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6 cemecTp
1 OBIIME CBEAEHUSA Ob JIEKTPUYECKUX U DJIEKTPOHHbIX
KOMMYTAIUOHHBIX AIIITAPATAX

1.1 Hpe;[MeT " 3a]a491 U3YyUYCHUA TUCHUILJIMHDI, eé 3HaAYeHHe IJI MOATrO0TOBKH
AUIIOMUPOBAHHBIX CIICUATUCTOB

JucrunnuHa "DNEKTpUYECKHe W AJIEKTpPOHHBIE ammapaThl’ (OuDA) OTHOCHUTCA K 0a30BBIM
muciumuinHaM HanpasieHust 140600 «OeKTpOTEXHUKA, 3JIEKTPOMEXAaHUKA M AJIEKTPOTEXHOJIOTHUN»
cnenuanu3zanuy "OJIeKTPONpPUBO U aBTOMATHKA MPOMBIIUIEHHBIX YCTAaHOBOK U TEXHOJOTHYECKUX
KoMIulekcoB". llenplo mpenomaBaHus UCLUUIUIMHBL SIBJISIOTCS OCBOEHHUE TEOPETHUECKHX OCHOB
JNEKTPUYECKUX U DIIEKTPOHHBIX allllapaToB, O3HAKOMJIEHHWE C Ha3HAYeHHEM, YCTPOWCTBOM M HUX
TEXHUYECKUMHU XapaKTEpUCTUKaMU. 3ajadedl M3ydyeHHUs AUCLMIUIMHBL SIBISIETCSA IOJIY4YEHHE 3HAHUM,
MO3BOJIAIOIINUX MPABUIBHO BBHIOMPAThH JIEKTPUUECKHE U IJIEKTPOHHBIE almnapaThl B 3aBUCUMOCTH OT
TEXHUYECKUX U YKOHOMHUYECKUX TPEOOBaHUH, MPEIBSBIAEMBIX K HUM.

JlanHast aucuMIinHa 6azupyercs Ha (pyHIaMEHTAIbHBIX U OOLIEMHKEHEPHBIX JUCIUILTUHAX U
OOIIeNH)XEHEPHBIX TUCHUIUIMHAX Y4eOHOro IUIaHa CHEIMaIbHOCTH: (U3UKE, BBICIIEH MaTeMaTHKe,
TEOPETUUECKON MEXaHUKE, TEOPETUUECKIX OCHOBAX 3JIEKTPOHUKHU, JIEKTPUUECKUX MAIIHHAX U JIp.

Ona OyzmeT HCHONB30BATHCA MPH W3YYCHHHM AMCUUIUIMH CHEIMAIH3alUd, TUINIOMHOM U
KYpPCOBOM MPOEKTUPOBAHUH.

1.2 IlonsiTHe 00 3J1EKTPUYECKOM U 3JIEKTPOHHOM anmnapare

[Ilupokass mporpaMMa pa3BUTUS CpPEACTB JIEKTpU(PUKALIMKM ¢ aBTOMATHKU  JIeJaeT
HENPEPbIBHBIM IPOrpecc B OOJIACTH OTEYECTBEHHOI'O 3JIEKTPOANNapaTOCTPOCHUA. DUDA SBIAIOTCA
OOHHUM H3 OCHOBHBIX CpCIACTB aBTOMATU3allUUu U SHQKTpI/I(bI/IKaL[I/II/I HapOJaHOTO X035 UCTBA H
pa3BUBAIOTCSI OUE€Hb MHTEHCUBHO.

Amnmapat (0T JJaTHHCKOTO apparatus - 000pyZI0BaHHUE) - 3TO MPHOOP TEXHUYECKOE YCTPOUCTBO,
MPUCTIOCOOJICHHE.

1.2.1 CoBepLIeHCTBOBaHHE JJIEKTPHYECKHUX ANNAPATOB KAK HACYLIHAS HEOOX0AUMOCTh
noBbIIeHUs 3P PEeKTUBHOCTH YCTAHOBOK 10 NMPOM3BOCTBY, pacipeaejeHUuI0 U NoTpedJeHUI0
JJIEKTPUYECKON IHEPrumn

DA OCyIIECTBISAIOT IOTOKOM JHEPrUU OT MCTOYHMKA K NpueMHUKY. OHU TIPHUMEHSIOTCS B
CUCTeMax MPOU3BOJCTBA M PACIPENEICHUS IEKTPOIHEPTHH U IJIEKTPOCHAOKEHHUS BO BceX 00JacTsx
HapOJIHOTO X03$II\/JICTBa, B cxemax ABTOMATHYECCKOT'O n HEAaBTOMATHYCCKOT'O YIIPpABJICHU A
JNEKTPUYECKUMHU MalllMHAMU U Pa3HbIM 000pyI0BaHUEM.

Hapsiny ¢ onekrpuueckumu MammHamMu DA SBISIOTCS  OCHOBHBIMHU  CPEJICTBAMHU
anekTpudukam U aromatuzanuu. CTOMMOCTh HUX HEPENKO OKa3bIBAETCSI COU3MEPUMON CO
CTOUMOCTBIO YHPABJIACMBIX UMHU SJICKTPUYCCKUX MAIIMH U 060py1[013aH1/151 HJIN JaXC IMPCBLIMIACT €C.
DA COCTaBISAIOT CaMOCTOATEIBHYI0O W OOIIMPHYIO 00JIACTh DJIEKTPOTEXHHUKH, K KOTOPOM OTHOCHUTCS
6OJ'IBIJ_II/IHCTBO CpCACTB aBTOMATHKHU.

HayuHo-TexHMYecKHi Mporpecc HEMOCPEACTBEHHO CBSI3aH C  3JIEKTPOBOOPYKEHHOCTHIO
MIPOU3BOJICTBA, TaK KaK MPOU3BOJUTEIBHOCTh TPYy/Aa MPONOPLHOHATIBEHA €r0 3JIEKTPOBOOPYKEHHOCTH.
[TpocToii pocT KayecTBa BBITYCKAaEMBIX allapaToB He 00ECIIeYnBAET TEMITbI AJIEKTPUGUKALIMYA CTPAHBI.
HeobxomuMo HempepblBHOE KX COBEPIICHCTBOBAHMM Ha OCHOBE pAa3BUTUSA OOIICH TeOpHH
3JIEKTPOANNapaToCTPOCHUs, YIiayOleHne MpeAcTaBieHus] 0 (U3UKe SBICHUI, MPOTEKAIIUX B DA,
IIPM UX HNPOECKTUPOBAHUU. [IpU CHMIKEHMM MATEpUATIOEMKOCTH M TPYAO3aTpaT Ha UX HU3TOTOBIICHUE
TpeOyeTcs MOBBILIEHUS YPOBHEHW X HANPSKEHHS] U TOKOB, OBICTPOJEHCTBHS HAJIEKHOCTH U pecypca.



Ha 0a3e HOBBIX TEXHOJOTMH M MaTepUaloB JOKHBI OBITh pPaCHIMpPEHBl PabOThl MO CO3/IaHUIO
OCCKOHTAKTHBIX (CTATHYECKUX) allapaToB, anmaparoB C >KUIKOMETAJUTMYECKHMMH KOHTaKTaMH, IO
MUHUATIOPU3AIUN KOHCTPYKIIUHM U MOJIYJIbHOMY UX MCIIOJIHEHHUIO.

1.3 DiekTpuyecKue U 3JIEKTPOHHbIE AllNAPATHI KAK CPeCTBAa YIIPABJICHHUA Pe:KMMAMH
padoThl, 321U THI U PeryJUPOBaHNs IAPAMETPOB CHCTEMbI 3JIEKTPOCHAOKEHHS U YIIPABJICHUS
aBTOMATH3HPOBAHHBIM JIEKTPONPHBOA0M; 3JIeKTPOMEXaHMYECKHe ANNapaTbl ABTOMATHKH,
ynpaBJieHHsl, pacnpeaejuTrebHbIX YyeTpoicTB (PY) u peseiiHoi 3amuThI

1.3.1 Ha3naveHue 1 00J1aCTh NIPUMEHEHUS JIEKTPUYECKUX annapaToB (JA)

DA-3NIeKTPOTEXHUUECKOE YCTPOHCTBO, KOTOPOE UCHOIB3YETCS Ul BKIIOUEHUS! M OTKIIOUEHUS
AIIEKTPUYECKUX IEMNei, KOHTPOJIs, U3MEPEHHUs], 3aIIUThl, YIPABICHUS U PETYIMPOBAHUS YCTAaHOBOK,
IpeHa3HAYeHHBIX ISl TPOU3BOJICTBA (JIEKTPOCTAHIINN), TIEPEIayH, pacpeaeseHus (3JIeKTpUuiecKre
CEeTH U MOJACTAHIINN) 1 MOTPeOIeHNUs (IJIEKTPUIECKUN PUBOJT) FIEKTPOIHEPTUH.

DA TpeAcTaBiSOT CcOOOW CpeACTBAa  YIpaBIEHUS DJICKTPUYSCKAM TOKOM, KOTOpBIE
3aKJII0YAIOTCA B YIPABICHUH MapaMeTpaMu, XapaKTePU3YIOUIMMHU TOK: JIEKTPHUECKUM HaIpsDKEHUEM,
AJICKTPUYECKON MOIIHOCTBIO M JHEPrUeH, YacTOTOW DJIEKTPUUYECKOTO TOKa, €ro CHIION, ¢dopmoi
UMITYJIbCHOTO TOKa (HANpsKEHHUs ), MArHUTHBIM TIOTOKOM H T.JI.

B TexHnueckoM OTHOIIEHUH K (YHKIUSAM YIIPaBICHUS TOKOM OTHOCSTCS:

1) xommyTtanust (BKJIIOYEHHE - OTKJIIOYEHHUE) DJIEKTPUYECKOTO TOKAa M CBSI3aHHBIX C HUM
apaMmeTpos;

2) aBTOMAaTMYeCKOE M HEaBTOMATHYECKOE pEeryJIMpoBaHUE, CcTaOwiM3anus, H3MEHEHHE II0
3aJaHHOMY 3aKOHY JIEKTPUYECKOT0 TOKA U CBA3aHHBIM C HUM NapaMeTpOB;

3) pacmpeneneHue ToKa (3MEKTPOIHEPTUHN) IO OOBEKTAM H MMOTPEOUTEISIM;

4) 3ammTa DIJIEKTPUYECKOTO OOOpPYAOBAHHS OT aBApPUUHBIX PEKUMOB (KOPOTKOTO 3aMBIKaHUS,
neperpy3Kku, U3MEHEHHsI YaCTOThI TOKA, HAIIPaBJICHUS TOTOKOB SHEPTHHU U JIp.);

5) KOHTpOJIb MapaMeTpOB 3JEKTPUUECKOro TOKa JJs MojJayd MH(OpPMAlUK HAa BXOJHBIE OpPraHbl
ABTOMATHUYECKUX PETYJISITOPOB MU allapaToB 3allUThl;

6) mpeoOpazoBaHHE MapaMeTPOB TOKA (€ro BUAA, POpMBI KPUBOM, YaCTOTHI U Ap.) JJIS CO3JTaHHS
OBICTPOJICHCTBYIOIINX, BBICOKOUYBCTBUTEIBHBIX, BHICOKOI()()EKTUBHBIX, U HAJECKHBIX DA H
CUCTEM YIPAaBJICHUS.

DA SBIAIOTCS OCHOBHBIMHM CPEICTBAMU aBTOMATH3AlMM U DJIEKTPUPUKAIUH HAPOJHOTO
xo3siiicTBa. OHM HalUIM HIMPOKOE NMPUMEHEHHE B DHEPreTHKe (DIEKTPUYECKUE CTAHIIMM U CETH), B
Pa3IMYHBIX CXeMax YIpaBiIeHHUsS 000pylIOBaHUEM, CBETOTEXHHKE, IIJIA3MEHHOM TEXHUKE U JIp., a TAKXKe
B CHCTEMax aBTOMAaTHKH, TEJIEMEXaHUKH, DSJEKTPOCBA3H pPAJUOTEXHUKE B aBTOMATHU3WPOBAHHBIX
cucTeMax yrnpaBJeHHs. YCIOBUS paboThl DA B pa3iUYHBIX 00JACTIX TEXHUKU UMEIOT CYIIECTBEHHBIE
OTJIMYMS B TEXHUUECKUX MapaMeTpax U XapaKTepUCTUKAX, a TAK)Ke B KOHCTPYKTUBHOM HCITOJTHEHUH.

[Tonsatue "DA" oxBaTbiBaeT OYEHb OOLIMPHBIM KJIACC BCEBO3MOXKHBIX  YCTPOWCTB,
MPUMEHSEMBIX B OBITY, TPOMBIIIJIEHHOCTH U YHEPIeTHKE.

JUisi BBITIOJTHEHUS TIEPEKITIOYEHUS B LIEJISIX YIpaBieHuss DA MepeMEeHHOro M MOCTOSHHOTO TOKa
npeaHa3HaueHbl anmnaparsl ynpasieHus (AY). M3 Gonbimmoro paznooOpaszuss AY MOXXHO BBIJEIHTH
CJIEZYIOIIME OCHOBHBIE TPYMIbBI: KOHTPOJUIEPHI, KOMaHIOANMapaTbl M PEOCTAaThl, KOHTAKTOPHI M
MarHUTHBIE IyCKATENH, JIEKTPOMArHUTHBIE U TEIIOBBIE peJie, TaTYMKU HEIJEKTPUUECKUX BEIUYHUH.

Arnnaparypa PY HH u BH canyxut mist ynpaBieHusl, U3MEPEHUs, 3alUTHl U PETYIUPOBAHUS
Opy TEHEPUPOBAaHUM, IepeAayu, paclpeiesieHud W MpeoO0pa3oBaHUU d3JeKTposHepruu. K Hum
OTHOCATCS PYOWIBHMKM W TEPEKII0YaTeNd, NpPeAOXpPaHUTENH, aBTOMAaTHYECKUE BO3IYIIHBIC
BBIKJTIOYATEIN (aBTOMAThI), BBIKJIIOYATEIM MEPEMEHHOTO TOKa, pa3beAMHUTEIH, OTICIUTENTH U

KOPOTKO3aMbIKaTeJH, PEaKTOPhl Pa3psSAHUKH, TpaHC(HOpPMATOPBl TOKA U HANPSHKEHUsS, KOMIUIEKTHBIE
PV BH.



1.3.2 Knaccnpukanus 3J1eKTPUYECKHUX aANNapaToB

JI71st KOMMYTaIMOHHBIX anmapatoB oomuM ctanaaptom sieisieTcss [OCT 17703-72 "Anmapatsl
IIEKTPUYECKUE KOMMYTAl[MOHHbIE. OCHOBHBIE IOHSTHS "

Jlis qpyTUx TPYIII annapaTtoB 0000IAIONIMX CTaHAaPTOB HET, UMEIOTCS YaCTHBIE CTaHIaPThI, a
Takke orpacieBoit katanor ("Dnekrporexuuka CCCP: Orpacnesoit katanor. Madopmanextpo 1986")

Knaccudukammss DA MoxeT ObITh MPOBEJEHA MO PSAAY NMPU3HAKOB: Ha3HAYCHHUIO (OCHOBHOM
BBITIOJHSAEMON (YHKIIUHM), OOJacTH TPUMEHEHUSs, MPHUHIUITY IEHCTBHUS, PONY TOKA, HCIOIHEHHUIO
3alIUTHl OT BO3ACHCTBHUS OKpPYXAIOMIEH Cpellbl, KOHCTPYKTUBHBIM OCOOCHHOCTSIM H Ap. OCHOBHOM
ABIIIETCS Kiaccu(uKaus Mo Ha3HAUYEHHUIO, KOTOpasl MpelycMaTpuBaeT pasjeneHne DA Ha LIeCTb
TPy

1. KomMmyTanuoHHbIe ammapatbl pachpeleiuTeNbHbIX YCTPOMCTB, CIyXKallhue BKIIOYEHUS H
otkmoyeHus anekrpuueckux wnemneil. CormacHo 'OCT 17703-72 x HUM OTHOCSTCS pyOMIIBHUKH,
MaKeTHBIE BBIKIIIOYATENH, BBIKIIIOUaTeNb Harpy3ku. Boikmouatenu BH, pasbenunurenu, otaenurent,
KOPOTKO3aMbIKaTEM, aBTOMAaTUYECKUE BBIKIIIOUATEINHU, IPeIOXpaHUTeNd. J1Jid anmnapaToB 3TOW rPYIIIbI
XapakTepa CPaBHUTEIBHO PEJIKOE UX BKIIIOUEHUE-OTKIIOUEHHE.

2. ToxkoorpaHu4MBarOIIME anmnaparbl, IPEJHA3HAYCHHBIC /S OrPAHUYEHHUS] TOKOB KOPOTKOTO
3aMbIKaHUsl (PEaKTOpbl) M TIEPEHANPSOKCHUs (pa3psIHUKH). PeXUM KOPOTKOrO 3aMBIKaHHUS |
MIEPEHAIPSHKCHUS  SIBJISIIOTCS aBapUHHBIMA M JTH amlapaThl PEIKO MOJBEPraroTcs HaUOOIbIINM
Harpy3Kam.

3. Ilyckoperynupymoomue anmaparbl, HOpeJHa3HAueHbl MJI1 IIycKa, PETryJIMpOBaHMS YacTOTHI
BpallleHusT M TOKa OJJeKTpuueckux MammH. K 93Toi rpynme OTHOCATCS  KOHTPOJLIEPHI,
KOMaHJOKOHTPOJUIEPHI, KOHTAKTOpBI, IyCKaTEJM, PE3UCTOpPBl M peocTarhl. [l anmapaToB 3TOMU
TPYNNbl XapaKTEPHO YacThle€ BKJIKOYEHUSI U OTKIIOYEHHUS, YMCIO KOTOphIX nocturaer 3600 B yac u
Ooree.

4. Anmapatsl U1 KOHTPOJISL 3aJIaHHBIX JIEKTPUUYECKUX W HEIJIEKTpUUECKHX napaMmeTpoB. K 3Toit
Ipylnmne OTHOCATCS pejle W JaT4uku. Jlos pene XapakTepHO IUIABHOE W3MEHEHHE BXOJHOMN
(KOHTPOJUPYEMOIi) BEIMYMHBI, BBI3BIBAIOLIEE CKAYKOOOpAa3HOE HM3MEHEHHE BBIXOJHOTO CHUTHAlA.
BxomgHol curHanm oOBIYHO BO3JEHCTBYeT Ha CXeMy aBTOMAaTHYECKU. B nmaTumkax HempepbIBHOE
M3MEHEHHE BXOJHOTO CUTHaJla IpeoOpa3yeTcss B U3MEHEHHE KaKON-JIMOO 3JEKTPUUECKON BETUYMHBI,
SIBJISTFOIIENCS BBIXOJAHOHW. ODTO W3MEHEHHE BBIXOJHON BEIMYMHBI MOXKET OBITh KaK IUIABHBIM
(M3MepuTeNbHBIC JATYMKH), TAK M CKAYKOOOpasHbIM (pene-gaTdyuku). C MOMOIIBI0 JATYHKOB MOTYT
KOHTPOJIMPOBATHCS KaK AIEKTPUUECKUE TaK U HEAIEKTPUUECKUE BEITUUNHBI.

5. Anmapatel s uaMmepeHuid. C MOMOIIBIO 3TUX alapaToB LENH MEPBUYHON KOMMYTAaIUU
(TJIaBHOTO TOKA) M30JMPYIOTCS OT IEeNed M3MEpUTENbHBIX M 3alIUTHBIX NMPHOOPOB, a U3MepseMas
BeJIMYMHA TMPUOOpEeTaeT CTaHIApPTHBIE 3HAYeHUs, yAOOHbIe ans u3MepeHus. K HUM oTHocATcs
TparncGopMaTOPHI TOKA, HAMIPSKEHUSI, EMKOCTHBIE ISTTUTEIN HATPSHKESHUSI.

6. DnexTpuueckue peryinsatopbl. [IpenHasHaueHbl I peryaupoBaHus 33JaHHOTO Mapamerpa Io
OIpEICIEHHOMY 3aKOHY. B dacTHOCTH, Takue amnmapaThl CIyXKaT Ul MOJIEPKKH Ha HEM3MEHHOM
YpOBHE HaNpsHKEHUs, TOKa, TEMIEepaTyphl, YaCTOTHI BPAILIEHUS U IPYTUX BETUYHH.

Paznenenne ammapaTtoB 1O 00NacTH TNpUMEHEHHs Oojiee yCIOBHO. ArmmapaThl s
AJICKTPUYECKUX CHUCTEM M SJIEKTpOCHAOKeHHs oO0BeAuHsIOT B rpynmy anmapatoB PY HH u BH.
Arnmnaparbl, NPUMEHSIONMECS B CXEMax aBTOMAaTUYECKOTO YIPABIEHUS AJIEKTPONPUBOAAMM M JUIS
aBTOMATH3allMM TPOU3BOJCTBEHHBIX MPOIECCOB YAOOHO OOBEAMHUTH B TPYIIy alapaTroB
yrnpaeneHus. OHA U Te K€ ammaparbl MOTYT OBITh OTHECEHBI Kak K rpymme PY, Tak u x rpymnme
anmapaTtoB  yNpaBleHUs, HaNpuMmep pYOWIbHUKH, TIaKeTHbIE BBIKJIIOYATENIM, KOHTAKTOPHI,
TpaHchopMaTopbl TOKa U JAp.

B npenenax onHO# rpymiibl UM TUIIA allIapaThl Pa3INYalOTC:

1) no wnomunanbnomy Hanpsdxcenuro Ha JBE TPYNINbl: anmaparbl HU3KOTO HampsHKEHUs(C
HOMUHAJIBHBIM HampspkeHneMm 10 1000 B) u BbicOkOoro HampspkeHHS (C HOMHHAJIBHBIM
HanpspbkeHueM cseie 1000 B);

2) no pody moxa - TIOCTOSHHOTO TOKa: TIEPEMEHHOr0 TOKa TMPOMBIIUIEHHOW YacTOTHI,
NIEPEMEHHOI0 TOKA MOBBIIIEHHON YacTOTHI;

3) no poody 3awumuvl om OKpydcaowel cpedvl - B HCIOJIHEHUU OTKPBITOM, 3alUIIEHHOM,



OpBI3ro3alIUIIICHHOM, BO3IyX03alUIIICHHOM, TepPMETUIHOM, B3phIBOOS30MIACHOM H T.]I.:

4) no cnocoby Oeticmeusi - DIIEKTPOMATHUTHBIC, MATHUTOIICKTPUUECKUE, WHIYKTHBHBIC,
TEIJIOBBIE U T. .,

5) no psaoy opyeux ¢pakmopos (ObICTPOACHCTBHE, CITOCOOBI TAllIEHUS TYTH U T. II.).

1.4 PacnoJioxkeHue 3JIeKTPHYECKUX aNlIAPaTOB B YCTAHOBKE M0 MPOU3BO/ACTBY MO
NPOU3BO/ICTBY, pacnpe/ie/IeHHI0 U MOTPeOJIeHHIO 3J1eKTPHYeCKO JHePprun

DA yCcIOoBHO MOXKHO pa3/IeJIUTh HA MATh OCHOBHBIX BUJIOB.

1. Anmapatbl BBICOKOTO HAMPSKEHUS, YHPaBISIONIUE PEKUMOM pabOThI JIEKTPUUECKUX CeTel U
cucrem BH (6, 10, 20, 35, 110, 220, 330, 550, 750, 1150 xB). C ux moMoOIIbl0 BBITOJIHSIIOTCS
orepaTUBHBIC MEPEKITIOYCHHS] B CETAX U CUCTEMaM, a TaK)Ke OCYILIECTBIseTcs 3amuTa oT TokoB K3, ot
nepeHanpsHKeHUs], OT MEePErpy3Ku Jip.

2. Anmaparbl ymOpaBieHHUS, YIOPABISAIOIIME PEXKUMOM paboOThl  3JIEKTpPoOoOOpyHOBaHUS U
pacrpeaenuTeNnbHbIX ceTeld Ha HOMUHaNbHOe Hanpsbkenus 127, 220, 380, 500, 660, 1140 B, a takxe
OCYIIECTBIISIOT aBTOMATU3UPOBAHHYIO 3aIIUTY OT aBapUUHOTO PEKUMOB.

3. DA aBTOMATUKH, BBIIOJNHSIOMHNX (DYHKIIMIO KOHTPOJIS SJIEKTPUYECKHX M HEIIEKTPHUYECKUX
napaMeTpoB, paboTarouiero o00OpyJoBaHHUS M BbIpAaOATHIBAIOLINE CUTHAJIBI B CXEMbl aBTOMAaTHKHU U
yIpaBIeHUS, KOTOPBIE COOTBETCTBYIOT KOHTPOJIUPYEMBIM MTapaMeTpaMm, a TakKe BKITFOYAIOIINN B ce0st
pelie aBTOMAaTUKH U 3alUTHI.

4. ABTOMAaTHYECKHE PETYIATOPHl M CTAOWIM3aTOphI, MpeIHA3HAYEHBI JII aBTOMATUYECKOTO
pPEeryJlMpoBaHUs MO 3a/JlaHHOMY 3aKOHY TOKa MM HMHOTO MapaMeTpa WIM MOJJEepX aHHs STOro
napameTpa Ha 3a/IJaHHOM YPOBHE.

5. Ycunurenu u nmpeodpa3oBaTeiy, OCYIIECTBISIONINE YCUICHHS cIa0bIX CUTHAIOB, [10aBaeMbIX
Ha Bxoae (yCHIHMTENH), a TaKke  npeoOpazoBaHue OJHOW (OpMBI CUTHAIA B JIPYTYIO
(mpeobpazoBaTeNny) HANPUMEP CUTHAJIBI ITOCTOSTHHOTO TOKA B MEPEMEHHBIN 1 HA000POT.

1.5. TpeOoBanusi, npeabsBJIsieMble K JIEKTPUYECKUM annaparam

TpebGoBanusi, mpeabsaBiIsieMble K DA Upe3BbIUYAfHO PA3HOOOpPA3HBI M 3aBUCAT OT HA3HAYEHUS,
yCIOBUHA TNPUMEHEHUS W OKCIUIyaTalldd amnmapaTta, HeoOXoauMoil HajxexHocTH. Kpowme
cnenupuyeckux TpeOdOBaHUM, OTHOCSAIIMXCS K JAHHOMY ammapaTy, Bce DA TOJKHBI YAOBIETBOPATH
HECKOJIBKUM OOIUM TpeOOBaHUSAM:

1. Kaxnaprit DA npu pabore 00TeKaeTcsi KaKUM-THO00 paboYrM TOKOM, TIPHU ATOM B TOKOBEIYITUX
YaCTSAX BBIJEISAETCS ONpPEACIICHHOE KOJIMYECTBO TEIUIOTHI U anmapar HarpeBaercs. [Ipu HOMUHAJIBHOM
pexxuMe paboThl TemrepaTypa TOKOBEIYILMX YacTed ammapar He JOJKHA MPEBBINIATh HEKOTOPOTro
ONPEJIETICHHOTO 3HAUYEHHUSI, YCTAHOBJIECHHOTO JUIsl JAHHOTO anmapara U €ro JeTajaeil CoOOTBETCTBYIOIINM
I'OCT wnu ApyruM HOPMATUBHBIM JOKYMEHTaM.

2. B xaxmoil mnenu MOKeT OBITh HEHOPMaJbHBIM (meperpyska) WM aBapUHHBIA(KOPOTKOE
3aMBbIKaHUE) PeXUM paboThl. TOK, MPOTEKAIOIINIA 110 almapaTy B 3TO BpeMsi, BecbMma 3ameTHO (B 50 u
OoJsee pa3) MpeBbIIaeT HOMUHATBHBINA WM PaOOYHiA TOK.

ITpu koporkom 3ambikanuu (K3) TokoBeyme 4acTu ammapaTa MOJABEPraloTCs Ype3BbIYAHO
OOJBIIMM TEPMUYECKUM U DIIEKTPOJUHAMUYECKHM HATrpy3KaM, BBI3BIBAEMBIM 3HAUUTEIBHBIM TOKOM.
Ot Harpy3ku DA JODKEH BBIIEpXaTh 0€3 Kakux-muOo nedopmaiuii M OCTaTOYHBIX SIBIICHUH,
HapyLaImuxX paboTocrnocoOHOCT amnmapara nocie ycrpanenus K3.

3. Kaxnpiii DA pabGoTaeT B 1eMM C ONPEACIICHHBIM HAMpsHKEHUEM, TJ€ BO3MOXHO |
nepeHanpspbkenue. Mzomsauuss DA nomkHa obecneunBaTh HAAEKHYIO PadOTy €ro mpu 3aJaHHBIX
3HAYEHUSIX MEPEHAIpPsHKEHUs, KOTOphle UMEIOT MECTO B JKCIUTyaTalluu, U 00JaJaTh ONpeaeseHHbIM
3alacoM, YYMTHIBAIOIIUM YXVY/IIEHUE CBOWCTB M3OJISIIIMM C TEUYEHWEM BPEMEHU U BCIEICTBUE
OCaXKICHHMSI BJIATH, MbUIH, TPSA3H.

4. KoHTaKThl ammapara JOJDKHBI OBITh CHOCOOHBI BKJIIOYATh M OTKJIIOYATh BCE TOKHU PabOUMX
PEKMMOB, @ MHOTHE ammapaThl TAaKK€ TOKH aBapUMHBIX PEXHMOB, KOTOPhIE MOTYT BO3HUKATh B
VOPaBISIEMBIX U 3alUIIaeMbIX LersX. KoHTakTel anmapaTtoB, MpeaHA3HAYEHHBIX AJIS OTKIIOUYEHUS
toka K3, 10omKHBI OBITh pacCUNTaHBI HA 3TOT PEKHUM.



5. K xaxmomy DA npeapsaBistoTcs TpeOOBaHMS 1O OBICTPOICHCTBHIO, HAJEKHOCTH M TOUHOCTH
pabotel. Ilpu 3TOM Bce (YHKIMHM amnmapar JOJDKEH BBIMONHATH B YCIOBHUSX, COOTBETCTBYIOIIHUX
BHEITHUM BO3/I€HCTBUSM.

6. K xaxaomy ammapaTy IpeabsBisieTcs psii cnennuyeckux TpeOoBaHMA, 00YCIOBIEHHBIX €r0
Ha3HayeHHeM. Tak HalpuMep, BBIKIIOYATeh BHICOKOTO HAIPsKeHMsI ToJbKeH oTkitouats K3 3a manoe
Bpems (0,04-0,06c). TpanchopmaTop TOKa JJOKEH TOKOBYIO M YIJIOBYHO TIIOTPEIIHOCTH, HE
MPEBBIIIAIOIINE ONPEEIEHHOTO 3HAUCHHUS.

7. B CBsA3M ¢ LIMPOKON aBTOMAaTHU3alUel IPOU3BOICTBEHHBIX IIPOLECCOB, IPUMEHEHUEM CIIOKHBIX
CXEM aBTOMAaTHKHU YBEIMUYMBAETCS YHMCIIO allapaToB, y4acTBYIOIIUX B paboTe. Bo3MOKHOCTH OTKa3a B
pabote DA TpeOyeT uxX pe3epBUPOBAHUS U CO3/IaHUS CTICIIMAIIBHON CHCTEMBI TIOMCKA HEUCTIPABHOCTEH.
B cBs3u ¢ 3tM DA 1momKHBI 0071a1aTh BBICOKOWM HAAEKHOCTHIO. Bhixon u3 crpos anmapatoB BH
MPUBOJIUT K OOJBIINM MaTepUaTbHBIM OTEPSIM.

8. Macca, rabapuTHble pa3Mepbl, CTOUMOCTb U BpeMs, HEOOXOIUMOE Ui YCTaHOBKH U
obcimyxuBaHusI DA JOJDKHBI OBITh MUHUMATBHBIMH. OTBEYAIOIINE COBPEMEHHBIM TpeOoBaHUSIM DA 3a
CPOK CIIy:KOBI 25 JeT He JOJDKHBI HYXKAAThCS B PEMOHTE U CIOXKHOM peBuszuu. KoHcTpykius DA
JOJDKHA OBITh yZO0OHAa B OOCIYXMBAaHMM M TEXHOJIOTMYHOW B TMpou3BoAcTBe. (OOecnedynBaTh
BO3MOXXHOCTH IIPUMEHEHUS aBTOMATU3AIIUU B TIPOIECCE UX COOPKH M IKCILTyaTaIiH.

1.6 OcoGeHHOCTH cXeM JIEKTPOYCTAHOBOK U 00111He TPeOOBAHUSA K UX BbINOJIHEHHUIO

Kak wu3BecTHO, Tmpolecchl TMONy4eHUs, NpeoOpa3oBaHMs, TMepeJayd U HOoTpeOseHus
UIEKTPOIHEPTUH TPOUCXOIAT B DIEKTPUUYECKUX LEMAX AUIEKTPOYCTAHOBOK M AJIEKTPUUYECKUX
ycTpoicTB. [109TOMY OCHOBHBIM CPEICTBOM M300pa)KE€HHUsI HIIEKTPOYCTAHOBOK M YCTPOMCTB CIyXat
UIEKTPUUECKUE CXEMBl, Ha KOTOPBIX IOKa3bIBAIOT COOTBETCTBYMOLIME Lenu. Haumbonee BaXHbIMU
SBIISIIOTCS. TPUHIUIHAIBHBIE CXEMBI, IO3BOJIAIONIME TOHATH B3aUMOJCHCTBUE BCEX DJIEMEHTOB
3JIEKTPOYCTAHOBOK.

Hapsny ¢ HeClI0KHBIMH SJIEKTPHUECKUMH CXEeMaMU C OJTHOM MJIM HECKOJIBKUM 3JIEKTPUUECKUMHU
LHEeMsIMA M HEOOJBIINM KOJIMYECTBOM 3JIEMEHTOB (HAIIpUMEp, CXeMa OCBEIICHUS C HECKOJIBKUMU
CBETHJIbHUKAMHM, CXeMa YIPABJICHHUS IEKTPOBUTATENISIMU) BO MHOTUX CIIy4asiX BBIOJIHSIOTCS CXEMBbI
(IMCTAaHIMOHHOE YNPABJICHUS, TEIEMEXaHUKH, pPENeHHOW 3allUThl M ABTOMATHKH), COJEprKallue
JECATKHU LENeN U COOTBETCTBYIOILIEE MHOKECTBO JIEMEHTOB. DA pa3IM4HOIo HazHauyeHMs. B mpocTsix
cXeMax, 3Hasi CMbICII YCIOBHBIX I'paUuecKux 0003HAUEHUH OTAEIBbHBIX IEMEHTOB U CBSI3EH MEXIY
HUMH, pa300paThCsi HETPYAHO. [ YTeHMS CIOXKHBIX CXEM 3TOr0 HEJIOCTaTOYHO, TaK KaK Ha HUX
JIOTIOJTHUTENIBHO — MPOCTABIIAIOTCS  OyKBEHHO-LM(pOBble 0003HAu€HMsI, YKa3bIBalOIIME BHI H
HOPSIIKOBBIM HOMEp KaKJOro AJIEMEHTa, a TaKXKe pasziauuHble o0o3HaueHHs (OykBamu, mudpamw,
OykBaMH U IU(PpaMu) LIETICH U UX YIACTKOB.

OCOOCHHOCTBIO CXEM JJIEKTPOYCTAaHOBOK SIBJIIETCSI HMCIOJB30BAHWE B HHUX YCIOBHO-
rpa¢udeckux 0003HAaYEeHUH, MPUMEHAEMBIX B CXeMaxX APYrHMX BHUIOB. DTO OOYCIOBIEHO HalpuMmep B
AIIEKTPOYCTAHOBKAX D3JEKTPUYECKUX YCTPOHCTB ¢ KHHEMATHYECKUMH WM THIPOMHEBMATUYECKUMU
CBSI3IMHU JIEMEHTOB.

Kpome Toro, mpu BBIMOJHEHUH AJIEKTPUYECKUX CXEM OTACIbHBIE HIEMEHTHI OJTHOTO M TOTO K€
yCTpOHCTBa (HampuMep, OOMOTKM M KOHTaKThl pese, OOMOTKHM TOKa M HampsOKEHUs BATTMETPOB U
CYETYMKOB, MATHUTHBIX YCHJINTENIEH) Pa3HOCAT MO Pa3HbIM LIEMSAM, WHOT/Ia HAXOMSAIIMXCS Ha Pa3HbIX
yepTekax. ITUM 00ycloBlIeHa HEOOXOAUMOCTD BBIITOJIHEHHS YEpTEXEN BYMsI pa3HbIMU CIIOCOOAMHU:
COBMEIIEHHBIM U pa3HeCEHHBIM. BTOpOil crmocod mpenMynecTBeHHO NMPUMEHSETCs IPH BBITIOJTHEHUN
YIpaBJIEHUS] U KOHTPOJISL CUJIOBBIM 3JIEKTPOOOOPYA0BAaHUEM.

OOue TpeOoBaHUs K DJIEKTPUUYECKUM cXxeMaM ycTaHoBieHbl cranaaptromM ECKJI, B KOTOpBIX
JIaHbI ONPENIETICHUs Pa3JInYHbIX BUJIOB M TUIIOB CXEM, IIPUBEJCHBI IPABUJIA UX BBIMOIHEHUS, YIOBHBIE
rpadudeckre, OyKBEHHO-IIU(PPOBbIE 0003HAUEHUS DJIEKTPUYECKHX YCTPOHCTB M HUX 3JIEMEHTOB, a
Takke 0003HauUEHHUE ANEKTPUUECKUX LETEH.

OCHOBHBIMU M3 HUX SIBJISIOTCSI:

1) paspsamuuku, npenoxpanurenu (OCT 2727-68);
2) pesuctopsl, kouaencaropsl ('OCT 2.728-74);
3) momympoBoaHukoBsie mpudopsl (I'OCT 2.730-73);



4)
S)
6)

KOMMYTaIIMOHHBIE YCTPOUCTBA M KOHTaKTHBIE coenunenus (mo ['OCT 2.755-74);
BOCIIPUHUMAIOIIAs 4acTh AlekTpoMexanndeckux ycrpoicts (I'OCT 2.756-76);
0003HaueHus ycioBHbIC rpadudeckue st dnekrpuueckux cxem ('OCT 2.748-68);

o0o3HaueHns OykBeHHO-LM(poBble B mpuHiunuansHbix cxemax (I'OCT 2.710-81, CT COB
2182-80).



2 CBOMCTBA DJEKTPHUYECKOM JIYTU U YCJOBUSA EE TAIIEHAA

2.1 CpoiicTBa 1yroBoro paspsiia

B kommyTannoHHbIX DA, MpegHa3HAUYEHHBIX IS 3aMbIKaHUSI U Pa3MbIKAHMS LIETH C TOKOM,
MpU OTKJIIOYEHWH BO3HUKAET pa3psii B raze JuOO B BHUJE TJICIOIIETO paspsia, JUOO0 B BUIE TYTH.
Trnerommii pa3psii BOZHMKAET TOrAa, KOTAa OTKiIo4YaeMbld TOK Hmwke 0,1 A, a HampsokeHue Ha
KOHTakTax pgocturaer BemumuuHbl 250-300 B. Takoii paspsa BcTpeuaeTcss auMO0 HAa KOHTAKTaX
MaJIOMOIITHBIX pelie, Tu00 Kak mepexoaHas (asza Kk pa3psay B BUAC dIEKTPUUECKON TyTH.

Ecmu Tok B nenu HampspkeHus Bbime 3Hadenuid [, = 0,03-0,9 A, To uMmeer MecTo IyroBoi

paspsa. OCHOBHBIE CBOMCTBA JyrOBOTO pa3psiia:
1) [yroBoit pa3psag MMEET MECTO TOJBKO MPH TOKaxX OOJIBIION BEeTWYMHBIL. MUHHUMAJIBHBIA TOK

IOYTH JJIs pa3IudHbIX MarepuanoB [, =0.94 u g metamios coctasiseT 0,5A.

2) TemmnepaTrypa LEHTpaJbHON 4acTHU AYTM OYEHb BEJIMKA M B ammapaTax MoxeT gocturarb 6000-
25000 K.
3) Ilapmenue HanpsbkeHuUs y karoga coctasiseT Beero 10-20 B u npakTuuecku He 3aBUCUT OT TOKa.
B nayroBom paspsne MOXXKHO pa3lIM4YMTh TPU XapaKTEpHbIE 00JACTU: OKOJIOKATOIHYIO, 00JIaCTh
cTOos10a IyTH U OKOJIOAHOTHYIO.

2.2 BoabT-amnepHasi xapakrepuctuka ayru (BAX)

Bakneiilen XxapakTepUCTUKON IyTH SIBJISIETCS 3aBUCUMOCTD HAIIPSKEHUS Ha HEW OT BEJIMYUHBI
TOKa. JTa XapaKTepUCTHKA HA3bIBAETCS BOJIbTaMIIEpHOM. MMeeT MecTo craTHdeckas BOJIbTaMIEpHAs
XapaKTEPUCTUKA U JUHAMUYECKAsl BOJIbTAMIIEpHasl XapaKTEPUCTUKA.

C pocToM TOKa i yBENMYMBAETCS TEMIIEpAaTypa AYTH, YCUIMBAETCS TEPMHYECKas MOHM3ALMS,
BO3pAacCTaeT YUCJIO HOHU3UPOBAHHBIX YACTUL B Pa3psle U NMANaeT MIEKTPUIECKOE COIIPOTUBIICHUE AYT'H
7, . HarmpspkeHne Ha nyre paBHO ir,.

3aBUCUMOCTb HaNpPsOKEHUS Ha Ayre OT TOKa NPU MEIJIEHHOM €ro W3MEHEHHU Ha3bIBacTCs
CTaTUYECKOM BOJIbTAMIIEPHOU XapaKTEPUCTUKON AyTH.

Cratuueckasl XapaKT€pPUCTHKA IyTH 3aBUCUT OT PACCTOSHUS MEXIY DJIEKTPOAAMHU (JUTMHBI
JyTH), MaTepuasa 3JeKTPOJOB U MapaMeTPOB CPE/bl, B KOTOPOH TOPUT Ayra:

a) cmamuyecKkas 601bMaAMNEPHA XAPAKMEPUCMUKA
U,=U,+E-I,
rae U, - nanpsxenue Ha nyre; U, - cymMMa OKOJOZIEKTPOAHOIO IAACHUM HANpsODKCHUM; £ -
HaNpsHKEHHOCTD TOJIS B CTONI0E AYTH; / - IJTMHA JTyTH.

Benunuuna / 3aBUCUT OT TOKa U YCIIOBUH, B KOTOPBIX FOpUT ayra. CTaTudyeckue BOJbTaMIIepHbIe
XapaKTEPUCTUKU JTYTU UMEIOT BUJI:



Puc. 1.

YewMm Oosnblie JUIMHA IYTH, TEM BBILIE JIEKUT €€ CTaTUUeCKas: BOJbTAMIIEpHas XxapakTepucTuka. C
POCTOM JaBJIEHHsI Cpelbl, B KOTOPOM TOPUT [Iyra, TAKKE YBEIWYUBACTCS HANPSKEHHOCTh £ U
IIOTHUMAETCSl BOJbTAMIIEPHAsT XapaKTepUCTHKA. OXIaKICHUE IOYI'M CYIIECTBEHHO BIMSAET Ha OTY
XapaKTepUCTHKy. UeM MHTEHCUBHEE OXJIaXJEHUE YT, TeM OOJbIlIe OT Hee OTBOJUTCS MOIIHOCTb.
IIpu 5TOM nOMKHA BO3pacTaTh MOIIHOCTB, BblAegemMas 1yroi. [Ipu 3a1aHHOM TOKE 3TO BO3MOXKHO 3a
CUET YBEJIMYEHHUS HaIpspKeHHs Ha ayre. TakuM oOpa3oM, ¢ POCTOM OXJaKIEHHUs BOJbTAMIIEpHas
XapaKTepUCTHKA TMOJHUMAETCA. OTUM IIHPOKO IMOJB3YIOTCS B JAYIOIaCUTENBHBIX YCTPOHMCTBAxX
anmnaparos.

b) /lunamuueckasn eonomamnepnan xapaKxmepucmuka o0y2u.
B peanpHBIX yCTaHOBKax TOK MOXXET MEHATHCS JIOBOJBHO ObICTpo. BcenenctBue TemnoBoit
MHEPLIHUU JYTrOBOTO CTOJ0a N3MEHEHHUE COTIPOTUBIICHUS AYTH OTCTAET OT U3MEHEHHUS TOKA.
3aBHCHMOCTh HAINpsDKEHUS Ha Jyre OT TOKa MpH OBICTPOM €ro W3MEHEHMM Ha3bIBAETCs
JTMHAMUYECKOW BOJIbTAMIIEPHON XapaKTEPUCTUKOM.

IIpu Bo3pacTaHMM TOKA JUHAMHYECKAs XapaKTEPUCTHKA UAET BbIIIE CTaTHUECKOM (KpuBast B Ha
puc. 2), Tak KaKk IIpHU OBICTPOM pOCTE TOKAa CONPOTUBIIEHUE TyI'M MajaeT MEAJCHHEE, YeM PACTET TOK.
[Ipn ymeHbIIEHMM - HMKE, MOCKOJIBKY B 3TOM PEXHME CONPOTHUBICHHME IAYIM MEHbILIE, YeM IpH
MeJJICHHOM n3MeHeHnu Toka (kpuBasi C Ha puc.2).

JluHamMuueckass XapaKTepUCTHKa B 3HAUUTENBHOM CTENEHU OIpPEAEISETCS CKOPOCTBIO
U3MEHEeHMs ToKa B ayre. Eciu B 1ienb BBECTH OUEHb OOJIBIIOE CONPOTUBICHUE 3a BpeMsl, 0ECKOHEUHO
MaJioe 10 CPAaBHEHUIO C TEIUIOBOM MOCTOSHHOM BPEMEHM YT, TO B TE€YEHHE BPEMEHHU CIa/la TOKa 10
HYJISl CONPOTUBIIEHUE IYTH OCTAETCS NMOCTOSHHBIM. B 2TOM cilydae NMHaMHUYeCKash XapaKTEpPUCTUKA
n300pa3uTcs NpsIMON MPOXOAIICH U3 TOUKH 2 B Hayajo KoopAuHat (mpsimas 1), T.e. ayra Beaer ceds
KaK METaJUIMYECKUI IIPOBOJIHUK, TaK KAK HANPSDKEHUE HA AYTre MPONOPLHOHAIBHO TOKY.



B peanpHOM ammapate Imociie pa3MbIKaHHsS KOHTAKTOB PACCTOSIHHE MEXITYy HUMH MEHSETCS U
Jyra uMeeT IMEPEeMEHHYI0 [UIMHY. B 3TOM cilydae mpouecc OTKIIOYEHHsS MOXKHO IPEACTaBUTH
HUDKECIISIYIOIUM 00pa3oM.

