBIE 3)KHMBI CBAPOYHBIX TPAaHC(HOPMATOPOB U T.11.).

OnnodaszHoe NpUKOCHOBEHHE B GONBIIMHCTBE CIIy4YaeB TaK)Ke OMacHo, OHO
BO3HHKAET 3HAYUTEIBHO Yalle M ABJIAETCA OCHOBHBIM BHJIOM JUIS aHaIU3a ropa-
KEHHS JTI0JeH TOKOM. YernoBek, MPUKACAIOUIMIICS K KOPILYCY 3JIEKTPOIPHEMHHKA
npH 3aMbikaHuu (aser A (cm. puc. 7.1), ecnu Kopryc He COEMHEH HAEKHO C
3a3eMJIeHHeM, pHobpeTaeT rnoreHunan ¢Gaspl cetH wiu 6am3kuii kK Hemy. Ipu-
KOCHOBEHHE K KOpITyCY PaBHOCHJILHO IMPHKOCHOBEHHIO K (haze. Teno uyenopeka,
ero o0yBb, 1M0JI, 3eMJIsI, aKTHBHBIE /g, ’'c U EMKOCTHBIC Xg U Xc COMPOTHBICHHSA
Apyrux ¢a3s, npoBojga 1 0OMOTKH COCTaBIAIOT 3aMKHYTYIO Lienb. TOK B 3TO# 1Le-
I 3aBUCHUT OT €€ CONPOTHUBIICHHSA M HANPSDKEHUA U MOXKET HAHECTH YENIOBEKY
TSDKENIOE MopakeHue. B Hensix ynmpoueHus CYMTaloT, 4TO TeJo yenoBeka obua-
JIA€T JIMIUL AKTHBHBIM CONPOTHUBIICHUEM Iye;, COTIPOTHBIECHHE PACTEKAHHIO €ro
HOT paBHO HyJ0. Da3HbIe HANPSHKEHUSA PaBHBI U CHMMETPHYHBL, a CONTPOTHBIIE-
HUST M30JILMH (a3 OAMHAKOBBI, T.€. I'n = Ig = rc = r. EMKOCTBIO BO3IYIIHBIX
TIPOBOJIOB NIPY MPOMBIIUICHHON YaCTOTE OTHOCHTEIBHO 3eMIIM IpeHeOperator.
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PaccmarpuBas ra, rp, fc KaK Harpy3Ky, BKIIOYEHHYIO 3BE3/I0, y KOTOpOf
HyJIeBast TOYKA — 3eMJISI, CTPOMM BEKTOPHYIO JUarpamMMmy (azHbIX HampsHKECHHI
0 MOMEHTa IPUKOCHOBEeHMS (pHuc. 7.2, a). DTOMy CIy4yai0 COOTBETCTBYIOT
ypaBHEHUS: 5

Ua= Iara; Upn=Up= Uc;
Up= Iprs; Up=0;

Uc=Icre; Ia==1I,

rae Uy, Us, Uc - Hanpsbkenus (asHbIX NPOBOJIOB OTHOCUTENBHO 3eMiu; U -

HanpsHKEHHEe HEeHTpalu UCTOYHUKA ToKa; [ A, Ip, Ic - TOKH YTEUKH yepe3 u30-
JSLUIO (ha3HBIX MPOBOJIOB.

’ A

Puc. 7.2. U3mMeHeHue HanpsKeHHs: OTHOCHTEIBHO 3eMIIH
NpH MPUKOCHOBEHHH MPOBOIOB K OJJHOH M3 q)aa (n=rn=rnC=0C=0C=0):
a— A0 NpUKOCHOBEHHA; 6 — nocne NPUKOCHOBEHUA

ITpu MPUKOCHOBEHHHM 4eloBeKa K (aze A COMPOTHBICHUE H3OJALMH 3TOMH
(ha3bl OTHOCHTEIBHO 3EMIH CTAHET PABHBIM

A= Fuenl Al (FueaTa)
U cHMMeTpHs (pa3HBIX HaNpspKeHWil Hapymutcs. HyneBas Todka cMecTHUTCS B
Touky 0'. Mexay 0" 1 Hy/TeBOH TOUYKOH MCTOYHHKA TOKA BO3HUKAET HEKOTOPOE
nanpsokenue Uy, npeacTaBnenHoe Ha puc. 7.2, 6 BekropoM 00°. Hampsokenus
IBYX Apyrux (a3 MOBBICATCS IO OJUHAKOBBIX 3HaYeHUi U'p u U'c (COOTBETCT-

senHo Bektopsl 0B u 0°C), a manpsbkenue nepBoit ¢assl monusurcs 10 U’y
(Bextop AQ). [ HOBOTO COCTOAHHUSA CETH MOXHO HAIHKCATh

Ua=Uas-Ug U=Up-Ugy; U=Uc-U,
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Ha ocnoBanmy nepsoro 3akoHa Kupxroga 1 At 1 B+ 1 ct 1 wen = 0 W, cnenoBa-
TeJLHO,

[« (./A' Uoral+[(Up-Uo)lrs ]+ [(U c-U o) rc [+ [(U o-U o)ruea] = 0. (7.2)
I[Tpu COMpPOTHBIIEHHH q)aa rA=Ts=Tc=Tr HMcEM
[(UA+ UB+ Uc)/r] &} U(}/r)+(UA/r~4en) (Uo/'wen) =
Ho Tak xak UA - UB + Uc = 0, nmoiy4aem

-BUoN+(U prien)-(U o/rien) = 0
CrnefioBaTelIbHO, HANIPSUKEHHE CMELICHHUs Hy 1eBoi Touku 0

U o+ U a/r(3ryent+r).

Tok, mpoxoIsIHii uepes Teo uenoBeka, OyaeT papeH

I'len— UA UO/rqan (l/r\le.n) l./A— ALl =3UA/(3I'.,3,,+ I‘).

yen

[Tpunumas Bo BHUMaHuE, YTO Uy = Ugp, OKOHUATENIBHO M10JIyYaeM

Lien = 3U y/(3ryen+1). (7.3)

Ecnu ne NpUHUMATh BO BHUMAaHHE HANPSOKCHUE CMCILICHUSA Hefﬂpanu "
YYHUTBIBATD, YTO Vyep 00BIYHO ropasio MEHBLIC r, TOK

Lien = Up/(Fyent 1). (7.4)

B ucnpaBHOM COCTOSTHHU COTIPOTHBJIEHHE M30JIALMH YCTAHOBOK Harpsike-
nuem 10 1000 B momxHO ObITE He Menee 0,5 MOwm. B TakoMm cirydae yenoBek
OKAa3bIBACTCS IO 3aIUTON» H30IALMH APYTHX (a3, a TOK, MPOXOAIHniil yepes
Hero, OyaeT 6e30MmacHbIM.

ITo popmyne (7.4) TOK, IPOXOIALIMIL Yepes TN YeaoBeka, OyaeT paBeH

Lien = Up/(Fuent+r) = 380/(10°+0,5-10°%) = 0,76 MA,

4TO COCTABISET JOJNM MHIIMAMIIEp M YCIOBHE 3JIEKTPOOE30IMacHOCTH BBI-
MIOJTHAETCH.

Bce paccMoTpeHHOE CHpaBeUIMBO, €CIIM EeMKOCTBIO CeTei OTHOCHTEILHO
3emun npenebperaiot. Ho npu 601b110#i MPOTS)KEHHOCTH CeTeil ¢ M30IUpOBaH-
HOH HEHTpasplo 3HAYEHHEM, ONpEENAIONHM HX 3JIEKTPO- U MOXapHyro 6e30-
MaCHOCTB, ABIAETCSA HE CONPOTUBIICHHUE H3OJILUH 7, @ EMKOCTHOE CONpPOTHBIIE-
HME CeTH Xc. BennumHa eMKOCTHOTO COTPOTHBIICHHS CETEH C M30JIMPOBAHHOM

245



HEHTpaJblo, JOCTUTAIOUIMX M0 JuinHe Oonbie | KM, MOXET COCTaBIAThH MpH-
6mu3utensHo 1 KOM.
ITpy TakoM 3HAYEHHH Xc YCIIOBHE 3JIEKTPOOE30MAaCHOCTH BEINOIHATECS HE
Oymer, Tak Kak
Luen = Un(Fues+xc) = 380/(10°+10%) = 190 MA,

YTO 3HAYUTEIBHO GOJIbIIE MOPOrOBOTO 3HAYEHHS, T.€. UL KaX/J0r0 KOHKPETHO-
ro ciay4yas ciefyeT MHAMBUAYaJIbHO OLEHUBATh HEOOXOAMMOCTh YUHTHIBATE X
CETH HJIM BO3MOXKHOCTB MpeHedperaTh STHM MOKazaTeleM.

OpHako clefyeT y4uTHIBaTh, YTO HaIM4YHE B IPOU3BOJCTBEHHBIX IOMe-
IIEHUAX 3a3eMJICHHBIX METAIOKOHCTPYKLHUI (TeXHoiorudeckoe obopymosa-
HHe, BEHTHJILMS M T.I1.) CO3/IaeT ONAaCHOCTh OJHOBPEMEHHOT'O NMPUKOCHOBEHUS
K KOPITyCY TMOBPEXJICHHOTO JIEKTPOOOOPYZOBAHUS U METAJUIOKOHCTPYKIHIM,
UMEIOLIUM MOTEHIMAN 3eMIH. TOK MOpa)KeHUSA B 3TOM CIIydyae MOXKET HOCTH-
raTh OMAcCHBIX 3HAYEHMI, TaKk KaK B IENb MPOTEKaHUsS TOKAa HE BXOAUT 3HAYH-
TeNbHasA BeJMYMHA CONPOTHBIICHHA TI0JIa, @ HHOTIa U 00yBH.

be3 crmenuanbHOro 3a3eMieHHs JIEKTPOYCTAHOBKH (HampHMep, Kopiyca
JIEKTPOJBUTATENA) TOK OAHO(DA3HOTO 3aMBIKAHMS MOXKET BO3HHKATh B «CITy-
qaifHOW» 1enu (MEeTANIOKOHCTPYKIMH 3[aHUsA, TEXHOJIOTHYecKoe obopynosa-
HUE U T.II.) ¥ B MECTaX IUIOXMX KOHTAKTOB B 3TOH LIENH BBI3BAaTh HCKPEHHUE, YTO
0CcOOEHHO HEIOMyCTHMO BO B3pPBIBOOIACHBIX 30HaX. IloXapHylo omacHOCTh
NPEACTaBIIAIOT UCKPBI M YTH NMpH NMpo6oe U30JIALHH HEMOBPEXKASHHEIX (a3 Ha
3eMIII0. DTO MOXET IPUBECTH K BOZHUKHOBEHHIO YXK€ CPAaBHUTEIBHO OOJBIIMX
TOKOB, HE BCErJa OTKIIOYaeMBIX 3aIIUTON. 3afep)KKa WIH OTKa3 OTKIIOYCHMSA
TaKMX TOKOB HMHOT/A BBI3BIBACT MPOXKOT AJIEKTPUYECKON Tyrod TpyO ayeKTpo-
npoBOAKH, 0600ueK Kabeneil  KOPITyCOB 3JeKTPONPHUEMHHKOB HIIH UX MECT-
HBIH HEIOMyCTHUMBIH HarpeB. Bce 3T0 BechMa omacHo, 0COOEHHO B YCIIOBHSX
10KapOB3PLIBOOIIACHBIX 30H.

Ob6ecrieunTs HEOOXOAMMYIO 3JIEKTPOOE30MacHOCTh YeIOBeKa M IOXKApHYIO
6e30macHOCTb ceTelt ¢ H30JIMPOBAHHON HEHTPAIBIO TTO3BOJIAECT IIPUMEHEHHE HU3KO-
OMHOT0 3a3eMJIMTEIA, ITYHTUPYIOIIETO CONPOTUBIEHHE TeIa YenoBeka (puc. 7.3).

Ecnu xopryc 37IeKTpOyCTaHOBKH COCIMHHUTH MPOBOJHUKOM C 3a3€MIIMTE-
JIeM 13, HIMEIOIIUM MaJloe COMPOTHBIICHUE, YEIOBEK, NPUKACAIOMIMICA K y4acT-
Ky MEXIy KOpIyCOM M 3eMJIeH, MPHCOECAMHMUTCA K LEMH 3aMbIKaHUs INapa-
nenbpHo. Tak Kak TOKHM B MapaJUIeIbHBIX BETBAX 00pPAaTHO MPOMOPIHOHATBHBI UX
COIPOTHBIICHUSM, a COIPOTUBIICHHE TeJIa YeNOBEKA (Fyenpacy = 1000 OM) 3HAYH-
TEeJILHO OOJIBLIE COMPOTHBICHHS 3a3€MIIUTEIIS, TOK B Telle YelI0BeKa CHHXKAETCSA
10 6e30macHO BETMYMHBI.

ComnpoTHBIIEHHE HMCKYCCTBEHHOro 3asemuurtens Juia cereil ¢ U,=380 B
npunuMaior 4 Owm [1]. IIpu yka3zaHHEIX yCIOBHAX (B JOMOJHEHHE K pHC. 7.3),
Ul WIUTIOCTPALMKM PAacCMOTPUM 3KBUBAJICHTHYIO cxeMy (puc. 7.4). Hampsxe-
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HHe npuKocHoBeHus Uy, mpy 3ToM Oyzer Gosee uem B 100 pa3 Huke, 4eM mpH
OTCYTCTBHH 3a3€MJIMTEN, T.€.

Unp = Uprsl(r3+xc) = (380-4)/(4+10%) = 1,5 B.

TOK, HpOXOlLﬂIlIHﬁ 4yepe3 4eI0BeKa, ONpPEACIACTCS HANPSIKCHUEM ITPHKOC-
HOBEHHUA Unp H €10 COIIPOTHUBJIICHHUEM Fyen U 6yneT paBeH

Lign = Unp/Tuen = 1,5/103 = 1,5 MA,

YTO HAMHOTO MEHbIIIE TOPOrOBOTO MopaXkaouiero Toka (cm. Tadiu. 7.1).

U>1000B U<IQQ0B=——

-———

aw>

3azemnarowas
X\ MarucTpaib

Puc. 7.3. 3amMbIkaHne Ha KOPITYC 2JIEKTPONPUEMHHKA B CETH
C M30JIMPOBAHHON HEHTPAIBIO NMPH HAJTHYHM 3a3EMIICHHS.
ITepexo/ BbICILIEro HAMPSXKEHHS B LEMb HU3ILETO

@ r3 Fuen U,

[ L
S |

xc
Puc. 7.4. DxBuBasIeHTHAs CXeMa 3aMbIKaHHA Ha KOPITYC
9/1EKTPONPHEMHHKA B CETH C H30JIMPOBAHHON HEHTpabIO
NpH HATHYHHM 3a3eMIICHHSA

3azemiieHHe KOPITYCOB 3JIEKTPOYCTAHOBOK, @ TAKXKE METAIIIOKOHCTPYKLIHH

TEXHOJIOTHYECKOI'O oGopynosaHux U 3IaHUI CYHIECTBCHHO YJIy4lIaeT H yCJIO-
BHUA l'lO)K&pOBBpLIBO6€30HaCHOCTH, a ITPaBHJIBHOC ycrpoiicnao M 3KCILTyaTalusa
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3a3eMJICHHUS TTO3BOJIAIOT H30eXaTh HCKPOOOpa3oBaHUIl OT TOKOB 3aMBIKaHUH Ha
3eMJII0, YTO 0COOEHHO BaXKHO JUIA B3PHIBOOMACHBIX 30H.

BBenenue conpoTHBIICHHS 73 TAPAIUIETBLHO TEJIy YeJIOBEKA yMEHbIIAeT JK-
BUBAJICHTHOE COINPOTHUBIIEHHE M CHU)KAeT BO3MOXKHOE HANpsDKEHHE IMPHKOCHO-
BeHUS Upp, T.€. HANpSOKEHHe MEXIY ABYMS TOYKAMHU LEMH TOKA 3aMBIKAHHA Ha
3eMII0 (Ha KOPITyC) TMPH OJHOBPEMEHHOM MPHKOCHOBEHHHM K HHMM YeJIOBEKa.
Makcumanpnoe 3HaueHue Upyp MOXET OBITh PaBHO HANpPSKEHHIO HA 3a3eMIIMTE-
ne Us, 1.e. Uy = Us = I3 13, TAE I3 — TOK 3aMBIKaHUA NpU NMpoboe Ha KOpITyc
(puc. 7.5). CornacHo kpuBOit ABX, MOTeHUMAIBI TOYEK, OTCTOSIIMX B JIIOOOM
HAIMpaBJIeHUHU OT 3a3EMJIMTEJIS Ha PACCTOSHUU OT 3a3eMIHUTENs mpuMepHo 20 M
u Gonee, 6mu3ku K Hymo. CiaenoBarensHo, Upp, paBHOE Pa3HOCTH OPMHAT TO-
gyek O u X, Oyzner makcumanbHeIM. Ecinu yenoBek, mpukacasch K 3a3eMICHHOMY
KOpITyCYy, HaXOAUTCS Ha pacCTOSIHUM MeHee 20 M OT 3a3eMIIHTeNs (HarpuMep, B
TOYKe Xj, OH MOJBEPraeTcs BO3AEHCTBUIO TONBKO YacTH Hanpsukenus U,

A
! A k’"“!‘
8 | Sr=<y
g LA b o
o i e
| = : RS
e il
é — 0,8 M= é S
) !
|
i
|
{ X1 X
————————————
r3 I

I 220m 1

Puc. 7.5. Hanpsbkenue npMKOCHOBEHHs H IlIara B Tpese-
nax pacrekaHus (04HO(DA3HOro 3aMbIKaHU)

Takum 06pa3oM, HanpsHKEHHE, BO3AEHCTBUIO KOTOPOIO IMOJABEPraeTcs ue-
JIOBEK, 3aBHCHT OT PACCTOSHHUS MEXIY 3a3€MJICHHBIM KOPITyCOM M 3a3eMJIHTE-
JIeM, a TaKkXe OT XapaKTepa KpHBOH CIIajia IMOTeHIHaa, T.e. OT CTENIeHH BBIPAB-
HHUBaHHA noTeHnuanoB. Kpome toro, Uy, 3aBHCHT OT CyMMBI M BEJIHYHMHBI CO-
IPOTHBJICHHS B LIENH 3aMbIKaHus. B o6mem ciydae oHO paBHO

Unp=KnpU3=Knp13r3, (7.5)

rae Kyp — koabdunmuent npukocHoBenus Menpie eaunuunl (0,3-0,2 u Huxke
JUIS TIPOMBINUIEHHBIX 3/1aHUH).
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OrnacHOCTh MOpaXXeHMs JIIOACH NMpU 0AHO(DA3HBIX 3aMBIKAHMAX Ha 3a3EM-
JICHHBIE KOpITyCa OMpPEAEIACTCS HE TOJbKO HAIMYHEM HANPAKCHUS Ha KOpITy-
cax, HO M IOJIEM JOBOJIBEHO OONBLIOI HANPSHKEHHOCTH B 30HE PAaCTEKaHMS TOKa
B 3emiie ¢ 3azemsmtens. Kak ciexyer us puc. 7.5, Mexy JioObIMU ABYMs TOY-
KaMH 3eMJIM Ha Y4acTKE pacTeKaHUs TOKA CYLIECTBYET pa3HOCTb MOTEHLIHAJIOB.
ITosTOMy 4enoBeK, HaXOMAUIMHCA B MpeAesnax 3TOT0 y4acTKa, IOJBEpraercs
BO3/ICHCTBHIO HampskeHHs ara U, BCIEICTBHE Yero BO3HHKAET TOK Mopaxe-
HHS, 3aMBIKQIOIMICS B OCHOBHOM 4epe3 HOrM. Hampspkenue mara yMeHpuaer-
Cs MPH YAAJCHHH YeJIOBEKA OT 3a3eMJIMTENS M MPAKTHYECKH PAaBHO HYJIO Ha
paccrosiuuu 20 M ot 3a3emimtens. OHO onpenenseTcs no Gpopmyre

Uw=KwUs=K,,I3r3, (7.6)

rae Ky- Ko3pQUIMEeHT, 3aBUCAIIMHA OT CTENEHU BBLIPAaBHUBAHHUA MOTCHINATIOB
(npu paumoHaIbHOM ycTpoiicTBe 3a3emuenus Ky, npuuumaior 0,3-0,1 u Hike).

Ilpu stom U, BO3pacTaer, €CIM YeJI0BEK, MOABCPTHIMICS €ro BO3jAeHCT-
BHIO, ITaJ]aeT B HANPABJICHHH K 3a3eMJIMTENIO, X TOK IIPOXOJHUT yXKe He uepes
Bce Teno. Caydyan nopakeHus JIOZeH HamnpsHKeHHEM Iuara OTHOCHTEIBLHO pejl-
KH: OHH MOTYT MPOM30HTH, HanpuMep, BOJIH3HM yMaBIIEro Ha 3eMIIO MPOBOJA.
Haubosee onacHe! HANPsDKEHUS 1Iara MpH paspsaaax MOJHHH.

ITYD ne HOpMHPYIOT M He TpeOYIOT pacyeToB 3a3eMIICHUIT Ha OIpeeeH-
HYIO BEJIMYMHY HANpsOKEHHI MPUKOCHOBEHWS U IIara, Tak Kak HOPMHUPOBaHHE
9THX BEJMYHH B YCTaHOBKaxX HanpsukeHueM a0 1000 B kpaiine 3aTpyAHUTENBHO
n3-3a BEIOOpa HEOOXOIMMBIX PAaCYETHBIX NMapaMeTpoB, KOTOPBIE YacTo ObIBAIOT
ycnoBHBIMH. OIBIT, HAKOIUIGHHBIH B Pe3y/bTaTe 3KCIUIyaTalMH OOBIYHO MpH-
MEHAEMBIX 3a3€MJIECHHH, MO3BOJSET 3aMEHHUTh PacyeTsl BHIOOPOM COMpPOTHBIC-
HHH 3a3eMIISIONUX YCTPOHCTB B COYETAHHH (B HEOOXOAMMBIX CIy4asix) C 8bl-
pasnusanuem nomenyuanios. B MPOMBINIIEHHBIX YCTaHOBKAX BhIPAaBHHBAHHE
MOTEHIIMAJIOB BHYTPH TOMEILEHUI MPOUCXOAUT €CTECTBEHHBIM IMyTeM Oaro-
Japst pa3BeTBICHHOH CETH 3a3eMJICHHs, CBA3aHHON CO BCSIKOTO poja MeTallu-
YEeCKHMH KOHCTPYKIMAMH, TpyOonpoBogaMu, obonoukaMu kabereit u T.1L.

B anektpoycranoskax Hanpspkenuem no 1000 B ¢ m3zonmpoBaHHONH Heii-
Tpanblo BEIHYMHA r3 HE J0JDKHA NIpeBblmath 4 OM 3a HCKIIOYEHHEM CIydaes
MHUTaHUS OT TPaHC(OPMATOPOB MIIM TEHEPaTOPOB MOMIHOCTHIO g0 100 kB-A,
rae r3 moxer gocturathk 10 OM. Ecin renepatops! MM Tpanc(opMaTopsl pa-
6otatoT napamiensHo, comporusienre 10 OM gomyckaercs IpH cyMMapHOM UX
momHocty He Gonee 100 kB-A. Comportusnenue, pasHoe 4 OM, MPHHATO 110
crexyomumM coobpakeHnsaM. TokH 3aMBIKaHHA Ha 3¢MJIIO B BETBAX C U30JIUPO-
BaHHOH HeiTpanslo HanpshkeHHeM 10 1000 B 00bIMHO HEBENHMKH: IaXe B CETSX
OTHOCHUTEIBHO OOJIBIIOI MPOTKEHHOCTH OHU HE MPEBBIAIOT HECKOJIBKHX aM-
1ep, a MpH XOpoIIO HalaKeHHOH dKCcruTyaTanuy — He 6onee 1 A. [Tpu Beicoko#
BJIQXXHOCTH ¥ XMMHYECKH aKTHBHOM cpeJie OHM MOryT focTturath 10 A u BeInIe.
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H3mepenus B ceTax NEHCTBYIOUIMX MPOMBIINIIEHHBIX MPEANPHATHI IMOKa-
3aJIM, 4TO TOK 3aMblkaHus Ha 3emmio coctapiser 0,21-2,03 A. IToaromy, npu
IIPOEKTHPOBAHHH CETEH C M30JMPOBAHHOM HEHTPANBIO PacUeTHOH BEIHYHMHOM
TOKA 3aMbIKaHHA HA 3eMITIO [3 OBLT IPUHAT J0BOJIBHO 60O TOK — 10 A. OTO
PaBHOCHJIBHO OTPaHHYEHHIO I3 H, CIEN0BATENBHO, PABHOCHIBHO OrPaHHYEHHIO
Unp HEKOTOPBIM JOITYyCTHMBIM 3HaUeHMsM, T.e. 12 B.

IMockonbky koadduuuent Ky, Bterna MeHplle eIMHULBI U TOKH 3aMBIKa-
HHS Ha 3€MJII0 B IIPOM3BOJCTBAX C HOPMAJIbHOH CPENoH 3HAYMTEILHO MEHBIIE
10 A, Uy, 6yner 60mee HU3KHM.

JlocTaTOYHOCTh TMPOBOJMMOCTH 3a3€MJICHHS JODKHA OBITH TaKXe MpoBe-
peHa 10 ycJIOBUIO 06€30MacHOCTH MPH MEPeXo/ie BHICHUIEr0 HAMPSHKEHUA B LEMb
HM3IIEro, HampuMep, H3-3a HEMOCPEJCTBEHHOTO COCIUHEHHUS IPOBOJHHUKOB
BBICILETO ¥ HHU3LICTO HANpPsKCHUH, MPOBOJOB BO3AYIIHBIX JMHHH pa3sHOro Ha-
NPSKEHHUS M JP., YTO MOJXKET BBI3BATh MPOOOH M30JIALMH IEKTPOOOOPYI0BAHUS
HH3IIETO HANPSKEHUS W MOSBICHHE HAa €ro KOpIyce OIacHOro INoTeHIHana, a
TaKKe OMacHOe HCKPooOpazoBaHuUeE.

JIns 3amMThl OT TAKOTO MEepexojia B CETAX C M30JIMPOBAHHOM HEHTpasblio
MeXTy (a3sHBIM MPOBOJOM HIIM HEHTPAIBIO HIM OJHHUM BBIBOJOM OOMOTKH (CO-
eIMHECHHON TPEYroJbHIKOM) M 3eMJiIeil BKIIOYAIoT MPOOHBHON MPEIOXpaHUTENb
[IT (nanpumep, I111-A/3, cM. puc. 7.3). IlpenoxpaHuTtens UMEET JIBE MeTaJLTHYe-
CKHe 00KTasku (KOHTaKTBI) U MEXIY HUMH TPOKJIANKY M3 CIIOABI C YETHIPbMS
OTBEPCTHAMH O OKPYXKHOCTH, KOTOpast M30JIMPYeT B HOPMAJbHOM pEXHMe 00-
MOTKY HHM3LIETr0 HanpshDkeHHs oT 3eMid. IIpokiajika CITy XuT Uit OCYIIECTBICHHUS
TOYEYHOTO MCKPOBOTO IMPOMEXYTKa, 00ECIEeYHBAIOIIEro 3aaHHyI0 pa3psaHyIo
XapaKTepUCTHKY. B OTBepCTHAX NMPOKIALKH MPOMCXOAUT IIPOoOOii 10 BO3LYIIHO-
My IPOMEXYTKY. Y CTaHOBKA NPOOUBHOTO MpeAOXpaHUTeNs Ha (a3HOM IPOBOJE,
a He HeWTpasy, 00JIerdaeT KOHTPOJIb €ro IEJIOCTHOCTH, TaK Kak mpoboi npemo-
XpaHHUTeJs cpasy 0OHapyKUBAeTCs MO MPUOOPaM KOHTPOJISA U3OJIALIMH.

[Tpo6uBHOI MperoXpaHuTeNb JOKEH 3aMKHYTh LEMb OIHOMOIIOCHOTO
3aMBIKaHUA uepes 3 (CM. puc. 7.3) npu nepexoze HanpsbkeHus. Tak kKak compo-
THBJIEHHE €MKOCTH Xc BBICIIErO HANpPsDKCHHS 3HAYUTENBHO Gomblie r3, TOK /45
OyZeT eMKOCTHBIM TOKOM OIHOIOTIOCHOTO 3aMBIKAHUS Ha 3€MII0 HA CTOPOHE
BBICIIETO HANpsDKEHHsA. DTOT TOK BBI3BIBAET cpabaThIBaHUE 3AIIMTHI U OTKIIO-
YyeHue aBapuitHoro tpaHcpopmaropa. IloBbllIeHHE HANPSHXKEHHS B LENH HU3-
IIEr0 HANPSDKEHUS OTPAHHUYMBACTCA MaJBIM 3Ha4yeHHeM r3. IIpu 3TOoM Hamps-
JKeHHe HelfTpanu O0THOCHTENBHO 3eMin Oyzer pasHo U, = [3r3. Ilo ycnosuio
3aIIUTHI OT repexoaa Hanpsokenus I1YD npeanuchBaloT NpUHUMATh 3HAUYEHHE
r3 mo opmyie :

rs < 125/1%. (1.7)
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@opmyia (7.7) kak 6B permamMeHTHpyeT Hampspkenue 125 B B kauecTse
JIOIYCTUMOTO JIJIst KOPITYCOB 060pYI0BaHHS, COEIMHEHHOr0 ¢ ;. DakTHueckn
3TO HampspkeHue Oyzer mennie 125 B BeieacTBHe COSMHEHHS 3a3€MIEHHOTO
000pya0BaHHA C TPYHTOM.

BenuunHa Toka 0JHOMOIIOCHOTO 3aMBIKaHus [ B CETAX C M30JIMPOBAHHOM
HeHTpasblo MOXeT OBITh Ompe/esieHa 1Mo MpHOIIIKeHHOH Gopmyie

15=U,(351+ 1)/350, (7.8)

rae U, — nuHeiiHoe HanpshKeHHe CeTH Ha CTOPOHE BBHICIIEro HampsykeHus, KB;
I — nnnHa KaOeNbHBIX JIMHHUM, [, — JJTMHA BO3MYIIHBIX JMHUH, 00bEAMHEHHBIX B
OJIHOM CETH, KM.

Takum 06pa3omM, 3a3eMIICHHE ABIACTCA BaXKHOH 3alIMTHOH MEpOH B JJIEK-
TPOYCTaHOBKAX C H30JMPOBaHHOH HelTpanbio. OHO ocobeHHo 3PdeKTHBHO B
ceTAx ¢ Xxopomei uzonsuuent ¢a3 orHocutensHo 3emau. Ilosromy, cormacHo
[TYD, 3a3emiieHHe A0JHKHO OBITH BEIIIOJHEHO COBMECTHO C yCTpOifcTBOM, obec-
MEYMBAIOINM MOCTOSHHBIH KOHTPOJIb M30JIALUH CETH.

OCHOBHBIM HEJOCTaTKOM CETeil ¢ M30JIMPOBAHHOI HEHTpalblO ABJIACTCA
HaJM4YKMe OJHON CUCTeMbI HampspkeHus. [l nanbosee pacrpocTpaHEHHOTO Ba-
puanta oHo cocrasisier 380 B, koTopeiM obecreuuBaeTCs NHTAHHE CHIOBOH
Harpy3ku. DTO SBISETCS CEPhE3HBIM HEJIOCTATKOM TAKMX CETEH, Tak Kak JUId
[HTAHHSA OCBETHTENbHON Harpysku Hampsukenuem 220 B neobxoaumo mmeTsb
JIOTIOJIHUTENBHBII HCTOYHUK NMUTaHusA. [109TOMy B MpOEKTHON M 3KCILIyaTalu-
OHHOM TNpPAKTHKE Yallle MPUMEHSIOT CeTH TpeX(a3Hble YeTBIPEXIPOBOAHBIE C
rIIyX03a3eMJICHHOH HEHTpasblo, KOTOPbIE MMEIOT [Ba HOMMHAJA HANpPsKCHHS:
JIMHEHHOe — JUTS IMTaHUs CHIIOBOH HArpy3kH M (hazHoe — Ul MUTaHUsA OCBETH-
TENBHOM.

3aHyJieHHe B CeTH ¢ IJIyXHM 3a3zemJ/ieHueM Heiitpain. B tpexdasubix
YeTHIPEXIIPOBOAHBIX CeTAX HampspkenneM 660/380, 380/220 u 220/127 B B co-
oTBeTcTBUM C TpeboBanmsamu [1YD npumensercs 3a3eMileHHEe HeHTpaiu
TpaHc(hOpMaTOPOB WM reHepaTropoB. [IpH OTCYTCTBHM 3alIMTHOTO 3a3€MJICHHS
3TH CETH Talke 00JIaJal0T JIEKTPOONACHOCTBIO U MOKAPOB3PBIBOOMACHOCTBIO.
[IprKOCHOBEHHE YeJI0BeKa K HaXOIALIEMYCs 110J{ HAIIPSKEHHEM KOPITYCY 3JIeK-
TponpuemHuKka (puc. 7.6) obpasyer Lenb MopakeHHs, 3aMBIKAIOILYyI0 Yepe3 ero
Tel0, 06yBb, IT0JI, 3eMJIIO M 3a3eMJIEHHE HEHTpaJIH.

Hanpspkenne, BO3JEHCTBHIO KOTOPOTO B 3TOM CIIy4ae IMOJABEPracTcs 4eso-
BeK, IpejcTrasisier coboif yacTh (pazsHOro HanpspKEHHs, JeHCTBYIONIEro B LEIH
3aMbIKaHus. B Tese yesoBeka BO3ZHUKACT TOK /ye,, 00YCIOBICHHBIH (ha3HBIM Ha-
npspkeHreM Uy M 1OCneoBaTeIbHO BKIIOYEHHBIMH COMPOTUBICHUAMHU TeEna
YEJIOBEKA 'yen Y 3a3EMIICHUS HEHTpAIH 1, (€CJIM CONPOTUBICHUAMH 00yBH, T0JIa
Y 3eMJIH IIpeHebpeys):
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Lien = Ugl/(Paea+15). (7.9)

ComnpoTHBIIEHHE 1, OMNpEAeNIeTCs IBYMS YCIOBHAMH: obOecredyeHueM
6e30MacHOCTH IIPH MEPeX0/ie BBICIIErO HAMPSIKEHUS B LENb HU3LIEr0; MpeaoT-
BpallleHHEM HEIOMYCTHMOTO MOBBIIICHHS HANPsOKeHUS (a3HbIX MPOBOJOB MPU
3aMpIKaHuy Jo6oit da3er Ha 3emimio. [Tostomy ITYD ycrananuBaroT [uis 3a-
3eMJICHUSI HEHTPATH MCTOYHHMKA TOKA MAKCHMAJBHYIO BEIHYHHY COIPOTHBIIE-
Hus 2, 4, 8 OM COOTBETCTBEHHO NPH JTHHEHHBIX Hanpsokenuax 660, 380, 220 B.

[Tockoneky B popmyte (7.9) ryex >> ro,

Lien = Up/ruen. (7.10)

Otcrofa crefyer, 9TO OJHOMOTIOCHOE IPHKOCHOBEHHE B CETAX C 3a3eM-
JCHHOW HeHWTpanpi0 BechbMa omacHO. Hampumep, B ceTH HampsKeHHEM
380/220 B uepe3 Teno yenoBeKka MpH rye, = 1000 OM MoXeT MpoXoaAHTH cMep-
TesnpHOo omacHbli Tok 220/1000 = 0,22 A. B 3THX ceTSX TOK B TeJle YeJIOBEKA He
3aBHCUT OT €MKOCTHBIX TOKOB Ha 3€MJII0 MJIH TOKOB YTEUKH, TaK Kak OHM 3a-
LIYHTHPOBAHBI ITYXUM COEIMHEHHEM HelTpanu ¢ 3emiei. bonbmioe 3Hauenue
JUISL NEeKTPoOe30MacHOCTH NMPUOOpETaeT B 3TOM CITydae BBICOKOE CONPOTHBIIE-
HHE ToJ1a 1 00yBH.

" i /
-
-

% =

N - Licn

Puc. 7.6. 3amblkaHKe Ha KOPITYC NEKTPONPHEMHHKA
B CETH C I1yX03a3eMJIEHHON HeHTpallbio

OTC)’TCTBPIC 3alIUTHOrO 3a3€MJICHHUA JJIEKTPOYCTAHOBKH (HaanMep, KOp-
myca 3JICKTpOABUTATENIsA, CM. pHC. 76) U TIPOXOXACHUE TOKa 3aMBIKaHHUA IIPU
3aMbIKaHUH Ha KOPITYC 110 cnyqap“momy IIYTH B MECTaX IJIOXHUX KOHTAKTOB TOXE
MOXET BbI3BATh HCKPECHHE.
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TakuM 00pa3oM, eciaH B 3JIEKTPOYCTaHOBKaxX HampsbkenueM jgo 1000 B ¢
IITyX03a3eMJIEHHON HEHTPaIBIo He MPHMEHATH 3alIMTY, MPUKOCHOBEHHE K Me-
TATTHYECKOMY KOPITyCy, COeIMHHMBILEMYCs ¢ moboit u3 ¢a3, onacuo. Oanako
obecreyuTs 6€30MacHOCTh MEpPCOHaNa B AJICKTPOYCTAHOBKAX C 3a3eMJIEHHON
HEHTPaIplO TaK e, KaK B 3JIEKTPOYCTAHOBKAX C M30JIMPOBAHHON HEHTpalbIo,
MPOCTBIM 3a3eMJICHHEM 3JIEKTPOIPUEMHHUKOB Helb3s. [Ipy 3aMbIKaHMM Ha KOP-
nyc (puc. 7.7) 310 3azemsieHue He obecrneunBaeT Oe30MmacHON BEJIWYMHBEI Ha-
NPSKEHUS TIPUKOCHOBEHHS U TOK I3 HE B COCTOAHMH OBICTPO OTKJIIOUHMTH I10-
BPEXICHHBIH 3JIEMEHT 3JIEKTPOYCTAaHOBKH.

. ¥ ,

= /

Puc. 7.7. 3a3emnenne snekTponpueMuuka 6e3 coeuHeHuns
C 3a3eMJICHHOH HeHTpaIblo TpaHchopmaTopa

Ecnu npenebpeyb OTHOCHTEIBHO MaNBIMKU COMNPOTHBICHHAMHU TpaHchop-
MaTopa, aKTHBHBIM CONPOTHBJICHHEM (pa3HOro MPOBOJA, aKTHBHBIM CONPOTHB-
JeHHeM «(a3a — 3eMJI» U aKTUBHBIM CONPOTHUBJICHHEM 3€MJIM M MeCTa Ipo0ost
Ha KOPIyC, TOK 3aMBIKaHMsA /3, OTPaHHYCHHBIH COMPOTHBIICHUAMH 3a3eMJICHUIT
3JIEKTPONPHEMHHKA I3 M HEHTPAJH rp, CMOXKET OKa3aThCsl HETOCTATOYHBIM JUIS
CropaHus IJIABKOH BCTaBKM NPEJOXPAHHUTENS WIM OTKIIOUEHMs1 aBTomara. Ha-
IIpUMEp, €CJIM MPHHATH YaCTO BCTpevaroluecs 3HaueHust ro =4 Om u r3 = 10
Owm npu Hanpsukenun cetd 380/220 B, nomyuuM TOK 3aMbIKaHUs

I3 = Upl(ro+r3) = 220/(4+10) = 15,7 A.

Tako# TOK MOXXET BbI3BaTh GLICTPOC OTKJIIOYEHHE JTMHMH, 3alIHICHHBIX
NpEeaOXPAHUTECIAMH C HOMHHAJIBHBIM TOKOM IUIaBKOHM BCTaBKH He Oojnee 6 A
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WM aBTOMara ¢ TOKOM CpabaThIBaHMs SJIEKTPOMArHUTHOTO pacLENuTeNs He
Gonee 15 A. IIpu 6G0MbIIMX HOMHHATBLHBIX TOKAX 3THX allIlapaToB OTKIIOYEHHS
He IMOCJEIyeT, a PH JUIMTEILHOM NPOX0XKICHNH aBapHHHOTO TOKa /3 Ha 3a3eM-
JIEHHBIX KOpITycax OyZyT cO3/aBaThCs M ONACHBIE HAPAKEHHA 110 OTHOLICHUIO
Kk 3emne: Uy, = I3 = 15,7-10 = 157 B, a Tok 4epe3 uenoBeka lyey = Unp/luen =
= 157/10°= 157 MA, ut0 He obecreunBaeT YCIIOBHS 3JIEKTPOOE30MacHOCTH.

3nauenusa Uy, OymyT onpefensaThes BeInunHoH Uy M COOTHOLICHHEM 1y/r3.
Ymenblienue 13 naxe B 10 pa3s CHU3UT HanpsbkeHHe NPUKOCHOBEHUS Uy, MpH-
MepHO B 2 pa3a, yTo Oyzet coctaBmiats okono 100 B. JlanpHeiinee yMeHbIICHHE
3 5KOHOMHYECKH HEBBIMOJIHO, TAK KaK CBA3aHO C HEOOXOAMMOCTBIO OONBIIHX 3a-
TpaT Ha U3rOTOBJICHHE 3a3eMJLIIOLIET0 YCTPOHCTBA (TaK Kak r3 HEOOX0AUMO Obl-
70 Obl ymenpuTh eie B 10 pa3) ¥ B KOHEYHOM cHeTe He pemraet mpobiemy
anektpodezonacHoctu. IToatomy B cersix Hanpspkenuem 1o 1000 B ¢ riryxosa-
3eMJICHHOH HEHTpasipl0 METATIMYEeCKHe HETOKOBEIYLIME 4YacTH 3JIEKTpOycTa-
HOBKH HaJI0 COCIHMHATE HE C 3a3eMJIUTEIIIMH, a C HYJIEBBIM 3aIlUTHBIM IIPOBOJOM
(puc. 7.8), KOTOpEII MOAKIIOUEH K HEHTpanmu TpaHchopmaTopa. DTO 3alIMTHOE
MEpOTpUsATHE Ha3bIBACTCA 3aHyneHuem. B TakoM cirydae 3aMbIKaHME Ha KOPITYC
npuBoIUT K oxHodazHomy K3 cern yepes dasuslii 1 HyseBoit nmpoBoaa. Tak kak
COTPOTHUBJICHUS NPOBOJOB 3HAYUTEIBHO MEHBIIE 73 U 1, TOkU K3 Jk3 mocTuraior
Gonpnx 3HaveHuit. IlpemoxpanuTens WM aBTOMAT OBICTPO OTKIIOYAET aBapHii-
HBIH y4acTOK. ABTOMaTHYECKOE OTKJIFOUCHHE MOBPEMKICHHBIX YYaCTKOB SABIIACT-
Csl OCHOBHBIM MEPOIPHATHEM IO 00ECNEUeHHIO IEKTPO- U M0XkapoOe30mnacHo-
CTH B 3JIEKTPOYCTAHOBKAX C IIyX03a3€MJICHHON HEUTPATIBIO.

U>1000B  U<1000B o
el YY) - A
| Py = Te B
¥ C

Hynesoii 3amut- be! y
HBIii POBOJL JJ‘? ‘0

= —— -
1

Puc. 7.8. 3aMbiKaHKHe HA KOPITYC NIEKTPONPHUEMHHKA B CETH C ITyX03a3eMJICHHOMH
HEHTPAJIBIO PH HATMYMH 3aHyJIeHHs. [Iepexo/i BEICIIEro HanpsKeHHs B LEMb HU3LIEro
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3aHynenue obecreyrBaeT eKTPoOe30MacHOCTh TOJNBKO NMPH COOIII0AEHHH
pAa YCIOBHH, YCTOXHSIOUIMX €ro yCTPOHCTBO M TPeOYIOIMX MOCTOSHHOIO
BHUMAaHUS NIPU 3KCIUTyaTaruu. Tak, IS HaJe)KHOTO U 04eHb OBICTPOro OTKIIIO-
YEeHHUs aBapUITHOTO ydyacTka HeoOxoaum moctatounbli Tok K3. Crnemyer obec-
IeYnBaTh 6€30MacHOCTh B TEYEHHE BPEMEHH OT MOMEHTA 3aMblKaHus J10 cpaba-
TBIBAHUS 3aIIUTHOTO armapara, a Takke npu oOpeiBe HyseBoro nposoxa. Ilpu
OTKa3e anmapaToB 3aIUTHl MM 3alepKKE OTKIIOUEHHS Ha BCEX MeTajiuye-
CKHX YacTsAX, NMPHUCOCAMHEHHBIX K HYJIEBOMY IPOBOJY, OCTAETCS IMOTEHLHMAI,
KOTOPBIH MOXET MPEBOCXOAUTH JONMYCTHMBIH. B cBA3M ¢ atuM Oyzmer cymiect-
BOBAThb peajbHas yrpo3a NopaxeHHs JIOJeH, MPUKACAIOIUXCA K 9TUM YacCTAM.

JnutensHbli Tok oxHodasnoro K3 MoxeT BBI3BaTh CEphe3HbIE TOBPEKIE-
HUSI TOKOBEIYIIMX YacTei 3eKTpoobopya0BaHHs, UX 3aUIUTHEIX 000I09eK WIN
koprycoB. OcoGeHHO OmnacHa 3aJepikka OTKIIOYCHUS TOKOB omHogaszHoro K3
BO B3PbIBOOITACHBIX 30HAX, MPUBOAAIIAA K BOSHHKHOBEHHIO JUIMTEIBHON TYTH U
MOBPEXICHHIO (TIPOXKHUTY) 000JIOUKH, MaHEIH C 3aKHMaMH WIH TPYO 3JIeKTpO-
MPOBOZIKH C TMOCJIEAYIOMIUM BBIOPOCOM IUIAMEHH B OKpY’Kalollee IMpOCTPaHCT-
Bo. Tak, AByxmioiiMoBas Tpyba MoskeT mporopetsh yepes 3 ¢ npu toke 500 A, a
npu Toke 350 A — uepe3 5 c. [ToaTomMy nydmuM pemIeHHEM CIEAYET CUMTATh
NPUMEHEHHE BO B3PBIBOOMACHBIX 30HAX HE MpeJoXpaHuTeneil (3a HCKIIUeHH-
eM crenManbsHeIX OblcTponeiicTByromnx, Hanpumep ITHBS), a aBromaros c
3JIEKTPOMAarHUTHBIMU HJIM TOTYTIPOBOAHUKOBBIMHM PACIEMUTENAMH, cpabaTsl-
BAIOIIMMH MTHOBEHHO M OTKJIIOUAIOLIMMH BCe TPH (asbl, YTO MPEIOTBpAILACT
M0KAPOOMACHBIH PexKHUM paboThI ANIEKTPOABUTaTENICH Ha ABYX (a3ax.

Bo Bpems cpabGaThIBaHUS 3alUTHI HAa 3aHYJICHHBIX METAUTHYECKUX YacTAX
MOTYT KPaTKOBPEMEHHO CO3/1aBAThCA 3HAYMTEIbHBIC M AK€ ONACHbLIC MOTEH-
ruansl. OIHAKO B LEMSAX CO BCTPOCHHBIMHM MIIH OJIM3KO PacIioNoKeHHBIMHU TI0-
CTaHIMAMH M HACBIIIEHHBIX TEXHOJOTMYECKHM 000pyIOBaHHEM HaNpsOKCHHE
NPHKOCHOBEHHMA TPH 3aMBIKAHUAX Ha KOPIYC HE MPEBOCXOAMUT OE30macHoro
3HaYeHUA M Hepeako paBHO 10-12 B. D10 oOBscHsAeTCS BKJIIOYEHHEM Mapa-
JIeTBHO C HYJIEBBIM IPOBOJIOM MPOBOJHUKOB OOJIBIION MPOBOJUMOCTH; 3a3eM-
JIEHHBIX METAJUIMYECKUX YacTeH 3JIeKTPOYCTAHOBOK, METAIIMYECKUX 000I0ueK
kabenei, TpyOONpoOBOAOB, TEXHOJOTHYECKOr0 000pyIOBAHMS, METATIHYECKHX
KOHCTPYKIMH 3aHUH M T.II., @ TaKKe BhINOIHEHHOro o [1Y3 moBropHoro 3a-
3eMJICHHA HYJIEBOTO IIPOBOJA (7y, CM. puc. 7.8).

YCTpoiCTBO JOMOMHUTENBHBIX MECTHBIX OYaroB IMOBTOPHOTO 3a3eMJICHHSA
HYJIEBOTO MPOBOJA, BBIMOJIHAEMBIX 110 KOHTYpY 3/1aHHMs WJIH YCTAHOBKH, SBIIA-
ercs Haubonee 3P HEeKTHBHBIM CITOCOOOM CHIXKEHHS OMACHOCTH, 0COOEHHO IS
YAaJeHHBIX OT MOACTAaHUMH ycTaHoBOK. [Ipu TakoM crocobe yaaercs BO BpeMs
aBapUIHBIX PEXHMMOB YPaBHATbL MOTCHLHATBI IOJA (3eMJIM) U 000PYAOBaHHUS.

255



[ToBTOpHEIE 3a3EMIICHHS HYJIEBOIO MPOBOJA CHUKAIOT ONMACHOCTh BO3HHKHOBE-
HUS TI0XapOB OT TOKOB 3aMBIKaHUs M IIOTEHIHAJIOB Ha 3a3€MJIEHHBIX KOpITycax
B ciryuyae oOpbIBa HyneBoro nposoaa (cMm. / Ha puc. 7.8).

Kax yxe yka3sbiBanock, mpu oOpbIBe HyJICBOTO NMPOBOAA M 3aMbIKAaHHH Ha
KOpITyC NMPHKOCHOBEHHE K JMI000H MPHCOCIMHEHHON K HYJIEBOMY MPOBOIY Me-
TaJIMYECKOH YacTH PaBHOCHIIBHO MPUCOSIMHEHHIO K TOKOBEIyIIEeMY POBOIY,
a MPOXO0XK/ICHUE TOKOB 3aMBIKAHUA 0 CITyYaiHBIM IyTAM MOXET OBITh IPHIH-
HOI moxapa. OHaKo MOJIHOE CoBMaJAeHHe 00pbIBa HYJIEBOTO MPOBOJA C 3aMBl-
KaHMEM Ha KOPIyC MaJIOBEPOATHO, TeM 6oJiee YTo pedsb HAEeT O MariCTpPabHBIX
nposBogax. Ecnu panbnie nmpousoiizer o6psiB, oH OBICTPO 0OHApYXHTCSH, TaK
KaK OOpBIB HYJICBOTO MPOBOJA BEI3BIBAECT OTKIIOYEHHE MIIM HEHOPMAJBHEII pe-
XKHUM pabOThI AJEKTPOJIAMIT U APYTUX OAHO(DA3HBIX 3JIEKTPONpUeMHHKOB. Eciu
K€ paHplle MPOM30MIET 3aMBIKAHHE Ha KOPITYC, OHO JOJKHO OTKJIIOYHTHCS 3a-
muroit. Kpome Toro, eciim B OCBETUTENBHOH CETH HYJIEBOH IPOBOJ MCIOJB3Y-
eTcs B kayecTBe pabouero, noTeHIHaI Ha 000py/J0BaHHE MOXET OBITH BEIHECEH
yepe3 HUTh JJIEKTPUYECKON JIAMIOYKHM CBETHJIBHMKA HJIM COMpPOTHBICHUE Ha-
rpeBaTenpHoro npubopa aaxe Mpu OTCYTCTBHU 3aMblKaHHMA Ha Kopmyc. IToaro-
MY LIEJIOCTHOCTH HYJIEBOTO IPOBOJA mMpHiaeTcsa Oonbpuroe 3Havenue. Eciu Hy-
JIEBOH MPOBOJI UCMOIB3YETCS B KAYECTBE 3ALIUTHOTO, B €r0 IIEMH 3alpeIacTcs
NPUMEHATh PasbeHHAIONME anmaparsl (pyOMIBHHKH, BBIKITIOYATETH U T.IL),
NIPEIOXPAHUTENIN WIK aBTOMAThl. B BO3AYIIHBIX JIMHUAX ITOBTOPHBIC 3a3eMIle-
HHA PEKOMEHIYETCSl YCTPauBaTh Ha KOHLAX JIMHUI (MM OTBETBICHHUH) JUTHHON
6onee 200 M, a Takke Ha BBOAAX B 3aHHs, BHYTPH KOTOPBIX IPUMEHSETCS 3a-
HYJIEHHE, ¥ Y TIPOXKEKTOPHBIX MayT.

O611ee CONpOTUBIICHUE PACTEKAHUIO 3a3eMJICHUH BCEX NMOBTOPHBIX 3a3€M-
JICHHI HyJIeBorQ pabodero nmpopojia KaxJI0H BO3TyNIHON JIHHHHM B TI000€ BpeMs
roja nomkHo O6bITh He Gonee 5, 10, 20 OM COOTBETCTBEHHO NPH JIMHEHHBIX Ha-
npsokenusx 660, 380, 220 B. ConpoTHBIeHHEe paCTEKaHUIO 3a3eMIIUTENS Kax-
JIOT0 M3 MOBTOPHBIX 3a3eMJICHHIT T0oJDkHO ObITh He Gonee 15, 30, 60 Om coot-
BETCTBEHHO TPH TeX XK€ HanpsHkeHHsX. s MOBTOPHBIX 3a3€MIICHHI ClieqyeTr
MaKCHUMaJbHO MCIIOJIb30BATh CCTECTBEHHBIE 3a3eMyuTeNu (cM. maparpad 7.3).
Yem Gonblue MOBTOPHBIX 3a3€MIICHHH 3alLMTHOrO HYJIEBOTO IIPOBOJA M 4YeM
HIDKE MX CONPOTHBJIEHHE, TEM HMXE HaNpsKEHHE MPHKOCHOBEHHA M HaIpsKe-
HHUE M0 OTHONIEHMIO K 3eMJIe KAaK MPH 3aMBIKaHMAX Ha KOPITyC, TaK M IpHu 00-
PBIBE HYJIEBOTO MPOBOJIA.

B anekTpoycTaHOBKAX ¢ TIIyX03a3eMJIEHHOM HelTpaiibio HanpshkeHueM 380-
220 B 3ampemiaercs IpUMEHEHUE 3aIlIUTHOTO 3a3eMJICHUS 0e3 OJHOBPEMEHHOTO
3aHyJICHH, a TAKXKE MPUMEHEHHE 3¢MJIH B KAaYECTBE HYJEBOTO IPOBOJHMKA, TaK
KaK TpH 3TOM B CIIydae MOBPEKACHUS M3OJALMH 3a3eMJICHHOTO 000pyI0BaHMsA
BO3HUKIIH OBI T€ XK€ ONACHBIE YCIOBUS, YTO H TIPH 0OpBIBE HYJIEBOTO IPOBOIA.
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B 31eKTpOycTaHOBKAX € IUTyX03a3eMJIEHHON HEHTpalblo 3aliMTa OT Orac-
HOCTH, CBSI3aHHOM C IEpexoJ0oM BBICIIET0 HANpPHKCHUS B LEMb HHU3LIEro
(cM. puc. 7.8), mocturaercs 3a3eMieHHEM HelTpanu Tpancdopmaropa ro. [Ipu
9TOM MOBBILICHHE HANPSDKEHUS B LEMH HU3IIEr0 HAIPSKCHHS OrpaHHYHBaCTCH
MaJIbIM 3HaYeHHeM ry. Hampspkenue HeHTpaiu OTHOCHTENBHO 3€MIIH MMOJTy4YaeT-
cs paBHBIM U,=I3ro. BenuuuHa ry He J0OJDKHA MPEBOCXOAUTH 3HAUYEHHE, OIpe-
nensieMoe BoipaxkceHuem (7.7).

3aHyneHHe — OJHA U3 MEPBBIX 3ALIUTHBIX MEP B JEKTPOYCTaHOBKaX. 3a-
HyJIEHHE UMeeT KaKk IKOHOMHUYECKHE (MPOLIE U JCLIEBIE 3a3eMIMTENIHN, HCIIOTIb-
3yeMble B CHCTEME 3aHYJICHHS), TAK U Ka4eCTBEHHBIC NPEUMYILECTBA MEPE] 3a-
IUTHBIM 3a3eMJICHHEM — OHO CHHMAET HAINpsDKEHHE C TMOBPEXACHHBIX YacTel
3JIEKTPOYCTAHOBKH. BEIMONHEHNE 3aHyJIeHHS B COOTBETCTBUM C mpaBmiaMu [1]
obecreynBaeT €ro BBICOKYIO HaJeHOCTb. OJHAKO 3aHYJICHHE HMECT Pl
NPHHLHUIHANBHBIX HEJOCTATKOB, HAIIPUMEP:

He obecrieunBaeT 6€30MaCHOCTH MPH HEMOCPEACTBEHHOM IPHKOCHOBEHHH
4eJI0BeKa K TOKOBEIYIIUM YacTAM 3JIeKTPOYCTaHOBKH;

HYJICBOI 3aLMTHBIIH TPOBOJHUK OOecreynBaeT BEIHOC MOTEHIHana (Jaxe
[PH OTCYTCTBUH 3aMBIKAHUA Ha KOPILYC) Ha BCE 3aHYJICHHBIE JIEKTPONIOTPeOH-
TEJIH, YTO MPECTABIISET OMACHOCTh MOPAXKEHUS H CO3AeT MOMEXH PaIr0dIIeK-
TPOHHOMY 000pY0BaHHIO;

B CETH C 3aHYJICHHEM HeJIb3s MCIOIB30BaTh 3a3€MJICHHE OT/IEIBHBIX JJICK-
TponoTpebureneit (6e3 cOeMHEHUS HX C HYJIEBBIM 3alIUTHBIM MPOBOIHUKOM),
TaK KaK IpPH 3aMBIKAaHUM Ha 3a36MJICHHBIN KOPITyC 3aHYJECHHBIE 3JIEKTPOIIOTpE-
OuTeNny OKa3bIBAIOTCS IO OIACHBIM HAMNPSKEHHEM B TEYEHHE IMTEIBHOIO
BpPEMEHH;

OJTHOBPEMEHHOE IMPUKOCHOBEHHE K TOKOBEIYIIMM HacTAM JJIEKTPOycTa-
HOBKH U €€ 3aHyJICHHOMY KOPIIyCy, a TaKXKe K He3aHyJICHHOMY H 3aHYJIEHHOMY
9NEKTPOOOOPYIOBAHHIO TIPEACTABISAET OONIBIIYIO OMACHOCTS;

OmMOKH MPU MOHTaXe M IMOJKII0YEHHU dJIEKTPOTIOTPEOUTENSI MOTYT IpH-
BECTH K TOMY, YTO €ro KOpIYC OKa)KeTCsS HEMOoCpeJCTBEHHO MOIKIIOUEHHBIM K
(a3ze yepe3 HyJIEBO 3aLIUTHEBIH TPOBOAHHUK;

HeperopaHue IMIaBKOH BCTABKHM OJHOIO MPEJOXPAHUTENS MPH 3aMBbIKAaHHU
Ha KOpITyC He 00ecreynBaeT IOJIHOIO OTKJIIOYEHMs OT CeTH Tpexda3Horo mo-
Tpebutens, u oH (HanmpuMep, TpeX(da3Hblif HNEKTPOJBUTATENb) OKAXKETCA B I110-
XKapOOIaCHOM HEMOJHO(A3HOM pexHMe paboTsl;

Toku K3, TOKM yTedkH, HMCKpBl IpH 3aMBIKAHUM Ha KOpIyC, Ieperpes
Tpex¢a3HeIX norpedureneii mpu pabore Ha ABYX (azax, 00yCIOBICHHbIE HAJIH-
YHEM 3aHyJICHHS, MOTYT CO3/1aTh MOKapOOIACHYIO CHTYAIHIO;

TPYAHOCTH BbINONHEeHHA TpeboBanui [1YD k 3aHyneHuio mo ¢opmyinam
(3.12) 1 (3.13) B IPOTSKEHHBIX CETSAX M IPHU 3aHYJICHHH MOIIHBIX OTpeOuTeNeH;
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TPYAHOCTH KOHTPOJIA (LIEIOCTHOCTH LIETH 3aHyJICHHS).

[Tepedncnennsle HEAOCTATKH MOKA3BIBAIOT, YTO 3aHYJICHHE YXKE€ HE COOT-
BETCTBYET COBPEMEHHOMY YPOBHIO 3JIEKTPU(DUKALMM CTPaHbl M HYXKIAETCSA B
NPHHIMIIHAIBHOI nepepaboTke WM 3aMeHe Gojee COBEpPLICHHBIMH MEpaMH
3allMTHI, HAIpUMEp YCTPOHCTBOM 3aiuTHOro orkitoyeHus Y30 (cM. mapa-

rpa¢ 3.5).
7.3. YCTPOMCTBO 3A3EMJIEHUI M 3AHYJEHUI

3azeMJIeHHE MM 3aHYJICHHE NPHMEHSIOT BO BCeX CIydasX MY Hampsoke-
uuu 380 B (1 Bee) nepemennoro u 440 B u BbIe MOCTOSHHOTO ToKa. B mo-
MEIEHUAX C MOBBIILEHHONH ONMACHOCTBIO, 0CO00 ONMACHBIX, B HAPYXHBIX yCTa-
HOBKAX 9TH 3alllUTHEIE MEPBI IPHMEHSIOT NPU HanpsbkeHusax Boimre 42 B nepe-
MenHoro u 1'10 B mocrosHHOrO TOKA.

3a3eMJIATh WM 3aHYJIATh HEOOXOAUMO CJISIYIOLIME YaCTH dJIEKTPOYCTaHO-
BOK: KOpIyca TpaHc(OpMaTOpPOB; paMbl M NMPHUBOABI BHIKIIOYATENEH M JPYTHX
KOMMYTALIMOHHBIX aIlMapaTtoB; BTOPHYHEIE OOMOTKH H3MEPHTENBHBIX TpaHC-
(opmMaTopoB; KapKackl paclpeieTHTEIbHbIX IMTOB U IHTKOB, MyJIbTOB H LIH-
TOB ympaBieHus, mKkadoB ¢ s1ekTpoobopynoBanneM. CheMHbIE MIH OTKpPBI-
BAIONIMECS YacTH IIMTOB M IIKa(OB JOIKHBI OBITH 3aHYJIEHBI OTAENBHBIM THO-
KMM IIPOBOJHHMKOM, €CJIM Ha 3THX YacTAX YCTAHOBJIEHO 3JIEKTPo0OOpynOBaHHE
HanpsbkeHueM Beinie 42 B nepemennoro uiu 110 B mocrosuHoro toka. 3aHy-
JAI0T TaKXkKe MeTajuinueckue 06osouku U OpoHio kabenei, MpoBoAOB, MeTall-
JUYecKue KabelbHble KOHCTPYKIMH M MY(THI, CTaJbHBIC TPYOBI JIEKTPOIPO-
BOJIKH, TPOCHI, HA KOTOPBIX MO/BELIEHb! MIPOBO/IA, KOXKYXH MIMHOIPOBOJOB, KO-
poba M JIOTKH, apMaTypy >ee300eTOHHBIX OIOp M MPOBOJOYHBIC OTTSKKH JIIO-
ObIX Ormop, a Tak)Ke BCE APYTrHe METaUIOKOHCTPYKLHH, CBA3aHHBIE C YCTaHOB-
KOif 37IeKTpo06OpyIOBaAHUS.

ITYD He TpeOyroT 3a3eMIATh MM 3aHYJATH YTO-THOO B MOMeLIeHHAX Oe3
TOBBIIIEHHOH ONMACHOCTU TMOPAXEHHs JICKTPUYECKHM TOKOM, B YaCTHOCTH B
XKHJIBIX W OOILECTBEHHBIX MOMELICHUAX C JEPEeBSHHBIMU HIIH IUIACTHKOBBIMH
T0JIaMH, €CII HOMHHAJIBHOE HampspkeHue snekrpoobopynoBanus 220 B u Hu-
*Ke. 3aHyJNeHHe 3[eCh TOJBKO IOBBICHIO OBl OIACHOCTh NPH CIy4aitHOM MpH-
KOCHOBEHHH OJHOBPEMEHHO K TOKOBEIYIIMM YacCTAM M K 3aHYJIEHHBIM, T. €. K
CBSI3aHHOMY ¢ 3emJIeif koprycy anekrpoobopyznoBanus. He TpebGyercs Taxoke
3aHYJSITh B KYXHSX, BAHHBIX KOMHATaX M TyaleTaXx KBapTHP MeTaUTHYeCKUe
KOpITyca CTAallHOHApHO YCTaHOBJIEHHOTO OCBETHTENIBHOTO 3JEKTpooOopyIoBa-
HHS Y NIEPEHOCHBIX 3JIEKTPONpHOOPOB U MalIMH MOIIHOCTEIO 10 1,3 kBT (cTH-
paJibHbIC U IIBEHHbIC MAIHHBI, XOMOAUIBHUKH, YTIOTH U T. IL.).

3azemJs0IMe U HYJIeBble 3alIHTHbIE POBOAHHKH MOAPA3ACIAIOTCS Ha
MarucTpajabHble ¥ OTBETBJICHHS OT HUX K OTICIBHBIM 3JIEKTPONPHEMHHUKAM.

258



Tam, rae 910 I0MyCTUMO, B KaY€CTBE HYJIEBBIX 3aLIMTHBIX IIPOBOJAHUKOB B II€P-
BYIO O4Yepe/lb HCIONIB3YIOT HyJieBbIe paboune mpoBOoJHUKH. [Ins 3a3emMieHuii U
3aHYJICHUH 3JIEKTPONPHEMHHUKOB PEKOMEHIYETCS MPUMEHATh OTACIBHBIE MBI
kabesnel ¥ MpoBOJa 3JIEKTPONPOBOJIOK (YeTBEpTast JKUIIA, YETBEPTHIH U TPETUI
IPOBOJ), OTKPBITO MPOJIOKEHHBIE MPOBOAHUKH, NMPEUMYILIECTBEHHO CTalbHBIE;
METaJUIMYECKHE KOHCTPYKIHH Pa3IMYHOTO Ha3HAYCHHS; aTIOMHHHEBBIE 000-
704Ky Kkabeneit (HO He OpoHI0). 3aIMTHBIMU IPOBOAHUKAMM, B YACTHOCTH, MO-
TYT CIY)KHTh: METANIHYECKHE KOHCTPYKLHMH 30aHUH ((epMbl, KOJOHHBI U T. IL.);
METaUTHYeCKHe KOHCTPYKIHH IPOU3BOJICTBEHHOTO Ha3HAYEHHMs (IIOAKPaHOBBIE
MyTH, KapKachl pacrpeeIUTeIbHBIX YCTPOHCTB, MaXThl JH(YTOB U MOIBEMHHU-
KOB H T. I1.); CTaJIbHBIE TPYOBI, METAUIMYECKHE KOP0oba U JIOTKH 3JIEKTPONPOBO-
JI0B; META/UIMYECKHE CTALMOHAPHBIE OTKPBITO MOJOKEHHBIC TPYOOIpPOBOIBI
BCEX Ha3HAYCHWH, Kpome TpyOONpPOBOJOB JUIA TOPIOYMX Ta30B M JKMIKOCTEH,
KaHAJIM3alMy, LEHTPAIBHOTO OTOIUICHHS M ObIToBOro BopocHabxenus. OHH
MOTYT CIyXKHTh E€IHHCTBEHHBIMH 3aIUTHBIMH NPOBOJHHKAMH TOJBLKO B TOM
Clydae, eCliM yIOBIETBOPAIOT TpebopaHuaM I1YD B OTHOIICHHH CEUCHUS HIH
IIPOBOJIMMOCTH, a TAaKXXe eclii oOecredeHa UX HePEPRIBHOCTE.

3auMTHBIC TPOBOAHUKH IO YCIOBHAM MEXaHMYECKOH MPOYHOCTH M CTOH-
KOCTH K KOPPO3HH JOIDKHEI MMETh MHHUMAJIbHBIE pa3Mepsl (Tabu. 7.2).