Pa3o0ObeM myTh, KOTOPBIA MPOXOJUT KOHTAaKT, HAa YYaCTKM W HAaHECEM CTaTUYECKHE
BOJIbTAMITCPHBIC XapPaKTEPUCTUKH, COOTBETCTBYIOIIME KOHIlY Kaxkjaoro ydvactka (puc. 3). Ecmm
UHIYKTUBHOCTH IIETIM MaJia, TO MO MEpe YBEJIWYEHHUs UIMHBI OyI'H TOK OyAeT OBICTPO NMPUHUMATH
3HAUEHUS, COOTBETCTBYIOIINE TOYKE MEPECEUCHUSI CTATUYSCKUX XapakTepucTuk ¢ mpsmoit U —iR. B
TOYke () TOK JIOCTHTHET KPHTHYECKOTO 3Ha4yeHWs. [Ipu najpHEWIIeM YBETWYCHHWH JUTHHBI JyTH
HaCTYHSIT YCHOBI/I}I JJIA TalllICHUS.

U

::Ij“n lz Z.Z li y:
Puc. 3

JUlnHa nyrd, TOpU  KOTOPOW CTaTH4YecKas XapakTepucThka Kacaercs mnpsamon U —iR,
Ha3bIBACTCSl KpUTHUECKOW JutHOM Ayru. [locime Toukum O TOK OBICTPO yMEHBIIAETCS 0 HYJS, IyTa
racHer.

B memm ¢ OonpIoil MHIYKTUBHOCTBHIO CHAJaHWE TOKA W3-32 OOJBIIOW  BEIMYHHBI
MHJYKTUBHOCTU 3aMEJISIETCS; BOJIbTAMIIEpHAs XapaKTEePUCTUKA JIYTU Cpa3y Ke IMOCJE PacXOxkKICHUS
KOHTaKTOB TOJHUMAETCs Bbimie mpsiMod U —iR. B MOMEHT ramieHus Tyrd BO3MOXKHBI OOJBIIIHE
NepeHanpsHKeHUS.

[Ipn  OTKIIOYEHWUM AKTUBHOM HArpy3Ku TalleHHe MPOUCXOAUT OBICTPO, HHUKAKUX
NepeHanpsHKeHU He IPOUCXOINT.

2.3 YcaoBus rameHusi Ayrd NOCTOSHHOIO TOKA

B osnextpuueckux ammaparax NPUHUMAIOTCS BCe Mephl K TOMY, YTOOBI Jyra racia B
MUHUMAaJIBHO KOPOTKOE BpeMs. O4eBUIHO, Ui TalleHNs NYTH IIPU BCEX 3HAYCHMSIX TOKA HANPSOKCHHE

di
LE JOJDKHO OBITh OTPULIATETHHO. J[JIs1 BBIMOIHEHUS 3TOTO YCIOBUS HEOOXO0IMMO, YTOOBI
t

U,>U-iR.
3TO BO3MOXXHO JIMOO 3a CYET MOAHATUS BOJBTAMIEPHOW XapaKTEPUCTHKH, JIMOO 3a CyeT
YBEJIUYECHUS CONPOTUBIICHUS LEIIH.
BonbramnepHas xapakTepUCTHKAa JyTH MOXXET OBbITh MOJHSATA 3a CUET YBEJWYCHUS JTUHBI
IyTH, FHTEHCUBHOTO OXJIAXKICHHMSI, TOBBIIIEHUS NaBJICHUS CPEbl, B KOTOPOU TOPUT JyTa.

U
IIpyu 3aMKHYTBIX KOHTAKTaxX JIyra OTCYTCTBYET, M TOK B LU PaBeH [, = s IIpu pa3Benenuun

KOHTAKTOB MCXKJAY HHUMH BO3HUKACT Ayra € TOKOM 12. Eciu Ayru W HaAIlPAKCHHUC HCTOYHHUKA
HCU3MCHHBI, TO IPU YBCIWYCHUHN COIPOTHUBIICHUSA TOK B LCIIHU GYI[CT YMCHBIIATBHCA, TMPUHHUMAA
3Ha4yeHus i, i, u I,,. [Ipu nanpHeieM Bo3pacTaHUM CONPOTUBIICHUS COOJIOAAETCS HEPABEHCTBO
U, >U—iR, 1.e. cO31a10TCA yCIOBUS IS TAIICHUS TYTH.

Tokun m conpoTuBieHHs, NPH KOTOPHIX HACTYNAKOT YCIOBUS JUIA TalleHUs, Ha3bIBAKOTCSA



KPUTHYCCKHUMH.
Ecmu P HEU3MCHHOM 3HAYCHUHN TOKa LECTIN IK YBCIUYUTE HAIIPAXKCHUEC ITMTAHUA U nmm npu

HEM3MEHHOM 3Hau€HUM HampspkeHust U yBenuuuTh TOk 1enu [, , To npsamas U —iR Oyzaer npoXoanuTh
Bbimie. Torma st coOmrofieHHs YCJIOBUM TallleHHs HeoOXOAWMO TOJHSATh BOJIBTaMIIEPHYIO
XapaKTEpUCTUKY OYTH.

Takum oO0Opa3oM, C pOCTOM OTKIIOYAEMOIO0 TOKa M HANpPSDKEHUS HCTOYHHKA YCIOBUSA
OTKIIFOYCHUSA YTAKCIIAKOTCA.

OmnpenenuM JUINTENBHOCTD ¢, TOPEHUsS TyTH.

O0603HaYNM
AU = ‘Lﬁ )

dt

Torna
0 .
di
t=L| ~—.
AU

Takum oOpazom, yem Oombiie AU, TeM MEHBIIE JJIUTEITLHOCTh TopeHus nyru. Ho yBenudeHue
AU BCACT K POCTY HAIIPSAXKCHUSA HAa KOHTAKTAX B MOMCHT I'alliCHUSA OAYTH.

2.4 JHeprus, BbleJseMas B 1yre

Conportusnenne nyru R, He3aBUCUMO OT poAa TOKA MOYKHO CYMTATh YHCTO aKTUBHBIM. OHO
SBIISICTCSI BEJIMYMHON IEepeMEHHOM, Majaromeil ¢ pocToM TOKa, M MOXET OBITh ONpEeAeNICHO U3
BOJIBTAMIIEPHON XaPAaKTEPUCTUKU IYTH.

CornpoTuBieHue 1yru

R, = Uyi. (1)

MOIHOCTD 3JEKTPUYECKON TYT'H

P,=Ui (2)
Oneprus W,, Belaensemast B Iyre 3a Bpemsl T €€ ropeHus

tr
Wo=[U, ddt. 3)
0

JIJis BBIKITIOUAIONINX allapaToB BeCbMa BAXKHO ONMPEACITUTh 3HAYCHHE 3TOH DHEPTHH 3a OJIHO
otkioyeHue. [loncraBus B Beipaxkenue (3) 3Hauenue Uy cornacHo popmyie

. di
U=U, +1R+L—),
( I dt)

MOJIYYUM IJId AYTH TOCTOAHHOI'O TOKa
2

tr tr t
I 1 I 1

Wy= | Rilyidr+| LidtZLEOJr [ Ratpde = wit wr, (4)
0 0 0

2 tp
rae Wy = L—°—3Hepmﬂ, 3amaceHHas B MarHUTHOM I10JIe OTKJIIoYaeMou nenu;, Wr = I R(lp-i)dt —
2 0
SHEPTHsI, MOCTYMAKoIIas OT TeHepaTopa B YTy 3a BpeMs ee ropenust; [y = U/R — HadanbHOE 3HaYeHUE
TOKA.

TakuMm 006pa3oM, HE3aBUCUMO OT Croco0a TalieHus! Jyru MOCTOSHHOTO TOKa B HEW BBIJEIUTCS
SHEpPrus, 3amaceHHas B MAarHUTHOM MOJ€ OTKJIOYaeMOM Ienu, IUIIOC elle Kakas-TO JIOJIsl SHEpPruu,
KOTOpasi MOCTYINHUT OT TeHepaTropa 3a BpeMsl TOpeHHs Ayrd (B YCTOWYMBO Topsiled ayre Bcs
BBIICJISIFONIASICSL B HEW SHEPTHUsl OCTYNAET OT FEHEPATOpPa).

W3meHeHrne TOka B Jyre NpU OTKIIOYEHHUH MOET OBITh OXapaKTepHU30BaHO CJEIYIOIINM
AMIIUPUYECKUM BBIPAKEHUEM:

i=I[l-)". Q)
rje ¢, — BpeMs raimeHus; { — TeKyllas KOOpJAWHATa, 7 — HEKOTOpas MOCTOSHHAS JUIsl JTAHHBIX



YCJIOBU BEJIMYMHA.

I'paduueckun ypaBHeHHE (5) TMpenCTaBIEHO CEMEWCTBOM KpHBBIX Ha puc.4, a. s
JYTOracUTENIbHBIX YCTPOMCTB € y3KMMH ILEISIMU M AJS 3aKPBITBIX JYyrOracUTEIbHBIX YCTPOMCTB, a
TaK)K€ IPU 3HAYUTENIbHBIX HHAYKTUBHOCTAX 1 > | (mopsiaka 2 — 4). I OTKPBITBIX 1YTOTaCUTENbHBIX
YCTPOMCTB U NMPU aKTUBHOM HaArpyske n < 1.

IToncraBuB ypaBHeHue (5) B BelpaxkeHue uist Wr, nony4um

Wr:kRI(zjlr:LIék, (6)
a)

' L
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Pric.4: a - rpadmueckas MHTeppeTanys ypapuenus (5) u 6 — 3aBucuMOCTb k = f(n), rae k = n /(2n° +
3n + n); T= L/R — mocTossHHAs BPEMEHU OTKIIFOYaeMOM e

KpuBasi, xapakTepusyromas 3aBHCUMOCTh K = f(n), npuBeneHa Ha puc.4, 6. DHeprus,
[OCTyNarouass B JYry OT TeHeparopa, IpONOpPILHOHAIbHA BpPEMEHM TOpPEHHsS U 3aBUCHUT OT
koopduumenta k, XapaKTepH3yIOLIET0 B HEKOTOPOW CTENEHH JyroracHMTeIbHOE YCTPOHCTBO.
MakcuManbHOE KOJUYECTBO SHEPTHH BBIICIUTCS B Ayre PU U3MEHEHUH TOKA 10 3aKOHY, OJIM3KOMY K
nuHeHoMy. IIpu 3ToM k= = 0,167, a TOK B 1enu 3a BpeMs OTKJIIOYEHHsI MEHSIETCS 110 JTMHEHHOMY
3aKOHY:

i=1y(1-(t/ty).

Takum oOpazom, sHEPTHs, BHIACIAIONIASACS B AYTe MPU OTKJIIOUEHUHU TTOCTOSIHHOTO TOKa,
2

I t
Wy= Wy + WF=L?°(1+2k?F). (7)

B AYyre OTKIYCHUA IIEPEMEHHOIO TOKA, €CJIW IallICHUEC IMPOUCXOAUT B MOMCEHT IIEPEX0Ja TOKA
4UCpe3 HYJIb, BBIACIIUTCA TOJBKO SOHCPIUAa

W, = (#vaﬂ)m, )

rne f — yactora; /,, — Tok; Uy — najieHue HanpspKeHHst Ha JIyre; 71 — YHUCII0 OJIYNepruoI0B TOPEHUS
IyTH.

a) 6)

ul U1

Puc.5. XapaxkTepHble OCIIIIUIOrpaMMbI TOKA M HATIPSKEHUS IPU OTKIIFOYEHUH LIETH C OOJIbIIei
(a) v MaJsIol (6) MHIYKTUBHOCTHIO



2
3HCpFI/I$I, 3alaceéHHas B MAaTrHUTHOM II0J€ OTKIIFOYaeMoit OcIu, L?O BO3BpalacTCsa B

TeHCPATODP. MuHUMAaJIBHOE KOJIUYECTBO OHCPIrUM BBIACIIUTCA, CCJIM Ayra MNOTraCHET IHpH IMCPBOM

POXOXKACHUU TOKa 4yepe3 Hynb (m = 1). Eciu nyra Ha4HET racHyTh paHbllle €CTECTBEHHOIO Iepexo/ia
2

TOKa 4yepe3 Hylb, TO YacTh YHEPTHU LEO HE YCIEeT BEpHYTbCA B T'€HEPATOp U BBIIEIUTCS B AYTE.

Takum 00pa3zoM, rameHue OyTd MEPEMEHHOTO TOKa B MOMEHT €CTECTBEHHOTO MPOXOXKICHUS TOKa
yepe3 Hylb 00JIer4aeTcs ¥ 3a CUeT MEHbIIeH SYHEPTUH, BBIJIENAEMON B IyrOTaCUTEIHLHOM YCTPOUCTBE.

[Ipu pacueTe AYroracHTENbHBIX YCTPOMCTB IOCTOSHHOIO TOKAa CJIEAYeT YYUTHIBaTh, YTO
JYTOracUTENIbHOE YCTPOHUCTBO JTOJHKHO OBITh CIIOCOOHO MPUHSATH M pacceaTh (OTBECTH) BBIIEISIEMYIO B
JyTe SHEPTHI0, KOTOpas MOXKET OBITh BeChbMa OOJIBIION, B YACTHOCTH NP OTKIIFOUCHUH LeTieil 0OMOTOK
BO30YKJICHHSL.

WHAYKTUBHOCTD CTPEMHTCS TOJAAEPKATh HEHM3MEHHBIM IPOTEKAOUIMH IO IIeNH TOK, 4YTO
IPUBOJUT K AaBTOMATHYECKOMY MOJJICPIKAHUIO HAIPSDKCHUS, pPaBHOro (R, moka He Oyner
HU3pacxojoBaHa BCA 3allaCCHHAs B LCNIHM MArHvuTHAss SHCPIrus. YeMm Oomplie WHAYKTUBHOCTb, TCM
TPYyIHEH MOracuTh JYry MOCTOSHHOTO TOKA M TeM OoJblie OylIeT HalpshKeHHe Ha Jyre IpU TOM XKe
BPEMEHHU TramieHus. XapakTepHble OCLHUUIOIPAaMMbI TOKAa M HAIPSOKEHUS Ha Jyre IPU OTKIIOYCHUU
1eTiel ¢ pa3IMYHBIMU UHIYKTHBHOCTSMH PUBEICHBI Ha PUC.S.

2.5. YcaoBus rameHusi Ayrd nepeMeHHOro ToKa

Paccmotpum 1iens, y koTopoit cos @ =1. IIycTh KOHTAaKTHI anmapaTta pa3oluIuCh B TOUKE @ (puc.6).
% ' st
oz .
o ”~ 7

~.

Puc.6. IIponiecc oTKIIOUEHNS] aKTUBHOW HArpy3Ku MEPEMEHHOTO TOKa

Mexy Humu 3aropaercs ayra. K koHIly monynepuosia u3-3a yMEHbIICHUS TOKa U BO3JIEHCTBUS
JyTOTACUTENBHOTO YCTPOHCTBA HAOMIOAACTCS YBETUYCHHE COMPOTUBICHUS TyrOBOTO MPOMEXKYTKA U
noJbeM HampspbkeHus Ha ayre. [Ipu moaxoje Toka K HYJIIO K JIyre MOJBOAMTCS Malias MOIIHOCTD,
TEMIIepaTypa €€ YMEHBIIAETCs, YTO C OJTHOM CTOPOHBI, BEIET K 3aME/UICHUIO0 TEPMUUYECKON HOHU3AIIUH,
C JIpyroi - crocoOCTBYeT deuoHusayuu. Bce 3T0 MPUBOAUT K moracanuio nyru. Hampspkenue, mpu
KOTOPOM Jyra TacHET, Ha3bIBacTCs HANpsDKCHHEM WM nukom rameHuss U.. Peskuil mogbem

HaNpsDKEHUsT K KOHIlY IOJIyNepHoJa BeleT K TOMY, YTO TOK B IIEHM OOpBIBAeTCS JI0 CBOETO
€CTECTBEHHOI'0 IIPOXOXKACHUS Yepe3 HYJIb.

[Tocne noracanus nyru QyroBoil IPOMEXYTOK HE MPEBPAIAETCsi MTHOBEHHO B M30JISLMOHHBIMH,
MOCKOJIbKY TeMIIepaTypa He CHIDKaeTcs 10 Hyis. B mporecce rameHus Ayrd 4HCIO 3apsKEHHBIX
yacTul] B 00JAacTH IyroBOrO IMPOMEXKYTKAa YMEHBIIAETCS; IOCJE TaIIeHUs JYyTH CONPOTHUBIICHHE
IPOMEXKYTKa pe3ko Bo3pactaeT. [Ipu 3TOM BO3pacTaeT M snekmpuueckas npoYHOCMb NPOMENCYMKA,
T.€. TaKoe HaIpsLKEHUE, IPU KOTOPOM MPOUCXOAUT €T0 IIEKTPHUECKUI MPOOOi.

[Tocne mpoxokIeHUS HAIMpPsDKEHUS 4Yepe3 HyNb HanpshKeHHWE HCTOYHMKA HM3MEHSeT 3HaK, U
HA4YMHAET PACTHU 110 3aKOHY CUHYCOMJIBI.

DnekTpuueckas MPOYHOCTh MPOMEKYTKAa HAYMHAET HapacTaTh HE C HYNs, a CO 3HA4YeHHs,

COOTBETCTBYIOLLIETO TOYKE ¢, (HayaJbHas NPOYHOCTh NpoMexyTka). HavanbHas mnpodHOCTH U



JATBHEUIIIMH POCT MPOYHOCTH 3aBUCUT OT CBOMCTB JIY: uem 3ddeKkTuBHENH OHO JEUCTBYET, TeM
Oosble HaYaIbHast IPOYHOCTD, TEM Kpy4e UJEeT HapaCcTaHWe 3TOH MPOYHOCTH.

B MOMeHT #, HampsKeHHe Ha MPOMEXYTKe IepeceKaeT KpUBYIO NpouHOCTH @, bl. B 310l Touke
ayra 3aropaercs BHOBb. Hampspkenne U, Ha3bIBaeTCs HaIPsDKEHUEM 3aKMIaHus. B cBs3u ¢ TeM, 4TO

TOK B IIEPBOM IOJIOBUHE IOJYBOJIHBI CHHYCOUJOW BO3pacTaeT, HANPSDKEHUE HA Jyre YMEHBIIAETCS.
[Tocne mpoxokaeHUsI TOKOM MaKCHMaJIbHOTO 3HAUEHHUsl HANpsOHKEHHE Ha JAyre HauWHAeT BO3pacTaTh,
MIOCKOJIBKY TOK yMeHbInaeTcs. Takum oOpa3oM, KpuBas Ha Jyre uMeer ceanoobpasHyio ¢opmy. Ilpu
OOJIBIINX TOKAX M3-3a CHJIbHOW TEPMUYECKONW MOHU3AIMU MOYTH Ha MPOTSHKEHUH BCETo MONIyIepruoaa
TOpeHUs] AYTH HaIpsDKEHHE HE M3MEHsieTcs. TOJbKO B Hayalle M KOHIE IOJyNepHoJa MOSBIISIOTCS
MUKU 32KUTaHUS U TallleHUsl.

B touke O nyra BHOBb FaCHET U MIPOUCXOAT IPOLIECCH, AaHAJIOTUYHBIE CIIMCAHHBIM paHHEE.



3 IYTOT'ACUTEJBHBIE YCTPOUCTBA

3.1 Cnoco0bl rameHus 3JeKTPUYeCKOl Tyru

B coBpeMeHHBIX amnmapaTax TalleHHWEe Iyrd MpU OTKIIOYEHUH LENU OCYIIECTBISETCS B
JyTOTacUTENbHBIX YCTPOMCTBax, 3ajada KOTOPBIX IMOTAacCHTh IYyI'y B MajloM oOBeMe (JKelaTelbHO
3aMKHYTOM), 3a MaJloe BpeMs, IpUd MajoM H3HOCE 4YacTed ammaparoB, MpH 33JaHHBIX
NEePEeHaIPsHKEHUSX, IPU MaJIbIX 3BYKOBOM M CBETOBOM 3(eKTax.

CriocoOblI rameHust Jyru:

1) rameHue 1yru B MPOJOJIBHBIX IIETSX;

2) ramieHue AYTH C IOMOUIBIO TYTOraCUTEIbHON PEIIETKY;
3) rameHue Iyru BHICOKUM JIaBJICHHEM;

4) rameHue Ayru B Maclie;

5) rameHue Iyru BO3AYUIHBIM TYTHEM;

6) raleHue Iyru B DJIErase;

7) ramieHue IyTH B BaKyyMe.

3.2 lyroracure/ibHble YCTPOHCTBA MOCTOSIHHOTO M NEPEMEHHOI0 TOKA
3.2.1 lIupoxue u y3Kkue NPoa0JIbHbIEC HIEJH

Becpma mmpokoe pacnpoctpaneHue (0co0eHHO B HU3KOBOJBTHBIX ammaparax) monyumwi Y,
KaMepbl KOTOPBIX UMEIOT MPOAOJbHBIE IIenau. [IpogonpHoil Ha3bIBAIOT 11€JIb, OCh KOTOPOIl COBIMAIAaeT
10 HaIpaBJIEHHUIO C OCHIO CTBOJIA Iyru. B Takux kamepax OCHOBHOE BO3/EHCTBHE OCYIIECTBISETCS Ha
cTBOJ Ayru. OxyaxxaeHue cTBoyia Ayru (0TOOp SHEPruu) MPOUCXOAUT 3a CUET ABMXKEHUS JTYTU Yepe3
HETMOABUKHBIM BO3AYX U OXJIAXAAIOUIET0 JEHCTBUS CTEHOK KaMephl. SIBJIEHUs y 3JIEKTPOJOB (MX BCETO
JIBa) 3/16Ch MOKHO YYHMTBHIBATh MPH MIEPEMEHHOM TOKe M HampsukeHusx Huxke 220 B. /[Bwkenue nyru B
yCTpOfICTBaX C MOpOAOJIbHBIMHU MICIISIMU TPOUCXOAUT 3a CUCT BSaHMOHefICTBHSI TOKa Ayrum ¢
CO3/1aBa€MbIM BHEIIIHUM MarHUTHBIM TOJIEM U MOJIEM KOHTYpa TOKA.

TS S

Puc.7. XapakrepHbie popMBbI TPOAOTBHBIX MIEIEH TyroracUTEbHBIX KaMep

Ha puc. 7 cxematn4Ho n300pakeHbl XapaKkTepHble (OPMBI IPOAONIBHBIX Hieneit kamep Y. B,
BEepXHEH yacTu KaMmepsl (puc.7a) MexXay ToukaMu / u 2 UMEeTCsl OfHa MpsMasi IPOI0IbHAs IIeNb 3 ¢
TUIOCKONApaJUIeTbHBIMU CTEHKaMU. B kamepe Ha puc.76 — HECKOIJIBKO MPSIMBIX MapauIeIbHBIX IIeTeH,
AQHAJOTMYHBIE IIEIM B KamMepe Ha puc.7a. Heckoapko mnapayieNbHBIX HIENEH NPUMEHSIOT IPU
OTKJIIOYEHUH O0JbIuX TOKOB. OJHAKO MapajuleibHble Iy CYyHIeCTBYIOT Henoiro. OHM BecbMa
HEYCTOWYHMBHI, U BCE, KPOME OJHOM, MOCJIEIHEH, OBICTPO MmoracaroT. Y CIIOBUS TallleHHUs] OCTaBIICHCS
JIyTU TaKHE K€, KaK B KaMEpe C OJHOU LIEIbIO.

Ha puc.76 nokazana xkamepa ¢ OJHOW MPOJOJIBHOW IIENbI0 3, KOTOPOM MpHJIaHa U3BHIIUCTAs
dopma. [Ipu Takoit Gopme mpencTaBisieTcs BOZMOXHBIM B KaMepe HEOOIBIINX Pa3MEpOB YMECTHUTh
JHHYI0 ayry. Kpome Toro, Hamuume pebep cnocoOCTBYeT MOBBILICHUIO HANpPSDKEHUS Ha JyTe.
VIMeHHO 3TH 0COOEHHOCTH OOYCIOBIMBAIOT T€ MPEUMYIIECTBA PACCMATPUBAEMOM KaMepbl, KOTOpHIE



o0ecrneunBaroT e UPOKOe MPUMEHEHHE.

[TpomonbHas miens ¢ psAaAoM pedep U YIIMPEHUH 4, 3a CYeT KOTOPBIX MPOUCXOIUT BO3pACTaHUE
IPOJIOJIBHOTO I'PaJiME€HTa HAPsKEHUsI, N300pakeHa Ha puc.7/2.

Kamepa (puc.70) uMeeT KOMOWHUPOBAHHYIO 3HUI3aroo0pa3Hyr0 Imeinb 3 ¢ MECTHBIMH
ympeHusiMu 4. B TakoM 1mienu, IO-BHOAMMOMY, JOJDKHBI COYETaTbCsl BCE JOCTOMHCTBA
3Ur3aroo0pa3Hoil e ¢ MPEUMYIIECTBAMHU, KOTOPBIE Ial0T MECTHBIE YITHPEHHUS.

3.2.2 /lyroracureJibHble pelIéTKH

B nyroracutenbHOM pemieTke ISl TallleHUsl TyTU MCTONb3YeTCs OKOJIOAIEKTPOAHOE IMaJeHue
HaIpsOKEHUsl U, (B ammapaTrax MOCTOSIHHOTO TOKAa) M OKOJIOKATOAHAsi 3JEKTpUYECKas MPOYHOCTH (B
anmaparax nepeMeHHOI0 TOKa).

[Tocne pacxoxaeHuss KOHTAakToB / u 2 (puc.8,0) BO3HUKIIAS MEXIy HUMU Ayra 3 TOJ
BO3/ICICTBHEM MATHHTHOTO TIOJIS JBHKETCS BBEPX HA TUIACTHHBI 5 M PasOMBACTCS HA Sl KOPOTKHX
nyr 4. Ha xaxmgol miactuHe oOpasyroTcst katod W aHoi. IlajeHue HampspkeHUs Ha KaXIoW mape
macTuH cocrtapisier 20-25 B. Tlpu Gonbiiom yucie miaacTUH yAa€Tcs MOMHATHh cTaThdeckyro BAX
JYTH U 00ECTIEYHUTD yCIOBUS €€ ralieHus..

Ha puc. 8 nmokazansl paznuunsie cxembl Y ¢ myroracuTeabHbIMU penieTkaMu. B pemietke Ha
puc. 8,a ayra BBIBOAMTCS HA IUIACTUHBI U JIEJIUTCA MEXAY HUMU C IOMOILIBIO MarHUTHOTO IOJIS
HamnpshpKeHHOCThI0O H, co3maBaemoro chnernuanbHOM cuctemoil. B pemerke Ha puc. 8,0 ayra
BTSATMBAETCS B PEIIETKY 3a CYET MIEKTPOJAMHAMUYECKUX YCWJIMH, BO3HUKAIOUUX B KOHTYype /, 3, 2, u
3a cueT yCWIWH, NEHCTBYIOIIMX Ha Jyry, Onarojaps Hajduuuio (eppOMarHUTHBIX IUIacTUH. B
KOHCTPYKUMHU pHC.8,I' (MO3UIHS 3), JUIsl OOJIeryeHHs] BXOXKICHHS YT B PEIIETKY IJIACTUHBI UMEIOT
KJIMHOBUAHBIN ma3. J{is Toro ytoObl yra He oOpa3oBajia XHUAKHUX MOCTHKOB MEXIYy IJIaCTHHAMH,
paccTosiHie MEeXIy HUMU OepeTcs HE MeHee 2 MM.

3.2.3 I'amenune 1yru BHICOKMM JaBJICHHEM

lamenuie myru, mpu MOMOIIM BBICOKOTO JaBJIEHUS, CO3/]JaBAEMOI0 CaAMOM K€ yrod B IUIOTHO
3aKpBITHIX KamMepax, UIMPOKO UCIIONB3YeTCs B TUIABKUX MPEAOXPAHUTENAX U Psijie APYTUX ammapaToB.
B s1ux anmapartax BCsl SHEPTHUSL, BBIACISIOMIASACS B IyT'e OTKJIIOUYEHHS, OT/Ia€TCA razy, HaXOo/sAIeMycCs B
orpaHnueHHOM oObeMe. [lpu ycrmoBuM, KOr/a CTEHKHM KaMmephl HE BBIICISIOT ras3a, CIpaBelinBoO (B

NEpBOM MPHOIMKEHUH) CIIEAYIOIIEe COOTHOLICHHE:
Z
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Pucynok 8 — Cratuueckue BAX snekTpruueckoil Ayru B pem€TKe U BUbl JYyroraCUTENbHbBIX PEILIETOK:
KpuBas | - HanpsDKEHUE Ha JYTOBBIX IPOMEKYTKAX; KPUBAsl 2 — PE3yIbTUPYIOLIEE HANIPSHKCHUE; TAE
Wy — sneprus ayru, Jx; v — o0bem, cM”; p — BO3HHKaroIIee B Kamepe aaBieHue, [1a.

B pesynbraTe nyry yaaeTcsl Moracuth B HEOOJBINIMX IUIOTHO 3aKPBITBIX KaMmepax U CAeNaTh
anmnapathbl COBEPIIEHHO 0€30MacHBIMU B MIOKAPHOM OTHOILICHUH.



3.2.4 'amenne 1yru B MacJje

OTOT crocoO rameHus Hameésn IIUPOKOC MPUMEHECHUE B BBIKIIHOYATCIAX IIEPEMCHHOI'O TOKAa Ha

BH.
JlyroracutenbHble YCTPOHMCTBA COBPEMEHHBIX MACIHSHBIX BBIKIIOYATeNIed 10 MPUHIIUITY
JEUCTBUS MOTYT OBITh pa3/ieNICHbl HA TPU OCHOBHBIC TPYIIIIHL:

1. [yeoecacumenvrvlie ycmpoiicmea ¢ asmoodymvem, B KOTOPBIX IyThe Ta30MapoOBOH CMECH H
Macja B 30HY ralieHus Jyryd CO3JJaeTCsl 32 CUET IHEPTUH, BBIJCIISIIONIEHCS B CaMOU JyTe.

2. MHyeoecacumenvhvie ycmpoticmea ¢ NPUHYOUMENbHbIM (UMNYIbCHLIM) MACTAHbIM O0YMbeM, B
KOTOPBIX MAaclio B 30HY TalleHus Ayrd (K MECTy pas3pbiBa) MOJAETCsl C MOMOUIbIO CHEIHaIbHBIX
HATHETAIONUX THAPABINYECKUX MEXaHU3MOB 32 CYET MOCTOPOHHET0 UCTOYHUKA YHEPTHH.

3. [yeocacumenvbHvle ycmpolicmea ¢ MASHUMHBLIM 2auieHuem Oyeu 8 macie, B KOTOPBIX CTBOJ
JyTU TIOJT BIUSHUEM TOMEPEYHOTO MAarHUTHOTO TOJIS TIEpPEeMeNaeTcs B y3KKe, 3al0JIHEHHbBIE MacIOM
KaHaJbl U 111eJ1, 00pa30BaHHbIE CTEHKaMHU U3 U30JISIIIMOHHOTO MaTepHaia.

HauGonbiiee pacnpocTpaHeHWe HAXOJSAT yTOTACUTENbHBIE YCTPOMCTBA TIEPBOM T'PYIIIBI, TaK
KaKk oOecreyuBaroT OOJbIIyI0 A()PEKTUBHOCTH TaIlIeHUS TMPH CPABHHUTEIBHO HECIIONKHBIX

KOHCTPYKLUSX.

IV

Puc. 9 — Cxemsl nporiecca rameHus 3J1eKTPUUECKON YT B KaMepax ¢ aBTOAYThEM: a — Kamepa
MPOJOIBHOTO TYThs; 0 — KaMepa MOMePeyHOro TyThs: 1-Macio; 2-HenoIBHKHBIM KOHTAKT; 3-KJIamnaH;
4-nyra; 5-ra30Bbli My3bIPh; 6-KaMepa; 7-MOJBHKHBIN KOHTAKT

[IpyHUMNUATbHBIE CXEMBI Pa0OThl MPOCTEHIIMX AYrOracUTEIbHBIX KaMep C aBTOIyThEeM
npuBeeHbl Ha puc.9. ['a30BbIii My3bIph, 00Pa3yIOUIMICS BOKPYT AYTH MPH Pa3MbIKAaHHUU KOHTAKTOB,
OPUBOJIUT K CYIIECTBEHHOMY IMOBBIIICHUIO JaBJICHUS B OTPAHUYEHHOM 00beMe KaMephl (ITOJIOKEHHE
I). Macno u npoAyKTBI €ro pasioKEHUs, CTPEMSCh BBINTH Yepe3 OTBEPCTUS B KaMepe, CO3JaroT
MHTEHCUBHOE OOJyBaHHME IYrdM MOTOKAaMHU Ta3onapoBOil cMecH U Maciia BAOJb JIYTU (npodoibHoe
dymbe — puc.9, a) mpu BbIXOJIE MOABMKHOW KOHTAKT-/I€TAU U3 KaMephl (rosoxenue /1) uim nonepex
IyTU (nonepeuroe oymove — puc.9,0) MpU HAJTUYIUHA BBIXJIOITHOTO OTBEPCTHS, PACTIONOKEHHOTO MPOTUB
MecTa paspbiBa (nonoxenue /7). Ilocne ramenus Ayru kaMepa HaroJHsIeTcsl MaciioM (monoxenue I11).
CoBpeMeHHbIE MacisHbIe BBIKJIIOYATEIM CHAa0XKeHbl OoJiee CIOKHBIMM KaMepamH, B KOTOPBIX
UCTIONB3YIOTCSl YKa3aHHBIC MPUHIUIBI B Pa3UYHBIX KOMOWHAIUSAX C OJHUM, JIBYMSI U OOJBIINM

YHCIIOM Pa3pbIBOB.

3.2.5. 'amenne 1yru BO3AYMHbIM Iy ThEéM



DTOT crocol ramieHys Hailea MIMPOKOe MPUMEHEHUE B BBIKIIIOUATENSIX MePEMEHHOr0 TOKa Ha
BBICOKOE HAIPSIKEHUE.

Hyra, oOpa3yrolasicsi Mexay KOHTaKTaMH, 00JyBaeTcs BAOJb WU MOMEPEeK MOTOKOM BO3AyXa
MOJT ONPEJIEIICHHBIM JAaBiieHneM. [lepeMemnaronmuiicss ¢ OONBIIONH CKOPOCThIO (TMpUOIIKAIOMIEHCS K
3BYKOBOI) MTOTOK BO3/lyXa yJaisieT U3 30HblI JYI'¥ HarpeTble HOHU3WPOBAHHbBIE YACTUIIBI, 3aMelas uX
IPYTHMH, OXJI@XJACHHBIMH. Temreparypa CTBOJa Iyrd pe3KOo Majaer, OCOOEHHO B MOMEHT
MIPOXOXKIECHUS TOKA 4epe3 Hysb. OJHOBPEMEHHO MPOUCXOJUT U MEXAHUYECKOE pa3pyllIeHHE CTBOJA

JIyTH.
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Puc. 10. CxeMbl kamep ¢ BO3AYLIHBIM JYThEM: @ — MONEPEYHOE AYThE; 6 — MPOAOIBHOE
OJIHOCTOPOHHEE B FOPJIOBUHE KaMephl; 6 — MPOA0IbHOE OHOCTOPOHHEE Yepe3 COMI000pa3HbIn
KOHTAKT; 2 — IPOJ0JIbHOE OJJHOCTOPOHHEE Uepe3 U30JIALIMOHHOE COILIO; 0, € — IPOA0IbHOE
JBYCTOpPOHHEE Yepe3 COII000pa3Hble KOHTAKThl / — HEMOJBUKHBIN KOHTAKT; 2 — HU30JIALIUOHHBIE
neperopoaku; 3 — nyra; 4 — NOJBMXKHBIA KOHTAKT; 5 - KOPIYC KaMephl; 0 — METaUINYECKOE COILIO;
7 — W30SIIMOHHOE COILIO

[lo oTHOIIEHHIO K CTBONY JyTd MOTOK BO3JyXa MOXET OBITh MONEPEYHBIM — HONEpeuHOe
6030yunoe dymoe (puc.10, a), IPOAOIBHBIM — HPOOOIbHOE 8030yuiHoe dymoee (puc.10, 6 — e) u
MPOJOIBHO-TIONIEPEYHBIM — MPOO0IbHO-nonepeunoe dymve. 1IpooNbHOE U MPOIOJIBHO-TIONEPEYHOE
JyThe MOXKET ObITh OJTHOCTOPOHHUM H JIBYCTOPOHHUM.

[Tonepeunoe nayThe sBIsieTCs BecbMa A(PQPEKTHUBHBIM CHOCOOOM TallleHUs, HO HMEET
CylleCTBEHHbIE HenocTaTKku. Pabora kamep cBs3aHa ¢ OOJBIIMM PAcXoJ0M BO3JyXa M OOJBIINM
M3HOCOM TIOTIEPEYHBIX H3OJSIMOHHBIX Teperopoqok 2 (puc.10). Kamepbl oka3bIBalOTCS TOCTATOYHO
cnoxHbIMU. Takoe nyThe nIpuMeHseTcs npy HanpsbkeHnu 10 20 kB u Tokax otkmouenus 1o 120 kKA.

[IpononpHOE MyThe HAILIO MPEUMYIIECTBEHHOE PACIpPOCTPAHEHHE 3a CUET CBOEU MPOCTOTHI U
HAJIeKHOCTH, MAJIOT0 H3HOca Kamep. DPPEeKTHMBHOCTh 3TOro crocoba TalleHus 3aKI0YaeTcs B
cnenyromemM. Cama kamepa HaxOJIUTCS B 3aKpbITOM Oake. /laBieHue B kKamMepe MHOTO BbIIIE AaBJICHUS
B Oake. BriTekas u3 kamepsl noj aasieHueM 1—4 MIla, ra3oBblii TOTOK HAMpaBJiIeH BAOIb AyTu. B
corute (puc. 6-20), e 3TOT MOTOK TECHO COMPHUKACAETCS C IOl M MPOHUKAET B Hee, 00pa3yroTcs JaBa
MOTOKa — TMOTOK XOJIOJHOIO BO3JlyXa C Temmeparypoid mnpumepHo 0,3 e 10° K u CKOPOCTBIO
ucredeHus: Uy «330 M/C W TOTOK TOPSYEro BO3[AyXa C TEMIIEpaTypor 0 15x10°K u CKOpPOCTBIO
uctedeHus 10 vy ~ 2500 m/c. Ha rpanuiie 3THX MOTOKOB 00pa3yeTcs WHTEHCUBHOE TYpOyIEHTHOE
neuxkeHue. [lepemernBanue MOTOKOB M 00ecreYMBAEeT YpPE3BHIYAHO MHTEHCUBHBIM OTOOp TETIOTHI
OT CTBOJIA JAYTH.

3.2.6 I'amuenue nyru B 3Jerase

B IIOCJIICAHHUE TIOAbI BCC 60.1166 IIUPOKO B BBICOKOBOJIbTHBIX BBIK/IIIOYATCIIAX BMCCTO BO3JyXa
MPUMEHSETCS dJiera3 — d3JIEKTPOTEXHUYECKUH ra3. Dnera3 — mectu-gropHas cepa SFg, obmamaer



OUYCHb BBICOKUMH JIYTOTACHTEIBHBIMH CBOWCTBAMHM, YTO TO3BOJSIET NMPH BBICOKOW OTKIIIOYAIOIIEH
CIIOCOOHOCTH  BBIKIIIOUATENIe CYIIECTBEHHO COKpPaTHTh WX pa3Mepbl, a Takke CO3/1aTh
repMETH3UPOBaHHBIE (ITOTHOCTHIO 3aKpbhIThIe) KPY.

3.2.7 'amenune 1yru B BaKyyme

W3BecTHO, 4TO BakyyM 0O0JiafjaeT BHICOKMMHU HM3OJISIIIMOHHBIMH M AYTOTACSIIAMHU CBOMCTBaMHU
(puc. 11). HoctmxeHuss B 0ONACTH TMOJIY4€HHUs BBICOKOTO Bakyyma 1,33 (10*...10°%) Ia B
COBPEMEHHBIX BBIKJIIOUATENSAX, a TJIABHOE, COXPAaHEHHE ero B Mpolecce MX paboThl oOecneumin

BHel[peHI/Ie nu pacmnpeHHe HpI/IMeHeHI/ISI 3TOT'O cnoco6a TallICHHUA B BBIKJIHOYATCIIAX Ha HaHpH)KCHI/IH
cBhIme 6-35kB.
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Puc. 11. 3aBucuMocTh TPOOUBHOTO HAMPSDKEHHS B PA3JIMUHBIX CpeflaX OT PACCTOSHUS MEXKTY
anekTpoaamu; 1— Bakyym; 2 — macio; 3 — dapdop; 4 — sneras; 5 — BO3ayx
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Puc. 12. 3aBucuMocTh BOCCTaHABIMBAIOIIEHCS IPOYHOCTH B PA3JIMYHBIX CPEAAX OT BpEMEHH; 1 —
BaKyyM; 2 — ajeras; 3 — a3oT; 4 — BO1opoJ

MexaHu3M rameHust Ayru B BakyyMe MOsICHseTCs cieqyroummM obpaszom. Ilpu pacxoxnenun
KOHTAKTOB CIiepBa 00pa3yeTrcs )KUIKUN MeTaNTMYeCKUi MOCTHK M3 MaTepHaja 3JIeKTpoJoB. MocTHK
OueHb OBICTPO HArpeBaeTCs M HUCHApAETCs, MOSBIAETCS Jyra, KOTopas FOpUT B Cpeie ITUX MapoB.
Takast nyra HasbpIBaeTcsi BakyyMHOW. E€ XapakTepHOH OCOOCHHOCTBIO SIBISETCS Majoe MaJeHue
HarnpsikeHus: Ha Her (20 — 40 B). Tombko mpu Tokax 10—100 kA mageHue HANPSOKCHHUS Ha Ayre
Bo3pactaer 10 50 — 200 B. [Ipu nmpoxoxaeHnH Toka depe3 Hyilb ayra racHeT. Upe3BbiuaitHO OoJblast



pa3HMIA B IJIOTHOCTM YacTUI] B IUIa3Me Ioracuied AyTW M B IPOCTPAHCTBE KaMmephl (BaKkyyme)
00yCJIOBIMBAET UCKIIOYUTEIBHO BBICOKYIO CKOPOCTh TU(QY3UN 3aps0B M3 IYrOBOTO MPOMEKYTKA.
COOTBETCTBEHHO 3TOMY MI'HOBEHHO JIOCTHTAeTCsl BBICOKAs HadalbHas MPOYHOCTh IPOMEXYTKA.
BoccranaBnuBaromasicst 3JeKTpUYecKas MPOYHOCTh MPOMEXKYTKAa B 3aBHUCHMOCTH OT BpPEMEHH B
BaKyyMe Ha HECKOJIBKO ITOPS/IKOB BBIIIIE, YeM B Ipyrux cpenax Ilocnennee mmmoctpupyeres puc. 12.

3.3 IIpumeHeHuUe MOJYNIPOBOJHUKOBBIX NPUOOPOB /151 00JIerYeHusi rameHust Jyru

OpHMM U3 MEepCNEeKTUBHBIX MyTel MOBbIMIEHUS 3PPEKTUBHOCTH KOMMYTAIlUU CUJIOBBIX LIETIEH,
MO3BOJISIOIIUM HCKIIOYUTh BO3HUKHOBEHHE JIYTW OTKIIIOUEHHUS WM OTPAaHUYUTH BpEMs €€ TOpeHMs,
SIBJISIETCS MCTIOJIb30BAHKE CHJIOBBIX IMOJIYIIPOBOJIHUKOBBIX PUOOpPOB. Bo MHOTMX CTpaHax M y Hac B
P® Benyrcst paboThI 0 CO3aHNIO0 KOMMYTAIIMOHHBIX anmapaToB Ha 0a3e TUPUCTOPOB U CHMHUCTOPOB,
OJIHAKO JI0 HACTOSIIET0 BPEMEHHU TAaKHE alIapaTbhl UMEIOT OIpaHUYEHHOE NpUMeHEeHHe. OCHOBHBIMU
dakTopaMu, IPENATCTBYIOUIMMH IIHPOKOMY NMPUMEHEHHUIO YKa3aHHBIX allapaToB, JaXe MPU HU3KOM
HANPSDKEHUH, SIBISIFOTCS. BBICOKAs CTOMMOCTH, 3HAYMUTEIbHBIC Ta0apHThl, OTCYTCTBHE BUIMMOTO
pa3pbiBa LIENH, YyBCTBUTEILHOCTD K Meperpy3kaM, CKOPOCTH HapacTaHUs TOKA U HATIPSKEHHUS.

bonee mpuemnemMbpIMU N7 CUIBHOTOYHBIX ammapaToB MpPHU3HAHBI YCTPOHCTBA ¢ Oe3MyroBoii
KOMMYyTalliel, OCHOBaHHbIE Ha HCIOJIb30BAHUU MEXAHWYECKUX KOHTAKTOB U THUPUCTOPOB WU
MEXaHUYECKUX CUHXPOHU3ZHPYIOUIUX YCTPOUCTB, KOHTAKTOB U HEYNPABIIIEMBIX JHOJIOB.

3.3.1 KommyTanus neneii nepeMeHHOr0 TOKa

Jlist anmapatoB ¢ BBICOKOW YacTOTOW ONEPAaTUBHBIX BKIIOUYEHHHM M OTKIIIOUEHMM 3aCIy’KUBAECT
BHUMAaHHUSl KOHTAKTHAas CHCTEMa C THPUCTOPHBIM OJOKOM O€31yroBOrO OTKIIOYEeHHS (puc. 6-28).
Tupucropel VSI1 n VS2 BiItodeHbl HapamiedbHO KOHTakTy. IIpu pazomkHyTOM KOHTakTe K OHHU
3anepTel — TOK B LIENU OTCYTCTBYeT. IIpy 3aMbIKaHMM KOHTAaKTa M BO3HUKHOBEHHH TOKA B ILIENHU
Tpanchopmaropsl Toka 741 u TA2 (wnm apyroe yCTpoWcTBO) uepe3 auonasl VDI u VD2 moparot
COOTBETCTBEHHO MOJIAPHOCTH TOJYBOJHBI OTIMPAIOIIME CUTHAJbl HA YINPABJSIIOIIME 3JIEKTPOJbI
TUpUCTOPOB. OJTHAKO TOK Y€pe3 TUPUCTOPHI HE MPOTEKAET, TAK KaK OHU LIYHTHPOBAHBI KOHTAakTOM. B
MOMEHT DPa3MbIKaHUSI KOHTAKTa TOK IEpPeXOJUT B IeNb TOr0 W3 THUPUCTOPOB, HalpaBIeHUE
IIPOBOAMMOCTH KOTOPOTO COOTBETCTBYET MOJSPHOCTH ToKa. IIpsimMoe majneHue HampspKeHUs, Ha
OTKpBITOM THUpHcTOpe Mano (1,5 — 2 B Ha ogHOM THpHUCTOpE), M Iyra Ha KOHTAKTaX HE BO3HUKAET.
[Ipn nmepexone Toka uepe3 HyJb NPOBOAALIUN TUPUCTOP 3aKpPOETCs, a BTOPOM HE OTKPOETCS BBUIY
OTCYTCTBUS cUrHana. Tok B menu npekparutcs. KommyTranoHHass H3HOCOCTOMKOCTh KOHTAKTOB IpU
3TOM CHOco0€ TalleHus: CUIIBHO Bo3pacTaeT (Hanpumep, y koHTakTopoB cepuit KT64 u KT-65 — B 10
pas).

Tak Kak THPUCTOPHI OOTEKAIOTCS 37IeCh TOKOM TOJIBKO B T€UEHHUE MOIYNEPHOIa, TO OHU MOTYT
BbIOMPATHCSl HA Majlble HOMHHAJIbHBIE TOKU C OOJIBIIMMHM Ieperpy3kamu. ["abapuTel TUPHUCTOPHOIO
0J10Ka OKa3bIBAIOTCS MAJIBIMU.
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Puc. 13. Cxema 6e31yroBoro OTKJIIOUECHHS C ITYHTUPYIOIUMUA TUPHUCTOPAMH
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Puc. 14. Cxema KOMMYTaIlMOHHOTO YCTPOMCTBA C CHHXPOHU3UPOBAHHBIM Pa3MbIKAHUEM KOHTAKTOB U
0e31yrOBBIM OTKIIOUEHUEM

[IpuHnunuaneHas JNEeKTpUYECcKas cxema KOMMYTAllMUOHHOTO YCTpOMCTBA c
CUHXPOHU3UPOBAHHBIM Pa3MbIKaHUEM KOHTAKTOB IPUBE/ICHA HA puc. 14.

Kontaktel K/ u K2 3aMbIKalOTCSI UM YACPKHUBAIOTCA B 3aMKHYTOM MOJIOKEHUHM ITPUBOJIOM.
Berpeuno-mapannenbHO BKIIOUEHHBIE TuONbI VDI w VD2 mpenctaBistoT co0OW HE3HAYUTEIHHOE
HEJIMHEWHOE CUMMETPUYHOE MAJIOMHEPIIMOHHOE CONPOTHUBIIEHNE, OHU HE UCKaXaroT (GOpMYy TOKa U HE
BIUSIOT HAa Hero. TOK MpoTekaeT B mapajviebHbIX ENOYKaX B COOTBETCTBUU C MOISPHOCTHIO JUOJIOB.
[Tpu oTKIIOYEHHH TPUBOJ OCBOOOXKIAET MOABMKHBIE KOHTAKT-JIETANIM, MPEAOCTaBIsAS BO3MOXKHOCTD
koHTakTaM K/ u K2 pa3oMKHYTbCS C MOMOUIBIO CBOUX OTKUMAIOUIMX MpYykuH. KoHTponupyromme
3JEKTPOMArHuThl / u 2 yIepKUBAIOT KOHTAKThl 3AMKHYTBIMH JI0 II€PEX0Ja TOKa 4Yepe3 HyJb U J0
3aKpBITUS AUOJ0B. ECIM B MOMEHT OTKJIIOUYEHUSI MIPUBOJA TOK MPOXOIUT Yepe3 JIEKTPOMArHuT 2, TO
KOHTakT K2 ynepKuBaeTCs B 3aMKHYTOM IMOJOKEHHWU JO KOHIA MOJylepuoja, a KOHTakT K/
pPa3MBIKaeTCsl OJTHOBPEMEHHO C MPHUBOJOM. AHAJOTUYHO MPOUCXOIUT, €CIM B MOMEHT OTKIIFOUEHUS
MPUBOJA TOK MPOTEKAeT dYepe3 dJIEKTpOMarHuT /. KOHTAakT K2 (00eCTOYEeHHBIN) OTKIHOYAETCS
OJIHOBPEMEHHO C IPUBOJIOM, @ KOHTAKT K/ — B KOHIIE MOJIYNEeproaa TOKA, MPOXOSIIETr0O 0 HEMY.

KonTponupyromye 351eKTpoMarHuThl 00eCreYnBaoT pa3MblKaHHE KOHTAKTOB HE CUHXPOHHO C
IIPUBOJOM, & B IIay3y TOKa, CO3JaBaEMyI0 TMO0JIaMHU NOCIIE IIEpexo/ia TOKA Yepe3 HYJIb.

Ycrpansiss 3EKTPUYECKYI0 AYTy, YCTPOWCTBO, BBITIOJHEHHOE IO ATOM cXeme, oOecreunBacT
BBICOKYIO H30JHUPYIONIYI0 CIIOCOOHOCTh MEKKOHTAaKTHOTO MPOMEKYTKA B OTKIFOUEHHOM COCTOSIHUU
(KOHTaKTBl pa30MKHYTBI) U MajO€ COIPOTUBIIEHHE BO BKIIOYEHHOM cocTOsSTHUH. [Ipu Gonbinx Tokax
3TO YCTPOMCTBO MOXKET OBITh HMCHOJB30BAHO KaK JYrOTaCHTENbHBIN KOHTAKT, Y KOTOPOTO OCHOBHOMH
KOHTAKT OTKJIIOYAeTCs OJHOBPEMEHHO C NpuBOAOM, a KoHTakThl K1 m K2 — cooTBeTrcTBEeHHO
MOJIYIEPHOJIY IPOTEKAIOIIETO 0 HUM TOKa.
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Puc. 15. CxeMbl 0€30yTOBOM KOMMYTAI[UHA Ha TOCTOSIHHOM TOKE



3.3.2 KommyTanus uemnei nocTOSHHOI0 TOKA

OTKiIr0YeHHEe TIOCTOSTHHOTO TOKa MpeCTaBiisgeT co00il mpoliecc MPUHYIUTENBHOTO €ro 00phIBa.
CxeMbl, oOecrieunBarolye 100 OrpaHHYEeHUE BPEMEHH TOPEHUS IYTH, JTUOO0 MOJHOCTHIO O€3yrOBYIO
KOMMYTallMl0, MHOT00Opa3Hbl M CcJI0XKHB. OHM OCHOBaHBI, KaK IPaBWJIO, Ha KOHJIEHCATOPHOM
ralleHuy B COYETAaHUH C UCKYCCTBEHHON KOMMYyTalliel TUPUCTOPOB.

B cxemax, BBINOJHEHHBIX IO MPHUHIIMITY, MMOKAa3aHHOMY Ha pHC. 15, a, mocie pa3MbIKaHUS
KoHTakTa K OTKpbIBaeTcsl TUpUCTOp VS. 3apaHee 3apsikeHHbIM KoHAeHcaTop C paspspkaeTcst depes
IyTy ¥ KaTYHIKy UHAYKTUBHOCTU L, Ojaromaps ueMy TOK B JAyre JBa)/Ibl MEHSET CBOE HalpaBliCHUE.
B oaun u3 mepexooB TOKa 4yepe3 HyJlb BO3MOXKHO TallleHHe Ayru. Takue cXembl MPH TOKaX CBHIIIE
100 A TpeOyIOT 3HAYUTETBHBIX €MKOCTEH (KOHIEHCATOp MMeeT OOoJbIIMe TadapuThl U BpeMs 3apsiaa),
00ecreunBaroT TOJIBKO COKpaIleHHe BPEMEHU TOPEHHUS IyTH U, TAKUM 00pa3om, Masiodh(HEKTHBHBI.

B cxemax, mojo0HBIX MMOKa3aHHOM Ha puc. 150, Mporecc OTKIIIOYEHHS LENH JBYXCTYIIeHYAThIH:
cliepBa OTKPBIBAETCS TUPUCTOP V' SI, TOK MEepeBOAUTCS B IENb TUPUCTOPA U KOHTAKT K pa3MbIKaeTcs
0e3 nyru. 3aTeM OTKpBITHEM TuUpHcTopa VS2 ocymiecTBisieTcs pa3psan KoHaeHcaropa C u 3anupaHue
tupuctopa VS1, nocturaercs moiHOE OE3TyrOBOE OTKIIFOYEHUE TOKA.

Bo Bcex ciyuasix aMIuMTyna TOKa paspsa KOHJEHcaTopa JIOJKHA OBITh OOJbIIEe TOKA IIETIH.
Hens nuona VD wm pe3ucropa R CIYXUT JJIS CHUKEHUS HANPSKEHUM W MOBBIMICHUSI OTKIIOYAOIIEH
CHOCOOHOCTH, TUpUCTOpP VS3 — i 3apsina (oHa U3 CXeM) KOH/IEHCcaTopa.

be3nyrosas koMMyTanus 1enel MOCTOSHHOTO TOKAa B COYETaHUU C APYTUMHU MEPOIMPHUITHIMU
MI03BOJISIET MTPOEKTUPOBATH BBHIKJIIOUATENHN C TMOJHBIM BpeMeHeM oTkitoueHus He 6onee 0,01 ¢, a Takxke
MOBBIIIATh KOMMYTAIIMOHHYIO H3HOCOCTOMKOCTD aInapaToB (/711 KOHTaKTOpoB — B 5 — 10 pa3z).



4 QJIEKTPUYECKHUE KOHTAKTbI U UX PEXKUMbI PABOTbI

4.1 O01mme cBeaeHus

DNEKTPUUECKUM KOHTAaKTOM Ha3bIBA€TCSl COEAMHEHHE JABYX IPOBOJHHUKOB, I103BOJISIOLIEE
npoBoAuTh TOK. Compukacaromuecs MPOBOAHUKU HA3bIBAIOTCS KOHTAKT-IETAISIMH WU TPOCTO
KOHTaKTaMH.

Kak Obl HEM Obuia THIATETBHO OOpaboTaHa TOBEPXHOCTh CONPUKOCHOBEHHS KOHTAaKTOB,
ANEKTPUYECKUN TOK MPOXOAUT U3 OJJHOTO KOHTAKTA B JIPYrOd TOJIBKO B OTAEIBHBIX TOYKAX, B KOTOPBIX
3TH MOBEPXHOCTH KAacCaroTCs, TaK Kak aOCOJIOTHO TJaJKOH MOBEPXHOCTH HENb3sl MOJYyYUTh HU TPU
KaKOM MeToJie ee 00paboTKH.

PaccMoTpuMm mpoliecc mepexosna TOKa M3 OJHOIO KOHTaKTa B JAPYroMl NpU KacaHWM JBYX
WIMHIPUYECKUX KOHTAKTOB MO TOPLIAM.

[Tomokxum, YTO KOHTAKTHI HIMEIOT TOJIBKO OJHY IUIONIAAKY KacaHHs M YTO 3Ta IUIOMIAJKa UMeeT hopMy
Kpyra ¢ paanycoM a. BenmmumHy pammyca a TpH IUIACTUYECKOW nedopmaiiuu MOXXHO HAWTH IO

bopmyne

rae: I - cuia HaxxaTus KOHTakToB; G - BpEMEHHOE COIIPOTHBIIEHUE HA CMTHE MaTeprana KOHTaKTOB.

B pesynpraTte cTArMBaHMs JMHMM TOKa K IUIOLIAJIKE KacaHUs MyTh Toka MeHsercs. CedeHue
IPOBOJHKMKA, 4Yepe3 KOTopoe (PaKTUYECKH NPOXOJUT TOK, CTAaHOBHUTCS MEHbBILIE, YTO BbBI3BIBAET
yBeJIM4eHue corpoTuBieHus. ConpoTuBiIeHne B 00JaCTH TOYKU KacaHUsl, 00YCIOBIEHHOE SIBICHUSMH
CTATMBAHUS TOKA, Ha3bIBACTCS IIEPEXOAHBIM CONIPOTUBICHUEM KOHTAKTA.

Homenguar

Surun
moKa

flrowyaina ;
eMAmuR : J) ,

Puc. 16. neanusupoBaHHas KapTHHA pacTEKaHUs TOKAa B TOUEYHOM KOHTAKTE

Kaptuna pacrtexkanusi Toka B oOnactu crsaruBanus (puc. 2.2.1.a) aHajoruyHa KapTHHE
pacTekaHHs TOKa U3 IUIOCKOTO JMCKa PaIUyCcOM a MOJIyOECKOHEUHYIO Cpeqy. YUUThIBas, YTO pa3Mephl
00JacTH CTSATHBAHMS MaJlbl IO CPABHEHHIO C Pa3MepaMu Tejla KOHTaKTa, pEaIbHbIe KOHTAKTHl MOXKHO
3aMEHUThH TOTYOECKOHEUYHBIMH TenaMu. J[isi JABYX MONYyOECKOHEYHBIX TeJl, KOHTaKTUPYIOUIUX IO
OJIHOM KpYIJIOM TJIOIIAJKe KAacaHWs, KapTUHA TMOJds TOKAa M DJIEKTPUUECKHX IOTEHLHAIOB
npejcTaBieHa Ha puc. 160.

OKBUIMOTEHIUAJILHBIE TMOBEPXHOCTU SBISIOTCS TMOJNYAJICTICOUIAMUA  BpallleHHs, JUHUU TOKa
runep6onamMu ¢ obmmmM ¢GokycoM. g Takoil wuaeanu3uMpoOBaHHOW KapTHHBI pacTeKaHUs TOKa B
KOHTAaKTaXx Mepex0/IHOE COMPOTUBIECHUE

rae p - YACJIbHOC COIIPOTUBJICHHUEC.

C touHOCTBIO 10 5% 5Ta dopMyla ClipaBeAuBa, €CIIM MONEpPEeYHble pa3Mephl Tela KOHTAaKTa
IPEeBOCXOAT B 13 pa3 quameTp 1uomaaku kacanusd. Onpenenys a, MMEEM
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Ecmu nmeeT mMecTo yripyrast eopmaniisi KOHTaKTUPYIOIIUX BBICTYIIOB, TO 3.
J1J1s1 MHOTOTOUYEYHBIX KOHTAKTOB

rIe m — nokasareib, MeHsronuiics ot 0,7 1o 1.
Comnpotusnenue R;; 3aBUCHUT U OT 00paboTku nosepxHocty, lllnnudoBka BeneT kK ToMy, 4TO Ha

MIOBEPXHOCTH OCTAIOTCS 00Jee MOJOTHE BHICTYNBI C OOJBIINM ceuyeHueM. CHITHE TakuX BBICTYIIOB
BO3MOXKHO TOJNBKO IpH OosibmmX cuiaax Haxatus. IlosTtomy compoTuBieHne nuM(pOBaHHBIX
KOHTAKTOB BBIIIE, YeM KOHTAKTOB ¢ Oosiee rpyboit 00paboTKOM.

MBI paccMOTpenn TOJNBKO TEPEeXOJHOE CONPOTHBIICHHE, BBHI3BAHHOE SIBICHHEM CTATHBAHUS
JIMHHUM TOKA.

B neicTBUTENBHOCTH  KOHTAaKTHPYIOIIME IOBEPXHOCTH TOKPBITHI  aJCOPOMPOBAHHBIMU
MOJIEKYJIaMH Ta3a, B KOTOPOM pacloJIarajich KOHTAKTHl 10 WX 3aMblkaHui. OdYeHb 4acTo 3TH
MOJIEKYJIBI BCTYMAIOT B XMMHUYECKYIO0 PEAaKIHI0 C MAaTepHaloM KOHTAKTOB, B pe3yibTaTe 4ero Ha
MOBEPXHOCTH METaJlJla MOTYT BO3HUKHYTb IUIEHKU C OYE€HBb BBICOKHM YJI€IbHBIM COTIPOTUBIICHUEM.

Ecnu HampspkeHHe 3aMbIKaeMOW I Majlo WM HakaTHe Ha KOHTAaKThl HEAOCTATOYHO, TO
MHOTJ]a KOHTakKThl BOOOINE HE TNPOITyCKAalOT TokKa. Kak TONBKO CBeXe3auMIIeHHas MOBEPXHOCTH
KOHTAKTOB CONPUKACAETCA C BO3IYXOM, ceddac e HauWHaeTcs Mpolecc oO0pa3oBaHMs IUICHKH U
HIepEX0JHOE COTPOTHBIICHNE MOKET BO3PACTH B JICCATKHU pa3s.

B cBs13u ¢ 3TUM KOHTAKTHI Ha MaJlble TOUYKH (MaJible HAXKaTus) U3TOTOBISIOTCS U3 0J1aropoIHBIX
METAJIOB, HE MOJIIAIOIINXCSI OKHCICHHUIO (30JI0TO, IIATHHA U IP.).

B CHUIBHOTOYHBIX KOHTAaKTaxX IUIGHKA OKHCJIOB paspymaercs Jubo Onmaromapst OOJbIIMM
Ha)KaTHsAM, JTHOO ITyTeM CaMO3a4HMCTKH NPH BKIIOUEHHWH 3a CYET NMPOCKAIB3bIBAHUS OJHOTO KOHTAKTa
OTHOCHUTEJIBHO JIPYTOToO.

[Ipn mpoxo’kaeHUH TOKA Yepe3 00JIaCTh CTATHUBAHUS JIMHUI TOKA KOHTAKT HarpeBaeTcs.

C pocroM TemmepaTypbl CONPOTHBIEHHE CTATHBAaHMS M3MEHAETCS U3-32 pPOCTa YAEIHHOTO
CONPOTHUBIICHHS MaTepHana

R(@):R(O{ljtga-ArKj,

rae R(O) - COIIPOTUBIIEHHUE CTATUBAHUS NIPHU TEMIIEpAType Tela KOHTakTa O, + 7.
Bo3zpacranue npeBbIIlIeHU TEMIEPATYPbl KOHTAKTHOU TOYKU AT, , IPUBOJIUT K YBEJIMYECHUIO

CONPOTHUBIICHUA Ry;.

4.2 PesknMbl paboThl KOHTAKTOB

4.2.1 Bkiaouenue uenu

[Tpu BKITIIOYEHUU KOHTAKTOB MOTYT UMETh MECTO CJIEIYIOIUE MPOLIECCHI:
1) BuOpanus KOHTaKTOB;
2) 5po3us B pe3yibTaTe 00pa3oBaHMs pa3psaa MEXITy CXOMSIIIUMUICI KOHTaKTaMu.
[Ipu BKIIOYEHUH KOHTAKTOB MOTYT UMETh MECTO CJICAYIOIIUE MPOIIECCHI:
3) BuOpaIus KOHTAKTOB;
4) spo3us B pe3yabTaTe 00pa3oBaHUs pa3psia MEXKAY CXOIIIMIUMUCT KOHTAaKTaMH.
Paccmorpum mpupony BuOpamnmii Ha mpumepe puc. 17. IloaBmwkHBI KOHTakT 1 CBsi3aH C
KOHTaKTHBIM pblYaroM 2 uepe3 KOHTaKTHYI NpyXuHy 3. HenoaBmkHbII KOHTakT 4 .KECTKO
3aKperUieH Ha Omope.



Puc. 17.

DJIEKTPOMArHuT KOHTAKTOpa BO3JEHCTBYET Ha pbiyar 2. B MOMEHT CONPOTUBIICHHUSI KOHTAKTOB
MPOUCXOAUT YAap, B PE3yabTaTe KOTOPOTO MPOUCXOIAT Aedopmarusi CMITHS KOHTAKTOB U OTOpoC
KoHTakTa | BIpaBo. Mex Iy KOHTaKTaMu 00pa3yeTcs 3a30p U 3aropaetcs ayra. J[Bmwkenne koHTakTa 1
BIIPABO MPEKPATUTCS TOTJA, KOT/1a SHEPTus, MOJyYeHHass UM IIPU yaape, MeperieT B SHEPTUIO CHKATHS
npyxunbl 3. Ilociae 3Toro xkoHTakT | moj AecTBHEM MNPYKUHBI 3 HAYHET MEPEMENIATHCS BJIEBO.
[IpousoiineT HOBBIN yAap U HOBBII OTOPOC KOHTAKTA.

BuOpanusi KOHTakTOB - SIBJIEHHE BeCbMa BPEAHOE, IMOCKOJbKY IPU 3TOM HMEET MEeCTO
MHOTOKPAaTHOE 00pa30BaHKe KOPOTKOM TyTH, KOTOPasi BEAET K CHIIBHOMY CILIABICHHUIO M PACIIBUICHUIO
KOHTakTOB. B CBSI3W C M3HOCOM KOHTAKTOB YMEHBIIAETCS UX B3aMMHOE Ha)XXaTHE B TOJHOCTHIO
BKJIIOYEHHOM TMOJIOKE€HUU, YTO MPUBOAUT K TMOBBIIMICHUIO TNEPEXOAHOro comportusiienus. [Ipu
00JIBIIOM YHCIIe BKIIOYEHUH U OTKIIFOUEHUI BO3MOKEH OBICTPBIN BBIXOJ] U3 CTPOSI KOHTAKTOB.

Jlyis yMeHBIIIeHHsI BUOpAllMM KOHTaKTHAas MPY>KWHA MMEET IMPEIABAPUTENBbHYIO JehOopMaInio
(HaTAr) mpHU Pa3oOMKHYTHIX KOHTaKTaX. B MOMEHT kacaHHsl KOHTAKTOB CHUJIa Ha)KaTHsl BO3pACTaeT He ¢
HyJI1, a C BEIWYUHBI NPEIABAPUTEIBHOIO HAYaJbHOTO HaXXaTHUs KOHTAaKTOB. B HEKOTOPBIX
KOHCTPYKIHUSAX  MEXKIYy  KOHTakTHBIM  pblYaroM H  TOABM)KHBIM  KOHTAKTOM  BBOAMTCA
MPOTUBOBUOPAIIMOHHBIN BKIIAJIBIII U3 CIEIHATLHOTO TMOPUCTOTO MaTepUalia THUIAa ry04aTod pe3UHEI.
OTOT Marepuan YyBEIMYMBAET 3aTyXaHWe KojeOaHWH KOHTaKTa M CHOCOOCTBYET YMEHBIIEHUIO
BUOpAIHA.

Ha BuOpamuio KOHTAKTOB BJIMSET TaKK€ MOMEHT WHEPIHMH, C POCTOM KOTOpPOTO BHOparus
YCHIIMBAETCs. B CBS3M ¢ ’THM KOHTAKTHI IOJDKHBI OBITH BO3MOXKHO JIETKUMU.

C nenbro CHWKEHHUS BUOpAIWA, BO3HUKAIONIUX OT yAapa sIKOpsi, MAarHUTOIIPOBOJ C OOMETKOU
KPEIUTCSI HE J)KECTKO, a Ha Py KUHAX.

[Ipu BKIJIIOUEHUH HA CYLIECTBYIOIIEE KOPOTKOE 3aMbIKaHHE BHOpAIUsl KOHTAKTOB YCHUIIMBAETCS
13-32 BOBHUKHOBEHHSI OTOPACKIBAIOIIMX CHJI B TOUKe KacaHus. J[7s Toro utoObl He OBUIO CIIIABICHHUS
KOHTaKTOB B MOMEHT HX CONPUKOCHOBEHHS, HEOOXOIMMO CHJIOW MpEeABAPUTENBHOIO HaTATa
KOHTaKTHOW TPYXHHBI KOMIICHCUPOBATH JJIEKTPOJMHAMUYECKHE CHJIBI OTOpOCa M CO3/1aTh TaKoe
Ha)kaThe, MPU KOTOPOM IMaJieHHE HANpPsDKEHHS Ha MEPEeXOJHOM COMPOTHBICHWHW HE NPUBOIUT K
MJIaBJICHUIO KaCaHUsI.

[Ipn BKIJIIOYEHUUW LMK MO Mepe NPUOIIKEHUS MOJBUKHOTO KOHTAKTa K HEMOABUKHOMY
BO3pACTAET HAIPSIKEHHOCTh JJIEKTPUUYECKOTO TMOJS MEXKIYy KOHTAaKTaMH M TPU  ONpPEeICHHOM
PacCTOSIHMU TIPOM30iiieT mpoOoil mpomexyTka. B ammaparax HH mpo0oii Bo3HWKaeT mpu OuYeHBb
MaJjiOM PacCTOSTHUU MEXy KOHTaKTaMHU.

B nayroByio dopMy paspsa He NEpexoAuT, TaK KaK MOABIKHBIM KOHTakKT MPOJOJIKAET
JIBUTAThCA U, 3aMbIKasi MPOMEXYTOK, MPEKpaIIacT pa3psaHble mpoiecchl. OHAKO BO3HUKAIOUIUE MPU
po0oe ANEKTPOHBI OOMOAPIUPYIOT aHOA M BBI3BIBAECT €r0 M3HOC. MeTalll aHoda OTKJIaJbIBaeTCs Ha
KaToJIe B BUJI€ TOHKUX UTJL.

W3HOC KOHTAaKTOB B pe3ynbTaTe IepeHoca MaTepuaja ¢ OJHOTO KOHTaKTa Ha JpYyrou, T.e.
UCTIApeHHE B OKpYXalollee MPOCTPAaHCTBO 0Oe3 WU3MEHEHHMs COCTaBa MaTepuasia, Ha3bIBAETCS
(bu3NYECKUM U3HOCOM WIIH SPO3HEH.

B anmaparax BH npu cOnmxeHnn KOHTaKTOB MPOOOH MPOUCXOAUT MPU OONBIINX PACCTOSHUSIX.
Bo3zHukias gyra TOpuT OTHOCUTENBHO JOJT0, IPU TOM BO3MOXKHO CBapHBaHHE KOHTAKTOB, OCOOEHHO
IpU BKIIOYCHUH Ha CYIMIECTBYIOIIEE KOPOTKOE 3aMbIKaHUE. 3a CUeT MPUMEHEHHS OOJBIIOro YhCIia



MIOCJICIOBATEIEHO COCMHEHHBIX Pa3phIBOB YMEHbBINACTCS HAMPSDKCHUE, MPUXOISIICECS Ha pa3phbiB,
YTO JaeT CHU3UTH BpeMs MPEBAPUTEIHLHOTO MPo0ost 10 0€30MacHOro 3HAUCHUSI.

4.2.2 IlpoBeneHne TOKA BO BKJIKYEHHOM COCTOSTHUM

B sTOM pexxuMe crnenyer pa3nndarh ABa Cilydas: 4Yepe3 KOHTAKThl IPOXOAUT JUTUTEIbHBIN
HOMMHAJIBHBIM TOK M Yepe3 KOHTAKTHI IPOXoAUT ToK K3.

Jlnst Hasie)kHON pabOThl KOHTAKTOB HEOOXOIUMO, YTOOBI IPU HOMHUHAJILHOM TOKE [, TajeHue

HAIpsDKEHUS. Ha CONPOTUBJIEHUH ObL10 MeHble U, :
I R, <U,. =(0.5..0.8)U,,,

rae K1 — touka pazmsaryenus Mmarepuana; K2 - Touka riaBiieHus: MaTepuania.
Jlns pacyera KOHTAKTOB Ha HEOOJIbIINE TOKH UCHOJb3yeTcs 3Ta hopmyna. 1o 3aganHOMY TOKY

I, u pomyctumomy U, , ompenenseM R, HOCIE€ 4YEro HAaXOAUM HEOOXOAUMOE KOHTAaKTHOE

.oon
Ha>XaTue.
,H.T[ﬂ OOHOTOYCYHBIX KOHTAKTOB Ha 60HBIHHC TOKHN

B-zw-H, 10

Fe=1Ip-

2

1647 - arccosi
K

BZ

W;

TBEpAOCTU 10 Bukkepcy; A - yaenabHas TEIUIONPOBOIHOCTL; [, - TeMIepaTypa TOUKU KacaHus;, I, -

rae: FK - cuna Haxarust; [, - Tok neicTByromuii; B - uncno Jlopenna 2.42-107%. H, - uaucno

TEMIIEpaTypa Tejla KOHTAaKTa.

. T
dopMmyJia TO3BOJISET 110 3aaHHOMY [,, cpa3y HalTh F , €CIli H3BECTHO COOTHOIICHHE — -
K
2

T, =| 1P g 4273,
k,-p-q
rne: [ - pedcTByrolee 3HAYEHHE TOKA; © - YIEIbHOE CONPOTHBIIEHHE MaTepHana KOHTAaKTOB; k, -
yIeNbHBIH KO3(PUIMEHT TemnooTnauu; p - NEePUMETP CEYCHHS KOHTAKTOB; ¢ - CEUYEHHE Tela
KOHTAaKTOB; 6, - TEMIIepaTypa OKpY>KaroIlei cpe/sl.
TeMneparypy KOHTAaKTHOW TOYKM MOYKHO ONPEAEIHTH, BOCIOJIb30BABIIUCH, YTO I HAJEHKHO
paboTaroux KOHTakToB 7, — 7| He JoiKHa npeBsimath 5 - 10°C.

Ecnm vMeercss n KOHTAaKTHBIX TOYEK, TO PAcyeT MPOBOAUTCS JUIS OJHONM KOHTAaKTHOM TOYKH
1
(tok £ )u
n

F

K .nonn

=F,-n
[Ipu pacuere TMHAMUYECKON CTOMKOCTA KOHTAKTOB

ISr\/F,

rae: I - TOK 2JIeKTPOAMHAMUYECKON CTOMKOCTH; F - cuia HaXaTus, r - KO3(QGUIIUEHT, Onpe/IeICHHBINA
3KCHepI/IMCHTaJIBHO, 1 CBCACH B Ta6m/1uy JUIA pastquIx MaTepI/IaJIOB KOHTAKTOB.

CBapuBaHHE KOHTAaKTOB 3aBHCHUT OT KOHCTPYKIIMM CaMHUX KOHTAKTOB M TOKOBEIYIOIICH IIETH
armapaTa. 3H€KTp0,III/IHaMI/I‘-IeCKI/Ie CHJIBI, BO3HHUKAIOIIUEC B TOKOBGILYH_II/IX qacTiax, HGOGXOI[I/IMO
WCITOJIH30BATh ISl TIOBBIIIEHUST YCTOMUYNBOCTH KOHTAKTOB.



4.2.3 OTKII09eHNE IEeNU

[Ipn pa3mblkaHMM KOHTAKTOB CHJIA HA)XaTHsl YMEHBIIAETCS, MEePEeXOJHOE COMPOTUBJICHHE
BO3pACTaeT, U MOATOMY pacTeT TeMIliepaTypa TOYEK KacaHUs. B MOMEHT pa3beAMHEHUsI KOHTAKTOB
TeMIepaTypa JOCTUTaeT TeMIepaTyphl IUIABICHHUS W MEXJIy KOHTAaKTaMHU BO3HUKAET MOCTHUK U3
x)uakoro Metaia. [Ipu nanpHeneM IBUKEHIH KOHTAaKTOB MOCTUK OOPBIBAETCS U B 3aBUCHMOCTH OT
napamMeTpoB OTKIIF0YaeMOM e BO3HUKAET JTU00 JYyroBOM pa3psii, TMO0 TICIOIEH.

OTO MNPUBOJUT K MHTCHCHBHOMY OKHCJIEHUIO, PACHBUICHUI0O Marepuaisa KOHTAKTOB B
OKpY’Karolllee MPOCTPAHCTBO, MEPEHOCY MaTepuaja ¢ OJHOTO IJIEKTpoAa Ha APYroil u oOpazoBaHUIO
IUICHOK, YTO BJI€YET U3HOC KOHTAKTOB.

W3HOC, CBsI3aHHBIM C OKHCIEHHEM, OOpa3oBaHHWEM Ha JJIEKTPOAAX TUICHOK XUMHUYECKUX
COEIMHEHUN MaTepuaia KOHTAKTOB CO CPEIOW Ha3bIBAETCS XMMHUYECKUM H3HOCOM HWJIM KOPPO3HUEH.
[lepenoc wmarepwana ¢ aHOZa Ha KaTojA HAa3bIBACTCS IIOJIOKUTEIBHOW 3po3uel UM HaoOOpoT
OTPUIIATEIBHOU 3PO3HEH.

Hampasnienue spo3un u popma N3HOCA KOHTAKTHBIX IIOBEPXHOCTEH 3aBUCAT OT BUIA paspsiaa u
BEJIMUMHBI TOKA.

ITpu 1 <5- A cpox cimy»Obl KOHTAKTOB
0.6V, -v

)

Vi 4o
rae: N - 4uciI0 JONyCTUMBIX OTKIIIOUEHUM; Vo - 00beM KOHTaKTa, IPeAHa3HAYEHHBIH Ha U3HOC; V -

N =

IUIOTHOCTb MaTepualna; v, - SMIupudeckuil ko3(pGuuueHT U3Hoca; ¢, - KOJINYECTBO AIEKTPUUECTBA,

NPOTEKAIOIIETO Yepe3 MPOMEKYTOK 33 OJHO OTKITIOUYCHUE.
KonndecTBo 2eKTpudecTBa, MPOTEKAIOIIETO Yepe3 Iyry

tr

q = ji -dt
0
Y HaXOJUTCA HAa OCLIMIUIOIPAMME.
[Tp1 OpHEHTHPOBOYHBIX pacyeTax
qy = %1 o lr>
rae: [, - 3Ha4eHue TOKa B MOMEHT Pa3MbIKaHUs; f, - BpEMs TalllCHHUs.

IIpu 1 >54
-9 2
0=10"r,-N-1;,
rzae: O - U3HOC KOHTaKTa; N - 4yMCcII0 OTKJIIOUEHUH - BKIFOUEHUH (onepauuil); /, - TOK OTKIIIOYEHUS; 7,
- SMIIMPUYECKUH KO (PULIMEHT; onpeieNIeHHBIN: I Pa3IMUHbIX MaTepUaIOB.

4.2.4 Cnioco0bl yMeHbIIEHHSI U3HOCA KOHTAKTOB

OCHOBHBIMH CpeicTBaMHu OOPBHOBI ¢ Ipo3ueH B anmaparax Ha TOKU OT 1 70 600 A sBiIsSrOTCS:
1) coxpaleHue JIUTEIbHOCTH TOPEHUS 1yTU 3a CYET IPUMEHEHUS JyrOraCUTENbHbBIX YCTPOUCTB;
2) ycTpaHEeHHE BUOpAIMH MPU BKIIOUYEHUH;
3) npHUMEHEHHE AYTOCTOMKMX KOHTAaKTHBIX MaTepUaOB.
JUis KOHTaKTOB, YIPaBJSIOMIMX TOKaMU OT JoJiell ammepa 10 HECKOJIbKHUX amriep,
NPUMEHSIOTCSI CXEMHBIE METOABl YMEHbIIEHHs »5po3uu. Hambosiee pacnpocTpaHEeHHBIE CXEMBbI
MIPUBE/ICHBI Ha pucC. 2.2.
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Puc. 18. Cxembl 111 yMEHbIIEHUSI U3HOCA KOHTAKTOB

Bes anexkTpoMarauTHas SHEPrus LENU MPH OTKIIOYEHUH BBIIEISCTCA B TYTOBOM IPOMEXKYTKE.
HccenenoBanus mokasaiy, 4TO Y€M MEHBIIE dTa DHEPrus, TEM MEHbILIE 3PO3Hs KOHTAKTOB. B cxeme
puc. 18a dIeKTpOMarHuTHas DHEPrUs, HAKOIUICHHAs HAa MHIAYKTHMBHOCTH L , TPAaTUTCSA B aKTHBHBIX
conpoTtuBiieHusX r U R IcCkpa OTCYTCTBYET, €CIIH

rs(ﬁ—ljR.
U
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R
rne U, u I, Gepyrcs no tabnune. Hammune pesucropa r yBeIMUMBaeT TOKOBYIO Harpy3Ky KOHTaKTOB,

Jlyra OTCyTCTBYET IIPHU yCIOBUU

7>

YTO ABJIACTCA HEOOCTATKOM CXCEMBI. B cBs3u ¢ IIUPOKUM BBIITYCKOM BBICOKOKAYCCTBCHHBIX AMOIOB
. U
pekoMeHyeTcs: cxema puc. 1806. B 3Toil cxeMe KOHTaKThl HarpyXaroTcs TOJIBKO TOKOM 2 u

o0paTHBIM TOKOM auona D. IIpu OTKIIOYEHWH MAarHUTHBIA MMOTOK B CUCTEME HauWHaeT majaath. [lpu
3TOM 00MOTKa OyJeT 3aKOpOYeHa Ha CONPOTUBIICHUE JUOJa B IPOBOASIIEM HallpaBiIeHUU. i1 cXembl
puc. 18B. BBIIIOJHEHO YCIIOBUE OTCYTCTBHSI HCKPOBOTO paspsija, €Ciu

réﬂR
U

OnHako ¢ YMEHBIIEHHEM 7' PACTET TOK, KOTOPBIM JOJKEH OTKIKYAThCA APYTMMH KOHTAKTaMH
JUIA TIOJIHOTO OOECTOYMBAaHUS Lenu. XOpoliue pe3yibTaThl JaeT cxema pwuc. 18r. Hamuuwme
KOHJIEHCATOpa YMEHBIIAET TOK MEXAY KOHTAaKTaMH, TaK KaK B KOHJIEHCATOP OTBETBIAETCS TOK,

. dU
paBubli C 7; rae U - HamnpsbkeHHME Ha KOHTakTax. Haiuume €eMKOCTH CHMKAaeT CKOpPOCThb
t

HapacTaHUsl HANpSOKEHMsT HAa KOHTAKTaX, B pPE3yjbTaTe 4YEro paspsii MOXET Hpekpatutbes. llpu
3aMbIKaHUU 1LIETIH BO3MOXKHA CHUJIbHAS SPO3Msl 32 CUET SHEPTruu KOHJEHCATOpa, pa3psKarolerocss Ha
IPOMEXYTOK. /{7151 orpaHnYeHMs TOKA pa3psiiIKK CTABUTCS CONIPOTUBIICHUE 7.

[Tpu npaBunbHOM BbIOOpE 7 1 C 3pO3Us JOJKHA OTCYTCTBOBATD.

Jns oOecrieueHHs TalleHUs OYyI'M M YMEHbBIICHHS OOTOpaHHs KOHTAaKTOB CHILHOTOYHBIE
anmnaparsl (KOHTaKTOPBI, aBTOMATHI, BBICOKOBOJIbTHBIE BBIKJTIOYATEIH ) cHabxkaroTcs
JyTOTaCUTENbHBIMU KaMEpaMH.

C 9T0i1 e 1eNblo MOABMKHBIN KOHTAKT JTOJKEH UMETh ONPEEICHHYIO0 CKOPOCTh JIBUXKEHUS U
OIIpEEIICHHBINA X0/ B 3aBUCUMOCTH OT KOHCTPYKLIMHU anmnapara ¥ €ro HOMUHAJIBHOTO HalpsyKEHUS.

4.3 MaTepuaJibl KOHTAKTOB

K Marepuanmy KOHTaKTOB IPEIBABISIOTCS CICAYIOIINE TPEOOBAHMS:
Bricokue aiexTpuueckas IpoBOAMMOCTD U TETJIONPOBOIHOCTb.
CTOMKOCTh MPOTUB KOPPO3HUH B BO3yXE U APYTHX Cpeaax.
CroiikocTh MPOTHUB 00pa30BaHUS TJIEHOK C BBICOKUM YJEIbHBIM COMPOTHUBICHUEM.
Maast TBepAOCTh /Il YMEHBIIIECHUS HEOOXOAMMOM CHITBI HAXKATHS.
5. BbIcokast TBepIOCTb AJisi YMEHbBIICHHUS MEXaHHYECKOIO M3HOCA MPHU YacThIX BKIIOYCHHSX U
OTKJIIFOUCHUAX.
6. Mamnas spo3us.

bl el e



7. BwbICOKast IyrocTOHKOCTD (TeMIlepaTypa IIaBiICHHS ).
8. BbIcokue 3HaUEHUS TOKA U HATIPSDKEHUS, HEOOXOAMMBIX ISl TyTOOOpa30BaHMSI.
9. TlpocTtora 06pabOTKH, HU3KAS CTOUMOCT.

K  Takum  wmarepmasiaMm  OTHOCATCS ~ MeAb,  cepedpo,  aTOMUHHUK,  Bosb(pam,
METaJUIOKEpaMUYeCcKrue MaTepraibl. JlaHHbIe MaTeprallbl UMEIOT KaK TOJIOKHUTEIBHbBIC CTOPOHBI, TaK U
HepocTaTKu. [losToMy, MCXOMsS M3 ATOr0, KKIBIA U3 MEPEYUCICHHBIX MaTEpHUaOB MPUMEHSETCS C
ydeToM Ooubiiero 3 ¢exra 1mo nepeurcaecHHbIM TPeOOBAHUSIM.

4.4 KoHCcTpyKIMS TBEPAOMETANINYECKUX KOHTAKTOB

Kecrkmne. KOHTaKTBI Cay»aT JUisi HEMOJABMXKHOTO COEIMHEHHUS TOKoBeayux naeranei. Croaa
OTHOCSITCSI IIMHHBIE COETUHEHUS, COeIMHEHUsI Kabenel, MecTa MPUCOEIMHEHUs anmnapaToB HeHu. B
MPOIECCe IKCIUTyaTaIlMi 00a KOHTAKTa CBSI3BIBAIOTCS C TIOMOIIBIO OONITOB, INOO C TIOMOIIIBIO TOPSYCH
WJIU XOJIOJTHOM CBapKH.

Hepa3mbikawnimecsi KOHTAKTHBbIE COEIUHEHUS] TOJABHKHBIX JJieMeHTOB. Takue
COCJIMHEHUS] MCMOIBb3YIOTCS OO A TOro, 4ToObl MepenaTh TOK C TMOJBUKHOTO KOHTaKTa Ha
HETOJIBYIKHBIN, JTMOO ISl TOTO, YTOOBI JaTh BO3MOXHOCTh DJIEMEHTY HEIMOJBIKHOTO KOHTAKTA TJIETh
HeOOoJIbIIIoe NIepeMEeleHIe 0] IeHCTBUEM MOIBIKHOTO KOHTakTa. Hanbonee mpocTsiM coeiMHEHnEM
TAKOTO THUIIA SIBISETCS THOKas CBs3b. I[lpu OONBIIMX XOAaX MOJBIKHBIX KOHTAaKTOB K OOJBIINX
HOMMHAJIBHBIX TOKaX MPUMEHSIOTCS CKOJIB3AIINE U POJTUKOBBIE TOKOCHEMBI.

Pa3pbiBHbIe KOHTAKTbl. KOHCTPYKIIMS pa3pbIBHBIX KOHTAKTOB OMPEAETSETCS 3HAYCHUSIMHU
Lyon > Upon » TOKa K3, pexnmom paboThl, Ha3HaUEHUEM

amnmapara ¥ pacCMOTpEHa B pa3/ieNax, MOCBALIEHHBIX YCTPONUCTBY pa3IMuHbIX allapaToB.
I'epmeTu3upoBaHHbIe KOHTAKTHI (T€PKOHBI).

4.5 KuagkoMerasindecKue KOHTAKThI

Haubonee xapakTepHble HEJJOCTATKU TBEPIOMETAIUTMUECKUX KOHTAKTOB CJIEIYIOIIHE:

1. C pocToM IIUTENTPHOTO HOMHHAJIBHOTO TOKa BO3pAcTalOT HEOOXOIMMOE 3Ha4yeHHE
KOHTAKTHOTO HaXkaTusi, rabaputel U macca KoHTakToB. Ilpm Tokax 10 KA U BbIIIE pe3KO
YBEJIMYUBAIOTCS Ta0apUTHI M Macca anmnapara B 1[eJIOM.

2. Dpo3usi KOHTAKTOB OIPAaHUYMBAET U3HOCOCTOMKOCTS arapara.

3. OxwucneHure MOBEPXHOCTH M BO3MOKHOCTh MPUBAPUBAHUS KOHTAKTOB MOHMKAIOT HAJEKHOCTD
anmapara. [Tpu 6ompmux Tokax K3 KOHTaKTHBIE HaXKAaTHsl TOCTUTAIOT OOJBIINX 3HAYEHUH, YTO
YBEJIMYUBAET HEOOXOAMMYIO MOIIIHOCTh MPUBO/IA, TA0APUTHI U MacCy armapara.

PaccmoTpuMm mpuHIUMIT AEHCTBUS KOHTAKTOpa € KUAKOMeTauimueckuM KoHTakToMm (JKMK)
(puc. 2.3). Buemnss nens mnonakimodaercss K anektpogam 1 w2 Kopmyc 3 BBIIONHEH W3
ANEKTPOU3OIAIIMOHHOTO Marepuana. [lomocth Kopmyca 3amofHeHbl JKUJIKUM MeTawioMm 4 u
COCIMHSIOTC MEXIy co0oi oTBepctueM 5. BHyTpu mojocTeil Kopiyca IIJIaBalOT ITYCTOTEIbIE
dbeppomarauTHbie TUIUHAPH! 6. [Ipy mogade HampsHKEHHUS HA KATYIIKY 7 MUIUHAPHI 6 OMYyCKAIOTCS
BHM3. JKUJKUII MeTal MOJHUMAETCS U Yyepe3 OTBEPCTHUE 5 COEAUHSAET AEKTPOoAbl | M 2, KOHTAKTOp
BKJIFOYAETCS.

ITo cpaBHenuto ¢ TBepaoMeTasndeckumu JKMK 0051a1aroT ciaeayomuMu mMpeuMyIeCTBAMHU:

1. Manoe nepexoaHOe COPOTUBIIEHUE U BBICOKHE JIOMYCTUMBIE INIOTHOCTH TOKA Ha TTOBEPXHOCTH

pasfela KHUIKHIl MeTalll — 371eKTpox (10 120 A/MM?), 9TO TIO3BOJISIET PE3KO COKPATHTH rabapHTHBIC
pa3Mepbl KOHTAKTHOTO Y3JIa M1 KOHTAaKTHOE Ha)KaThe, 0COOEHHO MPH OOJIBITUX TOKaX.
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Puc. 19. KontakTop ¢ *KUAKOMETAUNTNYECKUM KOHTAKTOM

2. OrcyrcTBUe BHOpanuu, NpPUBAPUBAHUSA, 3alMNAHUS M OKHCIEHUS KOHTAaKTOB TMPH UX
KOMMYTallUH.

3. BbIcokas MexaHuuecKkas U 3JeKTpuueckas nzHococroiikocts JKMK, uro no3Bossier co3aBarhb
armapaThl ¢ OOJIBIIIAM CPOKOM CITYKOBI.

4. BO3MOXHOCTH  Pa3pabOTKM  KOMMYTALIMOHHBIX  allapaToB Ha  HOBOM  IPHHLUIE
[aBTOMaTHYECKHI BOCCTAHABIMBAIOIIMICS MPEIOXPAHUTENh U JIp.| OJlaromapss CBOMCTBAM TEKy4eCTH
KHUJKOTO METaa.

5. Bo3moxnHOCTb, paboThl JKMK npu BRICOKMX BHENTHUX JABJICHUSIX, BRICOKHX TEMIIepaTypax, B
rIyOOKOM BaKkyyMe.

K  osnexktpuyeckum  anmapatam  OOBIYHO — MpeAbsBISETCS  TpeOOBaHHME  COXPAHSTH

paboTocrnoco6HocTs B MHTepBane Temneparyp *40°C . OueBMAHO, YTO KUAKMI MeTall IOIKEH
COXpaHSTh CBOE COCTOSIHHE B. YKa3aHHOM HHTepBasie. 3 M3BECTHBIX MaTepuanoB TOJBKO PTYTh
HAXOJUTCS B )KUJIKOM Buje npu Temmeparype Huxe 0 °C 1 MokeT ObITh B YUCTOM BH/IE TIPUTOJTHA IS
JKMK. Bpicokasi TOKCHYHOCTb MapoOB PTYTH CYIIECTBEHHO OCJIOXKHSIET TEXHOJIOTHIO €€ TPUMEHEHUSI.

B JXMK mnepcrnekTHBHO TpPHMEHEHHE AMAICKTPHUECKOTO WM METAIOKePaMUYIECKOTO
TBEP/Oro KapKaca, MPOMUTAHHOTO KUJIKUM METaJJIOM.

Becbma mepcrniekTuBHBIM siBIsieTcss mpumeHeHne JKMK B camMoBOCCTaHaBIMBAIOIIUXCS
PeIOXPaHUTEIISX.