Tabnuua 7.2
Cranb
IpoBoaHukn Meas Adsie B 31a- B HapyKHbIX
MUHHMIT B 3eMie
HUAX YCTaHOBKax
Ionble npu OTKgblTOﬁ NpOKJIaJIKe:
ceyeHue, MM 4 6 —_ — —
JHaMeTp, MM — - 5 6 10
H3onuposanHbie npoBoja, MM’ 1,5* 2,5 —_— — N
3azeMislOmHE W HYJIEBbIE JKHIIBI
Ka0esieif ¥ MHOTOXKHJIBHBIX [POBO-
JIOB B 001uei 3amuTHONH 000104Ke
¢ hasHbIMH KHIAMH, MM’ 1 2,5 —_ — —
ITonocoBas ctane:
ceyenme, MM R (R 24 48 48
TOJILLMHA, MM T e, 3 4 4
VYrioBas crans:
TOJILMHA [TOJIOK, MM . _ 2 2,5 4
BonorasonpoBoHeie TpyObl:
TOJILLHHA CTEHOK, MM g _ - 2,5 2,5 3,5
TounkocteHHsle TPYOBI
no 'OCT 10704-63: He nonyc-
TOJILIMHA CTEHOK, MM — L A 1,5 2,5 Kaercs

» Hpﬂ NpoOKIajaKe MpoBoJOB B pr6ax AOITYyCKAKTCsA ME/IHbIE HYJIEBBIC 3aLIUTHBIC MPO-
2
BOJIHHKH cevyeHueM 1 MM”, eciin (bazﬂbxe TMPOBOJIHHKH UMEIOT TO XK€ CEYECHHE.
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C yyeroM yclnoBHii 6e30macHOCTH M 0C00OIl HaJeKHOCTH, KOTOPYIO
JIOJDKHBI MMETh 3alMTHBIC IIPOBOJHUKH, K HUM IPEIbABIAIOTCSA TOIOIHUTENb-
HBIE TpeOOBaHUSI.

B ceTsax ¢ M30IMPOBaHHOM HEHTPAIBIO CEUCHHE 3a3EMIISIONIMX IPOBOJHH-
KOB JIOJDKHO COCTaBIATH He MeHee 1/3 ceuenus ¢as3HbIX, a MPOBOAUMOCTH IPO-
BOJIHMKOB M3 Pa3HBIX METAJUIOB JOJKHA OBITH He MeHee 1/3 MPOBOAMMOCTH
(hasHBIX.

B ceTsx ¢ MIyXuM 3a3eMJIeHHEM HEHTpaH JJIs HaJe)KHOTO aBTOMAaTHIECKO-
r0O OTKJIIOYCHHs aBAPUHHOTO y4acTKa HyJIEBBIEC 3aLIUTHBIC MMPOBOJHUKH JOJDKHBI
ObITh BBIOpaHBl TaKMM 00pa3oM, YTOOBI NMPH 3aMbIKAHMM Ha KOPITYC BO3HHKAI
Tok K3, xoropeit ynosnersopsn 651 TpeboBanuam Gopmyi (3.12) u (3.13). 1o,
TpeboBaHue OOBIYHO YIOBJIETBOPSETCSH, €CIU MPOBOJMMOCTH HYJIEBBIX 3alllUT-
HBIX MPOBOJHHKOB COCTaBIseT He MeHee 50 % mpoBoauMocTH (Ha3HOTo MPOBOJA.

[Ipy MemHBIX M aJIOMHHHEBLIX IPOBOAAX CEYEHHE HYJIEBOTO 3aLIMTHOIO
nposoja npuuuMaioT He Menee 50 % ¢asnoro. Ecnu xe dasHblii mpoBoJ Men-
HBIl MM aTIOMHMHHUEBBIH, a 3aIUTHBIH — CTaJbHOM, Kak 3TO 4acTo OBIBaeT B
MPOMBIIUIEHHBIX YCTaHOBKaX (3a MCKIIOYEHHEM B3PHIBOOIACHBIX), 3AIUTHBIH
IIPOBOJ] HEJNb3sl BEIOMPATh, HCXOAA M3 ceyeHHus (a3HOro, Tak Kak CONPOTHBIIE-
HHME CTaJIbHBIX MPOBOJHHKOB OTHOCHTEJBHO BEJIHKO, a NPH MEPEMEHHOM TOKE
CONPOTHBJICHHE 3aBHCHT TAKXXe€ OT TOKA M KOHCTPYKLIMH INPOBOAHHKA (OIHO-
I MHOTOXMIbHAs). KpoMe Toro, ciieyer cuuTaThesi ¢ BHELIHMM HHIYKTHB-
HBIM COTIPOTHBIJICHHEM, TaK KaK CTaJbHBIC 3aIUTHBIC MPOBOJHHUKHU (32 HCKIIIO-
YEeHHEM MPOKJIAJKH B CTAIBHBIX TPy0ax) MOHTHPYIOTCS Ha HEKOTOPOM, HHOTAa
3HAYUTENILHOM, PACCTOSHUM OT (pa3HBIX.

B Ta6xn. 7.3 npuBeseHsl peKOMEHIyeMble MUHHMAJbHbIE CEUYEHUS ITPOBOJI-
HHUKOB M3 ITOJIOCOBOH CTaJM M AMAMETPhl TPYO 3JIEKTPONPOBOAKH, MPUMEPHO
COOTBETCTBYIOLIME IO MPOBOJMMOCTH CEYEHHSAM MEIHBIX H aTIOMHHHEBBIX
IPOBOIOB JUIS 3aHYJICHHA B CeTAX HampsbkeHueM 660, 380 u 220 B.

Tabnnua 7.3
Ceuenue, Mm” 6
MeAHOro (paz- | anoMHHMEBOro CTaNbHOM 11010Ch! Auanerp sosorasotpenonsol Tyou
Horo npososa | ¢asHoro nposoaa JUIA 3aHyNeHH At Sadymesr, oatiaii
6 n HIDKe 10 1 HIXKE I5x3 12

10 16 20x 4 172

16 25 40x3 3/4

25 35 50x4 1

35 50 80x4 1-172

50 70 100x 4 1-12

70 95 100x 8 2

95 120 100 x 8* 2:172

120 - - 212

* Moxer [IPUMEHATBLCA TOJILKO IPH aIFOMHHHEBOM (baauom npoBoOJE.
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Hcrons30BaHne €CTECTBEHHBIX NMPOBOJHUKOB B Ka4eCTBE HYJEBBIX pabo-
YHUX MPOBOAHUKOB JOMYCKAECTCS B HOPMAJBHBIX ITOMEILEHHAX TOJBKO JUIA
IPYIIIOBOM CETH OCBELIEHHs M MPH YCIOBHH, YTO OHH HE HaXOMATCS B HEMO-
CpPEeICTBEHHOM OJIM30CTH OT CTOpPaeMBIX YacTeH 3aHHi MM KOHCTPYKLIMH.

HyneBsIMH M 3alIUTHBIMH MPOBOJAHUKAMU MOTYT CIIYXHTh aTIOMUHHEBEIE
obooyku kabeneil, Tak Kak OHH BCErJa MMEI0T HeOOXOIMMYIO POBOIMMOCTD
(Tabn. 7.4).

Tabnuua 7.4
TpexokuibHbili Kabenb, cedeHne, MM>, YeTblpeXokuabHbli Kabesb, ceuenne, MM,
AU 000J04KKH KU 000104KH
3x6 39 3x6+1x4 46
3x 10 45 3x10+1x6 55
3x16 50 3x16+1x10 71
3x25 57 3x25+1x16 82
3 X35 63 3x35+1x16 97
3x50 78 3x50+1x25 125
3x70 95 3x70+1x25 140
3x95 105 3x95+1x35 157
3x 120 120
3x 150 149
3x185 165
3 x 240 186

[TpuMeHenue CBUHLOBBIX 000s04ek Kabenel B KauecTBE HYJICBBIX M 3a-
LIMTHBIX IIPOBOJHUKOB 3aIpelaeTCs.

CoeMHEHUS HYJEBBIX 3alIUTHBIX IMPOBOJHHKOB MEXIY COOOH JIOMKHBI
obecreunBaTh HaJEKHBIH KOHTAKT M BBIMOJIHAIOTCA CBAPKOH. DTH NPOBOJIHUKH
HPHUCOEAUHAIOTCS K 4acTAM 000pyI0BaHMA, MOJICKALIMM 3aHYJICHHIO, CBAPKOi
Wi OONTOBBIM coeauMHeHHeM. [IpucoeauHeHHe MODKHO OBITH DOCTYIHO MUIA
ocmotpa. OTKpPHITO MPOJIOXKEHHBIE HYJIEBBIC 3aLIUTHBIE MPOBOJHUKH JODKHBI
HMETh OTJIHYHMTEIBHYIO OKPAcKy — I10 3eJICHOMY (DOHY JKEIThIE MOJIOCKL.

3azemunTenn. [ 3a3eMIAIONMX YCTPOHCTB J000ro Ha3zHAuYeHHSA HC-
OJIB3YIOTCS €CTECTBEHHBIC M HCKYCCTBEHHBIE 3a3EMIIMTENIN HJIH X COYETaHUE.
B xauecTBe €CTECTBEHHBIX 3a3€MIIMTEIICH MOXKHO HCIIOJIB30BATh MIPOJIOKEHHBIE
B 3eMJIE BOJONPOBOJHBIC TPYObl U JIpyrHe METaJUTHYecKue TpyOOorpoBoIbl, 3a
HCKITIOYEHHEM TPYOOIpPOBOIOB rOPIOYUX JKHIKOCTEH U ra3oB; obcagHbe TpyObI
PasIMYHOTO HA3HAYCHHS: METAJUIHYECKHEe M IKeJe300€TOHHBIE KOHCTPYKLHH
3[aHUH U COOPY)KEHUH, UMEIOIIHE HA/ISKHOE COCJMHCHHE C 3eMIIei; MeTalIu-
YeCKHME LIIMTYHTHl THIPOTEXHUYECKHX COOPYKEHHIT; CBUHIIOBBIE O0OIOYKH Ka-
6eneif, mponoxeHHBIX.B 3emie. Eciau obonouku kabeneil ciryxaT eIHHCTBEH-
HBIMH 3a3€MJIMTENIIMM, YYUTBIBATH MX B pacueTe 3a3eMISIOIINX YCTPOHCTB
MOXHO TOJIBKO TpH 4yHcie kabenei He MeHee ABYX.
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ITpeuMymiecTBOM NPOTSHKEHHBIX €CTECTBEHHBIX 3a3eMIIMTENCH ABIAETCS
HX Majoe CONMpPOTUBJICHHE PACTEKAHUIO TOKA, a TAKXKE OTCYTCTBHE CIELHAIb-
HBIX 3aTpaT Ha MX YCTpOHCTBO. HemocTaTok ecTeCTBEHHBIX 3a3eMIIMTENICH —
JIOCTYITHOCTb HE3JIEKTPOTEXHUYECKOMY mepconainy. [Ipu peMOHTHBIX paboTax
MOTYT OBITh HAPYLICHB! COSMHEHUS MEXAY OTACTBbHBIMU dIEMEHTAMHU MpPOTH-
JKEHHBIX 3a3eMIIMTENICH, a TJIABHOE — MEXY 3a3eMIIAIOIIMMH IPOBOIHUKAMH H
3a3eMJIMTETEIIAMH.

Ecimyu ecTecTBEHHBIX 3a3eMJIMTENEH HET WIM MX MCIONB30BAaHHE HE NaeT
HYKHBIX Pe3yJIbTaTOB, IPUMEHSIOT HCKYCCTBEHHbIC 3a3€MIIUTENN — BEPTHKAIIb-
HO 3a0UTBIE CTEPXKHH (TEKTPOJBI) U3 KPYTJIOH MM YITIOBOH CTalM U3 ra3oBo-
JIOTIPOBOJIHBIX (HEKOHAMLIMOHHBIX) TPYO, a Takke TOPU30HTAIBHO IMPOJIOKEH-
HBIE CTAJbHBIE MOJOCH MM KPYriIyio cranb. CTep)KHM U3 KPYIJIOH CTalH IJIs
BEPTUKAJIBHBIX 3a3eMiMTeNeli pekoMeHayloTcs auamerpom 10 MM u umHO#M
5 M. IIpumensior takke yriaopyio ctaidb 50 x 50 x 5 mm giunoi 3 M. Mcnosns-
3yrorcst TpyOs! auamerpom 50 MM M muHOH 2,5 - 3 M. YT06GB!I YMEHBIIHTD KO-
neGaHus CONMPOTUBIICHHH 3a3eMIINTENICH, CBA3aHHBIC ¢ H3MEHEHUAMH BHEIIHEH
TeMITepaTyphbl U BIAXKHOCTH TPYHTA, UX PAcHoNaraloT HHXe YPOBHS 3€MJIH Ha
0,5-0,8 M. Emte Menblire nogBeprarTcsi arMoc(epHbIM BIHSHUAM YIIyOIeHHbIE
3a3eMJIMTENIH U3 IOJIOCOBOH MIIM KPYIJIOH CTaly, 3aKJajblBacMble Ha JHO KOT-
JIOBaHOB IPH COOPYKEHUH QYHAAMEHTOB 3JaHHH LIEXOB, NOACTAHIMIA U T.JI.

I'opu3oHTanbHBIE MOJOCOBEIEC 3a3€MIIMTENH M3 TOJIOCOBOH CTAaIH LIMPHHOH
30 - 50 MM ¥ TONIIMHON HE MeHee 4 MM NMPHMEHSIOT JUIA CBS3H BEPTHKATbHBIX
3a3eMJIMTE]eH M B KaueCTBE CaMOCTOATENbHBIX. PexoMeHmyeMas riayOuHa MX
norpyxenns 0,5 - 0,8 m.

CornpoTHBJICHUE 3a3eMIINTENEH 3aBUCHT OT psiaa (akTopoB: CBOWCTB M CO-
CTOSIHUSA TPYHTAa; KOHCTPYKTUBHBIX 0COOCHHOCTEH 371eMeHTOB (YIJIoBas, Mojo-
coBas cralib, Tpy6a), rIyOMHBI MX 3aJ0)KEHHUS; KOJIMYECTBAa M B3aHMHOIO pac-
MOJIOXKEHHUS HJIEMEHTOB.

DJIeKTPUYECKHE CBOMCTBA IPYHTAa XapaKTEPU3YIOTCS yIEIbHBIM COMPOTUB-
nenueM p, usmepseMbiM B OM-M miti OM:-cM. OHO 3aBHCHT OT COCTaBa IpyHTa

(mecok, CyTJIMHOK, INIMHA, YEPHO3eM U T. [.), COAEPXKaHMS BIIaTM U PacTBOPEH-
HBIX BEILECTB, a TAKKE OT TEMIICPATYPHI.

ITepen pacyeToM 3a3eMIAIONIMX YCTPOHCTB PEKOMEHIYETCS H3MEPATh
yIenbHOE CONPOTHBIECHHE IPYHTA B PEalbHBIX YCIOBHMAX Ha IIIOMIAJAKE, NPE-
Ha3HAYEHHOMU I COOPYKEHHS 3a3eMuTeNs. MeTobl U3MEPEeHHs MOTYT OBITh
pasHble. YIenbHOE CONMPOTHBICHUE TPYHTA, MOJYyYEHHOE H3MEPEHHEM, YMHO-
xaloT Ha ko3 duument K (Tabin. 7.5), yYUTHIBAIOMIMIT KIMMAaTHYECKHE YCIOBHA
Hepe U3MEPEHHEM: P pacy = P yank.

Jlnst cpenueit monock! Poccun npuMeHsior:
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K, — B TOM ciyuae, €CIM TPYHT BJIAXEH M H3MEPEHHAM IMpEAIIECTBOBAIH
Gonbine ocanku; K, — €clu IPyHT CpelHei BIaXHOCTH U H3MEPEHHAM Ipe-
IIECTBOBaIM HeOONbIIME OCaAKH; K; — €CIM IPYHT CyXOH M Iepeia H3Mepe-
HHUSAMH He OBUIO 0CaIKOB.

Tabnuua 7.5
Tun 3azemnuteneit ny6Guna 3aneraums, M Hlossuumiouyse Keopupes i
K K, K,
[ToBepXHOCTHBI 0,5 6,5 5,0 4.5
To xe 0,8 3,0 2,0 1,6
VrnybneHHsi )
(Tpyba, Yyrojok, CTep)eHs) 0,8 { 20 , 1.5 1,4

Jlist 3a3eMuuTenieit, JeXalinux HMke TIyOMHBI IpoMep3aHus, Ko3huiu-
€HTHI He IPUMEHSIOT.

Ecnu HemocpencTBeHHBIE U3MEPEHHsT OTCYTCTBYIOT, MOXHO IOJb30BAThCA
HPHOJIKEHHBIMH CPETHUMH 3HAYEHUSAMH YJEIbHBIX CONPOTHUBICHUH TPYHTa,
KOTOpbIE MPUBOIATCS B IUTepaType. TOYHOCTE pacueTa pu 3TOM CHHXKAETC.

I[Ipu ycTpoiicTBe 3a3emMauTeNeH cnemyeT u3beraTb pa3MeIeHUs HX B Mec-
Tax, IJie BO3MOKHA MPOIMHUTKA I'PyHTa MacilaMH, HedThIO M T. I, a TaKke BOIH-
31 TpyOONpPOBONOB ropsYeH BOJBI, Mapa U JAPYTHX COOPYKEHMH, BBI3bIBAIOIIHX
BBICBIXaHHE MOYBEL. B 3THX CiTyyasx CONpPOTHBICHHE 3a3eMIMTEICH PE3KO BO3-
pacraer.

7.4. PACYET 3A3EMJISIFOLLIMX YCTPOMCTB

IIpH DpOEKTHPOBAHHH 3a3eMIISIOIIMX YCTPOHCTB MpedXJe BCero HeobXo-
JMMO MCIIOJIB30BaTh €CTECTBEHHBIE 3a3eMiMTenu. Ecim MX compoTuBieHue
PAcTEKaHHUIO TOKA 7¢, MOJYYEHHOE M3MEPEHHEM MIIM MO JAaHHBIM aHaJOTHYHBIX
CITy4aeB, OKa)XETCSA JOCTATOUHBIM, JApyrHe 3azeMiuTenn He Tpebytorcs. Ilpu
HEZOCTaTOYHOM COIPOTHBJIICHHUH €CTECTBEHHBIX 3a3eMJIMTENICH CONMpPOTHBICHHE
HCKYCCTBEHHBIX 3a3eMJIMTeNeH onpexenseTcs 1o popmyie

Tuck S Tels/(Fe-13), (7.11)
rae r, — TpebyeMoe CONpPOTHBIICHHE PACTEKAHHIO TOKA 3a3eMJIAIONIEr0 YCT-
poiictea 1o I[TYD (cm. maparpag 7.2).

ITpy HEBO3MOXHOCTH WJIM HelesnecooOpa3HOCTH HCIIONB30BAHUA €CTECT-
BEHHBIX 3a3¢MJIMTEICH CONMPOTHBICHHE HCKYCCTBEHHBIX 3a3eMIIMTENCH JODKHO
YIOBJIETBOPSATH TPEOOBAHMIO Iy < r3. Tak Kak MPOBOAUMOCTH MCKYCCTBEHHBIX

3a3eMIIMTENEH CKIAIBIBAeTCS W3 NPOBOAMMOCTH BEPTHKAJIBHBIX W T'OPH30H-
TaJIbHBIX 3a3€MJIUTENICH, TO

Fuex = Tal (rg+ry). (7.12)
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ConpoTuBiieHHE OIMHOYHOTO IMIMHAPUYECKOTO 3NIEKTPOIa MOXKET OBITh
MOJICYUTAHO 10 hopmyITe

20 1, (41+1
0s = 0,366 J)|1g—+=1g — ||, 713
ro (Ppac )[gd 2g(4t_lﬂ (7.13)

TJ€ Ppacy - PACUETHOE yJEIbHOE CONPOTHUBICHHE TPpyHTa, OM-M; [ - IIMHA TPY-
OBI MM CTEPXKHSA, M; d - HAPY)XHBII AHaMeTp TPYOBI MIIM CTepXH:; ¢ - ITyOuHa
3aJI0)KEHHUS, PABHAA PACCTOSAHHUIO OT MOBEPXHOCTH 3€MJIM JIO CEPEIHHBI TPYObI
VI CTEPXHA, M.

Ecimu opuHOYHBII 3a3eMiIuTeNb 00BIYHO MpecTaBiseT coboit TpyOy nua-
merpom 0,05 M 1 aymHo# 2,5 M, 3a6uBaeMyto Ha riy6uny 0,7 M, CUMTas OT IO-
BEPXHOCTH 3eMJIM 10 BepXa TpyOs! (1 = 0,7 + 1,25=1,95), To

Tox= 0,3 P pacu- (7.14)

OO6b19HO BMECTO TPYO HMCHONB3YIOT 60sIee AenIeBbie 3a3eMIUTENH U3 YIJIO-
Bo# cranyu. COnpoOTHBIEHHE PACTEKAHUIO TAKHX AJEKTPOJIOB OINPEAENAETCS IO
¢dopmyie (7.13) c BBeeHHEM BMECTO d SKBHBAJIEHTHOTO AHAMETPA 3a3€MIIHTE-
JIA M3 YTJIOBOHM CTalH dy. DKBUBAIEHTHBIH JAMaMETp dy yTJIOBOH CTalM paccy-
TBIBAIOT, HCXOMS U3 AKTHBHOH NMOBEPXHOCTH pacTeKaHUs TOKa, Mo Gpopmye

d,=0,95 b, (7.15)

rae b - mupHHa MOJIKM YroJKa.

Ecnu none3oBaThes ynpouieHHoH (Gopmyioit (7.14), conpoTHBICHHE OH-
HOYHOT'O 3JIEKTPOAA JUTMHON 2,5 M IOJIyYaeTcs paBHBIM:

Juis yrioBoii cranu 50 x 50 x 5 Mm

Foy= 0,318 p pacy; (7.16)
Ui yrioBoit ctamu 60 x 60 x 6 MM
Toy= 0,298 p pacu. (7.17)
ColpoTHBIIEHHE PACTEKAHHMIO TOKA IPOTSHKEHHBIX TOPU30HTATLHBIX 3a-
3eMIIMTENeH ONpeleNsatoT o Gopmynam
Fon= 0,366 (ppac/l) 1g(21*/b1); (7.18)
Foxp= 0,366 (ppacel 1) 1g(1*/dt), (7.19)

TJIE Foq M Foxp — COOTBETCTBEHHO COIIOCTABJICHHUS MOJIOCOBOTO M KPYTJIONO I'OpH-
30HTAJBHBIX 3a3emiuTeeit, OM.

U3 conocraBnenns popmyn (7.18) u (7.19) ciemyer, 4To OAMHAKOBBIE CO-
MPOTHBJIECHHUS PACTEKAHHIO TOKA MAeT Kpyrias CTadb AMAMETPoM d M Iojoca
HMIMPUHOH 2d.
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OGBIYHO YCTPaUBAIOT CIOXKHBIE 3a3eMIIMTENIM W3 HECKOJIBKHX (a HHOT/A U3
60JBIIOr0 KOMMYECTBA) BEPTHKATIBHBIX 3JIEKTPOAOB, KOTOPBIE COCAMHAIOT Ia-
paJUTeNIbHO METAJUTHYECKOH MOJIOCOH, SBIIAIOMICHCS TaKkKe 3JeKTPOIOM. DIIek-
TPOABI TAKOTO 3a3eMJIMTENS PAcHoNaraloTCA Ha PAcCTOSHMU JAPYr OT Apyra,
00B19HO paBHOM 1-3 IIIMHAM 3NEKTPO/Ia, U3-3a Yero BO3HUKAET TaK Ha3blBaeMoe
B3aUMHOC 3KPaHUPOBAHHE HIEKTPOAOB. SIBICHHE SKPAHMPOBAHUS MPOHCXOILUT
B pe3yJIbTaTe HAJIOXEHHS 3JIEKTPUYECKUX IMOJIeH MPH pacTeKaHMH TOKa B 3eM-
mo. COnpoTHBIEHHE KaXIOTO 3IEKTPOAA MPH 3TOM pacTeT. DKpaHHPOBAHHE
MPHUBOMUT K CYIIECTBEHHOMY YBEJIHYECHHIO HX COMPOTHBIICHHS.

Taxum 06pa3oM, COMPOTHBICHHE CIOXKHOTO 3a3eMINTENs (IPH Pacrono-
XKEHHH 3JIEKTPOJIOB B PSI HIIM MO KOHTYPY) CIETYeT ONPEAeNATh C y4eTOM B3a-
MMHOTO JKPaHHPOBAHHSA OJMHOYHBIX BEPTHKAIBHBIX 3JIEKTPOAOB H TOPH30H-
TaJbHBIX COCIMHHUTEIBHBIX MOJIOC.

ConpoTHBIIEHHE PACTEKAHHIO TOKA /1 BEPTHKANBHBIX 3EKTPOJIOB C YUETOM
HX 3KPaHHPYIOLIETO BIUSHHS ONPENeISIoT 110 Gopmyie

Ie= ros/n e, (7.20)

TJIE Iy - COTPOTHBICHHE OAMHOYHOTO BEPTHKATIBHOIO 3a3eMIHTeNs ((HOpMYJIIBI
(7.13) = (7.17)); Ms — K03 PHUIMEHT MCIONB30BAHUS BEPTHKATBHBIX 3a3€MIIH-
Tese#t (cM. mpui. 3).

ConpoTHBICHHE PACTEKAaHHIO TOKA TOPH30HTAIBHBIX COEINHHTEIBHBIX
I10JIOC, CBA3BIBAIOIIMX BEPTHKAIBHBIE 3a3€MIIUTENIH, C YIETOM SKPaHHPYIOIIEro
BJIMSTHUS TI0JIOC HaXOJAT 110 hopmyJie

Ten= Yo/ M, (7.21)

TI€ Foy — COMPOTHBIEHHE TOPU3OHTAIBHOM COCAMHHUTENIBLHON MOJIOCH Oe3 JK-
paHupylomero BIusHUA Ha Hee (cM. dopmynsl (7.18) u (7.20)); N, — x03-
GHIMEHT  MCIOJNB30BaHMA  TOPU3OHTAIBHBIX  COCAMHHMTENBHBIX  II0OJOC
(oM. mpu. 3).

CompoTuBIICHHE BCEro 3a3eMJIMTEINS OmnpeaessioT 1o dopmyne (7.12).
ITocne BBIYMCIEHUS COMPOTHBIICHHS BCETO 3a3¢MIIMTEIS MOXHO CJICIaTh BBIBOJ
0 €ro COOTBETCTBUM HOPMATHUBHBIM TpeboBaHuaM [1].

Benuenepeuncnensble AeHCTBUA MOXHO IPEACTaBUTL B BUJIE aJIrOPHTMA,
CTPYKTypa KOTOPOro mpezcTaBieHa Ha puc. 7.9. Pazpaborana nporpamma, pa-
Goraromas 1mo 3tomy anropur™my. Ilociae BBOZa HayaldbHBIX AAHHBIX O THIAX
3JIEKTPOJIOB, X pa3Mepax, KOHCTPYKI[MH BCEro 3a3eMJIUTENs, a TakKe COMpO-
THBJIEHHH TPYHTA MPOM3BOAUTCA aHAIH3 NapaMETPOB U JEIAaeTCsA BBIBOJI O CO-
OTBETCTBHH 3a3€MJIUTEIISI HOPMATUBHLIM TpeboBaHusaM [1].
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Y
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Y

r=(ry re)l(rs + 1)

BeprukanbHbli
9JIEKTPOJI-YTIOJI0K

3unavenue COOTBETCTBYET HOpMAaTHUBaAM

3HavyeHue He COOTBETCTBYET HOpMaTHBaM

[

Puc. 7.9. CtpykTypa anropurMa aHajau3a nNapamMeTpoB 3a3eMJIHTENS
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7.5. BALIMTHBIE 3A3EMJIEHUSA U 3AHYJIEHUA
BO B3PbIBOOIIACHBIX 30HAX

BoO3HHKHOBEHHE MOTEHIMAJIOB II0 OTHONICHHIO K 3€MJIe Ha KOpIycax
3NIEKTPONPHEMHUKOB U 000PY/IOBaHHA BO B3PHIBOOINACHBIX 30HAX MOXET BBI-
3BaTh MCKPEHHE H BOCIUIAMEHEHHE B3PHIBOOMACHBIX cMecel. IloaTomy k ycT-
POMCTBY 3alIMTHBIX 3a3¢MJICHHI BO B3PBIBOOMACHBIX 30HAX MPEABABIAIOT 60-
nee xectkue TpeGoBanus. Tak, BO B3PHIBOONACHBIX 30HAX 3a3¢MJICHUE MM 3a-
HyJICHHE CJIeyeT BBINOJHATH NpH JIOOBIX HampspkeHuAx. B kadectBe 3a3em-
JSIOMIMX MM 3aIMTHBIX HYJEBBIX MPOBOIHUKOB JOJDKHEI IPUMEHSATHCS CICLH-
abHbIE TOJBIE M M30JMPOBAaHHBIC NMPOBOJHHMKH. ECTeCTBEHHBIE NPOBOIHHKH
HCIIOJIB3YIOTCS JONOJIHUTENBHO JUIS YTy dIIeHHs YCIOBHH 6€30MacHOCTH.

B anekTpoycTaHOBKaX ¢ M30JHPOBAHHON HEHTPAIBIO JUIA BCEX HANpske-
HHH CeTh 3a3eMJICHHS BBITMIOJIHACTCS U3 CTAJBbHBIX MPOBOAHHMKOB. JIJIs MOBBIILIE-
HHS Hafe)KHOCTH 3a3eMJIAIOIIHE MaruCTpajH HOJDKHBEI OBITH MPHCOEANHEHBI K
3a3eMIIHTEIISIM He MeHee 4eM 6 0GYX Mecmax ¢ NpOMmuGonOJONCHbIX CMOPOH
nomeujenus. DNEKTPOYCTaHOBKH C M30JMPOBAHHON HEHTPasbIO JOIYCKAIOTCH
BO B3pBIBOONACHBIX 30HAX TOJBKO MPH aBTOMAaTHYECKOM KOHTPOJIE H3OJALHH
CETH C MeHCTBHEM Ha CUTHAN, a TAaK)Ke IPH NPOOUBHOM IpeJIOXpaHUTeNe, ycTa-
HOBJICHHOM B HEHTpanb MM Ha daze.

3azemiisione MPOBOAHMKH MPUCOCAMHAIOT K METAJUIMYECKUM KOHCTPYK-
MM CBAapKOH, a K KOpIycaM MalllMH M anfapaToB - CBApKOH MJIM HaACKHBIMH
OonToBBIMH coeftMHeHHAMH. Bo n3bexanue ocnabnenus KOHTaKTa MpPH COTpS-
CEHUAX WM BUOpAlMM MalIMH YCTAHABJIMBAIOT KOHTPraku M IpPYKUHAIME
mai6e1. DaekTpoobopyIoBaHuE, MOABEPralolieecs 4acTOMy JEMOHTAXY HIIH
YCTaHOBJIEHHOE Ha IBIXKYLIMXCS YACTAX, COCIUHAIOT C 3a3eMJICHHEM IMOKMMH
IIPOBOJHUKAMH.

B anekTpoycTaHOBKax € ITyX03a3eMJICHHOH HEHTPanblo 3aHyJICHHE 10K~
HO OCYIIECTBJIATHCA B OIHO-, IBYX- U TpeX(a3HbIX CHIOBBIX LEMAX 3JIEKTPOYC-
TaHOBOK BCEX KJIACCOB C MPHMEHEHHEM CIIEIMaIbHOM TpeThel (MM YeTBepTOi)
JKUJIBl KaOesst WM MPOBOJA, a TaKkKe B OAHO(DA3HBIX OCBETHTEIBHBIX IIEISX,
KpoMe 30H Ksacca B-I, ¢ ucrone3zoBanuem HyseBoro nposoaa. Heo6xoaumocts
TPETHEro MpoBOJA JUIS 3aHyJICHHs KOPITyCOB CBETHJILHMKOB B 30HaX Kiacca B-1
OOBACHAETCA TEM, UTO B JIBYXITPOBOJHBIX LICMAX C HYJIEBBIM IIPOBOIOM JOIKECH
66T 3amumied ot TokoB K3 kak ¢a3ublif, Tak ¥ HyneBoit nposoa. Ilpu 3Tom
JUIL OJJHOBPEMEHHOI'0 OTKJIIOYEHHS (a3HOTO M HYJEBOTO MPOBOAOB OJDKHEI
MPUMEHATHCS JABYXITOIIOCHBIE BHIKJIIOYATEIH.

Bo B3pBIBOONACHBIX 30HAaX BCEX KJACCOB B JJIEKTPOYCTAHOBKAX C INTyX03a-
3eMJICHHOH HEHTpaJIbIo JUTs aBTOMATHYECKOTO OTKIIOYEHHS aBAPHIHOTO yyacTKa
3allIMTHBIE HyJEBble MPOBOXHUKH BBIOMPAIOT C TAKMM pacueToM (cM. dopmymy
(3.12)), uTo6BI Mpu 3aMBIKAHHHM HA KOPITYC WJIM HYJIEBOH 3aILUTHBIH TIPOBOJHUK
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BO3HUKAI TOK K3, npesblmaonuii He MeHee 4eM B 4 pa3za HOMHHAIBHBEIN TOK
TUTaBKOM BCTaBKM OJIDKAMIIEro MpeJoXpaHUTENs U He MeHee 4eM B 6 pa3 - Ho-
MHHAJIBHBIH TOK PACIEINHTENsA aBTOMAaTHYECKOTO BBIKIIOYATEINS, UMEIOLIEro 00-
PaTHO3aBHCHMYIO OT TOKA XapaKTepuCTHKY. [Ipu 3auiure cereif aBTOMaTH4ECKHU-
MM BBIKJTIOYATEIAMH, HMMEIOLIMMH TOJBKO 3JIEKTPOMArHUTHBINA paCLEMUTeNb,
CJIEyET PYKOBOJCTBOBATHLCS TpeOOBAHUAMH, NPUBEICHHEIMU B popmyie (3.12).

Jlna obecnieyenus HeOOXOAMMOM KPATHOCTH TOKA 3aMBIKaHUS M OBICTPOro
JCHCTBHUS 3aLIMTH B 3JIEKTPOYCTAHOBKAX C 3a3€MJICHHON HEHTpalbio HyJEBBIE
3aIUTHBIE TIPOBOJHMKM (TPEThs MM 4YeTBEpTas >XWIbI MPOBOJOB, Kabeis)
JIOJDKHBI OBITH M3 LIBETHBIX METAJVIOB, @ HX CEUYEHHE JOJDKHO OBITH paBHO cede-
HMIO (pa3HBIX MPOBOJIHHKOB.

3amuTHBIe MPOBOIHUKY, MPOXOAAIINE Yepe3 CTeHbI, QYHTAMEHTHl U T.II.
M3 B3PHIBOOMACHBIX 30H B 30HBI APYroro Kiacca B3phIBOOMACHOCTH, a TaKXkKe B
30HBI C HOPMaJILHOM CPeIoi WM HapYKy, JOJDKHBI MTPOKIAAbIBAaTECS B TpyOax,
a KOHIIB! TPYO CIeayeT 3afenbIBaTh LIEMEHTHBIM PacTBOPOM. Y BBOJA Maruct-
pajnei 3a3eMJICHUS B 3/JaHHE HAHOCAT OIO3HABATENbHBIE 3HAKU M YKa3bIBAIOT
paccTosHUE 10 MECTa NMPUCOSAMHEHHS K 3a3eMiIMTeNo. Bece wacT 3a3eMisio-
IIEro yCTpoicTBa, MPOKIAgbIBACMbIe B 3eMJIe, COCIUHSAIOT TONBKO CBAapKoOi, a
MecTa CBapKH MOKPBIBAIOT I'yAPOHOM MM KabenbHo# Maccoil. B oco6o oTBeT-
CTBEHHBIX MECTaxX MLeJeco00pa3HO MPHCOEAMHATH MAarkCTpaiM 3a3eMJICHHS K
NEKTPOJIaM 3a3eMJIHTEIIS B CIIELIHAIILHOM CMOTPOBOM KOJIOJIIE.

7.6. SKCIUIYATALMS A UCITBITAHUSA 3A3EMJISIOLIIMX
YCTPOMUCTB

O6mue TpeboBanus 3xcmyaTauuu. fpyu npueMke B 3KCIITyaTalHio 3a-
3eMISIIOLMX YCTPOICTB MOCIE OKOHYAaHMS MOHTaXHBIX paboT JOMKHA OBITH
MpeJCTaBIeHa CleAyIomas TeXHHYeCKas JOKYMEHTAallMA: MCIIOJHHTEIbHBIC
YEPTEXKH M CXEMBbI 3a3eMIIAIONIEr0 YCTPOHCTBA; akT Ha MOJ3eMHbIe paboTh (YK-
najika 3a3eMIMTeNel M 3a3eMIMIONIMX MPOBOJHHKOB); MPOTOKOJIBI UCIIBITAHHH
3a3eMJISIOLHX YCTPOHCTB.

I[Ipy 3KcIUTyaTauuy JODKHBI TPOM3BOIUTHCS MEPHOJHYECKHE TPOBEPKH H
UCIIBITAaHHUS 3a3eMJIIONIMX YCTPOHCTB (BHEIIHHI OCMOTp 3a3eMJISIONIIHX ITPO-
BOJHHMKOB ¥ KOHTAKTOB, M3MEPEHUA CONPOTUBIIEHHS U T. IL.).

Ecnu coeuHeHne BBIMOIHACTCS CBAPKOM, COMPOTHBICHHE KOHTAKTa BCeE-
r1a yJIOBJIeTBOpUTENbHO. Hanbonee BEpOSTHEIM MECTOM, B KOTOPOM BO3MOJKEH
cnabplif KOHTAKT, a CJIEJ0BAaTEIbHO, M BOBHUKHOBEHHE MCKPEHHUS HIIM Harpesa,
siByseTcs 6OITOBOE COCAMHEHHE CETH 3a3eMJICHHS ¢ dIIeKTpoobopynoBanuem. B
3THX MeCTax HeoOXoAuMa IepuoAnYecKas MPOBepKa 1EJIOCTHOCTH KOHTAKTOB U
UX 3aTSKKH.
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OCMOTpBI 3a3eMJIAIONIET0 YCTPOHCTBA M U3MEPEHHE €r0 COMPOTHBIICHHS
creayeT MPOM3BOAMTH B CPOKH, ycraHaBmuBaemsie cuctemoil IIITP, He pesxe
oaHoro pasa B Tpu roja. IlocrosHHoe 3azemisioniee YCTPOHCTBO JIOJKHO
MMETD IaCIOPT, CXEMY, HOJDKHBI OBITh yKa3aHbl OCHOBHbIE TEXHHYECKUE U pac-
YETHBIC BEJHYHMHBI, PE3yJIbTaThl OCMOTPOB M MCIIBITAHHM, XapaKTep MPOBEICH-
HBIX PEMOHTOB U U3MEHEHU#, BHECEHHBIX B YCTPOHCTBO 3a3eMIICHHI.

OT KOHTPOJISi COCTOSIHHS HYJIEBBIX 3aIMTHBIX MPOBOJHHKOB B MpOLECCE
9KCIUTyaTallid BO MHOTOM 3aBHCHT 0€30MacHOCTD JHL, paboTalomux ¢ 3aHy-
JICHHBIM 37IeKTpoobopynoBanneM. KoHTponb mnpeaycMaTpHBaeT MNepUOanye-
CKHME U3MEpEeHHs COMPOTHBIICHHS LenHu «(ha3a — HyIb» (WIM Cpa3y TOKa OIHO-
¢asznoro K3) U compoTHBIEHHH OTBETBIEHHH OT MarucTpaJbHOr0 HyJIEBOrO
3aI[UTHOTO NPOBOAHHMKA K OTAEIBHBIM 3aHYJIAEMBIM 3JIEKTPONPHEMHHKAM, a
TaKXKe MePHOJHYECKUE OCMOTPhI ATUX OTBETBIICHHUH.

CornacHo mpasmiaMm [10], mocie MOHTaXka 3JIEKTPOYCTAHOBKH (Hepej
MPHEMKOH ee B 3KCIUTyaTalMIo), a TAKXKE I0ce KanUTalbHbIX PEMOHTOB JJIEK-
TPOIPOBOAKH HIIH 3JIEKTPOIPUEMHHKOB, HO HE PEXe YeM pa3 B 5 JIeT rnojaraet-
Cs M3MEpATh CONPOTHUBIECHHE LEMH NPOBOAHUKOB «(Da3Hbli — HyJIEBOH» Ul
omnpejeneHust Toka oxgHodaszHoro K3 mpm 3ambelkaHuM Ha Kopryc Haubosee
yIAJeHHBIX M MOLIHBIX 3JEKTPONPUEMHHMKOB B LEIAX 3KCIEPHUMEHTAIbHON
npoBepky cobmonenus ycnosui (3.12) u (3.13). Takue n3mepenus BO B3pbIBO-
OMACHBIX 30HAX MPOBOJATCS VISl BCEX HIEKTPONPUEMHHKOB.

W3Mepenne conpoTHBIIEHHs 3a3eMJSIOMMX ycTpoiicTs. ConmpoTusie-
HHE 3a3eMIIIONIMX YCTPOHCTB MOXET ObITh M3MEPEHO MOCTOBBIM CIOCOOOM,
crnoco6oM amrepMeTpa H BOJIBTMETPA, a TaKxkKe H3MepHTesIeM 3azemienus. Pac-
CMOTPHM M3MEpPEHHE CONPOTHBIICHHSA 3a3eMIISIOIIMX YCTPOIICTB H3MEPHTEIAMU
3azemsieHus THrna MC-08 (CHATBI ¢ MPOM3BOACTBA, HO €ILE LIMPOKO HCIIOJIBb3Y-
I0TCS TIPH OOCITY’)KHBAaHUM KaK MPOMBIIUICHHBIX, TaK U CEJIbCKOXO03AHCTBEHHBIX
3JIEKTPOycTaHoBOK) U M-416 (puc. 7.10 m 7.11).

OCHOBHBIMH 3JIEMEHTAMH TEPBOTO M3MEPUTENS ABJIAIOTCS: TEHEPATOp IM0-
CTOSTHHOTO TOKa [ ¢ py4yHBIM NpHBOAOM (pyKosATKOH P), Mexanudeckuii npeod-
pa3oBaTenb (KOMMYTATOp) MOCTOSIHHOIO TOKa B nepeMenHblil 11, mexanuueckmii
npeobpa3zoBaTesb MEPEMEHHOr0 TOKa B MOCTOSHHBIN (BBIMpAMHUTENL) B, Maruu-
TOJIEKTPUIECKUH OMMETp JioroMeTpuieckoro tuna JI u pesucrop r,. O6a npe-
obpa3oBaresisi CMOHTHPOBAHbI Ha OCH TE€HEpaTopa M MMEIOT OJIMHAKOBYIO KOH-
CTPYKLHIO: KaXIbIH MpejcTapiseT coboi aBa H30IMPOBAHHBIX APYT OT ApyTa
MeTaJUTHYeCKHX (acOHHBIX nmoxyunnuuapa. [lleTku / HaxoaaTCs B HEMpPEpPHIB-
HOM KOHTAaKT€ C OCHOBAaHMAMH MOJYLHIMHAPA W MMEIOT TIEPEMEHHYIO MOJIp-
HOCTb, @ LIETKH 2, CBA3aHHBIE CO ILUETKaMM I'eHepaTopa, NpH BpalleHHH BaJa
CONPHKACAIOTCS ¢ GOKOBOI MOBEPXHOCTBIO TO OJHOTO, TO APYrOro MOIYLHIHH-
npa. CrnenoBartenbHo, Ha BbIxoje mpeobpasoBatens I (merku /) nmospisercs
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TIEPEMEHHBIH TOK /jep, KOTOPBIH M MPOXOUT YEPE3 3a3EMIMTENH (3Ta 9acTh Lie-
¥ 1oKa3aHa IyHKTHUPHOH yuuuei). Mcnone3oBaHue NEpeMEHHOrO TOKa BO
BHELIHEH LIETTH UCKIIIOYAET HCKAXKECHUS B H3MCPCHUAX, BOSHHKAKOLIHUE HU3-3a 0~
JIAPU3ALIMM U IEKTPOIIM3a B TPYHTE.
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Puc. 7.10. Cxema u3amepeHus conpoTHaienus 3a3emantens npubopom MC-08:

1, 2 - wertku; [" — reseparop nocrosHHoro Toka; I1 — Mexanuueckuii npeobpasoparenb NOCTOAHHOIO
TOKa B niepemMeHHblif; B — mexanuueckuit Buinpamutens; J1 - noromerp; T — Tokosas o6motka; H — o6moTka
HaNPAKEHUA; Iy U Iy, — pe3ucTopsbl; P — npuBoaHas pykoaTka; /; # /; — TOKOBbIE 3@KHUMbl;

E\ v E; - noTeHuHanbHble 3aKHMbl

Mexmy 3a3eMIHTENIEM Iy U 30HIOM 7y 00pasyercst pa3HOCTh MOTEHI[HAIOB,
M B 3TOM YaCTH LIEMM BO3HHKAET MIEPEMEHHBIH TOK /yep, KOTOPBIH BBINPAMIIAETCS
B kommMmyTtatope B. IloCTOAHHBIH TOK /ooy MPOTEKAET HEpe3 PEe3HCTOp 7y =
=150 000 OMm, 1MO3BONAIOMWIMI CHU3UTH MOTPEHIHOCTh U3MEPEHHA, H 0OMOTKY
Hanpsobkernus H. B TokoBoit o6moTke T noromerpa Toxke MMeeTcs MOCTOSHHBIH
TOK (BETBH C MOCTOSHHBIM TOKOM IOKa3aHBl CIUIONIHBIMHU JTHHUAMHE). Mcrmomns-
30BaHHE MOCTOSIHHOTO TOKa B 0OMOTKaX JIOTOMETpa MOBHIIIAET TOYHOCTh M3Me-
penust. OT OTHOUIEHHS TOKOB Lot/ noer 3aBUCUT YTOJI MOBOPOTA PAMOK OTHOCH-
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TeJBHO JAPYT JApyra. DTOT Yroj HMPONOPIHOHAJIEH M3MEPAEMOMY CONPOTHBIIE-

HHIO Iy, TAK KaK TOK /'yocr MPOMOPLHOHANIEH MOTEHIHATY MCCIIETyEMOro 3a3em-
yutens. [109ToMy 10 MONOXKEHHWIO CTPeNKH Nmpubopa, CBA3AHHON C OXHONH M3
PaMOK, U OTIpeNesAeTCss CONPOTHBIICHHE.
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Puc. 7.11. Cxema u3mepenns 3azemieHus npudopom tuna M-416:
1,2, 3, 4 - 3aKkuMmbl

B npubope umerorcs tpu npeaena — 10, 100 u 1000 Om, uto nocturaercs
MOAKIIOYEHHEM MapauiebHo kK 06MoTke T pesucropa nepekiodaTeneM Ha ma-
Henu npubopa. Jst Toro yToOb! MepeMeHHbIi 0Ty AaromMil TOK He MCKaKal
Pe3yiIbTaTOB, HEOOXOAUMO BpalIaTh PYKOATKY P €O CKOpOCTbIO, MpH KOTOPO¥
cTpeska He coBepiuaet kosnebanuit. KonebaHus ee MOTYT HaCTYNHUTh, €CIIM Yac-
TOTa TOKa /nep ONMHM3Ka K uwacToTe Omyxaaromero B 3emiie Toka. [TocTosnmelif
OIry>KIaloIMii TOK He AeicTByeT Ha mpubop, Tak Kak npeobpasyercs KOMMyTa-
TopoM B mepeMenHbIi. [Ipu HepabGoraronem rexneparope OayKmaloummii nepe-
MEHHBIH TOK BBI3BIBAET JIPOJKAHUE CTPEJIKH, a MOCTOAHHBIN TOK — ee HeGobuIoe
OTKJIOHEHHE.

CoIpoTHBICHHE BCIIOMOTaTEIBLHOTO 3a3€MIIMTENA JODKHO COCTAaBIATH
250-1000 Om (ueM BBIIIE MPEIEN H3MEPEHHUS, TEM BBIIIE 3TO COMPOTHBICHHUE),
a conpoTHBiIeHHe 30Haa - He 6onee 1000 Om. Haubosnpuias morpemHocTs Ha
paboueii mkane cocrasnser 10 %.

H3smepurens THna M-416 He COAEPKUT BpalAIOLIErocs TeHeparopa (CM.
puc. 7.11). BHyTps BkIaasIBacTcs GaTapes M3 TpeX 3JIeMEHTOB THa 373 uiu
aHayorn4HbIX (obmee HampspkeHue okono 4,5 B). B mpubope cMoHTHpOBaH
TOJIyIPOBOJHUKOBEIN MpeoOpa3oBaTesib MOCTOSIHHOTO TOKAa B MEepeMEeHHbIH
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(MHBEpTOpP) IUIA TOKOBOWH Ienu (3aXuMbl / ¥ 2), K KOTOPOMY NMPHUCOCAHHSIOT
M3MepAEMBbIH 3a3eMIINTEIIb Iy M BCIOMOTATENIBHBIN Iy, @ TAKKe MOTyIPOBOJAHH-
KOBBIH BBIMPAMHUTENb (BXOAHBIE 32KHMBI 2 U 3); joromerpa Her. [IpuHIMn u3-
MEpEeHHs — KOMIIEHCALMOHHBIH (CPaBHUBAIOTCS IWANCHUS HANPSUKCHUS Ha
BHCIIHEM ry M ATAJIOHHOM COMpPOTHBICHHAX). MiMeeTcsa ueTslpe Auamna3oHa us3-
Mepenusa. OTcueT MpOU3BOAUTCS, KOTa PEOXOPIOM CTpenka mpubopa mpHBoO-
JIUTCA B HEWTpanbHOE nojoxenue. [Ipubop npoBepsioT Mo 3TaJOHHOMY CONpPO-
tuBieHuio 5 OM. Ecin oxuzaeMoe conpoTtHuieHue ry MmeHee 5 OM, mepemMbIyky
MEXIy 3aKMMaMu / M 2 CHUMAIOT ¥ 3aXKUM 2 TIPUCOEANHSIOT K 7.
YaensHOe CONpPOTUBIIEHHE MOXKHO M3MepuTh npubopom MC-08, mpume-
HSS METOI BEPTHKAIBHOTO 3JIEKTPHYECKOro 30HAMPOBaHUs. A sToro 3abu-
BAIOT B 3€MJIIO Ha OJHOM MpAMOii 4eThIpe anekTpoaa Ha riryouny 0,05 a, rae a —
PaCCTOSHHE MEXIY 3JIEKTpoAaMH. BHemHue 31eKTpoAsl MPHUCOSAUHSIOT K 3a-
xuMam I, u I, (cMm. puc. 7.10), BHyTpeHHHE — K 3akuMaM E; U E,. Ilepembruky
mexay /; u I, orcoenunsior. Ilepex 3amMepoM CTpelKy YCTaHaBJIMBAIOT Ha
KpacHO# uepTte, MepeKioyaTeIb — Ha MOJI0KEHHE «PEryJHpoBKa». 3aTeM €ro
NIEPEBOAT B ITOJIOKEHUE «H3MEPEHHEe» H JeNaloT O0TCYET r3. Y/ICNbHOE COMpo-
THBJICHHE PAaBHO
Pusw = 271aT3. (7.22)

Takoe U3MEPEHUE NCIAl0T B TCIUIOEC BPEMS roa U B HECKOJIBKUX TOYKaXx
riomaaku. Ecnu TIOJTYYEHHBIC P 3y MU HCCICAYEMBIX TOYCK INUIOIIAAKH OTIH-

yajorcst Oonee yem Ha 50 %, Konu4ecTBO Touek yBeauuuBaioT. [Ipu pasuuie
menee 30 % rpyHT CYMTalOT OJHOPOIHBIM.

N3mepenne conpoTuB/ieHns uenu «paza — Hyab». 1 TakuX U3Mepe-
HHUiT BbIycKaeTcs npubop M-417, paccuMTaHHBIA Ha NPOBEPKY Z(p-o) B CETAX
Hanpsbkenuem 380/220 B. Ilpuniun ero padboTsl COCTOHT B TOM, YTO Ha KOPOT-
KO€ BpeMs YCTpauBaeTCs 3aMblkaHKe (a3bl Ha 3aHYJICHHYIO YacTh Yepe3 pesH-
cTop, pasMemaeMslii B mpubope. [lagenne HanpsHKeHUs HA Pe3UCTOpE ABIAETCS
Pa3HOCTBI0 MEXAY (asHBIM HampsHKEHHEM M TMaJeHHEM HANpsKEeHHUSA B LEMH
«ha3za — HyJIb», BKJIIOYAs cONpoTHBIeHUE (a3pl TpaHcHopMaTOopa. 3HAUHUT, NPH
HEM3MEHHBIX HANpPsHKCHHH U CONMPOTHBICHHH PE3UCTOpA MafeHHE HANPAKCHUA
Ha HEM 3aBHCHT OT CONpOTHBIEHHA Lend. ITosToMy cTpenodHslid mnpuoop,
BKJIIOUEHHBII NapauiebHO PE3UCTOPY, MOXKET OBITh MPOrpagyHpoBaH B OMax.

Pe3ynbTaThl H3MEPEHHUS Z(g.o) MOACTABIAIOT B popmyiy (3.14) u oneHuBa-
10T Liswynys T-€. Ikspa) = KUplz @0y THE K = 0,85 — ko3dduumenT, yauTsl-
BAIOLIMI TOTPEIIHOCTH, BHOCHMBIE MPHOOPOM M CBA3aHHBIE C KOJEOaHUAMHU
HAIPSDKEHUS B POLECCEe U3MEPEHHH.

[Toce MoHTa)ka DIEKTPOYCTAHOBKM 3TH M3MEPEHHS JIEJaloT TOJBKO JUIA
Hanbosee ylaJIeHHbIX ¥ Haubosiee MOIIHBIX 3JEKTPOIPHEMHHKOB, IS KOTOPBIX
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TpyzaHo cobmoctr ycnosus (3.12) u (3.13), Ho He menee yem 114 10 % obuero
4HClIa JJMEKTPONPHUEMHUKOB. [l OCTAIBHBIX SJIEKTPONPUEMHHUKOB H3MEPAIOT
TOJBKO COMPOTHBICHHE OTBETBIEHHS OT MariMCTPaJbHOIO HYJIEBOTO 3alIMTHOIO
MPOBOZHHMKA 10 KOPITyca COOTBETCTBYIOIIETO 3JIEKTPONPHUEMHHKA, YTOOBI ybe-
JUTBCA B LIEJIOCTHOCTH OTBETBJIEHUS U KayecTBe KOHTAKTOB. [l14 3TOro npeaxa-
3HaYeH CIeNUadbHbI oMMmerp M-372 (MOXXHO HCIOJIB30BAaTh HM3MEPHTEND
MC-08). [lnsa oTBETBIEHHI HOPMa CONPOTHBJICHH HE YCTAHOBJEHA, @ PE3YJlb-
TAaT M3MEPEHHS CPABHMBAIOT C MPEIbIIYLIMM, KOTOpBI 3a)MKCHpOBaH B Mac-
HOpTE NIEKTPONPHEMHHKA. Pe3yibTaT mepBoro M3MepeHus CpaBHHBAKOT C pe-
3yJbTaTOM H3MEPEHHH Ha JPYruX aHaJIOTHYHBIX JJIEKTponpHeMHHKax. Ecmu
3HA4YEHHE CONPOTHBJIEHUS MHOTO BBIIE, YeM MpPH MPEABIAYIIEM H3MEPEHHH,
3TO CBHJIETENLCTBYET O IJIOXOM COCTOSSHMM KOHTAaKTa B MECTE COEJIHMHEHHA OT-
BETBJICHHS C 3aIlyJICHHBIM KOPITYCOM HJIM, YTO PE€Xe, C MarkuCTpaiblo 3aHye-
HHA (KOHTAaKT 3apKaBell, 3aKpauleH, 3amaciieH). B ciyyae oOpbiBa OTBETBICHHUA
mpubop nokaxeT 6€CKOHEYHOCTb.
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I'naBa 8

MOJIHUE3AIIUTA

8.1. MOJIHUA U EE XAPAKTEPUCTHKH

Monnus npencraBiser co00it 3MEKTPHYECKUIT pa3ps B aTMochepe MExIy
3apsDKEHHBIM 00J1aKOM M 3eMJIeH, MeXIy pa3sHOMMEHHO 3apsDKCHHBIMH YacCTSIMH
obnaka MM cocegHUMM obiakaMu. J[iMHa ee kaHayna OOBIYHO NOCTHTAeT He-
CKOJIBKMX KHJIOMETPOB, IPUYEM 3HAYHUTEIbHAS €ro YacTh HaXOJUTCSA B IPO30BOM
obnake.

Jlo mosBneHus paspsiza MPOUCXOJUT HAKOIUICHHE M pa3/ieNIeHHe JJIeKTPH-
YeCKHX 3apsoB B obiake, 4eMy CrOCOOCTBYIOT a9pOJMHAMHYECKHE H TepMUYe-
CKHE MPOLECCHI: BOCXOAIINE BO3AYLIHBIC TOTOKH, KOHICHCALMSA MapOB Ha BBI-
core ot 1 10 6 kM, obpa3oBaHHe Kamnens, UX ApobieHue. BepTHKanbHbIE MOTOKH
TEIUIOr0 BO3/yXa MOTYT CO3aBaThCA MPU YCHICHHOM MECTHOM HarpeBe IMOYBBI
(mennosvie 2po3vi, OXBATHIBAIONIIHE HEOONBIIOE MPOCTPAHCTBO) M BO BpeMs

BTOPKEHUS KITMHOBUIHOW MacChl XOJIOJJHOTO BO3yXa (¢hpornmanvhuie epo3br).
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Puc. 8.1. O6pasopanue 3apsaoB B obnaxe:
1 — nonocdepa; 2 — nonspu3oBaHHa Kanng; 3 — NoToK Bo3ayxa; 4 - obnako

Hopmanbno 3€MJIA 3apspK€Ha OTPHULATEIIBHO C HOBCpXHOCTHOﬁ TIJIOTHO-

CTBIO O - TIPH CYUIECTBOBAHMH JIEKTPUYECKOTO OIS 3¢MITH C HANPSHKEHHOCTHIO
E,.. Bropoii «o6knagkoii» 3Toro cepudeckoro KOHAEHCATopa ABISETCS I0JIO-
JKUTETBHO 3apshKeHHas HoHocdepa, pacrookeHHas o4eHb BhICOKO (puc. 8.1).
[Tox neiicTBueM E, majaronias Karuist MOJAPU3YeTCs, B HUKHEH ee YacTH MosB-
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JISIeTCS TIOJIOXKUTENBHBIN 3apsiji, B BepXHEH — OTpHLATEIbHBIH. JIBHKymuecs B
BOCXOJIAILIEM IOTOKE BO3/yXa JIEKTPOHBI NPUTATUBAIOTCSA HUXKHEH YacThIO Karl-
7, a Goyee MOJIOKHUTEIbHBIC MHEPLMOHHBIE MOHBI BO3MyXa OTTAJKHBAIOTCA H
YHOCATCA Jajiee, COCPEAOTOUMBAACH BBEPXY. B pesysibTare 3TOro Karii moiy-
YalOT CYMMapHBI OTPULATEIbHBIH 3aps/l i HAONHAIOT HIKHIOIO YacTh o0aka
CO 3HAYUTENIBHOM 00BEMHOH MIIOTHOCTBIO, IJIE MOXKET HAXOJUTHCA MHOTJA U He-
60JIBIION 0OBEMHBIH MOJOKUTENbHBIN 3apsaa. BHyTpu obnaka oOpasyercs 3yiek-
TPUYECKOE MMOJIe ¢ HANMPSKEHHOCTBIO Eys MEXIY pacrtpele]eHHBIMH pa3HOIo-
JPHBIMY 3apafaMu. HIKHAS 4acTh HHIYLHMPYET Ha MOBEPXHOCTH 3EMIIH T10JI0-
JKUTEIBHBII 3apsll C IVIOTHOCTBIO Ot M MOSBJIAETCS MECTHOE IPO30BOE JIEKTPH-
4ecKoe IoJIe ¢ HaIPSDKEHHOCTRIO £, nocturaromeit uHoraa 100-200 xkB/m.
Pa3psn obnaxa Ha 3emmo (puc. 8.2) umeer BUA JIMHEHHON MOJIHMM M Ha4YWHa-
ercs B OOJIBIIMHCTBE CTy4aeB IPH BBICOKOH KOHIIEHTPALMK B HEM 3aps/loB M Ha-
npsbxkeHHocTH £,=20-30 kB/cM y ero BBICTYnaouX 4acTeid. oMy OGraronpusr-
CTBYET MEHbILIas IUIOTHOCTH BO3IyXa BOKPYT 00J1aKa, 4eM IUIOTHOCTD Y 3EMITH.

I'nauslii pazpag —  IlocnecBeuenue _2-H IJ1aBHbIH pa3paj
Hirckd- = =
JAWMH —_— | ]
CTyneH4a- —— |

i i0) 1

. | |
L) o Pl
| |
N_
PVRT ) e [
Tok nuaepa Tok nocnecseyeHus
(necsTku-coTHH A)| | (COTHH-TBICSYH A)
0,005-001¢ 0.03-005¢

50-100 mkce
Tok riasHoro paspsiza 6
(mecsTKH-cOTHH KA)

TPEJIOBHAHBIH

Bocxomsammii
CTYNeHYaThIi *

"jﬁf/f// ////f l

Hepsblﬁ KOMITOHEHT HOCHCZI)’IOUIHC KOMITOHCHTBI
]

—

€
nuaep

Puc. 8.2. Pa3pan obnaka Ha 3emitio:
a — OlTHYecKas oclulorpamma (3anucs Ha llBM)K)’lLleﬁCﬂ c/iesa Hanpaso
(orornnenke); 6 — KpHBas TOKA MOJIHMH; 6 — ONTHYECKAA KAapTHHA
BOCXOAALLErO pa3pAaina MOJHHH B BEPLUHHY BbICOKOI# GauiHu
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Hccnenoanuamu B Poccun u 3a py6eskoM BBIABJICHBI YCITOBHSA BO3HHKHO-
BEHHS MOJIHUH U €€ XapaKTepHCTUKHU. /I paBHUHHBIX pallOHOB JIENAIOT Pasiii-
qpe MEXTY paspsaiaMid MOJHHH HEMOCPEJCTBEHHO B 3€MIIIO WIIH B OOBEKTHI BbI-
cotoit 10 100 M ¥ pa3psgaMu B BBICOTHBIE 3aHHSA U COOPYXKEHHA: PaJMoO M Te-
JIEBU3MOHHBIC MayTEhl, 3aBOJICKHE TPYOBI. B 1epBoM cirydae XapaKTepHBI HuCXO-
Osiyue, a BO BTOPOM — 80cxodsujue pa3psabl (MOJTHHUHK).

Hucxomsmuii pasps Mexay o6J1akoM U 3eMIIei pa3/ieNsieTcst Ha audepHblil
u 2nasneii. OH 0OBIYHO HAYMHACTCA C MPOpacTaHus oT obiaka K 3emie ciabo-
CBETSILErocs KaHama — cmynenyamozo nuuepa (cM. puc. 8.2), OBHXKYLIErocs
NpPEepBIBUCTO (CTyneHaMH). [nuHa KaxIoi cTymneHu okosno 50 M, CpemHsas cKo-
POCTb €e pacrpocTpanenus coctapnser (2-5) 10° m/c. B GonbmmHCTBe CiyyaeB
(mo 90 %) 3apsan obnmaka ¥ HHCXOMSIIMN CTYNEHYAThIH JHAEp UMEIOT OTpHLa-
TEJIBHYIO TOJIIPHOCTE. BOKpyr Hero oOpasyercs 3HaYMTENbHas HOHU3UPOBAH-
Has 061acTh BO3IyXa, CO3JaHHAsA dJIeKTpuyeckuM moseM. ITocie mpopactaHus
KaXI0H cTyneHu HacTymaer rmaysa oT 30 xo 100 mkc. Obuiee Bpems MpoaBHKe-
aus muaepa cocraiager 0,005-0,01 c¢, cpemHsist CKOpOCThH 3TOrO mporecca
(1-2) 10° we. TpuGmmkenne ero K 3eMne 0GYCIOBIMBAET BO3PACTAHUE JIEK-
TPUYECKOH HAIPSDKEHHOCTH Ha €ro TOJIOBKE, KaHAJ JIHAEpa 3aloJIHIAETCS OTpHU-
LaTeIbHBIM 3apsAJ0M C JIMHEIHOM MI0THOCTRIO J-. Bo3pacTaeT u MIOTHOCTh HH-
IyLHPOBAHHBIX 3apsI0B O+ Ha 3eMile WM Ha Omwkaiimux oobekrax. Tok B ju-
Jiepe HapacTaeT IMOCTENeHHO (CM. puc. 8.2, 6) M pelIKo NMPEBBIIIAET COTHU aMIiep.

ITo Mepe mpuOIIDKEHHS CTYNEHYaTOro JHAEpa K 3eMJIe HalpsKEHHOCThH
9JIEKTPHYECKOT0 MOJISI Ha BEPUIMHE BO3BBILIAIOMIEIOCS 3a3eMJIEHHOTO 00BEKTa
YBEJIMYHUBACTCSI U MOXET IPEBBICHTH KpUTHYeCKyI0. C oObekTa HauMHaeT pas-
BHBATBCA 6CMpeyHblil audep, a CTYIIEHYATBI MPU 3TOM MOXET M3MEHHUThH Ha-
MpaBJieHHe, OTKJIOHSSICh K Pa3BHBAIOIIEMYCS OT 00BEKTa BCTPEYHOMY M COEMIH-
HSACH C HUM.

JlnuHa BCTpEeYHOro juzepa OOBIMHO HE3HAYMTENbHAa M JUIi OOJIBIIMHCTBA
ciyqaeB He mpessimaer 20-30 M. C yBennyeHueM BbICOTHI 00bekTa oT 20 10
200 M muHa ero kaHaja Bo3pacrtaeT npubnusurensHo ot 20-30 o 50-85 M, mo-
3TOMY BCTPEYHBIH JIHEp MMEeT BaXKHOE 3HAYCHHE B Pa3BUTHU MOJHUH. OH
(dopMupyeT 3aBeplIAlONIMI yYacTOK TPAeKTOPHHU M B 3HAYMUTENBHOH CTEHEHH
npexonpenensieT Mecto nopaxenus. Korga rojgoBka cTyneH4aToro Juaepa co-
IPUKOCHETCS C 3eMJIeH MM BCTPEUHBIM JIHIEPOM, BO3HHKAET IJIABHBIH pa3psn
(cm. puc. 8.2, a). OH cB3aH ¢ HeHTpanu3alMel OTPUIATENIBHEBIX 3apAN0B JIHIC-
pa MOJIOKHUTEIBHBIMH 3apsAaMU 3€MJIM M HAIlOMHHAET KOPOTKOE 3aMbIKaHHE.
Mo3XHO paccMaTpHBaTh 3TO SBJICHHE M KaK OCBOOOXJEHHE JIMJAEpa OT OTpHUIla-
TENBHBIX 3apAfoB. Takoi mpoluecc HanpaBiIeH CHU3Y BBEPX U NMPOTEKAET BECbMa
6bicTpo (3a 50+100 mkc). Haubosee BeposTHas CKOPOCTH PasBUTHA TJIABHOIO
paspsna paBHa 1/3 cKOpocTH cBeTa, HO HM3MEHseTcs B OOJBIINX Ipejelnax.
['maBHBIH pa3psax CONMPOBOXKIAETCA OYEHb MHTEHCHBHBIM CBEYECHHEM KaHaua,
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YMEHBIIAOUIMMCS TPH MPUOTIKEHHH K 00J71aKy, a TakkKe MOIIHBIM 3BYKOBBIM
a¢dexroM (rpomom). Tok rmasroro paspsaa (cM. puc. 8.2, 6) gocturaer 60Ib-
1I0¥ BeJMYHMHEI (IecaTku ¥ coTHM KA 3a 50-100 Mkc) u criocoOeH pa3orpersb
KaHas o temmepatypsl 6onee 30 000 °C. Bokpyr Hero ob6pa3syercs HOHH3HPO-
BaHHas 00J1acTh, HCYe3aloNas 1Mocie OKOHYaHHs I1aBHOro paspszaa uepes 0,03-
0,05 c. 3arem obpasyercst TOk mocyie cBeueHMs BenuuyuHoi ot 10 mo 1000 A.
JITUTeNnbHBIH TOK B 9TOi (pMHAIBHOM CTaguM MOJIHHMHU SBJIAETCA OJHOM M3 OC-
HOBHBIX NPHUYMH €€ TePMHUYECKOT0 BO3JCHCTBHSA. TpH NepedyucICHHbBIE CTaluH
(yupepHast, riaBHas U GHHAIBHAS) COCTABISIOT NMEPBYIO KOMITOHEHTY HHCXOJId-
el oTpuuaTeabHONH MoHIM. Kak mpaBuito, 3a He#l MOXET ClIeI0BaTh HECKOJIb-
KO TaK Ha3bIBa€MBIX IOCIEMYIOMUX KOMITIOHEHT. [Ipu 3TOM BMECTO CTyneH4aTo-
TO JIMAEpA MOSBIAETCS 110 TOMY e ITyTH cmpenogudnsiit audep (cM. puc. 8.2, a),
Pa3BUBAIOIIMICS OT MPEKHEr0 MecTa B TPO30BOM 0OJIaKe JI0 3eMJIH MM 00beK-
TOB Ha 3eMJIe.