Heobxonumo otmeTuth 1 HepocTaTku JKMK:

1. OObIYHO MpUMeEHsEMble KOHTAKTHBIE MaTepuabl Tauil U ero CIUIaBbl ¢ IPYTMMH METajulaMu
TpeOyIOT MOAOrpeBa KOHTAKTOB 0 MOMEHTA BKJIIOUEHUS, TaK KaK TeMIIEpaTypa OKpY)Kalolel cpesl
MOJKET OBITh HHMKE TEMIIEPATyphl 3aTBEPJEBAHUS 3TUX MaTEpPUAIOB.

2. bonpmmHcTBO anmapaToB ¢ JKXMK TpeOyroT ompenaesrieHHOro MOJOXKEHHUS B MPOCTPAHCTBE H
MOJIBEP>KEHBI BIUSHUIO CTOPOHHUX MEXaHUYECKUX BO3JEHCTBUI (yaAapoB, BUOpaIuii), 4TO 3aTPyAHSIET
UX MPUMEHEHHE.

4.6 PacyéT KOHTAKTOB ANNapaToB

Ipumep 1. KoHTakTsl 00pa3oBaHbl ABYMs TOPIIAMUA MEIHBIX MUIMHIAPOB ¢ quamerpom d=0,03
M. OnpenenuTh KOHTaKTHOE Haxkatue npu jyutenabHoM Toke 1000 A u toke K3 30 xkA. Temneparypa
okpyxatomie cpeast @(=40°C.

HeoOxonuMoe koHTakTHOE Haxatue, H, ecam UcXoauTh U3 AIUTENBHOTO peKuMa paboThl, MO
(3.10)

B-zw-H,-10’

FK:IIZ7" 2

T
164 -| arccos —-
K
rae 1,,,, = 1000 A; TermonposoasocTts e A = 3,9-107 Br/(n-° C); B=2,42x10" (B/°C)*; HV —
4yCcIIo TBEpAOCTH 1o Bukkepey, papHoe 37-107 Tla [18.2]; k, = 12B1/(m” -° C) (Tabm. 2.1).
Temneparypa Tesia KOHTaKTa
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Ty = 90+273+(1—”};

k. p-q
p=p,(1+ab;)=155-10"(1+0,004-70)=1,99-10"° Om - m;
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q:ﬂj _ 003 507107 2

p=nd=r-0,03=94510"u;
Cornacuo 3.2. Tx-To=5-10K;

-8 7
F. :10002'2,42 107 -3,14-37-10 _382 1.,

2
16-3,9° -(arccosmj
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Heobxoaumoe KOHTakTHoe Haxkatue ¢ yderoM Toka K3 cormacno (3.12) Fy Ziy%/ K3

i =1,8v2:30-10° =76,5-10° 4. TopueBoil KOHTaKT, o0pasyeMmblii KacaHHeM TOPLOB JBYX

CTEPKHEU, MOKET PAaCCMATPUBATHCS KaK MaJblIEBbI HECAMOYCTAHABIMBAIOIINKICS KOHTAKT. CoriacHo
tabm. 3.2 k,=1300, cinenoBaTeabHO,
F, >5820-10°/(169-10%) =3340 H.;

Takum 0o0pazoM, aHHass cUCTeMa MpU KOHTAaKTHOM Haxkatuu 382<3340 H neycroitumBa mpu
K3. Eci1 BoO KOHCTPYKTHBHBIM COOOpaKEHUSIM KOHTAaKTHOE Ha)kKaTUe HeJb3s yBenu4uuTh 10 3440 H, To
HaJ0 JTU00 MEePeXOoAUTh Ha PO3ETOYHYIO MJIM MHOTOMAJBIEBYI0 KOHTAKTHYIO CUCTEMY, JTMO0 3aMEHUTD
Meab Ha MeTajulokepamuky. Tak, mpu ucrnosb3oBanun metamuiokepamuku KMK-b21 yeunue 510 H
JIOCTaTOYHO MPH yJIapHOM TOKe 76,6 KA.

Ipumep 2. OmpenenuTh HEOOXOOUMOE JaBICHHE CEPEOPSHBIX OAHOTOYEUYHBIX KOHTAKTOB.
Jmurensubni Tok 10 A. Tox K3 100 A,

Jl11s Hafes)KHO# pabOThI KOHTAKTOB corTacHo (3.8)

1,0 Rx £ 0,5 Uky
<0, 5£/ .

st cepebpa mipu Uk =0,09 B (Tadm. 3.1), Uk nonr =0,045 B; Rk =0,045/10=0,0045 Om.

JU1st OTHOTOUEUHOTO KOHTAKTa Ipu Rx=k/ F, " [popmymna (3.3)], k1 = 0,006 (§ 3.1) F, = (k/
Rx*=(0,006/0,045)> =1,68 H.

Jlisi OpHEHTUPOBOYHOIO pacyeTa MOXKHO NPUHATh, YTO YCJIOBUS HEMPUBAPUBAHUS IS
cepeOpsIHBIX KOHTAaKTOB TaKHe, K€, KaK U JJIs MEeJIHBIX, TaK KaK (pU3u4ecKHe mapaMmeTpbl MaTepuaioB
JIOCTATOYHO OJM3KU:

i,. =255A; ko=1300 (tabm. 3.2); F, =255%/(169-10*)=0,0378 H.
ITockonbKy KOHTaKTHOE  HakaTWe IO HOMHMHAIBHOMY TOKY Fj .., =1,68 H Oombme

KOHTAKTHOTO HaxaTHs, onpenensemoro no Toky K3 F, = 0,0378 H, To BeiOupaem HaxaTHe Fy 0.,
=1,68 H.



5 QJIEKTPOAUHAMUNYECKUE YCUJIUA B QJIEKTPUYECKHUX AIIITAPATAX

5.1 O0me cBegeHust

IIpn K3 B cetu uepe3 TOKOBEAYIIYIO YacTh amnmapaTa MOTYT IPOXOJIUTh TOKH, B JECSATKU pa3
MIPEBBINIAIOIINE HOMUHAJIBHBIA TOK. DTH TOKH, B3aMMOJIEHCTBYS C MAarHUTHBIM TIOJIEM, CO3JQrOT
DIIEKTPOIMHAMUYECKUE CUJIBI, KOTOPBIE CTpeMsTCs NedOopMUPOBATh KaK CaMU MPOBOJHUKU, TaK U
H30JIATOPHI, HA KOTOPBIX OHU KPETSATCA.

DNEKTPOIUHAMUYECKONH CTOMKOCTBIO ammapara Ha3bIBAaeTCsl €ro CIOCOOHOCTh MPOTHUBOCTOSATH
CUJIaM, BO3HUKAIOIIUM TIPH MPOXOKIeHUH TOKOB K3.

OTa BeIMYMHA MOKET BBIPAXKAThCs JTMOO HEMOCPEICTBEHHO aMILIMTYAHBIM 3HaYEHHEM TOKa i, ,

IMpU KOTOPOM MECXAHUUYCCKHUEC HANIPSIKCHUSA B ACTAJIAX allllapaTa HE BBIXOIAT 3a NPCACIIbI JOIMYCTHUMBIX
3Ha‘IeHHﬁ, 0o KpPaTKOCTBIO 3TOI'0 TOKa OTHOCHUTCIIBHO aMILIUTYJbl HOMUHAJIBHOI'O TOKA.

i
R — oun )
OuH \/5 . IH

WNuorna nuHamMudeckas CTOMKOCTh OIIEHMBAETCS JEHCTBYIONIMM 3HAYCHHWEM yJapHOTO TOKa 3a
nepuoz nocie Havyana K3.

5.2 MeTtoabl pacuéra 3jieKTpoauHamuyeckux ycuuauii (YY)

MeTtoanbl pacuéra. /[ pacuera 3.7.y. UCHOJIBb3YIOTCS JBa METO/IA.

B nepBom — cuiia paccMaTpuBaeTCsl Kak pe3ysbTaT B3aMMOJECHCTBHS NMPOBOJHUKA C TOKOM U
MarHUTHOTO TOJISI 1o mpaBmity Amriepa. Eciam aneMeHTapHBI MPOBOJHUK d/ C TOKOM i HAaXOIHTCS B
MarHUTHOM TIOJIe C MHAYKIMEH B, co3mgaBaeMoil IpyruMu npoBogHukamu (puc. 1), To cuna dF,
JeMCTBYIOIAs HAa STOT 2JIEMEHT, paBHa:

dF =i-dl-B=i-B-dl-sinf

Puc. 20. Hanpasnenue 91V, neicTBYIOIIET0 HA 3JIEMEHT C TOKOM

rzie: i — TOK; / — yrojl MeXIy BEKTOpaMH 3JeMeHTa d/ U MHIYKIUU B, u3MepseMblii YIJIOM TIOBOPOTa
BeKTOpa d/ 10 BeKTOpa B Mo KpaTryaiiiemMy pacCTOSHUIO.

3a HampaBieHHe d/ MpUHUMAaeM HampaBlIeHHE TOKa B diieMeHTe. HampaBneHue wHAYKIUHU B,
CO3/1aBaeMOM JAPYTUM MPOBOJHUKOM, OIpenesseTcs Mo mpaBuily bypaBunka, a HampaBlieHUE CHIIBI —
I10 NPaBUILY JIEBOU PYKHU.

[TomHas cwita, qelCTBYIOMAs HA TPOBOIHUK JUIMHOM /, onipefienuTcs mo Gopmyre

F:de:jB-i-sinﬂ-dl_
0 0



B cnyuae mro6oro pacrnosiokeHus IPOBOJHUKOB B OJHOW TUIOCKOCTH £ = 90°, TO BhIpakeHUE
HMEET BU]L

F:'Z[B-i-dl_
0

OnucaHHBIE METOA PEKOMEHAYETCS NMPUMEHATh TOrJa, KOTJa MOXKHO aHAJIMTHUYECKH HaWTU
MHYKIHIO B JIIOOOHM TOYKE IPOBOJIHUKA, I KOTOPOr0 HEOOXOIUMO OIPEEIIUTh CUTY.

Bropoii MeTo1 OCHOBaH Ha MCIIOJIB30BAaHUM SHEPTEeTUYECKOTO OaaHca CUCTEMbI IPOBOJHUKOB C
TokoM. Eciin npenebpedb 351eKTpOCTaTHYECKON SHEpruell CUCTEMBI U NIPUHATH, YTO NpH Aedopmanuu
TOKOBEYILIMX KOHTYPOB WM IIPU UX MEPEMELICHUU O] ACUCTBUEM 3.1.y. TOKA BO BCEX KOHTypax
OCTaOTC HEU3MEHHBIMH, TO CHIIy MO’KHO HAWTH 11O YPABHEHHIO

P
oX
rae: W - oneKTpoMarHuTHasi SHEPrus; X - BO3MOXKHOE IIEPEMEILEHNE B HAIPABICHUH JECHCTBUS CUJIBI.

DJEeKTpOMarHUTHasl YHEPIUsl CUCTEMbI OOYCIIOBIEHA KAaK 3HEPrueil MarHUTHOTO MO KaKJ0ro
M30JIMPOBAHHOIO KOHTYpPA, TaK U YHEPTUEH, ONPEAEIIEMOM MATHUTHON CBS3BIO MEXKIY KOHTYpaMH, U
JUIS IBYX B3aMMOCBS3aHHBIX KOHTYPOB PaBHA:

W:%Ll il +%L2 i+ My,

rae: L, m L, - NHAYKTUBHOCTU KOHTYPOB; I, U I, - TOKH, NIPOTEKAlOUMe B HUX; M - B3aMMHas

WHJIYKTUBHOCTb.
IlepBbie nBa ujeHAa ypaBHEHUS ONMPEACISIOT SHEPIHUI0 HE3ABUCHUMBIX KOHTYPOB, @ TPETUM WIEH
JTaeT SHEPTHUI0, O0YCIOBICHHYIO UX MAarHUTHOMN CBSI3BIO.
VYpaBHeHUE [aeT BO3MOXHOCTb pPAcCUMTaTh Kak CHIIbI, JCHCTBYIOIIME B .M30JUPOBAHHOM
KOHTYpE, TaK U CUJIy B3aUMOJEHCTBUS KOHTYpa CO BCEMHU OCTaJIbHBIMH.
st onpenenenus CUil BHYTPHU OJTHOTO HE3aBUCUMOTO KOHTYpa MOJIb3yeMCsl YpaBHEHUEM
_ow 1 2 oL
oxX 2 oX
IIpu pacuere cuiibl B3aMMOAEHCTBUS KOHTYPOB Mbl CYMTAEM, UTO SHEPTUSI U3MEHSIETCS TOJIBKO B
pe3ynbTaTe M3MEHEHHUsI B3aUMHOTO PACIIOJIOKEHHsI KOHTYpoB. IIpu 3TOM 3Heprus, oOyclIOBIeHHas
COOCTBEHHOW HMHIYKTHBHOCTHIO, CUYMTACTCS HEU3MEHHOU. B nmaHHOM ciydae, cuia B3aUMOJCHUCTBUS
MEXK]1y KOHTYpaMH paBHa
ow . . oM
F= =1 1, .
oX oX
DHepreTH4ecKuil MeTo1 yI00€H, KOorja U3BECTHA aHATUTUYECKAsl 3aBUCUMOCTh WHIYKTHBHOCTH
WJIM B3aUMHOUN MHIYKTUBHOCTH OT T€OMETPUYECKHUX Pa3MEPOB.
Hanpasaenue aeiicreusa /Y. Haiinem HanpaBieHue cuiibl, IEHCTBYIOIIEH Ha 3JIeMEHT dl; ¢

TOKOM 1, (puc.2).

Puc. 21. Hanpasnenue Oy



Jlvaus vHAYKIUH B,, , Co3/laBaeMas TOKOM i, , SIBIAETCA OKPYKHOCTBIO C PalHyCcoM 7,

JIeKAIE B TUIOCKOCTH, TEPIIEHANKYISPHON [ X Hanpasnenue cunbl dF onpeaemnsieTcs 1Mo MpaBUiLy

JIEBOM PYKH M TIOKA3aHO Ha puc. 2.

s mmockoy 3aauu, KOTIa BCE MPOBOJHUKH JIEKAT B OJHOM IJIOCKOCTH, PE3YIBTUPYIOLIAS Ha
IIPOBOJIHMK, BCErJla NEPHEHANKYIISIPHA K 3TOM IUIOCKOCTH, a CHJIA JIEXKHUT B IUTOCKOCTH. Hanpasnenus
3.J1.y. 17l HEKOTOPBIX CIIy4aeB PACIOI0KEHHS POBOJHUKOB B OJTHOM MIIOCKOCTH MTOKa3aHbl HA pUC. 3.

CornacHo MoJIOKUTEIbHOMY HAIIPaBJIECHUIO CUIIBI COOTBETCTBYET BO3PACTaHUE SHEPTUHU CUCTEMBI

ow .
——, T. €. CHUJIa, JCUCTBYIOIIasAd HAa TOKOBCAYIIUC YaCTH, HAIIPABJICHA TaK, YTOOBI SJICKTPOMAarHuTHas

oX
SHEPTHUs CUCTEMbI BO3pacTara.
J71s1 KOJIbIIEBOTO KOHTYpa
W:l].iz :l‘P-i:la)-gzﬁ-i
2 2 2
rJe: ¥ - MOTOKOCIeIuIeHHe; @ — MOTOK; ( - YUCIIO BUTKOB B KOHTYE.

B »sTomM cnywae »a.1.y. JACHCTBYeT MO paaudycy, pacTsAruBas KOHTYp, T.K. TMpPH 3TOM
WHJYKTUBHOCTb, TOTOKOCIICTINICHUE U MTOTOK BO3PACTAIOT.

B ciiyyae 1Byx BUTKOB WJIM KaTYIIEK C pa3HbIMHM HaIlpaBJICHUSIMHU TOKOB CUJjia F HampaBjieHa Tak,
9TOOBI OTOPOCUTH BUTKH JPYT OT APYTa, T.K. MOTOKOCHEIUICHHE YBETUIUBACTCS C POCTOM PACCTOSTHUS
MEXIy HUMU. MHUHUMaIbHOE MOTOKOCIETUICHHE OYJIET UMETh MECTO NMPH PACCTOSHUU MEXAY HUMHU
paBHOM Hym0. Ecnn Tokn TEKYT B O/IUHAKOBOM HATIPABICHUH, TO BUTKH IIPUTATHBAIOTCS.

Nz 4 | F F i _f’_fu'
I F | L

I " - "

Puc. 22. HanpaBieHnue AeHCTBUS CUTTBI.

Y

5.3 Yeniaus mexny napajjieJbHbIMU NPOBOJHUKAMU

Cuna B3auMOJeiCTBUSL MEXJy HPOBOAHUKOM [, U 2JEMEHTOM dx, IJle X — KOOpJAUHATa Ha

HPOBOJIHUKE /, IMEET BBIPAYKEHNE
12

1077 [—x X
Fy=——i-i +
X p L l2.([ (l_x)z + a2 \/)Cz P

rje: /, - JIMHa NepBOro MIPOBOJAHUKA; [, - AJIMHA BTOPOTO IPOBOAHUKA; I;;1, - TOKH, IPOTEKAIOIIUE IO

dx ,

IPOBOJHUKAM /| U [, ; a - pacCTOSHUE MEX Iy IPOBOAHUKAMU [, U [, .
Ecmu [, =1, =1, 10

a

2
Fo=107i4, -2 1+[3J —%



[IpousBenenune

2
Rzzz—l 1+ 4] -2
a / /

3aBUCHT TOJIBKO OT Pa3MepOB IIPOBOJAHUKOB U MX pacrojoxeHus. Toraa
_ 7. .
F,=10"4-i,-R,.

a
Ecmn pacCcTodHue MCXKIAYy MNPOBOAHHMKAMH 3HAYUTCIBHO MCHLBUIC HX IOJIUHBI, T.e.7<<l, TO

R, MOXHO IpUHATH paBHBIM 2 . Ilpn %S 0.1 pacuer Bepercs o Gopmyie
a

2]
a
Jlns nByX mapasuiebHbIX MPOBOIHHUKOB pa3H0171 JUTMHBI, PACIOJIOKEHHBIX C JIIOOBIM CIIBUTOM,

D ILE S MCESAECERY

a

F, =107 -i,-

2

rae: ZD - CymMMa JUaroHaJed Tpamenuw, HOCTpoeHHoﬁ Ha B3aMMOJECHCTBYIOLIUX IPOBOJHMKAX;

ZS - CyMMa OOKOBBIX CTOPOH 3TOH TpareInH.
dopma ceueHust MPOBOIHUKA BIHSIET HA MJIEKTPOIHHAMUYECKYIO CHITY
_ 7. .
F=10"%-i,-R,-R,,

rae R, - koahduimeHt hopmbl.

5.4 Ycniausi ¥ MOMEHTBI, 1eliCTBYIOIIHE HA B3AaUMHO NepPIeHINKY/IsIPHbIe IPOBOIHUKH

B snextpuyeckux anmaparax O4€Hb 4acTO BCTPEUAETCS PACIOJIOKEHUE YacTed TOKOBEIYILETO
KOHTYpa NoJl npsiMbeIM yriioM. Cuma, AeicTBYyIOIIas Ha MEPEMbIUKY, UMEET B 3TOM Ciydae Cleayrolee
BBIPAXKEHUE

F=£ =107 -2,
4 r r
rae: 4, - abcomroTHas MarHuTHas NPOHUIAEMOCTb BO3JyXa, paBHas 0,4-10°T/M; a - nmuHA
MPSMOYTOJIBHOM NEPEMBIYKH; R - pagnyc MPOBOJHHUKA.
B MacisHBIX BBIKIIOYATEIISIX H APpyrux amnmaparax TOKOBEAyIIasA HCIb MOXCET HUMCTb BH/
netiv. Ha mepemMbIuky B 3TOM ciiydae z[eﬁCTByeT 3..y.

ol 4l Lo Bfa . 0os)20.1072 [ 1n% 4025,
2 dl 2 T r r
Ecnmu nnwaa [ comsmepuma ¢ pacCTOSIHHEM d, TO pacder 3.J1.y. HEOOXOAMMO MPOU3BOIUTH IO
bopmye

F=2.10"-1n 2a +0.25

2
2 1+ (‘;j +1

[Ipu pacdere SIEKTPOAMHAMUYECKON CTOMKOCTH HEOOXOAMMO OMNpPEAeNsTh MOMEHT 3.1.Y.
OTHOCHUTCIIbHO TOYKHU KPCIIJICHUSA
7., 4 a 2r
M =107 -E-(ln—+—].

r a

Kpome 5.1.y. OT 1€BOro 1 mpaBoro NpoBOAHUKOB CO3/IA€TCS M3TMOAIOIINI MOMEHT 3a CUET CHUJIBI,
BO3HHUKAIOIIIEH B MecTe nepexo/ia Toka. [1oJHbI MOMEHT OTHOCUTENLHO TOUKH () paBeH



1, =1074 -3-(1ni+£+0.25)
2 4r a

5.5 Yceuwiug B BUTKe, KAaTyHIKe U MEXKAY KATYIIKAMM

MY B BuTke. Cuna, AelCTByIONIas B BUTKE, HalpaBjieHa MO PaguycCy; C POCTOM paanyca
BO3PACTCT MHAYKTHBHOCTD, a CJICAOBATCIIBHO, 3JICKTPOMArHuTHAd SHCPIrusad MpoOBOJHUKA. BBIpa)KeHI/Ie

AMEET BUJI
Fo=lp 0L _thp ~(1n8—R—0.75j.
2 dR 2 r

Cuna F, npuioxeHa K OKpyXHocTH AnuHON 27R. Ilpu pacyere >1a€KTpOAMHAMHYECKOU
CTOUKOCTH HEOOXOJUMO 3HATh CUIly F, , Pa3phIBAIOLIYIO BUTOK.

F, = 1074° -[ln%—OJSJ.
r

Ecnu xpyroBoil BUTOK HaXxOJHUTCS B paBHOMEPHOM MAarHMTHOM IIOJI€, CO3aBa€MOM JPYTHUMU
MPOBOJIHUKAMHU, TO KpOME BHYTPEHHUX CHJI, BO3HHMKAET JIONMOJIHUTENbHAs CWJIa B pe3yJbTaTe
B3aMMOJCHCTBHS TOKA BUTKA C BHEIITHUM ITOJIEM.

DAY B karymike. DJIEKTPOAMHAMUYECKUE CHIIBI B LUJIMHAPUYECKON KATyIIKE HalpaBJICHBI
TakuM 00pa3oM, YTOOBI BO3pacTajio €€ MOoTOKoclerieHne. [lo3ToMy mpu TpOXOKJIEHWH TOKa B
0OMOTKE BO3HUKAIOT CHWJIBI, CTPEMSIIHECS CKaThb OOMOTKY IO BBICOTE W TOJIIMHE W YBEITUYHUTH
nuameTtp. s pacuera cuil, IEMCTBYIOMIMX B Pa3JIMYHBIX TOYKAX KaTYIIKH, OMPEACIISIIOT HHIYKIHIO B
ATUX TOYKAX U UCHOJb3YIOT pACCMOTPEHHBIE BBIIIE YPABHEHHUSI.

IAY mexkny BUTKAMM M Mexay karymkamu. Cuiia, AeHCTBYIOIIass MEXIy BUTKAMHU U
KaTYIIKaMHU:

BEpTHUKaJIbHAsI COCTABIIAIONIAS:

F :d_W:l' .q .dﬂ:ﬂ Qe .—th
"dn 7 dn T RP+CY
rne R - paauyc BuTKa 1; 4 - paccrostHue MEXIy BUTKaMu 1 1 2 ;
C=R,-R
TOPU30HTAJIbHAS COCTABIISIOIIAS:
_dw 1. dL, M

e gy
R 2 1 "2
* dR, 2° dR, dR,
Jlnst pacueTa cuil, AEHCTBYIOIINX MEXIY IMJINHIPUISCKUMH KaTyIIKaMH, YA0OHO TOJIb30BaTHCS
SHEpreTHYecKon hopmymon

F :il-iz-dﬂ:il-iz-wl-a)z-l//.
dX



6 YCHJIUA ITPU ITEPEMEHHOM TOKE

6.1 Yceuus B MmecTe H3MEHEHHsI Ce4YeHUs1 MPOBOIHUKA

HpI/I HN3MCHCHHUHN CCUCHUA IMPOBOAHUKA JIMHUH TOKA HCKPHUBJIAIOTCA, B PE3YJIbTATC CHUJIA F,
JeHCTBYIOIAs Ha JIMHUIO TOKa, MOJYydYaeT IpPOJOJIbHYI0 F, W TOmepedHyro F, COCTaBISIOLINE.
[IpononbHas cuna HarpaBiieHa B CTOPOHY OOJIBIIETO CEYCHHUS

F=top m2o1072 m2,

4 4 n
SHGKTpOI[I/IHaMI/ILIeCKaH CuJjia, BO3HHUKamIIad IIpW HU3MCHCHUH CEYCHMA, 3aBUCUT TOJBKO OT
OTHOILICHHUSI KOHEYHOTO0 MW HAYyallbHOTO PAagUyCOB M HE 3aBHCUT OT (OpPMBI Iepexoja IpHu
ACCUMECTPUYHOM IIPOBOJHHUKE. Ecmn IIOJIOXKHUTH, YTO ILIOHIAJKa 727"1? :ﬂle HaxXoJqUuTCsA B LECHTPC

UAJIMHAPUYECKUX TPOBOJHUKOB, TO CHJIA, JCHCTBYIOIIAsS HAa KaXAyl IOJOBUHY MPOBOJHHKA,
ompezensercs GopMyIioi (aHaJOTUIHO KOHTAKTAM UTUHAPUICCKIIM )

. r 7. r
F=top2n” —1072.n
4r Ty e
rae: 7 - paauyc HIIHHIPUYECKOTO KOHTAKTA; 7, - PaJUyc KPYIJIOW IUIOMIAAKKM KacaHUs; a - Gpopma

KpyTra paauyca.

6.2 Ycniaus npu HaJIM4uM (peppOMarHUTHBIX YacTeH

Cuuta onpenenurest A7 IPOBOJAHUKA C TOKOM BOJIM3H (DeppOMArHUTHON CTEHKH, TT0 popmyIie
aw 1 _d
F = =—1 49

dx 2 dX
Cuna, paeicTByroImass Ha TPOBOJHUK (Iyry), CHMMETPHYHO PACIOJOXKECHHBIH B a3y
KIIMHOBUAHOTO CCUCHU S, paBHA

S’ S Lk
Fomsuy 1P —t " —opq07
I s hex) " 5,(h—X)

h—X .
rae: o, =0, o 3a30p, COOTBETCTBYIOIINI KOOpAUHaTE X.

6.3 DiilekTpoAMHAMUYECKHE YCUJINS TIPU NIEPEMEHHOM TOKe

DJIEKTPOAMHAMHUYECKHE YCUITUA MPHU IEPEMEHHOM TOKe. Mexannueckuid pesoHanc. Eciu Toku
B IPOBOAHHKAX UMCHOT OIMHAKOBOC HAITPABJIICHHUEC, TO MPOBOAHUKHU NPUTATUBAOTCA U CHUJIa paBHA

F
7 2 s .2
F=10"R,-I, -sin” ot :—’”(l—cos2a)t),
2
rac: ]m - AMIUIMTYAHOC 3HAYCHHUEC TOKA; @ - YIrJoBagd 4acCTOTa, F — makcuManbHOE 3HaUCHUE CHIJIBI,

-7 2
paBuoe 107 R, -1 .
CpenHee 3HaUEHUE CUJIIBI 32 IEPHO]

T
F, =i-det=i=1o—7Rz-12,
T, 1 2

rae: [ - nercTByoLIee 3HaYCHUE TOKa.
[Ipu HaNMMUKUKM aneprUOANYECKON COCTABIISIONICH CHila BO BDEMEHHU MEHSIETCS 110 YPABHEHUIO



; 2

F=10"R, I e " —cosa

HauOonbliee 3HaueHne cuia UIMEET 4Yepe3 MoJIIepuoaa mocja€ Haqyajia KOpOTKOIro 3aMbIKaHHU
_ -7 2 2 _ -7 2
F=10"R, k%12 =324-107R, - 12,

. . L
rie: K, - yAapHbIA KOO()(QUIHMEHT, 3aBUCHT OT TOCTOSHHOW BpemeHH T, :E; L - UHTYKTUBHOCTD

1enu; R - akTHBHOE COMPOTHUBIIEHUE 1IEMTH KOPOTKOTO 3aMbIKAHHSI.
DNeKTpoAUHAMHUYECKHE CHUJIBI B Tpex(a3HOM Ilemu MNpu OTCYTCTBUH ANEePUOTUYECKOM
COCTAaBJISIIONIEH

F =0.81C,-I;

max. pacu.
N _ L 21
rae st ogHodazuou nenu C =10 7RZ, C, =10 7.Z2 (I - nMMHA NPOBOJHUKA; @ - PACCTOSIHUE MEXKITY
a

OCSIMHU).

DJeKTpoIuHAMUYECKHE CWIBI B Tpex(a3HOH cucTeMe MpH HaJUYUU  arlephuogHYECcKOn
COCTAaBJISIIONIEH TOKA:
MaKCHUMaJIbHOE OTTAJKUBAIOLIEee yCUIINe, IeHCTBYIoIIee Ha MPoBoa (azbl 1

F —0.805C, - (x,, - 1,, ]
MaKCUMasbHas Cuia, IeHCTBYIOIAsl Ha TTPOBOJT CpeAHeH (asbl

Fypee =0.87C, (i, - 1, .

2 max m

omm.max

6.4 DyeKTpOAMHAMUYECKAS CTOMKOCTD JJIEKTPUYECKHUX aNlNapaToB

DneKTpoAMHAMHUYECKass CTOMKOCTh amnmapaToB B OJHO(A3HBIX YCTaHOBKAX OIMpeAesercs Mo
yIapHOMY TOKY KOPOTKOTO 3aMbIKaHUs, a /i 3-X (a3HOTO ammapara 3a pac4eTHBIN TOK Oepercst

Lo =K1,

rne: 1 mj - AMILTMTY/Ia IEPUOIMIECKOM COCTABIIAIOIIEN TPEX(PAa3HOrO KOPOTKOTO 3aMbIKAHHS.

Pacyer ycToiunBOCTH TPOBOAMTCS JUIS CpeHel (asbl, Narolieil HauOobIe 3HAYCHUS CHIL.

6.5 Pacuér nmHAaMH4YecKoi CTOMKOCTH IIINH

MexaHN4ecKuil pEe30HaHC BO3HMKAET B pe3ylbTaTe MOSABICHHUS PE30HAHCA MEXIy
TapMOHUYECKH MEHSIOLIEHCS DIEKTPOJANHAMUYECKOW CHIOW M COOCTBEHHBIMH MEXaHUYECKHUMHU
KOJIeOaHMsIMU JIeTajeil TOKOBEAYIIeH Ienu ammapara. B cioydae, kKorga dYactota IepeMEHHOMN
COCTaBIISIIOLICH CHIIBI ONM3Ka K COOCTBEHHOM YacTOTE MEXaHMYECKHUX KOJIeOaHWH, ammapar MOXKeT
pa3pyIIUTHCS BCIEACTBUE SBICHHUS pe30HaHca. [ MIMH MPsIMOYTOJIBHOTO M KPYIJIOTO CEYSHHS 3Ty
4acTOTY MOXKHO OIPEAEIUTh NPUOIHKEHHO

K EJ

T g
rae: v — IUIOTHOCTh MaTepuaja LIMHBI; g - YCKOpEHHE CBOOOJHOrO MaJeHMs; [/ - MpOJeT MEeXIy
U30JATOpaMu; £ - MOIyJIb YyIPYroCTM MaTepuasa IWH; J - MOMEHT MHEPLUU CEYCHUS LIUHBI, g -
CeueHHe LIMHBI; K - KO3((DUIUEHT, 3aBUCSIIUI OT XapaKkTepa KpeIyIeHHs [IHH.
K muHe xak Oanke, 3aKpeIruI€HHONW Ha KOHIAX, MPUKJIAJBIBAIOTCS MaKCHMaJIbHbIE pacu&THBIE
YCHJIUS, HAXOJATCS MEXaHWYECKUE HANpPsOKEHUS B HEW W yCWIWSA, ACUCTBYIOIME HAa HM30JIATOPBI.
MakcumanbHOE MEXaHUUYECKOE HaIlpsDKEHUe B uHe, [1a



F, I’
Oyax = M /W = 2=
12W
rae M — MakCHManbHBIA m3rnbaronmii MomenT, HM; W — MOMEHT cONpOTHBIEHHS, M°; [ — JJuHA

cBOOOJHOTO Mponéra muHbl, M; F - HauOoJbIlIee 3HAYCHHE YAEITHHON SJIEKTPOIUHAMHYECKON

max
Harpy3ku ot coceaHeit dasnl, H/M.
Harpy3ska Ha uzonsarop

F_=F, I

max
[Tpo4HOCTB U30IIATOPA TPOBEPSETCS HEPABEHCTBOM
F,_=<06-F,  -H/H,

pasp

rine F

sp - MHHAMAIBHOE paspyliaroliee ycuime, IOomycTumoe juist uzonsaropa, H (Gepérest mo

Karanory); H — BeicoTa u3oniaropa, M; H - paccTosiHue OT OCHOBAHHUS M30JISITOpPA JI0 LEHTPa TAKECTH
MOTIEPEYHOI0 CEUYEHUS IINHBI, M.



7 HAT'PEB 1 IIOTEPU DHEPI'MH B AITITAPATAX

7.1 O61me cBeneHus

[Ipu pabore ammapata B €ro TOKOBEIYyIICH IEMH, HW3OJSAIHH W JETalsIX KOHCTPYKIIUU
BO3HUKAIOT MOTEPU DIIEKTPUIECKON IHEPTHH, KOTOPBIC MPEBpAIIAOTCs B TEIJIO0. TeruioBas SHEprus
YaCTUYHO PACXOJYETCsl Ha MOBBIIICHUE TEMIIEPATYpPHI ammapara i YaCTHYHO OTJACTCS B OKPYKAIOIIYIO
cpeny.

PaboTa KOHTaKTHBIX COCMHEHUH TaK)Ke CHIILHO 3aBUCHT OT TEMIIEPATYPHI.

HaneB TOKOBCAYIIINX gacTed u H30JIA0UU arIiapara B 3HAYUTEIbHON CTEIIEHU OIpEaACIICT €TI0
HaI&KHOCTh. [10ATOMY BO BCEX BO3MOKHBIX PEKMMax pabOTHl TeMIeparypa 4dacTel ammapara He
AOJIKHA MPEBOCXOAUTH TAKHUX 3Ha‘leHHﬁ, IpuU KOTOPBIX OGGCHG‘II/IBaCTCSI €ro MJINTCIbHaA HaI[é)KHaSI
pabora.

7.2 AKTHBHBIC IOTEPH JHEPIrHUHU B annaparax

HOTepH B TOKOBEAYIIUX YaCTHX. B afnrmaparax IOCTOSAHHOTO TOKa HArpeB IMIMPOUCXOAUT
TOJIBKO 34 CUYCT IMMOTEPb B aKTUBHOM COITPOTHUBJIICHUU TOKOBC,Z[yHICI\/'I LCITH.
3HCpFI/I$I, BBIJICIAIOMIAACA B IPOBOAHUKE

sziz-R-dT,
0

rnue: W - sHeprus; i - TOK B LIeNH; R — aKkTUBHOE CONMPOTHBIICHHE; f - JUTUTEIILHOCTh MIPOTEKAHUS TOKA.

HpI/I NEPEMEHHOM TOKEC aKTHUBHOC COIMPOTHUBJICHUC NPOBOJAHHUKA OTIIMYACTCA OT COIIPOTUBJIICHU A
MpU TIOCTOSIHHOM TOKE H3-32 BO3HUKHOBEHHS MOBEPXHOCTHOTO 3ddekra u sddexra Omu3zocTy.
ConpoTusieHHe NIPU EPEMEHHOM TOKE

R.=R=k,

rze: R - CONpoTUBIIEHHE MIPU MTOCTOSHHOM TOKE; K, - KO3((OUIMEHT 100aBOYHBIX ITOTEPb, BEI3BAHHBIX
3 pexToM MOBEPXHOCTHBIM U 3P HEeKTOM OJIU30CTH,

Ky =K, Kg
K, - KO3(GHUUUEHT [100aBOYHBIX MOTEPh OT IOBEPXHOCTHOIO 3(@EKTa pacCUUTBHIBACTCSA 10
CHeLHATbHBIM KPUBBIM;
K, = R,
6 R.., ;
Ks; - KoapduuueHt 3¢ddexra Ommsoctu; R . - aKTMBHOE CONPOTUBJICHHE NPOBOIHMKA,

HAaXOJSAIIErocss B MarHUTHOM IIOJIE JPYTMX IPOBOIAHUKOB; R _

- COINpPOTHUBIIEHUE YEAUHEHHOTO
IIPOBO/IHUKA.

ITorepu B HerokoBexymux ¢(eppoMArHMTHBIX 4acTsX. [Ipy mepeMeHHOM TOKe, Kpome
AKTUBHBIX TIOTEPh B TOKOBEAYIIEH LEMH, MOSBIAIOTCS aKTUBHBIEC MTOTEPH B (DEPPOMATHUTHBIX JETAISIX
anmnaparoB, PaCHOJI0KEHHBIX B IEPEMEHHOM MarHUTHOM TIOJIE.

B s1tux nertansx NOSBISIOTCS 3.J1.C. M BHUXPEBbIE TOKM TaKWUX HaIpaBJIE€HUH, MpU KOTOPBIX
co3JaBaeMble MMM IOTOKM MPOTHUBOACHCTBYIOT HM3MEHEHHI0O OCHOBHOTO MmoToka. W3-3a
pa3MarHMYMBAOIIEr0 JEHCTBUS ATHX IIOTOKOB MAarHMTHBIM MOTOK IO CEYEHMIO pPACIPEAEIAETCS
HepaBHOMEpHO. TonmuHa cnosi, Ha NPOTSHKEHWH KOTOPOro HWHAYKIMS IOCTOSIHHA, Ha3bIBAeTCs
rIyOMHOW TPOHMKHOBEHUS TMOTOKAa. ((EeKT 3TOT aHaJIOrM4YeH IOBEPXHOCTHOMY J3(dexty vy

IMPOBOJHUKOB.



a= [——
o,

rae: a - riyOuHa NPOHUKHOBEHHUS; p - YIENbHOE CONPOTUBIIEHUE; ( - KPyroBas 4acToTa; p, -

a0CoIIIOTHAS POHUIIAEMOCTh MaTepHaa.

Ot BUXPECBBIX TOKOB BO3HUKAIOT JOIMOJHUTCIILHBIC MOTCPU HA NCPEMAIrHUYHMBAHUC 3a CUCT
THCTEpe3nca.

ITonHrie MOTCPU B MArHuTOIMpPoOBOIC

1,6 2
PCT:(Xr.Bm +XB'f.Bm)f'GT
rae: B, - MakcUMalbHOE 3Hau€HHe MHAYKIMHU; f - yactora; X, U X, - K03 UIHUEHTH NOTEPh OT

TUCTCPE3UCAa U BUXPECBBIX TOKOB; GT - MaCCa MarHuTomnpoBoaa.

B anmaparax nepemenHoro toka BH, momumo noteps B MpOBOJIHUKOBBIX U (peppOMarHUTHBIX
MaTepHaiax, He0OX0JUMO YUUTHIBATh OTEPH, BO3HUKAIOIINE B U30JIALIUN

P=27-f-C-U*-1g5,
rae [ - gactora; C - eMKOCTh M30isauun; U - NEeUCTBYIOIIEEe 3HAUYECHUE HAIPSIKEHUs Ha U30JISLUU;
tgd - TAHTEHC YIJIa TUAIEKTPUUECKUX TOTEPb.
W3oAnms annapara HarpeBaeTcs 3a CUET KaK 3TUX IOTEPh, TAK U IIOTEPb B TOKOBEIYILEH LICTIH.

7.3 Cnnoco0OblI mepeavyu Tenja BHYTPU HATPETHIX TeJl U € X MOBEPXHOCTH

Paznuuaror Tpu BHIa mepenavyd TeIUIa: TEIUIONPOBOIHOCTh, KOHBEKIUIO W TEIUIOBOE
U3JTy4CHHUE.

TermnonpoBoTHOCTE — TPOIECC PAaCHpOCTPAHEHUS] TeIUla MEXKAYy HENOCPEICTBEHHO
COIPHUKACAIONIUMHUCS YaCTUI[AMU, OOYCIIOBJICHHBIM TEIUIOBBIM JIBUKCHHEM MOJICKYJ WM aTOMOB
BEIIECTBA, & B METaJIaX CBOOOTHBIX JICKTPOHOB.

KonBeHuusi - mpormecc MepeHoca Temja CBA3aHHBIA C MepeMeleHHeM MHKPOOObhEMOB
HarpeToro ra3a WM KUAKOCTH (€CTeCTBEHHAs U UCKYCCTBEHHAs).
Jlyuencnyckanue - TpolEcCC OTAAYM YacTH TEIUIa HArpeToro Tela B OKpYKarollee

HPOCTPAHCTBO, IyTEM M3JIYYEHHS 3JIEKTPOMArHUTHBIX KojeOaHuil (yIbTpadHOIeTOBBIX, CBETOBBIX U
UH(PAKPACHBIX JIyUeit).

7.4. YcTaHOBMBIIHMIICA PeKUM Harpesa

IIpouiecc HarpeBa CUYMTAaeTCs YCTAHOBUBLIMMCS, €CIM C TEYEHHUEM BpPEMEHHU TeMIleparypa
anrmapara ¥ ero 4acTeil He U3MeHsIeTCsl.
Pacuyér ceyeHHs1 HeM30JIMPOBAHHOIO NPOBOAHNKA. CONPOTUBIIEHUE KPYIJIOTO IIPOBOIHUKA

B 4p,(1+ab,)-1

- md’

r7e: p.- yaelbHOe conpoTuBieHne Marepuaia npu 0°C; d - nuametp mpoBOJHUKA; [ - €ro JUIMHA; o -
TEMIEepaTypHbIid KOX()(GUIIUEHT COMPOTHUBICHUS;, € - IOIMycTHMAash TeMmIepaTypa B HOMHUHAJIBHOM
pexume.

R

g 4p,(1+-6,,)
EZ'KT(QH _90) ’

rae K, - ynenbHbIi 00001IEHHBIH KOYQQUIMEHT TeIUIO0TAAYH.

BriOupas nuameTp ¢ HEKOTOPBIM 3aMacoM, pacCUYUThIBaeM KOAPOUIIMEHT T00ABOYHBIX MOTEPH
K, 1 OKOHUYATEIbHYIO IIPOBEPKY



3 41°p, (1+a -0, )K,
7’ K. (0, _‘90)
JUTSI IPOBOJTHUKOB MPSIMOYTOJIBHOTO CEUEeHMSI (IITHH)

d:

R=p, l+a-t9Hl
a-b

r7€ a U b - CTOpOHBI CEUCHUS.
N3 KOHCTPYKTHUBHBIX COOOpPaXCHHH W W3 YCJIOBHH MEXaHWYECKOW MPOYHOCTH 3a7ar0TCs

a
COOTHOULICHUEM M = 5 (B mpenenax 3 — 10) u

4p,(1+ -0, )K,
m(m+1)-2K,(6, —6,)

Omnpenenus 3aTeM a, HaXoAT K, U MPOBOJAT MPOBEPKY C YUETOM 3TOr0 Kod(puIueHTa.

b:S

HarpeB  HM30/IMpOBaHHBIX  TOKOBeAyIUMX  4Yacreidl.  Pesyinbrupyromee — TemmioBoe
COINPOTHBIICHUE

6. ..-0
Ry lef_ LD 1
pp ) 2r-A-l d K, -m-D-I
- Temmeparypa MOBEPXHOCTH MPOBOJHUKA; €, - TEMIEpaTypa OKpYKAalolel Cpenpl; ¢ -

=R, + R,

rme: 6’@08
TEIUIOBOM MOTOK B €UMHMIlY BPEMEHM 4epe3 OOKOBYIO MOBEPXHOCTh; R, - TEIJIOBOE CONPOTHUBIICHHE
M30JSILMK; R, - TEIJIOBOE CONPOTUBIICHHUE MEpeXoa OT HAPYKHOM CTEHKU K OKpyXarouieu cpene; D

- TUaMEeTp U3OJISINHU; A - YAeTIbHAs TEIUIONPOBOTHOCTD U30JSIIMOHHOTO MaTepHaia.

Harpes karyuek.

RTApe;e = ¢m s

riae 6, - mpeBblllIeHUE TEMIEPATyphl (max. 3HAUCHUE).

0, Lo my —r) .ﬂ(rzz _rlz)+irnf -lni+i(rz2 —rlz),
R, 27m-r,-h 24 r, 44

rae: P, - MOLIHOCTb MOTEPh B €AMHUIIE 00bEMa KaTYIIKU; 7, - BHYTPEHHUI pajnyc KaTyLIKW; 7, -
BHEITHUH PaJnyC KaTyIIKH; /i - BEICOTA KaTyIIKK; R, - cpeIHUi paanyc.

MakcumanbHas TeMIeparypa npoBoja
0,=0,+0,

7.5 HarpeB annapaToB B IePeX0AHbIX PeKMMAX

[Iponiecc HarpeBa M OXJAXACHUS annapaTroB OIMMCHIBAECTCS YPAaBHEHUSIMHU SHEPIETHUYECKOTO
Oananca.

PaznuuaroT  KpaTKOBpEeMEHHBIM PEXHM  pabOThl, TEPEMEKAIONIUHCA ¥  MOBTOPHO-
KPaTKOBPEMEHHBIN.

HarpeB npu KpaTKoOBpeMeHHOM pe:kuMe padoTbl. KpaTkoBpeMeHHBIN - pexuM padboThI
amnrmnapara, Korjia py BKJIIOUEHUH TEMIIEpaTypa €ro He IOCTUTAeT YCTaHOBUBILICHCS.

Bpewms

1
tkp =T-ln—z_,
1— don

TKP

rae: T - BpeMsi, B T€UEHHE KOTOPOTO TeJI0 HAarpesiioch Obl O YCTAaHOBMBILIEWCS TEMIIEpaTypbl MpH



YCIOBMM OTCYTCTBUSI OTJauM TeIUla B OKPYXaloIlyl cpeny; 7,, - MAOINYCTUMOE 3HaueHHe
TEMIIEPATYPbl TOKOBEAYIIUX YACTeH; 7,, - YCTAHOBHMBILNEECS 3HAYEHHE MPEBBILICHHUS TEMIIEPATYPHI

npu /,, TOKe JOIyCTUMOM KPATKOBPEMEHHOTO PEKUMA

2 to
5 i
o= Boon Riq, - =0 1-e
odon K .S P Kt - S
T T

JUnisi  XapakTepUCTHKH KpPAaTKOBPEMEHHOTO peXHMMa BBOAMUTCS TOHATHE Kod(pUIMeHTa
[epErpy3Ku
_ 1 kp
p= 7
on
Ilepeme:karommiicss 1 MOBTOPHO-KPAaTKOBPeMeHHbIH peskuMbl padoThl. Hanbonee obmum
ABIIAETCS TIEPEMEXKAIOIIMNICA PEKHAM, KOTJa IOCIEe KpaTKOBPEMEHHOIO Harpesa ammapaTra BeJIN4MHa
TOKA 1aJIaeT U TeMIIEpaTypa €ro CHUXKAETCH.

[lo mpoiecTBUU HEKOTOPOrO BPEMEHH MaKCHMAaJbHbIE MPEBBILICHHUS TEMIEpaTypbl 7. H

max

MUHHUMAJIbHBIC TIPEBLINICHUA 7 . COCEIHHX HNUKJIOB CTAHYT OAWMHAKOBBIMMU.

n
—Ipy —Ipy
_ 5T L, T

Tox =7, 1—€ +7... €

max

rze ¢, - BpeMs MepBOro LMK/ yCTaHOBUBLIETOCs TOKA [,

2
Tdnn = ]017 R
R,-S

—Ipi —Iip _Ipi—lpy

2 2
I,|1-e? |+1,|e” —e T

1, =

T
I-e
YacTHBIM CIydyaeM MEepEeMEKaloLIerocs pexuMa SBISETCS I[TOBTOPHO-KPATKOBPEMEHHBIH
pexuMm, pu KotopoM [,, =0, 1, =1,

JUisi  XapakTEepUCTUKU  IOBTOPHO-KPATKOBPEMEHHOIO  PEXHMMa BBOJIUTCS  IOHATHE -
MPOAOIKUTENBHOCTH BKItoueHus [1B wnu [1B%:

t t
IIB% = IIB-100% = —"—-100% = --100%
tp +t, Z,

rae fp +1; - Bpems IMKIat, .

C ydyetoMm ko3 uiinenTa neperpy3ku mo ToKy

_tp 100%
l_e T IIB%




7.6 HarpeB annapaToB Ipy KOPOTKOM 3aMbIKAHUM

IIpu pacyere TeMmeparypbl SJIEMEHTOB annapaToB B PEKHME KOPOTKOIO 3aMBIKAHMS
Onmarojapst Majol JUIMTENBHOCTH 3TOTO PEeXMMa MOXKHO MpeHeOpedb TEeIUIoM, OT/AaBaeMbIM BO
BHEIIHIOIO CPEJy, U CUUTaTh, YTO BCE TEILIO PACXOAYETCA HA MOBBILICHUE TEMIIEPATyphl IIPOBOJIHUKA.
B sToM ciydae sHepreruyeckuii 0ajaHC NMPOBOJHMKA, MMEIOIIETO CONMpPOTHBIEHHE R M Maccy M,
BBIPAXXACTCsl yPAaBHEHUEM

1> R-d-t=c-M-do

BBuny toro, uto TemmepaTypa MOXeT AocTHraTh Oonpmmx 3HadeHuil (300°C), nHeo6xoaumo
YUUTHIBATh N3MEHEHHE KaK CONMPOTHBICHHSA R, Tak W yAenbHOU TermoéMkocTd C OT TeMIlepaTyphl.
W3meneHne conpoTUBIEHUS POBOAHUKA OT TEMIIEPATYPHI

R:K,pN10+aﬂL
q

rare: K, - xo3¢p¢unueHt n006aBOUHBIX HOTEPh; L, - yAeldbHas TemnoeMkocts npu O°C; a -

TEMIEPaTypHbId KOA(P(PHUIMEHT CONPOTHUBICHHUS MaTepuala; ¢ - CEUeHHWEe MPOBOAHMKA; /[ - JUIMHA
IIPOBOJIHUKA.
3aBUCUMOCTD YJIEIbHON TEMIOEMKOCTH OT TEMIIEPATYPhI

C=C,(1+3-0),
rae: C, - yaenbHas TemioeMkocTs npu O°C; f - TemnepaTypHblid KO3 QUIUEHT TeIIOEMKOCTH.

Bripazus
M=y-l-g
U TIOJICTAaBUB B 3TH BBIPAXKEHUS TIOCTIE YIPOIICHHUS UMEEM
P Gorliepo)

—dt =

q9’ Ro'po(l+a'9)
B pe3ynbrare HHTETPHPOBAHHS OIYIHM

e

= 5211(.3. = A9/<3 - AHH

2 lm.

q
rae: 0 - IJIOTHOCTh TOKa;

A, , N A, - 3HaYCHUS MHTErpaja NpaBoil wactu npu BepxHeM (6, ) u HuxHeM (0, )
npejienax HHTErpupoBaHUs.

C 1enpio ynpoIeHus: pacyeToB MOCTPOCHBI KpUBbIe € = f (AO ),I[J'IH pa3IMYHbIX Matepuasion. C
MOMOIIbI0 3TUX KPUBBIX JIETKO MPOU3BECTH pacyeT Ha TEPMUYECKYI CTOMKOCTh ammaparta. B
COOTBETCTBUU CO CBOMCTBaMM IPOBOJHMKA U W3OJISIIIMM BhIOWMpaeTcs JOMyCcTUMas TeMIleparypa Hpu
KOPOTKOM 3aMbIKaHuu 6

., W IIPU HOMHMHAJILHOM TOKe @,;. C MOMOIIbIO KPUBBIX HAXOAUM A, , U
Ay, , COOTBETCTBYIOIIME Temmeparypam ¢ . W. 3Has &°t MOXHO NPH JAHHBIX ¢ ¥ [ ONPEEIUTH
CEUeHUe NMPOBOJHUKA ¢, JIMOO MPU U3BECTHBIX / U ¢ HAWTHU JOMYCTHUMBIH TOK KOPOTKOIO 3aMBIKAHHS.

Ecnu u3BecTen 10MyCTUMBINA TOK /, IIPU BPEMEHHU f, |, TO IOMyCTUMBIA TOK IIPYU BPEMEHH 1, ,

x.3.1?

VpaBHEHHE HE YYUTHIBACT TEIUIOOTIA4y B OKPYXAIOUIYI0 Cpexy, IOATOMY WM MOXKHO
N0JIK30BaThCs MpU BpeMeHu He 6oitee 10 c.

Ecnu ucnons3yercsa marepualn, s KOTOPOTO HET KPUBBIX, aHAJIOTMYHBIX, TO MpU [ <<«
pacuéT TepMUYECKON YCTOMYMBOCTH MTPOU3BOJIAT 1O (GOpMYIIe
52 = C,v 1nl+0{-¢9,<_3_
a-p, l+a-6,

[Ipy KOpPOTKOM 3aMbIKaHMM BOJU3M TeHEpaTopa M3-3a MEPEeXOAHBIX IPOLECCOB BEITUYMHA
NEPEMEHHOI COCTaBIAIONIEN TOKA, MPOTEKAIOLIEro yepe3 amnmnapar, MeHsercs. B atom ciydae pacuer
TEPMUYECKOI CTOMKOCTH BEJETCS MO YCTAHOBUBLIEMYCS TOKY KOPOTKOTO 3aMBIKaHUSA [ o



Bpemst npoxokIeHHs yYCTaHOBUBLIErocs TOKa [, TNPUHUMAETCS pPaBHbIM (UKTUBHOMY
BPCMCHH 1, .

DUKTUBHOE BpeMs f, - 9TO BPEMsi, IPU KOTOPOM TEILIO, BBIACILIOMICCCS IPH IPOXOXKACHUN
YCTaHOBUBILETrOCsS TOKA [ ., PABHO TEILLY, BBIAEIAIOIIEMYCS IPU IIPOXOKICHUM PEaIbHOIO TOKa 3a

peanbHOE BpeMs TPOTEKAHUS.
@UKTUBHOE BpeMs Ui [EPUOJUYECKOM COCTaBISIIOIICH TOKAa KOPOTKOIO 3aMbIKaHUS

"
!4 nep, HAXOTIUTCS € TIOMOWIBIO KpHUBBIX. [l jaHHOTO TeHeparopa ompenenswor f'=— (1" -

0

NEHCTBYIOIEE 3HAUCHUE CBEPXIIEPEXOAHOTO TOKA) U 3HAs JEHCTBUTEILHOE BPEeMsl IPOXOKACHUS TOKA
t., =t np, HaxXo AT Ly nep.

@DUKTUBHOE BpeMsI I allepUOINUYECKOM COCTABIISIONIEH TOKAa MOXKET OBITh ONpPEIETICHO
2
=0.005(3")

t¢.anep.
@UKTUBHOE BpEMsI

t¢ = t(é‘nep. + t¢.anep.
7.7 lonycTuMas TeMIepaTypa pasjJiMYHbIX YacTel dJIEKTPUYECKHUX ANNapaToB

[IpenenbHble TEMIIEPATYPBI JIIEMEHTOB ANNApPaTOB ONPEACIAIOTCS CBOMCTBAMU IMPUMEHEHHBIX
IIPOBOJIHUKOBBIX W H3OJIALIMOHHBIX MaTEPHAJIOB, [UIMTEIBHOCTBIO BO3JECHWCTBHS W Ha3HAYEHHEM
amnmnapara.

Temneparypa 371€MEHTOB ammapara B JUIMTEIIBHOM PEXHUME CKIaJbIBACTCS U3 TeMIEpaTyphl
OKpyXarollel cpesibl @, U MPEBBILICHUS TEMIIEPaTyphl:

0=0,+1
Cornacuno 'OCT nauOonbImast TeMiieparypa okpyxarorieit cpeaa npunsta +40°C.
Ecmn 6,>40°C, To TOKOBas Harpyska anmapara JoJKHA ObITh CHIDKEHA TaKUM 00pa3oM, 4TOOBI

npeaeNbHbIle TeMIlepaTypbl Haxomuiauch B cooTBercTBHM ¢ ['OCT (ymeHbIIaeTcss JOMYyCTUMOE
npessbliIeHne TeMnepaTypsl). Jlomyctumslit Tok npu 6,7#40°C onpeaensercs GopMynoit

Ecmu 6,<40°C, To TOKOBas Harpy3ka amnmnapara MOKeT ObITh YBEIMYEHA, HO HE Oojiee ueM Ha

20% c TakuM pacyeToM, 4TOObI MpeesibHbIe TeMiepaTypbl Obutn B cootBeTcTBUU ¢ ['OCT.
H_[I/IHBI, MNPUCOCAUHACMEBIC K allllapaTHBIM 3aXUMaM, JOJKHBI UMECTh TCMIICPATYPY HUIKE, YEM
9TH 32KHUMBI, JJIs1 TOTO, YTOOBI CO3/1aBaTh OTBO/I TEIJIa OT KOHTAKTOB.

7.8 Tepmuueckasi CTOMKOCTDb IJIEKTPHUUYECKHUX aNNapaToB

TokoBenyiue 4acTu, paCCYMTAHHBIE M BHIOPAHHBIE 10 JJIUTEIBHOMY PEXHUMY, JTOJKHBI ObITH
MPOBEPEHBl HAa TEPMUYECKYIO CTOMKOCTh MPU KOPOTKOM 3aMBIKAHUU C MOMOIIBIO PACCMOTPEHHBIX
3aBUCUMOCTEN W KpuBBIX. [Ipu pacdere Oepercs Hambosiee TsDKENBIN ciaydaid - K MOMEHTY Hadasa
KOPOTKOTO 3aMbIKaHUsl 3JIEMEHT allapara HarpeT MJIUTEIbHBIM TOKOM J0 MpPEAeNbHO JOMYCTUMOMN
TEMIIEpATypPhl ITOTO PEKUMA.

[TockoNbKy TOK TEPMUYECKOW CTOMKOCTHM 3aBUCUT OT JUJIMTEIBHOCTH €r0 MPOXOKICHUS, TO
TEPMHYECKasi CTOMKOCTh OTHOCHUTCS K OIpe/ieIcHHOMY BpeMeHu. B P® Tok TepMuyeckoil CTOMKOCTH
0OBIYHO OTHOCAT KO BpeMeHH 1; 3; 5 u 10 ¢ B 3aBUCHMMOCTH OT mapameTpoB ammapara. CBsi3b MEXIY
TOKaMH TEPMUYECKON CTOMKOCTH ISl pa3JINYHBIX BPEMEH ONPEIEIAETCS PAaBEHCTBOM

I 1=17-3=1}-5=1,-10.



8 QJIEKTPOMATI'HUTHBIE KOHTAKTOPBI HEPEMEHHOI'O TOKA

8.1 HazHauyeHne KOHTAKTOPOB

Konraktopel - 3T0 DA [AHMCTAaHIIMOHHOTO JEHCTBUS, MpEeAHA3HAUYEHHBIE [Jisi YacTbIX,
BKJIFOYCHUH M OTKIIFOYEHHH CHJIOBBIX AJIEKTPUYECKUX IIETICH NMPU HOPMAIBHBIX pPEXUMax palOTHI.
3amMbIKaHUE WM Pa3MbIKaHHE KOHTAKTOB KOHTAKTOpA OCYIIECTBISIETCS Yalle BCEro Mo BO3/IEHCTBUEM
3JIEKTPOMArHUTHOTO MPUBO/IA.

8.2 Knaccuukanusi KOHTAKTOPOB

B 3aBucumoctd OT poja MNOpPUBOJIAa KOHTAKTOPHOM CHUCTEMBI pa3MyalOT KOHTAKTOPHI
NeKMpoMasHUmMHUble, NHeeMamuyeckue u 2uopasiuyeckue. IIHeBMaTHYEeCKHE U TUAPABINYECKHE
KOHTAKTOPBI, IJI€ OTKPHITUE WM 3aKPBITHE MPOXO0KIEHUS BO3/1yXa OCYIIECTBIISIETCS JJIIEKTPOMAarHUTOM
WM KaKUM-JINOO JPYTUM JUCTAHIIMOHHBIX CIIOCOOOM 371eCh HE pPacCMaTPHUBAETCS.

KoHTakToph! pa3nuyaroTcs o poay TOKa: nocmoanHo2o, nepemennozo (dacroroi 50 u 60 I'n) ,
a TaKke TEePEeMEHHOTO ToKa MOBBIMEeHHOW YacToThl (M0 10 x['1r) . OHM MOTYT BBIOJTHATHCS C
YIPaBIECHUEM Ha IOCTOSHHOM WJIM NEpeMEHHOM Tor 4dactorod 50 m 60 I'm He3aBHUCHMMO OT poaa
TJIABHOM LIETIH.

Koumaxmopwr nocmosinno2o moka nipeiHa3HA4YEHBbI JIs1 KOMMYTAIUH LIETIed TOCTOSHHOTO TOKa
U, KaK MPaBWIIo, IPUBOJATCS B ACHCTBHE FIEKTPOMArHUTOM IOCTOSTHHOTO TOKA.

Koumaxmopwr nepemennoco moka mnpelHa3HayeHbl IS KOMMYTAllMU LieNeld MepeMEeHHOIro
TOKA. DJIEKTPOMATHUTHI ATUX KOHTAKTOPOB MOTYT OBITh KaK MEPEMEHHOT0, TAK ¥ IIOCTOSIHHOTO TOKA.

[To HanbonpIIel YacToTe BKIIOYEHUH B Yac W MOBTOPHO-KPATKOBPEMEHHOM PEXKHME PabOThI
KOHTaKTOphl Aenstces Ha knacceel 0; 3; 1,3; 10; 30, uro coorBerctByer uacrore 30, 120, 300, 1200,
3600 BxmroueHwit B vac. HopmupoBaHHas MeXaHMYECKash H3HOCOCTOMKOCTH gocturaer 30 MuiH.
IIUKJIOB, KOMMYTAIIMOHHASI U3HOCOCTOMKOCTH JTOMKHA ObITh He MeHee 0,1 mexanndeckoil. KoHTakTOpBI
B OCHOBHOM BBINOJNHAIOTCS 1O 10-My Kjaccy M Ha COOTBETCTBYIOIIYIO MEXaHHUYECKYIO
HU3HOCOCTOMKOCTh

8.3 O0sacTh NpUMEHEHUS KOHTAKTOPOB

DNEeKTPOMarHUTHBIE KOHTAKTOPHI TMOJYYMIIM IIMPOKOE PACHPOCTPAHEHUE, OHHU SBIISIOTCS
OCHOBHBIMHW KOMMYTHUPYIOIIUMU allliapaTaMu CXEM aBTOMATU3UPOBAHHOI'O 3JICKTPOIIPUBOAA.

N3roToBIsAI0TCS KOHTAKTOPHI TJIABHBIM 00pa3oM Ha Toku ji¢c 630 A, Hanpspkeruem 220, 440 B
noctostHHOro Toka u 380, 660 B wacrotoit 50 u 60 'l mepeMeHHOro TOKa, 4acToToil BriItoueHui 600,
1200 BxmroueHuit B vac (10-bIid KJ1acc) ¥ COOTBETCTBYIONIEH MEXaHUYECKON M3HOCOCTOMKOCThIO (10 -
15u.1 -5 MJIH. IUKJIIOB).

8.4 Y3.bl KOHTAKTOPA M NPUHIMI ero AeiicTBUA; pu3nyecKne sBJICHHUS, IPONCXOASIINE B
3J1eKTPHYECKOM amnmnapare

KonrtakTtop (puc. 23) wuMeeT CHeAyOIIHMEe OCHOBHBIC Y3Jbl: KOHTAaKTHYIH CHCTEMY,
AYTroraCuTCJIbHOC yCTpOfICTBO, SJICKTPOMArHuT U CUCTCMY BCIIOMOTATCIIbHBIX KOHTAKTOB.
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Puc. 23. IIpssimoxoa0Boit KOIV-IT;lIV(”E(V)Vp

['1aBHBIE KOHTAKTBI OCYIIECTBIISIOT V Pa3MbIKAaHHUE CUJIOBOM LIETIH.

JlyroracutenbHasi cucTeMa 00ecredrBaeT TalleHue JIEKTPHUECKO JTyrd, BOSHUKAIOUIEH Mpu
pa3MbIKaHUU TJIABHBIX KOHTaKTOB.

DJNEeKTpOMarHuTHas cucreMa OOeCleYMBaeT MUCTAHIIMOHHOE YIPABJICHHWE KOHTAKTOPOM, T.€.
BKJIFOYEHHUE U OTKIIFOUECHHE.

[Tpu monade HanpsKEHUS HA OOMOTKY 3JIEKTPOMArHUTa KOHTAKTOPa €ro SKOPh MPUTATUBASTCS.
[ToaBMKHBIM KOHTAKT, CBSI3aHHBIA C SIKOPEM JJIEKTPOMArHuTa, 3aMbIKA€T WJIM PA3MBIKAET IIABHYIO
LENb.

BcnomorarenbHble KOHTAKThl TPOU3BOAAT MEPEKIIOYEHUS B LENAX YIPaBICHUS KOHTAKTOpa,
ONMOKMPOBKM M curHanmu3anuu. OHM PacCUUTBHIBAIOTCS HA MPOJOJDKHTEIBHOE IMPOBEIACHHUE TOKAa HE
6onee 20 A u oTKIIIOUEHHUE TOKA HE Oosee 5 A.

Ha puc. (puc. 23) nuzo0pakeHa KOHCTPYKTHBHAs CXeMa KOHTAKTOpa MpSIMOX010BOro THmna. [1pu
nojilaye HampspKeHUsT Ha OOMOTKY 6 AJIEKTPOMAarHUTHOTO MPHUBOJIA BOSHUKAET MAarHUTHBIN MOTOK @,
KOTOPBINA pa3BUBAET JIEKTPOMAarHUTHYIO CHIIY ¥ IPUTATUBAET K MOJII0OcaM S5 BepXHuil sikops 4. Bmecre
C HMM IIEPEMECTUTCA BHU3 KOHTAKTHBIN 3JIEMEHT 2, MOCTUKOBBIE KOHTAKTHI 2 U 3 3aMKHYT LIEMb TOKA
Iy. KonTakTHas npyXuHa 00€CTIEYUT HEOOXOAMMYIO CHITY Hakatus Py B 3aMKHYTHIX KOHTakTax. s
OTKJIIOUEHHS aliapara CHUMaeTcsl HampsbkeHue ¢ oOMoTku 6. Toraa mcuesHeT 3JIeKTpOMarHuTHas
cuJia mpuBoJia U cuion Py oTkItouaronieit npy>XKuHbI MOABUAKHASL CUCTEMA MEPEMECTUTCS BBEPX, a LIeTh
Tok Iy Oymer pazopBaHa KoHTakTamMH 2 W 3. BO3HHKaImMe MPU OTKIIOYCHUH TOKA AJIECKTPUUYCCKUE
JIyTU MEXKJy KOHTaKTaMu 2 ¥ 3 TacsiTCcsl B JyrOraCUTEIbHOM yCTpoHcTBE 1.

8.5 ITapameTpbl KOHTAKTOPOB

OCHOBHBIMU TEXHMYECKUMU NAPAMETPAMH KOHTAKTOPOB SIBISIOTCS: [jjom IVIABHBIX KOHTAKTOB,
npeoenvublii omxaouaemsvii mox, Ugom KOMMYTHPYEMOM LIETIH, MEXAHWYECKass U KOMMYTallMOHHAas
M3HOCOCTOMKOCTh, JOMYCTUMOE YHCIO BKJIIOUEHHWH B 4ac, COOCTBEHHOE BpeMsl BKIIIOUEHHUS tp U
OTK/IIOUECHHUA {.

Inom KOHTAKTOpA - 3TO TOK, KOTOPBII MOXHO MPOITYCKaTh MO 3aMKHYTBIM I'JIJABHBIM KOHTaKTaM
B TeYeHHMU & yacoB 0e3 KOMMyTauuil W 0e3 MpEeBBIIICHUS JOMYCTHMOH TeMIepaTypbl Pa3n4HbIX
yacTel KOHTaKTopa.

HomunaneHbIi pabounii TOK KOHTAKTOpa Ijjom.p. - TO AOMYCTUMBIN TOK Yepe3 ero 3aMKHYThIC
[JIaBHbIE KOHTAKThl B KOHKPETHBIX YCIOBHSX NpUMeHeHus. Tak, Hanpumep, /nomp. KOHTAKTOpa s
KOMMYTAllUM AaCHUHXPOHHBIX JBHTraTteie ¢ K.3. POTOPOM BBIOMpAeTCs W3 YCIOBUS BKIIIOUEHUS
HIECTUKPATHOTO ITyCKOOTO TOKA JIBUTATEIIs.

Unom Ha3bIBaeTCsl HAMOOJIbIIIee HANIPSHKEHHE KOMMYTHPYEMOM 1IenH, /Ui padOoThl IPU KOTOPOM
IIpeHa3HaYeH KOHTAKTOP.

CriocoOHOCTh ~ KOHTakTOopa o0ecrneduTbh paboTy Tmpu  OONbIIEM YHCIE  ONepaIuii
XapakTEepU3yeTCsl  M3HOCOCTOMKOCTBIO.  Pa3nmnyaroT  MEXaHMYEeCKyl0 W KOMMYTalMOHHYIO
M3HOCOCTOMKOCTh. MexaHuueckass M3HOCOCTOMKOCTb OIPENEISETCS] YMCIOM LUKIOB BKIIOUEHHH -
OTKJIIOUEHHE KOHTAaKTOpa 0e3 peMOHTa M 3aMEHBbI €ro y3J0B U JeTanell. Tok B Lenu mpu 3TOM paBeH
Hya0. MexaHnuyeckass M3HOCOCTOMKOCTh COBPEMEHHBIX KOHTakTOpoB cocrtasiser (10 - 20)10°
onepanui.

KoMMyTanmoHHy10 M3HOCOCTOMKOCTH OMPEAEIIAECTCS YUCIOM BKIIIOUEHUM U OTKIIOYEHUH Lenn



C TOKOM, TIOCJIe KOTOPOTO TpedyeTcs 3ameHa KOHTaKTOB. COBpeMEHHbBIE KOHTAKTOPHI JIOJDKHBI UMETh
KOMMYTAIMOHHYIO H3HOCOCTONKOCTH (2 - 3)10° omeparmii.

Cobcmeennoe epems  ekaoueHusi (tg) COCTOMT W3 BPEMEHM HApacTaHWs IIOTOKAa B
AJNIEKTPOMATrHUTE KOHTAKTOpa 1O 3HAYEHUsS MOTOKAa TPOTaHUS W BPEMEHHM JBWXKEHUS siKops. [lis
KOHTaKTOPOB MOCTOSAHHOTO TOKa ¢ Ipom=100 A, tg = 0,14 c; nns kKoHTakTOpoB ¢ Iyom = 630 A, tg =
0,37 c.

Cobcmeennoe 6pemsi omkarodeHusi KOHTaKTopa tp - BpeMs C MOMEHTa OOECTOYMBAHUS
AJIIEKTPOMArHUTa KOHTAKTOpa JI0 MOMEHTA pa3MbIKaHUsl €r0 KOHTAaKTOB. B KOHTaKTOpax MOCTOSTHHOTO
ToKa ¢ Iyom = 100 A, to = 0,07 ¢, B koHTakTOpax ¢ Iyom = 630 A, to =0, 33 c.



9 QJIEKTPOMAT'HUTHBIE CUCTEMbBI 1 CEPUN KOHTAKTOPOB

9.1 KoutakTHas cucTreMa

KonraktHas cucrema. Beimyckarorcs Ha Iyom ot 100 mo 1000 A npu uucne TJIaBHBIX
KOHTAaKTOB OT oaHOoro mo0 nsaTd. Hambonee pacnpocTpaHeHbl KOHTAKTOPBI TPEXITOIFOCHOTO
ucrosiHeHus1. KOHTaKTOpbl MMEIOT BCIIOMOTATENbHBIE KOHTAKTBI, KOTOPhIE NMPHUBOMISITCS B JICHCTBHE
TEM K€ IJIEKTPOMArHUTOM, UYTO U TJIaBHbIE KOHTAKTBHI.

9.2 JJjIeKTPOMATHUTHBIE CUCTEeMbI: (pU3HUECKHE SIBJICHUS, IPOUCXOAsIIIINE B
JJIEKTPUYECKHX annaparax

a) DJIEKTPOMArHUTHbIEe CHCTeMbl. /(751 yMEHBIICHUSI TOTEPh OT BUXPEBBIX TOKOB CHCTEMBI
BBITMIOJHSIOTCS IIUXTOBAaHHBIMU, T.€. HAaOWpAIOTCS U3 OTAENBHBIX H30JMPOBAHHBIX IPYr OT Apyra
riacTuH. [{ns yctpanenus BuOpauuu sxkopst cucrema cHadxkena K.3. ButkoM. Karymiku HU3KOOMHBIE,
C MaJbIM YHCJIOM BUTKOB. DJEKTPOMarHuTHas CHCTeMa HE3aBUCHUMO OT THUIIA COCTOUT U3 CEpJICUHHKA,
sikops, K.3. BUTKa, KaTyIIK1 U KPENeXHbIX JeTaJIeH.

0) JdyroracurejbHble cucTeMbl. /{7151 KOHTaKTOPOB ¢ 0HO(A3HBIM pa3pbiBOM Ha ¢azy Ha U =
380 B u yacrory m0 600 BKJI/4 MpUMEHSETCS MAarHUTHOE TallleHue B KaMepax ¢ MIHUPOKUMH IIEISIMH.
Jns KOHTakTOpOB TsDKenoro pexkuma padorsl 1200 Bkia/u m Oomee Ha U = 660 B mmpokoe
pacnpoCTpaHEeHUE MOJIYYWIO 3JEKTPOMAarHUTHOE TallleHHE B KamMepax C y3KUMHU LIENsIMHU, a Tak XKe
KOMOMHHMPOBAHHBIX KaMmepax - C y3KMMHU 3UIr3arooOpa3HbIMH U JAPYTUMHU IIEISIMH B COUYETAaHUH C
IUTaMETaCUTEIbHBIMU PEIIeTKaMU, II€ TaKXKe MCKII0YaeTCsl BBIOPOC Myrd M €€ TUIAMEHH 3a MPEJIeibl
KaMepBhl.

Ocobo crienyer OTMETHTHh NPUMEHEHHUE IS KOHTAKTOPOB MEPEMEHHOTO TOKa Oe3ayroBoii
KOMMYTalll{, 4YTO BO MHOTO pa3 MOBBIIIAET U3HOCOCTOMKOCTh KOHTAKTOB.

Tak, B KOHTaKTOpax ¢ 0e31yroBoil kKoMMyTanuei (IIyHTHPOBaHUE KOHTAKTOB TUPUCTOPAMH) B
peXrMax KOMMYTallMHM, COOTBETCTBYrOHMX KaTeropusm mnpumeHeHus AC-3 u AC-4, pgocturaercs
KOMMYTallMOHHasi W3HOCOCTOMKOCTh KOHTAKTOB HE MEHEe 5 MIIH. LIMKIOB, B TO BpeMs Kak y
KOHTaKTOPOB C 3JI€KTPOMArHUTHHIM ralieHneM oHa coctaBiseT 0,5 MITH. IIUKIIOB.

9.3 KoHCTpyKIMSI KOHTAKTOPOB NEPEeMEHHOI0 TOKA

Kunemarnueckue cxembl. KuHemarnueckue CXeMbl COBPEMEHHBIX  KOHTaKTOPOB
MEPEMEHHOT0 TOKA XapaKTePU3YIOTCs OOJBIINM Pa3HOOOpa3HEM.

[ToBOpOTHBIE CXEMBI MPUMEHSIIOTCS MPEUMYIIECTBEHHO B KOHTAKTOPaX TSDKEIIOro pekuMa
paboThl W CHENUANbHBIX, HallpUMEp B KOHTAaKTOpaX CO CMEIIAaHHBIMH KOHTakTaMu. Bpaienue B
MOJIIIUITHUKAX CKOJIBKCHHS HE O00€CIeuMBacT BBICOKOM MEXaHMUYECKOM  HM3HOCOCTOMKOCTH. Jist
JOCTH>KEHHS] U3BHOCOCTOMKOCTH 10 MIIH. IIMKJIOB U BBIILIE NIEPEXOIAT HA BPAILLIEHHUE BaJla KOHTAKTOpPA Ha
nandax WM npu3MaTHdeckux noAmunaukax. [locnennee takxke obierdaer cOOpKy KOHTAKTOpa, Tak
Kak o0ecreuynBaeT CaMOyCTaHOBKY BaJa.

[lIupoko mnpumensierca npsMmoxojgoBas cxema (puc.3.1, a). B Hell wuckmodaroTCs
IIPOMEKYTOUHBIE 3BEHbSI U IIAPHUPHBIE COEAMHEHMS OT SIKOps K KOHTakTaMm. MHOrna KOHTaKThI
HETIOCPEICTBEHHO CBS3BIBAIOTCA C sikopeM (puc.3.1,0). SIkoph mepememniaeTcs B HAMPaBISIIONINX, TJIe
TPYILICHCS Mapoy ABJISETCS METaT — IlacTMacca.

OTCcyTCTBHE KAKUX-TUOO IMIAPHUPHBIX COCJAMHEHWH W TIOJIIMITHUKOB TO3BOJISIET IMOJYYHUTh
BBICOKYI0 MEXAHUYECKYI) HM3HOCOCTOMKOCTh. (OJIHAKO 3a CyYeT YyJapoB B MAarHUTHOM CHCTEME,
HEIMOCPEICTBEHHO MepelaBaeMbIX KOHTAKTaM, 3[1€Ch MPOUCXOIUT JOMOJHUTEIBHBIM «BTOPUYHBIN
npebesr KOHTakToB, [Iist ycTpaHeHus: KOTOpOro HEOOXOAMMO MPUMEHATDH CIIEHUANbHbIE MEpbI. 31eCh



TPYAHO MOJIYYUTh HAWITy4lllee COOTHOIIEHUE MEXKTY TSITOBOM U MEXaHMUYECKOH XapaKTepPUCTUKAMHU.

Hapsiny ¢ npsiMoxo70BOi BecbMa LIMPOKOE PACIPOCTPAHEHUE TMOJYUYHIIH CXEMBI, B KOTOPBIX
nepegavya ABMXKCHUS OT AJIEKTPOMArHuTa K KOHTaKTaM OCYLIECTBIISETCS 4Yepe3 MIapHUPHO-PhIUaKHbIE
coenuHeHus. CyliecTBOBaBIlleE MHEHHME, YTO IIAPHUPHBIE COENUWHEHUs (OCH, BTYJIKH U T. I.) HE
00ecreunBarOT JTOCTAaTOYHOW MEXaHMYECKOW W3HOCOCTOMKOCTH, TMPAKTUYECKH OMPOBEPTHYTO.
Bricokast usHococtoikocTh (10 10 MIIH. IIUKIJIOB M BBIIIE) MIAPHUPHBIX COCIUHEHUU JOCTUTaeTCs
MPAaBWIBHBIM MX PAacuyeTOM W KOHCTPYKILHMEH, OTCYyTCTBHEM YAApOB B HHUX, MPABWJIBHBIM MOJ00POM
Tpyllelcs mapbl, HampuUMep NPUMEHEHHWEM B KauecTBE TPYIIMXCS JAeTalied mapbl MeTaul —
iacTMacca H T. 1.

[lepenaya nBUXKEHHS OT AJIEKTPOMATHUTA K KOHTAKTaM 4Ye€pe3 PhIUaXHYI0 CUCTEMY IMO3BOJISET
noo0paTh ’KeJaeMoe COOTHOLICHHE IUIeY U JIOCTHUTHYTh HauOojiee OlaromnpHsATHOTO COOTHOIICHHUS
MEXKJy MEXaHWYeCKOM W TATOBOM XapakTepucTukamMu. Hampumep, cxema Ha puc. 24, T,
IpeCTaBIIsIomas co00i coueTaHne MOBOPOTHONM MAarHUTHOM CHUCTEMBI C MPSMOXO0BOI KOHTaKTHOMN
CUCTEMOM, TO3BOJSET MOJYUYUTh CHIKEHHE CKOPOCTH KOHTAaKTOB B MOMEHT HMX 3aMbIKaHUS U
COOTBETCTBYIOIIEE IMOBBIIICHUE Ha)KaTUs HA KOHTAKThl. Takas KUHEMaTUKa Jajia BO3MOXHOCTh
MPUMEHUTh MHOTOCTYIIEHUATyI0 KOHTAKTHYIO CUCTEMY IPU YETHIPEXKPATHOM pa3pbIBE HA MOJtOC 0e3
CYIIECTBEHHOTO  YBEJIMYEHHUS pa3sMEpOB MarHUTHOM cucTteMbl. JIBuXkyiidecs BO B3aUMHO
MEePIEHANKYJISIPHBIX TUIOCKOCTSX MPSMOXO0JI0BbIe (puc. 24, B) WM TOBOpPOTHBIE (puc. 24, 1)
KOHTAKTHbIE ¥ MarHUTHBIE CUCTEMbI MPUBOAAT K CHI)KEHHUIO CTETIEHH B3aUMHOTO BIUSHUS YIAapoOB B
K101 3 cucreM. Knnemarnueckasi cxema Ha puc. 24, e TO3BOJISIET 00€CTICUUTh MPU OJJUHAKOBOM IO
OTHOIICHHIO K CXeMaM Ha pHc. 24, @ u 6 MarHUTHOU cucTeMe 0oJiee BHICOKOE KOHTAKTHOE HaXKaTHe.
Opnako B cxeme Ha puc. 24, e cnefyeT 0XuaaTh 00s1ee CUIbHBIX YIapoB, Ui yCTPaHEHHs BPEIHOTO
BIIUSTHUS KOTOPBIX HEOOXOIMMO MPUMEHSTH CTICIIHATbHBIC MEPHI.

JI1st HopManbHBIX yCIOBUM paOboThl (B ocHOBHOM Kateropusi AC-3) KOHTAKTOPBI BBITTOJTHSIIOTCS
10 KHHEMATUYECKUM CXeMaM, U300pakeHHBIM Ha pHc. 24.

b
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Puc. 24. XapakTepHble KHHEMAaTUUYECKHUE CXEMbI KOHTAKTOPOB IMEPEMEHHOTO TOKA
HOPMAJTBHOTO PEeKUMa pabOTHL: a,0,B - MPSMOX0/I0Basi CXEMa; T,JI,€ - TOBOPOTHAS CXeMa MarHUTHON
CUCTEMBI.

Jnst TsoKenbix  pexxuMoB  paboThl (AC-4) KOHTakTOpHl BBIOMHSIOTCS C TMOBOPOTHBIMHU
kuHeMmarndeckumu cxemMamu Ha U 1o 660 B yvacroroit 50 u 60 I'i. OTH KOHTaKTOPHI MPUTOIHBI IS
paboThI Ha TOCTOSTHHOM TOKe 10 440 B. @akTU4yecku 3TO KOHTAKTOPHI IEPEMEHHO-TIOCTOSTHHOTO TOKA.
Kax mpumep Takux KOHTaKTOpOB MpuBeneM KoHTakTophl cepun KT6600 1 ee Mmoaudukammm.



9.4 KonTakropsl cepuu KT6600

KonTakTopsl cepun KT6600 BoimyckaroTcst Ha Toku 10 160 A, Hanpsbkenue 660 B wactotoit 50
u 60 I'm u 440 B mocrosHHoro Toka. Yacrora BraoueHuii g0 1200 BkiI/4, MexaHUYECKas
n3HOcocToikocTh 10x10° [UKJIOB, KOMMYTAIIMOHHAsI ©3HOCOCTOMKOCTh 10° IIUKJIOB.

9.5 Konrakropsl cepuu KT64 n KT65

Kontaktopsl cepunt KT64 u KT65 Beimyckarorcst Ha Toku 10 630 A U Te K€ HanpsHKEHUs U
OpPEeACTaBISAIOT 000l KOMOMHUpPOBaHHBIM ammapaT u3 KoHTaktopa cepun KT 6600 wu
[10JTyIIPOBOHMKOBOTO OJI0Ka 6€3XyroBoil KOMMYTAIHH. MexaHuueckas H3HOCOCTOHKOCTH (5...15)10°
LUKJIOB, B 3aBUCUMOCTHU OT 3Ha4€HUA [Hom, KOMMYTAllMOHHAS U3HOCOCTOMKOCTh (KI/I)S-IO6 IUKJIOB, a
MpU KOMMYTaUu Igom 15-10° ITUKJIOB.

KoHcTpyKIMs KOHTAaKTOPOB MOHOOJIOYHAS ¢ TOBOPOTHOM MOBUKHON CHCTEMOM.

9.6 Konrakropsl cepuun MK

Konrakropsr cepun MK moryt padotaTth B memsx noctossHaoro toka U g0 440 B u B memnsix
nepemeHHoro toka U go 660 B, wactoroit 50, 60 I'n nmpu /iy no 160 A. DneKTpOMarHuTHBIN NPUBOJ
KOHTaKTOpa BBIMOJHAETCS TOJIBKO Ha TMOCTOSSHHOM Toke ¢ U24-220 B. Jlng rameHus ayru
MOCTOSIHHOTO TOKAa MMEIOTCS JIB€ CUCTEMbl MAarHMUTHOTO TallleHUsl C KaTymKoW Toka. KoHTakTopbl B
3aBHCUMOCTH OT MOJU(UKALIUKA MOTYT UMETh OT OJIHOM /10 TPEX CUCTEM IJIaBHBIX KOHTAKTOPOB. Takum
00pa3oM, KOHTAaKTOp MOXET paboTaTh B Tpex(}a3HBIX MEMSIX U MPU STOM HCIIOIB30BAThCS IS MyCcKa
Tpex(da3HbIX aCHHXPOHHBIX ABUrareneil. KoHTakrop mMeeT Takke 4YeThIpe IeMH BCIOMOTATEIbHBIX
3aMBIKAIOIIMX U Pa3MbIKAIOIUX KOHTAaKTOB. MU koHTakTOpOB € Iy A0 63A 16x106, ¢y 100 A u 160A
— 10x10° uukioB. Homnyctumas yactora cpabatsiBanus 1200 Bxi/a mpu [1B=40%.

Jlnst yBenmu4yeHUs: U3HOCOCTOMKOCTH M HAJEXKHOCTH KOHTakTOpoB cepuu MK wucnonb3yercs
MOJYNPOBOJHUKOBAs TipucTtaBka. KoHrakropel MK ¢ mpucTtaBkoil mpeaHa3sHay€Hbl ISl TSHKEIOro
pexnma pabotel AC-4 ¢ yactoroit kommyraruu 1200 Bki/49 ubonee. Ix KU cocrasnser 5x10° mukioB
npu Iy = 63A u 3x10° wukitos mpu Iy = 100 A.

9.7 KoHTAaKTOpPBI IEPEeMEHHOI0 TOKA Ha Hanpskenue 1140 B

DneKkTpuueckass cxema KOHTakTopa ¢ Oe3qyroBoil KoMMyTalueld mnpuBeleHa Ha puc. 25.
KoHTakTOp MMeeT Tpu OCHOBHBIX KOHTAKTa 1, 2, 3 U COOTBETCTBYIOIIHME TYIOTaCUTEIbHBIE KOHTAKTHI
1.1 u 1.2, 2.1, 3.1 u 3.2 ¢ CHHXpPOHU3UPYIOIIMMHU KaTyIIKaMH MU JUOJaMH, OOECTIeUYHBAIOIINMU
0e31yroBoe OTKJIIOYEHHE. 3aMbIKaHWE OCHOBHBIX U JYIOracUTEIbHBIX KOHTAKTOB MPHU BKIIOYCHHUU
KOHTAKTOpa M yJep>KaHUH UX B 3aMKHYTOM COCTOSTHHH OCYILECTBIISIETCSI OOIIUM 3JEKTPOMAarHUTHBIM
MPUBOJOM C BTATHBaromeld KaTymkod 4. OCHOBHBIC TOJBIKHBIE KOHTAKTHI, KaK M B OOBIYHBIX
KOHTaKTOpax, CBA3aHHbI )KECTKO C IIPUBOJOM.
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Puc.25. [IpuHiunuanbHas 3JIeKTpUYecKas cXeMa KOHTaKTOpa ¢ CAHXPOHU3UPOBAHHBIM
OTKJIIOYEHUEM

Konctpykuus oanoro w3 momtocoB, (B) 3mech ympolieHa - OCHOBHOM KOHTAaKT B HEM
IIYHTUPOBAH TOJBKO OJIHUM JAYTOraCUTEIbHBIM KOHTAKTOM C CHHXPOHU3HUPYIOIINUM AJIEKTPOMArHuTOM,
JUOJIBI OTCYTCTBYIOT. [10 KOMMYTAallMOHHOW CIIOCOOHOCTH KOHTAKTOpP YAOBIETBOPSET TPEOOBAHUSIM
I'OCT 11206 - 77E no xareropusim npumeHenust AC-3 u AC-4 npu yacrore BkiroueHut no 1200
BKJI/4.

9.8 KoHTaKTOpBI NEPEMEHHOI0 TOKA BAKYYMHbIE

BakyyMmHBIE KOHTaKkTOpbl MMEKOT repmeTudyHoe Y, ¢ HOMOLIBI0 KOTOPOIrO OTKIIIOYEHHUE
KOMMYTHPYEMOH 1LIeTIi IPOUCXOANT B BAaKyyMHOM cpejie 3a ouH-/Ba noaynepuona. Pazpaboransl Ha
Tku 10 630 A, Hanpsikerne 10 1140 B gactoroit 50 u 60 I'y, Ha gactoTy BKItodeHwit 10 1200 BKII/4.
KonTakTopbl BakyyMHBIE OOECHEUMBAIOT BBICOKYIO KOMMYTAlIMOHHYIO criocoOHocTh. Hampumep, y
koHTakTopa Ha Iy 400A, npu U = 660 -1140 B coorBercTBeHHO TOK BKiItoueHHs 8800 — 6500 Ar Tok
otkimovyeHusa 4800 — 3450 A, Tox nuHamuyeckou crorkoctu 10000 A, repmuueckas crorkocts 8000
A’c. Ha TaKoif 0CHOBE CO3/[aHBI Tpexdazubie KoHTakTopbl THIIOB KT12P33 u KT 12P37 ¢ I;; 160 A u
400 A u Uy 660 u 1140 B. KontakTopsl npeaHasHadeHsl s paboTel B pexkumax AC-3 u AC-4 npu
yucie nukiaoB 600 u 1200 B yac ¢ BBICOKON M3HOCOCTOMKOCTBIO.

9.9 Br100op, NpUMEHEeHN e U IKCIUIYATAlMs KOHTAKTOPOB

Baxneiiielr xapakrepuctukoir KoHTakTopoB (K) sBisieTcss peXUM KOMMYTALMM Harpys3kH.
XapakTepuCTUKH peXUMOB KommyTaluu K cienyer ncnonb30Bath Ipyu UX BeIOOpE.

Jia K cepun KIIB nomycTumblli TOK NMOBTOPHO KPAaTKOBPEMEHHOIO pexuma [jor € y4eTOM
HarpeBa KOHTaKTOB MOXHO ONpPeAETUTh o hopmyie

IHOM
Inon = ,
\/HB% o \/HB%
100 600V 100
rae Igom - HOMHHAIBHBIA TOK KOHTaKTOpa IS JUIMTENBHOrO pexuma paboter; [IB -

MPOJIOJKUTENBHOCTD BKIIIOUEHHUS, Y0; 1 - YUCJIO BKIIFOYEHHH B Yac.
B psine ciydaeB 3aBO1OM-M3rOTOBUTENIEM YKA3bIBAIOTCA JTOMYCTUMbIE KOMMYyTHpYyeMble TOKH K



NP Pa3JIMYHBIX PEKUMaX paOOThl U PA3TUIHOM HAIPSHKEHUH KOMMYTHPYEMOM IIETIH.

KOHC63_HI/ISI HAIIpsAKCHUA Ha KaTYIIKE KB OKCIUTyaTalluu JOJI’KHBI HaXOAWUTHCA B IPCIciiax,
rapaHTUPYEMBIX 3aBOJIOM-H3roToBUTeNeM (00br4HO +10 u -15% HomuHanbHOrO 3HaueHus) .Ilpu
3aKa3€¢ KOHTAKTOpa HCOGXOI[I/IMO YKa3aTb €ro TUIl, HANPSKCHUC U TOK LCIHU TI'IAaBHBIX KOHTAKTOPOB
(4acToTy, €clii TOK TIEPEMEHHBIN ), YUCII0 M UCIIOJIHEHHE BCIIOMOTATEIIbHBIX KOHTAKTOB (3aMBIKAOIINX
U Pa3MBIKAIOININX), HAMPSKEHUE KATYIIKH, KIMMATUYECKOE HUCIIOTHEHUE M KAaTETOPHUIO Pa3MEILIEHUsI.
Toxk, Hanmpumep, 11 kKoHTakTopa cepun MK mist Toka 40A yvacroroit 50 ' u HanpsbkenueMm 380 B,
MNpeaAHa3HAYCHHOT'O JJIsd pa6OTBI B 30HC YMCPCHHOI'O KJMMAaTa B 3aKPbLITOM IIOMCHICHUH, CJICAYCT
Hanucatb: KoHTaktrop MK1, 380 B, 50 I'i, 40A (rimaBHBIE KOHTAKTOPHI), OAMH 3aMBIKAIONTUH KOHTAKT;
BCIIOMOTATEJIbHBIE KOHTAKTHI: JIBA 3aMBIKAIOIIMX M JBa pa3MbIKalOUX; KaTymka 24 B. Mcnonnenue
V3.