[Mocnemyronye KOMIOHEHTH MOJIHUM MTPOTEKAIOT OBICTpee, HO MX TOK 3Ha-
YUTEIbHEE MEHBbIIE, 9eM B 1nepBoi. 1o 3apybexusiM ganHbM, B 50 % cirydyaes
CpellHee YMCII0 KOMIIOHEHT Ha OJUH pasps] MOJHUY cocTasisier 2-3, a B 45 % -
onHy. M3penka HabII0AAIOTCA MOJTHUHU CO 3HAYUTEIBHO OOJIBIIMM YHCIOM KOM-
noHeHT. O6mas npoJoHKUTEILHOCTS MHOTOKOMITOHEHTHOH HHUCXOAALIEH MOJI-
nuu pocturaer 0,2-0,3 ¢ (50 % ciyuaeB), HO HabJOAANACh M JIMTEIBHOCTD €€
1o 1-1,5 c. 3apsaa, nepeHOCHMBIi B TeUeHHE BCEi BCIBIILKKA MOJHHH, KoneOeT-
CSl OT €IMHMIL IO COTEH KYJIOHOB, M3 KOTOPBIX Ha JIOTIO OTJAEIBHBIX UMITYJILCOB
npuxoautes 5-15, a Ha HenpepsIBHYIO cocTtapisionryio 10-20 K. Um u nonosn-
HieTcs obumit 3apa 3emu. OTpunaTenbHas MOJIHHS U3ydeHa Gosee MmoiHo, ee
rapaMeTpsl U3BECTHBI ¢ OOJbLIEH TOCTOBEPHOCTHIO, TAK KAaK JaHHBIE O HHUCXO-
JSIIMX MOJIHMAX HAKaIUIHBAJIHMCH MPOJOJDKUTENBFHOE BPEeMs B pa3sHBIX paioHax
3€MHOT0 HIapa.

Ipu paspsmax B 00bEKThI 3HAYMTENILHON BBICOTHI (COTHH METPOB) 0OHApy-
JKMBAIOTCS CYIIECTBEHHBIE PA3JIMYUs MEPBOTO UMITYJIBCA M 3aBEpILIAIOLIETO pas-
pana. B aTom cityyae paspsj HauMHAETCs C IPOPACTAHUS BOCXOJSAILETO JIHAEpa
OT BEpIIMH 3a3eMJICHHBIX COOpYXeHHi (cM. puc. 8.2, ). PazBuBaronumiics BBepX
oT 00BEKTa, OH MOXET U HE UMETh ABHOW CTYNEHYATO# CTPYKTYpPbI, HO TJIaBHBIH
paspsa U B 3TOM CIIy4yae pa3BHBaerTcs oT o0bekTa K 00iaky (T.e. €ro Hampasie-
HHE COBIIAZAeT C HANpaBICHHEM PAaCIPOCTPAHEHHUS JHUAEpa) U MOJydaeTcs cia-
ObIM, YTO OOBACHACTCA MEUICHHBIM NepepacipeiesieHHeM MaJIONO/BHKHBIX 3a-
pAoB B 06J1aKke ¥ HECIOCOOHOCTBIO ero OBICTPO 00ECeYUTh BBICOKYIO KOHLICH-
TPaLMIO UX I KOMIIEHCALMK 3aps/IOB OYEHb IJIMHHOIO Jiaepa. Yem BeIie
00BEKT, TeM MEHBLIE TOK TTABHOTO pa3psjia MpH OJHOI M TO¥ ke BepOATHOCTH
ero nosiBneHuss. Ho 0coOGEHHOCTh COCTOMT HE B MEHBIIMX TOKaX, a B TOM, YTO
BBICOKHE 00BEKTHI OYIyT dallle rmopaxartsesi IpAMBIME yaapamu. [Ipu uccneno-
BaHUAX HabJI0a)IoCh OBICTPOE BO3pacTaHHE KOJIMYECTBA BOCXOLIMX pa3ps-
JIOB C YBEJIMYEHHEM BBICOTHI 00BekTa A, (ipu s, = 150 M oHO cocTaBmsno 24 %,
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anpu hy, =2 380 M — 96 %). B ropax cooTHOIIEHHE MEX/Ty BOCXOJAIIMMH U HHC-
XOJAIIMMH pa3psgaMH U3MEHSETCSl B CTOPOHY yBeIHueHus nepsbix. Jlugep mo-
CJIEAYIONMX KOMIIOHEHT BOCXOJSIIMX MOJIHHMH BCerja MpOIBHIaeTcs IO Ha-
IIPaBJIEHHIO K 3€MJIe, MOITOMY HX CTPYKTypa HE OTJIIMYAeTCsA OT CTPYKTYPHI IO-
CIIEYIOIIMX KOMITOHEHT HUCXoAAmEeH MOTHUH. CBeAeHHS O BOCXOAAIINX MOJ-
HHAX NOABHINCH JIMIIB B ITOCICAHUE AECATHIECTHS, KOTJa Ha4yaliuCh CHCTEMATH-
YyecKkHe HaOIIOJAEHHS 32 IPO30MOpa)KaeMOCTBI0 OYEHb BBICOKHUX COOPYIXKEHHIA,
HanpuMep OCTaHKMHCKO#H TeleBU3HOHHOM GaniHy.

Haubonvwyro onacnocms npedcmagnsem HUCX00AWaAs OMPUYAMENbHAS
MOnHuA MeXIy 0o01akoM u 3emiel (00BEKTOM) B BUJE AUHEUHOU MOIHUU, C KO-
TOPOH CBA3aHO MOJABISIONICE OONBUIMHCTBO MOXAPOB U MOBPEXACHHUH 31aHUIH,
COOPYKEHHH, TMHUH 3JIEKTporepeaay, MOACTAHIIHI.

Taxum o6pa3oMm, I MOJHHE3AIIUTHl MPEACTABISET HHTEPEC TOJIBKO JIU-
HelHas, a He IIapoBas MOJIHMS KaK peJKoe sBJIeHHEe. DIEeKTPHYECKHUMH Xapak-
TEPHCTHKAMM MOJIHMM SBJISIOTCA aMIUTMTyJa Toka I, (HauGombliee 3HaueHHe
TOKa IJIAaBHOTO pa3psia MepBoii KOMIIOHEHTHI), KpyTH3Ha TOKa ¢, JUIMHA (QpoHTa
BOJIHBI TOKA Ty M JUIMHA BOJHEI TOKA T, (puc. 8.3). Ony,BaXKHBI PH pacyeTe pas-
JIMYHBIX BO3ACHCTBHH MOJIHHUH.
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Puc. 8.3. U3meHenune TOKa MOJIHHH iy BO BPEMEHH T

Amnaumyoa l,, u3MEHACTCS B OYEHb IIMPOKUX Mpejeax, J0CTHras HHOTIa
230-250 xA. Yem Oonpllie aMIUIMTYa, TEM MCHBIIC BEPOATHOCTD €€ MOSABJICHHUS.
OleHKa 3Toi 3aBUCUMOCTH JaeTcs KpuBoit Ha puc. 8.4. Buano, 4to aMIuMTy1a
B 100 KA u BbIIIe BO3HHKAET OYEHb PEIKO M COCTaBIAET OKOJO 2 % obmero
qucia paspsanos. Haubonee yacter ammummtyznel 6onee 30 kKA. OHu MOABIAIOTCA
npumepHo B 50 % cmydaeB. PacuetHoil Benmmunnoi cumtator /, = 100 KA, a B
paifoHax ¢ MaJoi rpo30BOM AEATENBHOCTBIO AOMYCTHMO NMpUHUMaTh 50 KA.
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Puc. 8.4. KpuBas BepOATHOCTH aMIUIMTY/{ TOKOB MOJIHHH ([U1 BBICOT
Haj ypoBHeM Mops MeHee 500 m)

BeposTHOCTE Py MOXeET OBITH OTIpe/eNieHa u o npocToi Gopmye
lg P, = - 1,/60, (8.1)

KOTOpasi MPUIo/IHa U1 XOPOLIO 3a3eMJIEHHBIX 00BbeKTOB. [IpH yrape MOTHUH B
TPOC, MPOBOJ MJIM B IUIOXO MPOBOJSIIYIO MOYBY BEpPOSATHOCTH yMeHbmIaeTcsa. C
YBEJIMYEHHEM BBICOTBI MECTHOCTH KPMBas BEPOSITHOCTH MJIET Hike. J[nsa rop-
HBIX paifoHOB I, MPU OAHOI M TOM e BEPOATHOCTH YMEHBIIACTCSA BBOEC BBHIY
MaJoif MHTEHCHBHOCTHU TJIAaBHOTO paspsaa. Mrpaer poib M BBICOKOE YJIEIbHOE
COTNPOTHBIICHUE ITOYBHI B TOpax (CKaJbl, CHET).

Kpymusna o = di,/dT xapakTepu3yet CKOPOCTb HapacTaHHsA TOKa, T.€. OT-
HOILIEHHUE MPHPAIIEHUS TOKa Aiy K OYEHb MAJIOMY MPOMEXYTKY BpeMeHH Af,
ABJIAETCA NEePeMEHHON BelnunHOM. OHa MEHbIIE B HaYajge M B KOHLE BOCXOMIS-
1el BETBH TOKA, HA KOTOPOH MPOUCXOJHUT OBICTPOE €ro M3MEeHEeHHe, U BeIHKa B
ec cepeaune. BenmunHa ¢ Bcerja mpeBBIIIAET 5 KA/MKC M MOXET JOCTUTaTh
80 xkA/mxc. CpennHssa KpyTH3Ha & = /Ty v IpOIIOpLHOHANbHA tgor (¢ - YToi Ha-
KJIOHA IITPHXITYHKTUPHOH KpHBOH K OcH BpeMenu) Ha puc. 8.3. MakcuMaibHas
pacueTHas KpyTH3Ha NpuHHMaeTcs paBHO# 50 kA/mMke. Ha nucnanaromeii ety
KPHUBOH TOK M3MEHACTCA MEIJIEHHEH, ero KpyTH3Ha ropasjo MEHbIIE H €€ BO
BHHMaHHE HE PUHUMAIOT.

BeposTHOCTH MOABJIEHHUS TOKAa MOJHHMHU C KPYyTH3HO# ¢ v Goee ornpene-
asercs o popmyie

lg Py=- a/36. (8.2)



KpyTusna BaxkHa 1u1sl pacueTa MHAYKTHBHOTO IAaJCHUS HANps)KEHHA B
MPOBOIHMKAX IENH TOKa MoMHUH. OHa OmpeneNnseT B OCHOBHOM M HaBeJIEH-
upie 3JIC, U pa3sHOCTH MOTEHLHAIOB B TeX KOHTYpaX, Ha KOTOPBIE MOJHHUSA
NpAMO HE BO3AEHCTBYET (NMPOBOAA 3JIEKTPUYECKOW CETH, aHTEHHBI, TPy6O-
npoBozkl). KpyTHsHa npu BeICOKHX 00BEKTaX MPUHUMAETCA TaKOH ke, KaK
s 00bekToB BeICOTOH MeHee 30 M. [l rOpHBIX paifoHOB (BBICOTAa Haj
ypoBHeM Mops Gonee 700 M) npu TOM ke BEpOATHOCTH KPyTH3HA yMEHbIIa-
ercs BaBoe. O6mas BepoATHOCTh OZHOBPEMEHHOTO MOSABICHHUS TOKAa MOJHHH
¢ aMmmiuTyo# [, u Gonee, ¢ KPyTH3HOW ¢! M BBILIE OLEHUBAETCS IO aHAJO-
rHYHOM opmyie

1g P o= [(1,/60)+(0/36)]. (8.3)

Ha npakTHke 3aMeueHO CpaBHHUTENIBHO cliaboe yBeIWYeHHEe KPYTH3HBI IPH
BO3PAaCTaHUH aMIUIMTY/IbI TOKA MOJIHHH.

Hnunoti pponma Ty Ha3BIBAIOT BPEMs OT Hayasa 10 KOHIIA HAPAaCTaHHUs TO-
Ka MOMHMM. Ha 3TOM y4acTke M3MeHeHHEe TOKa HauboJee HHTeHCHBHOE. Bemu-
4HHA Ty MEPBBIX KOMIOHEHT cocTtasiser 1,5-10 mkc. Uem Gonpure amMminTy/a,
TeM 06BIYHO Gombure U Ty. [ MOCTEYIONMX KOMIIOHEHT IMHA (GPOHTA BOJI-
HBl MEHBIIE NMPUMEPHO B 2,5 pa3za. 3a pacyYETHYIO BEJIHMYHHY PEKOMCHIYETCH
NpUHUMATh Ty = 1,5 MKC.

Jlnurnott 60n1HbI IPUHATO CIUTATH BPEMS T,, IPOTEKAIONIEE OT HavaJsia 10 TO-
ro MoMmeHTa, Kornaa iy = 0,51, u usmensercsa ot 20 xo 100 mxc. PacueTHoii Benu-
YUHOM MPHHUMAIOT Ty = 50 MKC.

WHorma KpUBYIO TOKa MOJHMH MIeanu3HpyloT. Eciu MHTEpecyloTes mpo-
1ieccaMH Ha ()POHTE, TO CYMTAIOT, YTO IOCIIE ¢ = Ty TOK HE M3MEHAETCA M OCTa-
ercs paBHBIM /. Hao6opor, a1 aHanu3a BO3JEHCTBUA HAa HUCIIAJAIOMIEH BETBHY,
HarpuMep TEIUIOBOrO BO3JACHCTBHSA, NpeHeOperaloT GpoHTOM M IMOJAraloT, YTO
TOK cpa3y JOCTHTaeT 3HaueHus [, M 3aTeM MEUICHHO CHajaeT IO 3aKOHY

=", rne T- HEKOTOpasi NOCTOSHHAS BEJIUYHHA.

8.2. IO’KAPO- U B3PLIBOOIIACHOCTB BO3JAEMCTBUS MOJIHUH

Bo3zneiicTBue MOJHUU MOKeT OBITH JBOAKHM. Bo-1mepBbIX, OHO MOXeET I0-
pakaTh 3JaHHS ¥ YCTAaHOBKH HENOCPEICTBEHHO, YTO HA3bIBACTCA NPAMbIM yOa-
POoMm, WIIH nepsudHsim eozoelicmeuem. IIpamMoi yaap MOJHHMH XapaKTepU3yeTcs
HEMOCPECTBEHHBIM KOHTAKTOM KaHaJla MOJIHHH CO 3[JaHHEM MJIM COOpYXKEHHEM
U COIPOBOXJAETCS IPOTEKAaHWEM 4Yepe3 Hero TOKa MOJHMH. Bo-BTOpBIX, OHa
MOXET OKa3bIBaTh 6MopuuHbvle 6030eicmeus, OOBICHAEMBIE JJIEKTPOCTaTHYE-
CKOM M 3JIEKTPOMAarHUTHOM MHIYKIMEH, a TakkKe 3aHOCOM BBICOKHX ITOTEHIIHA-
JIOB 4Yepe3 HaJ3eMHBIE U MOJA3EMHbIC METAJUIMIECKHE KOMMYHHUKALMH, YTO ABJIA-
eTcsl CJEACTBHEM MpPSIMOTO yAapa MOJHHH. BTOpuuHBIE BO3AEHCTBHA CO3MAIOT
OIaCHOCTh HCKPEHHUS BHYTPH 3alMIAEMOr0 00BEKTa.
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Bo3saeiicTBusi IPAMOro yapa MOJHHH

Ipsimoit yaap MonHuM 00yClIaBIMBAaeT CleAyIONMe BO3AEHCTBIA Ha 00b-
€KTBI: mepmuvecKkue, mexaHudecKkue " asiekmpuvecxKue. Bce st BO3HCﬁCTBHﬂ
MOTyT OBITH MPUYMHAMH MOXKAPOB, B3PHIBOB, MEXAHHYECKHUX pa3pyIICHHI, me-
pEHANpsHKEHHS Ha MOPAXKEHHBIX 3JEMEHTaX O0BEKTa, MpoBOJAX M Kabensax
9NIEKTPUYECKUX CETeH, ITOpaskeHUs JIIOICi.

Tepmuueckue BO3IEHCTBUS CBA3AHBI C PE3KUM BBIJCICHHEM TEIUIOTHI TPH
NpsAMOM KOHTaKTe KaHajla MOJHHH C COICPKMMBIM TMOPAKEHHOro O00BEKTa H
NpH MPOTEeKaHWHU Yepe3 00BEeKT Toka MOMHMU. KaHay MONHHM MMEeT BBICOKYIO
temrnepatypy (30 000°C u BbIIe) M 3amac TEMmJIOBOH >Hepruu. Breijensemas B
KaHaJle MOJIHMM JHEPTHs ONpeJenserTcs MEPeHOCHMBIM 3apsAnoM, JUINTEITbHO-
CTBIO NPOTEKaHHS M aMIUTMTYHOI Toka Monuuu. B 95 % cmydaeB paspsnos
MOJIHMH 3Ta 3Heprus (B pacuere Ha comnpoTtupiaenue | Om) mpessimiaet 5,5 Jx
[2], uTo Ha HECKOJBKO MOPSAAKOB IMPEBBINIAET MUHUMAJIBHYIO SHEPTHIO BOCILIA-
MEHEeHHS ra30-, Mapo- ¥ MbUIEBO3MYIIHEIX cMeceil. [Ipy 3TOM BeposSTHOCTH BOC-
TUTAMEHEHUS TOpIOYeH Cpeibl 3aBUCHT HE TOJIBKO M HE CTOJBKO OT aMIUINTY/IbI
TOKa, CKOJIBKO OT BEJIMYUHBI M BPEMEHH MPOTEKAHUS JUTUTEILHOTO TOKa MOJTHUU
B ee ¢unansHOM ctamuu (Tox 100-500 A, Bpems 1-1,5 c).

Oco0yro omacHOCTh MPAMOM yap MOJHHM TIPEJCTABIACT Ul 3[aHUIA U Ha-
PYXKHBIX YCTaHOBOK, I/I€ 110 YCJIOBHSM TEXHOJIOTHIECKOTO Mpoliecca MoXeT 00pa3o-
BaThCA B3PBIBOONACHAS CPEa, YTO BCTPEHUaeTCsA PEIKO; vallle OHa 00pasyercs Mpu
HapyIICHUH TEXHOJIOTHYECKHX ITPOLIECCOB, aBapHAX 000PYyA0BaHUS, BEHTHIISILIMH.

OnacHOCTh MOpPaKEHHA MPAMBIM yJapOM MOJIHMM HEKOTOPBIX HapyKHBIX
B3PBIBOOINACHBIX YCTAHOBOK CBsi3aHa C IPOIUIABJIEHHEM MOJIHHEH MeTayutnye-
CKHX IIOBEPXHOCTEH, IMEPerpeBOM UX BHYTPEHHUX CTEHOK MIIH BOCIUIAMEHEHHEM
B3PBIBOOMIACHBIX CMeCei MapoB U ra3oB, BBIACNAIOMINXCA Yepe3 AbIXaTelIbHbIEC U
IpefoXpaHHUTENbHbIC KIIaNaHbl, Ta300TBOAHBIE TPYOBI, cBeun. Croa OTHOCATCS
METaJUIMYECKHE M KelIe300€TOHHBIC pe3epByaphl CO CHHKEHHBIMH TOPIOYHMH
ra3aMy, MHOTHE amnmapaThl Hapy KHBIX TEXHOJIOTHYECKHX YCTaHOBOK Hedrere-
pepabaThIBaONIMX, XHMHYECKHX U IPYTUX 0OBEKTOB.

TemnoBele mpolecchl B MeCTe KOHTaKTa MOJIHMM C METaVIOM BecbMa
CJIOXKHBI M TUIOXO MOIIAI0TCA pacueTy. [IpH ynpoueHun MOJIeIH 3TOTO SBICHHSA
MOXXHO TIPEATOJIOKHTE, YTO MPOLECC TEMJIOBBIICICHUS B 30HE KOHTAKTa aHalo-
TMYeH CTal[MOHApHOM JJeKTpHyeckoil nyre. JlokazaHo, YTO MpOIUIABICHHE
(mpoxor) MeTaja yCTaHOBOK TOKOM MOJIHMH BO3MOJKHO JIMIIb [IPH €r0 TOJIH-
He He Gonee 4 MM.

B pa6ore [31] yKka3biBaeTcs, UTO IIOMIAb MPOXKOTa S, MM, ¢1aG0 3aBHCHT
OT MaTepHala CTEHKH, a ONPEENsAETCS B OCHOBHOM €€ TOJLINHOI &, MM, U IPO-
TEKIIMM 3apsajaoM gy, Ki. DxcnepuMeHTanbHble JaHHBIE YIOBJIETBOPUTEIHEHO
MHTEPIOIUPYIOTCS CIEAYIOIMMH COOTHOILEHUAMHM ISl MEMIH, XKeJe3a, CTald U
QTIOMHHUS:
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mpu 0 Mm < § £0,9 Mmm

§=2538%.; (8.4)
npu 0,9 MM < § < 3,8 MM
S =24,55"%g,. (8.5)

[MpornnaBneHne TOKOM MOJHHMHM METAUTMYECKUX ITOBEPXHOCTEH MOXET
NIPUBECTH K B3PBIBY U paspyLICHUS M, €CIH BHYTPH YCTAHOBKH COJCPIKHTCS
B3PLIBOOMACHAA KOHIIEHTPAlMsA TIOPIOYHMX Tra30B M MapoB, NMO3TOMY C y4YETOM
KOpPPO3HH 32 MHHMMAJIBHYIO TOIIMHY METalla, CIOCOOHYI0O COXpaHUTh repMe-
TUYHOCTh YCTAHOBKH (IIPH OTCYTCTBUH BBICOKHX JTAaBJICHHMIT), IPUHUMAIOT 5 MM.
Heob6xonuMo y4uMTBIBaTh, YTO BHYTPEHHAA YacTh CTEHKH YCTAaHOBKH, IJ€ CO-
JIEPIKUTCS MPOJYKT, B MECTE yJapa MOJIHMM MPHOOpPETaeT MOBBILICHHYIO TEMIIe-
patypy, KOTOpasi MOXET OKa3aThCs KPUTHYECKOW JUIT HEro M BBI3BAaTh B3PHIB.
Jlnst oOBACHEHHS 3TOTO SBJICHHS MOXXHO BOCIOJIB30BATHCS TEOpPHEH BOCILIaMe-
HEHHUS TOPIOYUX CMece OT NeHCTBUSA HaKaJIeHHBIX TEJl.

[TopaxceHHBIN y4aCTOK CTEHKH YCTAHOBKHM (pHC. 8.5) mpHMeM 3a HaKaJeH-
Hoe Teno ¢ Temnepartypoii 7). Eciu cpeza, conprkacaiomascs ¢ HUM, HHepTHa,
TO pachpenielieHHe TeMIEpaTypbl B Hel
n3obpasutcs kpuBoit 714, (cm.puc. 8.5).
Ti Ecnn xe cpema mpexcraBisier coboit ro-
PIOYYIO CMECH, TO B CHILY JOMOJHUTEIIBHO-
A rO BBIIEJICHHA TEIUla pacrpe/ieieHHe TeM-

A nepatyp B HeH M300pa3suTCA MyHKTHPHOMH
suauei T1A,". IloBbllieHHe HayvalbHOM
Tz 4 TeMIIepaTypbl CTeHKH OO0 7, MpUBEIET K
TOMY, YTO B MHEPTHOH cpelie ee pacrpe-
neneHue Oynet moJobHO MpexHeMy, HO ¢
b 6onee pe3kum cHibkeHueM (KpuBas 174;).
— B roproyeii e cMecH, Iie ¢ MOBBIILIEHHEM
_ A TEMIIepaTyphl YBEJIMYMBACTCS BbIICICHHE
TEIUIOTHI, pachpesie]ieHHe TEeMIepaTyphl
CHMXKAETCs 3HAYHTEIbHO MEAJICHHEH, 4eM
T)A,. Tlpu ompeneneHHOM 3Ha4YeHUH 1)
4 MOHIKEHHUA TEMIIepaTypel B Topiodeif
cpene (BOMM3M HaKaJGHHOTO YdYacTkKa

i £.5. Cicoiin Seitatigig CTEHKH) He IPOU30MIET, a €e pacupeerne-

HAKAISHHEIM TEHOM HHE H300pasUTCs IMyHKTHPHOH JIMHHER

T»45', T.e. TeMmeparypa roprouei cMecH 3a

CUeT BBIZICTICHUS TEIUIa PEaKIMH MOJIEP)KUBACTCS paBHOM TeMIlepaType Haka-

JICHHOTO y4acTKa CTEHKH, KOTOpBIH OOJbIIe HE yJacTBYET B IpOLEcCe HarpeBa
cMecH.

3R
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ITpu MOBBIIIEHHH TEMIEPATypPhl CTEHKH 10 73 Ha HEKOTOPOM yJaJeHHU OT
Hee TeMIiepatypa roproyeit cMecu OyaeT pacT o TeX 1op, I0Ka He BO3SHUKHET
roperne. Takoe W3MeHeHHEe TeMIEpaTypsl u300pasurcs kpuBoil  7T3A43
(cM. puc. 8.5).

Takum o6pa3om, TemnepaTypa HakaJeHHOIO Y4acTKa CTEHKH 7 SIBJIAETCH
MpeaenbHON, TaK KakK MpH Hel KOJHYECTBO TEIUIOTHI, BHIAEISEMOE peakiueH,
paBHseTCA OTBOAMMOMY. EciM HEMHOro MHOBBICHTH TEMIIEPATypy YYacTKOB
CTeHKH (710 73), TO CKOPOCTH BBIIEJICHUS TEIUIOTHI IIPEBBICHT CKOPOCTh TEMI00T-
BOJIa, U CMECh TOJYYUT BO3MOXHOCTH Pa30rpeBaThCs 0 BOCIUIAMEHEHHMS, Cile-
JIOBaTENbHO, T3 — TeMIepaTypa caMOBOCIIIaMeHEeHHs. B ciyyae BO3HMKHOBEHHA
ropeHHs OT JeHCTBHA MECTHOTO MCTOYHHMKA KPUTHYECKAs TEMIepaTypa J0KHa
IpEeBBIIATh TEMIEPATYPy CaMOBOCIUIAMEHEHMs (HampHuMmep, 13), MpH 3TOM 4eM
MEHBIIIE pa3Mephl HAKaJICHHOTO Y4acTKa CTEHKH, TeM BBIIIE KPUTHYECKas TEM-
nepatypa.

BbuTH pOBEACHB! ONBITH 110 BHISBJICHUIO BIMAHHS Pa3MEpOB LIApHKa, pac-
CMaTpHBAaEMOT0 B KAa4eCTBE HCTOYHHKA 3a)KUTAHHUA, Ha TEMIIEpaTypy CaMOBOC-
IIaMeHeHus roproded cmecu. PesynbraThl omblToB nokasamu (puc. 8.6), 4ro
MEHBIIEMY AMaMETpy HIapuKa COOTBETCTBYET OoJblIas TeMIepaTypa CaMoBOC-
IJIaMEHEHHSI Ta30BOH cMecH (CBETHJILHOIO ras3a ¢ Bo3ayXxoM). Jlnamerp HakasieH-
HOT'0 y4acTKa B MECTE MPSAMOTO0 yapa MOJIHUH MOKHO NMPUHATE paBHBIM 10 cM.

IIpu BOCTIIaMEHEHHH TOPIOYEH CMECH B ammapare, MopakeHHOM MOJTHHEH,
HEOOXOMMO YUHTBHIBaTh M TO, YTO TOPIOYHE CMECH MMEIOT nepuod uHOVKyuu
WM BpeMs 3amasfblBaHHs CaMOBOCIUIAaMEHEeHHs. BocrnnaMeHenus He Npou3oi-
JIET, €CNIM YKa3aHHBIA MEpPUOJ OKaKeTCsl OOMblIe BPeMEHH OXJIAXICHUS Haka-
JIEHHOTO Y4acTKa CTEHKH armnapaTa 0 BeJIHYUHBI HHXXE TeMIepaTyphl CaMOBOC-
riaMeHeHus. Eciy jke OH MeHbIe BpeMEHHU OXJIaKAECHHUS 3TOT0 y4acTKa, TO To-
prodas cMech BOCIIAMEHHTCSI.
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Puc. 8.6. 3aBHCHMOCTb TeMIepaTypbl CAMOBOCIIIAMEHEHHS OT [IHAMETpPA LUapHKa
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OnbITaMH yCTaHOBJICHO, YTO BPEMs HArpeBa M OXJAXICHHs IMOPaXXEHHOTO
MonHHer Mecta B ctansHOM Jmcte ot 0,1 mo 10 c. MakcumyM TemmepaTypsl
BO3HHMKaeT uepe3 1-2 ¢ OT Havama yjapa MOJHHH U YMEHBIIAETCS MPOMOPLHO-
HaJBHO TONIIMHE JHucTa. Ilepuos ke MHAYKUHMH Y psAla BELIECTB MOXET OBITh
MEHBIIE MHTEpPBada MEXAY BO3HMKHOBEHHEM MaKCHMyMa TEMIIEpaTyphl M OX-
JaXIeHHEM T0Pa)XkaeMoro yyacTka CTCHKH. Y METaHOBO3IYLIHBIX CMeceil B 3a-
BHCHMOCTH OT MPOLEHTHOIO coaepxaHus merana (6-10 %) u TemnepaTyps! Ha-
rpesa cmeceii (775-875 °C) nepuoxn unmykuuu konednercs ot 0,35 no 1,23 ¢. V
BOJIOPOJIOBO3IYLIHBIX CMECeH MpH KOHLEHTpauusax Bogopoxa ot 27,8 no 34 %
TIepHOJ, MHAYKIIMU COCTaBISAET 3 MC, a y alleTHJICHOBO3AYIIHBIX cMecel (KOH-
ueHtpauus auerunena 10-18 %) — 4 — 14 mc. Y nbuiH OGUTYMHHO3HOTO YIVIA OH
COCTaBJIIET MPUMEPHO 4 MC, @ Y aTIOMHHHEBOH IBUTH MPAKTHYECKH OTCYTCTBY-
eT. Y3 npuBeIeHHbIX MPUMEPOB BHIHO, YTO YCTAHOBKH C BOJIOPOJIOM HIIH alle-
THJICHOM 0oJiee OmacHbl, YeM ¢ MeTaHOM. Takke ONacHBl COOPYXKEHHsS C ajio-
MHHHEBOH MBIIBIO.

IIpencraBiennas Ha puc. 8.7 KPUBas fyu, = f{0) MO3BOJISLET BBHIOpPATH J0-
IyCTUMYIO TOJIIMHY METalja I Hapy KHBIX B3PBLIBOOMACHBIX YCTaHOBOK. TaM,
IJie JOIyCTUMO IMOBBHIILICHHE TeMITepaTypsl BHyTpeHHe# crenku qo 800-1200 °C
(c y4eToM Bcex CBOMCTB Cpefibl) M HET BBICOKHX JABJICHHUH, MOXKHO OrpaHUYHTh-
Csl TOJIIMHOM CTEHKH B 4-5 MM. B ycTaHOBKax, coepKalluX ra3 WiH XUAKOCTh
O] JIaBJIEHHEM, TOJIILIMHA JOJDKHA OBITH 5,5-6 MM, B MPOTHBHOM CIIy4ae CHIIOH
JaBJICHHS Pa30TPETHIil METAT Pa30PBETCS WM BCITYUHTCS, YTO MOJXKET NpUBEC-
TH K N0Xapy HIH B3PHIBY.
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Puc. 8.7. 3aBUCHMOCTb TEeMINEpaTypbl OT TOJILIMHEI JIHCTA

284



TaxuMm 00pa3oM, MpH peuIeHuH BONpoca 00 MCMOJIBL30BAHUH B3PBIBOOIIAC-
HBIX HApY>XHBIX TEXHOJIOTHYECKHX YCTAHOBOK B KaueCTBE €CTECTBEHHBIX MOJI-
HHENPHEMHHUKOB B KaXKIOM OTAEIBHOM ClIy4yae HEOOXOMM TIIATEIbHbINA aHaIH3
TIPUBEJICHHBIX BBINIE YCIOBHH. B COMHHTENBHBIX CiTydasx (yCTAaHOBKM HaXOMIAT-
Csl TTOX M30BITOYHBIM JABJICHHEM) JUI HCKJIIOYEHMS HENOCPEACTBEHHOIO KOH-
TAaKTa KaHaJa MOJIHHM C YCTAaHOBKOH Ha MOCJEIHEH COOPYXalOT CIelHaIbHbIH
MOJHHUENPUEMHUK. Takue MOTHHEIPUEMHHUKH HEOOXOMMBI i B TOM CITyyae, ec-
JM HAa YCTaHOBKAaX MMEIOTCS JbIXaTelbHbIC KJIANaHbl, Ta300TBOAHBIC TPYOEI,
cBeyd. [Ipu 5TOM MONHHEIPUEMHHUKH PACIOIAraioT Tak, YTOOBI KOHTAKT KaHasa
MOJHHH C HUMH IIPOMCXOJHJI BHE B3PHIBOOMACHON 30HBI PacrnpoCTpaHEHUs
B3PBIBOONACHBIX cMecei. Te e ycloBus HY)XHO coOoaTh M IPH yCTaHOBKE
MOJIHHEOTBOJIOB JUISl 3aLLMTHI B3PBIBOOMACHBIX 31aHUH C YCTPOHCTBAMHM IS BbI-
JICJICHUS TOPIOYMX CMeCeH, CITOCOOHBIX K BOCIJIAMEHEHHIO MPU KOHTAKTE C Ka-
HaJIOM MOJIHHMH. BOJBIIMHCTBO MPOMBINUICHHBIX 3JaHUH M HAapYKHBIX YCTaHO-
BOK MPEJCTABISET CIOKHYIO CeTh METANTHYECKHX KOHCTPYKLMIA, TpyOonposo-
JIOB H T.I., IO KOTOPEIM B MOMEHT HPAMOro yJapa pacTeKaercss TOK MOJHHUH.
IIpu OTCYTCTBHM KOHTAaKTa MEXJy OTAEIBHBIMH KOHCTPYKILMAMH B MECTax
COMMKeHNs METAUIMYECKUX YacTe MOXKET BO3HMKHYTH MOIIHAs HCKpa — HC-
TOYHHK BOCIUIAMEHEHHS TOpIoveil Cpe/ibl.

IToxap MM B3pBIB OT MPAMOTO yJaapa MOJIHHUH MOKET NMPOHU30NTH U MPH
HAJIMYMU MOJIHHUE3aIIUTHI, €CJIM TOKOOTBOJBI MMEIOT 3HAYUTEIBHYIO NMpOTS-
KEHHOCTb M HE MPEANPUHATEI MEPHI [0 BHIPABHHBAHHIO TMOTEHIHATIOB MEKILY
HUMHM M METaJUIHYECKUMH KOHCTPYKUHUAMH 3JaHHA MJIM TEXHOJIOTHYECKOIro
obopynoBanui. B mpoTUBHOM ciyyae MeXIy TOKOOTBOIOM M 3JIEeMEHTaMH
3[aHUsA, COXPAHAIOMMMH MOTEHIHAN, OJM3KHH K MOTEHLIHANy 3¢MJIH, BO3HHU-
KaeT MCKpa — MCTOYHHUK B3pblBa MIM moxapa. K moxkapy Mo)eT HmpHBECTH
TaKXKe HapymeHHe IeJIOCTHOCTH TOKOOTBOAA, MPOJIOKEHHOrO MO MSATKOM
KPOBJIE MJIM CTOPAEMOMY YTEILIUTEIIO 3/1aHus, ¥ TOr/la B MECTE pa3phiBa BO3-
HHMKAeT MOLIHAasA HCKpa.

I[Toxxapo- ¥ B3pEIBOONACHOCTH aTMOC(EPHOr0 IEKTPHYECTBA MOXKET OBITH
o0ycnoBjieHa HE TOJBKO NPSIMBIM YIapOM MOJIHMH, HO M BCTPEYHBIMH (He3a-
BEPIIEHHBIMH) BOCXOANIMMH JIMAEpaMH (pa3Mep KaHalla COCTaBIsACT HECKOIBKO
JIECATKOB CAaHTHMETPOB), TEMIEpaTypa KaHaja KOTOPBIX MOXET JOCTHraTh
2000 — 7 000 K. PazBuBaronuecs, HanmpuMep, OT ra300TBOJHBIX M JbIXAaTelb-
HBIX Tpy0, OHU JaXke MPU OTCYTCTBUH pa3psijia MOJIHUK MOTYT BLI3BaTh BOCILIA-
MEHEHHUE B3PHIBOONACHBIX CMECEH MapoB U ra3oB, cOpachIBaeMBIX B aTMochepy.
Takue cirydan HaGIIOZAIOTCSA Ha HEPTEXUMUYECKUX TpeAnpuaThsax. OxHako Ka-
KUX-JIH00 HOPMATHBHBIX MEp 3al[MUTHl OT YKAa3aHHBIX ABJICHUH He MpexycMoTpe-
Ho. BeposTHOCTh BOCIUIaMEHEHMs COpPAcHIBAGMBIX TOPIOYHX CMeECei MOXHO
cHu3HuTh npuMepHo B 100 pa3, ecnu Ha ycTpoicTBax 1o cOpocy yKpenuTh cet-
Ky-cepy (3J1eKTpOoCTaTHIECKHH KyIION) ¢ pagrycoM | m.



OTCyTCTBYIOT HOPMATHBHBIE PEKOMEHIAINH O HEOOXOJUMOCTH YIUTHIBATH
NpH MOJIHHE3AlHUTE ABIMOBBIX TPYO HE TOJBKO €€ BBICOTY, HO 4acTh BBICOTBI
CTpyH BbIOpaceIBaeMoro JaeiMa. BeicoTy cTpym apIMa Haj TpyOoil crieayer npu-
HMMAaTh JI0 TOYKH, B KOTOPOH TeMIepaTypa rops4mx razoe Oymer He Gonee
100 °C. CnenoBaTenbHO, 3alIUTHEI YpOBeHb TPYO! OyAeT paBHBIM /y=/rp+hcry.

Tepmuueckoe 6030eiicmeue MoKO8 MOIHUU HA NPOBOOHUKU BBI3BIBAET HE
TOJIBKO MX HArpeB, HO M OruIaBjeHue. [IpH 3TOM MOXKET BBIICIUTHCSA TaKOe KO-
JIMYECTBO TEIUIOTHI, KOTOPOE MPH HEJOCTATOYHOM CEYEHUH METajlla pacIlIaBUT
€ro WM Jaxe ucnaput. B Mecrax paspsiBa NPOBOJHMKOB MIIM IIOXOTO 3JIEK-
TPUYECKOr0 KOHTaKTa OOBIYHO NMOsBIAeTCS Mckpa. [Ipu pacueTe MUHMMAaIBHBIX
CCYEHUH MCXOJAT M3 YCJIOBHSA, YTO BCS TEIUIOBAs SHEPTHs, BBIACIAEMAs TOKOM
MOJIHHH, HJET Ha HarpeB MeTauia TOKooTBoja. [loTepeil TEmIoTE B OKpYsKaro-
IIYI0 CPEy M3-3a KPaTKOBPEMEHHOCTH 3TOTO Ipolecca IpeHedperaror.

Pacyetamu onpeeneHo, 4T0 MUHMMaJIbHOE CEYEHHE CTAJIBHBIX TOKOOTBO-
JIOB, MCKITIOYAIONIEE PACILIABJICHHE, COCTAB/ACT 16 MM’, a MEUIEHHBIX — 6 MM,
C yueToM KOppO3HH METAJUIOB HX MUHHMMAJbHBIC CEUCHHUS CIECIYeT YBETHYUTD.
B npaktuke umenuce ciydau, Korja OT ACHCTBHA MOJIHMM TOKOOTBOJBI pacma-
JAaIMCh Ha KyCKH JUIMHON B HECKOJIBKO CAHTHMETPOB, YTO 0OBSICHSETCS HE TOb-
KO TEIJIOBBLIMH, HO M 3JIEKTPOJAMHAMHYECKHMH YCHJIHSAMH, BO3HMKAIOIIHMMH B
NPOBOJAHMKAX. B 1eNaX MOBBIIEHHS MEXaHHYECKOH IPOYHOCTH M YBEIMYCHHA
Cpoka ciyObl PEKOMEHIYeTCsl NMPUMEHSITh TOKOOTBOJBI CEYCHHEM HE MeHee
29 Mm’ 3 KpYyTJI0ii cTamu u 16 MM~ U3 MeJH.

Mexanuyeckue 6o30elicmeus mokos monHuu OOYCIOBIUBAIOTCA YAApHOI
BOJIHOM, PacrpocTpaHsiouieHcs OT KaHajla MOJHUH, U JIEKTPOJUHAMHIECKUMH
CHJIaMH, JICHCTBYIOIMMHU Ha MPOBOAHMKM C TOKAMHM MOJHMHU. DTO BO3JACHCTBHE
MOXET OBITh NMPUYMHON, HaNpHMep, CIUTIOLIMBAHUS TOHKHX METAIIHYECKHX
TpYOOK M CXJICCTBIBAHMS NTPOBOJHUKOB. [IpH mopakeHHH MOJHHUEH COOpYKeHHH
M3 TBEPZOrO HEropiovero Marepuana (kaMHs, kMpnu4a, 6eToHa) HabIIOAAIOTCS
MECTHBIC pa3pyLICHHA KaK pe3ysibTaT JAMHaMHYeckoro aeictBua. Haubonee
CEepbe3HbIE U3 HUX CBA3aHBI C 3JEKTPOTMAPABIHYECKHMH 3(deKTaMu NpH pas-
pane MoaHuM. Eciu Mexay mopaKeHHBIM y4acTKOM OOBEKTa M 3eMJIeH HeT To-
KOMPOBOJAIMX IyTEH, ero MOTeHIHAaa M0 OTHOIEHHUIO K 3eMJIE JOCTHIAeT BbI-
COKHMX 3HAYCHHH M BO3HHMKAeT Npoboii (pasps) Mo MyTH HaHMEHbILEH JIeKTpH-
YeCKO# IPOYHOCTH.

Tok MOJIHMH, yCTpEeMIAACh B y3KHe KaHaJIbl P00, BBI3BIBAET PE3KOE I10-
BBILICHHE TEMIIepaTyphl M HcrapeHue (B3pbiB) B HMX MaTepuana. Ilpu stom
JTaBJICHUE JOCTHIAeT 3HAYUTE/IBHBIX BEJIMYMH, YTO IPUBOJHUT K B3pBIBY (paciie-
TJICHHIO) TOKOHEMPOBOMAIINX YacTei 00beKTa, HaNpHMeEp pacIlenyIeHue aepe-
BSHHBIX COOPYXCHHH M JIePEBbEB, pa3pylleHHE HE3AUIMIIECHHBIX KHPIHYHBIX
IBIMOBBIX TpyO, Oamren. IIpu 3ToM cTemeHb pas3pylleHHs ONpeNesseTcs He
CTOJIBKO TOKOM MOJIHHMH, CKOJIBKO COZIEp>KaHHEM BJIarH MIJIM Ta30TeHepHpYIOmIeit
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CIoCOOHOCTBIO MOPAaXEHHOTO MarepHana. WM3BeCTHBI CIIydan 4acTHYHOIO HIIM
JaKe TIOJNHOTO pa3pylieHUs OCTOHHBIX H Kele300€TOHHBIX COOPYXKEHHi. ITO
MOXHO OOBACHUTH IJIOXMMH KOHTAKTaMH B MECTaX COCJAMHEHHIl CTAIBLHOM ap-
Matypsl. [Ipy HaZeXHBIX KOHTAKTaX apMaTypa jKejle300€TOHHBIX COOPYKEHHi
MOJXKET CITYXKMTh XOPOLIUM TOKOOTBOJOM JIJISi MOJIHHH, TaK KaK MMeeT 00JIbIIoe
obmiee ceuenune, HCKIIOYAIOIIEe ONAaCHbIE MTOBEBILICHHUS TEMIEPATYPHI.

Onexmpuueckue 8030eticmaeus MOIHUY CBSI3aHEBI C TIOPAKEHUEM JIIOICH HIH
MMBOTHBIX 3JIEKTPUYECKUM TOKOM M TOSABJICHHEM IEPEHAINpPSKCHUH Ha ropa-
JKEHHBIX 37eMeHTax oObekTa. [lepeHanpsikeHne nponopuuoHaabHO aMITUTYAE
i KpYTH3HE TOKa MOJIHUH, HHIYKTHBHOCTH KOHCTPYKLHH H CONPOTHUBIICHHUIO 3a-
3eMIIUTENEH, 10 KOTOPBIM TOK MOJIHMM OTBOAMTCA B 3eMJIt0. Jlaxke MpH BBINOJ-
HEHHH MOJIHHE3AIIUTE! IPAMbIE yAapbl MOJIHUM € OOJIBIIMMU TOKAMU M KPYTH3-
HOI MOTYT NPUBECTH K IEPEHAIPSDKEHUAM B HECKOJIBKO MEraBOJIbT.

ITpu OTCYTCTBMM MOJIHME3ALIUTHI MYTH PACTEKaHUS TOKA MOJHHHM CTaHO-
BATCS HCKOHTPOJIHUPYEMBIMH M 3TO MOXKET YBEIMYHTH ONACHOCTH MOPAKEHUA
TOKOM JIIOZCH, ONAacHbIe HANpsKEHUs 1ara ¥ MPUKOCHOBEHUS, a TakxkKe Iepe-
KPBITHS Ha IpyTHE OOBEKTHI.

ITosTOMy OmacHO YKpBIBaThCA BO BPEeMsA I'pO3bl MO ACPEBLAMH, 0COOEHHO
BBICOKMMH HJIM CTOSUIMMH OTAEIBHO, HaXOAMTHCH BOJIH3H METAJIMYECKHUX
TpyO, MauT, MOJHUEOTBO/IOB, 3a3eMIIUTEJICH H T.II.

BropuuHbie BO3JeHCTBUSI MOJTHUH

[Tox BTOpHYHBIMU BO3CHCTBHAMH MOJHHH TO/IPa3yMEBAIOTCS SBJICHUS BO
BpeMs OJIM3KMX pa3psAl0oB MOJIHHH, COIPOBOXKAAIOIUMECS IMOSBICHHEM pa3HO-
CTeH MOTEHLIHANOB Ha KOHCTPYKLHUAX, TPyOONPOBOAAX M MPOBOJAAX BHYTPH IO-
MEIEHUH U COOpPYXKCHHIi, HE MOABEPralONIMXCsA HEMOCPEJACTBEHHOMY MPSAMOMY
ynapy. OHH BO3HHMKAIOT B PE3yJIBTATE JIEKTPOCTATHUECKOH M 3JIEKTPOMArHHUT-
HOH MHAYKUMH. K HUM MOXHO OTHECTH TAIKoKe TMOSBJICHHE Pa3HOCTEHl MOTEH-
L[MAJIOB BHYTPH MOMENICHHUI BCIEACTBHE 3aHOCA BBICOKHMX MOTCHIIMAJIOB Yepes
HaJ3eMHbIC U MO3E€MHBIE METATHYECKHE KOMMYHUKALUH (TpYOONpoBO/IbI, Ka-
6emH, BO3AYIIHEIE JIMHHUN).

DJIeKTpocTaTHYecKasi MHAYKHMsi. Hakormnenwe B rpo3oBom obsake M
4aCcTHYHOE MepeMelleHHe 3apsaIoB B (HOPMHUPYIOUIHIACA KaHaJl MOJTHUU B €¢ Ha-
YaJbHO CTAaZMH BBI3BIBACT CKOIUIEHHE CBA3AHHBIX 3apSI0B MPOTHBOIIOIOKHOIO
3HAKa Ha MIOBEPXHOCTH 3EMJIM M Ha3eMHBIX 00BEKTOB. Pa3BUTHE 3THX MpoleccoB
MPOHCXOANT OTHOCHTEIBHO MEIJICHHO, MTOITOMY MepeMenieHIe 3apsIoB He BbI-
3bIBAE€T BHYTPHU HAa3eMHBIX OOBEKTOB 3aMETHBIX PA3HOCTEIl MMOTEHIIHAJIOB, He-
CMOTPS Ha BBICOKHE CONMPOTHUBJICHHS yTe4KH. B cTaguu riaBHOro paspsga 0CBO-
60> ICHUE CBA3AHHBIX 3aPAAO0B MPOUCXO (HT HACTOIBKO OBICTPO, YTO MOTYT BO3-
HUKHYTb CYIIECTBEHHBIE PAa3HOCTH MOTCIILHMATIOB MEX/IY METAJUIMYECKMMH KOH-
CTPYKLMAMH M 3eMJIeH, BBI3BaHHBIC MPOTEKAHHEM TOKOB uepe3 O0ombIine conpo-
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THBJICHHA yTeukd. Pa3zHOCTH MOTEHIMANIOB AaXe NPH yaapax MOJHHM Ha pac-
crosuuu 100 M OT 31aHUSA MOTYT JOCTHTATh JECATKOB M COTE€H KWJIOBOJIBT M BBI-
3BIBaTh UCKPBI B BO3IYNIHEIX MPOMEXyTKax. HecMoTps Ha Malyio SHEpruio, uc-
KPBI MOTYT OBITH IIPHYMHOM B3PLIBOB B MOMELIEHHAX CO B3PhIBOONACHBIMH KOH-
LEHTPALUAMH FOPIOYUX CMECEH ra30B, MapoB U MBUICH.

Ha takux ycTpoiicTBax, Kak IPOBOAA BO3MYIIHBIX JIMHUH (3JEKTPHUECKUX
JMHUHA CBS3H), OCBOOOAMBILHMECS 3apsbl PacHpOCTPAaHAIOTCS B BHAE BOJIH H
CO3JaI0T HANPSHKEHUS I10 OTHOUICHHIO K 3€MJIE B JIECATKU U COTHH KHJIOBOJBT,
CroCOOHBIE BBI3BIBATH B HUX MOIIHBIE HCKPOBBIE Pa3psIbl.

DJIeKTPOMATHUTHASI WHIYKIUsI. Pa3ps MOJIHHM CONPOBOXIAETCA MOSAB-
JICHHEM B IPOCTPAHCTBE OBICTPO M3MEHSAIOMIETOCsS BO BPEMEHH MarHUTHOTIO I10-
a1, uagyupyiomero 3/1C, cnocobHy0 BBI3BaTh HCKPOOOpa3oBaHHE B KOHTY-
pax M3 pa3IMYHBIX NPOTHKEHHBIX METAJUIMUECKHX MPEIMETOB (TpyOOonpoBOIOB,
BO3/TyXOBOJIOB, ITPOBOJIOB, Kabeeit). [IpH MONHOCTHIO 3aMKHYTOM KOHTYpE HH-
ayumposanHas SJ1C BEI30OBET 31EKTPHYECKHI TOK M HEOOJBIIOE HarpeBaHHE ero
9JIEMEHTOB, HE IPECTABIIONIEE, KaK MPABHIO0, KAKOH-THOO0 OMacHOCTH.

KouTypsl MOryT OBITH HE3aMKHYTHIMH MM HMMETh IUIOXHE KOHTAaKTHl B
MecTax coenuHeHHH (Bo ¢uannax Tpybonpoonos), rae 3J]C 1 MOXKET BBI3BaTh
UCKpeHHe. Benuuuna 3MeKTpOABIDKYILEH CHIIBI 3JEKTPOMAarHUTHOW MHIYKLMHU
3aBHCHT OT IIapaMeTPOB TOKa MOJIHUHM, pa3Mepa H KOH(UTypaluH KOHTYpa U HX
B3aHMHOTO pacronoxenus. [Ipu pacrnosoxkeHun KaHala MOJIHUH ¥ KOHTYpa, Kak
MOKa3aHo Ha pHc. 8.8, HampspKeHHe B BOJIBTAX HAa Pa30MKHYTHIX KOHIIAX KOHTY-
pa MOXeT ObITH ONpe/eseHo Mo Gopmye

Uy = M(diy/dr) = M(1,/7y), (8.6)

rie M = 2¢ In[(a+b)/c]10° - K03 PUIMEHT B3aMMOUHIYKIMH MEXIY KaHAJIOM
MOJIHHM M KOHTYpoM, ['H (a — paccTosiHME OT KaHajla MOJHHHU JI0 KOHTYpa, cM; b
U ¢ — pa3Mepsl KOHTYpPa, CM).

Puc. 8.8. [TonoxeHue KaHajla MOJIHHH M KOHTYpA /il pacyeTa HHIYIMPOBAHHbIX HAMPKEHUH:
1 — kaHan MONHUH; 2 - KOHTYP
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3HAYUTEIBHOE YHCIIO NT0XKAPOB HE(TAHBIX LUCTEPH, PE3EPBYapOB U CKIIa/-
CKUX eMKOCTeit 00yCIIOBIEHO BTOPHYHBIM (MHIYLMPOBaHHBIM) BO3/ICHCTBHEM, a
HE MPSAMBIM YAapOM MOJHUH. [1oXkaps! ABIAIOTCS pe3yIbTaTOM MCKP, FeHEPHPO-
BaHHBIX B EMKOCTSX C TOPIOYMMH ITAapOBO3IYIIHEIMH CMECAMH. [l OLIEHKH 10~
Kapo- ¥ B3PEIBOOIIACHOCTH BTOPUYHBIX BO3JCHCTBHI MOJHUM OBUIH IPOBEIEHBI
HCCIIeZIOBAHUSI BOCIIAMEHSIOIIEH CIIOCOOHOCTH 3IEKTPUYECKHX HCKp, 00yCI0B-
JIMBAEGMBIX 3JICKTPOMArHUTHOMH MHIYKIMEH U HarpeBOM MECT IUIOXHX KOHTaKTOB
[3]. UccnenoBanus MpOBOAMIKCE B IIOJIEBBIX U TaOOPATOPHBIX YCIOBHAX.

B naGopaTOpHBIX YCIOBHAX, HMCIOIB3ys TEHEPATOP HMITYJILCHBIX TOKOB
(T'UT), uccnenopany BeIMYUHBI SHEPTHH, PACCEHMBAEMON B HUCKpPaxX, BO3HUKAO-
KX B HCKPOBOM IPOMEXYTKE BTOPHYHOTO KOHTYPa, a TAKXKE XapakTep MCKpe-
HUH U HarpeB BO (IAHIEBBIX COSAMHEHUAX TPYOOIPOBOJIOB NMPH MPOTEKAHUHM 110
HHM HMITYJIbCHBIX TOKOB.

CpaBHeHME BEIHYMH 3TOH 3HEPTUM ¢ MUHUMAJIbHOM SHEPIHeH 3/eKTpHYe-
CKHMX HCKp, IOCTaTOYHOH JUIs BoCcIuIaMeHeHus 6osee 50 pa3iMyuHbIX Mapo-, ra3o-
U MBIJICBO3AYIIHBIX CMECEH, 10Ka3ajo, 4yTo nocaeausas B 5,6 — 14 pa3 npepeinia-
€T BEJIMYHHBl MUHUMAJIBHOM, J0CTATOYHON JUId BOCIUIAMEHEHHMS JIaXke TPYIHO-
BOCIUIAMEHAEMbIX MBUICBO3MYIIHBIX B3PBIBOOMNACHBIX cMeceil. Eciy B3ATh TOJB-
KO Mapo- ¥ Ta30BO3IYIIHbIE CMECH, TO MpeBbimenne Gyaer B 10>-10° pas, npu-
4YeM OHO JOJDKHO OBITH emie Ooublie, IMOCKOJIBKY IapaMeTphl pa3psiaa MOJIHHU
3HAYUTEIBHO MPEBBINIAIOT T€, KOTOpble MMUTHpOBANUCH B paspsagax ['MT. He-
00X0MMO YYHTBIBATh H YBEIMYECHHBIE Pa3MEPhl TOKOMPOBOAAIIMX KOHTYPOB Ha
MIPOMBIIUICHHBIX 00BEKTaX 110 CPABHEHHUIO C IKCIIEPUMEHTAILHBIMH.

Jlnst uccreoBaHUS HarpeBa M HCKpOOOpa3oBaHMH BO (IAHILEBEIX COEIH-
HEHHAX TOKONPOBOJALIMX KOHTYPOB IPH NMPOTEKAHUH MO HHM TOKOB MOJIHHH
i Toka, obycinoBnuBaemoro JJIC uMHAYKUIMM, ObUIM NPOBEIEHBI IBa BHAA
OIIBITOB KaK Ha YHCTHIX COCAMHEHHAX, TaK U C CHIIbHOH Kopposueit [3].

HccnenoBaHUsIMH YCTAHOBJICHO, YTO HU B OJHOM M3 PACCMOTPEHHBIX CITY-
4aeB Kakoro-Jmbo Harpesa (IaHIEBOro COSIMHEHMS He HAabII01aI0Ch, TOITOMY
HAIpalIMBAeTCs BBIBOJ, YTO KaK YHCTBIC, TAK M KOPPOAHUPOBAHHBIE (DIaHLIEBBIC
coeMHeHus (C TOUKM 3PEHHs BO3MOXKHOCTH MX Harpesa) JUIS B3pPBIBOOIACHBIX
cpeJl HUKAaKOH OMacHOCTH HE MPECTABIAIOT.

HccnenoBanue HCKpooOpa3oBaHuii MPOBOAMIM HA TeX (IAHLEBBIX COCIH-
HEHMAX, TP TeX JKe MapaMeTpax paspsaaHoro Toka I'UT, 4To u mpH onbITax Ha-
rpeBa. OMBITHI ¢ YHCTHIM (PIAHIIEBBIM COCIMHEHHUEM Ha TPEX, YETHIPEX M IATH
6onTax BEIABHIH OTCYTCTBHE MCKPEHHUIT IIPH MPOTEKAHHU MO HEMY TOKa Jaxe C
amruntynoit 48,2 kA. Ipu oqHoM miaM ABYX GonTax BO3HHKAeT CHIIBHOE UCKpe-
HHMe KaK M3-110J] MaH® COeIMHUTENBHBIX OONTOB, TaK M MO MEPUMETPY MEKIY
¢dnaHLaMH.

OMNBITH € pKaBBIMH (DIAHLEBBIMH COCIMHEHUSAMHU IMOKAa3ald, 4TO B 3TOM
cllydae Jake MpH 4eThlpex OoaTax AMaMeTpoM § MM MCKpEHHE M3-1T0J Maib
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HabmoaeTcs NpH 3HaUMTENbHO Oosee HU3KOM ammuuTyze Toka (10,7 kA). Ipu
GOMBIIMX BETHYMHAX TOKA HCKPEHHE MPOMCXOIMIIO TAKXKe H MEXAY (IaHLaMH.
Takum 06pa3zoM, KOppoaHpOBaHHBIE (UIAHLIEBBIE COETUHEHUA (C TOYKH 3pEHUS
HCKpo0Opa3oBaHHsA) MPEACTABIAIOT OOJBLIYIO OMAacCHOCTh, MO3TOMY B 3IaHHAX
CO B3PLIBOOMACHOM M OJHOBPEMEHHO XMMHYECKH aKTHBHOM CpeoH, Iie Haje-
KAl KOHTakKT ¢ lIOl'IyCTHMOﬁ BEJIMYMHON MEPEXOAHOT0 COMPOTHBICHHUA
(0,03 Om) He MoxeTr OBITH oOecrmedyeH, He0OXOMMa YCTAaHOBKA MEPEMbIYEK M3
CTATBLHOM MPOBOJIOKH MIIH IIYHTHPYIOWIUX YCTPOHCTB.

3aHoChl BBICOKHX NOTEHLHAJIDB B 3aHUS BO3MOXHEI 110 PEJILCOBBIM ITy-
TAM, 3CTaKajaM, IMOJ3eMHBIM TPyOOIpoBoaM, KabelasiM M JAPYTHM IpPOTSKEH-
HBIM METaJUIMYECKUM KOMMYHHKALHMAM H MOTYT CONPOBOXIATHCA MOIIHBIMH
JIEKTPUIECKUMH Pa3pAAaMH He TOJIBKO IPH MPAMOM YAape MOJIHUH, HO U B TOM
cirydae, KOrJa 3TH KOMMYHHKAIMH PacoNIOKeHB! BOJIHM3H JIEMEHTOB MOJHHE-
OTBOJIOB. 3HAYHTEJIHHOE TOBBIIICHHE MOTEHIMANA HA MOJHHEOTBOAE MPH Ips-
MOM yaap€ MOJIHHH MOXET BbI3BATh INEPEKPBITHE U30JIALMH I10 BO3AYXY, 3€EMJIC
MM JIEpeBY Ha 4acTH yKa3aHHBIX KOMMyHHKauui. MickpooOGpa3oBaHue BHYTpH
B3PBIBOOITACHBIX 3/1aHH, 00YCIOBIMBaEMOE 3aHOCOM BBICOKOTO MOTEHIHANIA 110
KOMMYHHKALIUAM, SBIAETCA MCTOYHHKOM B3phIBA M IPEACTABISET CEPHE3HYIO
OIMACHOCTD JUIS JIIOJEH.

8.3. KIACCUOUKALUS 3JIAHUMA U COOPYKEHUIN
O YCTPOMCTBY MOJIHUE3ALILUTHI

Ka‘reropnu MOJIHHE3ALIHUTBI

TspKecTh onacHBIX MOCIEACTBHN NPAMOTO yAapa MOJHMH IIPH ee TepMUYe-
CKHX, MEXaHHYECKHX H JJIEKTPHYECKUX BO3JCHCTBUAX, a TaKXKE HCKPEHHAX M
MEePEKPBITHAX, BBI3BAHHBIX APYTMMM BHJIAMHU BO3JACHCTBHH, 3aBHCHUT OT KOHCT-
PYKTHBHO-IUITAHMPOBOYHBIX OCOOEHHOCTEH 3[aHHH M COOPYKEHMH M TOXKapo-
B3PBIBOOITACHOCTH TEXHOJIOTHYECKOoro npouecca. Hanpumep, B npou3BoACTBaXx,
MOCTOSIHHO CBSI3aHHBIX C HAJIMYMEM OTKPBITOrO IUTAMEHH, NIPH NMPUMEHEHHH He-
CropaeMbIX MaTEpHaIoOB M KOHCTPYKIMH NpPOTEKaHHE TOKAa MOJIHMM HE MpeJ-
craBysier 60b1I0# omacHocTH. OJHAKO HaJIM4YKE BHYTPH 00BEKTa B3pPBIBOOIIAC-
HOIl HJIM 10XKapOOIAacHOH cpeJpl co3aeT yrpo3y noxapa, pa3pyleHHi, Jerno-
BEYECKHX JKEPTB, OOJIBIINX MaTEPHATBHBIX YOBITKOB.

[Ipu TakoM pa3HooOpa3uy KOHCTPYKTHBHBIX M TEXHOJOTHMYECKHX YCIOBHH
HPEABABIATH OAMHAKOBBIC TPEOOBAHUS K MOJHHE3AIINTE BCEX 0OBEKTOB 03HAYa-
710 OB1 MM IpeTyCMaTpUBaTh YPE3MEPHbIC M3JHIIECTBA, MM MUPHUTHCA C HEM3-
0EXKHOCTBIO 3HAYHTEIBHBIX YOBITKOB, BBI3BAHHBIX IMOCICACTBUAMH IOPAXKEHHUS
mosnuueit. [Toatomy B nHCTpyKiMu [2] npunaT anddepeHInpoBaHHEINR TOIX0A K
YCTPOMCTBY MOJIHUE3AIIUTHI PA3JIMYHEIX 0OBEKTOB, B CBSI3M C YEM — II0 YCTPOi-
CTBY MOJIHHE3AILMTHI 3aHHA M COOPYKECHHA pa3/eseHbl Ha TPU KaTeropHH, OT-
JIMYAIOLIHeCcs MO TAKECTH BO3MOXKHBIX MOCIEACTBUH MOPaXKCHHU MOJIHHEH.
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I xaTeropus — 30aHus ¥ COOPYXKCHHA MIIM HX YaCTH C B3PbIBOONIACHBIMH
3oHamu kinaccoB B-I u B-II mo IlpaBumam yctpoiicTBa 371€KTPOYCTaHOBOK
(ITYD2-86). B HUX XpaHATCS WM COIEPIKATCS MOCTOSHHO, JTMOO MOABIAIOTCSA BO
BpeMsl IIPOM3BOJICTBEHHOTO IPOLIECCAa CMECH I'a30B, NMapoOB MJIH MbLIH T'OPIOYHX
BEIIECTB C BO3AYXOM WJIH MHBIMH OKHCIIMTEJISMH, CHOCOOHBIC B30pPBAaTLCA OT
3NEKTPUUECKON MCKPBI.

Il kaTeropus — 30aHUA M COOPYXKEHHUS MM UX YaCTH, B KOTOPHIX HMe-
I0TCSI B3pBIBOONAcHbIE 30HEI KinaccoB B-la, B-16, B-1la cormacuo ITYD. B nux
B3PBIBOOINACHBIE CMECH MOTYT IOSBIATHCS JIMIIB TPH aBAPHU HIIH HEMCIIPABHO-
CTAX B TEXHOJIOTHYECKOM mpoiuecce. K 3Toi KaTeropuu NpHHaUIekaT TaKke
Hapy>XHbIe TEXHOJIOTHYECKHE YCTAHOBKH M CKJIaJbl, COAEpPIKallKe B3pLIBOOMAC-
HbIE Ta3bl ¥ Mapbl, TOPIOYHE M JIErKOBOCIUIAMEHSIONIHECS XHIKOCTH (Ta3rojb-
JIepbl, LMCTEPHBI U PE3epBYaphl, CIMBHO-HAINBHBIC 3CTAKa/bl), OTHECEHHBIE 1O
[TY3 k B3pBIBOONACHBIM 30HaM kJacca B-Ir.

I1l xaTeropus — HECKOJILKO BAapHAHTOB 3/1aHHI, B TOM YHCJIE: 30aHUS U
COOpYXKEeHHA ¢ MoxkapoornacHeIMU 30HaMu kiaccoB I1-1, I1-II u Il-Ila cornacno
ITYD; nHapyXHBIE TEXHOJIOTMYECKHE YCTAHOBKH, OTKPBITBIC CKJIAJbl TOPIOYHX
BELIECTB, I/Ie MPHMEHAIOTCS MIIM XPAHATCS FOPIOYHE XXHIKOCTH C TEMIIEpaTypoil
BCITBIIIKH MapoB Beime 61 °C uinu TBep/ble roplovre BENIecTBa, OTHECEHHBIE 110
ITY 3 k 30ne knacca IT-I11.

O0513aTeILHOCTD YCTPOHCTBA MOJIHHE3AUIMThI

IIpu BEIOOpE KATErOPHH YCTPOHCTB MOJHHE3AMIMTEl YUUTBIBAIOT BaXKHOCTh
00BEKTa, €ro BBICOTY, PACIOJIOKEHHE COCEIHHX 00bEKTOB, HHTEHCHBHOCTD I'PO-
30BO#T IEATENLHOCTH U JIpyrHe (GpakTopel. MHTEHCHBHOCTE TPO30BOH JEATENBHO-
CTH XapaKTepH3yeTcs CPETHUM KOJIMYECTBOM I'PO30BBIX YaCOB B IO 1y. JTa Be-
JIMYMHA MOKET OBbITh MOJyYeHa MO JaHHBIM MECTHOH METEOpOJIOTHIECKOi CTaH-
muu. Kpowme Toro, cymectByer kapTa [2], Ha KOTOpO# HaHECEHbI JIMHUM CPeIHeit
3a ro/i MPOJAOJKUTENIBHOCTH Tpo3 Ha Tepputopun Poccun. Ha neit sxe npubiu-
’KEHHO pa3MedeHbl ¥ KpyINHbIe 001acTH, rae HabmogaeTcst OHa U Ta Xe Ipo30-
Bas JIEATENbHOCTh. JMama3oH ee M3MCHEHMS JOBOJBHO BEJMK M 3aBHCHT OT
KITUMaTHYecKuX (akTopoB M penbeda MecTHOCTH. B ceBepHBIX 0OmacTsx
(Mypmanck, Kamyartka) ona coctasnsger He Gonee 10 4 B ron, Ans paifloHOB Ha
mmpote 50-55° ona xonebnercs ot 20 o 30 4, a Ha rore (Kapkas, [lonbac) ona
Moxet pocturats 100-200 4 B rox. [la v B npepenax oJHOTO paHoHa ¢ HU3KOI
rPO30BOH aKTHBHOCTHIO BCTPEYAIOTCS YYACTKH C PE3KO MOBBIMIEHHBIM YHCIOM
IPO30OBBIX HACOB B TOJI.

WHoraa oneHka rpo30BOi JEATEILHOCTH U3MEPAETCS KOJIHYECTBOM TPO30-
BBIX JHEH B rofy n,. [IpHHATO CUMTATh MPOJOIDKHTENBHOCTD TPO3bI IPHOIH3H-
TENBHO paBHOM 1,5 4, eciu ny, = 30 ausam, u 2 4, korga n, 6omsuie 30 quei. Cre-
JoBateNbHo, ny = (1,5-2) n,.
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Opnako 6onee BaxKHOW M MH(GOPMATHBHON XapaKTEPUCTHKOH I OLEHKH
BO3MOKHOTO YKCJIa MOpaKeHUH 0OBEKTOB MOIHHEH ABIAETCA IIOTHOCTH YAa-
POB HHCXOJIAIIMX MOJHHI Ha €MHHUITY 36MHOH MOBEPXHOCTH.

I110THOCTL yAapOB MOJHHUM B 3€MJIIO CHIIBHO KOJIEOJETCS MO perHoHam
3eMHOTO IIapa M 3aBHCHT OT TeX e (PaKTOpOB, YTO M MHTEHCHBHOCTbH IpO3.
OcobenHo BeIHKO BIHAHKE penbeda B TOPHOH MECTHOCTH, T/ie FPO30BbIe (POH-
TBI PACIIPOCTPAHSIOTCS PEUMYIIECTBEHHO MO Y3KHM KOPHIOpaM.

HabmoneHusMu ycTaHOBIIEHA KOPPEJIALMOHHAS CBA3b MEXIY IUIOTHOCTHIO
paspsIoB B 3eMII0 M MPOIOJIKUTENBHOCTBIO TPO3. DTa KOPPEIALMOHHAs 3aBH-
CHMOCTh PAaCHpPOCTpaHEHa ‘Ha BCIO TEPPUTOpHIO POCCHIO M CBA3BIBACT YHCIIO
YZIapOB HUCXOAAIIEH MOJTHHHU B | KM” 3eMHOMH ITOBEPXHOCTH C KOHKPETHOH mpo-
JODKHTENIBHOCTRIO Tpo3 B 4yacax. [l MpOM3BOJNBHOTO IMyHKTa Ha TEPPUTOPHU
Poccum ynenpHas II0THOCTh YIapOB MOJIHMH B 3€MJIIO 11 OTIPEENACTCS, HCXOS
13 cpliHeil MPOIOIKMTENLHOCTH TPO3 B YacaX, CIIeyIOmMM 06pazom:

LY
Cpgnmm MPOJOKHTEIBHOCTh 10-20 | 20-40 | 40-60 | 60-80 |80-100 100
rpo3, 4 u bosiee

V€nbHas mIoTHOCTh yIapoB
MOJIHMHM B 3€MJIIO, 1/(KM2'I‘011), n

1 2

Hcnone3ys 3HaYEHUSA n, MOKHO ONPEIAEIIHTh 0XKHMIAEMOE KOJIHYECTBO II0-
pakeHHui MoJHueH B rog N:
JUIS 3MaHUH U COOPYKEHUH PSIMOYTOIbHON (GOpMBI

N = [(S+6h)(L+6h,)-7,7h*]n10°; 8.7

JUISL COCPEIOTOYCHHBIX 3IaHUI M COOPYXXCHHil (IBIMOBBIE TPYOBI, BBILIKH,

Garran)
N=97mh’n10°, (8.8)

rae h, — HauboJbIIas BBICOTA 3AHUA WIM COOpYXeHHs, M; S U L — coOoTBeTCT-
BEHHO MIMPUHA U JJIMHA 3[aHHUs WIN COOPYXKEHHA, M; I - CPETHEr0JJ0BOE YHCIIO
yaapoB MOTHME B | KM’ 3eMHOM TMOBEPXHOCTH (YACTbHas IUIOTHOCTH YAApoB
MOJIHHH B 3eMJIIO).

Ecnu 31aH1He HMEET CII0KHYI0 KOH(UTypaLuio, TO MpU pacyeTe 1o Gpopmy-
ne (8.7) B kauecTBe S M L NMpUHMMAETCA IIMPHHA U JUIMHA HAUMEHBIIETO MPSIMO-
YTOJIbHUKA, B KOTOPHIH MOXKET OBITh BIHCAHO 3JaHUE HIIH COOPYXKEHHE B IIIaHE.
[IpHHATO CUMTATh, YTO MOJIHMH ITONAAAIOT B 3/JaHUE MJIM COOPY>KEHHE B Ipejie-
JIaX TEPPUTOPUH, KOHTYP KOTOPOH yJaJleH OT KOHTYpa COOpYXKEHMs Ha TPU €ro
BBICOTBI.

Ouenusas 1o popmynam (8.7) u (8.8) uncio nopaxenuit MoaHueH 0obeK-
TOB pa3HBIX pa3MepoB M (opM, HAIpHUMEP, MOXKHO BHAETh, YTO IPH CpeaHEH
IpoAoDKUTENIHOCTH rpo3 40-60 4 B rox 1uis 31aHus BIcoToH 20 M M pa3Mepa-
mu B twiane 100x100 M MO>KHO 0XkuaaTh He 6osiee OHOTO TMOpaXKEeHUs 3a 5 JierT,
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IUISL COCPENOTOYEHHOr0 00BeKTa BRICOTOH S0 M MOXHO 0XHIaTh He Gonee ox-
HOTO nopaxkenus 3a 3-4 ropa.

Takum 06pa3oM, IpU YMEPEHHBIX pa3Mepax 34aHUH M COOPYXEHUH (BBICO-
ta 20-50 M, yimHa ¥ mmpuHa npuMepHo 100 M) mopaxkeHHe MX MOJIHUEH sSBIIA-
€TCSl PEAKUM COOBITHEM.

VY ienpHyI0 IVIOTHOCTE YAApOB MOJHMHU B 3€MIIIO 71 B MECTE JUCIIOKAIMH
06BeKTa MOXKHO MPUOIMIKEHHO ONpeNeNHTh 110 Gopmye [31]

n=023n,"". (8.9)

Ha Bceii Tepputopun Poccun 31anus 1 coopyskeHus [ KaTeropuu J10JKHBI
OBITH 00A3aTENBHO 3AUMIIEHBl OT MPSAMBIX YAapOB MOJHHH, 3JIEKTpOCTaTHUe-
CKOH M 3JIEKTPOMarHMTHON MHAYKLIMH M 3aHOCAa B HMX BBICOKOTO MOTEHIHAsa
4yepe3 Ha3eMHBIE U ITO3eMHbIC KOMMYHHKALIMH, @ MOJIHHEOTBO/IBI JIOJIKHEI ITpe-
JyCMaTpHBAThCs C 30HAMH 3alUTHl A. B paifoHax ¢ o4eHb Majoil MHTEHCHBHO-
CTBIO IPO30BOI IEATETLHOCTH BEPOATHOCTE yJapa B 31anue I kateropuu o4eHb
Maja, HO MaTepHabHBIH ymepd MoeT ObITh BEJNWK, H 3aTpaThl Ha MOJHHE3a-
IIUTY B 3TOM CJIydYae BIIOJHE ONpPaB/aHEbI.

3nauus u coopyxenus II kareropuu JO/DKHEI OBITh 3aIIUIIEHBl OT MPAMBIX
yIapoB MOJIHMH, BTOPUYHBIX €€ BO3JEHCTBMH M 3aHOCA B HUX BBICOKHX ITOTEH-
LIMaJIOB Yepe3 Ha3eMHbIE U MOJA3EMHbIe KOMMYHHKALMH TOJIBKO B MECTHOCTSIX CO
cpeiHeH MPOIODKUTETBHOCTEIO Ipo3 7y = 10. TuIl 30HBI 321U T MOJIHUEOTBOIOB
3aBHCHT OT nokasaTesst N: 30Ha THna A npuHuMaercs npu N > 1, a 30Ha tMna b —
npu N < 1. HapyxHble TeXHOJIOTHYECKHE YCTaHOBKHM Kiacca B-Ir, oTHocHMBIe
Taioke ko II kaTeropuu, mojuIexar 3alUre OT NPSAMBIX YIapoB MOJHHH Ha BCel
TeppuTOpHK Poccuu, a MOJHHEOTBO/B! MPEIyCMATPHBAIOTCS ¢ 30HaMK Tuma b.
HekoTopsie u3 3THX YCTAHOBOK IMOJJIEXKAT 3al[UTE U OT 3JIEKTPOCTATHYECKOH MH-
JYKIMH (pe3epByapsl ¢ IUIABAIOLIUMHU KPBIILIAMH MJIX TOHTOHAMH).

3nmanus u coopyxenus III kareropuu (¢ 3onamu kiaaccos I1-1, TI-1I, I1-ITa)
MOZJIEXAT MOJIHME3AIMUTE B MECTHOCTAX CO CPeIHEH INpPOJOIDKHUTEIEHOCTBIO
rpo3 20 u 6osee 4acoB B IO, @ TUI 30HBI 3AIMUTHl MOJIHHEOTBO/IOB 3aBUCUT OT
CTerneHH orHecToifikocTH 3manus. Hampumep, 3ona thna B tpeGyercs mns 3ma-
Huit 1 coopyxenuit I u Il crenenu ornecroiikocty npu 0,1 <N < 2, a uia 111,
IV u V crenenn ornecroiikoctu rmpu 0,02 < N < 2; npu N > 2 neobxoamuma 30Ha
tuna A. JIna HapyXHsIX ycTaHoBOK kinacca I1-IIT MonHue3amuTa npexycMaTpH-
BAaeTCs NPH CpeHel MPoaoIDKUTENLHOCTH Ipo3 20 u Gosiee 4acoB B TOJ MPH 30-
He 3amuThel THna b, ecm 0,1 <N <2; npu N > 2 — 30Ha Tuna A.

Bce 3manusa u coopyxenust III kaTeropuu DOJMKHBI OBITH 3aIIMIIEHBI OT
NPAMBIX yapOB MOJIHMH U 3aHOCA BBICOKMX MOTEHIHATIOB Yepe3 Ha3eMHbIe Me-
TaJUTMYECKHEe KOMMYHHKALIMH, @ Hapy>KHbIE YCTAHOBKH JOJDKHBI OBITH 3alllHIie-
HBI TOJIBKO OT MPAMBIX yAapoB MonHHH. Takum oOpa3om, 00s3aTeIBHOCTD YCT-
poMcTBa MOJIHME3aIUUThl 34aHuil uiau coopyxenuit I, II w III kareropum
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OTpesieNIAeTCs CPeHEH MPOJOKUTEILHOCTBIO TPO3 /1, U OKUIAEMBIM KOJIHYe-
cTBOM nopaxkeHuit N momnuueii B rog. IIpu HecoBmageHuu OXHOTO U3 3THX MOKa-
3areneif ¢ BeIMIMHAMHU 10 HOpMaMm [2] YCTPONUCTBO MOJIHME3aLIUTHl CTAHOBHUTCS
Heo0A3aTeNbHBIM.

TpeboBaHusi K yCTPOHCTBAM MOJIHHE3AUTHI

MonHuesanmTa npeacTaBisieT co60if KOMIUIEKC MEpONpPHUATHH, HampaB-
JICHHBIX Ha MPEAOTBpAlICHHE MPSIMOTO YAapa MOJHHU B 00BEKT MIM Ha yCTpa-
HECHHE ONACHBIX IOCJIEACTBUI, CBA3AHHBIX C MPSMBIM YJapoM; K 3TOMY KOM-
IUIEKCY OTHOCATCA TAKXKE CPEICTBA 3aIUTEI, MPEJOXPaHAIONINEe 00BEKT OT BTO-
PMYHBIX BO3EHCTBHI MOJHHMH M 3aHOCAa BBICOKOTO moTteHuuana. K ocHOBHBIM
TpeOOBaHHUAM MOTYT ObITH OTHECEHBI: COOTBETCTBUE MOJIHUE3AIIHTEI KaTerOpUH
3[aHUA  XapaKTepy IPOM3BOJACTBEHHOIO Ipolecca B 3[aHHH, COOPYXKEHHH, Ha
BCEM 00BEKTE; BO3BMOXKHOCTh THIH3ALHMH KOHCTPYKTHBHBIX 3JIEMEHTOB MOJIHHE-
3aIUTHl; HAIE)KHOCTh JEHCTBHA BCEX €€ DJIEMEHTOB M «PaBHONPOYHOCTBY MX B
3TOM OTHOLICHHH; DOJIBIION CPOK CITykOBI, TOCTUralONIMi JecATKa U Goee JieT;
BO3MOXKHOCTb NMPHMEHEHHUA HEIOPOTOCTOSIIMX MAaTepPHaJoB M MCIOJIL30BAHMA
KOHCTPYKTUBHBIX 3JICMEHTOB 3JaHUS M COOPYXEHHSA; HArJISIHOCTH MOHTaXa,
npeaynpeIuTeNIbHbIC U BOCIPELIAOHe 3HaKH WM OIPaXCHHs, T.€. CO3/IaHHe
ycnoBuii 6e30MacHOCTH IJIs MepcoHaysa OOBEKTa MIM NMOCTOPOHHHX IIOJCH;
CPaBHHUTENIBHO HECJIOXKHAs 3KCILUTyaTalMs U JIOCTYIMHOCTh KO BCEM 3JIEMEHTaM
IPH KOHTPOJIE, BOCCTAHOBICHHH WJIM PEMOHTE.

Kpome TOro, mpyu BBIIOJHEHMH MOJIHME3AIUTH 3[JaHUH MU COOPYKCHHH
BCEX KaTeropui JUlsi MOBBIIEHH 6€30MacHOCTH JIOACH CICIyeT pa3MeIarh 3a-
3eMIHTeNIH (KpoMe yriayOleHHBIX) B PEJKO IOCEHIaeMbIX MecTax (Ha rasoHax,
KyCTapHHKax), B yJaJeHHH Ha 5 1 60Jee METPOB OT OCHOBHBIX TPYHTOBBIX, IPO-
€3KUX ¥ TEIEXOJHBIX JOpOT, pacroyarate Mo achaabTOBBIMU MOKPHITHAMHY,
yCTaHaBJIMBATh IPEAYNpPeKIaloNIue IakaTbl. TOKOOTBOMBI CI€IyeT NPOKIaIbl-
BAaTh B MaJIOJOCTYIHBIX MECTAX, YTOOBI IO HE MOTIIM K HUM IPHKOCHYTHCSL.

JIist CHHOKEHMS OTIACHOCTH IIATOBBIX HANPSXKEHUN PEKOMEHIYETCs MpHMe-
HATH YITyOJEeHHbIe U paccpeOTOUEHHBIC 3a3¢MIINTENHN B BUJE Jyueil. [pu mm-
puHe 31aHuit U coopyxenuit 6onee 100 M HEOOXOIMMO BBIMOIHATE MEPOIPHS-
THS 110 BBIPaBHUBAHHMIO MOTEHLHANA BHYTpH 31aHus. [Ipu ycTpoiicTBe MoIHHE-
3aUIUTBl 3JaHUH M COOPYXEHUH JI000i KaTeropuu CieyeT YYHTHIBAaTh BO3-
MOXXHOCTh 3KPaHHPOBAHUS MX 30HAMH 3aIIUTHl MOJHHEOTBOJOB JAPYTHX OJH3-
KOPACIOJIOXKEHHBIX 3MaHUH M coopykeHuid. IIpu 3ToM ciemyeT MaKCHMalbHO
HCIIONIB30BaTh €CTECTBEHHBIE MOJHHEOTBOJBI (BBITSIKHBIE TPYOBI, BOJOHAIOP-
Hble OalIHy, JBIMOBBIC TPYObI, JTMHUM dJIEKTponepesay ¥ JpyrHe BO3BBINIAIO-
LIMECS COOPYIKEHHU).

Jlns HecTaHIapTHBIX 00BEKTOB, MOJHUE3AIIUTY KOTOPLIX HE YAaeTcs ocy-
[IECTBUTH [0 THUIIOBBIM peKOMEHalMAM [2], DOJDKHBEI OBITH ONpENENeHBl Te
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BO3JIEHCTBHSA, KOTOPHIE NMPEACTABIMIOT HAUOOJIBIIYIO ONIACHOCTD, a 3aTEM Ha 0C-
HOBE TEXHHKO-3KOHOMHMYECKOTO aHaJu3a BBIOPATH JUIT HMX HEoOXOoJuMBIE OIl-
THMaJbHBIE Mepbl 3alUTHl. B psje ciydaeB, 0coOeHHO IS 0OBEKTOB HOBOM
TEXHOJIOTHH, MOXET OKa3aThCA pelIalolieil He CTOMMOCTb YCTPOMCTB MOJIHHE-
3aIIUTHI, @ UX COBMECTHMOCTh C TEXHOJOTHYECKUMH (YHKIMAMH 00BEKTa, 110~
3TOMY HMHOTJAa Ba)XHO PacCMaTpPHBATh BOMPOCH MOJHME3ALIMTHLI HE B Tpolecce
CTPOMTENBCTBA OOBEKTa, a Ha CTaJHM €ro MPOEKTHPOBAHUS, KOIJla MMEETCs
BO3MOXHOCTB ITyTE€M MallbIX 3aTpaT ¥ HECYLIECTBEHHBIX H3MEHEHMH IOBHICHTEH
IPO30YIMOPHOCTh 0OBEKTa M BO3JIOKHUTH XOTS OBl 4aCTHYHO (hYHKLHMH MOJIHHE-
3aIUTHl HAa €0 KOHCTPYKTUBHEIE JIEMEHTHI.

B mpakTuke NMpOEKTHPOBAaHMSA M IKCILTyaTallMH MOJIHHE3ALIMTHI CIeayeT
YUHTBHIBAaTh OMPEAEIEHHBIX pa3MEPOB 30HBI B3PBIBOOIIACHOCTH, TaK KaK MHOIHME
3[IaHUsA, COOPYXKEHHUS M HapYKHBIE YCTAHOBKM XHMHUYECKHX, HEPTEXUMHYECKHX,
HedTenepepabaThIBAIONIMX M psAla APYTHX MpPEINpPUATHI HMEIT yCTpOHCTBa
IIOCTOAHHOTO MJIM MEPHOAMYECKOro BEIOpOCa B OKpYy»Karoliee NpoCTPaHCTBO ro-
PIOYHX ra30B U MapOB XXKUIKOCTEH. DTH TEXHOJOTHYECKHE BBIOPOCHI, CBA3aHHBIE
C HOPMAIIbHBIM MJIM aBapHHHBIM PEKUMOM paboOThl anmapaToB M YCTaHOBOK,
MPOUCXOJAT 4epe3 MOCTOSHHO HIIM TEepPHOAMYECKH JIeHCTBYIOIIME BO3IYIIKH,
CBEYH, Ta300TBOJHBIC TPYObI, MO CHELMAIBHBIM aBapHIHBIM CTPABIHBAIOLIUM
JIMHUSM, a TaKXKe Yepe3 AbIXaTeNIbHbIC U MPEeAOXPAHUTENbHBIC KIanaHbl. 3HaYH-
TEIBHOE KOJMYECTBO THX BBIOPOCOB MPOM3BOAMTCA JIOKAIBLHBIMH MEXaHHYe-
CKMMH M €CTECTBEHHBIMH BEHTWJIALMOHHBIMH CHCTeMaMH 3/aHuil. Ha otneins-
HBIX 00BEKTaX XMMHYECKOH IPOMBINIIEHHOCTH HACUMTBIBACTCS IO HECKOJIBKHX
coTeH Bo3mylek. IlepeyncneHHbIe yCTPOHCTBA pacrojaraloTcs, Kak IMpaBHIIO,
Ha 31aHUAX, HApYXXHBIX YCTaHOBKaX, pabounX IUIOMAJKaX U dTaXEpKax, B BUJE
OT/ENBHO CTOAMWMX TpyO-cBeyeit BeicoToi Gonee 30 M.

Bonbime morepu HabMIOAAIOTCS OT MCTApeHUs HeTENPOIYKTOB C BBICO-
KO yNpyrocThlo MapoB M ChIpOI He(TH NMPH MX XPAHEHWH H NPH Pa3THYHBIX
onepanmsax, CBA3aHHBIX C 3arpy3Koi M BBITpYy3Koi emkocteit. [Ipu 3ToM mpo-
IYKTBl MCIapeHHs, BBITECHSACMBIC W3 HAMOJHACMBIX KelIe300€TOHHBIX pe3ep-
BYapoB 4Yepe3 AbIXaTeIbHbIE KJIaMaHbl H HETUIOTHOCTH KPBIILH B aTMocdepy, pH
OMNpEAEICHHBIX TEXHOJOTHYECKHX PEeXMMax M METEOPOJIOTMYECKHX YCIOBHAX
CO3/al0T Ha MPHJIEraloled TEPPUTOPHH B3PHLIBOOMACHBIC 30HBI 3HAUYHTENIBHBIX
pasmepoB (10-40 m). Bo MHOTHX ciTy4yasX ropiouue MpoayKThl (Ta3sl M Mapbl)
BBIOpAcKIBAIOTCS THOO B YHCTOM BHZE, OCOOEHHO NpH aBapHifHBIX CTpPaBINBa-
HHMAX M3 annapatoB, JUOO B CMECH C BO3ZYyXOM B IpaHHLAX KOHLIEHTPHPOBAH-
HBIX TIPEZIeNIOB B3pbIBa (MU BHIOpOCE ra30- M MapOBO3AYIIHBIX CMECEH U3 JIbI-
XaTeNbHBIX TPYO, BO3MyLIEK), TO3TOMY OKOJIO TAKUX YCTPOMCTB BHIOpOCA TaKKe
MOTYT CO3/IaBaThCsl 30HbI B3PHIBOONIACHOCTH.

HenocpencTBeHHbIH KOHTAKT KaHajla MOJHHM MJIM HarpeThiX JI0 BBICOKOM
TEMIIEPaTyphl YacTeil MOJHHME3AIIMTHBIX YCTPOICTB C 3TOH 30HOI MOXET
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IPHBECTH K BOCIVIAMEHEHHIO, B3PBIBY M Pa3pyLICHHAM, IT03TOMY BOIPOCHI MOJI-
HHME3AIMTHI 31aHMH U HApYXXHBIX YCTAHOBOK JIOJDKHBI PELIATHCSA C YYETOM BO3-
MOXKHBIX 30H B3PBIBOOIACHOCTH, KOTOPBIE OyXyT BIMSTH Ha BEIOOP CXEMBI ¥ THIIA
MOJIHM€3aIIUTHOTO YCTPOHCTBA, MECT MX PACIHOJIOKEHHUS, HEOOXOAUMOro yase-
HUs ¥ TIPEBBILICHHA 30H 3alUTHl MOJHUEOTBOJOB Hajl yCTPOHCTBOM BBIOpoca. B
NPAKTUKE MPOEKTHPOBAHHS MOJIHME3AIIUTEl BCTPEYAIMCh CITy4aH, KOT/la HallH4He
60JIBIIOr0 KOJMYECTBA Ia300TBOAHBIX TPYO M BEHTHIIALMOHHBIX YCTPOMCTB MpH-
BOJWJIO K OTKa3y OT 3alquThl 3faHuil II xaTteropuu MOJHMEOTBOJAMH, PAcroya-
raeMbIMM Ha HHX, H COOPY>KaJIUCh OTACTHHO CTOSAIIHE MOJTHHEOTBOIBL.

TpynHocTH, BO3HHMKAIONIME NPH PEIIEHHH BOIPOCOB MOJHHE3ALIUTHI C
Y4YETOM 30H B3PBIBOONACHOCTH, OOBACHAINCH, C OZHOH CTOPOHBI, BECbMa MPO-
THBOPEYMBBIMH YKa3aHUSMHU B JINTEPATYPHBIX M HOPMATHBHBIX MCTOYHHKaX, C
JIpYyroii — OTCYTCTBMEM KaKHX-JTHOO HCCIICOBAHWH pacIpe/lesIeHHs B3pPBIBO-
OMacHBIX KOHLEHTPALUH U 30H. Bce 3T0 MPHBOIHMIIO K YCJIOXKHEHHIO U Ype3Mep-
HOMY Y/IOPOXKaHHIO MOJIHME3AIIUTHBIX YCTPOHCTB, MPHMEHEHHIO HEIOCTATOYHO
HaJe)XHOTo M 6e30macHOro BapMaHTa MOJIHHME3aIUMTHL. B CBA3M ¢ 3THM ObLIH
IPOBENEHBI HEKOTOPBIE HCCIIEIOBAHMUS pacipe/IeIeHUH KOHLIEHTPALUHA TopIoYHx
cMmeceil mpu HenmpepeIBHOM BeIOpoce ux B atmocdepy [3].

8.4. MOJIHUEOTBO/IbI

CpencTBOM 3alMTHl OT MPSAMBIX YAApOB MOJIHUH CIIY>KHT MOJHHEOTBOJ —
YCTPOMCTBO, PACCYHTAHHOE HA HEMOCPECTBEHHBII KOHTAKT C KAHAJIOM MOJHHH
M OTBOJIAIIIEE €€ TOK B 3€MIIIO.

KOHCprKTHBHOC BbINOJIHEHHE MOJIHUEOTBO/10B

31aHMA ¥ COOPYKEHHS OT MPAMBIX YAapOB 3aIMILAIOT MOJHUEOTBOAAMH,
K&XABIH M3 KOTOPBIX KOHCTPYKTHBHO COCTOMT M3 MOJIHHEIPHEMHHKA, HEIo-
CPEACTBEHHO BOCIIPHHUMAIOIIETO YAap MOJHMH, TOKOOTBOJA, COEIUHAIOLIETO
MOJIHHEIIPHEMHHUK C 3a3eMIIUTENIEM, U 3a3EMIIHTEIIS, Yepe3 KOTOPhIH TOK MOJIHUH
CTeKaeT B 3eMJI0. BepTukanbHas KOHCTpyKuMs (CTONO, MayTa) WIM 4acTh CO-
OpYXEHHs, MpeAHa3HA4YeHHas Ul 3aKpPeIUIeHUs MOJIHHENPMEMHHKA U TOKOOT-
BO/Ia, HA3BIBAETCS OIIOPOH MOJHHEOTBO/A.

Ornops! CTeP>KHEBBIX H TPOCOBBIX MOJTHHEOTBOJIOB, KaK OTJEIBHO CTOSIIHX,
TaK ¥ YCTAHABJIMBAEMBIX Ha 3alIMIAEMOM 00BEKTe, MOTYT OBITh IEPEBAHHBIMHY,
METAIUTHYECKUMH U XKele300eToHHbIMH (puc. 8.9).

Hepeesinnas onopa 0OBIYHO COCTOMT M3 OCHOBHOM CTOMKHM M IaCBIHKOB,
BBITIOJIHEHHBIX U3 JIepeBa WM Jene300eToHa (IocaeHue MpeIroYTHTENbHEE).
JlepeBsHHBIE 4YacTH, OCOOCHHO MOJ3eMHbIC, aHTHCENTHPYIOT. BbicoTa Takoro
MOJIHHEOTBOJA PeAKo mpeBbiaer 25 M. B 3emimo onopa 3apeiBaetcs Ha 0,1-0,2
€e MOJIHOM BBICOTBI B 3aBUCHMOCTH OT TPYHTa. [IJIs1 ONOp MCHONB3YIOT JPEBECH-
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HY XBOMHOW MOpOJAB! (COCHA, JUCTBEHHHMIIA, €lb, MuxTa). [lnamerp OpeBHa B
BepxHeM cpy0e noynkeH ObITh He MeHee 100 MM.

\ r | )

5000

5000

5000
25000

23

20

5000
iy 1 1 118 I s =
=
| F

12000

“w

a 6 6 _ 2

Puc. 8.9. KoHCTpyKIHMH CTEPIKHEBBIX MOJIHUEOTBOIOB H MOJTHHEIIPUEMHHKOB!
a — Ha ilepeBAHHOI onope; 6 — MeTanInyeckuii peLuetyarbiii Tuna M-25; 6 — Ha xene3o6eToHHOI onope;
2~ MOJIHMEeNPHEMHHUK U3 METALIMYECKHX TPYO, yCTaHOBAGHHbLIX Ha Kpbiiue; / —onopa (cToiika);
2 — MONHHENpPHEeMHHUK; 3 — NOAHOKHUK; 4 — ToKonposoA (crnyck); 5 — dnauel; 6 — OTTAHKA

Onops! BeicoTOM Gonee 8-10 M BBIMOIHAIOT HAa OJTHOM HMJIH JIBYX MAacChIHKaX
(puc. 8.9, a), BeICOTa KOTOPBIX 3aBHCHT OT BBICOTBI MOJIHMEOTBOJA. [l yBeaH-
YEHHS CPOKa CITy>KOBI IEPEBIHHBIX ONMOP PEKOMEHIYETCs NMPUMEHSTH XkKese300e-
TOHHBIE MTACBIHKH, 0COOEHHO B TPYHTAX, IZIe MPOLecC THHeHHs Haubosee HHTeH-
cuBeH (B cyriauHKax). JKene300eTOHHBIE MAaCHIHKK M3TOTOBIISIOT U3 GeToHa Map-
k1 He Hike M200, apmupoBanHOro kpyrioi craneio mapku Ct 3 win Cr 5. B
TONIEPEYHHKE TACBIHKH MOTYT OBITh NMPAMOYTOJIBHOTO JBYTaBPOBOIO, KPYIJIOTO
U IPYTUX CEYCHHUH.

Memannuueckyio onopy nis MoIHHEOTBOAA BeIcoTOi 20-75 M (puc. 8.9, 6)
Jalle BCErO BBHIMOJHAIOT B BHJE KECTKOH pemrerdaroif koHcTpykuuu. Ee ycra-
HABJIMBAIOT HA YETHIPEX KeNe300eTOHHBIX MOJHOKHUKAX, HABEPXY K Hel mpu-
BApHMBAIOT MOJIHHETIPHEMHHUK M NPEIOXPAHAIOT OT KOPPO3HH PETyJISAPHOH OKpa-
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ckoif. Takoi MoTHHEOTBOJ HE TPeOYeT CrelHaTbHOro TOKOOTBO/IA, TaK KakK caM
XOPpOIIO MPOBOJUT TOK.

Kenezobemonnvie onoper MoryT OBITH pasnuuHoit Gopmsl (puc. 8.9, 6),
apMaTypa B HMX 4aCTHYHO MJIM TOJHOCTBIO NPEJBapHTEIbHO HanpsokeHHas. Be-
TOH MOXeT ObITh BHOPUPOBAHHBIM WIM UeHTpu(yrupoBaHHsiM. Ha Bepumne
OMOPbI YCTAHABJIHBAIOT MOJTHHENIPHEMHHUK U COCIMHSIOT C TOKOOTBOJOM, KOTO-
pBIif IPOKJIAJBIBAIOT MO OMope. B HEKOTOPHIX CITydasX MOJHHEIPHEMHHK CO-
€IMHAIOT C apMaTypoOii, HCIIOIB3YEMOH B KaueCcTBE TOKOOTBOA. Ho MMEHHO 3TH
MECTa OKa3bIBAIOTCA HEPEAKO HEHAJEe)KHBIMH, TaK Kak TpeOGyercs JMOO BBIBOXI
4acTH apMaTypbl HapyKy, THOO MPOITyCK B HEe COEAUHUTENBHBIX MTPOBOJHHUKOB.
Ha >Tux ywacTkaX MOCTENEHHO HAYMHACTCS pa3pylIeHHe, 0COOEHHO B MpH-
OpexHbIX paifonax mopeii. XKene3o6eToHHBIE OMOPBI 3KOHOMUYECKH Goliee BbI-
FOJIHBI, OHM TIPOIE B JKCIUTyaTAl[Md U JOJTOBeYHBl. OMOPHI CTEPKHEBBIX MOJI-
HHUEOTBOJIOB JOJKHBI OBITH PaCCYMTAHBI HA MEXaHUYECKYIO MPOYHOCTh KaK CBO-
601HO CTOSIIHE KOHCTPYKLHH, @ OMOPBI TPOCOBBIX MOJIHHEOTBOJOB — C Y4ETOM
HATSDKEHHUS TPOCca U JICHCTBHSA Ha HETO BETPOBOH ¥ rOJIOJIENHON HAarpy3KH.

MonHHEOTBOIBI, YCTAHABIMBAEMEBIE HA COOPYXEHHH, AENATCA HAa HacmeH-
Hble U KposenbHble. I1epBble IPUMEHSIOT Yalle, MX MOJHHEIPUEMHHKH H3rOTaB-
JMBAIOT U3 TPYOB! MIIH YTJIOBOM CTAaJM M 3aKPEIUIAIOT MOCPEICTBOM CKOO, XOMYy-
TOB WJIM KpPOHIUTEHHOB. MOJIHHENpPHEMHHUKH KpoBesbHble (puc. 8.9, 2) wamie
BCEro BBHINOJHAIOT U3 TPYO pa3sHOro auameTpa M cHabxkaroT (uiaHIaMu Ui Kpe-
TUIEHHUS K KpbILIE NpH nomourd 601ToB. JIonoaHUTENbHAsA YCTORYHBOCTD JOCTH-
raeTcs MoCpeICTBOM OTTKEK U3 MOJOCOBOH MIIH YIIIOBOH cTanu. BricoTa Takux
MOJIHHENPHEMHHKOB Kosebetcest oT 5 1o 10 M. Onopamu cTep>KHEBBIX MOJIHHE-
OTBOJIOB MOTYT CIIY)KHTh CTBOJIBI ICPEBBEB, PACTYIIMX BONM3M 3alHIAaeMBIX
30aHuil ¥ coopyxeHui. IIpu 3ToM ecim AepeBO HaXOAMTCA Ha PACCTOSHUH Me-
Hee 5 M ot 3nanuit u coopyxenuit III, IV u V crenenn ornecroiikocty (II n III
KaTeropus MOJIHME3aLIUTEl), TO HEOOXOAUMO IO CTEHE 3alHIIAEMOro 3JaHHs
IPOTHB CTBOJIA IIPOJIOKHTH TOKOOTBOJ M MPHCOEANHUTD TI0]] 3eMJICH K 3a3EMIIH-
TEJI0 MIIM XK€ OT MOJIHHENPHEMHHKa TOKOOTBOJ 1epebpocHTs Ha JApyroe jaepe-
BO, Ha OT/JEIBbHYIO CTOMKY, OTCTOSIIIME OT 34aHus Oonee yem Ha 5 M. Ecim mepe-
BO HEBBICOKOE, TO Ha HEro yCTAHABIMBAIOT LIECT C MOJHHUENPUEMHHMKOM, 3TO
yZlenmeBIseT MoNHHe3anuTy. Kpome Toro, nepesbs CO3AalOT JOMOJHHTEILHOE
9KpAaHUPOBaHKE OT 3apsKEHHOTO obJaKa.

JIyis TPOCOBBIX MOJIHMEOTBOJIOB MOXXHO MCHOJIb30BaTh TE XK€ OMOPHI, HO
TpeOyeTcss HHOTJIa MOBBIMIATh UX YCTOHYMBOCTh OTTAKKAMH HIIH TOJKOCAMH.
BriGop TOro WM MHOTO MartepHana omnop o0yclIaBIMBAeTCs B OCHOBHOM He-
00X0IMMO# BBICOTONH MOJHHEOTBOJOB, PACYETHBIMH MEXaHHYECKUMH Harpys-
KaMH, a TakXke 3KOHOMHYECKMMH coobpakeHusmu. Clenyer Takke yduThHI-
BaTh UX COYETAHHE C APXUTEKTYPOH 3aLIUIIAEMOro 00BEKTa, KIMMATHUYECKH-
MH YCIIOBHAMH.
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MonnuenpuemHnuxu CTep)KHEBbIEC, TPOCOBBIC U B BHJE CETKH HEIOCPEICT-
BEHHO BOCIIPHMHHUMAIOT NPSAMOIl ylap MOJIHUM M JIOJDKHBI BBIIEPKUBATEL €€ Tep-
MHYECKOe ¥ IMHAMHYECKOE BO3IEHCTBHS, OBITh HAIeKHBIMH B 9KCILTyaTallHH.

CTepiKHEBbIE MOJIHMENIPUEMHHKH H3TOTOBIIAIOTCA M3 MOKPHITOH aHTHKOP-
PO3HIHOM 3anIMTON (OLHMHKOBAHHE, JIyXKEHHE, NMOKpacka) Kpyrioi M YIJIOBOM
CTAIM WM W3 HEKOHIMLUMOHHBIX BOAOTa30npoBoaHbIX Tpyb. Koner TpyOn!
CILTIOMIMBAIOT MJIM HAJEXHO 3aKpHIBAIOT Merammqecxon npobkoii. HanmeHs-
lIee CeYeHHE MOJIHHENPHEMHHMKA JOIDKHO ObITh 100 MM’ (3TO TO3BONAET BbI-
JiepKaTh TEPMHUYECKHE W JIUHAMHYECKHE BO3JCHCTBHSA TOKA MOJIHMH), a JUIMHA
He menee 200 Mm.

B kauecTBe MOJHHMENPHUEMHHKOB MOXKHO HCIOJIB30BaTh IBIMOBBIE, BbI-
XJIOIHBIE M JPYrHe MeTalnueckue TpyOrl 00bekTa, AedaekTope! (eCIu OHH He
BBIOPACHIBAIOT TOPIOYHE Taphl M Ta3bl), KPOBIIO M JIPYrHe METaJUIHYECKHE dJle-
MEHTEI COOPYKEHHH.

IIpuMeHSAI0T MOJHHENPUEMHHKH U B BHJE CETKH, CBAPEHHOI M3 prrnou
CTaJIM IMaMeTpoM 6-8 MM HIIM IOJIOCOBOI CTaaM cedeHueM He MeHee 48 MM,
YJIO)KEHHBIX Ha KPOBJIIO MOJ THAPO- WIIM TEIUIOU30JIALMIO (€CJIM OHM HEcropae-
MbIe). DTO He 3aTPYHUT OTTOK BOJBI C KPOBJIM M OYHCTKY OT cHera. Illar sueii-
ku 6epyT 6x6 M 1 3ganmii 11 kareropuu, a s 3xauuit I - 12x12 m.

OJnHako yKJIaJKa CEeTOK palHOHaJbHA JIMIIbL B 3JaHUAX C TOPH30HTAJIb-
HBIMH KPBIIIAMH, TAE PAaBHOBEPOATHO MOpPakeHHE MOJIHUEH oboro ux yda-
ctka. Ilpu GompmMX yKJIOHAX KpbILHM HauboJee BEPOATHBI yAaphl MOJIHHUHU
BOJIM3M ee KOHbKA, M B 9THX yYacTKaX YKJIaJKa CETKH IO BCEH MOBEPXHOCTH
KPOBIIM TPHBEICT K HEONpPaBIaHHBIM 3aTpaTaM MeTamia. B atom ciyuae 6o-
Jlee SKOHOMHYEH BAPHAHT YCTAHOBKHM CTEP)KHEBBIX MIIH TPOCOBBIX MOJHHE-
IPUEMHHUKOB, B 30HY 3alIUTHl KOTOPBIX BXOIHUT BeCh 00BeKT. [To 3T0it nmpuyn-
HE YKJIaJka MOJHHENPHUEMHOH CETKH PEKOMEHIYETCS Ha HEMETalJIHYeCKHX
KPOBIISIX C YKJIOHOM He Gosee 1:8.

WHoraa BO3BBILIAIOMIMECS JIEMEHTHI KPOBIH CHA0XalOT MOJHHEIPHEMHH-
KaMH, COCIMHEHHBIMH C CETKOH MOCpEACTBOM cBapkH. Ha nepeBbsXx MonHHe-
MPUEMHHKOM MOJKET CIY’KHTh BBICTYMAIONIMI KOHEL[ TOKOOTBOJA B BUJE METIIH
Ha y4yactke 10 400 MM oT BepxHeil TOYkH. TpOCOBBIH MOJTHHUENTPUEMHHUK BBITON-
HSIOT U3 CTaJBHOTO MHOTOMPOBOJOYHOTO M TOJBKO OLIMHKOBAHHOTO TpOCA JHa-
MeTpoM 110 7 MM (ceueHue He MeHee 35 MMY).

Toxkoomeodsl MONHUEOTBONOB TPHUMEHSIOT Ui COCAMHEHHS MOJIHHE-
MPUEMHHUKOB C 3a3€MJIMTEIIAMHU U3 cTanu Joboro mpoduis. Mx paccuuThiBa-
10T Ha MPOITyCKaHHE MOJHOTO TOKa MOJIHMM 6€3 HapylmeHui U CyIlecTBEeHHO-
ro neperpea. OHH DOJKHBI OBITH OLIMHKOBAHBI, MPOJIYXKEHBI HJIH OKpALICHBI
JUI IpeRynpekaeHHs Koppo3uu. He pekoMeHayercst IpHMeHATs MHOTONIPO-
BOJIOYHBIH CTaJbHOM TPOC, €CIM y HEro HEe OLMHKOBaHA KaXaas HUTh. Hau-
MCHBILIEE CEYEHHME TOKOOTBOJOB, BBINOJHEHHBIX M3 YIJIOBOIl M IMOJOCOBOM
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CTalM ¥ Pacroj0OKeHHBIX BHE COOPYXKEHHS Ha BO3JYXe, paBHG 48 MM, s
pAacIoNoXeHHBIX BHYTPU — 24 MM*, a KpyIJble TOKOOTBOIbI JODKHBI UMETh
HauMeHbWHUH nuamMeTp 6 MM. TOKOOTBOJAaMM MOTYT CIIy)XHTh apMarypa e-
71€300€TOHHBIX KOHCTPYKIMH, HANPaBIAIOIKE JTH(TOB, IT0XKAPHBIE JIECTHHUIIBI,
BOJIONIPOBOJAHEIC, BOJOCTOYHEIC U KaHAIU3ALHOHHbEIE TPYOBI, KOJOHHBI, CTEH-
KH pe3epByapoB, 3JIEKTPHUECKH HANEKHO CBA3aHHBIE 10 BCCH IIMHE.
COCI[HHGHH}I TOKOOTBOJAOB, CIEHHUAJIBHBIX U €CTCCTBCHHBIX, JOJIXKHBI
6b1Th cBapHBIMM (BHaxiyectT). KonuuecTBo MX HE0OXOZMMO pe3Ko OrpaHu-
49UTh. BONTOBBIE COEMHEHMS NOIYyCKalOT ToJNbKO st o6vekToB ¢ III kare-
ropueil ycTpoicTBa MOJIHHE-
3aMTBl M TOTAA MX HE OK-

LN pamuBator, a jgymar. C 3a-

© [T1T1 IT:TL 3eMJIMTEISIMH ~ TOKOOTBOJIBI

[ ! , I l COEJIMHSIOT TONBKO CBAPKOIi,
T T 1 ¥ IUIONIAh KOHTAKTa BO BCEX

Lh;g | CIyuasx He MeHee JBYX

Mi2 [UIONIazell ceyeHus JeTanei,

a JUIHHA — OKOJIO MIECTH AHa-

gl 7 METpOB  MPOBOJOKH  WIH

bt} g JBOWHON NIMPHHBEI OJOCHI

MU NoJIKM yroska. Eciu To-
| [ 1 KOOTBOJIbI IIPHUCOEAUHSIOT K
?d—' T OTACJIBHBIM 3a3eMIIMTENISAM U
2

OHHM JJEKTPUYECKH CBS3aHBI
JIpYT C APYTrOM, TO Ha BBICOTE
Q 0Ko0JIO 1,5 M OT MOBEPXHOCTH
] 3eMJIH YCTaHABIMBAIOT Ha-
— . @@ @; _____ i e B JEXKHBIH 6011“1'0301‘& 32XKHM,
“‘ ITO3BOJIAIOIUHE  OTCOETUHUTD
TOKOOTBOJ JUISL KOHTPOIA 3a-
semuurens (puc. 8.10). To-
KOOTBOJBI OT MOJIHHEIIPHEM-
HHUKOB IPOKJIAIBIBAIOT KpaT-
yaluM myTeM K 3azemauTento. OT BXOZOB B 3[aHUS MX HYXKHO pacroJa-
raTh Ha TaKOM PacCTOSHUU, YTOOBl C HUMHM HE MOTJIH CONPUKACATHCS JIIOIH.
Heo6xoxumo m3beraTh OCTpHIX YIJIOB M TeM Oosiee meTenb B TOKOOTBOJE,
TaK KaK 3HAYUTEJIbHEIE JICEKTPOAHHAMHYECKHUE YCHIIUA TpU OONBIIMX TOKaX
MOJIHMM MOTYT pa3opBaTh €ro Ha 3THX y4acTKaX MM BBI3BATh UCKPOBOE Ie-
PEKpBITHE MexX Ay OmmkaHIIMMM TOYKaMH METAH. MeTannuyeckas KpOBIA,
Kkopo6a u TpyOBl MOryT OBITH COEIMHEHBI C TOKOOTBOJAMH OONTOBBIMH 3a-
xumMamu (puc. 8.11).

i
-

Puc. 8.10. IlpumepHbIe KOHCTPYKLHH
pa3beMOB TOKOOTBO/IOB
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Puc. 8.11. 3axuM J1s IpHCOEIMHEHUS TUI0CKOTo (@) v Kpyriioro (6)

TOKOOTBOJ10B K METAJIJIHYECKOM KpoBJie:
1 — ToxootBOA; 2 — KpOB/s; 3 — cBUHLIOBaA npoKnanka; 4 — cranbHas nnacTHHa;
5—nnacTuHa ¢ npuBapeHHbIM TOKOOTBOAOM

3azemnsowue ycmpoucmea SBIAIOTCS BaXKHEHIIMM 3JIEMEHTOM B KOM-
TIeKce CpeJcTB o0ecreueHus 3alHThl 00BEKTOB OT MPAMOro yaapa MOJIHHH,
3aHOCA BBICOKMX MOTEHIHAIOB M0 KOMMYHHKALMAM H JIEKTPOCTATHYECKON WH-
nykiud. OCHOBHOW YacThIO MX SIBISIIOTCS COOCTBEHHO 3a3€MIIMTCIIH, HAXO/s-
LIHeCs B IOCTAaTOYHO XOPOIIO MPOBOISIIEH cpejie.

3asemaumenv monanuesawumsl — OJUH WIM HECKOJIBKO 3ariayOleHHBIX B
3eMJII0 TIPOBOJIHUKOB, NPEJIHA3HAYCHHBIX U OTBOAA B 3€MJIO TOKOB MOJHHH
WIM OrpaHUYEHHUS TepeHanpsHKeHUH, BO3ZHUKAIOMIMX Ha METAJIMIECKHX KOPITY-
cax, KOMMYHHMKAlUMsX TpHU Onu3kux paspsaax MonHuu. OHM OBIBAIOT 00uHOY-
Hotmu (TIPOCTBIMH) MIIH CIIOKHBIMH (KOMOMHMpOBaHHBIMH). K MepBeIM OTHOCST-
st TpyOBI, JNIEKTPOAbI U3 KPYTJIOH, OJIOCOBOMH, YIIIOBOH M JIMCTOBOI CTalH, Xe-
71e300€TOHHBIE TIOXHOKKH M CBaH, a CJIOXKHBIC 00pa3yloTcs M3 KOMOMHALHi
npocTeIX. OMHOYHBIC JETATCA HA COCPEAOTOYCHHBIC M TPOTSXKEHHEIE. Y mep-
BBIX TMOTEHIHAJ MPAKTHYECKH I10 JUTHHE HE U3MEHAETCA, Y BTOPBIX NOTEHLHAIIBI
Hayaja ¥ KOHIA OTJIMYAIOTCA APYT OT APYra BCICACTBHE OOJBIION AJHHBI 3JIEK-
TPOIOB, MAJOTO HX CEYCHHS, BEICOKOTO YAEILHOTO CONMPOTUBIICHUS MaTEpHaoB
WM BBICOKOH yJIe/IbHOM MPOBOAMMOCTH I'PYHTA.

Ewie pa3nuyaloT uckyccmeentvle U ecmecmeeHntble 3a3eMINTEIN.

Hckycemeennpie 3a3eMIIUTENH — CIIELMAIBHO MPOJIOKEHHBIE B 3€MJIE KOH-
TYpBI M3 MOJOCOBOHM MJIM KPYTJIOH CTaJM, COCPEAOTOUYEHHBIE KOHCTPYKIMH, CO-
CTOSIINE U3 BEPTHKAIBHEIX U TOPU30HTAIBLHBIX MPOBOIHUKOB.

Ecmecmeennvie 3a3eMiuTeny — 3ariy0JIeHHBIC B 3MIII0 METAJUTHUECKHE U
Xesne300eTOHHBIE KOHCTPYKIMH 3[JaHUi U COOPYIKEHHUH.
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3a3eMaMTeNIM MOIYT OBITH noeepxrHocmuvimu W yeayorennvimu. Ilo-
cieHHEe 00BIYHO M3TOTOBISIOT U3 KPYIJIOH MIIM MOJIOCOBOI CTalM M yKia-
ABIBAIOT B rIy0OKHEe KOTJIOBAHBI HJIM TPAHIIEH, Yallle BCEro Mo MepHMeTpy
(byHIaMeHTa, €CJIH IOCJIEAHHI He MOXeT OBITh MCIOJNB30BAaH B KadecTBe
€CTECTBEHHOro 3a3zeMyMTeNns. Hakomel, CymecTBYIOT GepmukaibHbie 3a-
3eMauTeNH (0OBIYHO CTEPXKHH M3 KPYIJIOH WIIM YTJIOBOH CTamd U TpyOHI,
KeJe300eTOHHBIE TMOAHOXHUKM M CBaW, 3a0HBaeMble B 3EMIIO, pexe —
CTaJbHbIC KPYTJIIE CTEP)XHU, BBUHYEHHBIC B TPYHT) M 20puU30HmManbHbule,
M3rOTOBJICHHbIE U3 M1000i mpoduabHOi cTanu, 3akanbsiBaeMble HErITyO0KO
B IPYHT.

Bepmuxanvuvie 3a3emauteny 6osee 3QPEKTHBHEBI, Tak Kak Ooibpmas MX
4acTh Pacroyiaraercs BO BIAXXHBEIX U MEHEE MPOMEpP3aloLIMX CI0SX mouBkl. Mx
ey 6epyT oT 2 10 5 M M NPHUMEHSIOT B IIIMHHCTBIX MJIM CMEIIAHHBIX TPYH-
Tax ¢ yJenbHbIM conpoTuBiaeHreM P Menee 300 OM-M M IpU CPaBHUTENBHO
BLICOKOM YPOBHE TPYHTOBBLIX BOJ. ECiH ke BepXHME CIIOM IOYBEI 001anaioT
BBICOKMM P M 3TOT YPOBEHb HH30K, TO JUTMHY JIEKTPOJOB YBETHUHBAIOT 10 4-
6 M. Haubonee ynorpeOutenbHbl M yIOOHBI 3a3eMJINTENN U3 KPYIJIOH CTanu
nuametpom 12-30 MM, yrioBoit ¢ mupHHOM monok 40-50 MM, TONIUHONH He
mMeHee 4 MM M TpyOBl (yale BCEro HEKOHAMIMOHHBIE WIIH HENPUTOAHBIE K
JagpHEeHIIeMy HCIONB30BAHHIO MO HA3HAYEHHIO) C HAapYXHBIM JTHAMETPOM
25-60 MM ¥ TOJIMHON CTEHKH He MeHee 3,5 MM. Bepxuuii KoHell BepTHKaIb-
HBIX 3a3€MJIMTENeH pacrnonaraioT OT MoBepXHOCTH 3eMiu Ha 0,5-1 M. Ha stom
YPOBHE BBICBIXaHHUE HJIM MIPOMEP3aHHE IPYHTA 3aTPyAHEHO.

TI'opuzonmanvhele 3a3eMIIUTENN WCMONB3YIOT B TPYHTaX C JIHTEIBHO
BJIQXKHBIMH BEPXHHMH CJIOAMH, T/I€ TPYAHO 3a0UBATh BEPTHKAIBHBIE JIEKTPO/bI
(ropucrtast MECTHOCTb, paiOHBI Be4HOI Mep3noThl). Eciu rpynT obnagaer ruio-
XO# MPOBOAMMOCTBIO (TI€COK), TO TPAHILIEIO JUIA TOPH3OHTAIBHBIX 3a3eMIINTENCH
3aTIOJIHAIOT JPYTHM TPYHTOM, yJOOPEHHBIM COJIAMM HJIM MX pacTBopamu. Jlns
3NIEKTPOJOB OEpyT NMPEeHMYIIECTBEHHO IOJIOCOBYIO CTadb CEYEHHEM HE MEHee
160 MM* (40x4 MM) M pexe KPYTIyiO CTalb SKBHBAICHTHOTO CEUeHHS. DIeK-
TPOABI YKJIaapIBaloT Ha ruybuny 0,6-0,8 M B BHIE OZHOTO MM HECKOIBKHX
CHMMETPUYHBIX JTy4el, JIMHA KaXI0T0 U3 HUX, CYHTAsA OT TOKOOTBOJA, OOBIYHO
He mpessimaer 25-30 M. Uem OGonblue yaeabHOE CONPOTHUBICHHE TPYHTa, TEM
GoJipllie JUTMHA JIy4a U UX YHUCJIO. DIIEKTPOABI JIIOOOT0 THNA COCTUHAIOT MEKIY
co00ii ¥ ¢ TOKOOTBOJAMH TOJILKO CBApKOH.

KoHCTpyKIMA 3a3eMJIMTENS 3aBUCHT OT THIA MOJHHEOTBOAA, T.C. OT-
JIEJIbHO CTOSIIEr0 HJIM YCTAaHOBJIEHHOT'O Ha 3/IaHUM.

[Ipu OTHENBHO CTOAMIMX MOJIHMEOTBOJAX MpHEMJIEMBIMH, Oe3 pacdera
UX MMITYJIbCHOTO CONPOTHBIIEHUS PACTEKaHHIO TOKA MOJHHM Iy, SABIAIOTCA
TUIIOBBIE KOHCTPYKIIMM 3a3eMIMTeNei, npuBeaennsle B Tabm. 8.1 (cM. Tak-
xe [2]).
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Tabnuua 8.1

d=10+20 Mm

V

v

VA

Ne n/n 3azemMauTENb Dcku3 Paimepsl, M
LA
% a>1,8
1 XKene300eTOHHBIH MMOAHOKHHK = b=>04
1222
l a
7.
2 | KenesoberoHHas cBas d=023+04
125
CranbHO# ABYXCTEpPKHEBOM: —.r
72 0,5
3 nonoca pazmepom 40x4 mm =325
CTEPXKHH JHAMETPOM ) - 3"5
d=10+20 MM - = g
vl
CrasibHOM TPEeXCTepIKHEBOI: —
7 - t20,5
4 nonoca pazmepom 40 x 4 MM I=345
CTEP)KHU IHAMETPOM =i
2 -~ c=5+6

[Ipu pacrnonokeHuH MOJHHMEOTBOJA HA 3allMILACMOM 3JaHMU B KayeCTBE
3a3eMIIHTENeHl PeKOMEHAYETCs IIMPOKO HCIOJIb30BaTh JKene300eToHHble (yH-
JIaMEHTHI 3JaHUH U COOPYKECHHI.

MeTannuyeckue U jene300eTOHHbIE KOHCTPYKIMH 3aauuii 1 kaTeropuu 1o
YCTPOMCTBY MOJIHUE3ALIUTEl MOTYT OBITh HCIIOJIB30BAHbI TOJIBKO JUIS 3aIHTHOTO
3a3eMJICHHS 3JIEKTPOYCTAHOBOK M 3aLIUThI OT BTOPUYHBIX BO3ACHCTBHI MOJIHUH.
st 3panmii 11 1 111 kaTeropuu MeTauIMuecKHe U xkene300eTOHHbIE KOHCTPYK-
L[MM MCIIOJIB3YIOTCS M JUIA 3aIMTHl OT NPAMBIX YAApOB MOJHHH. YCTPOHCTBO
MOJIHHE3aIUThl 3AaHUH B JKeNe300€TOHHOM HCIOJHEHHWH BKJIIOYACT MOJHHE-
[PUEMHYIO CETKY, COCAMHSAEMYIO CBAapKoil ¢ apMmarypoil Bcex konoHH. Tok
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MOJTHUH Yepe3 Hee MOoMnaJlaeT Ha apMaTypy KOJIOHH, 3aTEM CTEKaeT Ha apMaTypy
(byHzamenTa 1 yepes 3alUTHLIN c1oi 6eToHa — B 3eMJIIO.

OcHOBaHMEM /151 HCTIONIB30BAHKS apMaTyPbI XKeJIe300eTOHHBIX (yHIaMEHTOB
B Ka4yeCTBE 3a3eMJIMTENCH SABILIOTCSA CBOMCTBA OETOHA BO BIAXXHOM COCTOSHHMH
UMEThb MPOBOJUMOCTb, COMIOCTABUMYIO C IIPOBOAMMOCTBIO IPYHTa, OKPY KAIOIICro
¢dyngament. IIpu 5TOM BBIMOJNHSIOTCS YCJIOBUSI COXpaHEHUs Hecylieil crioco6Ho-
CTH 3/1aHMSA M MCKJIIOYAIOTCS YCJIOBHS paspyIICHUs apMaTypHBIX CTepkHel u Oe-
TOHA OT NEKTPUYECKON KOPPO3HHM, YTO 00ECIeYUBaeTCs YMEHBIIEHHEM IIOTHO-
CTH TOKa, CTEKAIOILETO ¢ apMaTypsl hyHIaMeHTa, ¥ OrpaHHYCHUEM €r0 CTEKaHHUS
yepe3 OETOH B HA/[3¢MHBIX KOHCTPYKIMAX. YKa3aHHBIE MEPhl BKIIIOYAIOT 00BEIHU-
HEHHE B CMHYIO CHCTEMY BCEX JKENe300€TOHHBIX (MJIM METAaJUIMYECKHX) KOHCT-
PYKIIMIA, COEIMHEHHE C IIOMOIILIO CBAPKH BCEX JIEMEHTOB apMaTyPHOT0 KapKaca i
CO3/1aHUE HEMPEPLIBHOM AIEKTPUYECKOM LIENH 110 apMaType.

BurymHble H OUTYMHO-JaTEKCHBIC MOKPBHITHS (QYHIAMEHTOB HE ABJLAIOTCA
NPETsITCTBHEM IS HCIIOIB30BAaHHS X B KAUECTBE 3a3€MIIUTENEH.

B cpeane- ¥ CHIBHOArPECCHBHBIX IPYHTaX, Tl 3alllUTa JKeIe300eToHa OT
KOPPO3HH BBINOJHACTCS 3MOKCUAHBIMU U JAPYTHMHU HMOJIUMEPHBIMU MOKPBITHSA-
MH, a Tak)Ke IMPYU BIKHOCTU IpyHTa MeHee 3 % HCII0JIb30BaTh XKeJIe300€TOHHbIE
(yHIaMEHTBI B KaUecTBE 3a3eMIIMTENIeH He JOMyCKaeTCs.

IIpu MCnoNB30BaHMU B KAYECTBE 3a3¢MJIIIOIIMX YCTPOHCTB BCE 3JIEMEHTEI
METAUIMYECKHX H JKEIe300€TOHHBIX KOHCTPYKIMH ((yHIaMEHTBI, KOJOHHBI,
(bepMBl, CTPOIHIIBHBIC, MOACTPONHIBHBIC U MOJKPAaHOBbIE OAJIKH) JTOIKHEI 00-
Pa30BBLIBAaTh HENPEPLIBHYIO JIEKTPUYECKYIO LENb 10 METally, a B xkenezobe-
TOHHBIX 3JIEMEHTaX (KOJOHHAX) JOMOJHHUTENIBHO JIOJDKHEI TpelyCMaTpUBaThCA
3aKJaHbIC AeTand (M3Jenus) Ul MPHUCOCAMHEHUS 3JICKTPOTEXHUYECKOTO M
TEXHOJIOTHYECKOro 000pyI0BaHHs.

B kayecTBe 3a3eMIUTENEH MOTHUE3AIIUTEI JOMYCKACTCs UCIOIB30BaTh BCe
pekomenayemele [TYD 3azeManTenu 31€KTPOYCTaHOBOK, 32 HCKIIIOYEHHEM HY-
JIEBBIX MPOBOIOB BO3AYIIHBIX TMHUI JIEKTpoNepelau HanpspkenueM Jo 1 kB.

HopmupoBanue 3a3emintesieii MoJHHe3aIUThI. [IpUHATHIA B HHCTPYK-
MM [2] moAXox K HOPMHPOBAHUIO M BEIOOPY 3a3eMIIMTENICH MOIHHE3AIIUTHI 3/1a-
HHMH M COOPYKCHHH YYUTBIBACT, YTO OJHUM M3 3(P(HEKTUBHBIX CIIOCOOOB OrpaHu-
YEHHMST TPO3OBBIX MEPEHAIPSKEHHUI B IS MOJIHUEOTBO/A, a TAKXKe Ha METaJLIU-
YeCKHX KOHCTPYKLIHUAX H 000pynoBaHHU 00BEKTA SABJIIETCS 00ECIIeYeHHe HU3KHX
CONPOTHBJICHHI 3a3eMJIMTENICH PACTEKaHHIO B 3eMiIe TOKOB MOJHHUHM. ITosTomy
NpH BEIOOPE MOJTHHE3ALUTH HOPMUPOBAHHUIO TTOUIGKHUT COMPOTUBIICHHE 3a3eM-
JIMTEJIs MJIH IPYTHE €ro XapaKTePUCTHUKH, CBS3aHHBIC C €r0 CONPOTHBICHUEM.

Jlo BBeZeHUS B HOPMATHBHYIO NMPAKTHUKY [2] uid 3a3eMiuTeneit MolHMe-
3alIMThl HOPMHUPOBAJIOCH UMITYJIBCHOE 7, COTPOTHBICHUE PACTEKAaHHIO TOKOB
MOJIHUH: €r0 MAaKCHMaJbHO JOIYCTUMOE 3HAYCHHE ObUIO MPHHATO PAaBHBIM
10 Om st 3panuit 1 coopysxkenuii I u 11 kareropuit u 20 OM [yt 3qaHu# U co-
opyxenuif Il xareropun. Ilpu 3TOM HOMyCKaJOCh YBEIMYECHHE UMITYJIHCHOTO
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conporuBieHus 10 40 OM B rpyHTax ¢ yJAeJbHBIM COMNPOTHBIIEHHEM OGoee
500 OM+M 1pH OJHOBPEMEHHOM yHAJIEHHU MOJHHEOTBOJOB OT 00beKkTOB I Kare-
TOPHM Ha PacCTOSHHE, rapaHTHpYIollee OT Npobos 1Mo Bo3myxy U B 3emue. s
HapY>XHBIX YCTAHOBOK MaKCHMAJIBHO JOIYCTHMOE MMITYJIBCHOE COIPOTHUBIICHUE
6p1110 pHHATO He Gonee 50 Om.

WMty necHOE COMPOTUBIICHUE 3a3€MIIMTEIIA ABJIACTCSA KOJUYECTBEHHON Xa-
PaKTEPUCTUKOH CIOKHBIX (PM3MIECKHX MPOLIECCOB IPH PACTEKaHUH B 3€MJIE TO-
KOB MOJNHMH. Ero 3HaueHHe OTIIMYAETCS OT CONPOTHBIECHMS 3a3eMIUTENS MPU
PacTeKaHUH TOKOB MPOMBINUICHHOHN YacTOTHI M 3aBHCHT OT HECKOJBKMX Mapa-
METPOB TOKa MOJIHMHU (aMIUIMTY 1A, KPYTH3Ha, JUIMHA (POHTA), BAPbUPYIOLIUXCS
B IIMPOKHUX npejenax. C yBenM4eHUEM TOKAa MOJTHMU MMITYJIbCHOE COIPOTHBIIE-
HHE 3a3eMJIUTENA NaJaeT, MPUYEM B BOZMOXHOM HHTEpBAJIC paclpeeIeHHe To-
KOB MOJIHMH (OT €IHHHIl IO COTEH KHJIOAMIIEp) ero 3Ha4€HHE MOXET YMEHb-
natecs B 2-5 pas.

ITockonbKy MpH NMPOEKTUPOBAHUM 3a3EMJIMTENS HENB3sl MpeJCKa3aTh 3Ha-
4YeHHs TOKOB MOJIHHH, KOTOpBIE OyIyT 4epe3 HEero pacreKkarbCs, TO, CIEIOBa-
TEJIbHO, HEBO3MOXKHO OLEHUTh HANepe/ COOTBETCTBYIONHE 3HAYCHHUA UMITYJIbC-
HBIX conpoTuBieHUui. C yueToM 3THX yCIOBHI HOPMHPOBAaHHE 3a3eMIIUTENIEH 110
MX HMITYJIbCHOMY CONPOTHBJICHHIO MMEET OueBMIHbIE HeynoOcTBa. Pazymmuee
BBIOMpPATh KOHKPETHbIE KOHCTPYKIHHM (cM. Tabm. 8.1) mo criexmyiomemy ycnio-
BHUIO: MMITYJIbCHBIC CONMPOTHBIICHUS 3a3EMIIMTENCH BO BCEM BO3MOXKHOM JHaria-
30HE TOKOB MOJIHMH HE JOJDKHBI MPEBBINIATh YKA3aHHBIX MAaKCHMAaJIbHO JIOMyC-
THUMBIX 3HaYCHHUIL.

Takoe HOpMHpOBaHHE OBLIO MPHHATO B MHCTPYKLUHM [2], e I psaa TH-
MOBBIX KOHCTPYKLHMi 3a3emimrenedt (cM. Tabn. 8.1) ObUIM MOACYMTAHBI UM-
IYJIbCHBIE CONPOTHUBIICHMUS MIPH KOJIeOaHUsIX TOKOB MOJIHUM OT 5 10 100 kKA u o
pe3ysbTaTaM pacyeToB MpPOBENEH OTOOp 3a3eMIIMTENEH, YIOBICTBOPAIONIMX
MPUHATOMY YCJIOBHIO.