10 DJIEKTPOMATI'HUTHBIE KOHTAKTOPBI IOTOAHHOI'O TOKA

10.1 PesxxuMbl padoThl KOHTAKTOPOB, (PpU3HYeCKUE SIBJICHHS, IPOUCXOAsIIIIAE B
3JIEKTPUYECKHX annaparax

KommyTannonHas ciocoOHOCTh KOHTAKTOPOB OIPEEINSETCS] U PeriaMeHTUPYETCs yCIOBUSIMHU
paboThl. B HacTosiee Bpemst 4acToTa KOMMYTAIlMK B CXeMax AJIEKTporpuBoja gocturaet 3600 B vac.
OTOT pexuM paboThl sBIsETCS HaumbOonee TsokenbiM. OCHOBHBIMU ONEpalMsIMU  YIpPaBICHUS
JEKTPONPUBOJAMH SIBJISIETCSI MYCK, PEBEPCHPOBAHUE, TOPMOXKEHHE, OTKIoueHue. Ha mepemeHHOM
TOKE 3TO O3HAYAET:

1) Brmtouenue mnpu Iyom U Cosep = 0,3..0,4 mIECTUKpAaTHBIX U peXe JecATH -

JMBEHAANATUKPATHBIX Igom MPH MYCKE W PEBEpCe ACHHXPOHHOTO JIBUTATENs C KOPOTKO3aMKHYTHIM
pOTOpOM;

2) otkmouenue Iyom 1pu U 1o 0,2 Upom ABUTATENEH, BPAIAIOIIUXCS C TIOTHOH (W OIHM3KOM
K Heil) yactoToil BpameHus, win 6-10 kpatabix TokoB mpu (1. .1,1)Ugom 1 Cose = 0,3...0,4, ecnu

JBUTATEIb HE TPOHYJICS WIN TOJIbKO TpoHyics (n < 0,2 nHom). B 3TUX pexnMax M3HOC KOHTAKTOPOB
IPY 3aMbIKAHUU MOXKET IPEBOCXOIUTh U3HOC MTPU PA3MBIKAHUH.

AHanoruyHas KapTHHa UMEET MECTO IPU YIPABIECHUU IBUTATEISIMU IOCTOSIHHOI'O TOKA,
OJIHaKO ITyCKOBBIE U OTKJIFOUAeMbl€ TOKH HE Pa30THABLIMXCS JABUraTesel 3/1ech HaXoIATCs B Ipeaeax
2,5-4 Inom, @ BOCCTAHABIIMBAIOIIEECS HAa KOHTAKTaX HAINPSDKEHME INPU OTKIOYEHMM JBUIaTells
coctapmsaeT 0,1 Ugom.

I'OCT 11206-77 HopMHUpYeT KOMMYTAI[HOHHYIO CIIOCOOHOCTh KOHTAaKTOPOB OOILEro
Ha3HAYCHUsI MIEPEMEHHOr0 TOKa MO 4yeTbipeM KaTteropusiM npuMeHeHus AC-1-AC-4, a KOHTaKTOpPOB
IIOCTOSIHHOT'O TOKA - 110 MATH KateropusM npumenenus JC-1-1C-5.

Jl1l KOHTAKTOPOB CYILECTBYET €Ille OJUH PEXKHUM PEIKUX KOMMYTallUil, XapaKTepu3yeMbli
Ooiee TSHKETBIMH YCJIOBUSMH, Y€M IPU HOPMAIBHBIX KOMMYTAIMAX [TOK BKJIIOYEHHS JIOCTUTAET
10/5om]. Takue pesxuMbl BOSHHKAIOT TOBOJIBHO peako (Hampumep, pu K3).

10.2 KOHTAKTOpPBI NOCTOSTHHOI0 TOKA, MX KOHCTPYKIUS ¥ OCHOBHbIE IapaMeTPbl

KoHTakTOpbI MOCTOSIHHOTO TOKA BBITYCKAOTCSt B OCHOBHOM Ha Upowm 220 1 440 B, Toku 630 A,
OJJHO M JIBYXIIOJIOCHBIE, @ TaKXe MHOIONOJIOCHBIE CO CMEIIAHHBIMU (3aMBIKAIOIUMU U
Pa3MBIKAIOIMMU) KOHTAKTaMHU.

OcCHOBHBIE HamNpaBIEHUS PAa3BUTUA KOHTAKTOPOB - IIOBBIIIEHHE KOMMYTALIMOHHOM
CHOCOOHOCTH, MEXaHUYECKOH ¥ KOMMYTAllMOHHOM U3HOCOCTOWKOCTH.

KoHTakTHBIE CHCTEMBl KOHTAKTOPOB OIHOCTYIIEHYAThIE, pbIYaKHBIE. JlyroracureibHbIe
CUCTEMBI ITIOCTPOEHBI HAa IIPUHLIUIIE TAIIEHUs 3JIEKTPUUECKON IyTU MONEPEYHbIM MarHUTHBIM IIOJIEM B
KaMepax ¢ NpOJOJIbHBIMU INEISIMU. MarHuTHOE Iojie TallleHUs B IOJABJISAIOIIEM OOJIBIIMHCTBE
KOHCTPYKLHMH BO30Y>KAaeTCs MOCIE0BATENIHON AyTOracCUTeNbHON KaTYIIKOH.

10.3 Konrakrops! cepuu KIIB-600

MMeror n1Ba MCHOJHEHWS KOHTAKTHOM CHUCTEMBI: C 3aMBIKAIOIIMMU M Pa3MbIKaIOLIMMHU
IJIABHBIMU KOHTaKTaMHu. B IEpBOM MCIIOIHEHWH 3aMBIKAHHUE IVIABHBIX KOHTAKTOB IPOU3BOAUTCA IPHU
nojaue HampspKEHUsT Ha OOMOTKY 3JEKTPOMAarHWTa, a pa3MbIKaHHE - MMOJ JIeHCTBHEM BO3BpPATHOM
IPYKHUHBI, BO BTOPOM HCIIOJIHEHUN KOHTAKThI 3aMBIKAIOTCS 110 AEUCTBUEM NPY)KUHBL, a Pa3MBIKAHHE
KOHTAKTOB HPOHMCXOTUT MPH TOJaue HamnpspKeHUss Ha OOMOTKY aJieKTpomarHuta. B obecroueHHOM
COCTOSIHUM OOMOTKHU KOHTaKThl 3aMKHYTHI.
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Puc.26. XapakrepucTtrka npoTUBOAEHCTBYIOMUX ycrinid konTakropa KIIB-600

XapakTepUCTUKaA MPOTUBOJACHCTBYIOIUX YCUIUMN, MPUBEACHHBIX K SKOPIO JIEKTPOMArHUTA,
st kontakropa KIIB-600 mpuBenena Ha puc. 3.2.1, rme ¢ — yroa noBopota sikopsi. OTpesku

OpAMHATBI ATOW KPUBOHM NPEACTABIISIIOT COOTBETCTBEHHO: / — CHIIY TSKECTH, 2— CHIIY BO3BpAaTHOMU
NPY>XUHBI, 3— CHJIy KOHTAaKTHOM TPYXHUHBI; 4 — pe3ylbTUPYIOMIAsi MPOTUBOICUCTBYIOIIAS
xapakrepucTtuka. Hambonee TsHKeIbIM MOMEHTOM NpU BKIIIOYEHHMH SIBISIETCS MPEOIOJIEHUE CHUJIBI B
MOMEHT KacaHHUsl TJIaBHBIX KOHTAKTOB, TaK KaK JJIEKTPOMArHUT JOJDKEH pa3BUBaTh 3HAUYUTEIHHOE
ycuime mpu 00JIbIIOM paboyeM 3a30pe.

BaxxapiM mapameTpoM KoHTakTopa sBisieTcss kodddunuent BosBpatra kz=Upr/Ucp. Hns
KOHTaKTOPOB MOCTOSIHHOTO TOKa kp, Kak mpaBuio, Man (0,2—~0,3), yTo He MO3BOJSET UCIOJIB30BaATh
KOHTAKTOp JJIs 3alllMThI JIBUTATENS OT CHU KEHUS HamnpsbkeHus. Hanbombiee HanpsbkeHUe Ha KaTyHIke
He nomkHO mpeBbimath 110% Upgom.,Tak Kak Npu OONbIIEM HANpsDKEHUM YBEJIWYMBAETCS HM3HOC
KOHTAKTOB M3-3a YCWJICHHS YIapoB SKOps, a TeMIleparypa OOMOTKH MOKET MPEBBICUTH TOIMYCTUMOE
3HaYEHHUE.

10.4 Konrakropsl Tuna KTIIB-600

[TpumeHnsroTCst 1St peBepca a. IBUraTesiel mpu OOJIbIION YacToTe BKIFOYeHUH B yac (10 1200).
B 3TuX KOHTAaKkTOpax CIABOEHHBIE IOJIIOCA, MOJBM)KHBIE KOHTAKTHI M30JIMPOBAaHBI OT KOPIIyCa, YTO
nenaeT Ooisiee Oe30macHBIM OOCTy)XMBaHWE ammaparta. JlJis mycka, OCTaHOBa W peBepca JIBUTATEIIS
UCIIOJIB3YIOTCSl TP KOHTAKTOpa Takoro e tuna. IIpu Hemomaakax M OTKa3e OJHOTO KOHTaKTOpa
MOJIaeTCs HAMpsHKEHUE TOJIBKO Ha OJIHY (ha3y ABUTATENS, UTO HE MPUBOJUT K €T0 BKIIOYCHHIO.

KOHTaKTOpbI ¢ JBYXIONIOCHOM KOHTaKTHOM CHCTEMON OYeHb yJOOHBI JJIS 3aKOpAauMBaHUS
CONPOTHUBIICHHUI B LIETIH POTOpA a. IBUTATEIEH.

B xonrakropax mpu Iy = 600A ycraHaBIMBalOTCS [Ba MapajuleIbHO pabOTAIONIMX
3JIEKTPOMArHuTa AJisi TOro, YT00bl pa3BUTh HEOOXOAUMYIO CHUILY....

10.5 Konrakropsl Tuma KMB. Kontaktops! cepun KII81

a) Konrakropsl Tmma KMB. [IpennaznaueHsl sl BKIIOYEHUS M OTKIIOUYEHHUS MOIIHBIX
3JIEKTPOMAarHUTOB IOCTOSSHHOIO TOKa MAacC/ISIHBIX BbIKItoYarenen. lIpumeHsieTcs nByXmosrocHas
KOHTaKTHas CUCTeMma. Takas cucTeMa BKIIOUYEHHas B 00a TPOBOJA CETH MOCTOSHHOTO TOKa,
o0ecrieunBaeT HaJeKHOE OTKIIIOUEHHE MHAYKTUBHON HArpy3ku, T.K. B OTKJIIOUEHHYIO LI€TIb BBOJATCS
JIBa TyTOBBIX MPOMEXKYTKA.

0) Konrtakrtopsl cepumn KII81. Paccuntansr Ha Toku m0 630 A wu nHanpsokenme 220 B.
[IpumeneHo Oe3ayroBoe ramieHue ¢ MCIOIh30BAaHUEM THPHUCTOPOB M CHIIOBBIX JHUOA0B. KOHTaKTOpHI
nocTpoeHbl Ha 6a3e cepuitHbix KoHTakTOpoB KTII 6000 ¢ momxynpoBomgankoBbiMu Oiokamu BITKS1.
[Ipu sTOM momycKaeTcsl OTAETBbHOE OT KOHTAKTOpa paclojioKeHue OJoKa Ha paccTosHuu a0 1,5 m.
KoHTakTophl 06ecreunBaroT 0€31yTrOBYI0 KOMMYTAITUIO TOKOB HArpy3KH 10 2,5 Iom MPHU TOCTOSSHHON
BpeMeHu 70 10 mii ¢, a B pesxume pekux KoMmmyTtauuid — 10 10 Iyom.

KoMmMmyTannoHHass M3HOCOCTOMKOCTh KOHTAKTOPOB B PEKMME HOPMAJIBHBIX KOMMYTaUUW MPH
yacrore BKIOYeHU 10 2000 BKJI/4 cocTaBiseT 5 MIIH. LUKIOB (paHee MpH "MyroBoil" KOMMyTaluu
0,5-1 MJTH. ITUKIIOB).



10.6 Bp100p 3/1eKTPHYECKUX aANNIapaToOB

BBI60p KOHTAKTOPOB IIOCTOAHHOTO TOKa OCYHICCTBIACTCA IO TEM IKE IIpaBUJIaM, YTO H
KOHTAKTOPOB NEPEMECHHOI'O TOKA.



11 IYCKATEJIN MAT'HUTHBIE

11.1 HazHayeHHe MATHUTHBIX MyCKaTeJeH

MarauTHbIM ITycKaTelleM Ha3blBaeTcs DA, MpeJHa3HA4eHHBIN Uil nycka U oTkiarodeHus K3
ACHUHXPOHHBIX JBUraTeJIeH.

11.2 OcHoBHBIE TPeOOBaHNS U YCI0BHS PadoThl; (puznyeckne siBJIeHUS, IPOUCXOASIINE B
3JIeKTPHYECKHUX annaparax

PaboTa acHHXpPOHHBIX JIBUTATENICH B 3HAYUTEIHHOW CTENEHW 3aBUCHT OT TaKWX CBOWCTB, Kak
H3HOCOCTOI>1KOCTB, KOMMYTaL[I/IOHHaSI CHOCO6HOCTB, HAAC)KHOCTH 3allIUThI ABHUTATCIIA OT HCpCpr30K. B
mpoliecce AKCIUTyaTalliyd JIOBOJIBHO YacTo oOphIBaeTcs ofHa w3 (a3 Tpex(a3zHoro NHTAroIIero
HaNpsDKEHUs, HAllpUMep, M3-3a Meperopanus npenoxpanurens. K nBuraTento npu 3TOM NOJBOAUTCA
TOJIBKO JIB€ (ha3bl U TOK B CTATOpPE PE3KO BO3PACTAET, YTO MPUBOJUT K BBIXOAY €TO M3 CTPOS HM3-3a
HarpeBa OOMOTKHM JO BBICOKOW TeMmmepaTypbl. TeruioBele penie MmycKaress OT 3TUX TOKOB JOJDKHBI
cpabaThIBaTh U OTKIIIOYAThH JBUTATEb.

IIpn BKIIOYEHMM JBUTATENs IIYCKOBOM TOK B 6 pa3 IpeBbllIacT HOMUHaJIbHBIN. [Ipu Takom
TOKE Ja)ke He3HAUUTeIbHasi BUOpalMs KOHTAaKTOB OBICTPO BBIBOJAUT MX U3 CTPOS. DTO HAKIIA/IbIBAET
BBICOKME TPEOOBAaHUS B OTHOLIEHUH BHOpaIMU M M3HOCA KOHTAKTOB. C IEJIbI0 YMEHBIIEHUS] BpEMEHU
BUOpalMM KOHTAaKThl M TMOJBWXKHBIE YacTH KoHTakTopoB MII nemarorcs BO3MOXKHO JIeTde,
YMEHBIIAETCSI UX CKOPOCTh, YBEIMUYUBAETCS KOHTAKTHOE HAXKATHE.

ITocne pasrona aurarens TOK MaJaeT A0 HOMMHAIBHOrO 3HadeHHdA. [losTomy oTkiItOueHHE
paboTaromero ABUraTesis IpoOMCXOIUT IIPH MEHbIIEH TOKOBON HAarpy3Ke KOHTAKTOB.

Hepenxu cimydam, xorja JIBUTaTelb HEOOXOAMMO OTKIIIOYUTH Cpa3y Hocie mycka. B atux
CIIy4assX KOHTaKTOp IIyCKaTes OTKIIOYAaeT TOK, PABHBIA 6 - HOMY HOMHMHAJIBHOMY IIPH HHU3KOM
kodpdunuente Momuocth (Cose < 0,3) ¥ BOCCTaHABIMBAIOLIEMCS HANPSIKEHUH, PaBHOM
HOMMHAJIBHOMY HampspkeHuto cetd. [lo neiictByromuM Hopmam nocie 50 - KpaTHOro BKJIIOUEHUS U
BBIKJIFOUCHHS 3aTOPMOXKEHHOTO JIBUTATENsl IMYCKaTeNlb JOJDKEH OBITh NMPHUTOJAeH Ui JalbHenIei
paboTHI.

OnexkTpuyeckas HM3HOCOCTOMKOCTb KOHTAKTOPOB IycKaTelass OOpaTHO MpONOPIMOHAIbHA
MOITHOCTH YIPaBJIIEMOT0 JIBUTATENs B cTerneHu 1,5 - 2. J{st MOBBIIIEHUsI CpOKa CIYKObI ITycKaTems
€ro HeoOXOMMO BHIOMpATh HA TOK, MPEBBIIIAIONINI HOMUHAIBHBIN TOK JIBUTATEIIS.

JIBuraTenb MeEHbIIEH MOIIHOCTH OBICTpEEe JOCTUraeT HOMMHAJIbHON 4YacTOThl BpallECHUS.
[TosTOMy IpH €ro OTKIIOYEHHWH DPa3pbIBAETCSl YCTAHOBUBIIMICSA HOMHUHAIBHBIA TOK, YTO OOJerdaer
paboTy ImycKaTesns U MOBBIIIAET TOMYCTUMOM YHCIIO BKIIOYEHUH B Yac.

C y4eroM IIMPOKOTO pPACHPOCTPAHEHUST MArHUTHBIX MycKaresnei OoJiblIoe 3HaueHHe
npuoOpeTaeT CHWKEHHE MOTPeOIsieMON MMHU MOIIHOCTH, KOTOpas pPacXxoqyeTcsl B 3JIEKTPOMAarHuTe
KOHTakKTOpa M JpYTHX DJJIEMEHTax cXeMbl  (TemoBble pene U T.4.). llorepu MomHocTH B
AIIEKTPOMArHUTE COCTABISIIOT IpuMepHO 60, B TersIoBbIX pene 40% o0ImuX noTeps mycKaress.

11.3 KoHCcTpyKIMS U cXeMa BKJIIOYEHUSs

MarnuTHble nmyckarTeJu. MarHuTHbIN MyckaTellb Ha HOMUHaJIbHBIN Tok 10 A (puc. 3.1, a)
MMeeT MOCTHKOBYIO KOHTAKTHYIO cUcTeMy (mo3uiuu 3, 9, /1) ¢ MeTaloKepaMu-4eCKUMU KOHTaKTaMH1
4, pacnonoxennbiMu B JIY [. KoHTakTHOEe HaxkaTwe co3faeTcsi MPYKUHOWU [4, ynuparomencs B
TpaBepcy 2. Ha koHTakThl Bo3aeicTBYyeT anekTpomarHuT /() ¢ I1I-oOpa3HbBIM MarHUTONPOBOJOM W



KOpPOTKO3aMKHYTBIM BUTKOM /3, pacrloJIOKEHHBIM Ha HEMOABUKHOW YaCTH MarHUTONpoBoa 6.
BosspaTHas mnpyxuHa 7 paclonoKe€Ha BHYTpU dJeKkTpomaruura. Ha ero cpegnHem crepxkHe
pasmenieHa karymka 8. IIpu Igom > 10 A JIY BbINONHSETCS B BUIE AYrOTaCUTEIBLHOM PEIIETKA Ha
KOXKJIOM pa3pbiBe. B cucremMe BCIIOMOTaTeNbHbIX KOHTAaKTOB MOXKHO YCTaHOBHUTH JO YEThIpEX
JIOTIOJTHUTEILHBIX KOHTAKTOB 5 (puc. 3.1,0). Jletanu myckaTensi MpUKPETUICHB HA OCHOBAHUH [ /.

Puc. 27. Maruutssiii myckatens cepun [IMJI

Tupucropubie myckarejau. BeCKOHTaKTHbIE THUPUCTOPHBIE ITYCKATENIW HAXOIAT IIMPOKOE
NpUMEHEHHE BO B3PbIBO- M IOXKAapPOOMACHBIX IPOU3BOACTBAX M JPYTrUX O0O0JAcCTAX TEXHUKH,

TpeOyIOMMX BHICOKON Ha/IeKHOCTH.

CunoBoii OJIOK MycKaTedst COAEPXKUT CHIIOBBIE THPUCTOPHI M JHOJIBI, pacCUMTAHHBIE Ha
HOMUHAJBHBI W TYyCKOBOM TOKM aBurarens (puc. 27). Ilpm mopave curHama yrpaBlIeHHs Ha
QJICKTPOABbI THPUCTOPBI OTKPBIBAOTCA W JABUTATCIIb IMMOAKIIIOYACTCA K CCTH. B OTpHHaTGHBHLIﬁ
MOJIYTIEPUOJ, KOIJa THUPHUCTOPHI 3aKpHIBAIOTCS OTPUILATENBHBIM aHOJHBIM HANpPSIKEHHEM, TOK
ABUTATCIIA IMPOXOJUT IO JUOJaM. I[I/IOI[LI MOTYT GBITB 3aMCHCHBI TUPHUCTOPAMMU.
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Puc.28. TupucrtopHslii myckareiab

[Tpu cHsTHM curHana ynpasieHus (MpH neperpyske, motepe ¢assl, Haxatuu kHonku "Cron")



TUPUCTOPBI 3aKpbiBatOTCs. Creayronuii nmepuoj Toka nmpomnyckaercs aunonamu. Ilocie 3toro nmonbl
3aKpBIBAIOTCS W JIBUTATENb OTKJIIOYAETCS OT CEeTH. 3allluTa JBUTATeNIsi U CHIOBBIX TUPUCTOPOB OT
TokoB K3 B JaHHOM myckaTenie OCYIIECTBISETCS OBICTPOACHCTBYIOUIMMHU MPEIOXPAHUTENSIMU THIIA
[THB-5.

[lo cpaBHeHHMIO C KOHTaKTHBIMM THPUCTOPHBIA IycKaTedb oOO0NalaeT CleayIIUMHU
MPEUMYILECTBAMMU:

1. OtcyTcTBUE 3JEKTPUYECKOW AYrM MPH KOMMYTAIUSAX JeJIaeT ammapaT He3aMeHHMBIM B BO
B3PBIBOONACHBIX U MOKAPOOMACHBIX CPEiax.

2. BblcoKas aNeKTpuueckas H3HOCOCToiKocTh (15*10° 1ukiios)

3. CoBepuieHHast 3ammra OT TOKOB meperpy3ku u K3, a Ttaxxke mpu morepe ¢asbl, 4TO
obecrieunBaeT yBeJIMUEHNUE CPOKA CITYKOBI JBUTATEIIS.

4. Jlomyctumoe uucio BkiatoueHuit qocruraer 2000 B yac.

JnmuTenpsHOCTh OTKIIOUeHUs He TipeBbimaet 0,02c¢.

6. Bricokas Ha/le)KHOCTh U JIOJITOBEYHOCTh, @ TAKXKE OTCYTCTBHE HEOOXOAMMOCTH B yXOJ€ MpHU
JKCILTyaTaluu.

e

HenocraTkaMu THPHCTOPHOTO IycKaTels SBISETCS CIOKHOCTb CXEMBI, OOJbIINEe TabapuThl U
BBICOKAsl CTOUMOCTb.

11.4 MarnutHble nyckarean cepuu IIMJI

MII cepuu IIMJIL. PaGoTaroT B cetu nepemMeHHoro toka Hanpspbkenuem 600 B mpu Iy ot 10 1o
200 A. KommyTanmoHHas ©”3BHOCOCTOMKOCTh Tyckaresst Ha 200 A cocraBisier 2x10° npu 600 BKI/9 1
toMm ke Uy ans kateropun npumenenust AC-4. I1pu U 660 B u3HococToikocTs Ta sxe npu 300 BKi1/4.
ITpu Iyom < 10 A uznococtoiikocts npH Ip < Iyom N p = Npowm - [Ipu Iyom > 10 A

Np=Nuom (Inom/ Ip)?,

rae Nyom - ©3BHOCOCTOMKOCTD MPU HOMUHAIBHOM TOKE IjoMm.

MII umeer MOCTHKOBYIO KOHTAKTHYIHO CHCTEMY C METALUIOKEPAMUYECKMMH KOHTAaKTaMH,
pacnionoxenubiMu B J1Y. Ilpu Iyom > 10A JIY BeImonHsieTCS B BUJE AYyTrOraCUTENIbHOW PEIIETKU Ha
KaXJIOM paspbiBe. B kopmyce myckaresns yCTaHaBIMBAETCS TeIuioBoe TpexdaszHoi pene Tuna PTJI,
MO3BOJISIOIIEE PETYIUPOBATH TOK CpadaThHIBAHUSI.

11.5 Ilyckaresan cepuu [IMA

ITyckarenn cepun IIMA. Ha toxu 40 - 160 A, U 380- 660 B. DnekTpomMarHuT B mycKaTemisx
MOXET OBITh KaK MIEPEMEHHOTO TaK M MOCTOSIHHOTO TOKa. YacTora BKitoueHuit nocturaet 1200 Bi/4.
KomMmyTanmonnasi M3HOCOCTOMKOCThL coctaBisier ot 0,5 mo 2, 5x10° [WKIOB B 3aBUCHMOCTH OT
YCIIOBHIA paOOTHI.

11.6 HepeBepcuBHbBIE MyCKATEH

MarnuTHsbIii yckatens (MII) OTHOCHTENBHO MPOCTOE KOMIUIEKTHOE YCTPONCTBO, COIEpIKaIIee
OIMH (HEpEeBEpPCHUBHBIN IIyCKaTelab) WM JBa (pPEBEPCUBHBIM ITycKaTelb) KOHTAKTOpa, KHOIKU
ynpasienus («Ilyck», «Ctomy), anekTpoTreruioBsle pene. KoHTakTopaMu Npou3BOAUTCS KOMMYTALHs
CHJIOBOH 1eriu. TeruioBble pelie OCYIIECTBISIIOT 3alIUTy OT Meperpy3ok u "morepu ¢aszsl". Anmaparsl
YCTAQHABJIMBAIOTCS Ha IUIMTE WIM paMe (OTKPBITOE MCIIOJHEHUE) WM pa3MEIlaloTcsl B SIIUKE
(3aKpBITOE UCIIOJIHEHHUE).

B nmyckarensix HCHONB3YIOTCS KOHTAaKTOpbl Karteropuum npuMenenus AC-2 m AC-3. B
TEXHUUYECKUX JIaHHBIX YKa3blBaeTCsd HE TOJbKO HOMHUHAJIBHBIA TOK IIyCKaTels, HO U MOIIHOCTb
JIEKTPOJBUraTeNsl, C KOTOPHIM OH MOXKET pab0oTaTh MIPU PA3HBIX HANPSKEHUAX.



11.7 Cxema BKJIIOYEHHUS HEPEeBEPCUBHOIO IyCKATEJIS

B cxeme myckarens, mpuBeleHHONM Ha puc. 29, B AByX ¢aszax nasurarens M BKIIOYECHBI
HarpeBaTelibHbIE 3JIEMEHTHI TeIIOBbIX pene KK/, KK2. TennoBbele pene 3allUINAOT JBUTAaTENb OT
neperpysku, a nperoxpanurenu FUI—FU3 3amunaioT nuraronyto cetb oT K3 B qBuraresne.

I'naBHEIE KOHTakTel KMI—KM3 mycKaTess BKJIFOUEHBI OCJIEN0BATEILHO C
npenoxpanurensimMu FUI—FU3. Karymka KM KOHTakTopa MOJKJIIOYAETCS K CETH 4epe3 KOHTAKTHI
TEIJIOBBIX peie W KHONKH yrupaBieHus «llyck» m «Crom». Ilpu naxatuum xHomku «Ilyck» (SB2)
HanpspKeHue Ha Karymky KM mopaercst yepe3 3aMKHYTbIE KOHTAKThbl KHONKUA «CTOm» U 3aMKHYThIE
KOHTaKThI TEIUIOBBIX peine. [Ipu cpabaTbiBaHNM KOHTAKTOPa 3aMBIKAIOTCS] BCIOMOTaTeIbHbIE KOHTAKTHI
KM, myHTHpyromue 3aMBIKAIOIIME KOHTAKThI KHONKHU «IlyCk», KOTOpyr ImOCiI€ 3TOro MOXKHO
OTIYCTUTH. J[JIs1 OTKIItOUEHMs ABUTATENs HakumaeTcsi kHomka «Ctom» (SB1), mociie yero KOHTaKThI
KMI1—KM3 pasmbikatorcs. [Ipu TokoBoii neperpyske asuratens cpadatsiBaioT KK/, KK2, KOHTaKTbI
KOTOPBIX pa3pbiBaloT 1menb Katymku KM. Ilpu stom koHTakThl KMI—KM3 pa3MblkaloTcs U
JBUTATEIb OTKJIFOYAETCS.

FU1|FU2|FU3
[] [] [] Cmon  Tyck KM
JF LK/M KK1 kK2

Puc. 29. Cxema BKJIIOUEHHUSI HEPEBEPCUBHOTI'O ITYCKATES

Bricokuii ko3¢ duimeHT BO3Bpara dSJICKTPOMArHHTOB KOHTAKTOPOB ~ TOKA IO3BOJISET
3aIUIIATh JABUTATENIb OT MOHWIKEHUS HAIPSDKEHUs CeTH [dnekTpoMarHuT otmyckaer npu U = (0,6-
0,7)Ugom]. [Ipu BoccTaHOBICHUU HANIPSIKEHUS! CETU JO HOMUHAJIBHOTO 3HAYEHHUSI CAMOIIPOU3BOJIHLHOTO
BKJIIOUEHHMS ITyCKaTeNsl HE MPOUCXOIUT, T.K. TTOCie pa3MbikaHus kKoHTakTa KM4 nens katymku KM He
3aMKHYTA.

11.8 PeBepcuBHBIN MAarHUTHBIN MycKaTe/Ib

PeBepcuBHbBINl myckarTeib. Takod IyckaTenb IOMHUMO IIyCKa U 3alllUThl JBUTrATENs
obecreunBaeT ero peBepc ¢ MOMOIIbI0 U3MEHEHHs TocienoBareabHocTH (a3. IlyckaTtenb comepx ut
JIBa KOHTAKTOpa, SKOPSI KOTOPBIX COCTUHEHBI MEXIYy COOOM phluaroM MEXaHWYeCKOW OJIOKHPOBKHU.
Jlst Toro 9ToOBI KaTyIIKka KOHTAKTOpa HE BBINIA U3 CTPOs, MEXaHHYecKasi OJJOKUPOBKA JOTOTHSIETCS
ANEKTPUYECKOM.

11.9 Cxema BKJIIOYEHHSI PEBEPCHUBHOIO NYCKATEJIA

PeBepcuBHOE yIpaBiieHHE aCHHXPOHHBIM 3j1eKTpoaBurareiem ¢ K3 poropom, ocyiiecTsisiercs
koHTakTopamu KM1 u KM2 pesepcuBnoro MII nokazano Ha puc. 30, a, 6.

Ienu 1 ynpasnenus u nenu 2-4 cur"anpHeix jamn HLR, HLR nu HLG nutarotcs ot Toi *e
CEeTH, 4TO U deKkTpoaBurarenas M. B ienm 1 obmumu 1151 yaactkoB katymka KM1 1-ro konTakTopa u
KM2 2-ro koHTakTOpa siBisieTcs KHomnka oTkiatoueHus: STB u koHTakT anektporerosoro pene KK.

B ucxoonom nonoscenuu roputr nammna HLG, yka3piBas Ha OTKIIOUYEHHOE COCTOSIHUE OOOMX
KOHTaKTOpOB (€€ Ienb 3aMKHyTa uepe3 MX pasmblikatomue KoHTakTel KMI1:3 um KM2:4) un
3NeKTpoaABUTaTeNs M.

Mna exnouenus anekmpoosucamens M c epawenuem 8 00HYy CMOpPOHY HAXUMAIOT KHOIIKY



SBC1 u ee xontakt 3BCl:1 B nenu katymku koHtakropa KM1 3ambikaercs, a konrakt SBC1:2 B
1enu Karymku kontakropa KM2 pasmbikaercs. [Ipu 3ToM 3aMbIKaeTcs 1eNb BKJIIOUYEHHUS] KOHTAKTOpa
KM1, kortopslii cpabaTeiBaeT, BKJItouas nBurareqb M. Ilpum cpabarpiBanmm koHTakTopa KMI1
3aMbIKaeTcsl ero BcrioMorartenbHblii KOHTakT KM1:1, myntupys xonraktr SBCI1, B pe3ynbrare uero
NPy OTIYCKaHUM OSTOM KHOMKM KOHTakTop KMI1 um nBurarenr M ocTaroTcsi BO BKJIIOUYEHHOM
COCTOSIHUM.

Puc. 30. IlpunnunuanbHas cxema yrnpaBieHUs] aCHHXPOHHBIM JIBUTaTENIEM:
a - CUJIOBBIE LienH; O - LenH yrpaBJIeHUs

Jna exntouenus snexmpoosueamens M ¢ epawjenuem 6 Opy2yl0 cmopoHy HAKUMAIOT KHOIIKY
SBC2, u ee xontakt SBC2:1 B menu B Lenu KaTymkud koHTakTopa KM2 3ambikaercsi, a KOHTaKT
SBC2:2 B nenu karymku koHTakropa KM1 pasmbikaercs. Kontaktop KM2 npu stom cpabaTbiBaer,
JJIEKTPO/ABUraTeNb BKJIIOYAETCS M HAYMHACT BpaIlaThCsi, HO B JPYTYyl0 CTOPOHY, IOCKOJIBKY
yeperoBanue ¢a3 MOABOIUMBIX K 00MOTKe, m3Mensercs: Kk BbiBogam Cl, C2 u C3 momBomsrtcs
cootBeTcTBeHHO (a3bl A, C, B anexrpudeckoit ceTu (B mepBoM ciaydae nmoasoawinch daser A, B, C)

Jna omkarouenus snekmpoogueamens HaxuMaroT kHonky SBT, paspsiBas TeM caMbiM 1iemb 1,
B KOTOPYIO BKJTIOUEHBI OOMOTKH 00EUX KOHTAKTOPOB.

IIpu nepeepyske nurarens otkitouaercs pene KK, kontakT kotoporo BxoauT B uens 1. [lpu
cpabarpiBannu KoHTakTopa KM1 ero BcmomorartenbHbie KOHTakThl KM1:2 3ampbikatorcs, a KM1:3
pasmbikatores, tamna HLG, curHanusupyomas o0 OTKIIOUEHHOM COCTOSIHUM JABHraTenss M, racHer,
namna LHR1 3aropaercs, yka3piBas 4TO OH BKJIIOYEH M Bpamjaerca Hanpumep 'Bnepen". Ilpu
cpabareiBanuK KoHTakTopa KM2.,ero BcmomoratenbHbld KOHTakT KM2:2 3ambikaercsa, a KM2:3
pasmbikaercs, jamna HLG racner, a mamna HLR2 3aropaercs, ykasbiBas, 4TO OH BKJIIOYEH U
Bpalaercs B o0OpaTHOM HarpasiieHuH ("Hazan'").

BBenenne B nenb BkiItoueHHs: koHTakTopa KM1 pasmeikaroniero kontakta SBC2:2 xkHONKU
BKJIIOYeHUs] KoHTakTopa KM2 u ero BcmomorarenbHOoro kontakta KM2:4, a B 1enb BKIIOYEHHS
koHTakTopa KM2 pasmbikaromero koHTakta SBC1:2 kHOnkM BKIOYeHUs KoHTakTopa KMI1
o0ecrieynBaeT SJEKTPUUYECKYI0 OJIOKHpOBKY. Takas OJOKMpOBKAa NPEAOTBpAIIAET OJHOBPEMEHHOE
BKJIIOUEHUE OOOMX KOHTAaKTOPOB WM BKIIOYEHHS] OJAHOIO M3 HHU3 MPU BKIOYEHHOM COCTOSIHUH
apyroro, uto MokeT npusectu k K3 mexny ¢azamu B u C cern.

11.10 Be10op MarHuTHBIX MycKaTeJei

[Tyckarenb He0OX0AUMO BBHIOMPATh HA TOK, MPEBBIIIAIONTNI HOMUHAIBHBIA TOK TBUTATEIS.

Baxnerimen XapakTepUCTHUKOW MycKaTeleld, KaK W KOHTAKTOPOB, SBIAIOTCS KOMMYTAIUU
Harpy3ku. XapakTepUCTUKHU PEKMMOB KOMMYTAalMU IIyCKATeJIed Harpy3KU CIIEyeT UCII0JIb30BATh IIpU
uX BbIOOpE.

IIpn 3akasze myckarens cCileAyeT yKa3aTb €ro THIL, HANPSYKEHHE U TOK LENU TIJIABHBIX
KOHTaKTOPOB, YHCIO ¥ WCIIOJIHEHHUE BCIIOMOTATeNIbHbIX KOHTAKTOB,  HANpsHKEHUE KAaTyIIKH,



KJIIMMAaTHYECKOE UCTIOJTHEHUE U KaTETOPUIO Pa3MEIICHHUS .
CornacoBaHue TEIUIOBBIX pelie W ABUTATENsS] MPOW3BOAMUTCS BBHIOOPOM HOMHHAIBLHOTO TOKa
Iom. HATP HarpeBaTens Ha TOK, paBHBIM HOMUHAJILHOMY TOKY JIBUTATEIIA:

I HoM. HATP. = IHOM. 1B

[IpuMeHeHHe TEIUIOBBIX pelie IEeNeco00pa3HO IMPH AJUTENbHOCTH BKJIIOYEHHS JBUTATE,
npesblmaromnieid 30 MuH.

TemnoBeie perie B OOJNBIIMHCTBA CIydaeB HE 3alMIIANOT 1enb oT K3 u TpeOyroT s cBoei
3alIUTHl YCTAHOBKU IMpEIOXpaHUTENEeH WIM 3allUThl C TOMOINBIO 3JEKTPOMArHUTHBIX pelie WIH
aBTOMATOB.



12 9JIEKTPOMATI'HUTHBIE PEJIE

12.1 Hazna4yeHue u 00J1aCTh NPUMEHEHHS peJie

[Ton pene moHmMaroT Takod DA, B KOTOPOM MpPU IUIABHOM M3MEHEHHUH YIPaBIISIOLIETO
(BXOZHOT0) TTapaMeTpa J10 OTpeIeIEHHOM Hanepe ]l 3a1aHHOI BeTMYUHBI IPOUCXOUT CKauK00Opa3Hoe
M3MEHEHHE YNPaBIseMOro (BBIXOAHOTO) mapaMeTrpa. XOTs Obl OJUH M3 3THX MapaMeTpOB JOJDKEH
OBITH IIEKTPUUECKUM.

DNeKTpOMarHuTHBIE pene Omarojaps MPOCTOTE KOHCTPYKIMM M HAAEKHOCTH IIHPOKO
pacmpocTpaHeHbl B CXEMax aBTOMAaTH3MPOBAHHOTO JJEKTPONPHBOJAA M B CXEMaxX 3allHUTHI
HEPTOCUCTEM.

12.2 Knaccupuxanus pese

[To obmacTtu mpUMEHEHUs pelie MOXKHO pa3JAeTuTh HAa pelie JIs CXeM aBTOMATHKH, IS
YOpPaBJICHUS M 3alUTHl JIEKTPONPHUBOJA M 3alUTHl 3HEprocucteM. llo mpuHIuny nelcTBus pene
JeasaTcs Ha 3JIEKTPOMATrHUTHBIE, MOJISIPU30BAHHBIE, TEIIOBLIC, WHYKIMOHHBIE,
MAarHUTOXJIEKTPUYECKHE, MOJTYITPOBOAHUKOBBIE U JP.

B 3aBucuMocTH OT BXOJHOrO mapaMeTpa pesie MOXKHO Pa3/IelIuTh Ha pelie TOKA, HANPSKECHU,
MOIIHOCTH, YacCTOThl W APYruX BeJWYWH. OTMETHUM, YTO peJe MOXKET pearupoBaTh HE TOJIBKO Ha
BXOJTHOM MapameTp, HO M Ha Pa3HOCTh 3Ha4YeHWH (nuddepeHmanbsHoe pese), U3MEHEHNEe 3HaKa WIIH
CKOpPOCTH HM3MEHEHMS BXOJHOro mapamerpa. MHorma pese, uMeroniee TOJBKO OJIMH BXOJHOH
rapaMmeTp, JOJDKHO BO3JEHCTBOBAaTH HA HECKOJBKO HE3aBHCUMBIX Lieneil. B aTtom cimywae pene
BO3JICUCTBYET Ha JAPYroe, Tak Ha3bIBAEMOE MPOMEKYTOUHOE pejie, KOTOPOE UMEET HEOOXO0IMMOE YUCIIO
ynpasiisieMbIx Lenei. [IpomexxyrouHoe peliie MCHoJIb3yeTCs M TOrJa, KOrja MOIIHOCTh OCHOBHOTO
pesie HeoCTaTOYHA JJIsl BO3/ICMCTBUS HA YIIPABIISIEMbIE LIETIH.

[Io npuHUMOY BO3ACHCTBUS Ha YIPABISIEMYIO LENb pelie ACNATCA Ha KOHTAKTHBIE U
OcCKOHTaKTHBIC. BBIXOJAHBIM MapaMeTpoM OECKOHTAaKTHBIX pele SBISETCS pEe3KOe HW3MEHEHUE
COIIPOTUBJICHUS, BKJIIOUYEHHOIO B VIPABISEMYHK LeNb. Pa30MKHYTOMY COCTOSSHUKO KOHTaKTOB
KOHTAaKTHOTO peJIe COOTBETCTBYET OOJBIIOE CONPOTHBICHUE YIPABISIEMOW 1€MW OECKOHTAKTHOTO
pene. ITo coCTOsIHUE OECKOHTAKTHOTO Pelie HAa3bIBACTCS 3aKPHITHIM.

3aMKHYTOMY COCTOSIHUIO KOHTAKTOB KOHTAKTHOT'O peJie COOTBETCTBYET Majo€ CONMPOTHUBIICHUE
B YIPaBJISIEMOHN Ienu OeCKOHTAaKTHOTO pene. Takoe cocTossHHe OECKOHTAaKTHOTO pelie Ha3bIBACTCS
OTKPBITHIM.

KoHTtakTHBIE pesie BO3ACHCTBYIOT Ha HATPY3KY MYTEM 3aMbIKAHUS WU Pa3MbIKAHHUSI KOHTAKTOB
B e€ 11enH, a OECKOHTAKTHBIE — MyTéM CKauyKOOOpa3HOTO M3MEHEHUSI COMTPOTHUBIICHHS BBIXOTHON YacTH
pene (6e3 MeXxaHU4YeCKOTro pa3phiBa IEMU HATPY3KH).

ITo cocoOy BKITIOUEHUS peie pa3InyaroTCs Ha EpBUYHbBIE U BTOpUYHEIE. [lepBrdHbIe perne
BKJIIOUAKOTCA B YIIPABISIEMYIO LIENTb HENOCPEACTBEHHO, BTOPUYHBIE — YEPE3 U3MEPUTEIIbHbBIE
TpaHC(hHOPMATOPHI.

12.3 IlpuHIuN AelcTBUSA U YCTPOHCTBO JIEeKTPOMATHUTHBIX peJie, puznueckne siBJIeHUSA
B JJIEKTPHYECKHX alIaparax

DNEeKTPOMarHUTHBIM pelie Ha3bIBAaeTCs pelie, B KOTOPOM TSTOBBIE YCHIIMS CO3/AI0TCS DHEprUe
MarHMTHOTI'O T0JIs, BO3HUKAIOIIETO MPU MPOTEKAHUU JIEKTPUUECKOT0 TOKA Yepe3 KaTyLIKH.

Cy1iecTByeT TpH OCHOBHBIX Pa3HOBUIHOCTH 3JIEKTPOMAarHUTHBIM pelie:

1) HeWTpaibHbBIE IOCTOSIHHOTO TOKA;

2) HeWTpaJbHBIC IEPEMEHHOTO TOKA;



3) monspu30BaHHBIE.

He#iTpansHbIM penie TOCTOSSHHOTO M TIEPEMEHHOTO TOKA HA3BIBAETCS TAKOE pelie, Y KOTOPOTro
TATOBOE YCHJIME HA SIKOPE, pa3BUBAEMOE MarHUTHBIM MOTOKOM KaTYILKH, HE 3aBUCUT OT HANPaBJICHUS
TOKa B HEW.

HeiitpansHoe 2JIEKTPOMAarHUTHOE pesie MOCTOSHHOro Toka (puc. 31,a) mpencraBiseTr coOoit
AJIEKTPOMATHUTHBIN MEXaHU3M U PsiJi KOHTAKTHBIX TPYIIIL.
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Puc. 31. 3neKTp0MarHHTHLIe pelie TOCTOSIHHOTO TOKa: a — HEUTpajibHOE; O — MO PU30BaHHOE peJie

Mar HI/ITOHpOBOI[ BHGKTPOMEII‘HI/ITa COCTOHUT M3 CTaJIBHBIX cepz[eqHHKa 6 1 IMMOABUXKHOI'O HKOpﬂ
3. Ha cepaeunuke mnomemaercs KaTylmika C OJHOW WM HECKOJbKUMHU oOmoTkamu 2. Ilpum
IPOXOXKIEHUU 10 OOMOTKe TOKa I, MpEeBBIMIAIOIIEro TOK cpabdaTblBaHUs, SKOPh NPHUTATUBACTCA K

CCPACUHHUKY U 3aMBIKA€T KOHTAKTBI 5. HpI/I OTCYTCTBHU TOKa AKOPbL OTTATHBACTCA OT CCPACUYHHKA
BO3BpaTHOW mpyxuHou 1. g mnpenorBpameHus 3anunanus sxops npu I, = 0 Ha HEM

yCTaHABIIMBAETCS HEMArHUTHas Mpokiaaka 4 (JIaTyHHBIN IITUQT WIN TUIACTUHA).

llonsapuzosannvle pene OTINYAIOTCS OT HEUTPAIBHBIX 3JIEKTPOMArHUTHBIX PEJIE 3aBUCUMOCTBIO
BBIXO/IHOTO CHTHajla OT MOJSPHOCTH BXOJHOTO, a Takke 0ojiee BHICOKUMHU UYBCTBUTEIBHOCTHIO U
obicTpozeiicTBreM. X KOHCTPYKTUBHON OCOOCHHOCTBIO SIBIISIETCS HAIIMYUE TOCTOSHHOTO MAarHuTa,
cosznaromero dpdexr
noJisipu3aluu. B monasipu30BaHHBIX pelie B OTIWYUE OT HEUTPAJIbHBIX JCHCTBYIOT JBa HE3aBUCHUMBIX
JIpyr OT Jpyra MAarHUTHBIX T[IOTOKAa: MOJAPU3YIOMMA MarHUuTHeIM noTtok DO, co3maBaeMblit
MOCTOSIHHBIM MarHUTOM WJIM KaTYyIIKOW MOJMarHWYMBaHMS, MUTAEMON OT HE3aBUCHUMOI'O MCTOYHMKA
MOCTOSTHHOTO TOKa, M pa0ounii MarHUTHBIN ToTOK Dp, co3maBaeMblii pabouuMu KatyiikaMmu. [ TaBHbIM
UX HEJOCTATKOM SBJISIETCS] MAJIOE YHCJIO BBIXOJHBIX (YIPaBIAEMbIX) LIETIEH.