Haubonee pacnpocTpaHeHHBIMH U PEKOMEHIYEMBbIMH KOHCTPYKIMAMH 3a-
3eMIIMTENICH SBIAIOTCS JKene300eToHHble QyHIaMeHThl. K HUM MpeabsaBiasioTcs
JIOTIOJIHUTEIbHBIE TPEeOOBaHUSA - UCKJIIOYEHHE MEXaHHYECKHX paspymieHui Oe-
TOHA IIPU PacTEKaHUM yepe3 PyHIaMEeHT TOKOB MoyHMH. MccnenoBanus roka-
34, YTO KeNe300eTOHHbIE KOHCTPYKIIHU BBIAEP)KHBAIOT OOJIBIIME IIOTHOCTH
PAcTEKaroLIMXCs 110 apMaType TOKOB MOJHHH, YTO CBS3aHO C KPATKOBPEMEHHO-
CTBIO 3TOTO pacTekaHus. Tak, eAMHUYHBIE KeNe300eTOHHbIe (yHIaMeHTH! (CBau
JUIMHOM He MeHee 5 WIIM IOJHOXHHKH JUIHHOH He MeHee 2 M) criocoOHble 6e3
paspyLeHus BblAepxkuBaTh TOKM MonHuM 10 100 xA. ITostomy B Tabin. 8.1 3a-
JIaHBI JIOTyCTHMBIE pa3Mephl €IMHUYHBIX XKene300eTOHHBIX 3a3emuuteneil. s
(yHIaMEHTOB GOJBIINX Pa3MEPOB C COOTBETCTBEHHO OOJbIIEH MOBEPXHOCTHIO
apMarypbl OmacHas Ui paspylieHHs OeToHa IUIOTHOCTh TOKa MalOBEpOsTHA
IPH JTEIOOBIX BO3MOXXHBIX TOKaX MOJIHHH.
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HopmupoBanue napamMeTpoB 3a3eMJIMTENEH 110 UX TUIIOBBIM KOHCTPYKIIHAM
HMEET pAZ ZOCTOMHCTB: OHO COOTBETCTBYET NPUHATOH B CTPOMTEIBLHOM MPAKTH-
K€ yHH(HUKAIMK jKeNne300eTOHHBIX (yHIaMEHTOB C Y4€TOM HX ITOBCEMECTHOIO
MCIOJIb30BaHUs B KAYECTBE €CTECTBEHHBIX 3a3eMIUTeNICH; TP BEIOOpE MOJIHME-
3alUTEl He TPeOyeTcs BBIIOJIHATH pacyeThl UMITYJIBCHBIX CONpPOTHBICHMH 3a-
3EMJIMTEJIEH, YTO COKpAIAeT 3aTPaThl U 00HEM IPOSKTHBIX paboT.

OnacHocTh MopaeHHsi TOKOM MOJHMHU. IIpH pacTeKaHHM TOKA C 3a3eM-
JIMTEJIs WM € JII0O0T0 JPYroro MoA3eMHOT0 METAIHYECKOTO MPEMETa B TPyHTE
obpa3syercs MOTeHUHAIBHOE (NIeKTpH4ecKoe) mone. Pacnpeaenenue noreHIuana
Ha MOBEPXHOCTH 3EMJIM IPH NMPOTEKAHHH TOKAa MOJIHMHU uepe3 TpyOuaThlii 3a3eM-
JIMTEJIb MOKa3aHo Ha puC. 8.12. OHO 3aBHCHT OT F€OMETPHYECKUX Pa3MEpOB JJICK-
TpPOJia, crocoba ero yCTaHOBKH, HO HE 3aBHCHT OT JJIEKTPUYECKHX CBOICTB OJIHO-
pozaHoro rpyHTa. Ha HeGobIIUX yaaneHusIX OT OCH TPYyObl MOTEHIHAN yMEHBIIIA-
eTcsl Pe3Ko, MOCJIe Yero yMeHbIIeHHUe JenaeTcs Oosee riaBHeIM. CUHTAIOT, YTO
Ha paccTosHuM x Oonee 20 [ mOTeHIMAN Ha MMOBEPXHOCTH 3€MJIH PAaBEH HYJIIO.
HauGonbmmii nmoTeHnMan MHOABIAETCA HAa CaMOM 3a3eMJIMTENIE M OH paBeH
Uu,=1pr,.

U

U = fix)

Unp =Uy-Us

2

Um=U|+

Puc. 8.12. U3meHeHue noTeHIHana Ha MOBEPXHOCTH 3eMIIH
y 3a3eMJIMTENS MPU PacTEKaHWH TOKa MOJIHHH
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Ecimm B6JIH3H 3a3€MJIIUTEIIA 6yzxeT HaxXOJHUTBhCs YE€JIOBCK H paCCTOSAHHE MEXK-
Ay ero CTyNHSMM PaBHO S, TO OH IOJABEPracTcs ACHCTBHIO 1IAr0OBOTO Hampske-
Hus Uy, paBHOTO pa3HOCTH moteHuuanoB Uy u U, B Toukax / u 2, rae HaXOOAT-
CsA CTYNHH. DTO MOXET OBITH OINAaCHBIM JUJI J)KHU3HH. EILIC Oonee OI1aCHO, €CJIM
OJJHa HOTAa OKa)KETCS HEMOCPEICTBEHHO Ha 3a3€MJIMTEJIC MM 4EJIOBEK IMPHKOC-
HeTcs K 3a3eMiuTenio. Torza oH moaBepraercs OonblIeif pa3sHOCTH MOTEHLIKA-
JI0B, paBHOM Uy-Us , M Ha3bIBAEMOM HaNpPSKEHUEM NPUKOCHOBEHMS Uyp.

CHIDKEHMS IIaroBOr0 HANMpPsHKEHHs Y HANPSHKEHUS NPHKOCHOBEHHSA MOXKHO
JOOUTHCS YMEHBIICHHEM COTIPOTHUBIICHHMS 7y, 10 3Ha4YeHus Hiwxke 10 Om, uto 10-
BOJILHO TPYAHO, M TNPHUMEHEHHEM IapaUleNIbHO BKIIOYEHHBIX J0OaBOYHBIX
3JIEKTPOJIOB, BHIPABHHUBAIOIIMX IOTEHIMAJI BHYTPH M BHE KOHTYpa 3a3eMIJIHTE-
nel. ParMoHaNbHBIM pacrpeeIeHHeM BEpPTHUKAIBHBIX 3a3eMIIMTENICH, Pacioso-
KCHHBIX MO KOHTYPY HWIH JIy4YaM, U CBSA3BIBAIOLIUX HMX FOPHU3OHTAJIBHBIX 3JICK-
TPOAOB MOXKHO IOOHTECS OE30MacHOr0 pacrpeeNeHus NoTeHIMana 1o obomy
HAIPaBJICHUIO OT TOYKH MPUCOCTUHEHUS TOKOOTBOA. JIs 6e30macHoCTH peko-
MEHJyeTCsl OTPakAaTh MM BO BPeMs IPO3bl HE AOMMyCKATh JIIOJCH K 3a3eMIIMTE-
M Omike S5 M, pacroyiaraTh 3TH 3a3€MJIHTENHM Jajblle OT JOpOT, TPOTYyapoB
WJIM pacriofiarath 110/] acaJbTOBBIM MOKPBITHEM.

30HBI 3a1HTHI MOJIHHEOTBO/IOB

3auuTHoe AEeHCTBHE MOJIHMEOTBOJOB OCHOBAHO Ha CBOMCTBE MOJIHHH ITO-
paxaTh Haubosiee BHICOKHE M XOPOILO 3a3eMJICHHBIC METAJUIMYECKHE COOpYXe-
Hus. Bo Bpems HaepHO# cTaauy paspsifa Ha BEpIIMHE MOJHHEOTBOJA CKAILIH-
BAIOTCS 3apsiIbl, CO3/AlOLIME HA HEH OYeHb OOJIbLINE HANPSHKCHHOCTH JIEKTPH-
4eCKOro MoJIsA, Ky/la ¥ HarpasiseTcs pa3psa. PazBuTie ¢ MOJIHHEOTBOIa BCTpEY-
HOTO JHAepa eie 6osiee yCHIMBAeT HANPSHKEHHOCTD T0JIs B HAIIPAaBJIEHUH JIJepa
MOJIHHH ¥ OKOHYATENBHO MPEONpPEeAeIseT ee YAap B MOJTHUEOTBOI.

3amuTHOE JIeHCTBHE MOJTHHUEOTBOAA XapaKTePH3YeTCsl BEPOSITHOCTBIO Mpo-
pbiBa MonHUH. [1ox TOH BEpOSITHOCTHIO MOHMMAIOT OTHOILIEHHE YMCJIA pas3ps-
JIOB MOJIHMH B 3aIHIIaeMON OOBEKT K OOIIeMy 4YHCIy pas3psgoB B CHCTEMY
MOJIHHEOTBOA-006eKT. [IpH aHamM3e mopakeHUs MOJHUAMH Pa3IMYHBIX COOpY-
skenuii [31] ObUIO YCTAHOBIEHO, YTO BEPOSATHOCTH MPOPHIBA MOJHUM K 00BEKTY
CHIYKAETCsI TI0 Mepe COKpALLCHHs PACCTOSHUI MeX/Ty MOJTHHEOTBOJIOM U 00BEK-
toM. OIHAKO OMpeieNeHne BEPOSTHOCTH MPOpPhIBA I KaX/J0ro KOHKPETHOTO
COOpY)XEHHS - 3ajlaya JOCTaTOYHO CJIOXKHAs, TMO3TOMY B NMPOEKTHOH MpaKTHKE
LIMPOKO MOJIB3YIOTCS 30HAMH 3alllMThl MOJHHEOTBOJIOB.

IMox 30HO¥ 3anIMTHEI TOHUMAIOT MPOCTPAHCTBO B OKPECTHOCTH MOJIHHEOT-
BOJIa, XapaKTepHU3YIOLIeecss TeM, YTO BEPOSTHOCTh MPOPHIBA MOJIHUH K JIOOOMY
00BEKTY BHYTPH 30HBI HE MPEBBIIIACT HEKOTOPOH JOCTATOYHO Majoi BEIHYM-
uel. Kondurypaims u pa3mMeps! 30H 3allUThl TOTyYEHBl HA OCHOBE MOJENIBHBIX
IKCTIEPUMEHTOB M pacyeToB [31] u ObUIO MPEMIOKEHO JIBa TUIIA 30H 3al[MTHI:
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30Ha THIa A, 00J1a1aionias CTENEHbI0 HaJeXXHOCTH 99,5 % u BhIlIe, U TUNA b —
95 % u Boure. CTeneHs HaJeKHOCTH 3aLIUTEI 00BEKTa B JIDOOM CITyyae BO3pac-
TaeT, Koraa o0BeKT yIaeTcs PacloOXUTh B TITyOHHE 30HbI 3alIUTHl MOJHHEOT-
BOJIOB.

ITo THIYy MOTHMENPUEMHUKOB MOJHMEOTBOIBI ACIATCA HA cmepoicHesvie,
mpocogvle U CemoyHbvle; 0 KOMMYECTBY U oOLIeif 30HE 3alIUTHl — Ha 0OUHOY-
Hble, 06OlHble M MHO20KpamHble. KpoMe TOro, pa3iuyaloT MOJHHEOTBOJBI OT-
JIJIBHO CTOSIINE, H30JIMPOBAHHBIC U HE M30JIMPOBAHHbIE OT 3aLIHIIAEMOro 3/a-
Hus. Yaie MCTonb3yloT CTEp)KHEeBbIe MOJMHHEOTBOABL. Hinke naercs meToauka
MOCTPOEHHS M pacyeTa 30H 3al[UTHl U1 MOJHUEOTBOIOB BEICOTOI 10 150 M [2],
KOTOpBIE MPEUMYILECTBEHHO MOPAXKAIOTCSI HUCXOAAIHUMHU MOIHHAMH.

I'panuua 3006l 3alMTEl  ['paHUIA 30HbI 3ALUTHI
Ha YPOBHE 3eMJIH Ha ypoBHE /ix

Puc. 8.13. 30Ha 3auMThl OAWHOYHOTO CTEPKHEBOI0 MOJIHHEOTBOA

Ilpu  odunounom cmepocHe8OM MOTHUEOME0de 30HA 3aAIIUTHL (IPH
h <150 m) npeacrasiser coboit konyc (puc. 8.13). Bepumaa koHyca HaxoquT-
cs Ha BbIcOTE /ig< h. Ha ypoBHe 3eMiin 30Ha 3alIMTHI 006pa3yeT Kpyr paguycom
Ro. I'opu3oHTanbHOE CeYeHHE 30HBI 3aIUTH Ha BBICOTE 3aIUTHOTO YPOBHS CO-
Opy»eHus h, mpencTapiseT coboi Kpyr paamycoM R,. DTH BeTHYHMHEL ompee-
JISTIOTCA CNEAYIOMUM 00pa3oM.

3oHa THma A:
ho=0,85h; (8.10)
Ro= (1,1-0,002h)h; (8.11)
R, = (1,1-0,002h)(h-h,/0,85). (8.12)
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3ona Tuna b:

ho=0,92h; (8.13)
Ro= 1,5k; (8.14)
Ry = 1,5(h-h,/0,92), (8.15)

rae R, 1 h, onpeensioTes Mo 3aKOHy MOA00Hs TPEyToIbHUKOB.
Jlnst 30HBI TUTIA B BBICOTa MOJIHMEOTBO/A NPH U3BECTHBIX BEIMYMHAX R, U
h, MoxeT OBITE Onpe/ieneHa no hopmyie

h = (R+1,63h,)/1,5. (8.16)

>
>

N
|
i

I'paHuLbl 30H 3aMTHL:
Ha YpPOBHE 3eMIIH

Ha yposue h,

Ha ypoBHe N

Puc. 8.14. 3oHa 3a1MThl IBOHHOrO CTEPIKHEBOrO MOJIHMEOTBO/IA

Hesotinoii cmeporcnesoti monnueomsoo (puc. 8.14). TopueBsle YacTH 30HBI
3aIIUTBl ONpPEAENAIOTCS KaK 30HBI OJAWHOYHBIX CTEP)KHEBBIX MOJHHEOTBOIOB.
3uauenus hgy, Ry, Rx; u sz omnpexenstores mo popmynam (8.10) + (8.16) mus

000HX THITOB 30HBI 3aIMTHL. JIpyrue BeTHYHHBI 9TOH 30HBI:
3ona Tuna A (cymectByet npu L < 4h):
npu L <h
he=ho; Ry =Ry, Rc= Ry (8.17)
npu h <L <2h
he= ho-(0,17+3-10™*h)(L-h); (8.18)
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R.= Ro; (8.19)

Rex = Ro(he-h)lhe; (8.20)
npu 2h <L <4h
he = ho-(0,17+3-10™h)(L-h); (8.21)
R = Ro[1-0,2(L-2h)/h]; (8.22)
Rey = Ro(hc-hy)/he. (8.23)
3ona Tuna b (cymectByer npu L < 6h):
npu L<h
he=ho; Rux=R:; R.=Ry; (8.24)
npu h <L <6h
he = ho-0,14(L-h). (8.25)

Benuunusr R, u R, onpeznemstores no Gopmynam (8.19) u (8.20) cootset-
cTBeHHO. Ilpu uzBecTHwIX A, L u R.,= 0 BLICOTa MOJIHUEOTBOJA IS 30HBI THITA
b onpenensiercs no ¢popmyie

h = (h-0,14L)/1,06. (8.26)

Ecnu crepxHeBble MOJIHHEOTBOJB! HAXOIATCS Ha paccTosHuM L > 4h u
L > 6h, ux HaJ10 pacCMaTPHBATh KaK OJJUHOYHEIE.

Hesotinoti cmepoicresoii monnueomeoo pasroti gvicomul (puc. 8.15). Topue-
BBIC YaCTH TAKXKeE MPEJCTaBISIIOT COOOH 30HbI 3aMIUThEI OAMHOYHBIX CTEPKHEBBIX
MOJIHUCOTBOJIOB COOTBETCTBYIOLIEH BBICOTHI, a hq, hz, R”l, R”:, Rx, " sz BBI-

yrcssiores mo ¢popmynam (8.10+8.16) mns oboux THnoOB 30H. OCTanbHbIE pa3-
MepBI 30HBI OTPEAEIIAIOTCS 10 hopMyIaM

Ree=Re(he-h)lhe; (827)
Re=(R, +R,)/2; (8.28)
he=(h, +h, )12, (8.29)

rae h u h 1is 0GOMX THIIOB 30H 3aIMTBI BBIYUCIAIOTCS 110 popmyam (8.17),

(8.18), (8.21), (8.24), (8.25).

JIy1st pa3HOBBICOKOTO IBOHHOTO CTEP)KHEBOTO MOJHHEOTBO/A 30HA 3AL[HTHI
Tuna A cymectByer npu L < 4hy, a3oHa b — npu L < 6h,. IIpu cooTBeTcTBYIO-
mux OOJBLIMX PACCTOSHUAX MEXIY MOJHHEOTBOJAMH OHM pPacCMaTpHBAIOTCS
KakK OJMHOYHEIE.

Mmnozokpamnuiii cmepoicresoil monnueomeood. 30Ha 3aIUTHl MHOTOKPATHOTO
CTEpP)KHEBOTO MOJIHMEOTBOJA OMpPEAEIICTCS KaK 30HAa 3alUTBI TOMApHO B3STHIX
COCEIHUX CTEPXHEBBIX MOIHHEOTBOJOB (pHC. 8.16). OCHOBHBIM YCIIOBHEM 3allli-
LIEHHOCTH OTHOTO COOPYKEHHs WJIK IPYIINBI COOPY>KEHHMIA BRICOTOM /1, C HAJICHKHO-
CTBIO, COOTBETCTBYIOILEH 30HaM Tuna A u b, sABnsercs HepaBeHCTBO R, = 0 it
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BCEX IOMNApHO B3ATHIX MOJIHHEOTBOAOB. B MPOTHBHOM Cilydae MOCTPOCHHE 30H
3aIIUTHl OJDKHO OBITH BBITOJHEHO IS OJMHOYHBIX WJIM JBOMHBIX CTEPIKHEBBIX
MOJTHHEOTBOJIOB B 3aBHCHMOCTH OT COOTHOLIEHHH L u h. Benmuuuny R, s o6oux
THUIIOB ONpeAessioT 1o ¢popmynam (8.17), (8.20), (8.23), (8.24) u (8.27).

A-A

["panuLpl 30H 3aUUTL:
Ha YPOBHE 3eM/H
Ha ypoBHe hi,

["paHuLbI 30H 3aIUTEI:
Ha YPOBHE 3eMJIH
Ha ypoBHe /i,

Puc. 8.16. 3oHa 3amuThl (B M1aHe) MHOIOKPAaTHOIO CTEPKHEBOIO MOJIHMEOTBO/1A
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O0unounvli mpocogwiii monnueomsoo (puc. 8.17). 3meck h — BbIcOTa TpOCa
B TOuKe HauGonbIero nposeca. C yueToM CTpelsl poBeca Tpoca cedeHueM 35-
50 MM’ MpH M3BECTHOI BHICOTE ONOP /oy M JUTMHE TIpOTETa O < 120 M BICOTA
Tpoca h = hoy-2 M, a ipu o = 120-150 M h = hoy-3 M.

Kondurypauuto u pazmepsl 30HbI 3aLIUTHl OJHHOYHBIX TPOCOBBIX MOJIHUE-
OTBOJIOB oMpenensioT no Gopmynam (8.30+8.35).

3oHa THNA A:
ho=0,85h; (8.30)
Ro= (1,35-0,0025h)h; (8.31)
R,= (1,35-0,0025h)(h-h,/0,85). (8.32)

3ona tuna b:
ho=0,92h; (8.33)
Ro=1,7h; (8.34)
R, =1,7(h-h,/0,92). (8.35)

N TpOC %
£
e
a RO

rpaHMlel 30H 3aUIHUTBI:

Ha YPOBHE 3eMJIH
B / Ha ypoBHE hiy

=

Puc. 8.17. 30Ha 3a1MThI OIMHOYHOIO TPOCOBOTO MOJIHMEOTBO/A

J1s 30HBI THIIA B BBICOTa OMHOYHOIO TPOCOBOTO MOJHHMEOTBOAA NPHU H3-
BECTHBIX /i, U R, paBHa

h = (R+1,85h)/1,7. (8.36)
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Heotinoti mpocoewiii monnueomsod (puc. 8.18). 31ech mokasansl ouepra-
HHS 30HBI 3alIUTHl IBOKWHOTO TPOCOBOTO MOJNIHHEOTBOAA. Pa3smepsl kg, Ro, R, ms
000MX THIIOB 30H 3alIMTHI omnpeaessitoTes no Gopmynam (8.30-8.36). Ocrans-
Hble TabapuUTHl 30HBI 3aIUTHl ABOHHOTO TPOCOBOTO MOJHMEOTBOJA ONpPEAEILi-
I0TCS CIIAYIONIMM 06pa3oM.

3ona Tuna A (cymectByer npu L < 4h):

npu L <h
ho=hy: Ric=Re; Ri=Ry; (8.37)
npuh <L <2h
he = ho-(0,14+5-10*-h)(L-h);
R."=L12[(ho-h,)/(ho-h¢)];
R.= Ry; (8.38)
Rex = Ro(he-hy)/lhe;
npu 2h < L < 4h
R.= Ro[1-0,2(L-2h)/h]; (8.39)
Rey = R.(he-hy)lhe. (8.40)

Pasmepsl i u R, onpenensiores o Gpopmyaam (8.38).

" Tpoc y
h, / ’x,J
74
? RO
i
Tpoc I'panuibl 30HBI 3ALMTHI:
/ HA YPOBHE 3eMJIH
Ha YpOBHE /1
~ A
Ha yPOBHE /y
Rc, /R,! R, Ra1 Jch
I/ .
\ H Tpoc
i
1

Puc. 8.18. 30Ha 3amuThl ABOHHOIO TPOCOBOIO MOJIHHEOTBO/IA
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3ona tuna b (cymectByet npu L < 6h):
npu L<h
he = ho; Rex = Ry; Re = Ro; (8.41)
npu h < L £6h
he = ho-0,12(L-h);
R, = LI2[(ho-hy)/(ho-h)]; (8.42)
R = Ro; Rex = Ro(he-hy)lhe.
ITpu u3BecTHBIX /i ¥ L (R, = 0) BEICOTa TPOCOBOIO MOJHHEOTBOJA [UIA 30-
ubl b onpezensercs mo popmyie
h = (he+0,12h)/1,06. (8.43)
30Ha 3aIMTBl  OJMHOYHBIX CTEP)KHEBBIX MOJHHUECOTBOJOB BBICOTOM
150 < h < 600 M umeet creayronue rabapuTHbIE pa3sMephl.

3ona Thna A:
ho= [0,85-1,7-10'3(h—150)]/h; (8.44)
Ro=[0,8-1,8:10°(h-150))/h; (8.45)
R, = [0,8—1,8-10‘3(h-150)]/h 1- h; . (8.46)

[0,85—-1,7-107(h—150)]/h

3ona Tuna b:
ho=[0,92-0,8-10"(h-150)]/k; (8.47)
Ro=225wm; (8.48)
R, = 225- 238k (8.49)

[0,92-0,8-107(h—150)1/h"

Ha ceromgusmnuii JeHb 00beM (paKTHYECKHX MAHHBIX O IMOPAXKAEMOCTH
HUCXO/ALIMMH MOJHHSIMHE 00BEKTOB G0NbIION BBICOTHI (6osee 150 M) oueHb
Man U B Oonbmiei cBoel 4acTH OTHOCHTCS K OCTaHKHHCKOHM TEIeBU3HOHHOM
6amne. Ha ocHoBanuu (oTopeructTpanuii mopaxkaeMoCTH HUCXOSIUMHU MOJI-
HUAMH OamiHu yTBepxkaaeTcs (2], 4To HUCXOANIME MOJIHHU MpPOphIBaloTCsa 60-
nee yeM Ha 200 M HIDKE €€ BEPIIMHBI ¥ NOPaXaloT 3eMJII0 Ha PACCTOSIHUM OKOJIO
200 M ot ocHoBanus Oamuu. PaccmarpuBas OCTaHKHHCKYIO TEIEBH3HOHHYIO
6amHI0 KaK CTEpP)KHEBOM MOJHHMEOTBOJ, MOXKHO CHENaTh BBIBOJ, YTO OTHOCH-
TEJIBHBIC pa3Mephbl 30H 3alUTHl MOJHHUEOTBOJOB BBICOTOH Gonmee 150 M pesko
COKpAILAIOTCS C YBEJIMYEHHEM BBICOTHI MOJIHMeoTBOJAA. C y4yeToM OrpaHH4eH-
HOCTH (DaKTHUECKMX JAHHBIX O MOPAXaeMOCTH CBEPXBBICOKMX OOBEKTOB B
PJ1 [2] Bximouensl popmyisl (8.44 +8.49) nus mocTpoeHUs 30H 3alUTHl TOJIBKO
JUISL CTEPXKHEBBIX MOJTHUEOTBOIOB.
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8.5. 3ALLIUTA 3/IAHUM U COOPYKEHHUHM OT MNMPSIMbIX YIAPOB
MOJIHUU

3amuTa 37aHui 1 coopyxeHuii I kaTeropum

3amuTy OT MPSMBIX YIAPOB MOJHHU BBITIONHSAIOT OTIAENBHO CTOSIIMMHU
cTepxHeBbIMU (puc. 8.19) wiu TpocoBeIMEH MoMHHEOTBOAaMH (puc. 8.20). Tem
CaMBIM PE3KO CHIXKAIOTCS NEPEHANpPKEHHA MEXIy JIEMEHTAMH 3[aHus U Be-
POATHOCTL MCKPEHUA. MOJHHMEOTBOABI JOJKHEI 00ECIIeuHBaTh 30HY 3alLUTHI
Tuna A. [Ipu yzrape MOJHHH B MOJTHHEOTBOJI BHICOKHIA ITOTEHIHAN pHobpeTaeT
BCE €ro 4yacTu. BosHuKaronme npy 3TOM pa3sHOCTH MOTEHLHMATIOB MOTYT OKa-
3aThCA JOCTATOYHBIMH UL NPOOOs M30JALUU MEXIY TOKOOTBOJAOM M HaCTAMH
3[JaHUsT MM Tpo6Oost B 3eMJIe MEXIY 3a3eMIIHTE]IEM MOJIHMCOTBOJA M IOJI3EM-
HBIMU METAJUTHYECKUMU KOMMYHHKALMAMH, CBSA3aHHBIMH CO 3[JaHHEM.

a 6

Puc. 8.19. PacuerHas cxema onpejenenus 6e30MacHbIX paccTOAHMIL

OT OTACJIbHO CTOALIEr0 CTEPXKHEBOI'O MOJIHHEOTBO/IA /10 COOPYXKEHHAL
a - OTAENbHO CTOALLMI CTepiKHEBOH MONHHEOTBOA; 6- MmﬂMpOBaHHblﬁ MOJIHHEOTBOA
Ha 3aHKK; ] - TOKOOTBOA; 2 — 3a3eMIuTeNb; 3 — 0onopa U30IMpOBaAHHOIO MOJIHHEOTBOAA; 4- COoOpyxeHue
I kateropuu; 5 — mMerannuueckas KOMMYHHMKauua

B cBsI3M ¢ 3TUM OJHHM M3 OCHOBHBIX 3JIEMEHTOB pacyeTa MOJHHE3AIIUTHI
31aHus [ KaTeropuu sIBJIETCs ONpeeIeHHe MUHUMAIBHO NOITYCTUMBIX PaccTos-
HHiT OT MOJIHMEOTBOJIA 10 3alIMIIaeMoro 31anus. OHU ONpeJeNnAIoTCs 10 BO3Iy-
Xy WIH 3eMJIe Ha OCHOBAaHMM pacyeTa MOTCHIIMAJIOB B TE€X TOYKAaX, IZI€ MOXKET
npou3oiiti Haubosiee BEpOATHOE NepekphiTHe Ha 3a1aHMe. CornacHo puc. 8.19 u
8.20, Takumu Toukamu MoryT ObITh C, A 1 B. [oTeHIHMan 3THX TOYEK 3aBUCHT OT
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BEJIMYMHBI AMIUTUTY/IbI U KPYTH3HBI TOKA, HHAYKTHBHOIO MJIM BOJIHOBOI'O COIpPO-
TUBJICHHS TOKOOTBOJIA, OT UIMHBI YUaCTKOB [y U [5 U OT CONPOTHBIICHHUS 3a3EMIIH-
TeJIs r; MOCKOJIBKY OHO BKJIIOUEHO TOC/IEI0BATENBHO C THMH YYaCTKAMM.

Puc. 8.20. Pacuernas cxema ans onpeseneHns 6e30nacHbIX pacCTOSHUIH

OT OT/IEILHO CTOALLEr0 TPOCOBOIO MOJIHHEOTBO/A JI0 COOPYKEHHS:
1 - 3aumiaemslit 06bekT; 2 — MeTaInyeckne KOMMYHHKaLMK

Bri6op 3a3eMiuTesns 3alUThl OT MPSIMBIX YAAPOB MOJHHUH (€CTECTBEHHOTO
WJIH HCKYCCTBEHHOT'0) OMpeesieTcsi 00MMUMH TpeOOBaHUAMH, H3JI0)KEHHBIMH B
naparpage 8.4 «3azemistiomue yctpoiictsa». I[Ipu 9TOM I OTAEIBHO CTOSIIIMX
MOJIHHEOTBOOB IIPUEMIEMBIMHU SIBJISIIOTCS] BAPUAHTBIL, NIPHBECHHEBIE B Ta0I. 8.1,
C YYETOM CJIEIYIOUUX YTOYHCHUH:

a) oguH (1 Goree) >kene300€TOHHBIA MMOJHOKHUK IJTHMHOW HE MeHee 2 M
wiu ogHa (1 Goee) xene300eToOHHAsI CBast ITTMHOM HE MeHee 5 M;

6) onHa (1 Gonee) 3arnyOneHHas B 3eMJIe HE MEHee 4eM Ha 5 M CTOMKa e-
11e300eTOHHOI onopk! fuameTpoM He MeHee 0,25 M;

B) Xkeje300eTOHHBIH (yHIaMEHT MPOU3BOIBHOH (OPMBI ¢ MIOMEAIBIO IMO-
BEPXHOCTH KOHTaKTa ¢ 3eMJeil He menee 10 M2;

I') HCKYCCTBEHHBIH 3a3¢MJIMTEIb, COCTOSILME U3 Tpex U 6osee BepTUKAIIb-
HBIX JIEKTPOJIOB JJIMHOU HE MeHee 3 M, 00beJUHEHHBIX TOPU30HTAILHBIM JJIEK-
TPOJOM, IIPH PACCTOSIHUU MEX/Y BEPTHKAILHBIMH 3JIEKTPOJAMH HE MEHEe 5 M.
MuHMMasbHBIE CeYeHHUs (JMaMeTpBbl) 3JEKTPOJOB MPUHUMAIOTCS: KPYTJIBIE Bep-
THKaJIBHBIC THaMeTpoM He MeHee 10 MM; mpsmMoyronsHele He MeHee 160 MM,
IPH TOJIIHHE HE MeHee 4 MM.

HauMenbliee JOMyCTHMOE PAacCTOSHUE Sy MO BO3AYXY OT 3allHIAEMOT0
00BeKTa 10 ONOpHI (TOKOOTBOZA) CTEPHKHEBOTO WIIM TPOCOBOI'O MOJHHEOTBOJA
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(cm. puc. 8.19 u 8.20) onpenensiercss B 3aBUCUMOCTH OT BBICOTBI 3/IaHUS, KOHCT-
PYKIIHMH 3a3¢MJIUTEIIA U SKBHBAJICHTHOT'O YIEIBHOTO CONPOTHBIIEHUSA IPYHTA.

Jlns 3naHuit U coopyseHHi BBICOTOH He Gonee 30 M HauMeHbLIee JOITycC-
THMOE pacCTOsHUE Sy, M, onpenensiercs no tabmn. 8.2,

Tabnuua 8.2

Ses M
(puc. 8.19 1 8.20)

3 p<100 1. 3azemnurens 000 KOHCTPYKUHHU (CM. T1M1. a-T)

P, Om:M BapuaHT KOHCTpYKUMH 3a3emauTens

2. Ozna xene3o6eToHHas cBas JHO0 MOJAHOKHHUK
34 10'2(p - 100) uu yriny6neHHas cToiika xene300eTOHHON onopsl,
JUIMHBI KOTOPBIX YKa3aHbl B MIl. a, 6

3. Yersipe xene300eTOHHbIE CBAK WIIH MMOAHOKHHUKH,
100 < p < 1000 | pacnonoskenubie B yriax npaMoyroibHUKa Ha pac-
CTOsAHUM 3-8 M OJTHH OT IPYroro, uiu xene3o6eToH-
Hbli ()yHZAMEHT MPOM3BOIBHOI GOPMBI € IUIOLIABIO
MOBEPXHOCTH KOHTAKTa C 3emieii He menee 70 Mz,
HJIH HCKYCCTBEHHbIH 3a3eMIINTe/b, YKa3aHHbIH B I1. T

Jlns 3panuit ¥ coopyskeHuit GombIueii BEICOTHI onpeiesienHoe 1o tabu. 8.2
Sy DOJDKHO OBITH YBEIM4EHO Ha 1 M B pacuere Ha Kaxable 10 M BBICOTEI 00BeKTa
cBepx 30 M.

Haumenblnee J0MyCTHMOE PaccTOSHHE Sy OT 3aIIMIIAEMOro o0beKTa 10
Tpoca B cepeauHe nponera (puc. 8.20) onpenensercs B 3aBUCHMOCTH OT KOHCT-
PYKIMH 3a3€MJIMTENS, IKBUBAJICHTHOTO Y/EIBHOTO COMPOTHBICHHS TPYHTA P U
CYMMapHOH AJIHMHEI [ MOTHUENPHEMHHUKOB H TOKOOTBO/IOB.

IMpu pmune [ < 200 M HaMMEHBLIEE TOITYCTUMOE PACCTOSHUE Sy) OTpeIesis-
ercs o Tabum. 8.3.

Tabauua 8.3
S, M (o) BapuasT KOHCTpYKLMH 3a3eMaHTENs
(puc. 8.19) p, OM-M PHAHT KOHCTPYKLMHM 3a3eMIK
3 p<100 3azemiuTens 11000 KOHCTPYKIUHH (CM. MII. a-T)
35+3:10° (p - 100) 3aszemunTens 1o Bapuanty 2 (tabi. 8.2)
100 < p < 1000
4 3azemuutens no Bapuaunty 3 (tabu. 8.2)

[Tpu cymMMapHO#i [UTHHE MOJIHMENPUEMHUKOB U TOKOOTBOAOB [=200-300 M
HaMMEHBIIIee JOIyCTUMOE PACCTOSHUE Sy; JAOKHO OBITH YBEIMYEHO Ha 2 M MO
CPaBHEHHIO C OTpEeAEICHHBIMHU 110 Tabu. 8.3.

JInst MCKITIOYEHHs 3aHOCA BBICOKOTO MOTEHLHMANa B 3alllMIIAEMOe 3/aHHE
WIM COOPY’KEHHE 110 MOA3EMHBIM METAJUIMYECKUM KOMMYHHKAIIMAM J1I000ro Ha-
3HAYEHHS 3a3EMIIMTENH 3aLIUTBl OT HPSMBIX YAApPOB MOJHHH JOJDKHBI OBITH
yJaJeHbl OT 3THX KOMMYHHKAIU HA MAKCUMAJIbHBIC PACCTOSHMSA, 0ITYCTUMBIE
I10 TEXHOJIOTHYECKHM TPeOOBaHHUAM.
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Haumensune pomyctumMele pacctosuus S; (cM. puc. 8.19 u 8.20) B 3emie
JIOJDKHBI COCTaBIATh S;= Syt+2(M), npu S, no Tab. 8.3.

3onbr 63pwigoonachocmu. Js 30aHU U COOPYXKEHUH, UMEIOMIMX ra300T-
BOJIHBIE TPYOBI, CBEYM WJIM BEHTHLILIHOHHBIC YCTPOWCTBA, Yepe3 KOTOphIE Ipo-
HCXOZUT BBIOPOC B3PBIBOOIIACHBIX CMECEi FOPIOYHX ra30B H IMapoB B aTMochepy.,
MOJIHHEOTBO/IbI HAJ0 PacrioyiaraThb Tak, YTOOBI KOHTAKT MOJHMH C MOJIHHEIIPH-
E€MHHUKOM TPOMCXOJUJI BHE IPEIEJIOB B3PHIBOONACHOI 30HBI, KOTOpas AOJKHA
BIMCBHIBATHCS B 30HY 3aLIMThI MOJIHHEOTBOAA. Heo6X0AMMOCTE BBINOIHEHHS 3TO-
ro TpeboBaHuA TeM Oojee OYEBHIHA, €CIH TA300TBOAHBIE MIIH JIbIXATEIbHBIE
TpyOBI HEe MMEIOT OrHernperpagutesneil. Pa3Mepsl 30H B3PBIBOOMACHOCTH, TONY-
YeHHBIE UCCIIeIoBaHMSIMU [3] U 1o MHCTpYKIuMH [2], npuBeneHs! B Tab1. 8.4

Tabnuua 8.4
HabeiTounoe nasnenne 30Hbl B3pbIBOONACHOCTH OT 06pe3a TpyObl, OrpaHuyieHHble
BHYTpH ycTaHOBKM, Klla KEARTIICTH ook LUHIMHAPOM BbICOTOM /{ 1 pannycom R, M
He Gonee 5,05 Tsxenee H=1M, R=2m
(0,05 ar.) BO3ayXa
Or 5,05 no 25,25 To xe H=25MR=5m
(0,05-025 ar.)
He 6onee 25,25 Jlerye Bo3ayxa H=25M,R=5mM
Cspimue 25,25 JliobGas H=5m, R=5m™

B Tabn. 8.4 30HBI B3pBIBOONIACHOCTH OT 00pe3a TpyObl NPHBEICHBI IIPH Ha-
JIMYMH KOHHYECKHX KOJINAKOB, I «TYCAaKOBY», HaJl Ia300TBOJHBIMH WJIM J(bIXa-
TENBHBIMU TPyOamu. []JIsi ra300TBOJIHBIX M JIBIXATENBHBIX TPYO, HE 060pya0BaH-
HBIX KOHHYECKHMH KOJIMTAKaMH, 30HOH B3PBIBOOIIACHOCTH SIBIISIETCS MPOCTPAHCT-
BO HaJ MX 00pe3oM, OrpaHMYeHHOE MOJIyLIapHeM paauycoM 5 M. OHO JOMKHO
BXOJIUTh B 30HY 3alIUThl MOJHHEOTBOAA. Pa3Mephl 30HBI B3pBIBOOIIACHOCTH YCTa-
HOBJICHBI HE3aBUCHMO OT M30BITOYHOrO JABIECHHS B3PHIBOOMACHON YCTAHOBKH H
HAJIMYHUs OTHeIperpaguTeneii Ha ra300TBOAHBIX TPyOax.

MonnuesamuTa ¢ y4eToM 30H B3PHIBOOMACHOCTH HE 00sf3aTeNnbHa: UL
Tpy® aBapuifHOro BEIOpOCA TOPIOYMX 'a30B; TPYO C MOCTOSHHO TOPALMMH (a-
KeJIaMH, MOJPKMIaeMBIMH B MOMCHT BBIOpOCa ra3oB; NMpU BHIOpOce ra3oB He-
B3PBIBOOINACHON KOHIIEHTPALMU MM TIPH a30THOM JIBIXaHHH TEXHOJIOTHYECKHX
annaparos; Ul BEHTHIALMOHHBIX INAXT, NPEIOXPAHUTENBHBIX U aBApPUHHBIX
KJIaNaHoB, BEIOPOC ra30B B3PLIBOONACHOH KOHIEHTPAIIUK U3 KOTOPBIX OCYIIeCT-
BJIIETCS TOJILKO B aBapHHHBIX CIIydasX.

3ammra 31anui 1 coopyskennii Il kaTteropun

3amuTy OT NPAMBIX yIapOB MOJHHMHM 3[JaHUHA U COOPYXEHHH ¢ MeTajuinde-
CKOH KPOBJICH BBIMOJHAIOT OTACIBHO CTOAUMMHI MM yCTAHOBJICHHBIMM Ha 3/1a-
HHAX HEU30JMPOBAHHBIMU CTEPXKHEBBIMH, JTHOO TPOCOBBIMH MOJHHUEOTBOLAMH,
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006ecreyMBaIOIIMMU THIT 30HBI B 3aBHCHMOCTH OT KOJMYECTBA MOPaXEHUIl
(cm. maparpad 8.3, ¢popmyna (8.7)). OT KaxmOro CTEpPHKHEBOrO MOJHUCIPHEM-
HHKa MJIM OT K&)XJI0H CTOMKH TPOCOBOIO MOJHHEOTBOJA HA 3JaHMH MPOKJIA/IbI-
BalOT JIBa TOKOOTBOZA. IIpM MCIIOIB30BaHUM COCPEJOTOUCHHBIX 3a3eMIIUTENCH
OHH JJOJDKHBI OBITH IPOJIOKEHBI 110 MPOTHBOIOJIOKHBIM CTOPOHAM 3aHMUil.

[1pu yknone kpoBiu He Gonee 1/8 MokeT OBITH HCIOIBL30BaHA TAKXKE MOJI-
HHUETpHeMHas CeTKa.

MonHuenpueMHas ceTka JOJDKHA OBITh BHIMOJIHEHA M3 CTAJIBHOM MPOBOJIO-
KH IMAMETPOM HE MEeHee 6 MM M YJIOXKEHA Ha KPOBJIO CBEPXY MIIM ITOJ HECTro-
paeMble MM TPYAHOCTOpaeMble YTCIUIHTENb WIM ruapousossiuuio. Lllar syeex
CETKH JOJDKeH ObITh He Goinee 6X6 M. Y37bl CETKH COCAUHSIOTCS CBapKoil. Bbl-
CTyNarlMe Haj KpBILeH METaUTHYECKUE 2IEMEHTHI (TPYOBl, aXThl, BEHTHIIA-
LIMOHHBIE YCTPOHCTBA) HEOOXOANMO MPUCOEAMHSITE K MOJTHHEIIPHEMHOM CeTKe,
a BBICTYIAIOIIHE HEMETA/UIHYECKUE JJIEMEHTEl — 000pyJ0BaTh JOMOJIHHTENb-
HBIMH MOJIHHETIPHEMHHUKAMH, TPUCOCIHHACMBIMU K MOJIHHEIIPHEMHOI CeTKe.

Ha 31aHMAX M COOPYXKEHHUAX C METAIMYECKOH KPOBJICH B Ka4eCTBE MOJI-
HHENPHEMHHKa He0OX0JUMO HCIIOJIB30BaTh METAJUIMYECKYIO KpoBIIo. [Ipu 3ToM
BCE BBICTYMAIOIIHE HEMETAJUIMYECKHE 3JIEMEHThl HeoOXoauMo o00pyaoBaTh
MOJIHHENIPHEMHUKAMH, ITPUCOCAUHIEMbIEC K METAJLTy KPOBJIH.

YcraHoBKa MOJHMEIIPMEMHHKOB HJIH HaJ0KEHHE MOJHUECIIPUEMHOH CETKH
He TpebyeTcs JUIs 30aHHil U COOPY)KEHHUH, HMEIOIIMX METAIHYeCKHE (epMBl,
NpPH YCJIOBHH, YTO B X KPOBJISX MCIOJB3YIOTCS HECTOPAaeMbIe WJIM TPYIAHOCTO-
paeMble YTEIUIMTENM M THAPOM30aaLus. Meraunueckue GpepMel HEOOXOIHMO
COEJUHHUTH TOKOOTBOAMH C 3a3EMIIMTEIIAMM.

TOKOOTBOZBI, COEAMHSIONIME MOJHHUETIPHEMHYIO CETKY HJIM MeTajulnye-
CKYIO KPOBIIIO C 3a3eMJIMTEIISIMH, TIPOKJIAbIBAIOTCS HE PEXe YeM 4epes 25 M 1o
nepumeTpy 3aaHuA. TOKOOTBOBI, MPOKJIAAbIBACMbIE IO HApY)XHBIM CTEHaM
3JaHU, ClIefyeT pacnoiaraTh He OJMbKe YyeM Ha 3 M OT BXOJa WJIM B MecTax,
HEZOCTYITHBIX JUIA IPUKOCHOBEHMA K HUM JIIOZICH.

[Ipu ucronb30BaHUH MOJIHMENPUEMHOH CETKH M YCTaHOBKE MOJIHHEIPH-
€MHHKOB Ha 3allUIaeMOM 00BEKTe, BCIOLY, I/Ie BO3MOXXHO, B KaUECTBE TOKOOT-
BOJIOB CJIEIYeT MCIOJIB30BaTh METAJUIMYCCKHE KOHCTPYKLMHU 3[aHHH H cOOpY-
XKeHHil (KOJIOHHBI, ()epMBI, paMbl, METAJUIMUECKHE HAINpPaBIAIOIIKE JIUPTOB H
T.IL., @ TAIOKE apMaTypy KeJIe300eTOHHBIX KOHCTPYKLMIT) NpH ycoBuu obecre-
YEHHs HEeNPEPBIBHOM 3JIEKTPHUYCCKOM CBA3M B COCIMHEHUAX KOHCTPYKIIMIL U ap-
MaTypbl ¢ MOJIHHMEIPHEMHUKAMH U 3a3€MJIMTE/ISIMH, BBIITOJHAEMBIX, KaK IpaBHU-
J10, CBapKOH. .

B kauecTBe 3a3eMJIMTENEH 3al[UTBl OT MPSMBIX yJapOB MOJIHHM ClETyeT
HCIIONB30BaTh  JKeIe300eTOHHBIE  (YHIAMEHTBl 3JaHUil M COOpYKEHHi
(cMm. maparpag 8.4 «3azemmsgiomue yctpoicTBay). [Ipy HEBO3MOXKHOCTH TaKoOro
BapHaHTa MpeyCMaTpPUBAIOTCS HCKYCCTBEHHBIE 3a3¢MIIHTEIIH:
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NpPH HAJTHYUU CTEPHKHEBBIX M TPOCOBBIX MOJIHHMEOTBOIOB KaXIbIH TOKOOT-
BOJI IIPUCOCIMHSIOT K 3a3eMJIMTENI0, OTBEYaroleMy TpeboBaHHAM BapuaHTa 4
Tabm. 8.1;

NP HAJIMYUH MOJTHUCTIPUEMHO# CETKH MIJIM METAJUIMYECKOH KPOBJIH T10 Ie-
PHMETpPY 3[aHUs WIM COOPYXEHHs IPOKJIAJBIBACTCS HAPY)KHBIH KOHTYp Clle-
JYIONIeH KOHCTPYKIHH:

B IPYHTax ¢ OKBMBANICHTHBIM Y/ICNLHEIM COMPOTUBICHHEM < 500 Om-M
NpH IUIon@AH 31aHus 6osee 250 M” BBIMONHAETCS KOHTYP U3 FOPH30HTAIbHBIX
9JIEKTPOJIOB, YJIOKEHHBIX B 3eMJie Ha riiyOune He MeHee 0,5 M, a pH mIomau
3nanus Meree 250 M” K 3TOMY KOHTYpY B MECTaX INPUCOEIMHEHUS TOKOOTBOIOB
MIPUBAPUBACTCS MO OJHOMY BEPTHKAJIbHOMY WJIH TOPH30HTAJIBLHOMY Jy4EBOMY
3NEKTPOTY JJTHHOM 2-3 M;

B rpyHTax ¢ 500 < p < 1000 Om-M npu miomtaau 3aauus 6onee 900 M’ oc-
TAaTOYHO BBIIOJIHUTE KOHTYP TOJIBKO M3 TOPH3OHTAJBHBIX 3JIEKTPOJOB, a IpU
rtomau 3anus Menee 900 M> K 3TOMy KOHTYPY B MECTaX MPHCOEIMHEHHS TO-
KOOTBOZJOB NMPUBAPHBACTCS HE MEHEE IBYX BEPTHKAJIBHbBIX MJIM F'OPU30HTAIBHBIX
JIy4eBBIX JIEKTPOIOB ATMHOM 2-3 M Ha pacCTOSHUHU 3-5 M OJJHH OT JPYToTro.

B 3manuax Gonbiroi rurontaau (mupuHoi 6onee 100 M) Hapy>kKHBIH KOHTYP
3a3eMJICHHS MOXKET HCIOJIb30BAThCSA M UL BBIPABHUBAHUA MOTEHLIUANA BHYTPH
3MaHMS.

Bo Bcex BO3MOMHBIX CITy4asX 3a3eMJIMTENb 3AILUTBl OT NPAMBIX YAapoB
MOJIHHM HEOOX0MMO OOBETHHATE C 3a3CMIIMTEIIIMH JIEKTPOYCTaHOBOK.

IIpH ycTaHOBKE OT/IENBHO CTOSIINX MOJHUEOTBO/OB PACCTOSHHUE OT HUX IO
BO3/IyXy M B 3eMJI€ JIO 3aIIMIIAEMOro 00BeKTa U BBOAUMBIX B HETO IOJ3EMHBIX
KOMMYHHUKALIUH HE HOPMHpYETCS.

JInst 3qaHuii M COOpY)KEHHMH, MMEIOLIMX Ta300TBOAHBIE TPYOBI M CBEYH,
MOJIHME3aIIUTa MPOEKTHPYETCSl ¢ Y4eTOM 30H B3PBIBOOMNACHOCTH, KaK M IS
3nanuit I kateropuu.

3amura B3PBIBOONACHBIX HAPY/KHBIX TEXHOJOIHYE€CKHX
YCTAHOBOK H OTKPBITBIX CKJIA/IOB

3anuTa yKa3aHHBIX B 3arOJOBKE COOPY)KEHHH OT MPAMBIX YIapOB MOJHHH
omnpeJeNnseTcs pAJOM YCIOBHH U cnelupHIecKuX ocOOEHHOCTEH: MaTepHaioM
Kopryca (MeTasul, »eae300€TOH MM CHHTETHKA); HAJHYHEM AbIXaTeNIbHOH U
NpeIoXPaHUTEIBHOM annapaTypbl 1 BO3MOKHOCTBIO BBIICICHUS Yepe3 Hee (MITH
HEIUIOTHOCTH KpBIIIM) TOPIOYUX MapoB M ra3oB M 0Opa30oBaHUS 30H B3PBIBO-
OMacHOCTH; HaJM4YHEeM OOJBIIOr0 KOJMYECTBA TOPIOYHUX H JIETKOBOCILIAMEHSIIO-
IMXCs )KUAKOCTEH MIIM rOpIoYmX ra3oB M T.4. [2]. Tak, Julst 3aMTHI OT IPSMBIX
yAapoB MOJHHM METAJUIMYECKHUX YCTAHOBOK MIIM OT/EJBHBIX PE3epBYyapoB IpU
TOJNIMHE METAIIA KPBIIK 4 MM ¥ 60Jiee M OTCYTCTBHHU JBIXATENBHBIX KJIANAHOB,
a TaKKe OT/JENBHBIX Pe3epByapoB 0ObemoM MeHbme 200 M (HE3aBHCHMO OT
TOJIIMHBI METAJUIAa) JOCTATOYHO 3a3€MJIUTh KOPITYC.
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TexHoJIorH4eckue yCTaHOBKH U Pe3epBYyaphl MPH TOJIIHHE METalla Kpbl-
Iy 4 MM 3alIMIIAIOT OTAENBHO CTOSIIMMM WM YCTaHABIMBAaEMBIMU HAa HHX
MOJIHHEOTBOJIaMHU. Y CTaHOBKH Kiacca B-1r, kopryca KOTOpPBIX BBIMOJHEHB! U3
XKeJIe300€TOHa MM CHHTETHYECKHX MAaTepHaJIOB, 3aLIMILAIOT JIOOBIM MOJIHHE-
OTBOZOM HJIM YKJIAaJbIBAIOT HAa KPBILLY MOJHHUEIIPUEMHYIO CETKY, IPUCOECIUHAL
ee K 3azemuutento. OHa JOMyCKaeTcs TOJNBKO IPH IMOJHOH IepMETHYHOCTH
KPBILIH.

ITapk pesepByapoB €O CXXH)KCHHBIMH Ta3aMu npH obmem obneme Gonee
8 TBIC. M7, a TaKXKe MapKu pe3epByapoB U3 JT0O0OT0 MaTepuana ¢ oOmMM obbe-
MoMm Goree 100 ThIC. M® 3aMIMIIAIOT OT MPSMBIX YAaPOB MOJIHMH, KaK MPaBUIIO,
OTZAEJNBHO CTOALIMMHM MOJIHMEOTBOAAMHM. [IpM 3ammre METalIHYecKHX pesep-
ByapoB OT/EJIBHO CTOSIIMMHU MOJHHEOTBOJAMH KOPITyca pe3epByapoB MpUCOe-
JIHHSIOT K 3a3€MJIHTEIISIM; K 3THM )K€ 3a3€MIIMTEIISM JOITyCKaeTCsl IPHCOCANHE-
HHE TOKOOTBOZIOB OT/JEIBbHO CTOSIIMX MOJHHEOTBOAOB. [Tapku moa3eMHBIX ke-
71e300€TOHHBIX pe3epByapoB (kiacca B-1r), He 00MMIIOBAaHHBIX BHYTPH MeTall-
JIOM, 3alIHIIAIOT TOJBKO OTACJIBHO CTOAIIMMH MOJHHMEOTBOJAMH. B 30Hy 3amiu-
Thl MOJIHHEOTBOJOB JIOJDKHBI BXOJHTB: BCS IUIOMIA/b KPBIIIM pE3epByapoB H
4acTh IUIOMWAAH Kpyra ¢ paguycom 40 M OT CTEHOK KpaiHHMX pe3epByapoB. Bel-
COTa MOJIHMEOTBOJOB JOJDKHA OBITH paBHA BBICOTE JABIXATEIBHOI almapaTypsl
wnoc 2,5 m.

ITapku NOA3EMHBIX KE€JIE300€TOHHBIX PE3epBYapoB, COAEPXKALIMX MasyT,
IpH MOMEIIHBAHUHK K HEMY JIETKHX YTJIEBOJOPOJOB H IPU MOTOTPEBE JOJKHBI
3alUILATBCA OT MPSAMBIX YAapOB MOJHUH TaKKe, KaK M MOJA3EMHBIE jKee300e-
TOHHBIE pe3epByapsl ¢ JIBXK, oqHako B 30HY 3amuThl HEOOXOAMMO BKJIIOYATh
[IPOCTPAHCTBO C OCHOBAaHUEM, COBIAJAIONINM C pa3MepaMu pesepByapoB. Eciau
Ha Hapy»KHBIX TEXHOJIOTHYECKHMX YCTAaHOBKAX MIIM pesepByapax kiacca B-Ir
HMEIOTCS Ta300TBOAHBIE TPYOBI, ABIXAaTeNbHBIC WIH NPEIOXpaHUTEIbHBIE KIla-
[IaHbl, TO OHH H 30HBI B3PBIBOONACHOCTH OKOJIO HHX TaK)X€ JOJDKHBI BXOIUTH B
30HY 3aL[UTHI MOJTHHEOTBO/IOB.

HccneqoBaHUsAMH YCTaHOBIICHO, YTO pa3Mephl B3PHIBOOACHBIX 30H /IS Ha-
3€MHBIX BEPTHKAIBHBIX PE3EPBYapOB CO CTALMOHAPHBIMH KPBIIIAMU H EMKOCTBIO
oT 3 10 20 ThIC. M’ 3aBHCAT B OCHOBHOM OT MOIIHOCTH BBIGPOCA MAPOB M Ta30B U
CKOPOCTH BeTpa. DTH 30HBI MOXHO onpeaeauTh no rpaduxy (puc. 8.21). Ha nem
pa3mepbl B3pBIBOONACHBIX 30H X, COOTBETCTBYIOT ckopocTu Betpa 1 m/c. Ilpu
YBEJIMYEHHN CKOPOCTH BeTpa [0 2 M/C pa3Mephbl B3PBIBOOMACHBIX 30H MOMKHO
yMEHBLIUTS B 2 pa3a. [Ipy nons3oBanuu rpadHKoM ClIETyeT UMETh B BUIY: HyJIe-
BOIl pa3Mmep 30HBI 03HAYACT, YTO BCs IUIOIIAAb KPBIIIM pe3epByapa sBIACTCS
B3PBIBOONACHOH 30HOM; pa3Mephl B3PhIBOOMACHBIX 30H Ul PE3epBYapoB, 3arojl-
HSEMBIX ChIPOi HE(PTBIO, MOTYT OBITH yMeHbILEeHbI Ha 10 % 1o cpaBHEHHIO € 30-
HaMH COOTBETCTBYIOIIMX OeH3MHOB. J[si APYTMX Hapy>XHBIX TEXHOJIOTHYECKHX
YCTaHOBOK KJacca B-1r, MMeIomuX ra300TBOAHBIC U JbIXaTeabHBIE TPYOBI, pas-
Mepbl B3PBIBOOTIACHBIX 30H OMNpeJenstioTces no Tabu. 8.4 u Hopmam [2].
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| if | | 3
0 1000 2000 3000 4000 5000 V-M74

Puc. 8.21. Pasmepbl B3pbIBOONACHBIX 30H /Ul BEPTHKAJIBHBIX Pe3epBYyapoB:
1 — necrabunbuble Gen3utbl (18 HUX V — MOLUHOCTH BbIOPOCOB NapoB U razoBs); 2 — CTabu/bHbIE
Gensnubl npu 1 = 40 °C; 3 — crabunbhble Gensunbt npu 1 = 20 °C (a5 crabunbHblx GeH3nHoB
V — npou3BOAMTENLHOCTD 3aKAYKH)

Takoe ke IPOCTPAHCTBO 3ALIMIIACTCS HaJ CPE3OM TOPIOBHHBI LIUCTEPH, B
KOTOpBIE TPOUCXOANUT OTKPHITHIN (HerepMeTH3UpOBaHHBINH) HAJIMB MPOJYKTa Ha
CIIMBHOIT cTaKa/e. 3alUTe OT NPSAMBIX YAApOB MOJIHUM IOUIEKAT TAKXKE JbIXa-
TENbHBIC KJIAMaHbl ¥ MPOCTPAHCTBO HAJl HUMH, OTPAHMYEHHOE ILIMJIMHAPOM BBI-
COTOM 2,5 M € paguycom 5 M.

J171st pe3epByapoB C IUIaBalOMIMMHU KPBIIIAMH HJIH IOHTOHAMHM B 30HY 3alllH-
ThI MOJTHHEOTBOOB JOJDKHO BXOAMTH MPOCTPAHCTBO, OTPAHHYEHHOE MMOBEPXHO-
CTBIO, M00as TOYKa KOTOPOH OTCTOMT Ha 5 M OT JIETKOBOCIUIAMEHAIOMIEHCS
KHUIKOCTH B KOIBLIEBOM 3a30pe.

OuHCTHBIE COOPYXEHHs 3aIUMIAIOT OT MPSMBIX YAApOB MOJHUH B TOM
ciy4ae, KOrjia TeMIepaTypa BCIBIIIKH COAEPIKAILErocs B CTOYHBIX BOAAX Ipo-
JIyKTa IpeBbIIIaeT ero pabouyio Temneparypy menee 4em Ha 10 °C. B 30ny 3a-
IIUTBl MOJHHEOTBOJOB JOJKHO BXOJAHUTH MPOCTPAHCTBO, OCHOBAHHE KOTOPOTO
BBIXO/IHT 32 Mpe/elIbl OYUCTHOTO COOPYKEHHS Ha 5 M B KQXIYIO CTOPOHY OT €To
CTEHOK, a BBICOTA PaBHA BBICOTE COOPYXKEHHUS ILTIOC 3 M.

JIis BceX Hapy»KHBIX B3PBIBOOIIACHBIX YCTAHOBOK B Ka4yeCTBE 3a3eMIIMTE-
JIeH 3aIUTHI OT MPAMBIX YAapOB MOJHUH CJIEIYET, M0 BO3MOXKHOCTH, HCIIOJIB30-
BaTh UX keNe300eTOHHBIC (QYHIAMEHTBI WIH ONOPBI OTAEABHO CTOSIIUX MOJ-
HHEOTBOJIOB, JIMOO BBHIMOJIHATE HCKYCCTBEHHBIC 3a3€MIIMTENH, COCTOSILUE M3
OJIHOTO BEPTHUKAIBLHOTO MM TOPH30HTAJILHOTO 3JIEKTPOAA JUIMHOH HE MEHee 5 M.
K 3TuM 3a3eMIuTENsIM JOIKHBI MPUCOCAHHATECS KOPITyca HapyXXHBIX YCTaHO-
BOK HJIM TOKOOTBOZbI YCTAHOBJICHHBIX HAa HUX MOJHUEIPHEMHHKOB.

Yucno MpUCOSIMHEHUH M COOTBETCTBEHHO KOJMYECTBO 3a3eMIIMTENEH 3a-
BHCHT OT MEPUMETpa OCHOBaHHA ycTaHOBKH. Heo6xoaumMo, 4To6sl mpucoeaute-
HMs pacrnosaraguck He 6onee 4eM B 50 M Apyr OT Japyra, HO YHCIIO IPHCOEIH-
HEHHH JOJDKHO OBITH HE MEHEE ABYX.
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3amura 3nanuii u coopysxkenui Il kareropuu

3amyra OT NPSAMBIX YIapOB MOJHUM OOBIYHO BBITOTHACTCS OJHUM M3 CIIOCO-
608, pexomenayeMbix st II kareropun. OTiaudueM sBISIETCS JTUIIb TO, YTO IJIO-
Ia/b TYEHKH MOJTHHEIIPUEMHOM CETKH JIOITyCKaeTcs ¢ marom He 6omee 12x12 m.

B kauectBe 3a3emiuTeNeH 3alIUTBI OT MPAMBIX YJapOB MOJHHH CIETYeT
HCIIOJIb30BaTh JKeIe300eTOHHbIe (hYHIAMEHTH! 31auuil U coopyxenuid. I[Ipu ne-
BO3MOXKHOCTH MX HMCITOJIB30BAHMS BBIMOIHAIOT HCKYCCTBEHHBIC 3a3EMIIMTEIIH:

KBl TOKOOTBOZA OT CTEP)KHEBBIX M TPOCOBBIX MOJIHHEIPHEMHHKOB
JIOJDKEH MPUCOSIUHATECS K 3a3EMIIUTEII0, COCTOSAIIEMY MUHUMYM U3 JIBYX BEp-
THKAIBHBIX 3JIEKTPOAOB JUIMHOH HE MeHee 3 M, 00BCAMHEHHBIX TOPH30HTAIIb-
HBIM 3JIEKTPOIOM JUIMHOM He MeHee 5 M;

NpH BapHaHTe MPUMEHEHUS MOJIHHENPUEMHOM CETKM MM MCIOJIL30BAHUS
METaJNTMYEeCKOH KPOBJIM B KAYECTBE MOJHHEIIPHEMHHKOB I10 NIEPUMETPY 3/IaHUsA
B 3emiie Ha nry6une 0,5 M MpoKIagbIBaeTCs HAPYXKHBIH KOHTYD, COCTOSAIIMH U3
TOPH30HTANBHBIX ATEKTPo0B. B rpynTax ¢ 500 < p < 1000 OM-M u npu miouia-
nw 3anus Meree 900 M? K 9TOMY KOHTYpPY B MECTaX PHCOEIMHEHHS TOKOOTBO-
JIOB ClIelyeT IPUBApHBATh MO OJHOMY BEPTUKAIBHOMY WIJIM TOPU30HTAIBHOMY
JIy4eBOMY DJIEKTPOAY JUIMHOMN 2-3 M.

B 3panunsax Gonpiei mromanu (mupuHoit 6omee 100 M) Hapy KHBIH KOHTYP
3a3eMJIEHHS MOXET TakXK€ HCIOIb30BaThCs JJIS1 BHIPABHMBAHHSA IOTEHIIMAIOB
BHYTPH 3/1aHHUS.

MoHHe3anMTY 0KapOONAaCHBIX HAPYKHBIX ycTaHOBOK kiacca [1-III, co-
JepXKaIIUX FOPIOYHeE XKUIKOCTU C TEMIIEpaTypoil BCIBINIKK 1apoB Beie 61 °C,
PEKOMEHIyETCs BBIIOIHATH CICAYIONHM 00pa3oM:

KOpITyca YCTaHOBOK M3 jKeJae300eToHa, a TakXkKe KOpIyca YCTaHOBOK U pe-
3epByapoB MPH TOJIIKHE Kpbllie MeHee 4 MM 000pYIyIOTCSl OTAEIBHO CTOSIH-
MH WIH YCTaHOBJICHHBIMHU Ha 3aIIUIAEMOM COOPYKEHUH MOJTHHEOTBOIAMH;

METaJUTMYEeCKUe KOpITyca YCTAaHOBOK M PE3€PBYapOB IPH TOJIIMHE KPBILIHA
4 MM u OoJee 10CTATOYHO MPUCOEIUHUTH K 3a3EMIIUTEIIO;

HaJ JBIXaTeJIbHBIMU M Ta300TBOJHBIMU TPYOaMH U KJIallaHaMM 30Ha B3pEI-
BOOTIACHOCTH HE YYUTHIBACTCA.

KoHncTpykiust 3a3eMIUTeNei 1 UX YUCIIO0 MPUHMMAIOTCS KaK JUls B3PBIBO-
OINaCHBIX HapY KHBIX YCTAHOBOK Kylacca B-1r.

8.6. 3ALLIUTA 3JAHUIA H COOP}’)KEHHﬂ OT BTOPUYHBIX
BO3JAEUCTBUU MOJIHUHU
3amure OT BTOPUYHBIX BO3AEHCTBUH MOJHHMU (3JEKTPOCTATHYECKOH M
9JIEKTPOMArHUTHOM MHIYKIMHK) NOUIekKaT 34anus U coopyxenus I u II karero-
PUM M HEKOTOPBIE BUABI HAPYXKHBIX yCTaHOBOK KiaccoB B-1r u II-III. Ona nou-
TH BCETZa COYETACTCA C 3AIUTOM OT CTATUYECKOT0 JIEKTPUYECTBA.
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3ammTa 3panunii I KaTeropum ot 371EKTPOCTATHICCKOM HHIAYKIIHH BBIMOJ-
HACTCS PUCOCANHEHHEM METANIMYECKUX KOPITyCOB BCero 000pya0BaHus U Me-
TAJUTHYECKUX KOHCTPYKIMH 37aHMA K 3aLIUTHOMY 3a3€MIIMTENIO 3JIEKTpOycTa-
HOBOK, JKeJIe300eTOHHOMY (YHIaMEHTy WIH CIELHMAJBHOMY 3a3eMJIMTENIO, a
PaccTOAHHE OT ATUX 3a3eMIIMTENEH J0 3a3eMIIMTENCH MOJIHHEOTBOAOB OIpeJe-
nsercs no naparpagy 8.5.

JI71s 3aIUTBL OT MCKPEHHUs, 00yCIIOBICHHOTO 3JIEKTPOMArHUTHOH MH/TYKLIHU-
eii, Bce TpyOONmpoBOAbl M APYTHE MPOTHKEHHBIE METAIIMYECKHE MIPEIMETHI 3/1a-
HUs M 000pyJOBaHUS HA Y4acTKe MX B3aUMHOro comoxenus Ha 10 cM 1 MeHbIIe
He0OXO0AMMO EKTPUUECKH COSIUHSATD NepeMBbIUYKaMu yepe3 Kaxasie 20 m. Jis
kabeneil ¢ MeTayuiMyecKMMH 000JI0UKaMH WIH OpOHEH MepeMBIYKH JOJIKHBI
BBITIOJIHATBCS U3 THOKOrO MEIHOTO NMPOBOAHMKA B COOTBETCTBUH C YKa3aHHAMHM
CHulIT 3.05.06-85. Heo6x0auMo Takxke 00ECIeYUTh MEepEeXoIHOE CONPOTHBIIE-
HME KajKI0ro 3JIeKTpHieckoro konrakra He 6osee 0,03 OM BO Bcex MecTax co-
eMHeHHH TpyOonpoBosoB (HampuMep, Ha (aHLax) W APYrHX MPOTSKCHHBIX
npeametoB. Eciu nepexoanoe conporusnenue 6onee 0,03 Om, To Ha coeauHe-
HHMH yCTpaMBaeTCs EPEMBIUKa.

3anyra OT ONMacHOCTH 3aHOCA BBICOKOTO MOTEHIMANA MO JIMHHUAM 3JIEKTPO-
nepeayu Hanpspkenuem 1o 1000 B cereii Tenedona, paano, CHrHaIM3aLUH U Ap.
o0ecreyrBaeTcs TeM, YTO BBOJ BO3AYIIHBIX JUHUI B 3JaHH JODKEH OCYLIECTB-
JATBCS TOJBKO KabessiMu JUTHHOIH He MeHee 50 M ¢ MeTayutHyeckoi 6poHeil mim
0600uKoi WK KabeJsIMH, TPOJIOXKEHHBIMU B MEeTaJUTHUecKuX Tpy6ax. Ha BBoae
B 3[laHHE MeTalInyeckue TpyOsl, OpoHs U obosnouku kabeneil, B TOM 4ucie ¢
M30JIALMOHHBIM TOKPBITHEM MeTaTHYecKo obonouku (Hanpumep, AAIIIB,
AAIIIm), 1omKHB! OBITE IPHCOEIUHEHBI K KeIe300eToHHOMY (yHIaMEeHTy 37a-
HUS WIH K HCKYCCTBEHHOMY 3a3€MJIMTEIIO 10 BapuaHTy 4 tabn. 8.1.

B MecTe nepexoza BO3AYLIHOH JMHUM B KaOeNbHYIO BCTAaBKY METaJlIHye-
ckue 000y0ukH M OpoHst Kabens, a TakkKe IITBIPH MIM KPIOUbS H30JSITOPOB
JOJDKHBI TIPUCOCAUHATECS K 3a3eMIIMTEIIO 0 BapuaHTy 4 Tabmn. 8.1. B atoMm xe
MecTe MeXIy KaxIOoH >KHIoi Kabelst M 3a3eMJICHHBIMU 3JIEMEHTaMH JIOJDKHEI
OBITH YCTPOEHBI 3aKpBITHIC BO3AYIIHBIC HCKPOBBIC IPOMEKYTKH C MEKIJIEK-
TPOIHBIM PAacCTOSHHEM 2-3 MM MJIM YCTaHOBJIGH HHM3KOBOJIBTHBIH paspsIHUK,
nanpumep PBH-0,5. ¥V cnexylomeit 6nwmkaiinieil onopsl BO3IYIIHOW JTHHUU -
TaKXKe 3a3eMIIUTENb U K HEMY JOJDKHBI OBITh TIPUCOCMHEHB! LITHIPH U KPIOUbsI
H30JIATOPOB.

JIna 3aMTEl OT 3aHOCOB BBICOKMX MOTEHIMAJIOB IO MOI3EMHBIM METaJUIH-
4eCKMM KOMMYHHUKALMAM (TpyOOIpoBoIbl, Kabenn B Hapy>KHBIX METAJLTHYECKHX
ob6ooykax 1 Tpybax) NpH BBOJE B 3/[aHHE WIIH COOPY>KEHHE STH KOMMYHHUKALUH
NPHUCOEIHHSIOT K apMaType UX jKe1e300eTOHHBIX QYHIaMEHTOB, K 3a3eMIIUTENIO
3IIEKTPOYCTAaHOBOK MM CIIELIMATLHOMY 3a3eMIIUTEINIO (BapHaHT 4 Tabr. 8.1).

B 3manue nomyckaercs BBOAUTH TPyOONpPOBOABI U KabeaH, MOHTHpYEMbIE
Ha 3CTakazax. Y BBOJA B 3[[aHME M Ha [BYX OMMKaiIINX K 9TOMYy BBOZY OHOpax
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3cTaKazbl TPYOONpPOBOIBI M METAUTHYECKHE 0001049KH Kabenei MpucoeIuHsIOT
K 3a3¢MJIMTEAM. B kauecTBe 3a3eMIIMTENICH CIIeLyeT MCIOb30BaTh Xkene300e-
TOHHBIE QYHIAMEHTHI 3JaHUsI M KaXIOH U3 OIOp, a MPH HEBO3MOXKHOCTH - HC-
KYCCTBEHHBIE 323 MJIMTEIIH.

3ammra 3pauuii 11 kaTeropum oT 3JIEKTPOCTATHIECKON HHIYKLHK 0bec-
MEYUBACTCSA MPUCOSIHHEHUEM METAJUIHYECKHX KOPITyCOB BCEro 00OpyIOBaHMS
K 3alIMTHOMY 3a3eMJICHHIO JJICKTPOYCTAaHOBOK MM ele300eToHHOMY (yHIa-
MeHTy 37anud. [lnaBatomue Kpelmy (MOHTOHBI) pe3epBYapoB B YCTaHOBKax
kiaccoB B-1r u [1-1II He3aBHCHUMO OT MaTepHaia KpBIII U KOPITYCOB pe3epBya-
POB COCUHAIOT THOKMMH METaNTHYECKMMH TIepeMbIYKaMU ¢ TOKOOTBOAAMH HITH
METaNTHYECKUM KOPITyCOM HEe MEHEee 4eM B JABYX TOYKaX. 3al[ura OT 3JIEeKTpo-
MarHUTHOM MHAYKIMH BBIIOJNHSAETCS KaK M B 3JaHHUsAX | KaTeropuu, HO repe-
MBIUKH ycTaHaBiuBaloTcs yepe3 30 M B Mectax omacHoro cOmixkenus. Ilepe-
MBIUKH B MECTaX COeIUHEHHI (Ha (aHnax) TpyOOnpOBOAOB U JIPYTHX MPOTSIK-
HBIX KOHCTPYKIHIi HE TpebyroTcsl.

BBoa Bo3aynHeIX JTHHUI 1I060T0 Ha3HAYEHUS HEMTOCPEACTBEHHO B 3/1aHHE
He jomyckaercs. HeobxoaumMo npokasiBath KabelbHYI0 BCTaBKY OT BO3/YIL-
HBIX JIMHMH, kKak ¥ Ui | kxareropum. i 3aniMTel OT 3aHOCA BHICOKMX IIOTEH-
L[HAJIOB IO TTOJ3EMHBIM KOMMYHUKALUSM IPH BBOJIE B 3[JaHUE HIIM COOPYKEHUE
UX HEOOXOAMUMO MPHCOEAUHUTE K JTI0O0MY M3 3a3eMIIMTENeH. DcTakaJHble TPY-
6OMpoBO/BI Ha BBOJE B 3IaHHUE CIEAYET MOAKIIOYATh K 3a3¢MIIMTEIIIO 3ICKTPO-
YCTaHOBOK MJIH 3a3eMJIMTENII0 MOJHHEOTBOMA, a Ha Oiikaiiiiei k BBOIY ornope
9CTaKa/BI - K €€ JKeJIe300eTOHHOMY (yHIaMEHTY.

[Ipy HEBO3MOXXHOCTH MCIONb30BaHUs (yHIaMeHTa IODKEH OBITh ycTa-
HOBJIEH MCKYCCTBEHHBIH 3a3€MJIMTENb, COCTOSIIMN M3 OJHOrO BEPTHKAIBLHOTO
WJIK TOPU30HTAJIBHOTO 3JIEKTPO/ia [UTMHOM HE MeHee 5 M.

3amuta 3xaunii 111 kaTeropnu. BBoJ BO3AYNIHBIX JTMHUI HANIPsYKEHHEM
1o 1000 B B 31aHus JOJDKEH BBIMOJIHATHECS B COOTBETCTBHH ¢ [IVD, a nuHumM
CBSI3U, CUTHAIM3AIMH, PAJHO - 110 YKAa3aHUSIM COOTBETCTBYIOMINX BEJIOMCTB.

JIJIst 3aLUTH OT 3aHOCA BBICOKHMX MOTEHIIHANIOB TPYOOMPOBOALI M METAJLIU-
yeckue 000JI0uKH Kabesei, MpOoJIoKEeHHBIC Ha 3CTakajax, CIeAyeT MpPHCOeIH-
HATh Ha BBOJE B 3[1aHHE K 3a3EMJIMTENISIM MOJIHMEOTBO/IOB MIIM K 3aLIUTHOMY 3a-
3EMJICHHIO 3JIEKTPOYCTaHOBOK.

8.7. OKCILIYATALIMSA YCTPONCTB MOJIHUE3ALLIMTBI
HUcnbiTanus U IPpUEMKA B IKCILIyaTauuio yCTpoﬁCTB MOJIHHE3AIUHUTHI

VYeTpoiicTBa MOTHHE3AMUTh JOJDKHBI OBITh 3aJI0KEHBI B MMPOEKT U Tpaduk
CTPOUTENILCTBA WIIM PEKOHCTPYKLMH 3/1aHHs HJIH COOPYXKCHHMS TaKHM o0Opa3om,
4TOOBI BEIMOJHEHHE MOJHUE3AMUTEI TPOUCXOTIHIO OJHOBPEMEHHO C OCHOBHBI-
MH CTPOUTENBHO-MOHTAXHBIMU paboTaMu.
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YerpoiicTBa MONHHE3AIUTH! 3JaHAH M COOPYXKEHHH OT MPSAMBIX yJIapoB
MOJIHUH, JIEKTPOCTATHYECKON U 3JIEKTPOMArHUTHOM HHAYKIMK U 3aHOCA BBICO-
KHX ITOTCHIHAJIOB JTOJIDKHBI OBITH UCTIBITAHBI K BBEJICHBI B 3KCIUTyaTallMIO K Ha-
YaJly OTAEIOYHBIX paboT, a mpu Haau4uu B3peiBoonacHbIX 30H (I u II xarero-
pHUHM) - 0 Hayana KOMIUIEKCHOTO ONpoOOBaHHSA TEXHOJIOTHYECKOro obopyaoBa-
uus. I[Ipu sTom odopmitsieTcs U epenaeTcs 3aKa3uyiKy CKOPPEKTHPOBaHHAS MPU
CTPOMTENIBCTBE M MOHTaXX€ MPOEKTHAs JOKYMEHTALUs M0 YCTPOHCTBY MOJIHHE-
3alUTHl (YEPTEXH ¥ IOSCHUTENbHAs 3alMCKa) U aKThl NMPUEMKH YCTPOMCTB
MOJIHME3alIUTEL, B TOM YHCJIE aKThl 1O BBITOIHEHHUIO MAJOMOCTYIHBIX JIEMEH-
TOB (MOJHMENPUEMHHKOB, UX KPEIJICHHH Ha COOPYXKCHHM), aKThl Ha CKPBITHIE
paboTel 10 NPHCOEIUHEHHIO 3a3EMJIMTENICH K TOKOOTBOJAAM M TOKOOTBOLOB K
MOJIHMETIPUEMHHKAM, 3a MCKIIOYEHHEM CIy4aeB HCMONIb30BAHUS CTAIBHOTO
Kapkaca 3/1aHHsl B KaUeCTBE TOKOOTBOZIOB M MOJIHMENPHEMHHUKOB, a TAKXE pe-
3yJIBTaThl 3aAMEPOB CONPOTUBIICHUH TOKY MPOMBIILIEHHON YaCTOTHI 3a3€MIIUTE-
JIeH OTAENBHO CTOSIMX MOJHHEOTBOJIOB.

ITpremMKa B 3KCIUTyaTalHI0 YCTPOHCTB MOJIHME3ANIUTHI IPOM3BOJUTCS KO-
MHCCHell B COCTaBe MpeJcTaBUTENeH 3aKa3dyuKa, MeHITOPSAHON U MOHTaXHOI
OpraHM3alluii, MPEACTABUTEN MECTHBIX opraHoB 'ocroprexHansopa (it 00b-
€KTOB Haj30pa, MOAHAJ30pHBIX ['ocroprexHaa3opy), MpeaCTaBUTENs OPraHOB
TOCTHOXHaA30pa U Ap. (MpHUMEpHBIH cocTaB). Bes TexHuueckas JOKyMEHTaLUs
0 OKOHYaHHU MPUEMKH YCTPOWCTB MOJIHME3AIIUTHI NepeaaeTcsl OpraHu3aluH,
BeJlylIei ee SKCIuTyaTaluio. B akTe nmpueMKH-caauu cieqyeT yKas3blBaTh rapaH-
THHHBIHA CPOK pabOTHI YCTPOUCTB MOJIHHE3AIUTHL

KoHTpoJib cocTosIHUSA M 00C/Iy’KHBAHNE YCTPOMCTB MOJHHE3AHUTHI

O¢dexkTHBHOCTS JEHCTBUSA YCTPOHCTB MOJHME3AUIMTHI B 3HAYUTEIBHON
CTENEHH 3aBUCHUT OT HCIIPABHOI'O TEXHUYECKOTO COCTOSIHHUS BCEX JJIEMEHTOB.

KoHTposns 3a cOCTOSHHEM YCTPOHCTB MOJIHME3ALUTH M IPOBEAEHHE pe-
MOHTa ¥ TEXHHYECKOTr0 00CITyKMBAaHUS JOIDKHBI IPOBOJUTHCS MO CHCTEME ILIa-
HOBO-TIPEAYNpPeIUTEILHBIX PEMOHTOB H OCMOTPOB.

[IpoBepka COCTOSHUS YCTPOHCTB MOJIHME3AUIMTHI A0JKHA POU3BOAUTBCS
Jui 31aHui M coopyxenuit I u Il kaTeropuu - ofuH pa3 B roj nepes HayaaoM
rpo30BOTO CE30Ha; I 3AaHuil H coopyxenui 111 kareropuu - oauH pa3s B 3 ro-
na. Llens peBu3uu ciemyomas:

IPOBEPUTh HAJEKHOCTh 3JIEKTPHYECKOH CBS3H MEXAY TOKOBEIYIHMHU
3JIEMEHTaMH (B MECTaX CBAPKH, B OOJTOBBIX M MPOYUX COCAUHEHHUSAX);

BBISIBUTH 3JIEMEHTHI B 3aIMTHBIX YCTPOHCTBaX, TPeOYIOLIME 3aMEHbl WIIH
YCUIICHUS U3-32 MEXaHHYECKHX MOBPEKICHHIA;

OIPE/ICJIUTh CTENEHb Pa3pyIICHUs] KOPPO3UEH OTAEIBHBIX 3JIEMEHTOB MOJI-
HHME3aLIMTHI, TPHHATH MEPhl 10 aHTUKOPPO3MHHOMN 3alUUTE M YCHICHUIO 3JIe-
MEHTOB, IOBPEXICHHBIX KOPPO3HEH;
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MIPOBEPUTH COOTBETCTBHE YCTPOMCTB MOJHHME3ALIUTEl KAaTErOPUM 3/1aHus
HJIH YCTaHOBKH;

H3MEPHUTEL COMPOTHBIIEHHE BCEX 3a3eMIIMTENICH OTAENBHO CTOAIMX MOJ-
HHEOTBO/IOB.

Ilpu mpeBBIICHUH CONPOTHBIICHUS 3azeMiuTeNs Gonee yeM B 5 pas, IO
CPaBHEHHIO C pe3yJIbTaTaMH COOTBETCTBYIOLIMX 3aMEPOB Ha CTAJMU IIPUEMKH,
CJIEy€eT MPOBOAMTE MOTHYIO PEBU3HUIO 3a3EMIIMTEII.

Ha ocHoBaHuM peBU3Hii ONPERENAIOT 06beM MPeayNPEANTEILHOIO0 PEMOH-
Ta YCTPOWUCTB MOJIHME3ANIMTH], KOTOPBIH JO/DKEH OBITh 3aKOHYEH K Havary rpo-
30BOro Ce30Ha (MapT - JJIS FOXKHBIX M anpeb - JUIS LEeHTPAIbHEIX paioHoB PD).
Menkue TeKylue peMOHTHI MOJHHE3ALIUTHBIX YCTPOHCTB MOTYT OBITH MPOH3-
BEJIEHEI BO BPEMsI IPO30BOT0 CE€30HA, KalUTAJIBHBIE - B HETPO30BOE BPEMs Irojia.

Henocrarouno kBanu(UIMPOBaHHBIH HAaZA30p 32 COCTOSHMEM M COOTBETCT-
BHEM MOJIHME3ALIUThl TPeOOBAHUAM MOXapHOH 630MacHOCTH NMPHUBOIHUT K TO-
MY, YTO CTPOMTENbHO-MOHTAXHBIE U TEXHOJOTHYECKHE U3MEHEHUS Ha 00beKTe
MOBBIILAIOT CTENEHb €ro M0KapOB3PEIBOONACHOCTH, @ MOJIHUE3AlIMTa OCTAETCs
6e3 M3MEHEHHIA.

BricokokBanudUIMpPOBaHHBIH HAaA30p 32 MOJIHUE3ALIMTHEIMM YCTPONCTBA-
MH MOXET OBITh JOCTUTHYT Ha TakMX OOBEKTaX, Ha KOTOPHIX B COCTAaBE JJIEK-
Tpolexa co3JjaHa CrenuaabHas rpymnna uin Opuraaa, 3aHMMalomascs BOpoca-
MH 3KCIUTyaTallid MOJHME3alUTHBIX YCTPOHCTB M YCTPOWCTB IO 3alIUTE OT
CTaTH4ECKOT0 JIeKTpU4ecTBa. [JIaBHBII 3HEPreTUK (MM HAYaJbHHUK 3JIEKTPO-
1exa) DoJDKeH pa3paboTaTh MHCTPYKLMIO IO JKCIUTyaTallMH YKa3aHHBIX YCT-
POJCTB, yUHTHIBAIOIIYIO BCE KOHKpETHBIE ocobenHocTH oObekTa. JIuna, mposo-
JSIIME PEBU3UIO MOJTHUE3AIMTBI, JOJIKHBI COCTABIIATL aKT OCMOTPA U IIPOBEPKH
¢ ykasaHHeM OOHapyKeHHBIX Ae(eKkTOB. Pe3ynpTaTel peBH3Hil MOJIHHE3ALIUT-
HBIX YCTPOMCTB IO 3aIllUTE OT Pa3psJOB CTaTHYECKOTO JJIEKTPUYECTBA, MPOBE-
POYHBIX HCIBITAHUH 3a3€MIIIOIIMX YCTPOMCTB, PEMOHTOB M T.I. 3aHOCATCH B
9KCIUTYaTal[HOHHBIH JKypHAJI IPOU3BOJIBHOM (OPMBI.

[Mocne kaxmo#l rposbl ClEAYET TLIATENBHO OCMOTPETh BCE YCTPOHCTBa
MOJIHHE3ALIUTEl B LIEJISX BBIABICHUS MOBpexaeHUH. OOHapyKeHHbIC HEHCIIPaB-
HOCTH ¥ Ae(eKTBI 3aHOCATCS B aKT OCMOTPA M YCTPAHAIOTCH.
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I'naBa 9

3AIIUTA B3PBIBOOITACHBIX ITPOU3BOJACTB
OT PA3PAIOB CTATHYECKOI'O 2JIEKTPUYECTBA

Psy npou3BOACTBEHHBIX MPOIIECCOB C Y4AaCTHEM TBEPABIX, XKUAKHX MIIH Ia-
3000pa3sHBIX AMAIEKTPUUECKUX CPEJl COMPOBOXKAAETCS CTATHIYECKOH dIIEKTpH3a-
ILUEH, T.€. BOSHHKHOBCHHEM H Pa3/ICJICHUEM ITOJIOXKUTENIBHBIX M OTPHIATEIBHBIX
3apsa0B. MHoraa atH 3apsaasl GBICTPO CTEKAIOT B 3€MIIIO, PACCEMBAIOTCA HIIH
HelTpanu3yloTes. B Ipyrux cioyyasx OHM HaKaIUIMBAaIOTCSA M CO3MAIOT IOJIE C
BBICOKOH 3JIEKTPUYECKOH HANPAKEHHOCTHIO, 00yCIOBIMBAOLIEE IEKTPUIECKUE
paspazs! (mpobou Bo3ayxa WM cpensl). B mpousBoAcTBax, CBS3aHHBIX C IpH-
MEHEHHEM JIETKOBOCTIIAMEHSIOIIMXCS M TOPIOYHX JKHIKOCTEH, ra30B ¢ HaIUYH-
€M TOpIOYMX MBUIEH M BOJOKOH, HCKPOBBIE pa3psadbl CTATHYECKOTO 3JIEKTpHYe-
CTBa MOTYT BBI3BAaTh B3PBIB U MOXap. B HEKOTOPHIX Caydyasx CTATHYECKOE JJIEK-
TPHYECTBO MPUBOIUT K Opaky MpOAyKIMH, NMPENATCTBYET YBEIMYEHHIO CKOPO-
CTH pabOoThl MAIIMH ¥ aNIapaToB M, CIEJOBATEIbHO, MOBBILICHUIO MPOH3BOIH-
TeNbHOCTH TpyAa. IIpu onpeneneHHbIX yCIOBHAX pa3psabl CTATHIECKOTO 3JICK-
TPUYECTBA NPUYHHSIOT TPABMbI 00CITYKHUBaIOIIEMY ITEPCOHAIY.

9.1. OBLIME NTPEJACTABJIEHUS OB 3JIEKTPU3ALIUHA

Bo3HHKHOBEHHE CTaTHYECKOIO JJICKTpHYIECTBA — CIIOXKHBIH npouecc, 3aBH-
CAMMUI OT MHOXKECTBa (DaKTOPOB, M B HACTOSIEE BpeMs HET elle CAWHOI Teo-
puH, obBscHsIOmEH 3T0 ABnenue. Haubonee pacmpocTpaHeHa rumores3a 0 KOH-
TAKTHOH 3JEKTpH3alUuH BeuiecTB W MarepuanoB. CorimacHo 3TOi rumorese,
9JIEKTPU3alMsA BO3HUKAET MPH CONPUKOCHOBEHHH JIBYX Pa3HOPOAHBIX BEIIECTB,
o6alaomuX pa3nuyHBIMH ATOMHBIMH H MOJIEKYJISIDHBIMH CHJIAMH TPHTSDKCHUS
Ha MOBEPXHOCTH CONpPHUKOCHOBeHHA. OIHA U3 KOHTAKTUPYIOUIHX MOBEPXHOCTEH
JIOJDKHA OBITH M3 JHANICKTPUUECKOro mMartepuaia. IIpy 3TOM NMpOUCXOAUT mepe-
pacupeziesieHHe 3JIEKTPOHOB WJIM MOHOB BEIIECTB, 0Opasyloliee IBOHHOM Iek-
TPHUYECKHUH CIIOH C 3apsaaMH IIPOTHBOIOJIOKHBIX 3HAKOB.

Opnako 06pa3oBaHHE IBOWHBIX JJIEKTPHYECKUX CIOEB BO3MOXKHO MPU KOH-
TaKTe TeJl ¥ U3 OJIMHAKOBBIX JUAJICKTPUYECKUX MATEPHAJIOB 3a CYET HAJIUYMA Ha
UX MOBEPXHOCTAX 3arpsA3HEHHM, pa3saM4yHOi Temmeparypsl Ten u T.1. Haxons-
muecs B KOHTaKTe Tela ¢ oOpa30BaBIIMMCS Ha TpaHHULE pasjena JBOHHBIM
IEKTPHYECKUM CIIOEM OCTAIOTCS IEKTPHUECKH HEHTpaJbHBIMH, T.€. CyMMap-
HBIH 3apsJ CHCTEMBI MOXKET ObITh paBeH HYJIIO, €CJIU JI0 COMPHKOCHOBEHHS Tela
He Hecsiu u30BITOYHOTO 3apsaaa. Kaxmoe H3 KOHTaKTHPYIONIMX Tel MpHobperaet
JIEKTPUYECKHH 3apsjl, IIIOTHOCTh KOTOPOIO paBHA IUIOTHOCTH 3apsAia, BO3HUK-
IIEr0 JIBOMHOTO 3JIEKTPUYECKOTO CJIOS. 3HAKHM 3apsI0B B3aHMOICHCTBYIOLIMX
TeJ TPOTHBOIOJIOXKHEL 3apsaasl OyIyT OCTaBaThCs Ha MOBEPXHOCTH TEJ IMOCIIE
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MX pa3ie]IeHHs, €CIIH BPeMs pa3pylICHHs KOHTaKTa MeXy HUMHU Oy/eT MEHbLIE
BPEMEHHU peIaKCalliH 3aps/i0B.

IIpy oLeHKe HA’IEKTPH30BAHHOCTH MOJB3YIOTCS YIEIbHOH MOBEPXHOCT-
HOM (Y TBEpABIX AUIICKTPHKOB) MM 00BEMHOH (Y CHITYYHX H JKHAKHX JHIJIEK-
TPHUKOB) IJIOTHOCTBIO 3apsAfa, a B HEKOTOPBIX CITy4asX YACJIbHBIM 3apsazioM,
HPUXOIIIMMCS Ha eIMHUIlY JUIMHBEL HasnekTpusoBaHHbIE Tesla WIIM MX ydacT-
KH, HECylIHe 3aps/Ibl CTaTHYECKOTO DJIEKTPHYECTBA, OKA3BIBAIOT CHIOBOE BO3-
JiecTBHE IpYT Ha Apyra. B okpysxaiouieM MX MpocTpaHcTBe 00pasyercs 3jiekK-
TpUYECKOE T0JIe, IeHCTBHE KOTOPOTO MPOABIAETCS U 00HAPYKHBACTCS MPH BHE-
CEHHH B HETO 3apsHKEHHBIX M HEHTPaIbHBIX MpeaMeToB. OCHOBHBIMHU IapaMeT-
pamH, XapaKTepU3YIOIUMMH 3JIEKTPHYECKOE IT0JI¢ 3apsfoB, SABJIAIOTCA Harmps-
JKEHHOCTB 3JIEKTPHYECKOTO TOJIS U MOTEHIHANIBI €r0 OTAEIbHBIX TOUEK.

KoHTakTHas pa3HOCTh IMOTEHIIMAJIOB HE OJAMHAKOBA M 3aBHCHT OT AMAJICK-
TPHYECKUX CBOMCTB CONpPHKACAIOIMXCA MATEPHAIOB, UX (hPU3HUECKOTO COCTOS-
HHS, BEJIMYMHBI JIaBJICHHUs MOBEPXHOCTEH JAPYT Ha Jpyra, a Takke OT BIaXKHO-
CTH, TEMIIEpaTyphl MOBEPXHOCTH M OKpYy)katouel cpeabl. Ilpu pasaenenuu mo-
BEPXHOCTEH C BO3HHKILEH KOHTAKTHOW 3JEKTPU3aLMel Kakaas M3 HUX cOXpa-
HSAET CBOH 3apsl, a KOHTAKTHAs PAa3HOCThH MOTEHIHATIOB [0 MEPEe YMEHBIICHHUS
€MKOCTH MEX/LY TOBEPXHOCTAMH MOXKET JOCTHYb JECATKOB M COTCH KHIIOBOJIBT.
Tak, mpu MakcuManbHo# mnotHoctr (30 MkKi/m® u Gonee) ypenuuenue pac-
CTOSIHHS MEXIY HadJIEKTPH30BAHHBIMH MOBEPXHOCTAMH Ha | CM MOBBIIIAET pas3-
HOCTb NMOTECHIMAJIOB Ha JIECATKU KHIOBOJIBT. DTUM U OOBACHAIOTCSA BBICOKHE T10-
TEHI[HAJIbI, BCTPEYAIOIIHECs B IMPOM3BOACTBE. DKCIEPHMEHTAMH YCTAHOBJICHO
TaKKe, YTO U3 JIBYX TPYLIHXCS BEIIECCTB MOJIOKHMTEILHO 3apsDKaeTcs TO, Y KOTO-
poro AM3JIEKTpUYecKas MpoHHIaeMocTs Oonbmre. Ecnn BemecTBa UMEIOT oau-
HAKOBYIO JHAJIEKTPHUUCCKYIO POHUIIAEMOCTB, TO 3apsibl HE BO3HUKHYT. B psme
TEXHOJIOTHYECKHUX MPOIIECCOB MOTEHLHAI OTHOCHTENIBHO 3€MIIH (MJIM MPOBOAS-
IIMX METAUIMYECKHUX TeJ, CBA3aHHBIX C 3eMJIEH) NMpU CTAaTHYECKON 3JIeKTpH3a-
LMK JOCTHTAET JCCATKOB KMJIOBOJIBT. HMke NMpHBeleHbl MOTEHLIMATB! OT 3JIeK-
TPHYECKOTO MOJIS CTATUYECKOTO AJIEKTpUYeCTBa, KB.

B kuHO(OTOMIEHOYHO# MPOMBIILLIEHHOCTH 15 u BbiLIE
Ha npeanpusatusx pe3nHOBOI MPOMBILIIEHHOCTH U MCKYCCTBEHHOI KOKH 10-15

B npou3BojCcTBax, CBA3AHHLIX C Pa3MOJIOM, TOHKHM JI00aBI€HHEM H T.I. 10-15
[Ipu pa3OppI3ruBaHHH KPacoK 10
[Tpu Tpennu uesmtynounsa 40
[Ipu JIBHXEHHH PE3WHOBOM JIEHTHI TpaHcnoprepa (co ckopocTsio 4 M/c) 45
Ilpu punbTpaunu cmecu GensuHa ¢ acdaibToM yepes ek 335

TOKH HpH CTATHYECKOH 3JIEKTPU3ALMH COCTABJISIOT OOBIYHO HECKOILKO
MHKpOaMIIep U Aaxke MeHblre. Tak, IpH NMPOTEKaHUH K LUCTEpHaM OeH3HHa 110
TpybonpoBoay Obl1 M3Mepen Tok oT 1 g0 10 MKA M 3TOT TOK OKa3ajcs MpsimMo
IPOMOPIMOHATIEH CKOPOCTH TeueHUs OeH3HHa.
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Crarudeckoe 3JIeKTPHIECTBO MOXKET HAKAIIMBAThCA M Ha JIOAAX, OCOOEHHO
€CJIM Ha YeJIoBeKe 00YBb C HENPOBOAALIMMHE 3EKTPHIECTBO ITOI0MIBAMHU, OZIEHKIA
1 Genbe U3 MIEepCTH, LIeJIKa ¥ HCKYCCTBEHHOTO BOJIOKHA, @ TAKXKe MPH JBIKEHUH
10 TOKOHEMPOBOJAIIEMY MOy M IPH BHINOJHEHUH PYYHBIX OIEpaLHii ¢ AUIJICK-
Tpukamu. [ToTeHnMan U30IMPOBAaHHOTO OT 3EMJIM TeJa YeJIOBEKa MOXET IpEeBbl-
math 7 kKB. MHorzAa (B 3aBUCHMMOCTH OT BH/a IIOJIMMEPA U MHTEHCUBHOCTH TPEHUS
4acTel KOCTIOMa) 3TOT MOTEHLMAI MOXKeT AocTUrath 14-45 kB.

I'unote3a 0 KOHTAaKTHOH Pa3HOCTH MOTEHIIHAJIOB HE MOJXKET JIaTh KOJIHYECT-
BEHHOI, a MHOTZa M KaueCTBEHHOH OLIEHKH mpouecca dnekrpusauuu. OaHako
HapsAIy ¢ 3TOM TUNOTE30# UMEIOTCA U ApyTHE, Ie 00pa3oBaHUe JBOHHOTO JJIEK-
TPUYECKOr0 CJI0S OOBACHAETCA INMOBEPXHOCTHOH OpUEHTaLMed HeHTpalbHBIX
MOJIEKYJI, COACPIKANIMX DICKTPHYECKHE AUIIONH, MbE303JIEKTPUYECKUMH SBJIE-
HHAMH, TPEHHEM HIHM 00pa3oBaHMEM O3JIEKTPOJIUTa Ha KOHTAKTHPYIOIIMX IO-
BEPXHOCTAX ¥ T.A. Takum 0Opa3oM, MpH CTATUYECKOH 3EKTPU3ALUU MOTYT Ha-
6monarecs MPOIECCH], KOTOPBIE MOKA enle M3y4eHbl HEeJOCTAaTOYHO, IMO3TOMY
Juist 60pBOBI CO CTATHYECKHM 3JIEKTPUYECTBOM B KOHKPETHBIX YCIOBHAX TpeOy-
I0TCA NpEABapUTENIbHBIC IKCIIEPUMEHTAIBHBIC HCCIICOBAHUA U ITPOBEPKa Npej-
JI0XKEHHBIX 3alIUTHBIX Mep.

9.2. BOCIVIAMEHSAIOIAST CIIOCOBHOCTb HCKP CTATHYECKOI'O
SJIEKTPUYECTBA U EI'O ®U3HOJIOTHYECKOE BO3/IEUCTBUE
HA OPI'AHHU3M YEJIOBEKA
Korna na pasaciICHHBIX IMOBEPXHOCTAX BEHICCTB o6pa3y10Tc;I SJICKTpHYC-
CKHE 3apsajbl Q U 3TH NMOBEPXHOCTH CTAHOBATCA IINIACTHHAMH KOHIACHCaATOpa C
EMKOCTBIO C, MEXKIYy HUMH BO3HHUKACT HAIIPSXKCHUE U, paBHOE

U=0Q/C, ©.1)

rae U — nanpsokenue, B; C — emkocts, @; Q — 3apsaz, Kir.

Oueprus uckpsl (W, k), ciocoOHOM BO3HMKHYTH MO AEHCTBUEM 3TOTO
HanpsOKeHs (MM HaTpsDKEHUS MEXKIY IUIaCTHHOH M KaKUM-JIHOO0 3a3eMJICHHBIM
peIMETOM), MOXKET OBITH OI[EHEHA 110 3aMaceHHOI KOHIECHCATOPOM SHEPTHU

W,=0,5 CU*, 9.2)

MI03TOMY BOCIUTAMEHSIOUIYIO CITIOCOOHOCTh HCKPOBBIX 3apsIOB XapaKTepU3YIOT B
OCHOBHOM HX 3Heprueif. Oxnako Gopmyia (9.2) He MOXeT OBITH HCIIOJIB30BaHA
JUISL pacyeTa SHEPruu pa3psja MexIy 3apsHKEHHBIMH AMAJIEKTPHYECKHMH IO-
BEPXHOCTSAIMH, TaK KaK TOJBKO YacTh HAKOIUICHHOTO 3apsia Ha IUIJIEKTPHKE
MOXeT OBITh ITepeHeceHa B pa3pse.

Oueprus dW,, paccerBaemas IpH repeHoce 6ECKOHEUHO MaJIoro 3apsja dq
C 3apsDKEHHOM MOBEPXHOCTH, NIPH paspszie paBHA

dw, = Udg, 9.3)
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riae U — pa3HOCTh MOTEHIIHAIOB MEX/IY HaYaJIbHOW M KOHEYHOH TOYKaMHU TpaeK-
TOPHH pa3pana.
[Nonuas sHeprus onpenenseTcs o Gopmyre

W,=[udg. 9.4)

OnpeneneHue IOTHOM 3HEPTHM, BBIJCNCHHOH B paspsie, NMpeacTaBiIseT
3HAYUTENbHYIO TPYAHOCTh, TAK KaK 3apsHKEHHBIC QHINIEKTPUKH UMEIOT HEIKBH-
MOTEHLHATIBHYIO TOBEpXHOCTh. Kpome TOro, moBepXHOCTh 3apsDKEHHOTO H-
9JIEKTPHKA, KOTOpas OTHAET 3apsj, He UMEeT TOYHBIX pa3mepoB. B aTom ciyvac
OHEPTHI0 JJIEKTPOCTATHYECKOTO pa3psfia MOXKHO NMpPUOJIHIKEHHO ONpPEeACTUTb,
eCIIM IpHHATH B Gopmyre (9.4) BMecTo nepeMeHHON U MaKCHMAaJIbHBIH MMOTEH-
LHa] Ha AUJICKTPHYECKO# MOBEPXHOCTH, PaCCYMTAHHBINH 10 NMPOOMBHOMY pac-
CTOSIHHIO JUISL JAHHOM KOH(UTypauuu 3JIeKTpoJoB. [l onpeeneHus MoJIHOro
3apsana, NMepeHOCHMOro B €IMHHYHOM paspsje C 3apsHKCHHOTO IHIJIEKTPHKa,
MOXKHO HCITOJIb30BaTh METOJ OCLIMILIOrPadupOBaHHS.

B HekoTopeIX ciyyasx s NpUOJIMKEHHOH OLEHKH SHEPrHU pa3psioB
CTAaTHYECKOr0 3JIEKTPUUYECTBA C JUIJEKTPUYECKUX TOBEPXHOCTEH MPHMEHSIOT
METOZBl HENOCPEACTBEHHOIO0 KOHTPOJS MCKPOBBIX pa3psJoB CTaTHYECKOIO
JJIeKTpHYecTBa (Ha CIyX, MO0 (PU3HOTOrHYECKOMY BO3/ICHCTBHUIO, BH3YalbHO H
(doTorpadupoBaHueM M Jp.), aHAJMTHYECKHE METO/BI, a TAKXKE 3KCIEPHMEH-
TaJbHOE BOCIIJITAMEHEHHE TOPIOYMX CMECEil 3JIEKTPOCTaTHUYECKHMH pa3psaaMH.
Crneayer OTMETHTB, YTO KCIIEPUMEHTAbHOE UCCIIEOBaHHE BOCIUIAMEHSAIONMEH
CIIOCOOHOCTH ANIEKTPOCTATHYECKUX PAa3psA0B SABIACTCSH Hanbosee 00bEKTHBHBIM
METOJIOM OLIEHKH UX HEPTHH.

PeanbHas BoCIUTaMEHSIOMAsA CIIOCOOHOCTD MEKTPUYECKONH MCKPbI 3aBUCHT
OT KOHLIEHTpPAUHUH, TEMIIEPAaTypbl H JaBJICHUSA B3PBIBOONIACHOH CMECH. Y CIIOBH-
€M BOCIUTaMEHEHHS (B3pbIBa) TAKOH CMECH OT MCKPBI CTaTHYECKOT0 IEKTpHUe-
CTBa ABJISIETCA CIEAYIOIIEE:

Wz Wains 9.5)

rae W, — sHeprust paspsia CTaTHYECKOrO 3JIEKTPHYECTBA C 3apsKEHHOrO Mare-
puasa (3aBHCUT OT CBOICTB MaTepuaia, KOHCTPYKIUH armnapara, TeXHOJIOTHYe-
ckoro mpouecca u Ap.); Wyuw — MUHUMaNbHas 3HEPrus 3a)KHUraHHsS TOproYei
cMecH, 00pa3zoBaHHe KOTOPOif BO3MOXKHO B TAHHOM TEXHOJIOTHYECKOM Ipoliecce
(3aBHCHT TOJLKO OT CBOMCTB ropioueil cMecH M SBJISIETCS XapaKTepHCTHKOI
YyBCTBUTEIBHOCTH €€ K BOCIUIAMEHEHHIO ), OTIPEAEIIACTCS IKCIIEPHMEHTAIBHO.
OOBIYHO MUHHUMAJIBHAS HEPTHs, He0OXOaUMas I BOCIUIAMEHEHMUS ITbLIe-
BO3IYLIHBIX B3PBIBOOIACHBIX CMECEH, BBIIIE SHEPIUH, BOCIUIAMEHSIONIEH Mapo-
BO3IYIIHBIE B3PHIBOOMACHBIE cMecH. Hampumep, Ui MHOTHX Mapo- M ra3oBo3-
JIYIIHBIX B3pbIBOOMAcHEIX cMeceit W, cocrasiser 0,009...2 MJIx, a s neie-
BO3ynIHBIX — 2...250 MJ[x. [IpuMepsl MUHMMAaJIBHBIX YHEPTHH NMPUBOIATCS B
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npui. 1 u 2 [3], a Take B nmpaBuiax [4]. Pa3psmbl cTaTHYECKOro 3JEKTpUYECTBa
HE B COCTOSIHUM BOCILIAMEHATH CMECH ¢ MUHUMAJIBHOH 3HEpTrUel BOCIUIAMEHe-
Hus 100 m/Dx u BbILIE.

Cpennsis HaNpsHKEHHOCTh 3JIEKTPUYECKOTO TT0JIA, MPH KOTOPOH BO3MOXKEH
paspsan, COCTaBJjseT 4.10%...5-10> kB/M s pE3K0  HEOQHOPOJIHOTIO,
1,5-10%...20-10% xB/m s cnaGoneomHopomuoro ¥ 1o 30-10° kB/M i oxHO-
POIHOTO 3MEKTPHYECKOTO MOJIA.

IIpu pasnocTu noreHunanoB 3 KB HCKpPOBOIT pa3psax MOXKET BOCIUIAMEHHTh
MOYTH BCE FOPIOYME rasbl, a MpH 5 KB Takike O0JIBIIYIO YacTh TOPIOYNX IBLIEH.

Crenens 371eKTpU3aLMK MpeaMeTa (MaIMHEI, annapata U T.01.) WM Belle-
CTBa ABJIACTCA OE30MACHOMH, €CIIM H3MEpEeHHas IIOBEPXHOCTHAs IUIOTHOCTH 3aps-
Jla O, HANPMKEHHOCTh 1mojd E wim noreHiuan V Ha mo6oM ydacTke 3TOH Imo-
BEPXHOCTH HE MPEBOCXOJUT JOMYCTHMBIX 3HAYCHHH B 3TOH cpexe. IIpu sTom
JOIyCTUMBIMH CUHMTAIOTCS Takue 3Ha4eHHs O, E u V, mpH KOTOpPBIX MaKCH-
MaabHO BO3MOJXKHAsi SHEPTHA pas3psAia ¢ MOBEPXHOCTH JAHHOTO MpeaMeTa I
BEILECTBA HE INPEBOCXOAUT 1/4 MMHMMAJIBHON SHEPrHH BOCIUIAMEHEHHS OKpY-
JKarome cpepl (HanpHMep, CMECH TOPIOYHX MapoB XKUAKOCTH C BO3TYXOM).

Takum 06pa3oM, CTaTHYECKOE IEKTPHYECTBO MOXKET BBI3BATh BOCILIaMe-
HEHHE B3PBIBOOTNACHOH CMECH MPH COBOKYTTHOCTH CIIEAYIOIUX YCIOBHIA:

HAJIMYHH HCTOYHHKA CTATHYCCKUX JIEKTPHYECKHX Pa3psIoB;

HAKOIJIEHUH 3HAYUTENILHEIX 3apAJ0B Ha KOHTAKTUPYIOMIMX MOBEPXHOCTX;

JIOCTaTOYHOM Pa3HOCTH MOTEHIIUATIOB JUI YJIEKTPHYECKOTO Mpobos Cpesisl;

HAJMYUM JOCTAaTOYHOM 3araceHHO JIeKTPHYECKOH SHEPTuH;

BO3MOXXHOCTH BO3HHKHOBEHHS YJICKTPUUECKUX Pa3psJIOB.

OtcyTcTBHE II000TO M3 YCIOBHH HMCKIIIOYAET MOXAPOB3PBIBOOIACHBIE ITO-
CJIEAICTBHS CTATHYECKOTO ICKTPHYECTRA.

YcnoBue 6e30MacHOCTH OT CTATHYECKOTO HJIEKTPUYECTBA MOXKET OBITH BBI-
pa)keHO HEPaBEHCTBOM

Wu = 094WMHH' (96)

B moxapo- u B3pBIBOONACHBIX MPOM3BOACTBAX PEANbHYIO ONACHOCTH Mpe-
CTaBJIACT «KOHTAKTHAs» JJICKTPU3ALMA JIOJCH, paboTalomux ¢ JBIKYLHMMHUCS
JHUAJIEKTPHYECKMMH MaTepHasiaMH (TIPH MPOPE3MHUBAHUM TKaHEH, MOKPBITUH pe-
3HHON KOP/OB Ha KalaHJpax, 00paboTKe CHHTETHYECKUX TKAHEH M HUTEH, MoJu-
MEpHBIX IUICHOK U T.1.). Ha yenoBeke HaKaruIMBaeTCs CTaTH4ECKOE JIEKTPUIECT-
BO, KOTOPOE MpH COMPUKOCHOBEHHH YeJIOBEKA € 3a3€MJICHHBIM IPEIMETOM BBI3bI-
BAaeT UCKPBI M BOCIUIAMEHEHHE CMECH. DHEprus pa3psja 3TOH MCKpPBI MOXET CO-
ctaBATh 2,5-7,5 m/x. Kpome Toro, Takoe 37JeKTpHYECTBO OKAa3bIBACT HEMPUSAT-
HOe (M3MOJIOTHYECKOe BO3ICHCTBHE Ha YeIOBEKa, BHI3bIBAS Cllabble, yMEpEHHbIC
WIN CHJIBHBIC YKOJbI MJIM YZaphl, 3aBUCAIIME OT JHEPTruM paspsga. Tak kak TOK
IpH TOM HE3HAYUTENIEH, YKOJBI M YIapbl HENOCPEACTBEHHYIO ONAcHOCTh I
4esioBeKa He TpeAcTaBiAioT. Ho M3BECTHBI CiIyyau C TAKENIBIM MCXOHOM, KOT/Ja
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MCKpa, MPOCKAKUBAIOLIAs MEXK/IY TEJIOM HeJIOBEKa U 3apsHKEHHBIM 00BEKTOM, Bbl-
3bIBAET HCITYT, COMPOBOXAAIONIHICA HENPOU3BOJILHBIMH HECKOOPAMHUPOBAHHbI-
MM JIBIDKCHHSMH H COIPHKOCHOBEHHEM C HEOTOPOXKEHHBIMH BPAIIAOIIMMUCH
YacTSAMH MalllUH, aJCHHE C BBICOTHI U T.II. JITHTENbHOE BO3JCHCTBHE CTAaTHYe-
CKOTO0 3JIEKTPHYECTBA ABJACTCSA PHUNHOI psina 3aboieBaHHH.

PacueTHas 3aBHCHMOCTb, [TOKA3bIBAIONIAs], IPH KAKOM 3HaUYCHUH OyIeT cy-
IIECTBOBAThH ONACHOCTh (PM3MOJOTMYECKOTrO BO3JACHCTBHMA Ha 4Ye€JIOBEKa W IpU
KaKoM MOTEHIIHaJe BOZHUKACT OMACHOCTh BOCIJIAMEHEHHUS HEKOTOPBIX FOPIOYHX
cmeceit, npeacraBiaeHa Ha puc. 9.1. I'panuipl 30H BUIOB (HU3HOIOrHYECKOTO
BO3IEHCTBHS HECKOJIBKO YCIOBHBI, TaK KaK 3TO BO3JCHCTBHC 3aBHCHUT OT OCO-
OeHHOCTEll YeIoBeYecKoro opraHu3Ma M creuudukH nmpoussoicTsa. [lostomy
JIOIMYCTHMBIM MOTEHIHAJIOM Ha 4YeJoBeKe 10 (U3HOIOrHYECKOMY BO3AECHCTBUIO
CYHUTAIOT Vjyon = 4...6 kB. JlomycTHMBIii e MOTeHIHal 110 M0Kapo- H B3pBIBO-
OMAacHOCTH i HEKOTOPBIX Cpel OnpeleseTcs HeMmocpeACTBEHHO M0 KPHBOMH
(cm. puc. 9.1).
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Puc. 9.1. 3aBHCHMOCTB IHEPrHM NEKTPHYECKOro pa3psja ¢ Tea YesoBexa
1 (DU3HOJIOrHYECKOr0 BO3JEHCTBUS OT MOTEHLMAIA 3apA/I0B
CTAaTHYECKOr0 3JIeKTPHYECTBA

YTo0BI MCKIIIOUUTH (OPMUPOBAHUE BOCIUIAMEHSIONINX Pa3psI0B C YeIoBe-
Ka, HeoOX0oqUMO obeceduTh OBICTPYIO yTeuKy 3apanoB. C 3Toil 1enbio yMeHb-
IIAIOT COMpPOTHBIIEHHE 00YBY M Moja. B mpomu3BozicTBax, Tjie CyulecTByeT omnac-
HOCTb BOCITAMEHEHHS B3PBIBOOMACHBIX CMECEH pa3psAaoM C uesloBeKa, Heo0Xo-
quMo obecrieduBaTh paboTAIOUMX 3JIEKTPOIPOBOAAIICH (aHTHCTATHYECKON)
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00yBBIO (HampuMep, ¢ KOXKAHBIM BEPXOM M IOJOLIBOI M3 JICKTPONPOBOIALICH
PE3HHOBOH ITACTHHBI).

OO0yBb CUHTaETCS 3IEKTPONPOBOSILEH, ECIIH 3JIEKTPUIECKOE COMPOTHBIIE-
HHE MEXIY JJIEKTPOJOM B (JOpME CTEIbKH, HaXOAAMMCS BHYTpH 00yBH, U Ha-
PYXKHEIM 371ekTposioM Merbie 107 Om.

IToxpeiTHE MoNa CYMTACTCA NIEKTPONPOBOAAMIMM M3 OETOHA TOJIIMHOM
3 cM, cren6eToHa WM MEHOOETOHa, KCHIIONNTA, HACTHJIA M3 aHTHCTaTHYECKOM
PE3MHBI U T.1.

Ocoboe BHHUMaHHE YCTPAaHEHHIO JICKTPHYECKOro 3apsiia C 4elloBeKa clie-
JYET YAEJATH IPU BBIMOJHEHHH HEKOTOPHIX PYYHBIX ONepauuii (IpOMBIBKaA, YH-
CTKa, NPOTHPKA, MPOKJICHBAHKE, TMPOPE3UHUBAHHE) C NPUMEHEHHEM OeH3MHa,
6en3ora, aleToHa, pe3HHOBOTO KJIes U T.11.

9.3. MIPUBOPBI VIS UBMEPEHUS ITAPAMETPOB CTATUYECKOI'O
SJIEKTPUYECTBA

DneKTpuyecKkre M3MepeHHst HeOOXOAUMBI I W3YYeHHA MPHYMH H YCJIO-
BHI JIEKTPH3ALMH M IMOCTOSHHOTO KOHTPOJIS 3JIEKTPOCTATHYECKUX BEIMYMH:
Pa3sHOCTH MOTeHIMaNoB U MeXy 3apsyKeHHBIM TEJIOM M 3eMJIeH HIIH 3a3eMIICH-
HBIMH TIPEIMETaMH; MOBEPXHOCTHOH IUIOTHOCTH 3JIEKTPUYECKHX 3apsA/I0B O H
HAMpsHKEHHOCTH 3JIEKTPHYECKOTro mois E.

VkazarensMu 3IeKTPUYECKUX MOTEHIMAIOB CIyXaT pa3iHYHbIE MEXaHHU-
4ecKkHe (JIeTIECTKOBEIE, CTPENIOYHBIE, CTPYHHBIE, KBAPAHTHBIE) U 3JIEKTPOHHBIE
JNIEKTPOMETPHL. B MeXaHHYECKHX 3JIeKTpOMEeTpax U3MepsAeMbIi 3apsaj 1mojaeTcs
Ha OJMH U3 Maphbl 3JICKTPOJOB, KYJOHOBCKOE B3aUMOJAECHCTBHE KOTOPHIX (DUKCH-
pyercs pa3nMYHBIMH MeTofamMM. Hanpumep, mpuHIMI AeHCTBUSA KBaJpPaHTHBIX
9JIEKTPOMETPORB TIOJIOKEH B OCHOBY 3JIEKTPOCTATHYECKHX BOJBTMETPOB. DJIEK-
TPOCTATUYECKUIT 3apsA/ BO3/ICHCTBYET Ha MOABHKHBIH CEKTOPHBIH JIEKTPO, KO-
TOpBII 1MOJ] BO3/CHCTBHEM KyJIOHOBCKUX cuil nepemertaercs. [1o yrimy moBopora
CYZAT O BENMYMHE M3MepAeMOro HampspkeHus. IIpu 3ToM moTeHuual, Mokasbl-
BaeMblii MpHOOPOM, HEJIb3sl CUMTATh MOTEHIMAJIOM 3apsHKEHHOTO TeJia, TaK Kak
BXOJIHasi EMKOCTb €r0 NMepPeMEHHa ¥ BHOCHT MOrpemHOCTh. OCHOBHBIE XapaKTe-
PHCTHKH BBIITYCKAEMBIX POMBIIIIEHHOCTBIO 3JIEKTPOCTAaTHYECKHX BOJIBTMETPOB
npuBeseHs! B Tabu. 9.1. Bpems ycrnokoeHus y Bcex — 6 ¢, KJ1acc TOYHOCTH — 1.

Tabnuua 9.1
Tun npubopa KoneuHoe 3HaueHne paboueii yacTH wkansl, KB BxozHas emkocTb, nd®
C50/1 0,08 10
C50/2 0,075 7
C50/3 0,15 7.
C50/4 0,3 7
C50/5 0,6 4
C50/6 1,0 4

334



Okonuanue 1abiu. 9.1

Tun npubopa KoneuHoe 3Hauenne paboyeii yacty wwkansl, KB Bxoauxas emkocts, n®
C50/7 1.5 4
C50/8 3,0 4
C50/9 0,45 4
C196 7,5-15-30 12

[Tpumeuanue. Boimyckatotcs npubopsl C53 knacca TounocTH 0,5, HMEIOLIKE TaKYIO Ke
Mouukaumio, kak npubopsr Tina C50.

DNEKTPOHHBIE JJIEKTPOMETPEI MO3BOJIAIOT U3MEPATH 3JIEKTPOCTATHYECKHE
BEJMYMHBI 6€3 HEMOCPEJCTBEHHOr0 KOHTAKTa C 3apshKEHHBIM TenoM. B mpo-
CTEHIIMX CTaTHYECKUX HHIYKIMOHHBIX 3JIEKTPOMETpax ¢ rnpeobpasoBaHueM
BXOJIHOTO CHTHAJIa yJAJECHHBIN OT 3apsHKEHHOH JUAICKTPUUECKOH MOBEPXHOCTH
KOHel[ MPOBOJHHMKA-IAaTYHKa COCAMHEH C CETKOH 3JICKTPOMETPHYECKOH JIaMIIbl
HJIM TI0JIEBOTO TpaH3ucTopa. [103ToMy MHIyIMpOBaHHEIN Ha HEM 3apsl Onpesie-
JISIeT TOK aHOJIa JIaMIIbl (TOK TpaH3HCTOpa).

ITo Ttakomy npunuuiry paboraer npubop I1K2-3A, co3manHelii Hay4HO-
UCCIIeJOBATeIbCKUM HHCTHTYTOM OXpaHbl Tpyaa. IIpuGop mporpamyupoBaH B
€IMHHIaX MTOBEPXHOCTHOTO MOTEHIMaNa M IUIOTHOCTH 3apana. Jluamason 0,1-
50kB (0,2-20 mxKn/m®) mepekpsiBaetcst Tpems npemenamu: 0,1-1 kB; 0,5-
10 kB; 1,0-50 xB. Ilepeiitu ¢ ogHoro mpejena Ha APYroif MOXHO C MOMOIIBIO
CMEHHBIX HacaJloK C JAMCKOBBIMM IMadparMamu, HaJEBACMBIX Ha MEPEIHIOI0
WINHAPHYECKYIO 4acTh MpuOopa, BHYTPH KOTOPOH HaXOAUTCS 3JIEKTPOMETPH-
qeckas JlaMIla B TePMETHYHOM cTanbHOM 3kpane. [Ipubop me moxer mpume-
HATBCS BO B3PHIBOONACHBIX 30HaX. XapaKTEPUCTHKHM HEKOTOPBIX NPHOOPOB
IpHBEeHb! B Tab. 9.2.

Tabnuua 9.2
[Tpubop XapakTepucTiKa npubopa u n3mepesua
HHaukaTop CTaTHYECKHX 3apsiioB THIA:
UCIIN-4 ITorenunan 3apsxenHoi nosepxuoctu 10 50 kB.
[Turanue 6atapeiinoe. B3pbiBO3aLHILIEHHBIH.
MUDII-1 u MUDII-2 ITorenuman no 40 xB. be3 nuranus.
B3peiBo3ailMILeHHbIHA
.CTaTuyeckuii BONBTMETP C JaTYHKOM Hanpsokenue 0,03-3 kB. Ilutanue 6arapeiinoe
CM-2/C-95 1,6 B. B3pbiBo3auuuieHHbli
DneKTpoMeTp NEKTPOHHOIO THA: -
[K-2-3A [ToTeHiman MOBEPXHOCTH M Tela YesoBeKa 10
50 xB. IloBepxHocTHblii 3apsn 0,2-20 miKn/m?
I12-1 Hanps»XeHHOCTb 2NeKTPUYECKOro Mos 10
50 kB/m. [Turanue 3-127-220 B
I12-2 Hanpsxenue 110 2,5 kB. [Turanue Gatapeiinoe
1,6 B. B3pbiBo3aiuieHHbl i
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OkoHuanue Tabn. 9.2

[lpudop XapaxTepucTika npubopa 1 u3MepeHns
HCOII-9 HanpseHHOCTh JIeKTPHYECKOro noJis /10
260 kB/m. Iutanue Garapeiinoe 1,5 B. Bapeiso-
3allMILIEHHBIH

JlmnaMuyeckuit SIEKTPOMETp C Bpa-
IAIOIIMMCS IKPAHOM:

BUH3II-2 Hanpsi»eHHOCTb 3JIEKTPHYECKOro nois
3-2400 kB/m. TTuraune Gatapeitnoe 9 B. B3pbi-
BO3alLMILIECHHbII

WHOII-1 HanpsKeHHOCTb 3/IeKTPHYECKOro MoJis
4-2500 kB/m. ITuranne 127/220 B.
I13C3-73 Hanpsokenue 10 15 kB. Iutanue 220 B. Cxa-

Thlii Bo3ayx 4 klla

ITo ycnoBusaM moxkapo- U B3peIBOOE30MaCHOCTH NMPUOOPEI JUIA 3IE€KTPOCTa-
THYECKMX HM3MEPECHHUH BO B3PBIBOONACHBIX 30HAX JIOIDKHBI HMETh COOTBETCT-
BYIOIHH ypOBEHb U BHJ{ B3PBIBO3ALIMTHI, @ UX JATYMKH (B YaCTHOCTH, y Iepe-
HOCHBIX TMPHOOPOB) ITOIKHBI COOTBETCTBOBATH TPEOOBAHMAM 3IEKTPOCTATHYC-
cKOM HcKkpobe3omacHocTH. JlaTuuk nmpubopa CUMTAIOT MCKPOOE30MacHBIM IS
JTAaHHOM B3PBIBOOIIACHOH CMECH, €CITU MCKPOBOH pa3psj Ha HEro ¢ MeTajuiuye-
CKOro 3J1eKTpoja, uMeroniero norexnuan 50 kB u emxocts 60-100 n®, BEI3bIBA-
eT BOCIIaAMEHEHHE 3TOif CMECH C BEPOATHOCTHIO He Gomee 107 (6o sHeprus
9THX 3apsANOB, 10 KpaiiHel Mepe, B 2,5 pa3za MEHbIIE SHEPrHH BOCIIAMEHCHUS
cmecu).Tak, natauk npudopa MCITH-4 ¢ oTKIOHEHHEM 3JIEKTPOHHOIO IOTOKa B
BaKyyMe MOKpBIT TOJICTBIM CJI0eM JAM3JIeKTpHKa ((propomnacrom), uto obecre-
YHMBAET 3JIEKTPOCTATHUYECKYI0 HCKpobezornacHocTh. B mpubope CM-2/C-59
B3PBIBO3AILMTA JOCTHIHYTa ITyTeM 3aKJIIOUEHMS DJIEKTPOCTaTHYECKOTO BOJIBT-
merpa C-53 BO B3pBIBOHENPOHUIIAEMBIIT KOPITYC, a CIIelManbHOe TOKPBITHE 1aT-
yuka (Hampumep, (TOporIacT) 0OecrneuuBaeT ero MEKTPOoCTaTHYecKyto 6e3o0-
macHocTh. B3priBo6e30macHOCTh Hpoliecca U3MEpPEHHs JOCTUTAeTCs B TOM CIIy-
yae, KOTJa BO B3PBIBOOMACHOI 30HE MPUMEHAETCA UCKPOOEe30macHblit JaTUHK, a
caMm npubop (Hanpumep, CTaATHYECKUH BOJBTMETP JIIOOOro THITA) yCTaHaBIHBA-
eTcsl B HEB3PBIBOOIIACHOH 30HE.

9.4. ClIOCOBbI YCTPAHEHUSA OITACHOCTH CTATHYECKOI'O
JIEKTPUYECTBA

CoryacHO JeHCTBYIOIIMM NpaBuiam [4], 3amuTa oT pa3pAa0B CTaTHYECKO-
ro 3JEeKTPUYECTBA JOKHA OCYLIECTBIATHCSA BO B3PBIBO- M OXKAPOOMACHBIX
MPOM3BOACTBAX ¢ HanMuueM 30H kyaccoB B-I, B-Ia, B-II, B-Ila, I1-I u II-II, B
KOTOPBIX IPHUMEHSIOTCSA U BBIPAOATHIBAIOTCS BENIECTBA C YACIBHBIM 00BEMHBIM
IEKTPHYECKHM COTPOTHBICHHEM, mpesbimaionmM 10° Om-M. B ocrambHbIx
CIydasx 3aUlMTa OCYILECTBISETCS JHIIb TOTJA, KOTAA CTATHYECKOE dIEKTpHYe-
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CTBO NPEACTAB/IICT ONaCHOCTH JUIA o6cny>xuna}ol.uero repcoHaia, OTpuLaTeiab-
HO BJIHSAET Ha TEXHOJOTHYECKHUIT TPOLECC HIIM Ka4yecTBO MPOAYKIMH. OCHOBHEI-
MH CITOCO0aMH YCTpaHEHH OMaCHOCTH OT CTATHYECKOTO 3JICKTpHUYECTBA (B Cco-
OTBETCTBHUH CO CTCIICHBIO 3(1)(1)CKTHBHOCTH M 4aCTOTOM HpHMCHeHH}l) ABJIAKOTCA:

3azemieHHe 060pyAOBaHMA, KOMMYHHKALHH, annapaTtoB U COCYJOB, a Tak-
ke obecrieyeHue MOCTOSAHHOTO EKTPUYECKOTO KOHTAKTa C 3a3eMJICHHEM Tesa
YeJIOBeKa;

YMEHBIICHHE YAEIbHOT0 00BEMHOT0 M IOBEPXHOCTHOTO 3JIEKTPHYECKOTO
COTPOTHUBJICHHS ITyTEM IOBBIIICHHUS BJIAXHOCTH BO3IyXa MM NMPUMECHEHHA aH-
THUCTAaTHYECKUX TpHUMecei;

MOHM3ALMs BO3yXa WM CPEZibl, B YaCTHOCTH, BHYTPH aIrapara, cocyia v T.1.

Kpome 3tix croco6oB npuberarotr K JOMOJHUTEIBHBIM, HAIOLIMM B KOH-
KPETHBIX CITydasX HYXHBIHA 3 (eKT npH onepanuax ¢ KHUAKHMH, raz000pa3HbI-
MH ¥ CBITyYHMH MaTepHaJaM{ M BelleCTBaMHU: MpeAOTBpalieHre 00pa3oBaHusA
B3PBIBOOINIACHBIX KOHLEHTPAIMH, OTpaHHYEHNE CKOPOCTH JIBHIKEHUS JKHIKOCTH,
3amena JIBXX Ha Heroproune pacTBOPUTENH H T.A.

INpakTiyeckuii croco6 ycTpaHeHHs! OMACHOCTH OT CTaTHYECKOTO 3JIeKTpHYe-
CTBa BEIOMpaeTcs ¢ y4eToM 3¢ (GeKTUBHOCTH M SKOHOMHYECKO# 11e71eco00pa3HOCTH.

3azemiieHue

3azemieHue — Haubosiee YacTo NMpUMEHsAEMas Mepa 3allUUThl OT CTaTHye-
CKOTO JJIEKTPHYECTBA, €ro LENbI0 ABJIAETCSH YCTpaHeHHe (OPMHPOBAHMA SIIEK-
TPHYECKUX Pa3psoB ¢ MPOBOJAIINX 31eMeHTOB obopynoBanus. ITostomy Bce
MPOBOJANINE YacTH OOOPYNOBAHHA M JJIEKTPOIPOBOJHLIC HEMETAIIHYECKHE
NpeaMETH MOAIeKaT 0043aTeILHOMY 3a3€MJICHHIO, HE3aBUCHMO OT TOTO, MPH-
MEHSIIOTCS JIH JIPYrHe CIOCOOB! 3alIUThI OT CTaTHYECKOTO 3JIeKTpHYecTBa. 3a-
3eMJIATH CIIEAYET HE TOJBKO T€ 4acTH 000pYA0BaHHS, KOTOPHIE YYaCTBYIOT B Te-
HEPHUPOBAaHHMH, HO M BCE JAPYrHe, TaK KaK OHH MOTYT 3apsAMTHCS 10 3aKOHaM
9IEKTPOCTATHYECKON HHAYKUMH. Bo MHOrMX CiIydasx MHIYLHMPOBAHHBIC 3apsi/Ibl
Gosee OImacHsI, YeM 3aps/ibl, KOTOPhIE SBIAIOTCS TPUYMHOM UX 00pa3oBaHHs.

B ciywasx, korga o60py10BaHHE BBIMTOJHEHO W3 MPOBOISIIMX 3JICKTPHUE-
CKHMH TOK MaTEepHaJIOB, 3a3eMJICHHE SIBIIIETCS OCHOBHBIM M MOYTH BCET/la HOCTa-
TOYHBIM Ccr1ocoboM 3amuTel. OcobeHHO 3(PHEKTHBHO 3a3eMIICHHE TOKOIPOBO-
JAIMX YacTed 000pyaoBaHMs NPH MepepaboTKe BENIECTB C YAEIBHBIM COMpPO-
TuBnenneM He Gomee 10° Om-M s xmmkocreit u 10" Om-M s TBEPABbIX TEJL.
Ecnu jxe Ha BHeIIHel MOBEPXHOCTH MM BHYTPEHHUX CTEHKAX METATHYECKHX
anmnapaToB, pe3epByapoB M TPyOOIPOBOJOB 00pa3yrOTCs OTIOXKEHHS HENpOBO-
JAIIMX BENIECTB (CMOJIBI, IJICHKH, OCAJKH), 3a3eMJICHHE CTaHOBUTCS Heddek-
THBHBIM M CO3/1a€TCS JIOKHOE BIIEYATICHHE O HAJIC)KHOCTH U Oe3omacHocTy. 3a-
3eMJICHHE HE YCTPAHSET ONAcHOCTH M B CJIydae NPUMEHEHHs annapaToB C 3Ma-
JIMPOBAHHBIMH H IPYTUMH HEAJIEKTPONPOBOAAIIMMH TOKPBITHAMH.
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Hemerannuueckoe 00OpynOBaHHE CUMTACTCA 3JIEKTPOCTATHYECKH 3a3€M-
JIEHHBIM, €CJIH COMPOTHUBIECHHE PACTEKAHHIO TOKA Ha 3eMJIIO C JTIOOBIX TOYEK €ro
BHENIHeif ¥ BHyTPEHHeH MoBepXHOCTH He mpesbimaer 10’ OM IpH OTHOCHTENB-
HOH BIaXHOCTH BOo3myxa He Beiie 60 %. Takoe conpoTuBieHue obecreynBaet
HeoOX0MMOe 3HauCHHEe TOCTOSHHOM BPEMEHHM PENaKCallMy B IIpeJieNax AecATOi
JOTM CEKYHIbl B HEB3PBIBOOIIACHOH M TBHICAYHBIEC JOJH CEKYHJIBI BO B3PBIBO-
omnacHo# cpene. ITocTosHHas BpeMEHM pesaKcalyu T CBA3aHa C CONMPOTHBIICHHU-
€M r 3a3eMJICHHs MpeaMeTa WM 000pyHAOoBaHHA M ero eMKocThio C COOTHOIIE-
Huem T = rC.

Ecmu emkocts C Masia, COMPOTHBICHHE PAaCTEKaHHIO TOKAa MOXET OBITh
Boime 107 Om. C ydeToM 5TOH BETHYHHEI PACCUMTHIBAIOTCS MAKCHMAIBHO J0-
ITYCTUMEBIE 3HaYEHHS COMPOTHBIICHHH 3a3EMIIAIONIMX YCTPOHUCTB.