CymiecTByeT MHOTO pa3sHOBUIAHOCTEH Tmosipu3oBaHHBIX pene. Ha puc. 31,0 mokaszaHo
YCTPOHCTBO MOJSPU30BAHHOTO pedie ¢ auddepeHnnanbHoi MarauTHOM 1enbio. [1o MarauTonpoBoay 7
IPOTEKAIOT JBa MOTOKA: pabounii motok Pp, cozgaHHbli TokoM [y B oOMoTkax 1 u momspusyromuit

®0 or moctossHHOro Marauta 2. [l yKa3aHHOW MOJSPHOCTH HANpPSKEHHS, MPUIIOKEHHOTO K
O6MOTKaM, MarHUTHBIE IIOTOKH B JIEBOM YacTU MAar"HuTornpoBoaga CKJIIaJAbIBAKOTCAd, a B npaBoﬁ -
BBIYUTAIOTCA. SIKOph 3 MOJ ACHCTBUEM pE3YJbTUPYIOIIEH CHIIBI NEpeMeIaeTcsi BiIeBO. Bhi3biBast
3aMblKaHHe KOHTakToB 4 u 5. Ilpu wu3MeHEeHMHM TOJAPHOCTH HANpPsDKEHUS Ha OOMOTKax
pe3yNbTUPYIOLINIT TMOTOK Oyzaer Ooisibllie B MpPaBOil YacTW MAarHUTONPOBOJA, YTO BBI3bIBAECT
nepeMeIIeHue sIKOPs BIPaBO U 3aMbIKaHHE KOHTAKTOB 5 U 6.

B paccMoTpeHHOM pelie SIKOpb MOKET 3aHMMAaTh TOJBKO J1Ba MOJOXKEHHS — JIEBOE WK MPaBOE.
Taxkoe peie ABJIACTCA ABYX IMMO3UIIMOHHBIM. Ecimu B KOHCTPYKIHIO PCJI€ BHECTU IIPYKUHY, IIOI

JieficTBUEM KOTOpPOH AKOpb OyzaeT Bo3BpamaTbes npu I, = 0 B cpeHee MoJI0KeHUEe, TO peiie CTaHeT 3-

X MO3UIIMOHHBIM.

B mpakTtuke Hambonee MIMPOKO pacrpocTpaHeHsl pene Tuma PII, nomyckaromue 4acTtoTy
nepexmtouennid 10 200 B cexynay npu MJIC cpabateiBanust 1 - 2 A. JlnutenbHbplid TOK KOHTAKTOB 0,2
A; HanpspKEHNE KOMMYTHpYeMoil nenu 24 B.



B netimpanvnuvix pene nepemennoco moxa IMeeT MECTO ITYJIbCUPYIOIINNA MAarHUTHBIA TIOTOK H,
CJICOOBATCIIbLHO, BO3SHUKAIOT MMOTCPU HA TUCTCPE3INC U BUXPEBBIC TOKU, UYTO YMCHBIIACT TATOBOC YCUIIUC
skopst. Kpome 3Toro, 3a olMH neprol MI3MEHEHUS TOKA TATOBOE YCHUJIME JIBAXK/IbI CTAHOBUTCS PaBHBIM
HYJIIO, YTO BBI3BIBACT BHUOpamnmio sikops. s yMeHbIIeHHs BHOpalMU TPUMEHSIOT JHOO0 perne
CIIENUAILHOTO TUTIA (CO CIIBUTOM 1O (ha3e MarHUTHBIX MTOTOKOB — Hampumep, pene ¢ K3 Butkom), mmbo
OOBIYHBIC peJie MOCTOSHHOTO TOKa, MapajUieIbHO C KATYIIKOW KOTOPBIX BKIIOYEH KOHIACHCATOP

6onb I, =0 moit émMmxocTH (6 — 8 MKD).

12.4 OcHOBHBIE XapaKTEePUCTUKH U NTApaMeTPbI peJie

OcHoBHbIe MapaMeTpbl. OCHOBHBIMHU MTapaMeTpaMH dJIEKTPOMATHUTHBIX Pelie SBISIOTCS:

1) mapamerp cpabaTbiBaHMsI XCP — 3HAUYEHHE BXOJHOTO IMapaMeTpa Xcp (HampsoKeHHsI, TOKa U
T.J1.), IPU KOTOPOM KOHTAKThI U3 UCXOJTHOTO COCTOSIHUS IIEPEXOAT B pabouee;

2) pabounii mapameTp — mapameTp xp (HampsoKeHHE, TOK), OOeCTIeYMBAIOMINN HAAEKHYIO
paboTy KOHTaKTOB pene (xp Bceraa Ooublie xcp);

3) BenMUYMHA OTIYCKaHWs — 3HAYEHUE BXOJHOTO MapaMeTpa XCp, MPH KOTOPOM KOHTAKTHI
pelie mepexoIAT U3 pabovero COCTOSHUS B UCXOIHOE;

Xp

4) ko3¢ ¢dumenT 3amnaca o cpadaTbIBAHUIO KCP = —— U 10 OTIYCKAaHUIO
Xcp
X
xotm, = —X—;
Xorm
PKOHT

5) KOX(pPHUIMEHT yCWICHUS Ky = , TTOKa3bIBAIOIUN BO CKOJBKO pa3 ympasiseMas

\4
MOIITHOCTh (Ha KOHTaKTaX) PKOHT OOJIbIIIEe YIPaBJISIONIEH MOIIHOCTU Py, moTpedisemMoi
KaTYLIKOM;
6) BpeMs cpabaThIBaHHUA /Cp — BpeMs C MOMEHTa IOJadyd KOMaH/bl Ha cpabaThIBaHHE 0
MOMEHTA Havajia BO3pacTaHUs BEIXOJHOTO MapaMeTpa;
7) BpeMsl OTHYCKaHHsI fOTI — BpeMs, HEOOXOAUMOE JUIsl TMOJHOTO Pa3MbIKaHUS KOHTAKTOB
MOCTIE CHSITHSI IUTAHUS C KATYIIKH;
8) ycTaBka MO BXOJHOMY I[apaMeTpy — 3HA4YeHHs] MapaMeTpoB CpalaThIBaHUS WIH
OTITYCKaHUsl, Ha KOTOPBIE OTPETYIUPOBAHO pElie.
OcHoBHbIe XapakTepucTHKH pejie. OCHOBHBIMU XapaKTEPUCTUKAMU DIEKTPOMArHUTHBIX
pere SBISIOTCS:
1) TaroBas (amekrpomexanudeckasi) P> = f (0 ) — 3aBUCHMOCTH TSTOBBIX YyCWIHHA P»,
CO3/1aBaeMbIX Ha SIKOpE SJIEKTPOMarHUTa MarHUTHBIM IOJIEM KaTyIIKHU, OT BEIHYUHBI
X0J1a IKOpst O (BO3MYIITHOTO 3a30pa);
2)  Harpy3ouHas (MexaHwdeckas) PM = f (0 ) — 3aBUCHMOCTh CHJI PEaKIIMH HCIIOJTHUTEIBHBIX
Y TIPOMEXKYTOUYHBIX OPTAHOB PeJie OT BETMYUHBI X012 STKOPS O ;
3) crarmdeckas UBbix = f (UBX) — 3aBUCHMOCTD HampspKeHHS UBBIX B LTI yIPABICHUS OT
BEJIMYMHBI HANIpsKeHHsI UBX, MPUIIOKEHHOTO K KATYIIIKE;
4)  BpeMeHHas (XapaKTepHUCTHUKA MEePeXOoHOTO mporecca) [k = f () — 3aBUCUMOCTh TOKa B
KaTyImike /K OT BpeMEHHU IIPH BKJIFOYEHUH, padOTe U OTKIIOUEHUH pelie.
[lepBbie TpH XapaKTEPUCTUKH KECTKO 3aBUCAT OT KOHCTPYKIIMH PEJie U B MpoIlecce HaCTPONKH
U OKCIUTyaTalldd MOTYT OBITh M3MEHEHBI JIUIIb B MaJbIX MpeaeliaX. BpeMeHHbIe XapaKTEepHCTUKH,
HaubOosiee BaKHbIE C TOYKM 3pEHUS MPUMEHEHHUS pelie B KauecTBE JJEMEHTa aBTOMAaTHUYECKHX U
TEJIeMEXaHUYECKIX CUCTEM, MOTYT MEHSITHCSI B 3HAUUTEIBHBIX Tpe/enax 0e3 H3MEHEHHS] KOHCTPYKITHI
pesie. DTO JOCTUTAETCS MYTEM BKJIIOYEHMS MapajljIeIbHO WIM MOCIEAO0BATEIbHO C IEMbI0 KaTYIIKH
peiie CONPOTUBIICHUN U EMKOCTEMN.
[To Buy cTaTMUecKOW XapaKTEpPUCTUKH pelie pa3eisiorTcs Ha JBYX — U TPEXMO3UIIMOHHBIE.
Cratudeckas XapaKTepUCTHKA IBYXIMO3UIIMOHHOTO pelie, WUMEIOMIETO JBA YCTOWYHMBBIX COCTOSHUS
nmokaszaHa Ha puc. 4.2. Ha puc. 4.2 mo ocu aGcucc OTI0KEHO 3HAaYEHUE BXOIHOTO IMapaMerpa X, a 1o



OCH OpJIMHAT — BBIXOIHOTO IapameTpa .
Jlo Tex mop, moka xX<xcp, BBIXOJHOW MapaMeTp ) paBeH HYJIIO JHOO CBOEMY MHUHUMAIIbHOMY
3HAYCHHUIO Vyiy (711 OECKOHTAKTHBIX armapaToB).
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Puc. 32. Xapakrepucrtuka ynpaBieHuUs pelie Puc. 33. BeixoaHOM 1 BXOJHOU MapamMeTpbl

AIEKTPOMArHUTHOTO pelie

IIpu x=Xx.;, BBIXOOHOW MAapaMETpP CKAaYKOM MEHAECTCA OT Vmin 1O Vmar.. I1IpOHCXOIUT
cpabatsiBanue pene. Ecnu mocne cpabaThiBaHNs YMEHBIIATh 3HAYEHUE BXOHOTO MapameTpa, TO IPH X
< Xor; TPOUCXOTUT CKaYKOOOpa3HOE BO3BpAILlEHUE BBHIOHOTO MapaMeTpa OT 3HAYCHUS Vigy A0 0 UIH
Vmin — OTIIycKaHue pene. [loqo0Hyr0 XapakTepUCTUKY UMEIOT, HalpuMep, dJICKTPOMArHUTHEIE pelie.
BXoHBIM cHUTHAIOM ISl HUX SIBJISIETCS TOK B OOMOTKE WJIM HalpsOKEHUE Ha HEl, a BBIXOJIHBIM — TOK
WM HanpsDKeHHE Harpy3Ku, KOMMYTUPYEMOM KOHTAKTaMU peie.

Ha puc. 4.3 naHbpl 3aBUCUMOCTH BXOJIHOTO I, ¥ BBIXOJHOTO Iy MAPAMETPOB HIIEKTPOMATUTHOTO
pene oT BpeMeHU. BXOIHBIM mapaMeTpoM B JAHHOM CITy4ae SIBJISIETCS TOK B OOMOTKE pelie, BHIXOIHBIM
— TOK B yIpaBJIsieMOH 11enu (IIeny Harpy3KH).

Jnst puc. 4.3 IpUHATO, YTO BKIIOYEHHUE OOMOTKH pese npoucxoaut npu =0. [Ipu ¢ = tTp sikopp
JJIEKTpOMAarHuTa peje Tporaercs W HayuHaeT JABW)KEHHe. B TeueHHWe BpeMeHH (1B SKODPb
nepeMeIIaeTcsl ¥ B KOHIIE X0/1a 3aMbIKaeTCs KOHTAKT B LIETIH HArpy3Ku. TOK HAarpy3Ku iy BO3pacTaeT OT
HYJISl 10 YCTaHOBMBILErocs 3HaueHus l,. BpeMms fTp = fTp + 1B Ha3bIBalOT BpeMEHEM CpadaThIBaHUS
pene. ITocae 3Toro Tok B 0OMOTKE pelie MPOJODKAET PACTH 0 YCTAHOBUBIIETOCS 3HAUCHHS [pag. [IpH
OTKJIIOUEHHUH pesie U3 pabouero coCTOSHUA pad 1erb ero 0OMOTKHU pa3phIBacTCs U TOK B HEU CI1ajiaeT.
B MoOMeHT BpemMeHHM fOTI, KOTJla YCHJIME MPOTHUBOACHUCTBYIOIICH MPYXUHBI CTAHOBHUTCS OOIBIIE
JIEKTPOMArHUTHOTO YCHJIMS, MPOUCXOJIUT OTIycKaHUe SKOps. KOHTaKThI perne pa3zoMKHYTCs MOCie
BBIOOpA MpOBaia KOHTAKTOB 4epe3 BpeMs (poB.K. [locie pa3mMbikaHus KOHTAaKTOB 3aropaeTcs Ayra,
KOTOpasi MOTAcCHET 4Yepe3 BpeMs #11 U TOK B Harpys3ke iy = 0. Bpems foTk = fotn + fmpoB.K. + /1
Ha3bIBACTCSI BPEMEHEM OTKJIIOUCHUSI.

12.5 TpeboBanus, npeabsBJsieMble K peJe

K p€iI€ 3aliUThl SHEPTOCUCTEM, TJIsI CXEM ABTOMATHKH, a TAKXKC IJId YIIPABJICHHUSA W 3alIWUTHI
SJICKTPOIIPUBO/JIa MPCABABIAIOTCA Tpe6OBaHI/IH CCICKTUBHOCTH, GBICTpOI[GI\/JICTBI/IH, YYBCTBUTCIIbHOCTH,

BBICOKOH HaJ&KHOCTH, MEXaHMUECKOH M KOMMYTaIlMOHHOM n3HOcocToKkocTH 10 (1 — 10)10 ° ukmos.

12.6 CorsiacoBanue TAroOBbIX M NMPOTHUBOAEHCTBYIOIIUX XaPAKTEPUCTHK peJie

CorsiacoBanue TATOBbIX M NPOTHBOACHCTBYIOIIUX XaPAKTEPHCTHK.
PaccMoTpuM paboTy MaKCHMAalbHOTO pelie MOCTOSTHHOTO TOKa C MPOCTEHIneld MarHUTHOW CHCTEMOM
KJIAITAHHOT'O THIIA.

Ha puc. 34 wu300paxeHbl TAroBass W IPOTHUBOJCHCTBYIOIIAs XapaKTEPUCTUKU  pelie.
[IpoTHBOICHCTBYIONINE YCUIIUS CO3JAIOTCSl BO3BPATHOU P} 1 KOHTaKTHBIMU P, pYy>KUHAMMU.

st cpabateiBaHusl pese HE0OXOAUMO, YTOOBI TATOBAsi XapaKTepHCTUKa P3; BO BCEX TOYKAX XOza
SIKOPS 1A BBIIIE CyMMapHOM MPOTUBOICUCTBYIOIIEH XapaKTEPUCTUKHU.
P o= P 1 +P 2.
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Puc. 34. CornacoBanune XapakTEpUCTHUK JIEKTPOMATHUTHOTO peje

HaunmeHnbiliee 3HaYeHUE TOKa, MPU KOTOPOM KpuBasi Ps; NPOXOAUT BBINIE 3aBUCUMOCTH P,
Ha3bIBACTCS TOKOM Tporanus Itp pene. KoadduiuueHnt 3anaca nmpu 3ToM k3 = Ipap / Icp B OOBIYHO
cocrasiseT k3 = 1,4.

Jlyist TOro 4TOOBI YCTPAHUTH 3aJTUIMAHKUE SIKOPS, B MATHUTHOM CUCTEME BCET/Ia CO3AAeTC KOHEUHBIH
3a30p O . [Ipu 3TOM 3a30pe TATOBOE YCHJIME 3HAYMUTEIBHO MPEBBINIACT MPOTUBOACHCTBYIOIEe (Pa—
Po6 = Pu30). CpabaTeiBaHHE pejie ONpeaessieTcss TOUKOU 6 (3a30p O = O H), IPH KOTOPOM P HIéT
BHIIIE Pry.

JlJis OTKITIOUEHUS pelie TAroBask XapaKTepUCTHKA PryuKoil BO BCeX TOYKaX JOJDKHA OBITh HUXKE
xapakTepucTuku Pr. IIpu 3TOM ycuiue, pa3BUBaeMoe MPOTUBOJICHCTBYIOIIMMHU MPY>KUHAMHU, OOJIbIIIE
3JIEKTPOMArHUTHOI'O YCHJIMS U SIKOPb BO3BPATUTCS B HAYAJIbHOE MOJIOKEHHUE.

Jlis perne 3aiuThl JHEPTOCUCTEM | JIEKTPONPUBOIa K0d(PPUIHEHT Bo3BpaTa

KB:IOTH /ICP = 1.

Jlis1 koHeuHoro 3a30pa § = Sk Pa=«1I,,

rie Pa — 3IeKTpOMarHuTHOE yCcuine mpu 6 = O K U Toke cpabatbiBanus Icp ; k1 — KOHCTPYKTHUBHBIH
dakTtop.
Jlnist oTIyCKaHus pesie He00X0AUMMO TaK YMEHBIIUTH TOK, YTOOBI Pa3BHBAEMOE YCUIIHE
Crano paBHO
— 2
Po =xl1,,,,
OTKy/a
P
KB = ]OTH /ICP = P—(S .

a

o by &

Puc. 35. YcnoBust noiay4eHus: BBICOKOro Kod(QuimeHTa Bo3Bpara

U3 puc. 4.5 Pa—P 6 = Pa — Pu30.
Tornma

[Tockonbky Pu36 )0 KB ( 1.



Jlna yBenuuenust KB HE0OX0JUMO MaKCUMaIbHO COJMM3UTH TATOBYIO M MPOTUBOACHCTBYIOUIYIO
XapaKTePUCTHKH C IIeNbI0 yMEHbIeHUs Pu30.

12.7 DnekTpoMarHuTHbIE pejie TOKA U HANIPSIsKEHUS JIJIS1 3aMThl JHEProCUCTEM,
yIpaBJieHUS U 3aIUTHI JIeKTPONPHUBOAA

Pesie 3ammThl 3HeprocucreM. B cxemax 3aluThl SHEPTOCUCTEM M KPYIHBIX CHIIOBBIX
YCTaHOBOK (MOIIHBIX AJIEKTPOJBUTATENCH, TPaHC(HOPMTOPOB) MIUPOKO MPUMEHSIFOTCS peie cepun PT-
40. Pene Boimyckarorcst Ha Toku ot 0,2 1o 200 A. Bpems cpabateiBanust coctasisietr 0,03 ¢ mpu [ =
3Icp. Koadounuent Bo3Bpara KB > 0,7. [lorpebnsemas momuocTh oT 0,2 mo 8 B A. MomuiHocTh
KoMmyTHpyemoit rienu 50 BT moctosHHOrO Toka npu Hanpsixenuu 220 B.

Ha 6aze pene cepun PT-40 BeimyckaroTcs penie MmakcumanbHoro Hanpsbkenus PH-51, PH-53 u
MHUHUMAaJIbHBIE penie HanpsbkeHus: PH-54.

Pesie TOoka M HanmpsikeHMsl Uil yNPaBJEeHUs] M 3alIUThI 3JeKTponpuBoga. B kauectse
TaKHUX peJie YacTO MPUMEHSIOTCS pejie IOCTOSTHHOTO Toka cepur POB-300 Omarogapst 00OIbIIIOMY O .1
MaJlOMy XOZy SIKOpS.

Pesne 3ammutel 3daexkTponpuBoga. OCHOBHBIMU TpPEOOBAaHUSMHU, NPEIbSIBISIEMBIMH K peie
3aIUTHI AJIEKTPONPUBOJIA, SBISIOTCSA BBICOKOE ObIcTpoaeiicTBue (fcp. < 0,05¢),1mmpokas peryimpoBka
TOKa cpabaThIBaHMsl, BUOPO U yIapOCTOUKOCTD.

Jlnst pa®oThI B 3JEKTPONPHUBOJAX MEPEMEHHOIO TOKa IMpeaHa3HaueHbl pene cepun POB. Otu
pelie UCTIONb3YIOTCS JUI 3alIUThl OT TOKOB K3, a, B COBOKYIHOCTH € pesie BpeMEeHH — JIs 3alUThl OT
TOKOBBIX IIEPErPY30K.

KaTymiku TOKOBBIX pelie BBIMOIHAIOTCA Ha [HOM oT 2,5 no 600 A. PerynupoBaHue yCTaBKU IO
TOKY cpabaThIBaHUS MPOM3BOANTCS W3MEHEHHMEM HATSHKCHHS BO3BPATHOW MPYKWUHBI U HAXOIUTCS B
npenenax 110-700% /HoMm. Pene HanpspkeHHs TOMYCKArOT PETYIUPOBKY YCTAaBKH 10 HANPSKEHUIO
cpabareiBanus 70 — 85% Unowm. . KB TokoBsix pene KB = 0,2 — 0,4.

Bpewms cpabateiBanus pene cepuu POB 0,06¢, Bpems otmmyckanwus 0.07c¢.

12.8 Bb100op, npUMeHeHne U IKCILIyaTAlUs MAKCHMAJIbHO-TOKOBBIX peJie
I[aHHBIe, YKa3aHHBIC B IMACIIOPTax pPeJIC U ABUTATCIIA JOJIZKHBI obecreynBaTh HCPaBCHCTBO

Isom. p = [HOM. 1B ,

rae /[HoM. p ¥ /HOM. JIB — HOMUHAJIbHBIE TOKH pPeJi€ U 3alIMIIAeMOro JBUTaTesl.
Jlnia nBurareneil, paboTaronyx B HOBTOPHO-KPATKOBPEMEHHOM PEXHUME

Iaom. 0B = [HOM. 11B. 25,
rae [HoM. AB. 25 — HOMHHAQJIBHBIA TOK JBUTATENs, PaOOTAIOIIET0 B MOBTOPHO-KPATKOBPEMEHHOM

pexume ripu 1B = 25%.
Cxewma Bximtouennst KA npusenena Ha puc. 4.6.
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Puc. 36. Cxembl BKIIFOUEHUS MaKCUMaJIbHO-TOKOBBIX PEje
VYcraBka perne 1o ToKy cpabaTbIBaHHs T0HKHA OBITh
Iyct. > (1,3-1,5) I myck ,

rae / myck - myCKOBOM TOK JIBUTATEIIA.
Jnst 32U Thl ABUraTenei ¢ pazHbIM POTOPOM TOK CpabaThIBaHUs BEIOUPACTCS U3 YCIOBUS

Iyct. > (2,25 —2,5) InoMm. 1B.

Ecnu Heckonbko nBuraTeneil ¢ ¢azHbBIM POTOPOM MUTAIOTCS uepe3 obmuit BBoI (puc. 36,0),
ycraBka pene KA1 u KA2 nomkHa ObITH

Iyct. > (2,25—-2,5) Inom. 1B .

VYcraska pene KAO cocranser
ITyer =(1,25—1,5)I Hom. 11B. 25 + X IHom. 1B. 25 ,

riae / HOM. IB. — HOMHHAJIBHBINA TOK IBUraTelsi HAUOOJBIICH MOITHOCTH (pexum I1B = 25%); Z IHOM.
IB. 25 - cyMMa HOMHMHaJBHBIX TOKOB Bcex JaBurateneil, zammumaeMbix KAO. Ecnu asurarenu
BKJIIOYAIOTCA HA JUTUTEJIbHBIN PEXKUM, TO /HOM. IB = [HOM. JIB.

KommyranmonHnas crocooHocts Nk KA momkHa cOOTBETCTBOBATh HOMHHAJIBHBIM 3HAYCHUSIM
TOKa M HampspKeHUs KaTymiek KoHtaktopoB KM, KM1, KM2, B nenu koTopbix BKJIKOYEHHI pene. [Ipu
BbIOOpe KA cienyeT yuduThiBaTh, 4TO MYCKOBOM TOK AJIEKTPOMArHWTa KOHTAaKTOpa MOXeT ObITh B 10 —
15 pa3 Gosblile YCTAaHOBUBIIIETOCS 3HAYEHHUS M YTO ATOT TOK KOHTaKThl KA mOmKHBI OTKIIOYaTh. TOK
OTKJIIOUEHUs pene [oTK.p. = (2,25 — 2,5) I kaT ToKa KaTyIIKd KOHTaKTopa.

Ecnu Toku menu nBurateneil JOCTaTOUHO BEJIMKH, TO pejie€ 3allUThl BKIIIOYAETCS B LIETMH C
NOMOIIBIO TpaHchopmaTopoB Toka 74 (puc. 36,B).

Jlyis Toro, 4TOOBI 3alUTUTh JBUTATENb MPU 3aTSHYBIIEMCS MycKe (BeJMKa Harpy3ka Ha Baiy)
WM KpAaTKOBpPEMEHHOM MUKOBOU meperpyske, KA Bo3aeiicTByeT Ha KOHTAKTOp 4epe3 pejie BpeMEeHHU



KT (puc. 37), xotopoe 3amyckaercs ¢ momomipio pene KA4. Tlpm HOpMambHOM IyCKe WU
KPaTKOBPEMEHHOU Ieperpyske, 0€30MacHON JJisi IBUTATelNs, BpeMs MyCKa WU MEeperpy3Kd MEHbIIe
BPEMEHU BBIJIEPKKH KT U KoHTakTop KM B 1ienu asurarens M He otkimovaercd. [Ipu stom pene KA4
oTnajgaetr u cHumaet HamnpsbkeHue ¢ pene KT. Ecnu Bpems mycka wiM meperpy3ku A1ycK ) (KT, TO
koHTakThl KT pa3mbikatorcsi, kontaktop KM otkimrodaercst u asuratenb M oOGectounBaercs. Takas
CXEMa MOKET UCIIOJIB30BaThCA B CXCMaX PEBEpPCa ABUTATECIIA.
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Puc. 37. Cxema MakCUMaJIbHOM TOKOBOM 3alIUTHI C peJie BpEMEHHU
Tok ycraBku pene KA4 BeiOupaercs 1o ycioBHIO
ITycr <£0,75 Inyck .

Tox BO3Bpara pene AOMXKEH OBITH OOJbIIIE HOMUHAIBHOTO ToKa aBurarens Ha 30%. HomuHanmbHbIE
TOKHU pene U ABHUTATCIIA OJOJIKHBI yI[OBJIGTBOpSITb yCHOBI/IIO

I HOM.p. < [HOM. IIB.



7 cemecTp
13 TEPKOHOBBIE PEJIE (I'P)

13.1 HazHayeHue, NpUMHLMIN AefiCTBHS U YCTPOICTBO repKoHa; pu3nyecKnesiBJICHNUS B
3JIEKTPHYECKOM ammnapare

Ha3nayenune repkoHa. ['epKOHBI - 3TO pele € TEPMETHMYHBIMM MAarHUTOYINPAaBISEMBbIMU
KOHTakTaMu. OHHU IIHPOKO MCHOJB3YIOTCS B CXEMaX AaBTOMAaTUKHM M 3alllUThl KaK JIOTMYECKHE
JJIEMEHTHI, npeoOpa3oBarenu HEDJIEKTPUYECKUX BEJIMYNH B JNEKTPUYECKHE, KaK
IEKTPOMEXAHUUYECKUE YCUJIMTENIM CHUTHAJOB MEXAY IOJYIPOBOJHUKOBBIMM YCTPOMCTBAMU U
CHJIOBBIMM DJICKTPHUUYECKAMH alllapaTaMu.

IIpuHuun pgeiictBusi W ycTpoiicTBo repkoHa. Ilpocteitiiee repxonoBoe pene (I'P) ¢
3aMBIKAIOIIUMU KOHTaKTaMu H300pakeHo Ha pucynke 4.2.1, a.
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Puc. 38. [IpocTeliliiee repkOHOBOE pelie ¢ CAHMMETPUYHBIM 3aMbIKAIOIUM KOHTAKTOM

Konrakrueie .cepneunnku (KC) 1 u 2 usroraBnuBaroTcst U3 (eppoMarHUTHOTO MaTepHaia C
BBICOKOM MarHMTHOW TPOHHUIIAEMOCTHIO (TIEPMAIIJIOS]) ¥ BBAPUBAIOTCS B CTEKJISHHBIA T€PMETHYHBIN
6autoH 3. BanioH 3amonHeH WHEPTHBIM T'a30M - YHCTBIM a30TOM WJIM a30TOM € HeOONIbIION (OKOJIO
3%) nobaBkoil Bomopoma. JlaBieHme rasa BHYTpH OammoHa coctasmser (O, 4-5-0, 6) -10° Ila.
WNueptHas cpena npenorepamiaet okucienne KC. bamion ycranaBnmuBaercss B 0OMOTKe yIipaBiieHuUs 4.
[Tpu momade Toka B 0OMOTKY BO3HHUKAeT MarHUTHBIA MOTOK @, koTopsiit mpoxoaut mo KC 1 u 2 yepes
pabounii 3a30p 8 MeX1y HUMH U 3aMBIKaeTCs MO0 BO3AYXY BOKPYr 0OMOTKH 4. YTpolleHHas KapTUHa
MarHuTHOTO TIOJIs Toka3aHa Ha pucyHke 39. ITotox @ mpu mpoxokaAeHHH uepe3 pabouuii 3a3op
CO3/a€T TATOBYIO IEKTPOMArHUTHyI0 cuily P3, koropas npeononesas ynpyroctb KC, coenunser ux
MeXay coOoi. [[ns ymydiieHuss KOHTaKTHPOBAHUS MMOBEPXHOCTHU KacaHUSl MOKPBHIBAIOTCS TOHKUM
cioeM (2-50 MKM) 30110Ta, posusi, cepedpa u JIp.
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Puc. 39. Ynpomiennas kapTHHa MarHUTHOTO TIOJISI TEPKOHA YIPABIISIEMOr0 0OMOTKOM C TOKOM

ITpu oTknrOYeHMM OOMOTKM MAarHMTHBIM MOTOK M 3JIEKTPOMAarHWTHas CHJA CHAJAlT U MOJ
neiicteuem cun ynpyroctu KC pasmeikatorcs. T. o, B I'P oTcyTcTBYIOT neTanu, NOJBEp KEHHbIE
TPEHUIO (MecTa KpEeIUIeHUs SKOps B JIEKTPOMAarHuUTHhIX peine) , a KC oJHOBPEMEHHO BBIMOIHSIOT
(GYHKIMU MarHUTOIPOBO/IA, TOKOIPOBOJA U IPYKUHBIL.

B ¢BsI3u ¢ TeM, YTO KOHTAKThl B T€PKOHE YIPABJISAIOTCS MAarHUTHBIM I10JIEM, TEPKOHBI HA3BIBAKOT
MarHUTOYIPaBIIsEMbIMU KOHTAKTaMHU.

Ha ocHoBe TrepkoHOB MOTyT OBITh CO3JIaHBl TaKXe pelie C pa3MbIKAIOIIUMU U
MEPEKITIOYAIOIIUMHA KOHTAKTAMHU.

Puc. 40. [lepexntoyaromnye repKoHbI

B repkxone c¢ mepexmouatomumu kKoHTtaktamu (Puc. 40, @) wenomwxkuabsie KC [, 3 u
NOJBIKHBIE 2 pa3MmenieHsl B OamtoHe 4. [lpu mosBneHW# cuiabHOro MarautHoro momst KC2
nputsruBaeTcs K KC1 u pazmbikaercs ¢ KC3. Onun n3 KC nepexiouatomiero repkona (Hanpumep 2)
MOJKEeT OBITh BIIOJHE M3 HEMarHuTHOro Marepuana (puc. 40,0).

I'epxonoBoe pene (puc. 40,8) umeer nBa noaBmkHbIX KC 1, 2, nBa menoasmwkHbix KC 5, 6 u
nBe oOMoTku ynpasienus 7, 8. Ilpu cormacHom BrmoueHnn oomoTtok 3ambikatorcss KC 1 u 2. Ilpu
BcTpeuHoM BkimrodeHuH oOMoTok KC1 3ambikaercs ¢ KCS5, a KC2 ¢ KC6. Ilpu orcyTcTBHMU TOKa B
obmoTkax Bce KC pasomkHyThl. I'P (puc. 40,r) uMmeer mepekIOYarolInii KOHTAKT 3 cdeprudeckoii
dopmsbl. [Ipu cormacHom BrimrodeHMH 0OMOTOK 7 W 8, koHTakT 3 mputsaruBaercs k KC1 u KC2 u
3aMbIkaeT ux. [locne oTKIOYeHHs OOMOTOK 7 M 8 MpH COIIACHOM BKJIIOYEHHUH 0OMOTOK 9 m 10
KOHTaKT 3 3ambikaeT KC5 n KC6.

T.x. KC TrepkoHOB BBIMONHSAIOT (YHKIIMA BO3BPATHOW TPYXKHUHBI, TO UM MPHUAAIOT
ompeeNeHHble yrnpyrue cBoicTBa. Ympyrocte KC o0ycnaBiamBaeT BO3MOXKHOCTh WX BHOpaIuu
("mpebesra") mocne ynapa, KOTOPBIA COIYTCTBYET cpabarbiBaHMIO. JITUTENBHOCTh TaKOH BHOpaunuu
nocturaet 0,25 Mc ipu obmem Bpemenu cpabareiBanus 0,5-1,0 mc. OqHuUM U3 CIOCOOOB YCTpaHEHUS
BIIUSTHUST BUOPAITUY SIBIISIETCS UCTIOJIb30BAHUE
KUJKOMETAJUIMYECKUX KOHTAKTOB.



Puc. 41. PryTHbBIE T€pKOHBI

B nepexntouatomem repkone (puc. 41, a) Buyrpu nojsxkHoro KC umeercss KanuUISIpHBIN
KaHaJl, 10 KOTOPOMY W3 HIDKHEH dYacTu OamioHa 4 mMogHUMAaeTcs pTyTh 5. PTyTh cmaumBaeT
nosepxHoctu Kacanust KC1 c¢ KC2 wimm KC3. B MOMEHT ynapa KOHTakTOB IpH CpabaThIBaHUU
BO3HHMKaeT Wx BuOparus. M3-3a pTyTHOW IieHKHM Ha KOHTakTHOW moBepxHocTH KCI1 BuOpamus He
NPUBOJUT K pa3peIBy Lenu. B konctpykumu Ha puc. 41,6 mexay KC2 u KC3 u pryTthio 5 Haxoaurcs
dbeppomMarHuTHas U30JSUOHHAS )KUIKOCTH 6. [Ipy BOSHUKHOBEHUH MarHUTHOTO MOJIsl (eppOMAarHUT-
Hasl XKHUJIKOCTh 6 MepeMeIIaeTcsi BHU3, B MOJIOKEHUE MTPH KOTOPOM MOTOK OyzAeT HauOoibpmuM. PTyTh
BBITECHSETCS BBEpPX U 3ambIkaeT KOHTakThl KC2 u KC3.

CnenyeT OTMETHUTDH, YTO JKUIKOMETAIIMYECKUM KOHTAKT MO3BOJSET YMEHBIIUTH NEPEXOIHOE
CONPOTHUBIICHNE U 3HAYUTEIBHO YBEIMYUTh KOMMYTUPYEMbI TOK. Hamnuue pTyTn yumHseT npouecc
pa3pbiBa KOHTAKTOB, UTO YBEJIMUMBAET BPEMsI OTKIIOUEHHUSI pelIe.

VYrpaBineHue repkoHOM MOXHO OCYLIECTBIATH M € MOMOLIBIO NMOCTOSHHOrO MarHuta. Ecim
MIOCTOSIHHBI MarHUT yCTAHOBJIEH B OJM3U TepKOHA, €ro MarHUTHBIM MOTOK 3ambikaercs yepe3 KC,
KOTOpBIE B PE3YNbTATE 3TOIO0 HAXOAATCS B 3aAMKHYTOM COCTOSIHMHU. VCronb30BaHHWE IMOCTOSIHHOTO
MarHuTa COBMECTHO C YIIPaBJIAIOLIEH KaTYIIKON IIO3BOJIAET co3AaTh I'P ¢ pa3MbIKarOIMM KOHTAKTOM.

13.2 OcHoBHBIE MapaMeTPbl TEPKOHOBOIO peJie

OCHOBHBIMHU XapaKTEPUCTHKAMH T'€PKOHA SIBIISIOTCS: TATOBBIE P3( 0 ) U mpoTuBoAeiCTBYIOIAs
Prip( 0 ) u Bpems cpabaTbIBaHus.

prOH_leHHaSI cXemMa 3aMeIICHUusA MarHuTHOH LCIU I'CpKOHA UMECT BUJ
(puc. 42). 3necy 0o003HaueHbl: JIO - MOJIHAS MarHWTHAs MPOBOJUMOCTH pabOyero 3a3opa ¢ y4eToM
NOTOKOB BBIIY4YMBaHMsI; JIBII - MPOBOAMMOCTh IyTH MarHUTHOTO MOTOKa o Bo3ayxy BHe KC; Jlkc -
CyMMapHasi MarHuTHasi mpoBoAUMOCTh 060ux KC; @ - MarHUTHBIN MOTOK, CO3/IaHHBIN 0OMOTKOM; F -
M/IC 0OMOTKH.
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Puc. 42. YnpouieHHas cxema 3aMeIIeHUs Puc. 43. Bnusnue cMmenienus Z nueHTpa 0OMOTKH
MAarHUTHOM ENU repKOHA oTHOcUTENbHO LeHTpa nepekpoiTust KC na MJIC

cpabareiBaHus TepkoHa Fcp

BOmm3u pabodero 3azopa oOpa3yloTCs 3aMETHBIE MarHUTHBIE TOTOKU BCITydWMBaHUs. B
pe3ynbTaTe MarHUTHBIN MOTOK MOTOK @ B ceueHnn KC yMeHbIaeTcs mo Mepe MpuOIMKEeHUS K 3a30py
0.

DJIeKTpOMarHuTHas cuia, BosjaeiicTByromas Ha KC, Bblpaxaercss 4epe3 KOHCTPYKTHBHBIE



napaMeTpbl ypaBHEHUEM
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rie @O - moTok B paboueM 3a3ope O; a U b - pasmepsl pabodero 3azopa; K = 6,66+44,4 h/b -
K02(ppULIMEeHT HEPaBHOMEPHOCTH I10JIsA, B pabodeM 3a3ope.

Nuorna c nenpio perynuposku MJIC cpabateiBanms 11eHTp pabodero 3a3opa v IMEHTP 0OMOTKH
O cmemiaercs Ha paccTosiHue Z.

BuenHsas npoBoaAMMOCTh

JIBIm =

Z Z
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rae L - monHas nimwHa repkoHa; p. - nepumeTp nonepeunoro ceueHus KC; dg, - BHyTpeHHUN TUaMeTp
00OMOTKH ympaBiieHus; /g - anuaa oOMoTkY; 77 x(Q + [K dg, /k - cpenusis nmuHHA BUTKAa 0OMOTKH; Q —
Iiomaab HOHCpe‘-IHOI‘O CCUCHUS 06MOTKI/I.

[TpoBoaumocTs JI &

Jdo = ,uo%\/l+K-5/a.

3aBucumocts P> = f(J0) mmeer Bun rumep6onsl (puc. 44). IlporuBoxmeicTByrOmIast cuia
onpenensiercs ynpyroctbio KC u onpenensiercs: popmynoi

Pop=c(ou-9),

IJie C - SKBUBaIeHTHas xecTkocTh KC, mpeacrapistomas co0oi ®KeCTKOCTh KOHTAKTHON CUCTEMBI; O g
- HaYaJIbHBIH 3a30p Mexay koHamu KC; O - Tekylee 3Ha4eHHE 3a30pa.

Ha puc. 44 npezncraBieHbl 3JeKTpOMarHuTHbIE TAroBbie P, (O ) u mpotuBoneiictBytomas Py,
(0)) XapaKTepUCTUKHU TePKOHA.

p

.uﬂ

0 dy=0x _32 ._63»=d'<rp g, ds \6u.

Puc. 44. Tarossle 1 NpOTUBOAEHCTBYIONINE XAPAKTEPUCTUKHN FEPKOHA:
Fep ,Forn - MJIC cpabareiBanus u otiyckanus Forn ( F1 ( Fep ; F3 ) Fep

IIpu F = F1 paBHOBecHOe coctosiue P,(0 1)= Pp(d,) ompemensiercss toukoir A. Ilpm
nanpHeimem ysenmuennd MJIC Touku paBHoBecus noganmarorces. [Ipu MJC Fg, u 3a30pe 0 = 03
(rouka b) nmpoucxoaut cpabareiBanue u 3ambikanne KC pene. 3a30p 03 = J ¢, Ha3bIBAaCTCA 3a30pOM
cpeiBa. KC mepexoIuT B KOHEYHOE IIOJIOKEHHE, OIMpelIeIsieMoe 3a30poM O 4 = Ok, KOTOPBIU
OMpPCACIIACTCA TOJIH.[PIHOﬁ KOHTAKTHOTO IMOKPLITUA U HCPOBHOCTAMU KOHTAKTHOH IMMOBCPXHOCTHU. Pa.}( -
KOHEYHas 3JIEKTPOMarHuTHas cuia, Py p - KOHTakTHOE HaxaTue, Prp x -KOHEUHas cuiia MPYKUHBI.



Paznoctb Py - Prp. x = Pk g onpeiesisieT KOHTaKTHOE Ha)KaTHeE.
Bpewms cpabatbiBanust ['P MOXXKHO onpeAenuTh 10 ypaBHEHHIO

m
t=(O0u-0K)\—,
(0n K)‘/A

TIle m - DKBUBaJIEHTHasg Macca noasukHoi yacth KC;

A - mocTosiHHas, onpeensaeMas pa3aMepamMmu, MaTepraioM M kecTkocTbio KC.

Jliis pa3MbIkaHusi KOHTakToB ['P HeoOxonnuMo, 4TOOBI TATOBAsl XapaKTEPHUCTUKA OMyCTUIIACH
HIKE TOYKH B.

Koadumnment Bo3spara ['P Kg = Foryr /Fep, Tae Fornr - MAC omyckanus. Kg = 0,3-0, 9.

13.3 KoHCTpPYKIIUM ITePKOHOBBIX peJie

I'P pa3znooOpa3Hbl 1O KOHCTPYKIMH M Ha3zHaueHWt0. KoHCTpykTHBHBIE BbIONHEHHs ['P: ¢
Pa30MKHYTOM MAarHUTHOM Liemnbio (puc. 45,a); ¢ KOXKYXOM (9KpaHOM) M3 MAarHUTOMSITKOTO MaTepuaia
(puc. 45,0,B); ¢ MAarHUTHBIM ITYHTOM (pHcC. 45, ); C OCEBBIM CMEICHUEM T'epKOHA B 00MOTKE (puc. 45),
MHorouenessie ['P ¢ pacnoniokeHneM repkoHa BHYTPU WJIM BHE KaTYILIKH; TEPKOHOBOE peJie TOKa;
nonsipuzoBanHoe ['P; ynpaBiieHME T€PKOHOM C MOMOIIBIO MOCTOSHHOTO MaruuTta; ['P ¢ mMarHuTHOM
NaMsIThIO, TEPKOHBI ¢ OOJIbIIEH KOMMYTAIIMOHHON CIIOCOOHOCTHIO.

Konctpykius I'P (puc. 45,a) umeer pazomkHyTyro 1emnb. [lo 3Toi mpuunHe Oosbiasi OIS
MJIC pacxonyercss Ha IpPOBEIEHUE MAarHUTHOIO IOTOKAa MO Bo3AyXy. Kpome Toro, KOHCTpyKIMs
MOJIBEp)KeHa BO3/JCMCTBUIO BHEUIHMX MArHUTHBIX MOJIEH, CO37aBaeMbIX PACIIONIOKEHHBIMU PSIOM
ANEKTPOTEXHUUYECKUMH YCTPOUCTBAMHU.
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Puc. 45. Konctpykiuu Beinosinenus ['P

Jlnst ycTpaHeHus 3TOro HeJocTaTka MarHuTHas cuctema [P 3akitodaercst B KOXKyX (9KpaH) U3
MarHUTOMSTKOTO Matepuana (puc. 45,0,8). PerymupoBanne MJIC cpabaThIiBaHUS U OTITYCKAHUS MOYKET
IPOM3BOJIUTCS 32 CUET U3MEHEHUs 3a30pa e (puc. 45, 0) uiu nojaoxeHus MaruuTHoro mryHra (Puc. 45,
r), TM00 OCEBOTO CMENIEHHUs T'epKOHA B 0OMOTKE. I'€pKOHBI MOTYT OBITh yYCTaHOBJIEHBI BHYTPU U C
HapyXXu ynpasistomeid oOMoTku (MHoroueneBbie I'P) . KoHCTpykuus ¢ BHEIIHMM pacnojoXeHHEM
TepKOHOB MPEIMOUTUTEIbHEE YeM C BHYTPEHHHMM, T.K. 00ecleYrBaeT MEHbIlee B3aUMHOE BIIHSHHE
COCE/IHUX FepKOHOB. YUCIIO TepKOHOB B OJTHOM peJjie MOXKET JocThub 12 u 6osee.



13.4 Pejie TOKa HA repKoOHE

B pene koHTpo:s 60TBIIIOr0 TOKA UCIOJIb3yeTCsl KOMIIOHOBKA yKa3aHHas Ha puc. 46.

Puc. 46. Pene Toka Ha repkoHe

Tok npoxoaut mo muHe 1. MarHuTHoe 1mose 3TOro ToKa 3aMbIKaeTcs BHYTpU KHbBI U 1o KC
repkoHa 2. I, FéepKOHa MOXET PEryJupoBaThCs 3a CYET M3MEHEHHUS YIVIa & @ U PACCTOSHUSA MEXKIY
IIMHOW U TEPKOHOM.

13.5 IlonsspusoBannbie I'P
B nonspuzoanHom I'P kpome ocHoBHOro repkone noss ynpasienus (MJC Fy) cospaerca

JIOTIOJTHUTEIFHOE TOJIAPU3YIONIee MAarHUTHOE MMoJjie 3a cueT crnenuanbHor oomotku (MJIC F,) nmum
MOCTOSIHHOTO Maruura (puc. 47).

an

Puc. 47. XapakrepucTuka noisipu30BaHHOTO T€PKOHOBOIO PeJie

Ecmm F, > > Fy (. , 10 nox neiictBuem MJIC F, KoHTakThl repkoHa 3aMkHyTcs. [lnd
pasmbikanus koHTakToB MJIC Fy nomxHa 6bITh MeHbl1IE Fy, 1 METh 00OpaTHBIN 3HAK.

13.6 YnpaBJieHre repKOHOM € MOMOIIbIO (GeppPOMArHUTHOI0 IKPaHa

VYIpaBiasiTe COCTOSIHUEM TE€PKOHA MOXHO C TIOMOIIBIO HE TOJBKO MArHUTHOIO IIOJS,
CO3/1aBacMOT0 KAaTYIIKOW YMIpaBleHUs, HO U TOJS MOCTOSHHOTO MarHWTa. Takoil croco® IMMPOKO
UCIIONIb3YETCSI B COBPEMEHHBIX CIIA00TOYHBIX ammaparax yrnpasieHHUs (TyMOJiephl, MepeKiIrovaTes,
KHONKM, Komanpaoanmapatel) U KUII (curHanuszatopsl MOJIOKEHUS, KOHEYHbBIE BBIKIIOYATENH,
natauku ). COCTOSIHHE TepKOHA U3MEHSETCS MPH MPUOIMKSHUH WM YAAJIEHUU OT HEro MOCTOSHHOTO
MarHuTa.
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Puc. 48. YnpaBneHnue repkoHOM ¢ TOMOIIBIO (heppOMarHUTHOTO IKpaHa: @ - TepKoH 1 cpabaTbiBaeT
NpY yJaJeHUH SKpaHa 4 U MarHuTa 2; 6 - repkoH 1 cpabaTeiBaeT Npu NPUOTMKEHUHN K MarHuTam 2 u 3
aKpaHa 4; 6 - TepkoH 1 cpabaTbIBaeT NpH yJaajieHUH dKpaHa 4 U3 3a30pa MEXIy TEPKOHOM U
MOCTOSIHHBIM MarHuTOM 2

CHCI[YGT OTMCTHUTL, YTO NPHU HAJIWYHUKU NMOCTOAHHOI'O MAarHuvTa YIpaBJICHUC T'CPKOHOM MOKCT
MPOU3BOIUTCS 3a CUET (PeppOMArHUTHOTO dKpaHa (puc. 48).