Tpy6onpoBozibl Hapy>XHBIX YCTaHOBOK (Ha 3CTakajax WJIH B KaHalax),
obopynoBaHue ¥ TPyOONPOBOJBI, PACIONOKEHHEIE B [IeXaX, HODKHEI IIPEICTaB-
JIATh HAa BCEM IPOTSHKEHHH HENPEPHIBHYIO JJIEKTPHYECKYIO LEeNb U MpPUCOeIH-
HATBCA K 3a3eMIIAIOIIMM ycTpoicTBaM. CUMTaeTCs, 4TO NEKTPUYECKas MPOBO-
JMMOCTH (ITAHIEBBIX COEAMHEHHH TPYOOIPOBOMOB M aNIapaToB, COCTUHEHHI
KpBIIIEK ¢ KOPITyCAMH almapaToB M T.II. JOCTATOYHO BBICOKA (0OBIYHO He Goiee
10 Om) u He TpebyeTcs yCTAaHOBKHU CHELHATbHBIX MapalIeIbHBIX TepeMbIYekK.

Kaxpmas cucrema ammapatoB M TpyOOIPOBOZOB B Mpefenax Lexa JOoJDKHA
OBITH 3a3eMJICHa HE MEHee YeM B JBYX MecraX. Bce pesepByapbl M eMKOCTH
BMECTHMOCTBIO Gosee 50 M’ u auameTpoM Oomee 2,5 M 3a3eMIISIIOT HE MeHee
9eM B JIByX IMPOTHBOIOJIOXKHEIX TOYKaX. Ha MOBEpXHOCTH rOprOYMX KHUIKOCTEH
B pe3epByapax He JOJDKHO OBITh IIIaBAIOMIMX ITPEAMETOB.

HanuBHBIE CTOSKH 3CTaKaj sl 3alIOJHEHUSA XKEIEe3HOJOPOXKHBIX HUCTEPH
PEIIBCHI JKEeJIE3HOIOPOXKHBIX ITyTeH B MpeenaX CIMBOHAIMBHOTO (POHTA JOJKHBI
OBITh ANMEKTPUIECKH COEAMHEHBI MEXY COOOH U Hale)KHO 3a3eMIICHBl. ABTOLIUC-
TEpHBI, HAIMBHBIC CYyJIa, CAMOJIEThI, HAXOALIMECS 1T0J] HATMBOM HJIH CIIMBOM TO-
PIOYHX JKHUIKOCTEH M COKMXKEHHBIX Ta30B, HOJDKHBI TakXke 3a3eMiIaThes. KoHTakT-
HBle ycTpoiicTBa (0€3 CpeAcTB B3PBIBO3AIIMTEI) VIS MPHCOCAHHEHHS 3a3eMILAI0-
IIUX MPOBOJHUKOB JOJKHBI OBITH YCTAHOBJICHBI 3a MpEJENaMH B3PbIBOONACHO
30HBI (He MeHee 5 M OT MecTa HanuBa MM ciauBa [1]). Ilpu 3ToM npoBoaHHMKH
BHAYaJle MPUCOEAHHAIOTCS K KOpIycy OOBEKTa 3a3eMIICHHS, a 3aTeM K 3a3eM-
JsoLeMy ycTpoicTBy. I[IpuMeHseMsle UIs 3THX LIelei 3aXKHUMbl, PO3EeTKH, Mar-
HUTBI U IpyTHE MPUMUTHBHEIC YCTPOHCTBA M MPUCTIOCOOICHHS HE OTBEYAIOT Tpe-
OOBaHMAM 3JIEKTPOCTATHYECKOH HCKPOOE30MacHOCTH M HE HMMEIOT COOTBETCT-
BYIOIMX Pa3pelINTENbHBIX JOKYMEHTOB (JIMLEH3HH, CBUACTEIBCTBO 00 3JIEKTPO-
CTaTHYECKOM HCKPOOE30MacHOCTH M B3PBIBO3AIIUTE, CepTH(HUKATH KayecTBa W
T.J.) Ha MPaBO MX U3TOTOBJIEHUS U IPUMEHEHHS BO B3PBIBOOIIACHOI 30HE.

KpoMe TOro, MMEIT MECTO CYIIECTBEHHbIE KOHCTPYKTHBHBIC pPa3IHYIHA
YCTpOMCTB it 3a3zemyieHus aBTouuctepH (ALl) Ha Hedrebazax m aBTo3ampa-

338



BOYHBIX KoMiulekcax (A3K) oT aHaJTOrMYHBIX Ha aBTO3ANPaBOYHBIX CTAHLMAX
(A3C) obmero moip30BaHMsA U BEAOMCTBEHHBIX TYHKTOB 3aMPaBKU TOIIHBOM.

[TomoOHBIe paznHyMs CyHIECTBYIOT M mpu obopymopanuu All 3azemisio-
IIMMH IPOBOJHUKAMH, KOHCTPYKTHBHO HENPHUTOJHBIMHU Uil MPUMEHEHHS TPH
HanuBe TOIUIMBa Ha Herebase (i A3K) miu npu cnuse ero Ha A3C.

Takum oOpazoM, MpUMEHsAEMBIE 10 CHX ITOP UIM 3THUX Leei 3a3eMIIsAIomue
ycTpoiicTBa He ofbecneynBaroT TpebyeMOro ypoBHs M0OKapoB3phIBOOE30MacHO-
CTH TEXHOJIOTHH HaJIMBa WM CJIMBA TOIUIMBA H Apyrux JIBXK.

B nensx ycrpaHeHHs yKa3aHHBIX HEIOCTATKOB M HapyIIeHHH TpeGoBaHMA
noxapHoii 6e3omacHoctu [35, 36, 37] B Hacrosiee Bpems pa3paboTaHsl M ce-
PHHHO BBIMTYCKAIOTCA CNELMANbHBIC YCTPOHWCTBA 3a3€MJEHHA aBTOLUCTEPH
(Y3A) TunoB Y3A-2MH, Y3A-2MK u Y3A-2MK-03. Y3A cOOTBETCTBYIOT
tpeboBanusam 'OCTos [14, 18, 20, 38, 39], apnsr0TCsS B3pLIBO3AUIUILEHHBIMH C
MapkupoBko# coorBercTBeHHO 1EXSIIT6 mn 1Exsi,IICT6 mMoryT ycraHaBIMBaTh-
¢S BO B3pBIBOOINACHBIX 30HaX Kiacca B-Ir [1]. Y3A umeror HeoOxoaumele pas-
pEIIUTENBHBIE JOKYMEHTHI Ha MX M3TOTOBJICHHE M IMPHMEHEHHE: pa3pelieHHe H
muuensuio [ocroprexHans3opa, CBHICTENBCTBO O B3PHIBO3ALIMIIEHHOCTH H
HIIEKTPOCTATHYECKOH HCKPOOE30MacHOCTH.

V3A coCTOMT M3 CaMOTro 3a3eMIISIONIEr0 YCTPOHCTBA, YCTaHABIMBAEMOTO B
30HE HAJTMBHOTO cTosika HepTebass! (min A3K) mim cnusHoro ycrpoiicta A3C,
3a3eMJISIIOIETO IPOBOAHHMKA, HMEIOIIETO C OJJHOH CTOPOHBI HAKOHEYHHK, 3aKpe-
IUIIEMBIH JKECTKO Ha aBTOLMCTepHE GonToM M6, a ¢ Ipyroil CTOPOHBI — CIeLH-
anpHBIH KoY. [Ipeoxpanenue Kil04a B TPAHCIIOPTHOM IOJIOXKEHHH obecreyn-
BaeTCs CICHUATbHBIM JIepXKaTesIeM, 3aKperuleHHbIM Ha ALL

V3A BBINOIHAET CHemayromue QyHKIHN:

Y3A-2MHU 3a3emnser aBTOLUCTEPHY, OIOKHUPYET CHCTEMY HaMBa (CIHBa)
¥ MHGOPMUPYET O HAIMYHU 3a3eMJICHHS IIPU MOMOLIM CBETOMHAHKaTOpa. [IpH-
MEHsETCS NPH HAIMBE WIIH ciMBe HedTenpomaykToB Ha Hedrebasax (mmu A3K) u
A3C.

V3A-2MK" 3azemnsier aBToucTepHy, GIOKHPYET 3aImyck CHCTEMBI HATHBA
(crMBa), KOHTPOJIUPYET LEIOCTHOCTD LEMH «TPAHCIOPTHAA eMKOCTh — Y3A» U
HHULUPYET NMpH MOMOIIH CBETOMHAMKATOpa 0 3a3emieHud ALl IIpumensercs
MIPU HaJIMBE WK CIMBE HeTenpoaykToB Ha Hedrebazax (nim A3K) u A3C.

Texuudeckue xapakTepucTHk Y 3A npuBeseHs! B Tadi. 9.3.

C y4eroM MalbIX paspsHBIX TOKOB MPH CTaTHYECKOH 3JIEKTPH3aLMH JI0-
IIyCKAaeTCs CONPOTHBIIEHHE 3a3eMiisttoniero ycrpoiictsa 1o 100 Om. Onnako no-
IyCTHMOE COIPOTHBIICHHE 3a3eMJICHHS, ONpPee/IIEMOe CKOPOCTHI0 HAKOTUICHHUS
JJIEKTPHYECKUX 3apsAI0B, MOXET COCTaBJIATH 107 Om. IIpu TakoM compoTuBIe-
HUHM YNAIsIOTCA 3apsafbl, HakaruiMBaromecs co ckopocteio 100 mMxKi/c.

* Moandukauus Y3A-2MK-03- paGoraeT Ha aBTOHOMHOM /EKTPONUTAHHA H HE Tpe-
OyeT nHUTaloIeH NeKTPOCETH.
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OGBIYHO e CKOPOCTh HAKOTIICHUS 3apsI0B, HAIPUMED, IIPH ITepeKauKe KHIKHX
YIJIEBOOPO/IOB, 3HAYHTENLHO HIDKE H YacTO PaBHA OJHOMY WIIM HECKOJIBKHM
MHKPOKYJIOHaAM B CEKYHIY. Ecnu 00BexT 3alMIIAaI0T OMHOBPEMEHHO H OT BTO-
PHYHBIX BO3CHCTBHI MOJIHUH (C MCIOIB30BaHIEM OOIIEro 3a3eMIICHH), TO CO-
NPOTHBJICHHE TAKOTO 3a3eMJICHUSI YCTPAHUT (OPMHPOBAHUE 3apALOB CTAaTHYIE-
CKOr'0 3JICKTpHYECTBA.

Tabnuua 9.3
Ne n/n XapakTepucTuka V3A-2MH Y3A-2MK
1 CBETOBasi CHrHAJIN3ALHS O 3a3eMIICHHH Ectb Ecth
2 KoHTaKTBI A1 cXeMbl OJIOKMPOBKH Ecth Ectb
3 KOHTpOJIb LIEeNH «TPAaHCIIOPTHAS eMKOCTh — Y3A» Her Ectb
4 DnekTponuTaHue 220 B, 50 'y 12B
5 Toxk notpebinenus, ve Gonee, A 0,008 0,3
6 [Torpebisiemas MOLHOCTD, He Gonee, BA 2,0 9,0
Harpy3ounas cnoco6HOCTE KOHTAKTa /715 CXEMBI
7 ONOKHPOBKH:
Hanpsxenue, B 220 220
TOK, He Donee, A 1,0 1,0
8 MapkupoBKa 0 B3pblBO3aLLNTE 1ExslIIT6 1ExsiplICT6

Ecnu Ui 3alUTEl OT CTAaTHYECKOH 3JIEKTPH3aLUH IPOBOAIIETO HEMETal-
JMYECKOro 000pyI0BaHUS C NMPOBOANICH (YTepOBKOH NMpHUMEHSETCS 3a3zeMIle-
HHE, K HeMy ITPUMEHSIOTCS T€ )K€ TPeOOBaHMUA, UTO H K 3a3eMIICHHIO METaJlInye-
ckoro obopynosanus. Hampumep, 3azemienue TpyOonpoBoaa U3 JAu3jIeKTpHIe-
CKOT0 MaTtepualia, HO C MPOBOASAIIMM MOKPHITHEM (Kpacka, JIaK) MOXET BBITIOJI-
HSTBCS MPUCOCAMHEHHEM €T0 K 3a3eMJISIOIEMY KOHTYpPY C MOMOIILIO METaJIIH-
YEeCKUX XOMYTOB U TIPOBOJHHUKOB yepe3 20-30 M.

3azemyIeHHE HE BCErja pemraeT rnpobieMy 3aliMThl OT CTaTHYECKOro JJIeK-
TpudectBa. Tak, 3a3emMieHHe pe3epByapa, 3allOJHAEMOTO HaICKTPHU30BaHHOMH
JKHUAKOCTBIO, JIMIIb MCKIIOYAeT HAKOIUIGHHE 3apsia (HaTekarolero u3 odbema
JKMIKOCTH) ¥ Ha €ro CTEeHKaX, HO He YCKOPAET MPOLECC PacCessHUA 3apana B Ku-
KOCTH. DTO OOBACHACTCS TEM, YTO CKOPOCTh PENaKCallMU 3apsAfoB CTaTHYECKOTO
9NIEKTPHYECTBA B 00BEME IUINEKTPHIECKON JKHIAKOCTH He(TENPOIyKTOB OIpee-
JsIeTCsl TTOCTOSHHOM BpeMeHH pesakcauun T. CIemoBaTesIbHO, B 3aIOJHAEMOM
Ha’JIeKTPU30BaHHBIMU He(TEIPOIYKTaMH pe3epByape B TEYEHHE BCETO BPEMEHU
3aKa4YKM KHIKOCTH U B TEYEHHE BPEMEHH, MPHOIH3NTENBLHO paBHOM 37T, rocie ee
OKOHYAHMS CYIIECTBYET NEKTPHUYECKOE T0JIe 3apAA0B HE3aBHCHMO OT TOTO, 3a-
3eMJICH 3TOT pe3epByap WM HEeT. IMEHHO B 3TOT MPOMEKYTOK BPEMEHH MOXKET
CYILECTBOBATh ONACHOCTh BOCIUTAMEHEHHMS TMapOBO3MYLIHONH CMecH HedTernpo-
JIYKTOB B pe3epByape pa3psiaMi CTaTHYECKOro 3JIeKTPUYECTBA.

Oco0y10 0MacHOCTh, B CBETE YKa3aHHOTO, TIpeCTaBIIseT co0oit 3a00p rpob n3
pesepByapa cpasy mociye ero 3anonHenus. OHaKo vepe3 NPOMEXYTOK BPEMEHH,
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IPUMEPHO PaBHBIH 37T, MOCJIEe OKOHYAHHS 3aTOJHEHHUS 3a3eMJICHHOTO pe3epByapa
3apsfbl CTaTHYECKOTO 3JIEKTPUYECTBA B HEM MPAKTHYECKH IOJHOCTBIO PENaKCH-
PYIOT, 3JIEKTPUYECKOE TI0JIe UCUe3aeT M MPOBEICHNE KAKMX-JIMOO0 MaHHITY LMt
1o 3a60py Mpo6 KUIKOCTH CTAHOBHUTCS 0e30MacHbIM. [109TOMY B LIEJSIX HCKIIIO-
YEHUS pa3pAIoB TPH 3aMOJHCHUHM CTALMOHAPHBIX PE3EPBYapoOB WIIM JKEJIE3HOI0-
POXHBIX IIMCTEPH Ha MPpo6ooTOOPHUK TpH oTOOpe Mpob uepes JII0K U3 pe3epBya-
pa MM Ha HAJIMBHYIO TpyOy B Ipoliecce ee H3BICHYEHUS U3 LIMCTEPHBI HEOOXO0aH-
MO BBIZIEPKATh MIPOMEKYTOK BPEMEHH, PaBHBIif [3]

T =3Kx, 9.7)

rae T - NOCTOSHHAs BPEeMEHH penakcaiuu Hedrenpomykra, ¢; K — koahduim-
€HT, YIUTHIBAIONHI YBETHYCHHE BPEMEHH PEaKCalliK 32 CUET MOBEPXHOCTHOIO
3apsanga HeQTenpoayKTa.

JInst CBETIBIX HE(TENPOSYKTOB, UMEIOIIUX HU3KHH YPOBEHb 3JICKTPOIPO-
BOJHOCTH (TIpH P, > 10" Om-m), Heob6xoammoe Bpems BhLIepkkH T, obecreyn-
Batomiee 6e30MacHOCTh JaMbHEHIINX ONepaluii, 10/DkHO ObITh He MeHee 10 MuH
MOCJIe YCIOKOEHHS JKHAKOCTH. 3a3eMIICHHE pe3epByapa M BBIIEp)KKa Heo0Xo-
JMMOTO BpPEMEHH I10CIIE 3aMoIHEHUs He AaayT HyKHOro 3¢ ¢ekra Ge3omacHoCTH
B CIy4asiX, KOT/ia B pe3epByape HMEIOTCS IUIABAIOIIe Ha MOBEPXHOCTH JKHIKO-
CTH W30JMPOBAHHBIE IPEIMETHI, KOTOPBIE MOTYT NMpUOOpEecTH 3apsj cTaTHie-
CKOTO 3JIEKTPHYECTBA B XOJIC 3aIlOJHEHHUS Pe3epByapa M COXPaHATh €ro B Teye-
HHe BPEMEHH, 3HaYUTEJIBHO MpeBbiaoonem 3T. B atoMm ciayuyae npubmkeHne K
IUIABAIOLIEMY MpEIMETY 3a3€MJIEHHOTO MPOBOJSIIEIO Tela MOXET COMPOBOX-
JaThCS OMACHBIM HCKPOOOpa3oBaHUEM.

YmeHbiieHue 00beMHOTo 1 MOBEPXHOCTHOIO Y/1€JIbHbIX
JNIEKTPHYECKHX COI’IpOTHB.’leHHﬁ

CHixeHHeM 00BEMHOTO M MOBEPXHOCTHOTO CONPOTHBIICHHI obecneunBa-
€TCs COOTBETCTBYIOLIAS JIEKTPOIPOBOJHOCTE U CITOCOOHOCTE JUAJIEKTPUKA OT-
BOIMTB 3aps/Ibl CTATHYECKOTO JJIEKTPHYECTBA. Y CTPaHEHHE OMacHOCTH CTaTHYe-
CKO# 3JIEKTPU3ALMH JUIIEKTPUKOB 3THM CIIOCOOOM sBIsIeTCs BecbMa d¢dek-
THUBHBIM M MOXET OBITH JOCTHUTHYTO MOBBILICHUEM BJIAXXHOCTH BO3TyXa, XHMH-
4eckoil 00paboTKOH MOBEPXHOCTH, NPHUMEHEHHEM JICKTPOIPOBOIHBIX MOKPHI-
THH M @aHTUCTAaTHYECKUX BEIEeCTB (MIPUCAIOK).

IloBbllIeHHE OTHOCHTEILHON BJIA’KHOCTH BO3yXa. BOJBLIMHCTBO 110-
’KapoB OT MCKP CTaTHYECKOr0 3JIEKTPHYECTBA NMPOUCXOAUT OOBIYHO 3UMOIi, KO-
T1a OTHOCHTEJIbHAS BJIAXKHOCTh BO3AyXa HM3Ka. IIpHM OTHOCHTENBHOH BIaKHO-
CTH Bo31yXa Bbie 65-70 %, Kak 1MOKa3bIBAIOT UCCICIOBAHUSA U MPAKTHKA, YHC-
JIO BCITBILIEK M 3aTOpaHUi CTAHOBUTCS HE3HAUUTEILHBIM.

YcKkopeHHe CTEeKaHUs MEKTPOCTATHYECKUX 3apsJIOB C JUIICKTPHKOB HPH
BBICOKOH BJQXXHOCTHM BO3JyXa CBS3BIBAIOT C TEM, 4YTO HAa TOBEPXHOCTH
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TUAPOQHIBHBIX AMAICKTPHKOB aacopOMpyeTcst TOHKas IUICHKa BIIarH, cojep-
xKamas 00bI9HO GOJIBIIOE KOJIHYECTBO HOHOB M3 3arpsA3HEHUH M pacTBOPEHHOTO
BELIECTBA, 33 CYET KOTOPHIX OOECIEYMBAECTCS JOCTATOYHAS IOBEPXHOCTHAS
3JIEKTPONPOBOAHOCTE HJIEKTPOIUTHYECKOTQ Xapakrepa. DJIEKTPONpPOBOJHOCTH
aicopOUpPOBAHHON IJICHKH BJIAaTH IPH POYMX PABHBIX YCIOBHUAX ONpeAeIsIeTCs
ee TOJIIMHOM M B CBA3M C 3THM B 3HAUUTENIBHOW CTENEHYW 3aBHCHUT OT OTHOCH-
TeJNIBHOH BIaXHOCTH BO3AyXa. YeM oOHa BbIlIE, TeM TONIIE IUICHKA. BosHble
TUIeHKH TommmHoM 10™° cM BU3yaNbHO Hemb3s 0GHAPYKHTb, OIHAKO OHH YBEJIH-
YHBAIOT MOBEPXHOCTHYIO 3JIEKTPONPOBOAHOCTh AMUAJIEKTPHKA M CIOCOOCTBYIOT
yTeuke 3apsagoB. I[103TOMy MOBEpPXHOCTHOE CONMPOTHBICHHE JMAJIEKTPHKA
ymenbmaercs. OfHaKo ecliM MaTepHall HaXOAHUTCs NMpH Oosee BBLICOKOH Temrie-
parype, 4YeM Ta, IIPU KOTOPOH IJICHKa MOXKET YAEp)KHUBAThCA Ha IOBEPXHOCTH,
yKa3aHHas IOBEPXHOCTh HE MOXET CTaTh MPOBOJALIEH Ja)ke MpPH 049eHb BBICO-
KO¥ BIaXXHOCTH Bo3ayXa. DPQeKT Takxe He OymeT JOCTUTHYT, €CIH 3apsKeH-
Has MOBEPXHOCTH JHINIEKTpUKa ruapodobua (cepa, mapaduH, Macna u apyrue
YIJICBOJOPOMIBI) MIIM CKOPOCTH €€ MepeMeIlenus Oonblie, 4eM CKOpocTh obpa-
30BaHMS TTOBEPXHOCTHOH MmieHKH. Takum 06paszom, crnocob yBIaXHEHUS BO3MY-
Xa He Bceraa 3QQeKTHBEH.

VBenuueHHe BIAXHOCTH BO3JyXa JOCTHTAeTCS PaclblICHHEM BOISHOTO
rapa WIH BOJbI, UPKYJIALMEH BIaXHOTO BO3IyXa, a HHOIJAa CBOOOIHBIM HCIIa-
PEHHEM C NOBEPXHOCTH BOIBI.

B HexoTOpBIX Cilydasx jkenaeMblit 3G deKT ToCcTUraeTcss MECTHBIM YBIIaX-
HEHHEM IapoB MIIM OXJIAX/JIEHHEM 3JICKTPU3YIOIIEHCS NMOBEPXHOCTH 0 TEMIIe-
patypsl Ha 10 °C HuKe TeMIepaTyphbl OKpyKarowei cpe/ibl.

Xumuyeckasi 00paboTKa NOBEPXHOCTH, YJIEKTPONPOBOJAHbIE NOKPBLITHS.
CHIKeHHE YJeTbHOTO MOBEPXHOCTHOTO COMPOTHUBIICHHS NOJIMMEPHBIX MaTepHa-
JIOB MOXET OBITh JOCTHIHYTO XUMHYECKOH 00pabOTKOMH IOBEPXHOCTH KHCIOTAMH
(nampumep, cepHO WIH XJOpcyab(OHOBOI). B pesynprate 3TOro MOBEpXHOCTH
nonuMepa (HOJIHCTHPO, MOIUITHICHOBBIE U MOIUI(UPHEIE TUIEHKH) OKHCIISAIOT-
cA WM cynsqmpcyxorcx. Ilpn 3TOM yJenbHOE MOBEPXHOCTHOE CONpPOTHBIIECHHE
camxkaercs 10 10° OM [pu OTHOCHTEIIBHO# BIAXKHOCTH BO3myXa 75 %.

IMonoxurensHbli 3¢ GekT focTuraercs u npu odpaboTke U3AEINI U3 TOIH-
CTHpOJIA U TOJNHOTE(GUHOB MOrpyKEHHEM 00pa3LoB B NMETPONCHHBIH 3Gup mpu
OJIHOBPEMEHHOM BO3JICHCTBHH YJIBTPa3BYKOM. MeToJbl XMMHYECKOH 06paboTku
3¢ pexTUBHEL, HO TPEOYIOT TOYHOTO COOIOICHUS TEXHOIOTHYECKHUX YCIOBHH.

Wnorma HeoOXoauMbIH 3¢ dEeKT TOCTUraeTcss HaHECEHHEM Ha AMDJIECKTPHK
[IOBEPXHOCTHOM XOpOIIO INpOBOJAIICH IUIeHkH. Hampumep, MeTammnueckue
TOHKHE TUICHKH [TOTyYaloT PaclbliIeHHeM, pa3OpbI3rHBaHUEM HIIM UCIIApEHHEM B
BaKyyMe WJIM HaKJICMBaHHEM MeTatnyeckoi ¢omneru. Ilnenku Ha yriepomHoi
OCHOBE IMOJTYYalOT PACIbIICHHEM yIiIepo/ia B )KHKOI cpelie Wi mopomka (Jac-
THILBI MEHbILE | MKM).
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IlpuMeHeHHe AHTUCTATHYECKHUX BeleCTB. BOJIBIIMHCTBO TOPIOYMX H
JIETKOBOCIIIAMEHSIOIMXCS JKMAKOCTEH XapakTepH3yeTCsA BBICOKMM YIEIbHBIM
JNIEKTPUYECKUM CONPOTHBIEHUEM. [I09TOMYy NpH HEKOTOpHIX ONepanusax, Ha-
MpUMep ¢ He(TenpoAyKTaMH, IIPOMCXOJUT HAKOIUIEHHE 3apsAIOB CTATHIECKOro
3JIEKTPHYECTBA, KOTOPOE HE TOJBKO HMPEMATCTBYeT MHTEHCH(HKALUHM TEXHOJIO-
THYECKHMX OINEepalHi, HO M CIYXXHUT MCTOYHMKOM MHOTOYHCIIEHHBIX B3PBIBOB H
I0>XapoB Ha HeTenepepabaThIBAIOMMX U HEPTEXUMUIECKHUX TPETIPUATHSIX.

JIBW)KEHHE JKMAKHX YIJIEBOJOPOAOB OTHOCHTENIBHO TBEPAOTO, XKMIKOIO
MM Ta3000pa3HOro Teja MOXKET NMPUBECTH K Pa3[EICHHIO dJIEKTPUUECKUX 3aps-
JIOB Ha MOBEPXHOCTH CONpPUKOCHOBEHMs. IIpM IBMKEHMM >KMAKOCTH IO Tpyoe
CJION HaXOISAIIUXCS Ha MOBEPXHOCTH JKUIKOCTH 3apsSI0B YHOCHTCS €€ MOTOKOM,
a 3apAB! IPOTHBOIIOJIOKHOTO 3HAaKa OCTAIOTCA B TpyOe M, €CIM MeTaJuTnyecKas
Tpy6a 3a3emileHa, CTeKaloT B 3emMi0. Ecnu Meramunyeckuii TpybonpoBoa u3o-
JIMPOBAH WJIM M3TOTOBJEH M3 AMIJIEKTPUYECKHX MaTepHalioB, OH mpHobpeTaer
TIOJIOXKHTEIBHBIH 3apsi/l, a )UAKOCTh — OTPHLATEIBHBI.

CreneHp 3JEKTPH3ALHH HE(QTENPOTYKTOB 3aBHCHT OT COCTaBa M KOHLICH-
TPalMH COAEPXKANIUXCA B HUX aKTUBHBIX NMpUMeceH, (PH3HKO-XHMHUYECKOTO CO-
cTaBa He(TENPOIYKTOB, COCTOSHHS BHYTPEHHEH MOBEPXHOCTH TpyOorpoBozia
(koppo3uM M T.A.) MM TEXHOJOTHMYECKOrO ammapara, AH3JIeKTPHYECKHX
CBOMCTB, BSI3KOCTH M IUIOTHOCTH JKHUAKOCTH, @ TaKXKE OT CKOPOCTH JBHXKCHHSA
KHJKOCTH, JMaMeTpa U JuMHbl TpybonpoBoaa. Tak, npucyrcreue 0,001 % me-
XaHUYECKHX MpHMeceH MpeBpallaeT HHEPTHOE YIJIEBOJOPOJHOE TOIUIMBO B
3JIEKTPH3YEMOE JI0 OIIACHBIX MPEJIEIIOB.

Omun u3 Haubonee 3(QEKTUBHBIX METOJOB, MO3BOISIONIMX YCTPAHUTH
JJIEKTPHU3ALMIO HETENPOXYKTOB, - BBEJCHHE CHELHAIBHBIX aHTHCTATHYECKHX
BelecT. JloGaBieHne NpHCAJOK B THICAYHBIX M JACCATHUTBICAYHBIX JIOJIAX IPO-
IIEHTa MO3BOJISIET HAa HECKOJBKO MOPSAKOB YMEHBIIHTH YIEIbHOE COMPOTHUBIIE-
HHE He(TENpPOAyKTOB M 00€30MacuTh ONepaluy ¢ HUMH. DJIEKTPHYECKYIO Tpo-
BOJMMOCTH YTJIEBOAOPOAOB U HedTenpoaykroB Haubonee 3(hHekTHBHO MOBBI-
IAKOT oyieaThl M HaTeHaThl XpoMa M KoDasibTa, COJNM XpOMa CHHTETHYECKHX
)KUPHBIX KHCIIOT, NpHcajka «Curbans» U apyrue Bemiectsa. Tak, mpycagka Ha
OCHOBE OJICMHOBOH KHCIIOTHI OJI€aT XpOMa IOBBINIAET 3JIEKTPONPOBOIHOCTD
6ensuna B-70 B 1,2-10* pasa. Illupokoe npuMenenue B orepaHax 1Mo MpOMBIB-
Ke JeTtaneil Hanum npucaaku «Axkkop-1» (10-15 r npucanku Ha 100 i1 sxuako-
ctu) u ACII-1.

Jns nonmydenus «6e30macHON» 3JIEKTPONPOBOAHOCTH HEDTEIPOLYKTOB B
mo6sIx ycnoBusax Heooxoaumo BBoauTh 0,001-0,005 % npucamok. Ouu 06619HO
HE BJIMAIOT Ha (PU3HKO-XMMHYECKHE CBOICTBA HE()TEIPOLYKTOB.

JI1st osTy9eHus MpoBOAANIMX PACTBOPOB MOIUMEPOB (KJIEEB) TAKKe MPUMe-
HSAIOT AaHTHCTaTHYECKHE NPUCAJIKH, PAaCTBOPUMBIC B HUX, HAI[PUMEP COJIM MeTall-
JIOB TIEPEMEHHOH BaJIEHTHOCTH BBICIIMX KAPOOHOBBIX M CHHTETHYECKUX KHUCIIOT.
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[TonoxwurenbHble pe3yabTaThl JOCTUTAIOTCS TPU MCIIOIb30BAHHU aHTHCTA-
THYECKHX BEIIECTB HA MPEANMPHUATHAX MO nepepaboTKe CHHTETHYECKHUX BOJIOKOH.
HanGonee BaXKHBIM CBOWCTBOM aHTHCTATHYECKHX BELIECTB SBISIETCS CIIOCO0-
HOCTh YBEJIMYMBATh HOHHYIO MPOBOJMMOCTE M TEM CAMBIM CHIDKATh JJIEKTpUYe-
CKO€ COTNpPOTHBIICHHE BOJOKHHCTBIX MaTepHanoB. O6paboTKy BOJIOKHUCTBIX Ma-
TEpHAJIOB aHTUCTATHYECKUMH BELIECTBAMHU MPOM3BOJIAT 0 Mpolecca Jnbo He-
TIOCPEICTBEHHO B IIPOLIECCE X U3TOTOBJICHUS.

EcTh HECKOJBKO IIaBHBIX IPYNI XHMHYECKHX IIPErapaToB, MPUMEHAEMBIX
JUISL TIPUTOTOBJICHHUS AHTHCTaTHYECKUX MATEpUAlIOB, KOTOPHIC BIMAIOT Ha DJIEK-
TPHYECKHE CBOMCTBA BOJIOKOH: YIJIEBOJOPOABI MapaMHOBOTO psija, XKHUPbI, Mac-
JIa, THTPOCKOIIMYECKHE BEIIECTBA, TOBEPXHOCTHO-aKTHBHEIE BemecTsa ([TAB).

YrineBomopoak! mapaMHOBOTO Psifa, XKUPHl M Macjia BIUAIOT Ha JJIEKTPH-
YECKHH KOHTaKT MEX/ly BOJOKHAMH M YacTSAMH MalIHH, CIocoOCTBYs 0O6pa3oBa-
HHIO MPOBOJAIIMX MAaCIIAHBIX IUICHOK MEXIY HUMH. ['MTpoCKOImHYEcKHE Belle-
cTBa 06pa3yloT Ha NMOBEPXHOCTH BOJIOKOH TUICHKY BIArH, CHIXas TakuM obpa-
30M Tpenue. [Ipu HanMyuu BIaru ¥ BEeUIeCTB, 00NafaloNIMX CBOMCTBAMHM 3JIEK-
TPONUTOB, 00pa3yloTcst HOHBL. I10BEPXHOCTHO-aKTHBHEIE BELECTBA IpU N06aB-
JICHHH B BOJIy CHIDKAIOT €€ MOBEPXHOCTHOE HATSDKEHHUE, B pe3ysbTaTe yIydiia-
€TCs CMavyMBaHHUE, MeHooOpasylolue, MOIOIIHE M JAPYrHe BaXKHBIC AT TEK-
CTHJILHOM MPOMBIIIEHHOCTH CBOMCTBA BOJIBI.

D¢ }exTHBHOCT aHTHCTATHYECKUX BELICCTB MCIONB3YIOT B IPOMBIIIICH-
HOCTH TOJIMMEPOB, HampuUMep HpH 00paboTKe MOJMCTHUPOTA U TOIHMETHIME-
takpuiaara. O6paboTka MOIMMEPOB AHTHCTATHYECKMMM JI00aBKaMH MpPOU3BO-
JUTCS KaK MOBEPXHOCTHBIM HaHECEHHEM, TaK U BBEJCHHEM B PacIUIaBJICHHYIO
Mmaccy. B xadyecTBe aHTHCTaTHYECKHX J0OABOK NPHUMEHAIOT, HAIIPUMEP, HEKOTO-
pble 006pa3iLbl HOHOTEHHBIX MTOBEPXHOCTHO-AKTHBHBIX BemlecTB. IIpy moBepxHo-
ctHoM HaHecenuu [TAB o6magaroT XOpOIIMM aHTHCTaTHYECKHM 3P (HeKToM.
Y 1enbpHOe MMOBEPXHOCTHOE COMPOTHBIICHHE ITOJTHMEPOB TIPH 3TOM CHIIKAeTCA Ha
5-8 nopsakoB, HO CpoK 3 (HEKTHBHOTO JEHCTBUS HE3HAUYUTENEH (10 OJHOTO Me-
caua). Beeaenue aHTHCTaTHYECKHUX 00aBOK BHYTph 0oJiee MEPCIEeKTHBHO, TaK
KaK aHTUCTATHYECKHE CBOMCTBA MOJMMEPOB CTAOMILHBI BO BpeMEHH (HECKOIBKO
JIeT), MEHee IOJBEPIKECHBI JEHCTBHIO pacTBOpHUTEsEH, MCTHpaHuio M T.A. Jlns
Ka)XI0TO JUAJICKTPHKA ONTHMAaTbHbIe KoHUeHTpauuu [TAB pa3snuuHbl: Hampu-
Mep, A noiauaTHiaeHa Huskoro aasineHus 0,05-0,1 %, momuaTHIEHa BBICOKOTO
nmasnenus 0,2-0,3 %, nonunpormiena 0,5 %, nonmmeuHMIXIOpHAa TBepHoro 0,5-
1,5 %, nonuaxpuna 2-3 %, nomuctupona 1,5-2,5 %.

[IIupokoe nmpuMeHeHue TpyO U MHEBMOTPAHCIOPTA, NMPOIYKTONPOBOIOB
U IPYTUX YCTPOWCTB M3 IOJHMEPOB (HAanpHMeEp, MOJMITHICHAa HU3KOH U BBICO-
KOM IUIOTHOCTH) IPUBEJIO K CO3JAHUIO MOIYNPOBOMAMIMX TOJHMMEPHBIX KOMIIO-
3UIMI IyTeM BBEIEHHS HAMOJHUTENCH (ALETHICHOBOH CaXKH, aJlIOMHHHEBOH
myZApsl, TpaduTa, UHKOBOH MBUIN).
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Jlyumivii HallOJHUTENb — ALETHICHOBAs caXka, XOpOIIO pacnpenensemMas B
nojnuMepe U cHwkaromas conporusnenue Ha 10-11 nopsaakos paxe mpu 20 %
OT Maccel moiauMmepa. OnTHMaibHas MaccoBash KOHLCHTPAIMs aleTHICHOBOH
CaXkKM JUI CO3JaHMs 3JICKTPOIPOBOAALLETrO MoyiMMepa cocrasiser 25 %. Jla
IHEBMOTPAHCIIOPTa MOTYT OBITh PEKOMEHAOBAHBI HEMETAJIMYCCKUE TPYOB! U3
NPOBOSALIEH MOIU3THICHOBON KOMIIO3HUIIHH.

B HapomHOM XO03s#CTBE NIMPOKO HUCIIONB3YIOTCS PE3HHOTEXHUYECKHE H3/Ie-
TS, 0OBIYHO AUIJIEKTPHYECKHE. DTO CBA3AHO C OMACHOCTBIO CTATHYECKOH JJIeK-
Tpu3auu. YToOBI MOTYYUTH JIEKTPONPOBOHEIE MIIH AHTUCTATHYECKUE PE3HHBI,
B HUX BBOJST 3JIEKTPOIPOBOASAIINE HAIIOIHUTENIN — TOPOIIKOBBII rpaduT, pas-
JHYHBIE Ca)kH (HANpUMep, JHUIELKYIO, alleTHIEHOBYIO), MEJIKOAUCIIEPCHBIE Me-
Tajulel. B Takux pesuHax obOpasyeTcs TOKONMpPOBOJsALIas CTpykTypa. Tak, mpu
BBEJICHUH B JIATEKC CaXXH 3JIEKTPOIPOBOAHOCTH PE3UHBI (BCIEACTBHE Ty4IIEro
pacrpesielieHusl HalOJIHUTENs) OKa3zaJach Ha 2-3 MOpPAAKA BBIMIC 3JIEKTPOIPO-
BOJJHOCTH PE3MHBI, MOJYyYeHHOH Ha OCHOBE TBEPJOro Kayuyka. YIenbHOE CO-
NPOTHBIICHHE AHTHCTATHYECKOH pesuubl nocturaet 10° OM-M, npoBosmIei 10
5-10% Om-Mm.

Amntucratnueckumu pesuHamu Mapku KP-388, KP-245 nonesyiorcs Bo
B3PBIBOOIIACHBIX TPOM3BOACTBAX, TOKPHIBAIOT ITOJIBI, pabodMe CTONBI, JETalH
obopynoBaHHA M KOJIeca BHYTPHLIEXOBOTO TpaHcHopTa. Takoe MOKpBITHE JTydlle
METaJUTHYECKOT0 UM OETOHHOT0, OHO 60JIee TMTHEHHYHO, OBICTpEe OTBOJUT BO3-
HHKAIOIINE 3apAIbl, CHIDKACT JIEKTPHU3ALHIO JIFOJAeH 10 6e30MacHOro ypoBHs.

B mocnennee Bpemst paspaboTaHa perentypa Maciao0eH30CTOHKOH 3Jek-
TPOINPOBOJALIEH PE3UHBI C HCIOJIB30BAHNEM OyTaJIMEHHUTPHIBHBIX M MOJIHXJIO-
POIpPEHOBHIX KayuykoB. Hanbosiee mHPOKO 3TH pe3HHOBBIE CMECH MUCTIONB3YIOT-
Csl IIPH M3TOTOBJICHWH HATIOPHBIX PYKAaBOB M HUTAHTOB JutA mepekauyku JIBXK.
Takue pykaBa 3HAUUTENIBHO CHIDKAIOT OMACHOCTH BOCIUIAMEHEHHUS IPH CIIMBE U
Hasmse JIBXK B aBTO- M Kene3HOAOPOKHBIE LUCTEPHBI U JIPYTHE €MKOCTH, HC-
KJTI0Yal0T NPUMEHEHHE CHEIHAIBHBIX YCTPOHCTB IS 3a3€MJICHHS 3alIPaBOYHBIX
BOPOHOK M HAKOHEYHHKOB.

Jlo mocrneqHero BpeMEeHH 3IeKTPONPOBOIAIIME CJIOM CO3JaBATH BaKyyMHBIM
HAMbUICHUEM WM KaTOAHBIM HAHECEHHEM MeTajlla Ha TIOBEPXHOCTH JHIICKTPHKA.
Ho 1ot cnoco6 ne Beerma npuemieM. beuin 2 (eKTHBHBI crieLHaIbHBIE TaKOKpa-
COYHBIE MOKPBITHSA, OCHOBaHHBIC Ha 00pa30BaHUU B MOJMUMEPHOM CBS3YIOLIEM Lie-
MOYHBIX CTPYKTYpP HAIOJHHUTENS. DTH CTPYKTYphl, 00pa3oBaHHbIE KOHTAKTHPYIO-
IIMMH YaCTUIIAMU IMPOBOMAIIEIO HATIOJIHHUTENS, 00ECeuHBAIOT MOKPBITUIO XOPO-
IIYIO 3JIEKTPONPOBOIHOCTE. HAMOMHUTEIIMHU CITyKaT MOPOIIKOOOpa3HbIe METaLIbI,
caxa, rpadut. Tak, 15 % KapOOHHILHOTO HUKENS B MOJMMEPE CHIDKAET YAETbHOE
conporuprienre 10 10* Om-m 1 Meree, a 35-40% TaKoro HUKeNs MPHOMIDKAET Mpo-
BOJMMOCTB PAZia MOJMMEPOB K METAIMYECKOH. I «IHCTBIX» MOIMMEpPHBIX CBS-
3ylomx 6e3 HanoMHATENA YenbHoe conporuaierne p = 10°-10" Om-m.



B nacrosmiee BpeMs co3JaHBl ANIEKTPONIPOBOAsAIIHE dManud Mapku XC-928
u AK-562. Fx HaHOCAT Ha MOBEPXHOCTH B JIBa CJIOS KMCTBIO MJIM ITyJIbBEpPU3aTO-
pOM, M OHHM JAIOT IUIEHKY YEPHOTO LIBETa, YCTOWYMBYIO K TEMIleparype, HaBlle-
HMIO, BaKyyMy, arpecCHBHBIM CpeJaM M paJHallMOHHOMY OOIydeHHIo. Dnek-
TPONPOBOJHBIMU 3MAIAMH OKpPALIMBAIOT 3a3eMIIieMble YCTPOHCTBA TEXHOJIOTH-
4eCKOro 060pymoBaHHA: BHYTPEHHHE YaCTH XMMHYECKOH PeaKIIMOHHOMN armapa-
TYPBbI, U3TOTOBJICHHON M3 CTEKJIa M MJIaCTMACChl, BHYTPEHHHE YacTH JUIJIEKTPH-
4ecKkoro TpybompoBoja, o KOTOPOMY TPaHCIIOPTHPYIOTCA >KHAKOCTH HMJIM Chl-
Iy4He MaTepHalbl, CIOCOOHBIE 3JIEKTPU30BATLCS, U T .

Ecnu BO B3pBIBOONACHBIX NPOU3BOACTBAaX paboTalOT peMEHHBIE MepeIayuu
M JICHTOYHBIE TPAHCIIOPTEPH!, H3TOTOBIEHHEIE W3 MaTepHaioB ¢ P, >10° OM-M,
3apsIbl CTATHYECKOTO JIEKTPHYECTBA M MOTEHILMAT PEMHEH M JIEHT JOCTHUraeT
HECKOJBLKUX JECATKOB KHIOBOJIBT. D(PHEKTHBHOE CHHXKEHHE IOTEHIHaNA TOJTy-
4aeTcs MpU YBEJMYEHHH MOBEPXHOCTHOH NMPOBOAMMOCTH peMHsS M 00s3aTeNb-
HOM 3a3€MJICHHH YCTaHOBKH. BHYTpPEHHIOIO IOBEPXHOCTH PEMHS IOKPHIBAIOT
AHTHCTATHYECKOH CMa3Koii, BO30OHOBIAEMOl He pexe OJHOTO pa3a B HEAEINIO.
JList Ko)KaHBIX ¥ PE3HMHOBBIX PEMHEH peKOMEHyeTCsl, HalpuMep, Takas cMa3Ka:
100 Bec. 4. rmuuepuna u 40 Bec. 4. caxxu. MHorma xopoiee CHIXKEHHE MOTEH-
Mana JaloT yBEIMYeHNEe OTHOCHTENBHOH BIIaXKHOCTH BO3yXa B MECTE HaXOX-
nenus pemenHoi nepenauu 1o 70 % u Gosiee U CHHIKEHHE JTHHEHHON CKOPOCTH
JIBMDKCHHSI PEMHS U JICHT.

HNonuszanus BO3yxa

CyIHOCTh 3TOTO Crocoba 3aKkio4yaeTcs B HEHTpaaH3aluy MM KOMIICHCa-
L[MH TTOBEPXHOCTHBIX HJIEKTPUYECKHX 3apAA0B HOHAMM Pa3HOTO 3HaKa, KOTOpbIE
CO3/IAI0T CIeLHaIbHbIe IPHOOPHI, Ha3bIBaeMble HeliTpanuzaropamMu. Monusamus
BO3TyXa OCYLIECTBIAECTCA JABYMA CIIOCOOAMHU: JIEKTPHYECKHUM TIOJIEM C BHICOKOM
HAIpPsHKEHHOCTBIO £ ¥ paJInOaKTHBHBIM U3ITy4EHHEM.

[Ipuxuunm paGoThl HEHTPAIU3aTOPOB COCTOMT B TOM, YTO OHHM CO3ZAlOT
BOJIH3M HA3JIEKTPU30BAHHOTO JMAJIEKTPUKA IMOJIOXKHTENIbHBIE H OTPHUIIATENbHBIE
noHbl. OHBI, HMEIOIIHUE MOJIIPHOCTD, MPOTUBOMNOJI0XKHYIO IOJISPHOCTH 3apAI0B
HA3JICKTPH30BAaHHOTO MarepHana, Mo ACHCTBHEM 3JIEKTPHYECKOTo MOJIA Ooce-
JIAIOT Ha MMOBEPXHOCTH JUANIEKTPUKA, HEHTPaIU3ys ero.

WoHu3awus BO3/ayXa 3JIEKTPUYECKUM TT0JIEM € BBICOKOH HAIPSHKEHHOCTHIO T10-
Jly4yaercs OT HeHTPAIH3aTOPOB ABYX TUITOB: MHIYKLMOHHBIX H BBICOKOBOJIETHBIX.

Hnoyxyuonnvie netimpanusamopbl OYEHb TPOCTBI M JABHO IPUMEHAIOTCS.
CyluecTBYIOT MHIYKLUHOHHBIE HEHTPAIM3aTOpEl C OCTPHAMHM M IPOBOJIOYHBIE. B
Heiftpanusatope ¢ octpusiMu (puc. 9.2, @) B JEPEBAHHOM HIM METAIMYECKOM
CTEp)KHE YKPEIUICHBI 3a3eMJICHHBIE OCTPHS, TOHKHE MPOBOJIOYKH WM Qombra. ¥
IPOBOJIOYHOrO HeHTpanusaropa (puc. 9.2, 6) BMECTO OCTpHA NPUMEHEHA TOHKas
CTaJbHas IPOBOJIOYKA, HATAHYTAs MONEPEK ABIKYIIETrocs 3apsHKeHHOTO MaTepHaa.
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Puc. 9.2. Cxema HHIYKIIHOHHOTO Puc. 9.3. Cxema neiitpanu3sauun
HelTpanu3aropa: 3apA0B MHAYKLHOHHBIM HEHTPAlIH3aTOPOM:
a— € ocTpuAMH; 6 — NpoBONOYHOrO; / — 0CT- 1 — pa3paaublif 21eKTPoA; 2 — 30Ha yAAPHOI HOHM3AUMHM;
PHA 1 NPOBO/OKA; 2 — 3apsKeHHas 3 — HADNEKTPUIOBAHHbII AMINEKTPHUK; 4 - HANpaBieHHe

NOBEPXHOCTL ABHIKEHHUA AUINCKTPHUKA

JlelicTBHE MHIYKIMOHHBIX HEHTPAJIN3aTOPOB OCHOBAHO Ha MCIOJIb30BAHNH
3NIEKTPUYECKOTO TOJIS HA3IEKTPH30BAHHOIO TEa, M MOCTOPOHHETO HMCTOYHHKA
HaMpsHKEHUS U HUX He Tpebyercs. [Toa neficTBHEM CHIIBHOTO 3JIEKTPHYECKOTO
nosist BOJM3M pPaspsAIHOTO 3JIEKTPOJa NMPOMCXOMAMT yJapHas HOHM3alMsA, B pe-
3yJIbTaTe KOTOPOit 00pa3yroTcs HOHBI 000MX 3HAKOB (puc. 9.3). [ns yBeanyeHus
a¢dexTHBHOCTH NeHCTBHS HEHTPATM3aTOPOB ClIEYyeT CTPEMHTBCA K COKpallle-
HHIO PAacCTOSHUS MKy KOHYMKAMU HIJI M HEHTpaIu3yeMOoi MOBEPXHOCTBIO JI0
5-20 mM. HelfTpanu3aTopbl MOHTHPYIOTCS HEIOCPEACTBEHHO MEPE MECTOM, T
3apsAzBl CO3MAI0T TEXHOJOTHYECKHE MOMEXH, M BOJM3M OT MecTa reHepaLuH
3apsanoB. OHM 001a7al0T BBICOKON HMOHM3ALMOHHON CIOCOOHOCTBIO, 0COOEHHO
IIPU BBICOKHMX MOTEHIMaNaX 3apsHkeHHOro tena. [IpoBosouHble HEHTpaIH3aToOpE
MeHee 3G dexTHBHEL. OCHOBHBIM HX HEJOCTATKOM SBJISETCS TO, YTO OHH JEHCT-
BYIOT, €CIIM MOTEHIIHAJ Ha3JIeKTPH30BAHHOTO TeJa JOCTHIaeT HECKOJNBKHX KH-
n0BosIbT. OCHOBHBIC MPEUMYIIECTBA MHAYKIIMOHHBIX HEHTPAIM3aTOPOB 3aKJIIO-
YaloTCsA B MMPOCTOTE KOHCTPYKIMHU, HU3KOH CTOMMOCTH, MUHMMAJIBHBIX JKCILTya-
TaLMOHHBIX 3aTPaTaX H OTCYTCTBUH UCTOYHMKOB ITMTAHHA.

Buvicokosonemuvie neumpanuzamopbt paboTalOT Ha MEPEMEHHOM, IMOCTO-
SHHOM M TOKE BBICOKOH 9acToThl. OHM COCTOAT U3 TpaHC(hOpMaTopa ¢ BBICOKHM
BBIXOJIHBIM HaNpsKEHHEM M MTOJIbYaTOro paspsauuka (puc.9.4). B neiirpanmza-
TOp Ha MOCTOSHHOM TOKE BXOIMT M BBICOKOBOJIBTHBIH BBINpAMHTENb. [IpHHIHI
JEeHCTBHUSA BCEX TPEX TUIIOB HEHTPAIM3aTOPOB, OCHOBAHHBINA Ha MOHH3ALMH BO3-
JIyXa BBICOKMM HamNpsDKEHHEM, OAMHAKOB, HO 3({¢EeKTHBHOCTH pa3nuyHa. Mak-
CHMAaJIbHOE PAcCTOSIHUE MEXIY Pa3psIHBIM 3JIEKTPOJOM M HEHTpalM3yeMBIM
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MaTepHaoM, MpH KOTOPOM HeHTpanu3aTop emie 3QGEKTHBEH, MOXKET JOCTHIaTh
600 mM. O6prano pabouee paccrossHue npuHuUMaetcs paBHBIM 200-300 mMMm.
JlocTOMHCTBO BCeX TpeX THIIOB HEHTPalIN3aTOPOB — AOCTATOYHOE MOHHU3UPYIO-
1iee JAeHCTBUE U IPU HU3KOM roTeHuane tena. Oco6eHHO MoIe3Hsl HeHTpatu-
3aTOpHI TaM, IJie He COOJII0AA0TCs TeMIIepaTypPHO-BIaKHOCTHBIE YCIOBHS H OT-
HOCHTEJIbHAs BJIAXKHOCTh BO3AyXa MoxeT ObITh Hipke 50 %. HemoctaTkoM BEI-
COKOBOJIBTHBIX HEHTpPaIN3aTOPOB ABJSAETCA OOJIBIIAS SHEPTUsl BO3HHKAIOIIHX
HCKp, CIIOCOOHBIX BOCIUIAMEHATH JII00BIE B3PBIBOOIACHBIE cMecH. [103ToMy Heil-
TPaNu3aTophbl JUIs B3PHIBOOIACHBIX 30H JOJDKHBI UMETH TOJIBKO B3pBIBO3AIH-
ILIEHHOE MCTIOJHEHHE.

————q 3

Puc. 9.4. BbICOKOBOJBLTHBIH HEHTPAJIH3aTOP MEPEMEHHOr0 TOKa:
1 — Tpancopmarop; 2 — 3auMTHOE CONpoTUBAEHHE; 3 — NPOXOAHOI H30AATOP;
4 — uronb4aTbIA pa3spaAHMK

IIpy MCMONB30BaHMM BBICOKOBOJBTHBIX HEHTPAJIM3aTOPOB JOJDKHA OBITH
NpeayCMOTpEeHa HaJIekKHas 3aluTa 00CITy)KUBAIOIEro MepcoHasa OT BEICOKOTO
HanpsDKeHUs. B 3THX 1ensX B BBICOKOBOJIBTHYIO LIEMb HEHTpaIU3aTopa BKIIIO-
Yal0TCs 3al[UTHBIC CONMPOTUBNICHHA (CM. pHC. 9.4), KOTOpBIE OTPAaHUYMBAIOT TOK
10 BemnuuHb! B 50-100 pa3 MeHbIle TOKa, OACHOTO YIS XKH3HH.

Paououszomonnvie netmpanuzamopsl 04eHb TPOCTH MO YCTPOMCTBY, HE
TpeOyIOT HCTOYHHUKA IMUTAHHSA, JOCTATOUHO 3G (EeKTHBHBI U Ge30MacHbI MpH HC-
I0JIB30BAHUH B M0XKAPOB3PBIBOONACHEIX cpeax. OHH MHPOKO MPUMEHSIOTCS B
XMMHYECKOH, pPEe3MHOTeXHUYECKOH, TEKCTWIBHOH, OyMakHOi, momurpaduye-
CKOH M JIPYTHX OTpacifX MpOMBINLIEHHOCTH. IIpH MCHONb30BaHUM pagHOM30-
TOIMHBIX HEHTPaIU3aTOpOB HEOOXOAMMO MpeIyCMaTpHBATh HANEKHYIO 3ALIUTY
mojel, 000pyIOBaHUS U BBITyCKAaeMO# MPOXYKUHH OT BPEIHOTO BO3ICHCTBUA
paIMoaKTHBHOTO M3JTyYEHHUS.

Paaron30TonHbIe HEHTPATU3aTOPH! Yallle BCEr0 MMEIOT BUJ AJHHHBIX IUIO-
CKHX IUIACTHHOK (puc. 9.5) miuu ManeHpkux JuckoB. OJHa CTOpOHA MX conep-
JKUT paJIHOaKTHBHOE BELIECTBO, CO3/Jal0LIee paJMOaKTHBHOE U3JIyYeHHE, HOHH-
supyioniee Bo3ayX. YToObl He 3arpA3HATH BO3AYyX, MPOAYKIHMIO M 000pymoBa-
HHE, PaJMOaKTHBHOE BELIECTBO MOKPBIBAIOT TOHKHM 3aIlMTHBIM CJIOEM M3 CIie-
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LHaNbHOH dManu WM (oneru. JUUIsS 3alUThl OT MEXaHWYECKUX MOBPEKACHHUI
MOHH3aTOp NMOMELIAIOT B METAJTHYECKUIH KOKYX, KOTOPBIil CO3/1aeT HYKHOE Ha-
npaBlIeHHE HOHU3HPOBAHHOTO BO3IyXa.

Puc. 9.5. Paauon3oTonHelil HEHTpaIM3aTop B BH/E MOJIOCHL:
I — ocHoBaHue; 2 — paauousoronnas Gponsra; 3 - 3auTHaA anioMuHieBas (obra;
4 — nnactuua, yaepikusatouwas Gonbry

PaguoakTHBHBIC BEIECTBA BBHIOMPAIOTCS C Y4ETOM THIIA YHEPIHH, YaCTHIL
U3Iy4YeHHs, JUIMHBI MX rpobera, AEHCTBUSA M3ITydeHUs Ha jojged u T.0. B
Tabs1. 9.4 npHBeeHB! JaHHBIE O MPOHUKAIOMIEH CIIOCOOHOCTH BCEX TPEX BHIOB
U3JTyYCHUI.

Tabnuua 9.4
Hanyuenne Yucno nap noHos, co3zna- [1ponuxatouas cnoco6-
BaeMbIX B | .\‘IMIl BO3AyXa HOCTb HacTHU B BO3AYXE, M

O-4aCTHLB! WIIK sapa renus (paauii-226, 600 0.1
nonouuii-208, nyronnii-238, 239 u 240) !

B-uacTuis wan anextpoust (reauii-204, 6 10
cTponunii-90, kpunrou-85 u ap.)

Y-I1y4u 0,1 600

Haubonee addextuBHel u Oe3omacHbl paJHOAKTHBHBIE BEUIECTBA C
o-9actuuamy. [IpoHukaromas croco6HOCTh (-4acTHUI] B BO3YXe COCTABIAET JI0
10 cm. B Gosee MIoTHBIX cpenax MPOHUKAIOLIAS CIOCOOHOCTH O-YACTHII EIle
Menbe. JIuct o6br9HoM mucyei GymMaru MmoHOCTBIO €€ MOTJIONacT.

HeiitpanusaTopel ¢ TaKMM M3JIy4eHHEM TPHUTOAHBI JUIS JIOKATbHOH MOHH-
3allMM BO3JyXa M HEHTpanu3aluu 3apsjioB B MecTe Ux oOpaszoBanus. Tawm, rae
HEOoOX0AUMO HEHTpalIn30BaTh HMEKTPUUECKHE 3apsiabl B ammapare ¢ 60IbLIMM
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00beMoM, JTydIle Hcronb30Bath -usnyyarenu. Cpenu [-u3aydarerneil MHPOKO
pacrnpocTpaHeHbl TPUTHEBBIE UCTOYHHKH. [IOMHOXKKH Y HHX H3TOTOBISIOT K3
Monu6/eHa, HEPXKABEIOIIEH CTalK MM MEIH; Ha MOAHOXKH HAHOCAT CIIOH TH-
TaHa, HacklmaeMeli TpuTHeM. Kak BuaHO U3 Tabu. 9.4, HoHM3MpYIoNIas crocob-
HocTh P-uactuu B 100 pa3 MeHsie, ueM y O-gacTui, OfHaKo OHH 007afaroT
GonplIol MpoHMKaoIeH crocobHocTho. [lnuHa mpoGera (3-4acTul B BO3AyXe
HCYHCIIACTCS METPaMH, HO B 6oJiee IUIOTHBIX CpeiaX OHa MOTJIOMIAETCS CPaBHHU-
TENbHO Jierko. CBHMHIOBBIC 3aLIMTHBIE JKPaHbl TOMIUMHOW 1,5 MM, CTaibHBIE
TOJIIMHON 3 MM HJIM JepeBsHHbIC TOMLHMHOW 20 MM HOJHOCTBIO IOIJIOIMIAIOT
B-myun. PaguoakTHBHBIE BELIECTBA C Y-M3JIy4EHHEM H3-3a BHICOKOM ITPOHMKAI0-
e cnocoOHOCTH M ONMACHOCTH JUIA JIOZEH INpH HeHTpaau3aluuH dJIeKTpuye-
CKHX 3apAJ0B He MpHMeHsIoTcs. CpaBHUTENbHBIE XapaKTEPUCTHKH Pa3IHIHbIX
THUIIOB HEHTPAJIM3aTOPOB, BBIMTYCK KOTOPBIX HATAKEH B HALIeH CTpaHe, NpUBe-
JIeHsl B Tab1. 9.5.

Tabnuua 9.5
B Tanna pabo- MaxkcuManbHblif HOHHbIR
Heilitpanusarop IMpuHumn peiicTeus aethdrrn. o | 0% A, Ha lcM AnHHbL NpY
i E =200 kB/m
HP-1 O-H37y4eHHe, IIyTOHHH 239 140 1,2:107
HPH-1 Pain0aKTHBHO-HHAYKLHOHHbIH 140 5...10°
HP-3 O-u3nyyeHne, yTonuii 239 210 1,2-107
HPU-3 PasinoakTMBHO-HHIYKLMOHHBIN 210 5.107
HP-5 QL-M3J1y4eHHE, IUTyTOHMIT 239 350 1,2:107
HPHU-5 Pain0akTMBHO-HHYKHOHHBIH 350 5.10°
HP-7 O-H3J1y4eHHe, Iy TOHH 239 800 (0,6-0,9) -10°7
2
HP-8 10 HP-14 To xe o4 i
HCD-350AT-1 « 350 0,6:10”7
HC3-200A « 20 0,5-107
HCD-140AT-1 « 140 0,6:10”
HC3-10005 O-H3NTyueHHe, npomeTHii- 147 1000 (0,2-04) -10”
Tputnepsie B-uznyuenne, TpuTHii 3 (0,5-1,2) 107

OCHOBHBIM HEJIOCTATKOM PaJMOM30TONHBEIX HEHTPaJU3aTOPOB SBISIETCS
MaJiblif HOHM3ALMOHHBIH TOK II0 CPABHEHMIO C APYTMMH THIIaMH HeHTpanu3a-
TOPOB.

Jlist HeHTpanu3auy 3MEKTPUIECKHX 3apAN0B MOTYT MCIIOIb30BAThCA KOM-
OMHHpOBaHHbIC HEHTPAIM3aTOPHI, HANPHMEP, COYETAHHE BBICOKOBOIBTHOTO H
PaIMOU30TOIHOTO, ¥ HHAYKIHOHHOTO. [Tomo0HEIE KOMOMHAILIMY U3 JBYX THIIOB
HEeHTPaIM3aTOPOB MO3BOJIIOT YIIyUIIHTh X pabodne XapaKTepUCTHKH U YBEIH-
yuth 3¢dextuBHOCTb. [lomobHbIe HeWTpanmuzaTtopsl (Hampumep, thrma HPU)
TaKXXe BBITYCKAIOTCA MPOMBIIUIEHHOCTBIO (CM. Tabi. 9.5).
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D¢ PeKTUBHOCTB Pa3IMUHBIX THIIOB HEHTPAIH3aTOPOB CPABHHMBAIOT 110 pa-
6ounm xapakrepuctukaM (puc. 9.6). PaGoune XapaKTepHCTHKH BBIPaXKalOT 3a-
BHCHMOCTb Pa3psUKalolero MOHM3alMOHHOTO TOKAa OT BEJIHYMHBI NMOTEHLHAsa
3apsDKEHHOTO TeJa.

I, MKA

U, kB

Puc. 9.6. Paboune xapakTepHCTHKH

HEHTPAIU3aTOPOB Pa3IMYHBIX THIOB:
1 - BbICOKOBO/IBTHBI; 2 — HHAYKUMOHHBIT;
3 - paanon30TONHbIi

}IOHOJ]HHTEJILHHC cnocoobl YMEHBIUECHUNA ONACHOCTH
OT CTATHYECKOH JNEKTPpH3aALUUH

PaccMoTpeHHbIe crIOCOOB! YMEHBIICHHS OMACHOCTH CTaTHYECKOH 3JIEKTpH-
3allMM MOTYT OKa3aThCs MHOIAA Malod((EKTHBHBIMH HIM HENPHEMIIEMBIMU BO
B3PBIBOONACHBIX MPOH3BOACTBaX. [103TOMY MOKET BOSHHKHYTh HEOOXOAUMOCTD
CO3/IaHHA YCIIOBHi, MCKIIOYAIOMMX 00pa3oBaHHE B3PHIBOONACHBIX KOHIIEHTpa-
LM, HarpuMep, MPHMEHEHHE B pe3epByapax IIABAIOIIMX KPBII, 3ar0JHEHHE
cBOOOHOrO MPOCTPAHCTBA B AllapaTaX a30TOM WM YIVIEKHCIIOTOMH, MpuMeHe-
HHME MOCTOSHHO AEHCTBYIOMIEH BEHTHILMH C BBICOKOH KpaTHOCTBIO oOMeHa
BO3/IyXa, a TAK)K€ aBTOMAaTHYECKOE BKJIIOUCHHE aBapUHHON BEHTHILUH H T.11.

HHorna ynoBIeTBOPHTEIBHBIC PE3YIBTATHl AAET NMOAOOP KOHTAKTHBIX Map,
H3MEHEHHE OTJENBHBIX ONepaluil MM 3aMeHa IOpIOYMX JKHIKOCTEH Ha Hero-
proyre. OnacHOCTh CTATHYECKOW 3JIEKTPU3ALMH JIETKOBOCIIIAMEHAIOUIUXCS U
TOPIOYHMX XKHAKOCTEH MOXKET OBITh 3HAUMTEIbHO CHM)KEHA MIIH JaXe yCTpaHeHa,
HalpuMep, YMEHBLIEHHEM CKOPOCTH MOTOKa V. D(HEKTUBHOCTE 3TOr0 crocoba
OOBACHAETCA TEM, YTO NPH JIAMUHAPHOM IMOTOKE CTEMEHb 3JIEKTPH3ALMHU IIPO-
MOPIMOHATbHA CKOPOCTH JBHXXEHHA M HE 3aBHCHT OT AMaMeTpa TpyOomporoaa
D, a ipH TYpOy/IEHTHOM MOTOKE OHA MPOMOPLHOHATbHA CKOPOCTH KHAKOCTH V
B crertenu 1,75 u quametpy Tpybomposoza B crenenu 0,75. IIpu 3TOM cratiye-
CKO€ 3JIEKTpUUeCTBO 60Jiee MHTEHCHBHO BO3HHKAeT B TPyOONpPOBOAx ¢ IEpo-
XOBAaTOH MOBEPXHOCTEHIO.
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Pexomenpyercs ciemyiomas CKOPOCTh vV IMAICKTPHYECKUX JKHIAKOCTEH:
MpH yAeTBbHOM conpoThBieHHn p < 10° OmM-M npuHUMaroT v < 10 M/c; p > 10°
OmM — v < 5 m/c. Jlns xumkocteii ¢ p > 10° OM:M cKOPOCTH TPAHCIIOPTHPOBKH
M MCTEYCHUs YCTaHABIHMBACTCA OTAENBHO IS KaXKIOH KMAKOCTH. Y CTaHABIH-
BACTCS TaKasds CKOPOCTh AJIA JAHHOTO JUaMeTpa TpyOoIpoBona, NpH KOTOPOi
TOTEHIMANl Ha MOBEPXHOCTH JKMAKOCTH B MPHEMHOM COCYZEe He MPEBOCXOIHIT
Obl IpeebHO AOMyCTHMOro. be3omacHoi U TAKUX JKMAKOCTEH 0OBIYHO SBJIS-
€TCsl CKOPOCTh JBHKECHHS WM ucTedeHus 1,2 m/c.

Jlns TpanciopTHpOBKH sKHaKocTeii ¢ p > 10" - 10" Om-M co ckopocThio He
MmeHee 1,5 M/c pekoMeHIyeTcsl MPUMEHATh pesaKcaTophl (HalmpuMep, TOpU30H-
TalbHBIE YYaCTKH TPYOb! YBEIHUCHHOTO AHAMETpa) HEOCPEACTBEHHO Y BXOZa B
npuemMHbIi pesepByap. Heobxomumelit nuamerp Dp, M, 9TOr0 y4acTKa Ompeje-
nsercs o Gopmye

D, =14D, v, . (9.8)
Jmna penakcatopa L, onpezensercs o Gpopmyie
L>22-10"Ep, 9.9)

rae £ — au3eKkTpuyeckas IpOHUIAEMOCTh KHIKOCTH.

ITpu 3amoHEHHH pe3epByapa KUAKOCTHIO ¢ p > 10° OM-M 0 MoMeHTa 3a-
TOIUICHHS 3arpy304HOH TPYOBl PEKOMEHIYETCs MOJaBaTh €€ CO CKOPOCTBIO HE
Gonee 1 M/c, a 3aTeM CO CKOPOCTBIO, COOTBETCTBYIOIIEH YIEIbHOMY CONpPOTHB-
JICHHIO, KaK OBIIO yKa3aHO BBIIIE.

[Ipy MCMONB30BAHNM PEAKCATOPOB B COBPEMEHHBIX KPYIMHOTOHHAXKHBIX
MPOU3BOJCTBAX HEOOXOAMMO MHOIJA YBEIHUHBATH CKOPOCTH XUAKOCTH B TPY-
GompoBojie 10 4-5 m/c. [lnamerp, paccuuTaHHBIN 10 popmyie (9.8), okassiBaeT-
cst HermomepHo GonbuinM. [Todtomy st yBennueHust 3GpEeKTHBHOCTH peakca-
TOpa PEeKOMEHIYETCsl MPUMEHATh UX €O CTpyHamu (puc. 9.7) unm ¢ Hriamu
(puc. 9.8). D10 MoO3BONAET UCTIONB30BATE IPHEKT YBEAHMUCHUS IEKTPOIMPOBOJ-
HOCTH OPTaHUYECKHX XKUIKOCTEH B CHIBHOM 3JIEKTPHYECKOM ITOJIE.
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Puc. 9.7. Cxema penakcaropa co CTpyHaMH:
1- BXOAHO“ KOHHUeCKuit Nepexon; £ — paccerBaroulas niacTuHa; 3- Hanpasasoue n1acTuHbl;
4 — BepTHKaNbHblE NAACTUHbI V1S KPEMNEHUSA CTPYH; 5 — HATAXKHbBIE NPYKUHBL; 6 — CTPYHBL;
7 — kopiiyc penakcaropa; 8 — BbIXOAHOH KOHMYECKHH nepexon
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Puc. 9.8. Cxema HeHTpanu3aTopa ¢ UrilaMH:
1 — n3onaunonHas Tpy6a; 2 — urasi (16-18 wr.); 3 — nepexoAHHK; 4 — H3ONALUMOH-
HaA NpOKAAKa; 5 — KOpriyc Hefitpanusatopa

B nepBoM cirydae BHYyTpHU penakcaTopa M BJOJb €ro OCH HaTATUBAIOTCS 3a-
3eMJICHHBIE CTPYHBI, 4To Oosee 4eM Ha 50 % yMEHBIIAET TOK 3JICKTPU3ALIHH.
Tot xe addekT ucrone3yor B penakcarope (cM. puc. 9.8), korja B MOTOK KHI-
KOCTH BBOJAT 3a3€MJICHHbIE OCTPHS JJIS TOTO, YTOOBI M3 HErO OTBECTH 3apA/IbL.

PenakcaTop COCTOMT M3 TOJICTOCTEHHON H3OJIALMOHHONH TPYOB!I (IOIHITH-
JeH, (TOpOIIacT) ¢ yCTAaHOBJIGHHBIMH Ha Hel 3a3eMJICHHBIMH HIOJIbYaTBIMU
3NIEKTpoiaMH. BHyTpeHHHe JuaMeTpsl TpyObl M OCHOBHOIO TPYOONpOBOJa OIH-
HAKOBBI. DJIEKTPUYECKOE T10JIe, CO3JaHHOE 3apAfaMy XKHIKOCTH, KOHLEHTPUPY-
€TCs y OCTPHS MIJIBL. Y 3JIEKTPOJZOB I10JI€ 3HAYMTENIBHO YBEJIUYHBAETCS (B pe-
3ynpTaTe aAcopOLMHM HOHOB Ha JUANIEKTPUYECKUX CTEHKAaX peslakcaTopa), M Ha-
NPSHKEHHOCTB €r0 Y OCTPUS MOXKET 3HaunTeabHo npeBsicuTh 30 000 kB/M, uTo
IPHUBENET K PE3KOMY BO3PACTAHHUIO YICIBHOMH JIEKTPONPOBOJHOCTH.

MakcuManbpHO JOIMycTHMBIE M Oe3omacHble (B OTHOLICHHH BO3MOXKHOCTH
BOCIJTAMEHEHHUS MapoB JXMAKOCTH B TNPOMBIIUICHHOM pE3epByape) pexHUMBbI
TPAHCIOPTHPOBKM HE(PTENPOAYKTOB MO JUIMHHBIM Tpybam aumamerpom 100-
250 MM MOTYT OBITh OLIEHEHBI 110 COOTHOILCHHUIO

v:D, 0,64, (9.10)

T/ie vy — JTMHEHHAsA CKOPOCTh XKHIKOCTH B TpyOe, M/c; Dy — nuameTp TpyOsl, M.
ITpu Hanmuuum B MarucTpanu TpyOonpoBoia, (HUILTPOB, CEMApaTOPOB H
JPYToro TEXHOJIOTHYECKOT0 000pYNOBAHHSA, PACIIONOKEHHOTO Ha HEOOIBIIOM
PacCTOSHHMHM OT MPUEMHOTO pe3epByapa, PeXHUM TPaHCIIOPTHPOBKH HedTenpo-
JYKTOB BBIOMpaeTcs M3 yCIOBHs, YTOOBI IVIOTHOCTH 3apsfa B pe3epByape He
npessimana 30 MkKi/M® mpu anekTponpoBoHocTH skuakocTH 0,5 mkC.



3a nocnequue rofbl ObLTH MPOBEAEHB! CEPhE3HBIC TCOPETHUECKHE M IKCIIe-
PHMMEHTAJIBHBIC HCCIIEN0BAHUS IT0 OLEHKE AIEKTPOCTaTHIECKOH OE30MacHOCTH MpH
TEXHOJIOTHYECKUX OITEpaLIMsX 3all0HEHUS pe3epByapoB HedrenpoaykTamu [32].

HccnenoBanus MO3BOJIMIM aTh NMpaKTHYeckHe pekoMmenaauuu [33] mo pe-
JKMMaM HaJliBa CBETJIBIMH He(TEeNpOAyKTaMH CTAalMOHApHBIX pE3epByapoB U
XKEJIe3HOMOPOXKHBIX LMCTEpH. PexoMeHAaMH MO3BOJIAIOT NMPEAOTBpAIaTh aBa-
PHHHBIE CHUTYalMH OT Pa3psAA0B CTATHYECKOTO IEKTPUYECTBA B XOJE HAHBHBIX
OIepaului MmyTeM OrpaHUYeHHs CKOPOCTH 3aIlOJIHEHMS PEe3epByapoB 10 BEIHYH-
HBI, IPH KOTOpOH 0Opasyromuiics B HeTENPOXyKTE 3apsl CTATHIECKOTO 3JIeK-
TPHUYECTBA CO3JaeT B pe3epByape WIIH JKeJIEe3HOIOPOXKHOH LIMCTEPHE 3IEKTpHYe-
CKOE I10JI€, HEOCTATOYHOE UL BO3HMKHOBEHHS OIACHOTO HMCKpooOpa3oBaHMA
(Mo TeXHOJIOTHYeCKOH cxeme, He copepxkailed (HIBTPOB TOHKOH OYHCTKH,
HeQTEeNpPOAYKT HE NODKEH COAEPKaTh 3MYJIBCHOHHYIO BOAY H MEJIKOIHCIIEpC-
HBI€ YaCTHUIIBI).

Hmxe npHBOATCSA MPHUMEPHI TEXHOJIOIMYECKHX CXEM 3allOoJIHEHHs XKese3-
HOZOPOXHBIX LUcTepH (puc. 9.9) u pesepyapos (puc. 9.10) cBeTnabMu HedTe-
npoxykTamH. [IpuMepsl MOMyCTHMBIX PEXHMOB 3aMOJHEHHS JKEIC3HOIOPOXK-
HBIX LIUCTEPH M PE3epPBYapOB CBETIBIMU HE(TENPOLYKTAMH IPUBOIATCS B MPH-
noxenusix 3 u 4 [3].
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Puc. 9.9. TexHonoruyeckas cxema 3anoHeHHs XKEJIE3HOJOPOKHBIX LUCTEPH
CBETJILIMH He(TENpOAYKTaMH Ha HAJIHBHOM dCTaKaje:

1 — marucTpanbHblit TpyGonpoBoa, dy, = 400...700 mm; 2 — konnekTop, d, = 200-600 Mm; 3 — pa3natoutblit
Tpybonposoa, dyr = 100 MM; 4 — HanusHas Tpy6a, dy, = 100 MM; Ly — AMHA KOMNEKTOPA; Ly, — CyMMapHas
JUIMHA pa3iaTo4HOro Tpy6onpoBoia n HaNUBHOM TPYObl; Vi, — CKOPOCTb MPOAYKTA B MarHCTPaibHOM TpyGo-
NpOBO/IE; Vx ~CKOPOCTb MPOJAYKTA B KOIEKTOPE; V,, — CKOPOCTh MPOAYKTA B HANHBHOI TpyGe

-
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Puc. 9.10. TexHonornyeckas cxema 3arnojIHEHUs CTAllHOHAPHBIX PE3EPBYapOB CBETIILIMH
Hedrenpoaykramu Ha HedrenepepabaTEIBAIOIMX 3aBOJAX:
1 — npuemHo-pasaatouHbiii natpybok; 2 — noasoaaumii natpybok; 3 — maructpanbHsiit Tpybonposoa;
dyx — AMAMETP MATHCTPANLHOIO TPYGONPOBONA; dypy — AHAMETP NPHEMHO-pa3AATO4HOrO TpyGonpoBoaa;
dyx — AMAMETP NPOBOAALLErO TPYGONPOBOAA; V, — CKOPOCTL HCTeueHUs HedTenpoAyKTa B pesepayap;
Lay — AIHHA MArKcTpansHoro Tpy6onposoaa; Ly, — AMHa nposoasuiero Tpybonposoaa

Honycmumvle pedtcumvl 3anoIHeHUs GEPMUKATLHBIX YUAUHOPUHECKUX pe-
3epeyapoe ¢ NOHMOHOM UNU NAAsaroujel Kpbluieli OrpaHHYMBAIOTCA HE TOJBKO
3NIeKTpH3anKeil HeTenpoyKTa, HO U AOIMYCTHMOH CKOPOCTBIO IBHKEHHUSA MOH-
TOHA WJIM IUIABAIONIEH KPBILIH, PABHOH CKOPOCTH MOAHATUS YPOBHA HedTenpo-
IyKTa B pesepByape. Ecam JomycTuMas CKOpPOCTh NMOAHATHUA YPOBHS B pesep-
Byape II0 YCIIOBHSM 3JICKTPOCTaTHYecKoi Ge3omacHocTH mpeppimaer 0,6 M/4 B
OCHOBHOH CTamuu M 2,5 M/4 B Ha4aJIbHOH, TO NPOU3BOJMTEILHOCTH 3aKaYKH
He(TermpoayKTa B pe3epByap CleayeT OrpaHHYUTh J0 BEIHYHH, COOTBETCTBYIO-
IIUX TOITYCTUMBIM CKOPOCTSIM JIBIIKEHMS IIOHTOHA MJIM IUIABAIOMIEH KPBILLIH.

U1 OTpeneneHust 0OnyCmuMbIX PedCuMo8 3anONHEHUs. HCeNe3HOOOPOic-
HbIX yucmepH Ha HAIMBHBIX OCTaKagaX I10 TEXHOJIOTMYECKOH cxeme
(cM. puc. 9.9) BeIOMpAIOT AMAMETP MarucCTpalbHOro TpybompoBona dy., Aua-
METp KOJUIEKTOpa dyx M JHaMeTp HaJIUBHOW TPYyObl d, ;. [l BBIOpaHHBIX 3Ha4e-
HUH AuaMeTpoB 1o npuil. 3 [3] BEIOMPAIOT JOIMyCTHMBIE PEXHUMBI HAJIUBA XKe-
JIE3HOIOPOXKHBIX LIUCTEPH.

Jns onpeneneHus JOMyCTUMOM NMPOU3BOAUTEIBLHOCTH P, M/4, 3aTOTHEHHS
KOHKPETHOTO pe3epByapa I0 TeXHOJIOrH4eckoii cxeme (cM. puc. 9.10) BeiGuparor
MHUHUMAJIBHBIA JAUaMeTp TPYOBl dyrmin, BXOAAIICH B COCTAB MarucTPabHOTO
TpyOOnmpoBOaa U JUaMETp MOABOAALIEro TpydonpoBoaa dy . ITo mpun. 4 [3]. s
BBIOPAHHBIX 3HAYEHHH IHAMETPOB ONPEAEIAIOTCS JOITyCTHMbIC PEXXHUMBI 3aroj-
HEHHS CTAlMOHAPHBIX pe3epByapoB. JlOMyCTHMBIC PEXHMbI 3aIlOTHEHHS UL
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BEPTUKAIBHBIX pe3epByapoB BMecTHMOcThi0 100-10 000 M TOPU30HTAIBHBIX
BMeCTHMOCTBI0 3-200 M’ npuBOAATCA B peKoMeHamsx [32, 33).

B page ciydaeB moxbop MaTepuana KOHTaKTHPYIOIIMX T[OBEPXHOCTEH
YMEHBIIAeT HHTCHCHBHOCTh I'€Hepali 3apAJ0B CTATHYECKOIO JJICKTPHYECTBA.
ITIpy 5TOM MOXHO pEKOMEHIOBaTh, HAIpHMEp, H3TOTOBJICHHE B3aHMOJEHCT-
BYIOLIMX IIOBEPXHOCTEH U3 OJHOPOJHOTO MaTepHaa.

Crnemyer HCKIIIOUHTH BO3MOXKHOCTD 3arpsA3HEHUS TUAICKTPUYECKHUX JKHIIKO-
CTeH KOJUIOMAHBIMM YacTHLAMHU. IIpu CIMBE JKHIKOCTH HENB3S NEepeMeIIMBaTh,
PacHbUIATH HJIM Pa3OpBI3ruBaTh; MPU HAIMBE XHUIKOCTH B PE3epBYaphbl, LIUCTEPHBI
U Tapy cIMBHas Tpyba DOJDKHA OITyCKAaThCSA IMOYTH IO JHA NMPHUEMHOTO COCYHa;
cBoOoaHO majaromas cTpys Boobiue He Homyckaercs. JKUAKOCTH MODKHBI I10-
CTYIAaTh B Pe3epByap HHXKE YPOBHSA UMEIOIIET0OCs B HEM OCTAaTKa XKHUAKOCTH.

IIpn omepanuusax ¢ CHITYYHMH M MEJIKOJHCIIEPCHBIMH MaTepuUajlaMH CHH-
XKEHHs ONACHOCTH OT CTATHYECKOW 3JIEKTPH3ALMH MOXKHO JOCTHYB CJICTYIONIH-
MH MEpaMH: MPH UX THEBMOTPAHCIIOPTHPOBKE PEKOMEHIYIOTCS TPYObI U3 ITOJIH-
STHJICHA WJIH TPYOBI M3 TOTO k€ Marepuana (I OJH3KOro IO COCTaBYy TpaHC-
MIOPTUPYEMOMY BEILECTBY); OTHOCHTENIbHA BIAXHOCTh BO3/yXa Ha BBIXOZIE U3
ITHEBMOTPAHCIIOPTA J0JDKHA OBITH He MeHee 65 % (eciu 3To HempueMmIeMo, pe-
KOMEHJyeTCsl HOHH3HPOBaTh BO3JyX WJIM NPHUMEHATh MHEPTHHIH ras). Cremyer
u3beraTh BO3HMKHOBEHHS IIBIJICBO3IYIIHBIX TOPIOYMX CMeceH, HE JOIyCKaTh
najgieHus WM cbpoca mbuTH, ee BCKIyOnmuBaHus win 3aBuXpeHus. Heobxoaumo
ouyHnIaTh 000pYIOBaHHE U KOHCTPYKLIUH 3aHUA OT OCEBILEH ITBLITH.

[Ipu omepauusx ¢ rOPIOYMMH ra3aMy HEOOXOJMMO CIEIHMTH 332 X YHCTO-
TOMH, OTCYTCTBHEM Ha IYTH MX JAB)XXEHHS He3a3eMJICHHBIX 4yacTeil obopynoBa-
HUS WM TIPHOOPOB. -

3amena 2oproqux cpedcme na nezopioyue. Xopomuit 3QpHexT 1o ycaoBuim
IOKapO- U B3PHIBOOE30ITACHOCTH HE TOJBKO OT UCKP CTaTHYECKOTO JIEKTpHUYe-
CTBa, HO M OT BCEX APYTMX HCTOYHHKOB 3a)KMTaHHA JOCTHTACTCS ITyTEM 3aMEHBI
opraundeckux pactBopureneii 1 JIBXK na Heroproune. Tem Gonee, ecnu 3amMeHa
TOpPIOYHX CpeJl Ha HEroproyue He HapylIaeT HOPMAaJIBHOTO XOZa TEXHOJIOTHYe-
CKOTO0 Ipoliecca U 9KOHOMHYECKH IierecoobpasHa.

U3 opraHuyecKuX pacTBOpHTENEH Ui IPOMBIBKU H 00€3)KUPHBAHUS JeTa-
JIel dYaile BCero MPHMEHAIOT OEH3UH M KePOCHH, KOTOpbIE HapsAxy ¢ Xopourei
pacTBoOpsIONIeii cOCOOHOCTBIO 00aatoT OOJIBIIOH MOKAPOONACHOCTHIO, HH3-
KUMH TEMIIepaTypaMH BCIHBIIKK M BOCIUIAMEHEHHS, IIHPOKHM IMAIa30HOM
IPEJerioB BOCIUIAMEHEHHUS, CKIOHHOCTBIO K 3JIeKTpu3anuu. OmacHOCTh ycyryo6-
JISIeTCS elle U TeM, YTO IpH Irpolueccax 00e3KUPHUBAHNS U IPOMBIBKH B OTKPBI-
TBIX armaparax HaJ HOBEPXHOCTBIO 3THX JKHIKOCTeH oOpasyercs B3phIBOOIAC-
Has CMeCh JIakKe MPY HOPMAaJIbHON TeMIepaType.

Jlist XUMHYECKOTO 00€3)KHPUBAHUS PEKOMEHIYIOTCS HEroploYHe COCTaBEI
[3], mpencrasnennsie B Tabm. 9.6.
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Tabnuua 9.6

CosiepkaHne KOMIIOHeHTOB (I//1 BOJibl) B COCTABAX
KomnoneHTsb! JIna YepHbIX METan/oB "iml;:zﬁ:m }iﬂ:rznc‘?lz::o“:
Ne 1 Ne 2 Ne 3 Ne 4 Ne § Ne 6 Ne 7
NaOH u KOH 80-100 | 100-150 | 20-30 - - - 3-5
OUCPOpRSERESNE B ) S0.40 - 70-80 | 30-35 | 80-100 | 20-25 | 2-4
TPHH TpeX3aMelUEHHbIH
Hatpwii yriekucslii - 30-50 - 20-25 - 20-25 | 40-50
Kuakoe crekno - 3-5 5-8 5-10 10-15 - 20-30
Omyasraropst OI1-7
e % K W p 5. -

win OI1-10 5-7 5-7 3-5 5-7

Ipumeyanue. O6ezxupusanne npooasat npu 70-80 °C B Teuenue 10-15 muH, pactBop
MEePEMELINBACTCS CKATBIM BO3LYXOM.

PaspaboTan psj coctaBoB, npeaHasHadeHHbIX Ul 3amens! JIBXK u IK na
onepanusX: OYMCTKH JeTalel OT [acT, CyCIeH3 i, BEPETEHHOr0 Maclia, Harapa,
KOPPO3HUH; PaCKOHCEpBAllMHM, MOWKH JeTaJiei M arperaToB MalllMH; OTMBIBAHUS
MIOBEPXHOCTEN OT HE(TENPOTYKTOB, OYUCTKH PE3epPBYapoB IO CMEHY TPY30B H
IPOM3BOJICTBA B HUX PEMOHTHBIX paboT ¢ MPHUMEHEHNEM OTKPBITOTO OTHA U T.I1.

XapaKTepuCTHKa COCTaBOB, 0OJACTH NPUMEHEHHS M PEKHMBI 00€3KUPH-
BaHHUs ONHUCcaHsl B pabote [34].

9.5. SKCIIYATALIASA YCTPOMCTB 3ALATHI OT PA3PSJIOB
CTATHYECKOI'O JIEKTPUYECTBA

HopMmanbHas sKcIUTyaTanus M IMOJJIEpXKaHHE BCEX YCTPOMCTB 3aLMTHI OT
pa3pANOB CTaTHYECKOTO 3JIEKTPUYECTBA B MCIPABHOM COCTOSHHM SIBISIOTCS
Ba)XHBIM 3BEHOM B 00ECIEYEHHH M0XapO- M B3PHIBOOE30MACHOCTH Ha XMMHYE-
CKHX, HeTeXMMHYECKHX ¥ APYTHX NMPOU3BOJICTBAX.

CornacHo JeHCTBYIOIMM paBuiaMm [4], OTBETCTBEHHOCTH 338 UCIIPaBHOCTH
YCTPOMCTB 3aIllMTHI OT CTATHYECKOTO JIEKTPHYECTBA B 1IeXe BO3JIAraeTcs Ha Ha-
YaJbHMKA 11€Xa, a [0 3aBOJAY — Ha IJIaBHOro 3Hepretuka. OCMOTpP M TEKyLIHii
PEMOHT 3aLIMTHBIX YCTPOHCTB HEOOXOAUMO MPOU3BOAUTE OJAHOBPEMEHHO C OC-
MOTPOM M TEKYIIMM PEMOHTOM BCEro TEXHOJOTHYECKOTO M 3JIEKTPOTEXHHYE-
CKOro 060pyIoBaHuS.

3a3eMIIIONINE YCTPOICTBA HY)KHO KOHTPOJMPOBATH MPH MOMOIIHK MPHOO-
POB HE pEXe OJHOIo pasza B roj. Pe3ynbraTsl peBH3MH M PEMOHTA 3al[HTHBIX
YCTPOMCTB 3aHOCATCSA B CIELHATBHBIN JKYpHAJL.

Jlnst kaxioro nexa (¢ y4eTom crienugpuueckux ocoOeHHOCTEH) B TEXHOJIO-
IHYECKHE MHCTPYKUHMH WM HHCTPYKIMH 10 TEXHHUKE OE30IacCHOCTH TOJIKHEI
OBITH BKJIIOUEHBI pa3fieNbl «3allUTa OT CTATHYECKOTO JIEKTPUYECTBa» U «JKC-
IUTyaTalMsA YCTPONCTB 3aIllUTHl OT CTaTHYECKOTO JIEKTPUYECTBAY.
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DJeKTpUYEeCKHe HEHTpaIu3aTOPhl JOJDKHEI SKCILTYyaTHPOBATLCSA B COOTBET-
CTBHM C mpuiaraeMeIMd K HuUM [IpaBuiaMu TeXHHYECKOH SKCIUTyaTallMM WIIH
HHCTpYKIUAMHU 0 SKCIUTyaTaliy U npasuiamu [28].

YcraHOBKa M JKCIUTyaTalUs PaZMOAKTHBHBIX HEHTPalIM3aTOPOB HOJDKHA
IPOM3BOAUTLCS B COOTBETCTBHH C MHCTPYKLMSMH Ha HUX. PanuoakTHBHEIE HEMH-
TPaIH3aToOPhl APYTHX KOHCTPYKIMH JIOIMYCKAlOTCA K NMPHUMEHEHHIO, €CIIH OTBE-
qaroT TpeboBaHusAM CaHMTAapHBIX NMPABWJI IO YCTPOHCTBY M 9KCIUIyaTallMH pa-
JHOU3OTONHBIX HEHTPAIM3aTOPOB CTATHYECKOTO JJIEKTPHYECTBA C 3MAJIEBHIMU
HCTOYHHKAMH O- ¥ [-usmyderus Ne 879-71, OCHOBHBIX CAHUTAPHBIX MPABHI
paboThl ¢ paJiMOAKTUBHBIMH BELIECTBAMH M MCTOYHHKAMH MOHH3HUPYIOIIUX H3-
nyuennii, Ne OCII-72, HopMm paguamuonnoit 6esonacoct HPB-69.

IIpodunakTuyeckue OCMOTPBI M PEMOHTBI PATMOU3OTOIHBIX HEHTpanH3a-
TOPOB 11€J1eCO00pa3HO BEHIMOJHATE, Npuberas K yclIyraMm ClelHalIn3upOBaHHBIX
OpraHu3aluii, HarpuMep CIEeNHaTU3HPOBAHHOTO YINPABJICHHS 10 MOHTAaXy H
HaJaJKe paIMOaKTHBHOMH TEXHHUKH.

[Ipn pacnMpeHMM M PEKOHCTPYKIMH MPOHM3BOJCTBA CIEAYET IPOBEPHUTH
HaJIMYHe, JOCTATOYHOCTh M () (HEeKTUBHOCTH AEHCTBYIONIMX YCTPOHCTB 3aIIUTHI
OT CTaTUYECKOTO SJIEKTPHYECTBA M IPU HEOOXOIMMOCTH BHECTH COOTBETCT-
BYIOIIHME U3MECHEHHSL.

VerpoiicTBa 3alUTEl OT CTATHYECKOTO JJIEKTPUYECTBa (HEHTpaaM3aTOPH,
3a3eMJICHUA U Ap.) NIPUHUMAIOTCSA B OKCIUTyaTalMI0 OJHOBPEMEHHO C IIPHEMKOM
TEXHOJIOTHYECKOTO U SHEPreTHYECKOro 000py 10BaHusL.

Ipu npueMKe CpeICTB 3alUTHI B 9KCIUTYyaTALHIO JOJDKHEI OBITh MPECTaB-
JICHBI MPOEKTHI, aKThl HA CKPHIThIC paboThl, HCIIOTHUTENBHBIE CXEMBI, IIPOTOKO-
JIBl 3aMEPOB COMPOTHUBICHUH 3a3eMIIAIONIMX YCTPOMCTB M MHCTPYKIHA I10 3KC-
IUTyaTaLHH.
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I'naBa 10

TEXHUKO-95KOHOMMWYECKAS S®®EKTUBHOCTH PELIEHUN
MPOTUBOIOXXAPHOM 3ALLIUTHI QJIEKTPOYCTAHOBOK,
MOJIHUE3ALIUTHBI U BALIUTHI OT CTATHYECKOI'O
SJIEKTPUYECTBA

O6001meHHEIM noKa3aTeneM 3((GEeKTUBHOCTH MPOTHBOMOKAPHOH 3alIUTHI
3JIEKTPOYCTAHOBOK MOJIHHE3ALINUTBI M 3aIIUTEl OT CTATHYECKOrO 3JIEKTPHYECTBA
SBIISICTCS

C waxe = (Cnp/C:)T], (10.1)

rae Cyae - 00001IeHHBIH 1nOKa3aTenb 3G EeKTHBHOCTH NPUMEHEHHs 3allHUTEI,
Cyp - pe3ynbTaT NpUMEHEHMA 3amuThl; C; - CyMMapHBIE 3aTpaThl Ha 3alIUTY; 1) -
MOKa3aTelb, YIUTHIBAIOIIMI COLMAIBHEBIE aCIIEKTHI 3aLIMTH, 1 > 1.

3amuTy MOXKHO CYHTATh 1esiecoobpasnoit mpu C > 1. Pe3ynbrar npumeHe-
HMS 3aLIMTHI XapaKTEepU3YyeTCsl MaTeMaTHYeCKHMM O)XKHIAHHEM MpeIoTBpalleH-
Horo yniepba:

Cip = Co Poxcrp P O, (10.2)

rae C, - 0611as CTOMMOCTD 3alHIIAEMBIX MATEPHATBHBIX LIEHHOCTEH; Paerp - BE-
POSITHOCTH BO3HMKHOBEHHS 3KCTPEMAJIbHOM IM0JKapOB3PBIBOOMACHON CHTYaLHH;
Pyps - BEPOATHOCTB TOT'O, YTO NpPUMEHAEMAs 3alllUTa NPEAOTBPATHT MOXap WIH
B3PBIB; O - KO3 (HULKEHT, XapaKTepU3YIOLIHMii cTeneHs yObITKa OT obmei cTou-
Mocti C, B CIIydae Iokapa MM B3pbIBa.

CTOMMOCTb 3alIMIIAEMBIX MaTEPHANBHBIX LEHHOCTEH, KaK MpaBHIIO, H3-
BECTHA.

BeposTHOCTh BO3HMKHOBEHHS IT0XKApOB3PBIBOOIIACHOH CHTYaLMH MOXET
OBITH ONpe/ie/IeHa Ha OCHOBAHMH CTaTUCTHYECKUX AaHHBIX. Koaduiuent o = 1
B TOM CJIy4ae, KOr/Jja BOSHUKIIMI 10Xap WM B3pBIB YHHYTOXKAET BCE 3allMILac-
Mble MaTepHalbHble IIEHHOCTH; 0 < | B CiIydasx, KOIa MaTepuaibHble HEHHO-
CTH YHHYTOXaIOTCA vacTuyHo. OH omnpenensercs WIN yCTaHAaBIMBAeTCA JUIA
Ka)KI0T0 00BEKTa MM I'PYIITEl XapaKTEPHBIX 00BEKTOB.

BeposATHOCTB TOrO, YTO MPHMEHsEMas 3alluTa MPeJOTBPATUT MOXKap HIIH
B3PBIB, 3aBHCHT OT XapPaKTEPHCTHK TEXHHYECKHX PEHICHUH 3alIUTHI M CTENEeHH
€e COOTBETCTBUS JUIA 3aJaHHOr0 00BEKTa:

P =K: K., (10.3)

rae K - k03 GHUHEHT TOTOBHOCTH 3alHUTHL; K, - KOI(QPHUIHEHT COOTBETCTBUA
BBIOpAHHOMN 3aIIUTHI 33laHHOMY 0OBEKTY 1o TpeGoBaHHAM, 0OecrednBalONIuM
IPEIOTBPAILEHHE N0XXapa HIIH B3PhIBA.
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B cBolo ouepenp,
K. =T, (Tu.o + TB)! (104)

rae Ty, - BpeMs HapaGOTKH Ha OTKa3 3alMThL; 7, - BpeMs BOCCTAHOBIIEHHS OT-
Ka3sa 3allHThI.

Bonee BeICOKMIA KO3¢)¢)HHHCHT TOTOBHOCTH 3allIMTHI Ja€T BO3MOXHOCTH C
Gonpiiei BEPOATHOCTBIO MPEAOTBPATUTE IOXKAp WM B3PBIB, CJICAOBATEIBHO, U
yep6.

Cy = Cy.c (annl = nZTIZ)v (105)

rae Cy - cTouMOCTh ymepba oT mpocTos 3amuThl; Cyc - CTOMMOCTD YOBITKOB,
NPUXOAIIMXCS Ha €IUHUILY BPEMEHH HepaboTOCIOCOOHOTO COCTOSHMSA 3allu-
TBI; Ny, Ny - YUCIIO OTKA30B IS TIEPBOTO M BTOPOro K03 (UIIMEHTOB TOTOBHOCTH
(Kr1, K2); T, Ty - BpeMs BOCCTaHOBIEHUS 3amuThl 1 Ky u K cOOTBETCT-
BEHHO.

Ha mpakTtrke pefiko ymaeTcs momoOparh TakHe TEXHHYECKHUE CpeIcTBa 3a-
IIUTHI, IPH KOTOPBIX MPEIOTBPALIEHHE T0XKapa WK B3PBIBA 3aBUCHUT TOJIBKO OT
ko3¢ duurenTa ux roroBHocTH. [losTomMy KOI(OHIHEHT COOTBETCTBUS Halle
BCEro MECHbBIIEC €IUHHUILIEI.

XapakTepHBIM MPUMEPOM, TMOATBEPXKIAIOIIMM Ha MpakTHke, 4To K < 1,
MOXeT ObITh MPUMEHEHHE [UIS 3alIUTHI IEKTPOYCTAHOBOK Pa3JIMYHBIX armapa-
TOB 3aLMTHI, KOTOPBIE, KaK U3BECTHO, UMEIOT UCKPETHBIH Psi HOPMHPOBAHHBIX
MIOPOTOB C ONPEe/IeNICHHBIM LIIarOM. ‘

[To-BuauMOMY, JMHIIb JUIS MOJHHME3aMMTHI BO3MOXXHO JOCTHYb K, = | 3a
cyeT BBeAECHMs M30BITOYHOCTH 3amuThl. OHAKO TAKOM IMOAXOJ €Ba JIH MOXKHO
pacrnpocTpaHuTh Ha Bce 00BEKTHI. [l 2JIeKTPOYCTaHOBOK M30BITOYHOCTH 3alllH-
THI BO MHOTHX CIIy4Yasx INPUMEHUTH BOOOIIE HEBO3MOXXHO, TaK KaK 3TO MOXET
MPUBECTH K SKOHOMHYECKH HEOIPABIaHHBIM OCTAHOBKAM 3JIEKTPOOOOPYA0BAHHS.

VYHTBIBas, 9TO B HACTOSAILIEE BPEMS OTCYTCTBYET HAy4HO O00OCHOBaHHBIH
MOZXOJ K BBIOOpPY K, JUIS pacueToB CIEIYET IOJb30BATECA OPUEHTHPOBOIHBIMU
3HAYEHUAMH, UCXO/IS U3 OIbITA IKCIUIyaTallMH TeX MJIH HHBIX 0OBEKTOB.

CyMMapHBIe 3aTpaThl Ha 3aLIUTY COCTaBST

C=Cau+Ci+ G, (10.6)
rae Cre - 3aTpaThl Ha NPUOOPETEHNEe TEXHUIECKHX CPEACTB 3auThl; C,, - CTOH-
MOCTb MOHTaXHBIX pa60'r; C3 - CTOMMOCTB 3KCIUTyaTallid 3allUThl B TCUYCHHC
3aJaHHOI'O BPEMEHH.

3HaueHue C-m;, u CM ONpeaC/IATCA Ha OCHOBAaHHH COOTBETCTBYIOIIMX

HpCﬁCKypaHTOB H KaTaJIOTOB LIC€H ITOKYITHBIX U3 U MOHTaXKHBIX pa60'r.
3Kcnnya1'aunonnme pacxoIel paBHBI

G =Cy+Cpn, (10.7)
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rae C, - CTOMMOCTh MPOQHIAKTHYECKUX paboT, NMpeaynpexnaloniuX OTKa3bl;

C, - CTOMMOCTb BOCCTAHOBJICHHSI OJJHOTO O0TKa3a 3allUThI; /1 - YUCJIO OTKA30B.
IToBpimenue K MPUBOAMT K CHIKEHHMIO CTOMMOCTH TEKYLIETO PEMOHTa

IPH 3KCILTyaTalluK 3a CYET CHIKEHHS YHCIIa OTKa30B (1 - 1) < n.
CrneoBaTenbHO,

Cy= Ca+ C, (m1-n2) (10.8)
npH
n =17 = Ai'l'; n=17T,= AZ‘L',

rae 'Al , AZ - COOTBETCTBCHHO MHTCHCHBHOCTH OTKa30B, COOTBETCTBYIOLIHE Kou

Ki2; T - paccMaTpHBaeMBIi POMEXKYTOK BPEMEHH.

BaxubIM U1 OUeHKH 3((EKTHBHOCTH 3aIMUTHI 3JIEKTPOYCTAHOBOK, MOJ-
HHE3ALMTHl ¥ 3aUTBl OT CTATUYECKOTO JJIEKTPHYECTBA ABJIAETCA MOKA3aTeNb,
YYHTHIBAIOIHi COLHANBHBIC ACIEKThI 3aLKThI: OMACHOCTh MOXKApOB H B3PHIBOB
IUISL )KM3HHM JTIOJEH M BIMSAHME MX HAa MOPAJBHOE COCTOSHUE JIO/IeH, KaK MpaBH-
JI0, CHIXKAIOIEE MX OOIECTBEHHYIO aKTHBHOCTB M IIPOM3BOAUTENIEHOCTD TPY/Ia.
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[punoxenus

Texunyeckne JaHHbIE Pe0XpaHHTEel

[MTpunoxenue 1

Ta6aunua 1

HomuHanbHblit TOK, A

IpenensHbI TOK OTKIIOYEHUS

Tun Lup.ups A, NpH Hanpsskenuu, B
- peAoXpaHHTeNs [y, up 1aBKO# BCTABKH [, por 220 380 500
15 6,10u 15 1200 800 700
60 15, 20, 25, 35, 45, 60 5500 4500 3500
1P-2 100 60, 80 1 100 11000 ( 11000 | 10000
g @9 100, 125, 160 u 200 11000 | 11000 10000
350 200, 225, 260, 300, 350 11000 | 13000 11000
600 350, 430, 500, 600 15000 | 23000 | 20000
HITH-15 15 6,10u 15 - 10000 &
HIIH-60M 60 20, 25, 35,45 u 60 - 10000 -
HITH2-60 63 6; 10; 16; 20; 25; 31,5; 40 u 63 - 10000 -
100 31,5; 40; 50; 63; 80; 100 - 100000 [ 50000
H-2 250 80, 100, 125, 160, 200 1 250 - 100000 | 40000
400 200, 250, 315, 335 u 400 - 40000 | 25000
630 315, 400, 500 u 630 - 25000 10000
40 40 - -
60 60 - -
100 100 = =
150 150 - -
ITHB-2 200 200 : ) 100000
300 250, 300 - -
400 400 - -
600 600 - -
11-27 25 6,10,15,20 u 25 - 600 -
11-33 60 15, 20, 25, 35, 60 - 1000 -
I111-24 25 2; 4; 6,3; 10; 16; 20; 25 - 100000 -
II1-17 1000 500, 630, 800, 1000 - 120000 -
I1T23 16 6,10, 16 10000 - -
I1T26 31,5 20;25; 31,5 10000 - -
I1P23 16 6,3; 10; 15 10000 - -
I1P26 31,5 20; 25; 31,5 10000 - -
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TexHuveckue JaHHbIE ABTOMATOB cepun A3100

Tabnuua 2

" kG Pacuenurens lipas A, Npu Hafipskenuu, B
BTOMAT ey s il W
Boveans A | Lusams A | Lpoass A 220 350 500
A3l6l 1 15 - - 2500 2000 -
20 - - 3000 2500 -
A3162 2 50 25 - - 3500 3000 -
30 - - 4000 3500 -
A3163 3 40 - - 4500 4000 -
50 - - 5000 4500 -
(s (ana
A3163) | A3163)
A3113/1 2 15 15 150 4000 3200 2500
20 20 200 5000 4000 3200
A3114 200 25 25 250 6500 5000 4000
30 30 300 9000 7000 6000
A4114/1 3 40 40 400 10000 8500 7000
50 50 500 12000 10000 8000
60 60 600 13000 11000 9000
80 80 800 14000 11500 9500
100 100 1000 15000; 12000 | 10000
A3120 | A3123 2 15 15 430 7000 5500 4000
20 20 430 7500 6000 5000
25 25 600 11000 9000 7000
100 30 30 600 12000 10000 8000
40 40 800 15000 13000 | 10000
A3124 3 50 50 800 22000 19000 | 14000
60 60 800 23000 | 20000 | 15000
80 80 800 26000 | 22000 | 16000
100 100 800 30000 | 23000 | 18000
A3133 2 120 120 840 20000 19000 | 14000
A3130 200 150 150 1050 30000 | 23000 | 18000
A3334 3 200 200 1400 35000 | 30000 | 25000
A3143 2 250 250 1750 35000 | 32000 | 32000
300 300 2100 40000 | 35000 | 35000
A3140 600 [ 400 400 2800 40000 | 35000 | 35000
A3144 3 500 500 3500 50000 | 50000 | 40000
600 600 4200 50000 | 50000 | 40000
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Tabauua 3

TexHu4yecKkHe XapaKkTepHCTHKH aBToMaToB A37136

HomuHanbHbii TOK, A
Homu- Toxk cpabarbiBa- v,
CTaBKa 10 TOKY IpenenbHas
aBTo- HalbHOE | HHA TENNoBOro
1101y IPOBOAHHKOBOIO MrHOBEHHOro cpaba- | KOMMYyTaUMOHHas
Mara, Hanps- pacuenurens,
fua * pacuenutens, I xetine, B KpaTHBIT I, ThIBAHMSA, KpaTHas [, | CNOCOGHOCT, KA
32 16, 20, 25, 32 14
40 | 20,25, 32,40 18
~660 1,25 3,5,7:10
80 | 40, 50, 63, 80 35
160 | 80, 100, 125, 160 40
32 16, 20, 25, 32 14
40 | 20,25, 32,40 180 1.25 357 10 18
80 | 40, 50, 63, 80 ’ P o
160 | 80, 100, 125, 160 i
Tabnuua 4
TexHuueckue AaHHbIe aBTOMATOB THNA AIT-50
¢ KOMOMHHPOBAHHBLIM pacUenuTe/ieM Ha NepeMeHHbIH TOK
Pacuenurens
H;u,m TOK ;ﬂ;‘ﬂkn’z ',‘;"'l'l:' e, ;::; INEKTPOMATHUTHBIH Jp 3y € qﬂ:ﬁzzﬁi; ::;1 2:2:?
pacuenure- Perpy TOKOM MrHoBeHHoro cpaba- | 380 B u cosp =0,5; | orkno-
s, A 1,35 6 ThbiBaHUA (OTCEUKH), A Lpas A YeHu, ¢
1,6 11 300
2.5 17,5 400
4 28 600
6,4 45 800
10 | Hebomee | o 1010 70 2000 0,017
30 MuH
16 110 2000
25 175 2000
40 280 2000
50 350 2000
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TexHHYeCKHe XapaKTePHCTHKH ABTOMATOB cepuu BA

Tabaunua 5

Tokcpa- | VYcraskano [lpeaensHas
Tl ¥ e HomuHanbHblit TOK Homu- GarblBaHHA | TOKY MIHO- | KOMMYTal{HOH-
W pacuenu‘reneﬁ Mak- HallbHOE Yucno TEeniaoBoro BEHHOro Has cnocob-
Ha.l1bl~l;l o CHMaIbHOI'O TOKa, Hanps- NonacoB pacuenu- CpasaTblBS- HOCTb, KA, npu
A Kenue, B Tens, Hu, KpaT- | HanpskeHuu, B
KparHblii 1, Has [, 350 660
BA51-21 |6,3;8;10;12,5; ~380
25 | 16;2025 660 | >3 Hed 100
i ik s - 1,35 14 | 38 |20
BA14M 6,8, 10, 16 ~380 1;2:3; 1.35 10
32 -110 2 : 16
0,3;0,4;0,5;
0,6; 0,8; 1,0;
BASII-25 | 1,25;1,8;2,0; ~380
25 |25:315.40, | ~660 | >3 e Mo | 30 |20
5,0;6,3; 8; 10;
12,5; 16; 20; 25
6,3; 8; 10; 12,5;
BAS51-31-1 | 16; 20; 25; 31,5; ~380 1 1.35 3,7, 10 8,0 R
100, 160 | 40; 50; 63; 80; -110 : 3,7 8,0
100
6,3; 8; 10; 12,5;
sy |lomavsis | 60| | e |
100, 160 4:86 50; 63; 80; 220 3.7 20,0
BASII-31 | 16; 25;31,5; 40; ~660 3 12 14 4,0 )
100, 160 | 50; 63; 80; 100 ~380 i 7,0
16;.20;25; 31,5;
BAS52-31 vl ~660 12,0
100, 160 40; 50; 63; 80; ~380 3 1,35 3,7,10 25.0 -
100
pazear | SEER o [ |, | . | w9
100, 160 el Al s ~380 ! 25,0
100
BAS1-33 | 80; 100; 125; ~660 9,0
100,160 | 160 .ago ] 283 1,23 d 125 | -
BASII-33 | 80; 100; 125; ~680 3 12 14 9,0
100, 160 160 ~380 ’ 12,5 }
BAS52-33 | 80; 100; 125; ~660 12,0
100, 160 | 160 ~380 & 143 101 35 | -
BAS52I-33 | 80; 100; 125; ~660 3 12 14 12,0
100, 160 160 ~380 ’ 35,0 )
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Tabnuua 6

TexHuyeckue napamMeTpbl 0JHONOJIOCHBIX aBTOMaTOB cepun AE1000
M Tpexno/ocHbIX cepun AE200

Tok cpabatbiBatus

Homu- [penenbHas
Tun (no T HanbHbI Homutans ble pucisoitient A OTK/H04Al0-
Cepust HCTIO/IHe- e‘:;::ﬁ; TOK aB- To:::;::e' Tenno- | 3nexkTpo- | wWas cnoco6-
HMIO) l-l Tomara, I 1 A BOro, MarHMTHoOro, HOCTb aBTO-
L A e Tt lep.mu Iq),mu Marta Inp.lv A
AE1031-11 Kom6
AE1031-21 OMOH-
AL | wwpo- | 25 |6,10,16,25 M0 | (218 1 5000
AE1031-41 | papuei Lpacu wpacu
AE1031-51
AE1031-12
AE1031-22
AE1000 | AE1031.32 | Temio- 25 |6,10,16,25| 1 " 1000
AE1031-42 BOH Ty pacu
AE1031-52
AE1031-13
AE103123 | Omnek- (12-18)
AE1031-33 | Tpomar- 23 6, 10, 16, 25 - 1000
AE103143 | pyrupri Ly pacu
AE1031-53
0,6; 0,8; 1;
Onex- 12'255’31'26’42' 3 Impacu
AE2033 TpoMar- 25 o] g a - WIIH 3000
HHUTHBII % G518; b0y 12 ],
12,5; 16; i
20; 25
0,6;0,8; 1;
Kombu- 12’255'3]'26’42' 1.25 3 In.pacu
AE2036 HHPO- 25 g ok 4 © HIH 3000
AE2000 N 5;6;8;10; | Lupacu
BaHHBIi 12,5; 16; 12 L pacu
20; 25
Onek- 16; 20, 25; 3 Iu.pacu
AE2053 TpoMmar- 100 32; 40; 50; - WIH 6000
HUTHBIH 63; 80; 100 12 L pacu
Kombu- 16; 20; 25; 125 3 Lipacu
AE2056 HHPO- 100 32; 40; 50; I o HIH 6000
BaHHBIi 63; 80; 100 | "P*" | 12 Lypacy
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Tabanua 7

TexHHYecKHe AaHHBbIE MATHUTHBIX nyckaTeneii cepuu [IME u 1A

HaubosbLias MOuwHOCTS
Myckarens y ﬂf;iz‘::ﬁﬁ;:ﬁ;;ﬁo- Tok ycTaBKki TennoBbiX pene, A
HanpskeHuu, B
Homu- Mo Hynepas ycraska
Tun Benu- Hab- 220 380 500 Ha.r:)::m;ﬁ (HOMHHaNbHBbI J.llnanasou
4MHa Hbli ToK. A TOK Harpesarte/ib- YCTaBOK
TOK, A ’ HOMO 3neMeHTa)
6,25 5 3,75-6,25
7,87 6,3 4,72-7,87
10,0 8 6-10
[IME-222 2 25 5,5 10 10 12,5 10 7,5-12,5
15,6 12,5 9,38-15,6
20,0 16 12-20
25,0 20 15-25
I1A-322 3 40 i 13 17 40 32 24-40
[1A-422 4 56 13 20 28 56 44 33-56
I1A-522 5 115 28 55 55 115 104 78-115
[1A-622 6 140 40 75 75 140 126 94-140

Ilpumeyuanus: 1. HyneBas ycraBka — yCTaBKa B HyJICBOM IOJIOKEHHH yKa3aTess WKaIbl
TEIIOBOrO pere.

2. PerynmpoBka TOKa yCTaBKH pelie [UIABHAs W TPOHU3BOAMTCS PEryasiTopoOM YCTABKH.
[llkana peryasTopa TOKa yCTaBKH HMeEET M0 MATh AeJeHHH BleBO (MHHYC) M BrpaBo (Muioc)
OT HyJeBOi pucku mkansl. Kaxaoe nenenue mikanbl COOTBETCTBYET MPUMEPHO 5 % HOMH-
HaJIbHOTO TOKA HarpeBaTe/bHBIX 3JIEMEHTOB (TOKA HYJEBOH YCTAaBKH) /Ul MycKaTelnel OTKpbI-
TOro HCTOMHEHUA U 5,5 % - JUIst 3aLUNIIEHHOTO HCIIOIHEHMS.

3. Jlna maruuTHeIX myckateneii cepuu ITA 4, 5 u 6-it Benuunn (¢ TeroBsIM pene Ge3
TEPMOKOMITEHCALMK) NIPH TeMreparype oxiakzjawoweil cpeast nuxke +30 °C BHOCHTCS no-
NpaBKa B Mpejiesiax [IKajbl pene.

4. Jlenenue mikaabl ToKa YCTaBOK Ge3 TeMIepaTypHOii MOMpPaBKH ONPEIENseTcs U3 Bbl-
paKeHus

N1 = (- 1lo) / clo,

rze I, — HOMHHANBHBII TOK d1eKTpoABHraTens, A; lo — TOK Hy/ieBoii ycraBku, A; ¢ — k03(hu-
UMEHT LeHbl Jenerns mkaiel (0,05 — ans oTkpbIThIX myckatesneit, 0,055 — uis 3aiueHHbIX ).
[TonpaBka Ha Temrepatypy B Mpeenax JejeHHH [IKabl

“Na=(Loxp-30)/10°,

r/ie 3HaK MHHYC 03HA4aeT, YTO MOMpPaBKa BBOAMUTCS TOJILKO MPH MIOHUKEHUH TEMIIEPATYpPhl OT
HomuHanbHo# (+40 °C) Gonbue yem Ha 10 °C.
PesynbTHpyloliee pacyeTHOE JeNeHHE PABHO

+N=(xN)+(-N).
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ILYIO CTOPOHY, B 3aBHCHMOCTH OT XapaKTepa HarpyskH.

Ecnn uncno N npo6Hoe, NpoH3BOAHTCS OKPYIJIEHHE 10 LEJOro B GONbIIYIO HIH MEHb-

Ilpumep. Tok snexkrpoasurarens I, = 54 A; samumentslit nyckarens I[TA — 422 ¢ To-

KOM HYJIEBOii yCTaBKH paBHbIM 44 A; TemnepaTypa okpyxatouieii cpezst 15 °C.

.

Onpenensiem JieieHHe LKAl YCTABOK pejie:
ycTaBka pesie 6e3 monpaBku Ha TemMmepaTypy

+N=(55-44)/0,055x44 =+4,91;

NONpaBKa Ha TEMIEPaTypy

~N;=(15-30)/10=-1,5;

Pe3yAbTHPYIOIEE PACHETHOE JIeJIeHHE MIKaJbl YCTaBOK
+N=(+491)+(-1,5)=+341;

OKpyrjiieHue 10 +4 neneHus, eciu 3JIEKTPOJBHIaTe/lb HE MMOJABEPXKEH 4YacCThIM NEpe-

rpy3KaMm HJIH MMEeT 3arac MOUIHOCTH; A0 +3 JejeHHs, eCllH JeKTPOJBHraTeNb Haxo-
JIMTCS Ha Npejelie Mo HarpeBy MPH HOMHHAIBHOW Harpy3ke WM B pe3yibTaTe YacThiX
neperpysox.

5. TexHH4ecKHe JaHHbIE TEIJIOBbIX pene, BcTpauBaemblx B myckarenu [IME u [TA.

Benu-

Homu-

aida greio HoMuHanbHbI# TOK TEnn08oro [Mpeaen perynuposanus
Tun pene pene, A, npu +25 °C (nonc HC HOro TOKa
nycka- Hbli TOK
i pene, A perynsTopa ycTaBku Ha Hyine) YCTaBKH
0,5;0,63; 0,8; 1; 1,25; 1,6; 2;

I TPH-8 wan TPH-10 10 225:32: 4 5: 6.8: 8; 10 010,75 Ly no 1,3 1,
II | TPH-20 wau TPH-25 25 5;6,3; 8; 10; 12,5; 16; 20; 25 | Ot 0,74 Iy no 1,3 I
Il | TPH-32 unu TPH-40 40 16; 20; 25; 32; 40 Or 0,75 Iy no 1,3 1
IV | TPII-60 60 25; 30, 40; 50; 60 Ot 0,75 Iy no 1,25 Iy
VvV | TPII-150 150 50; 60; 80; 100 Or 0,75 1y o 1,25 Iy
VI | TPII-150 150 1005 120; 150 Or 0,75 Iy no 1,25 1,
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IMpunoxenue 2

Tabnuua 1

HOHyCTHMaﬂ NnoTepsi HANPHAKEHHA B OCBETHTEJILHBIX H CHJIOBBIX CEeTHX

Mowocrspate. | Koot sarpysen |- 2T owioct cypouapuol parpysk
i i TpaUBpopMETOa JlonycTumas norepa Hanpaxexus, %
1,0 8,2 6,6 6,1 59 5,6
0,9 8,4 6,9 6,5 6,3 6,0
i 0,8 8,6 72 6,9 6,7 6,4
0,7 8,8 7.5 753 7,1 6,8
1,0 8,6 6,8 6,3 6,0 57
0,9 8,7 7,1 6,7 6,4 6,1
4 0,8 8,8 7.4 7,1 6,8 6,5
0,7 8,9 7,7 7,5 7,2 6,9
1,0 8,7 6,5 5,8 55 5,0
0,9 8,8 6,8 7,2 59 5,5
e 0.8 89 | 7.1 | 66 | 63 | 60
0,7 9,0 7.4 7,0 6,7 6,5
1,0 8,9 6,7 5,9 35 5,1
0,9 9,0 7,0 6,3 59 5,6
1600 038 o1 | 73 | 67 | 63 | 61
0,7 9,2 7,6 A | 6,7 6,6
Tabnuua 2

3Havyenne ko3 PHULHEHTA ¢ s onpeesienus (Mo ynpoueHHoH GopmyJie) ceueHni
NPOBOHHKOB M NMOTEPH HANPSIKEHHs! B JIEKTPONPOBOAKAX

Hanpsike- Koo dpuumenr ¢ ans
HUE NpH- CucTema ceTu M poa Toka npoBoAos
eMHuKa, B MEAHbIX AJIIOMHHHUEBbIX
500 Tpexdasnas 132 80
660 Tpexdasnas 231 138
380/220 | TpexdasHas ¢ HyJIeBbIM IPOBOAOM 77 46
380/220 | [iByx¢asuas ¢ Hy/eBbIM IPOBOOM 34 20
220 JIByXnpoBOHAsi MEPEMEHHOTO HJIM MOCTOSHHOIO TOKa 12,8 L7
220/127 | TpexdasHas ¢ HyJIeBbIM IIPOBOLOM 25,6 15,6
220/127 | AyxcdasHas ¢ HyI€BbIM MPOBOAOM 11,4 6,9
127 JIBYyXnpoBO/Hasi NEPEMEHHOTO HIIM MOCTOSHHOTO TOKA 43 2,6
110 JIBYyXnpoBO/iHAs MEPEMEHHOTO HIIH MOCTOSHHOIO TOKa 3.2 1,4
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Ipunoxenue 3

Ko puumeHTbI HCNMOIBL30BAHUS BEPTHKAIBHBIX
3a3eMJIMTeJIeH 1), M TOPH3OHTAIBLHBIX COeIMHHTENLHBIX M0JIOC 1),

Konnuectpo | OTHOLIEHHE PACCTOAHMA MEKAY BEPTHKANbHBIMH 3a3EMHTENAMH K HX AinHe all
BEPTHKANbHBIX 1 2 3
3azemauTenei ™ "%I " ™ I " ™ I e

Ilpu pacnonoscernuu nonoc no nepumempy 3amKHymoz20 Kpyaa

4 0,69 0,45 0,78 0,55 0,85 0,70
0,62 0,40 0,73 0,48 0,80 0,64

8 0,58 0,36 0,71 0,43 0,78 0,60
10 0,55 0,34 0,69 0,40 0,76 0,56
20 0,47 0,27 0,64 0,32 0,71 0,45
30 0,43 0,24 0,60 0,30 0,68 0,41
50 0,40 0,21 0,56 0,28 0,66 0,37
70 0,38 0,20 0,54 0,26 0,64 0,35
100 0,35 0,19 0,52 0,24 0,62 0,39

Ilpu pacnonoowcernuu nonoc 8 pao

3 0,78 0,80 0,86 0,92 0,91 0,95
4 0,74 0,77 0,83 0,89 0,88 0,92
5 0,70 0,74 08,1 0,86 0,87 0,90
6 0,63 0,71 0,77 0,83 0,83 0,88
10 0,59 0,62 0,45 0,75 0,81 0,82
15 0,54 0,50 0,70 0,64 0,78 0,74
20 0,49 0,42 0,68 0,56 0,77 0,68
30 0,43 0,31 0,65 0,46 0,75 0,58
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IIpunoxenue 4

IlepeyeHb CTAaHAAPTOB HA B3PHIBO3ALIMIIEHHOE YIEKTPO0GOPY10BaHHE

Ob6o3nauerne 'OCT P

Haumenosanune OCT P

Bsamen ['OCT

I'OCT P 51330.0-99
(MBK 60079-0-98)

DnekTpoobopyAOBaHHE B3PbIBO3ALIMIIEHHOE.
Yacts 0. O6ume Tpebopanms

22782.0-81
12.2.020-76

I'OCT P 51330.1-99
(M3K 60079-1-98)

DnekTpoobopyI0BaHKHE B3PbIBO3AIIHILEHHOE.
Yacre 1. B3pbiBo3aiuura Buaa «B3peiBonenpo-
HHUL@eMas 0607104Ka»

22782.6-81

TOCT P 51330.2-99
(M3K 60079-1A-75)

DnexTpoobopyaoBaHie B3PbIBO3ALIMILEHHOE.
Yacte 1. B3pbiBo3amura Buaa «B3peiBonenpo-
HuuaeMas obonoukay. Jononueunue 1. [puio-
xenue D. Meron onpenenenns 6e3onacHoro
IKCMEPUMEHTAILHOTO MAKCHMAJILHOTO 3a30pa

I'OCT P 51330.3-99

OnekTpoobopyI0BaAHHE B3PHIBO3AILMILECHHOE.
Yacts 2. 3anonHenne Hin npoayBka 060104KH
11071 H30BITOUHBIM IABICHHEM «P»

22782.4-78

I'OCT P 51330.4-99
(M3K 60079-3-90)

DnekTpoobopya0BaHHE B3PIBO3ALLIMILEHHOE.
Yacts 3. Mckpoobpasyiouine Mexanu3Mbl s
MCIIBITAHHI HNIEKTPUUECKHX LIerneil Ha HeKkpobe-
30MACHOCTh

22782.5-78

I'OCT P 51330.5-99
(M3K 60079-4-75)

DnekTpoobopyI0BaHNEe B3PbIBO3AIIHIIEHHOE.
Yactb 4. Meroz onpejeneHus TemiepaTypsl
CaMOBOCIIAMEHEHHs

I'OCT P 51330.6-99
(M3K 60079-5-97)

DnekTpoobopyA0BaHHE B3PHIBO3AIIHILICHHOE.
Yacts 5. KBapuepoe 3anonnenne 060104KkH «q»

22782.2-77

I'OCT P 51330.7-99
(M3K 60079-6-95)

DnekTpoobopy/I0BaHue B3PbIBO3ALLNILIEHHOE.
Yacrs 6. MacnsHoe 3anoasesne 060J049KH «0»

22782.1-77

I'OCT P 51330.8-99

DnekTpoobopyI0BaHHE B3PbIBO3AIHILEHHOE.
Yacts 7. 3ammra BHaa «e»

22782.7-81

I'OCT P 51330.9-99
(M3K 60079-10-95)

OnexkTpoobopyi0BaHHe B3PbIBO3AIMIIEHHOE.
Yacre 10. Knaccudukais B3pbIBOONACHLIX 30H

TOCT P 51330.]0-99
(M3K 60079-11-98)

OnextpoobopyioBanie B3pbIBO3ALIHIIEHHOE.
Yacte 11. Uckpobesonacuas anekrpuyeckas
LEMNb «i»

22782.5-78

12

['OCT P 51330.11-99
(M3K 60079-12-78)

OnekTpoobopya0BaHHe B3PbIBO3ALIHILEHHOE.
Yacts 12. Knaccudukanus cmeceit razos u ma-
POB C BO3/1yXOM 110 6e30MacHbIM KCIIepUMEH-
TabHBIM MHHHMAJIbHBIM 3330paM H MHHHUMAJlb-
HBIM BOCIUIAMEHSIOLIMM TOKAM

13

I'OCT P 51330.12-99
(M3K 60079-13-82)

OnexTpoobopy/10BaHHE B3PbIBO3ALIMILEHHOE.
Yacrs 13. [lpoexTnpoBanne u IKCIUTyaTalus
MOMELLEHHU, 3aIHILEHHBIX H30LITOYHBIM AaB-
JICHHEM
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ITponomxenne

Ne

sifis O6osuauenne OCT P Haumenosanue 'OCT P Bsamen 'OCT
14 | TOCT PS1330.13.99 | owe so sspusconmse- | -
(M3K 60079-14-96) el o iy g 1
HBIX 30HaX (KpOMe MOJ3EMHBIX BEIPabOTOK)
15 | FOCT P 51330.14-99 OnekTpoobopyioBaHHe B3PbIBO3AILHIIEHHOE. -
Yacte 15. 3auura Buga «n»
OnexTpoobopynoBaHHe B3pbIBO3ALIMIIEHHOE.
16 I'OCT P 51330.15-99 | Yacts 16. [lpunyautensHas BEHTHISAUAS 115 N
(M3K 60079-16-90) | 3awmuThl NOMEIEHHH, B KOTOPBIX YCTAaHABIIMBA-
0T aHAJTH3ATOPBI
OnekTpoobopy10BaHKE B3PBIBO3ALUIHILEHHOE.
17 I'OCT P 51330.16-99 | Yacts 17. [IpoBepka u TexHUYeCKOE 06CIyKH- 3
(MBK 60079-17-96) | BaHHe 21€KTPOYCTAHOBOK BO B3PbIBOOMACHBIX
30HaX (KpOMe MoA3eMHbIX BbIpabOTOK)
8 [OCT 51330.17-99 3nen;;(;06;pynosanue napmsosa;unmeuﬂoe. B
(M3K 60079-18-92) actb 18. B3psiBo3auuta Biaa «epMerusaums
KoMmnayHaoM (m)»
DnekTpoobopyi0BaHHE B3PbIBO3AILHIIEHHOE.
YacTs 19. PemoHT M npoBepka 31eKTpoobopy-
19 I'OCT P 51330.18-99 | noBauus, HCMOAL3YEMOro BO B3pbIBOOMACHBIX _
(M3K 60079-19-93) | razoBeix cpenax (KpoMe MOA3EMHbIX BbIPAGOTOK
WM MPHMEHEHH, CBA3aHHBIX C epepaboTKoi
¥ MPOM3BOJICTBOM B3PBIBYATHIX BEILIECTB)
OnexTpoobopyI0oBaHHe B3PbIBO3AMINILIEHHOE.
20 I'OCT P 51330.19-99 | Yacts 20. [lanHble M0 roproYnM ra3am u napam, e
(M3K 60079-20-96) | oTHOCsAmMECS K IKCIIYaTaLUH JIEKTPOOOOpy-
JIOBaHHSA
Dnekrpoobopynosanue pyaxnuHoe. M3onsuus,
21 | TOCT P 51330.20-99 | nyTu yTeyku u aneKTpu4eckue 3aTBopsl. Tex- 24719-81
HUYecKne TpeOOBaHMS U METO/Ibl NCIBITAHUH
PN a7 o s e s o e i
(M3K 61241-3-99) P '
Yacts 3. Knaccugukatms 30H
DnekTpoobopyaoBaHKe, MPHMEHAEMOE B 30HaX,
FOCT P OMACHBIX MO BOCI/IaAMEHEHHIO FOPIOYeH MbUIH.
23 (MK 61241-2-1-99) Yacrs 2. Meroap! ueneitanuit. Paszen 1. Mero- =
bl OMpe/IeIeH s TeMIIepaTypbl CaMOBOCILIaME-
HEHHA FOPIOYEH MbLUTH
OnextpoobopynoBanue, MPHMEHSIEMOE B 30HaX,
FOCT P OMACHBIX 10 BOCIIAMEHEHHIO FOPIOYeH MbLIN.
24 Yacts 2. MeTtoas! ncnbirannit. Pasnen 2. Meron -

(M3K 61241-2-2-99)

OnpeAeeHus YJIEJIbHOrO 3JIEKTPHYECKOro Co-
NPOTHBJIEHHA IBUIH B CIIOAX
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OkoHuaHue

Ne
n/n

O6o3navenne FOCT P

Haumenosauue OCT P

B3amen [OCT

25

rocTtPp
(M3K 61241-2-3-99)

OnekTpoobopyoBaHHe, MPUMEHAEMOE B 30HAX,
ONacHBIX MO BOCILUIAMEHEHHIO FOPIOYEii MbLIN.
Yacte 2. Metoasl ucnbitanuii. Pazgen 3. Mero-
J1bI OTIpEJIENIeHNsi MUHMMAJIbHOM SHEPruu 3aXH-
raHus MBUIEBO3AYLIHBIX cMeceii

26

rocTtp
(M3K 61241-1-1-99)

OnekTpoobopyloBaHKE, MPUMEHAEMOE B 30HAX,
OMacHLIX MO BOCIUIAMEHEHHIO rOpioYeii MbLIH.
Yacrs 1. DnekrpoobopyioBanue, 3alHIeHHOE
060/104KaMH1 M OFPaHHYCHHEM TEMIEPATYPbl
nosepxHocTH. Pasnen 1. Texuuueckne tpe6o-
BaHHA

27

rocT P
(M3K 61241-1-2-99)

OnekTpoobopynoBaHHe, MPHMEHAEMOE B 30HAX,
ONaCHBIX MO BOCMJIAMEHEHHIO rOpIOYei MbUIH.
Yacts 1. Dnekrpoobopynopanne, 3alnmeHHOE
060104KaMH 1 OTPAHHYEHHEM TEMITepaTyphbl
nosepxHocty. Paszen 2. Beibop, ycranoBka u
IKCIULyaTal s

28

rocrrp
(M3K 61779-1-99)

DnexTpuueckue npubopel s oOHapyKeHHs H
H3Mepenus ropiounx razos. Yacre 1. O6ume
TpeGOBaHHA H METO/IbI HCTIBITAHHI

29

roCT P
(M3K 61779-2-99)

Onextpuueckune npubops! 115 66HAPYKEHNU U
H3MepeHHs roproynx razos. Yacre 2. Tpebopa-
HUsA K pabouuM XapakTepucTHKam npubopos
rpynnbl I, iMeommx nuaMKanuio 10 5 % oos-
eMHOMH KOHLEHTPALMH METaHa B BO3JlyXe

30

rocrp
(M3K 61779-3-99)

OnexkTpHyeckue npubopsel Ui oOHapyKeHHs 1
u3MepeHus ropiounx raszos. Yacrs 3. TpeGopa-
HUs K pabouMM XapakTepucTHkam npuGopos
rpynmnel I, umerommx uuankanuio ao 100 %
00BEMHOH KOHLEHTPALMH METaHa B BO3/lyXe

31

FoCTP
(M3K 61779-4-99)

DnekTpHyeckue nprbopsl s 0OHApYKEHUS H
n3MepeHus ropiounx rasos. Yacte 4. Tpebosa-
HUS K pabOYHUM XapaKTepHCTHKaM npubopoB
rpynnel II, umeromunx uuaukammio o 100 %
00BEMHO# KOHLIEHTPALMK METaHa B BO3AyXe

32

rocT P
(M3K 61779-5-99)

Onexrpuyeckue npuOOpsI s OGHAPYKEHHS U
M3MepeHus ropiounx rasos. Yacrts 5. Tpebosa-
HHs K pabouuM XapakTepHCTHKaM MpHOopoB
rpynnbi I, npu 06beMHBIX KOHUEHTpALMX ra3a
J0 100 %
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