14 TE3AKOHBI U 'EPKOHbI

14.1 T'P ¢ MAarHuTHON NAMATHIO

IIpocreiimee I'P ¢ MarHuTHOH namsAThIO OKa3aHOo Ha puc. 4.2.12, a. J[Ba 3;1eMeHTa MarHUTHOM
namata (OMII) 1 u 1' mpumsikator k KC repkona 3. Ilpu mosiBIeHWH ynpaBlSIONIETO UMIYJIbCa U
COTJIACHOM BKJIFOYEHHH OOMOTOK 2 ¥ 2' co3/1aBaeMblii UMW MarHUTHBIN MOTOK mpoxoauT depe3 KC u
06a OMII, koropsie HamarauuuBaroTcs. [locie npoxoxaeHus umnynabca KC nputsruBaroTcs 3a cyeT
ocraToyHoil nHAYKIMKU OMIL. Jlns OoTKIrOUeHus pesne B 0OMOTKY 2 MOAAETCsl UMITYJIbC TOKa, TOH ke
MOJIIPHOCTH U aMIUTATYZBI, @ B OOMOTKY 2' - TOW K€ aMIUTUTYAbl U OOpPaTHOW MOJSPHOCTH. 3a CUET
pasnoctu MJIC 06MOTOK TiporcxoauT pazMaranyrBanue DMII u ymeHblleHHne MarHUTHOTO TOTOKA B
3a3ope Mexay KC n onu pazmbikarorcs. 1 HaieKHOTO YNpaBIE€HUs JUIUTENbHOCTh UMITYJIbCA TOKA
cpabareiBanus 6epetcs 100 -300 mxc.

Puc. 49. 'epkoHOBBIE pesie ¢ MArHUTHOW MaMSIThIO

JI1st yMEeHbBIIIEHUSI MUHUMaJIbHO HeoOxoaumoro umiysibca MJIC oTnyckaHus yCTaHABINBAETCS
MarHUTOMSITKHM IIYHT 4 B 30HE pabouero 3a3opa repkona (puc. 49,0). [Ipu nomade pasHOMOISPHBIX
HUMITYJIbCOB B OOMOTKH 2 1 2' MarHUTHBIM OTOK 3ambikaeTcst uepe3 KC, maruutHbiil myHT 4 1 OMII,
MUHYS pabounii 3a30p repkona. Ilocie ux coynmapeHuss HAYMHAETCS BUOpAIUS KOHTAKTOB, KOTOpas
nmates 0,5 - 2,5 mc. Ob1ee BpeMst cpabaThIBaHUS TepKOHA ¢ TaMAThio 1-3 mc. Y repkoHOoB (puc. 50,0)
OHO MeHblie (1-2 Mmc).

Puc. 50. Muoronenessie I'P ¢ MarouTHON TaMATBIO

I'P ¢ MarHUTHOM MaMsTHIO U TIEpEKITIOYaroUMU KoHTakTaMu (puc. 50) umeer na OMII 1 u 1'
U 1Be 00MOTKH yrpaBieHus 2 u 2'. [Ipu cornmacHOM BKJIFOUEHHH 0OMOTOK U T0JIaye Ha HUX MMITYJIbCOB
OJIMHAKOBOM MOJISIPHOCTH MAarHUTHBIA MOTOK, co3aaHHblil OMIII u 1', mpoxoaut yepe3 KC repkoHoB
31 u 3; u onu 3ambikatoTcs. [lo KC repkoHoB 33 U 34 MarHUTHBIA MOTOK HE MPOOJIUT, T.K. B MECTE UX
pacnonoxeHus MarHuTHeie MOTOkH oT OMII 1 u 1' Bctpeunsl. [locine mpoxXokaeHusT ynpaBiasOIIEro
UMIyJbCa TEPKOHBI 3; U 37 OCTAIOTCSA 3aMKHYTBIMHU, a 33 M 34 -pa3oMKHyTbIMU. [Ipu mopaue Ha
00OMOTKY 2| MMITyJIbca TOTO JK€ 3HaKa, a Ha OOMOTKY 2, a TaKOTO >X€ HMMITyJIbca OOpaTHOTO 3HaKa
MPOUCXOAUT M3MEHEHUE HarpaBiieHus HamarHuuuBanus OMII 1. Ilpu »>TOM MarHuTHBIE MOTOKH
IPOXOJAT depe3 pabouyue 30HBI TEPKOHOB 31 U 3, KOTOpbIE pa3MBIKAIOTCS Onaronapsi ynpyrum
cBorictBam KC.

B I'P na puc. 50,6 Bo3MOXHBI 16 KOMOWHAIMH 3aMKHYTBIX W Pa30MKHYTBIX T€PKOHOB B



3aBUCUMOCTH OT TOT0, Kak1e 0OMOTKH BKJIt04YeHbl. Hanmpumep, ecnu Bce 0OMOTKM BKJIFOUEHBI TAK, YTO
CO3/1aBaeMbl€ MU MTOTOKH HAIPaBJICHbI OT LIEHTPa K epudepuu, TO BCe TEPKOHBI OYAYT Pa30MKHYTHI.

14.2 KoHCTPYKIIUA Te3aKOHOB

Pene ¢ MarHMTHON MaMsThIO MOTYT OBITH MOCTPOEHBI Ha 0a3ze CHEUANbHBIX T'€PKOHOB, B
KOTOpbIX OMII YacTMYHO WM TOJIHOCTHIO PACHOJIOKEHbI BHYTpH OamnoHa. Takue TepKOHBI MHOTIA
Ha3bIBAIOT 2e3akoHamu (TePMETUYHBIMU 3allOMUHAIONIMMU KOHTaKTaMu). Bo3MOXHBIE HCTIONHEHUS
re3akoHOB MokaszaHbl Ha puc. S1. Jlnsg ucnonHenus no puc. 51, a KC 1 u 2 usroraBiauBaroTca U3
pemaHeHTHBIX MatepuanoB 35KX12, 35KX15, 40KHbB (crmnaBel koOanbTa WU XpoMa) M BBITOJHSIOT
byakuun OMII. CoeguHuTENbHBIC TIIACTHHBI 6 coenuHAOT BbBOABI TrepkoHa ¢ KC 1 u 2. B
UCTIOTHEHUW T0 puc. 51, 6 W3 peMaHEHTHOro Martepuana BhIMONHEH Toibko KC2. Ha GamioHsl
I€3aKOHOB YCTaHaBIIMBAIOTCA 2 OOMOTKHM ympaBieHus. [Ipu cormacHom BrimoueHHH oOMOTOK KC
HAMarHUYUBAIOTCS W 3aMbIKatoTcs. JJis1 pa3MbIKaHUS HEOOXOIUMO MPH IMOCIEIYIOIIEM BKIIOYECHUU
M3MEHUTH MOJIIPHOCTh UMITYJIbCa B OAHON U3 0OMOTOK, YTO MPUBOIUT K pa3mbikanuio KC.

4 6 31 26 5§ -7 1 3 2

Puc. 51. Koncrpykuus rezakonos: 1,2,8 - KC; 3 - 6amion; 4,5 -BeIBOJBI; O - COeAMHUTETBHAS
IUTACTHHA; 7 - MOCTOSHHBIM MarauT; 9,10 - OMII

B cinyuae puc. 51, ¢ ymnpaBieHHE HPOUCXOJUT OT OJHOTO HCTOYHUKA Pa3HOIOJSIPHBIX
uMNynabcoB. Yepe3 BbIBOA | 3aMBIKaeTCs MOTOK MOJSAPU3YIOLIETO MOCTOSAHHOTO marHuta 7. Ilpm
10/1a4€ YIPAaBJISIOIIEr0 UMITYJIbCA, CO3AAIOIIETO M0JIE, COTJIACHOE C M0JIEM NTOCTOSIHHOIO MarHuTa, 3Tu
nons ckiaabiBatoress 1 KC 3ambikarotcst. [Ipu nmogade Bctpeunoro ummyibca KC pazMarnnuuBaroTcs
Y pa3MBbIKaIOTCS.

[Tepexmovarommii re3akoH (puc. 51,8) umeer nBe oOMOTKM ympasieHus. [lpu cormacHom
BkitoueHnu oomorok KC, 1 u 2 namaranumBarotcs coriacHo, 1 KC 8 mpursrusaercs k KC 2. Ilpu
M3MEHEHUH TOJSIPHOCTH MMITYJIbca B OAHOM M3 OOMOTOK MEHSIETCSl HalpaBlieHHE HaMarHUYE€HHOCTU
onHoro u3 KC u KC 8 npursarusaercs k KC 1.

B reszakone Ha puc. 51, DMII BeimosiHeHs! B Buje Tpyook 9, 10, HaneBaembix Ha KC 1 u 2.
[Ipu cormacHOM BKIIIOYEHHU 0OMOTOK yrpanieHus: Tpyoku OMII 9 u 10 HaMarHMUMBaIOTCS COTJIACHO
n KC 3ampikarorcs. [[jisi OTKIIOYEHHUS TepKOHA B OJHOM M3 OOMOTOK HAJ0 MOMEHSATH MOJIIPHOCTH
HMITyJIbCA.

14.3. CusioBble repKOHbI

C uenpro yBEeIMYCHHUS KOMMYTHPYEMOTO TOKa M MOIIHOCTH B KOHCTPYKIIHIO T€PKOHOB MOKHO
BBECTH JIyTOracUTEJIbHbIE KOHTAKTHI (puUC. 52,a).
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Puc. 52. CunoBsie repKOHBI



B crexngnHOM kopryce 6 ykpemnensl noasumxHble KC1 u Henonsukubeie KC2. Ilnactuna 5,
BBIMOJHSIONIAasT (YHKIUIO JyroracUTeNIbHOTO KOHTakTa, ynupaercas B KC 1, Omarogaps uemy
co3maercsa ee ympyras nedopmanus. [Ipu BKIIOYEHHHM BHA4Yale 3aMBIKAIOTCS JTyrOracHTEIbHBIC
KOHTAaKThl 3 U 4. 3aTeM 3aMbIKAIOTCS TJIAaBHbIE KOHTAKTHI. [Ipy OTKIIFOUEHNM BHayajie pa3MbIKAOTCS
IJIaBHBIE KOHTAKTHI 1 U 2, 3aTeM ayroracureibHble 3 U 4.

B npyroii KOHCTPYKIIMH CHJIOBOTO TepkoHa (puc. 52,0) (QYHKIMM TJIaBHBIX KOHTAKTOB
BeimosiHsoTess KC 1 1 2. OtBepetrie 7 B KC 2 mpuBoauT K ObICTpOMY HachllleHUIO Marepuana. [lpu
3ToM MarHuTHBIN TOTOK U3 KC 2 nepexoaut B nepeMbruky 1, u KC 1 npursrusaercs k KC 2. CHauana
3aMBIKAIOTCA TyrOracUTeNIbHbIE KOHTAKTHI 3 U 4, 3aTeM IJ1aBHbIe | U 2.

B Hacrosiiee Bpemsi CEpUITHO BBIYCKAIOTCS T.H. TE€PCUKOHBI (T€pMETUYHBIE CHIIOBbIE
koHTakThl). Ha ocHoBe repcukona KMI'-12 BeimyckaroTcss KOHTakTOpbl. ['epcukonbl tunma KMI'-12
BhITTycKatoTcs Ha [H = 6,3 A, BrimtouaeMblil Tok 710 180 A, oTkitouaeMblit Tok 63 A.

14.4 Pac4yéT 00MOTKM repKoHa

BaxneimMm mapaMeTpoM TE€pKOHAa, MNPUBOJMMBIM B ero mnacmnopre, sBisercs MJIC
cpabareiBanus Fp, 10 3HAYEHUIO KOTOPOH MOKHO OTIpeNenuTh napameTpsl 00MoTkH. Pacuernas M/IC
00OMOTKH

Fp = xr kn F,

rae kr =1,2-2 - ko3¢ dunmeHT 3anaca, YIYUTHIBAIONIUNH TEXHHUUECKHI pa30poC mapaMeTpoB TepKOHA,
A0IMYCTHUMBIC KOJIC63.HI/I$I MUTAOMICTO HAIPSHOKCHUA W HU3MCHCHHA COIIPOTHUBIICHUSA O6MOTKI/I npu
HarpeBe; k, - KO3(PQHIMEHT, YYUTHIBAIOIIWN B3aMMHOE BIIHMSHHE COBMECTHO YCTaHOBJICHHBIX

repkoHOB. [10 ONBITHBIM JaHHBIM k,= /N, TJI€ 71 - YUCJIO TEPKOHOB B PeJIe.
JlnaMeTp HEeH30JIMPOBAHHOTO MPOBOA dyp, HAXOAUTCS U3 (POPMYIIBI

wd® /4 =q=Fp,lyU,

rie p, - yaeIbHOE CONPOTHUBIEHUE MaTepHaa IPoBOia OOMOTKH B TOpsiY€M COCTOSHUM; [, - CPEIHSs

JUTMHA BUTKAa 00MOTKH; U - HalpsHKEHUE NCTOYHUKA.
£, HaxoauM 1o (opmyie

P: Po |_1 +ag (Tzzon + 6 + go)Ja

rae p, -
Jlnst MemHOTO TPOBOJIA ,0020,0175-106 Om-m mpu temmeparype 6, =20 °C; 6,
Temmeparypa okpyxatomeir cpensl, °C; 7, =60,,; —0p - JONYCTHMOE TPEBBINIEHHUE

TeMIiepaTypbl oOMoTkH, °C;
ar=0,0041 1/°c
Cpenusis JyiiHa BUTKA
lop =D =7n(d, +2h,) /2= (dpthy),

rae dB = d6+2 (A + A xap) - BHyTpeHHHI nuametp oOMoTku; dO - auameTp OajioHa repKoHa; A -3a30p
MEXIy OalUIOHOM U KapKacoM; A p - TOJIIIMHA KapKaca KaTyIIKW yIpaBieHus; hk - paauanbHas
TONIINHA OOMOTKH.



Jnist monyuennss MuaumanibHoi MJIC cpabarbiBanmsi TUIOmaas cedeHuss oOMOTKM Q u ee
paauanbHasi TOJMIIMHA hK BEIOUPAIOTCS 0 COOTHOILIECHHUSIM

Q=3d(L+x d)/8; hx = Q/l; =dg; Ix =4d(L+ 7 d)/dg,
rae d - nmametp crepxknst KC; L - qyimHa repkoHa.
OpuentupoBo4Ho JyimHa oOMoTkH lx = (0,25-0,5)L. Haiinennsiit tuamerp d,, OKpyrisercs 10
CTaHJIAPTHOW BEJTUYMBI.
Yucno BUTKOB OOMOTKH

w = hKlKK3M/q,

Ky - K03 dummeHT 3anoHeHns 0OMOTKH MeJIbIo OepeTcs A1 npuHaToro dop.
Pacder npeBsbIieHHst TEMITEpaTypbl 7 OOMOTOK JUISl yCTAHOBUBIIETOCS PEKUMA

7 = P/(xt Soxun),

201
rae Kr - koapounument remnootaauu (10 Br M™°C™); Soxj -MIOBEPXHOCTh OXJIakAeHUs 00MOTKH; P -
MOII[HOCTE BBIJIeJIseMasi B OOMOTKE.

P=PR=U?*R=U%q/(p, 1, ® )= Uq/[ p, = (dgthy) @]

[ToBepxHOCTh OXJTAXKIAEHUS Soxy = 7 (dg+2hK) k. ..
Huametp npoBoaa dy, MpoBepsieM U3 YCIOBUI HarpeBa B yCTAHOBHUBIIEMCS PEKUME

PR=4TFp, 1,0/(xd? ) =KrSoxm. 7.

ITocne BbIOOpa d,, mpoBOAMM MOBepouHbIM pacuer F um 7 ¢ yderom kosdduimeHra
3anonHeHus K, Ecnu oOMoTka paboaer B pekrMe KPaTKOBPEMEHHOTO BKIIFOYCHHS, TO JOMYCTHMOE
BpeMs BKITIOUCHUS

Lon =T In7p 7y — 911017 + Opip )s
7€ 7, - JOMYCTHMOE MPEBBILIEHUE TEMIIEPATYPHI; T - OCTOSHHASA BDEMEHU HATPEB A00OMOTKH.

c(mdi, /4)-[(2d, +2h)/2] ¥
7K (dg +2h ),

T=cG/ (Kt Soxin.)=

I7Ie C - yAeJbHas TEIJI0eMKOCTh MaTepuana npoBoja [t meau ¢ = 390 Br-¢/ (kr -°C) ] ; G - macca
MPOBOJIA, KT; ¥ - IIOTHOCTH MaTepHala MPOBOAA,KI/M° (it Meau ¥ = 8900 kr/m>).

HarpeB repkoHa npu NOBTOPHO KPAaTKOBPEMEHHOM PEXHME pPaCCUUTHIBAETCS MO M3BECTHOU
METOJMKE.



15 TAT'OBBIE JIEKTPOMATI'HUTbI

15.1 OcHoBHbBIE NOHATHS, (PU3HYECKHE SIBJCHUS B JJIeKTPUYECKHUX anmnaparax

DNEKTPOMAarHUTHBIE MEXAaHHM3Mbl TMPUMEHSIOTCS JUIsl TPHUBEICHUS B JCHCTBHE MHOTHX
anmnaparoB. KoHCTpyKIIMH 371€KTPOMarHuToB paBHOOOPa3Hbl, OHM MOTYT OBITh KJIaCCU(ULIMPOBAHBI:

1) mo crocoOy HEUCTBUS: yoeporcusaiowjue — A yAEpKaHUS TeX WIM MHBIX T'PY30B HIU
netaned (HampuMmep, 3JEKTPOMAarHUTHBIE CTOJIbI CTAHKOB, AJIEKTPOMArHUTHI MOABbEMHBIX KPaHOB U T.
1.); npumsacusaroujiie — COBEPIIAIOT ONPEACTICHHYIO paboTy, MPUTITUBAs CBOU SIKOPB;

2) mo croco0y BKIIOUYEHHS: ¢ NapailelbHOl Kamyuwlkot — TOK B KaTYIIKE OIpeaesseTcs
napaMeTpamMH CaMoro 3JIEKTPOMAarHUTa M HAIMpPSDKEHHUEM CETH; € NOCAe008ameNbHOl KAmYWKou-
KaTylllKa BKJIIOYAaeTCs B CHWJIOBYIO Ilelb, TOK B KaTylIKe OINpeJeNseTcs He [apaMeTpaMu
DIIEKTPOMATHUTA, & TEMHU YCTPONUCTBAMU (MAIIMHBI, alllIAPaThl), B IIETh KOTOPHIX BKJIFOUYEHA KATYIIKA;

3)mo poly TOKa: HOCMOAHHO20 MOKA — TP TapajljeIbHOM BKJIIOYEHHH TOK B KaTyILIKe
3aBHCUT OT CONPOTHUBIICHUS €€ OOMOTKHM U MPUIOKEHHOT'O HANpsOKEHUs, SJIEKTPOMAarHUTHAs CUCTEMa
pabortaetr npu moctostHHOM MJIC; nepemennoco moxka — Tpu TapasieTbHOM BKJIIOYEHHH TOK B
KaTyIIKe 3aBHCUT OT WHAYKTUBHOCTH CHCTEMbI, MEHAIOLIEHCS O0O0paTHO MPOMOPLHUOHATIBHO
BO3/IyLITHOMY 3a30pY, JIEKTPOMAarHUTHAas cucTeMa paboTaeT Mpy MOCTOSHCTBE MOTOKOCLETIIICHHIH;

4)1o xapakTepy IBUKEHHUS SIKOPS: n080pOmHble — SIKOPh OBOPAYMBAETCS BOKPYT KaKOH-TO
OCH WJIA OTIOPHI (puc. 53, a M 0); npsAMox0008ble — SIKOPb TIepeMENIaeTCs MOCTyaTeabHo (puc. 53, B 1

r).

Piic. 53. CxeMbl 2NIEKTPOMAarHUTOB: d, 6 — C TIOBOPOTHBIM SIKOPEM; 8, 2 — C MPSIMOXOIOBBIM SIKOPEM
I — ckoba; 2 — axkopb; 3 — Karymika; 4 — cepJIeYHUK

15.2 DHeprusi MAarHUTHOIO MOJISI U HHAYKTUBHOCTb CUCTEMbI

OHpC,Z[eJII/IM SHCPTHUI0 B JJICKTPOMArHUTC MPH HCENOABHIKXHOM SAKOPE U IIPU BKIIHOYCHUU
KaTyIIKH Ha HalpsHKEHUE MOCTOSIHHOTO TOKa. TOK B HEl yCTaHOBUTCSI HE MTHOBEHHO, a 110 HEKOTOPOi
kpuBoi (puc. 54). IlpunoxeHHoe K KkaTymike HampsbkeHue U B HEpexogHOM  MpoIEecce
YpaBHOBEIIMBAETCS] aKTUBHBIM MaZieHHeM HamnpsbkeHus ir 1 DJ]C caMOMHIyKINH e:

U=ir+en (1)



3/1C caMOMHIYKIIMHU MPOTNOPIIHOHATbHA CKOPOCTH M3MEHEHUS TOTOKOCIETIIICHUSI OOMOTKH:

M )

YMHOXUB ypaBHeHHE (53) Ha idt W B3SB HMHTErpaji, MOJYyYUM ODHEPreTHUECKHid OanmaHC
3JIEKTPOMArHuTa 3a Bpemsi MepexoqHOro mpolecca:

jUidt-ji%dt = Tidl/l, 3)
0 0

0

t t
rne .[ Uidt — »Heprus, mNOCTyNWBIIAsT W3 CETH; I ’rdt — TIOTepH SHepruii B KaTyIIKe
0 0
v
JJIEKTPOMArHHTa; .[ idy = W) — sHeprus, cOOOIIeHHAs DJIEKTPOMArHUTY.
0

Takum oOpa3oM, sHeprusi, coOOIIEHHAasI IEKTPOMArHUTy, paBHA DHEPrUU, MOCTYIMHUBIICH M3
CETH, 32 BBIYETOM ITOTEPh B KATYIIKE M MAarHUTOIIPOBOJIC.

Ilpu ycranoBuBmeMcs pexume Uidt = i°rdf, T. e. BCS TOCTYNAiOmAs W3 CETH DHEPIHS
pacxojyeTcs Ha TIOTepHU B KaTyIIIKeE.

['oBOpsT 0 IOTOKOCIEIUIEHUH |/ , CIIEAYET UMETh B BUJIY, YTO €r0 3HAUYCHUE SBIISICTCS CIOXKHOM
¢ynkuumeit Toka. 3aBucumocts ¥ = @® = f(i) npeacraBiena Ha puc. 55. OHa y4UUTHIBAET
HEJIMHEHHOCTh KPUBOW HaMarHUYMBAHHS JUIsI CTAIM M 3aBUCHT OT TOKa, MaTepuana M pa3MepoB
MarHUTONPOBOJIa W BO3IYNIHOTO 3a30pa. 3amaceHHass B DJJIEKTPOMAarHUTE OSHEPrusi Ha rpaduke
IPONOPLHOHATIFHA IJIOIIAH, OTPAHUYEHHOM

v =1(t) ¥ ocbro OpAMHAT (3AITPUXOBAHHAS TUIOMIA/IB).

Kak u3BecTHO, OTHOIIICHHE
w/l=L,

4)
rae / — TOK B KaTymike; L MpeacTaBisieT OO0 MHIYKTUBHOCTh CUCTEMBI. JIJIsl CHCTEMBI CO CTaJIbIO
(kpuBast 2 Ha puc. 5-3) UHIYKTUBHOCTb HE SIBJISIETCSI IOCTOSSHHON BEJIMYMHOMN, a 3aBUCUT OT CTENEHU
HACBIIMICHHUST cUCTeMbl. KakJIoMy 3HAUEHHIO TMOTOKO-CIIETUICHUS OYJIyT COOTBETCTBOBATh KaKas-TO
WHJYKTUBHOCTb U ONpEJICJICHHOE 3HAYEHUE 3aI1aCEHHON SHEPTHH, T. €.

v | ]2
W= [idy = [iLdi =L, )
0 0 2
oTKyna L= 2Wn/F.
1 }r \ 71"
I - I
e[ T - - ,
Ip a /£1
l ! Y
L /-
L "7
0 ' ¢ 1
| t {
tﬂkﬂ an l:; T

Puc. 54. KpuBas HapacTaHus TOKa B KaTyuike npu  Puc. 55. 3aBucumocts v = f(i); | — B menm 6e3
BKIIFOYCHHUH JJICKTPOMArnuTa moCTOSSHHOI'O TOKa CTallu; 2B IEIN CO CTaIbIO



15.3 Pabora, npou3BoAMMAas AKOPeM MATHUTA NPH NepeMeleHn U

[Ipu BKJIIOYEHHUH TPUTATHUBAIOLIETO 3JEKTPOMArHUTa SKOPh MEPEMECTUTCS W MPUOIH3UTCS K
CepICYHHKY, 3a30p YMEHbIIUTCS. JOMyCTHM, YTO B Hayaye ABWKEHUS sikops 0 = o 1, I =11, y =

w1, a B KOHLE IBWXKEHUS 0 = 02, [=12, v = w 2.
DHeprusi, 3araceHHasl B MOMEHT Haudaja ABMxeHus (puc. 56, a),

73

Wi = J.idl// ~ momans Oal by

0

DHeprus, IpuoOpeTeHHAs 32 BpeMs IBUKCHHSI,
w2
AWM= J.idl// ~ iommans ba;asb,,
0
a DHEPTrHUs, 3araceHHasi B MOMEHT OKOHUYAHUS JIBHKCHUS,
w2

Wi = J. idy ~ mnomans Oa2 b,

0

(6)

(7)

(8)

Takum 00pa3om, COTJIACHO 3aKOHY COXpaHEHHs] HSHEPrHH, JHEPIus, MNPONOPIHOHATbHAS

wiomaau Oala,, TONIIa HA MEXaHUUYECKYIO paboTy A A mepeMeleHust SKopsi:

AA=W,; + AWy - W,>~mnomans Oalas.

Jy1st HeHaChIIEHHOH CUCTEMBI (puc. 56,0)

1 1 I, +1
Wi = 1Wl;WMz 2V ; AW, —2(y, -y,)
2 2 2
a)w\ 6)!!“
'”:;f”ﬂf "
}
0 7 S T
8) 1 £2 z)
¥ v
'[5 - —
y T a—
a o
0 ]Lf 7 0 I [lz /

Puc. 56. I'paduku K onpeneneHnio padoThl dJIEKTPOMarHuTa

1
Ad= U, =Ly, vy =y + Ay, a 1, =1+ AL

TOT A

)

(10)



Ad= [Il(l//l+AV/)_V/I([1+M)]:%(11AV/ —Aly,) .

1
2
Ilepeiins x npezeny U OIyCTUB UHIEKCBI, ITOJIyYUM
dA = l(1 dy —wdl)
2 T (11)
AHaJIOTHYHO /I CUCTeMBI, paboTatomieit npu Hemzmenno MJIC (puc. 56, B),
AA = 1] ; dA = 1] d
) v, —v)); ) 14 (12)

a JIIsl CUCTEeMBI, paboTaroliei mpu HeM3MEHHOM MOTOKOCIIeTUIEHUH (puc. 57, T),

1 1
AA = 5://(12 -1); dA= SV dl (13)

15.4 BpruucijieHue CHJI M MOMEHTOB 3JICKTPOMATHUTA

[Tpu nepemenieHUH IKOPS HIEKTPOMArHUTA U3 TTOJIOKEHHUS O | B MOJIOKEHHE O 2,
T. €. 32 yThb A O , UM npousBeneHa padora A A . CreqoBarenbHO, CpEAHsIS CHUTa TIPUTSHKEHUS
P.,, AelicTBOBaBIIas HA 3TOM OTPE3KE,

Pp=AA/AS.
(14)

[lepexons x mpeneny, moayduM (pOpPMyYIbl JUIsl BBIUYMCICHHUS CHJI U MOMEHTOB MPUTSIKCHHS
KOS JIEKTPOMArHUTa:

dA L _dd
ds da (15)

rne d @ — yroi MoBOPOTa SIKOPs, COOTBETCTBYIONIMIA N3MEHEHHIO BO3/IYIIIHOTO 3a30pa Ha d O .
[ToncraBuB B ypaBaenue (15) Beipaskenue (11) ans dA, momyunum B o01iem ciyyae

Ly v

P==(
20 ds

L,
Vas (16)
B 31eKTpOMarHuTHRIX CUCTeMax, padoTtatomux npu nocmosunou MJ[C, 1 == const u dl/do =
0, Torna

d

P=—1 -~ .
ds (17)

N | =

Cornacno Beipaxkenuto (4) v =L I, oTkyna

do do do do

Tak Kak npu [ = const, dl/d6 = 0, To



_l,d

2 ds (18)

VyuteiBas, uto L= @A, tae A — MPOBOJUMOCTD BO3IYIITHOTO 3a30pa, (¥ — YHUCJIO BUTKOB
KaTYIIKH, ITOJIYYUM

dL bdA 1 dA

w Zast  2%%as (19)

3neck npoussenenue w I npexacrasisier coboit M/IC F 6, mpuiioskeHHYIO K BO3AYIIHOMY
3a30py. B Takom ciryuae

o dA

1
2945 (20)

JI71s1 3JIEKTPOMArHUTHBIX CHCTEM, pabOTAIOIIUX ApU HOCMOSHHOM NOMOKOCYENICHUU Y =
const,dy/do =0mn

_1,d
2" 45 @1
TaKKaKIZZ ; E S d—L;l//ZH , TO
L do L’ do 0]
p_l U* dL
_szLza (22)

3amenus B popmyie (22) Uw = D w ]/ V2 ,al= @’A, momyuum

p_ | D2 dA
4N ds (23)
C yuerom paccestHUS
1 @} dA
Tio s 24

Takum oOpazom, ypaBHeHust (20) u (24) MO3BOJAIOT OMPEACIUTH TITOBBIE YCHIIHS JUIsSI
AIIEKTPOMATHUTOB MOCTOSTHHOTO U TIEPEMEHHOTO TOKA.

JIJIs TOCTPOCHHMSI TATOBBIX XapaKTEPHCTUK, kKpoMme 3aBucumocted F§ = f(0) mmm @ = (o),
HEO00XO0IMMO UMETh BCrioMorarenbHbie KpuBbie: o =1(0) /(8); A =1(0); dA /do =f(0)).

Cuita mpUTSHKEHUS DIIEKTPOMAarHUTa MOXET OBITh BRIYHCIICHA TI0 opMysie MakcBera:

P:Bﬁzsé‘(z/’lo)? (25)

rne B S — unnyknus B pabouem 3a3ope; S § - SKBHBAICHTHOE CEYCHHE BO3TYIITHOTO 3a30pa;



M o - MATHUTHAA MPOHUIACMOCTDb BO31yXa.

®opmynoit (25) MOXKHO TMOJIB30BATHCSA, €CIU MHAYKIHS B BO3IYIIHOM 3a30p€ paclpeielieHa
paBHOMepHO. [Ipyu HepaBHOMEPHOM pacHpeesIeHn MHAYKIIUU BO3AYIIHBIN 3a30p MOXHO pa30UTh Ha
OTJIe/IbHbIE TMapalljiesibHble y4yacTKu AS S U, OpUHHMas HMHIYKIUIO PAaBHOMEPHON Ha KaXJIOM
Y4aCTKe, BBIYMCIUTh CHIIY IPUTSKEHUSI KAK CYMMY CHJI OTJIEJIbHBIX y4acTKoOB. @opmyroit (25) MokHO
TaK>Ke MOJIb30BaThCS, €CIIU IOCTATOYHO TOYHO ONpe/IesieHa CPEeIHSS UHAYKIIHSL.

[Ipu o1HOPOIHOM MAarHUTHOM MOJIE

@2
244,S, (26)

15.5 DyeKTpOMarHuThI NEPeMEeHHOI0 TOKA

IIpu cuHyconaIbHOM IEPEMEHHOM TOKE MOTOK (pHUC. 57, a) U3MEHAETCS 10 3aKOHY

O =0, Sinwt. 27)
Cuita npuTSHKeHUS DIIEKTPOMAarHUTa B TAKOM cltydae OyneT
P @’ Sin’wt
244,S 4 (28)
O603HaUUM
@ 2
—m_ —p_
24,8, (29)
Tornma
P=P,sin’* ot= P (1-cos2mwt)
m 2 9 (30)

T.€. CHJIA NPUTSKEHUs P IyJIbCUPYET IO 3HAYEHHUIO C JABOWHON YAaCTOTOM CETH HE MEHs IPU 3TOM
cBoero 3Haka (puc. 57,0). Cunma TpUTSHKEHHS MOXKET OBITh TIPEeA-CTaBlieHa B BHUIE JIBYX
COCTaBJISIIOLINX: TMOCTOSIHHOM BO BpemeHu P’ = P,/2 W W3MEHsIoUIecs BO BPEMEHH IO 3aKOHY

. P
KOCHHYCa niepeMeHHou P = T‘“ cos 2 wt). Cpennee 3a mepuo 3HaueHue cuisl P oyxaer P,/2.

15.6 KopoTK03aMKHYTbIi BUTOK

Ecnu otpbiBHOE ycumiue 3iekTpoMaraura 0yzaer Por,, TO ABaXabl 3a nmepuoj B Touke A (puc.
57,B) SKOpb JNEKTpOMarHurta OyneT OTmajaaTh, a B TOYKE B — CHOBa MPUTATHBATHCA, T. €. OyaeT
BUOpPUPOBATh C JBOMHOW dYacTOTOH. BuOpamusi NpuUBOIUT K HM3HOCY MAarHUTHOH CHCTEMBI M
COIIPOBOXKIACTCS TYIACHUEM.

Jlnsg  ycTpaHeHus BHOpalMM AJIEKTPOMAarHUTHl TEPEMEHHOI0 TOKa CHa0XaroTcs KO-
POTKO3aMKHYTBIMM BUTKamMHu (puc. 58, @) H3 MNPOBOJAHMKOBBIX MaTepHaloB (Melb, JaTyHb),
OXBAaTBIBAIOIIMMH YacTh Moroca 3nekrpoMaraura (70 — 80%).

[Tpuniun paboThl BUTKA 3akKiodaercs B cienyromeMm. OOmuil moTok snexTpomarHura @
pa3BeTBIAETCA HAa NOTOK @D, KOTOPBIA MPOXOAUT MO HE OXBAYEHHOW BUTKOM 4YacTH IOJIOCA, U HA
0TOK P,, KOTOPBIN IIPOXOAUT YEPE3 YaACTh, OXBATHIBAEMYIO KOPOTKO3aMKHYTBIM BUTKOM. IIpu 3TOM B
BuTKe nHAynupyercs J1C ex3 U BO3HUKAET TOK ik3, CABUHYTBIA IO OTHOLIEHHUIO K €k3, Ha YTOJl ¥ o U



ompeesieMblil BECbMa He3HAYMTEIbHOW WHIYKTUBHOCTHIO BUTKA. [[J1s1 ympoleHus mpuHuMaeM
70 = 0. Tok ix3 BO30yX/1aeT MarHUTHBIA MOTOK Dy;, KOTOPBIA OXBATHIBAET KOPOTKO3AMKHYTBIH BUTOK

U BMECTE€ C YacTbl0 OCHOBHOIO IOTOKa 0oOpa3zyeT moTok @,, mMpoXOIsmMii 4yepe3 4acTh IOJoCca,
OXBAYE€HHYIO BUTKOM, U CABHHYTHIA BO BPEMEHHM 110 OTHOIIICHUIO K TOTOKY @D Ha yrox ¢ (puc. 58,0 u

B).

9)
'
¥
8) \/
p
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o
e ’_,\_\. —_—— /,.\: _
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/ \ / \
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Puc. 57. KpuBbie n3MeHEHUs CUITBI IPUTSHKEHUS AIICKTPOMArHUTa MIEPEMEHHOTO TOKa 0e3
KOPOTKO3aMKHYTOI'O BUTKa

Cuna npuTSDKEHUS 2JIEKTPOMAarHuTa P CKIaibIBaeTCs U3 ABYX IYJIbCUPYIOLIUX, HO CIBUHYTHIX
BO BpemeHUu cui Py u P, (puc. 58, r). bnarogaps caBury ux BO BpeMeHH o0Ias cuia P mylbcupyer
MHOT'O MEHBIIC U MHUHHUMAJIBHOC 3HAYCHUE €€ OCTAaCTCs BBIIIC POTp, YeM U HUCKIIKOYACTCA BI/16paLII/I$I

AKOPSL.
Kaxnas u3 cuin P; u P, MOKeT OBbITh IPEICTABIEHA B BUE ABYX COCTABIISIOIIMX:
P P
P;=—m " cos2mt;
T T (31)
P P
Py= 2" . 20 cos 2(wt-);
2 2 2 ( () ) (32)
Ilonuag cuma
P P P P
p="—m 4 _2m | _Im Chedaf+—22Cos Qat —20) |.
2 2 |2 , ot 2 (33)
le P2m
P= 5 - - IOCTOSIHHASI COCTABJISFOLIAS;

P P
—™ Cos2wt + % Cos (2wt — 2¢) | - IepeMeHHas COCTABIISIOIIAS.

AmmuuryaHoe 3HaueHue P, (puc 5-6, 0) nepeMeHHOM cOCTaBISAIONIEH



— le ’ P2m le PZm

TOraa roJiHas cujia

2 2
. m sz le sz lePZm
P= 5 + 5 - ) + 7 + 2TCOS 2(0 Cos 2wt (35)

Kak BuaHO u3 ypaBHeHus (35), mynapcanus 3aBUCHT OT yIJla CABUra ¢ , MEXY OTOKaMu @,
u @,. [lox mynbcanueit cuapl 77 MOHUMAKOT OTHOLIEHWE AMIUIMTYAHBIX 3HAYEHUUN MEPEMEHHON U
MOCTOSIHHOM COCTaBJISIOIINX:

_ Pl 2m
(P,,/2) +(P,, /2) (36)

n

[Tynscanms Oyner oTrcyTcTBOBaTh NMpH Pjr, = 0. DTO BO3MOXHO INPH OJHOBPEMEHHOM
BBITNIOJIHEHUH JIBYX YCIIOBHI:
1) le/2 = P2m|/2, T.C. CD1 = (I)z;
2)2¢ = 7z, T.e. yroi capura Mexay norokamu ®@; u @, nomkeH ObITh 90°.

,.d)
49} o @

!

© O\

/
2 ‘p‘ : 5én+_§m

wt

Puc. 58. Ilpuniumn paboTel KOPOTKO3aMKHYTOTO BUTKA B 3JIEKTPOMArHUTHBIX CUCTEMAX MEPEMEHHOTO
TOKa

B cucremax ¢ KOpOTKO3aMKHYTBIM BUTKOM JOCTUTHYThH CABHUIa MOTOKOB Ha 90° mpakTHYECKH
HEBO3MOXHO. B ocymectBinsempix cucreMax ¢ = 50 ... 80°. MuHuManbHOE 3Ha4Y€HUE IYJIbCALUU

MoJIy4JacTCs Ipu CO6JHO[[€HI/II/I MEpBOro yCJIOBHA.

15.7 CraTtnyecKkue TAIOBble XAPAKTEPUCTHKHU IJEKTPOMATHUTOB H MeXaHUYeCKHe
XapaKTEePUCTHKH aNNapaToB

JInst ynepKUBaOIMIMX JIEKTPOMAarHUTOB MHTEPEC MPEACTABISIET TOJBKO cuia P, co3maBaeMast
AIIEKTPOMATHUTOM MPU HEM3MEHHOM (IIPUTSHYTOM) MOJIOKEHUU JETAIIH.
JIsi  TpUTATHBAIOIIMUX  AJIEKTPOMArHUTOB HAC HWHTEPECYET 3aBHUCHUMOCTh CO3/1aBa€MOTO



AIIEKTPOMATHUTOM YCHIIUS OT pabouero 3azopa P = f( § ) wim 3aBUCIMOCTh, MOMEHTA OT yTJia pacTBOpa
skopss M = f(a), Tak Kak IUIs IPUBEACHHUS B JICHCTBHE TOTO WM HHOTO ammapaTa HeoOXO0IuMo
IIPEOAOJETh €r0 MPOTUBOAEHCTBYIOIIME CHUJIb, U3MEHSIOLIMECS 0 XOAY SIKOpsl Yy pa3HbIX almapaTroB
no-pasHoMy. lIpumepsl TATOBBIX XapaKTEPUCTHK HEKOTOPBIX 3JEKTPOMArHUTOB IPUBEICHBI Ha PUC.
59.

[Ton MexaHM4eckoi XapakTEPUCTHKOM ammapaTra MOHWMAIOT 3aBUCMMOCTh CYMMAapHOW CHIIbI
COIPOTUBIICHUs, NPOTUBOACUCTBYIOLIEH IEPEMEIIECHUIO IIOABMKHOM CHUCTEMBI, OT XOAa SKOpS.
CyMMapHas cuja CONPOTHBIICHHUS CKJIAABIBAETCS W3 MPOTUBOACHCTBYIOLIIUMX CHJI OTKIIFOYAOIIMX M
KOHTAKTHBIX MPY>KHH, Beca MOJABMKHOM CUCTEMBI U CUJI TPEHUS B MOJUIMITHUKAX U MIAPHUPAX MEXKTY
MOJABWXHBIMM AeTAIAMU. [Ipr 5TOM NpOTUBOAECHCTBYIONIME CHJIBI IPYKUH U BECA BCETJ]a HAIIPABIICHbI
B OJHYy CTOPOHY HE3aBUCHUMO OT HAIIPABJICHUS NEPEMEUICHMs SKOps, CHUJIbl TPEHUS MEHSIOT CBOE
HaNpaBJIEHUE B 3aBUCUMOCTH OT HAIIPABIICHUS JBIKEHUS SIKOpPs. XapaKTEPUCTUKH OOBIYHO CTPOSATCS:
JUISL TIPSIMOXOJIOBBIX MOJIBUKHBIX CHCTEM B OCSX «IIPOTHBOJEHCTBYOmAs cuia Py, — pabounii 3a30p
O », AN TIOBOPOTHBIX MAarHUTHBIX CHCTEM B OCSX «IPOTHBOACHUCTBYIOUIMH MOMEHT MoOTp — yroiu
1oBopoTa & », TA€ Porp

el

Puc. 59. Ctatnueckue TAroBble XapakKTe€pPUCTUKH HEKOTOPBIX AJIEKTPOMATHUTHBIX CUCTEM:
1 — 8 — popMBI cHCTEM U COOTBETCTBYIOIIUE UM XaPAKTEPUCTUKH

1 MOTp — COOTBETCTBEHHO OTPBIBHBIE YCUIIUE U MOMEHT.
[Ipu BKITIOUEHUHN

Porp. = Prpyw. = £ G+ Py

(37)
1 COOTBETCTBEHHO
Motp = Mipyx. = £ MG + My; (38)
”/), b 5 8)
(gfr)P \ =1+243+4 Parp

)
S=1+2-3+4

) .
9 5 5 @) AR AR




Puc. 60. Mexanndyeckue XxapaKTepUCTUKA KOHTAKTOPA: a — MPU BKJIIOYEHUH; O — ITPU OTKITFOYCHUHN

IMpU OTKIIFOYCHUHN

Porp. = Prpyw. = £ G - Py (39)

U COOTBETCTBCHHO

Motp = Mpyx. = £ MG - My, (40)

rae Pupyx — ycwnnsd, cozraBaeMble OTKIIIOYAIONIMMHU M KOHTaKTHBIMH NpyxkuHamu; G — Bec
NOJIBUYKHOM CHUCTEMBI, B 3aBUCMOCTH OT KOHCTPYKLIMM BEC MOXET MPOTUBOAECHCTBOBATH ( + ) MM
oMoraTh ( —) BKIIIOUEHUIO; I1ie Py, — CHIIBI TpeHus.

B o6miem criydae MexaHMYecKasi XapaKTepUCTHKA TIPEICTABISIET COO0M JIOMaHyIO JIMHUIO (pHC.
60). B kauecTBe TmpuMepa PAacCMOTPUM  TIOCTPOCHHE  MEXAaHWYECKOM  XapaKTePHUCTUKH
DJIEKTPOMATHUTHOTO KOHTAKTOpa IMPHU BKIIOYEHWHW W OTKIIOYEHHWU. B Touke o | NEHCTBYIOT Bec
MOJIBMYKHOM cHCTeMBI (KpuBas /), cuja OTKIIOYAIOIICH MPY>KUHBI (KpUBas 2) ¥ CUJIBI TPEHUS (KpHUBas
3). Ilpu nBwxenun sikops Pop, BO3pacTaeT 3a CYET JONOJHUTENIBHOTO CXAaTHs OTKIIOYANOIIEH
NpYXHUHBL. B TOYKe O, MPOMCXOAWUT CONPHKOCHOBEHHWE KOHTAKTOB, NMpH 3TOM P,,, Bo3pacraer
CHavaJla CKayKooOpa3HO 3a CYET HavyaJbHOro Haxatus (KpuBas 4), a 3aTeM IUIaBHO 3a CUYET
JIOTIOJTHUTEILHOTO C)KaTHs KOHTAKTHBIX NpYXuH. KpuBas 5 npeacrasiser co00i CyMMy KPUBBIX [—4
U SIBJIIETCS MEXaHUYECKOU XapaKTePUCTUKON paccMaTpuBaeMoro amnmnapara.

TsaroBas xapakrepuctuka P (kpuBasi 6) IpeACTaBISIET COO0M 3aBUCUMOCTh CHJIBI TIPUTSKCHHS
ANIEKTPOMArHUTa OT 3a30pa (COOTBETCTBEHHO 3aBUCHUMOCTh MOMEHTA MPUTSLKEHHS OT yriia MOBOPOTa
sKopst). JIBIKeHHE SKOPSI HAYHETCSI, KOT/Ia SJIEKTPOMAarHuTHAs CHJIa TIPUTSDKEHUS TIPU O = O | CTaHeT
OoJbIlIe TIPOTHUBOJACUCTBYIOMICH. [l oOecrmeueHnss YeTKOro M HaJaeKHOTO BKIIOUCHHS arapara
TATOBasT XApAaKTEPUCTHKA JIOJDKHA JIeXKaTh BBIIIE MEXAaHMYECKOM M COOTBETCTBOBAaTh €i. B
3aBUCHUMOCTHU OT KOHCTPYKIIMU U POJIa TOKA SJIEKTPOMArHUTA MOTYT OBITh TIOTYyYEHBI Pa3IMYHOTO POoja
CTaTUYECKUE TATOBBIE XaPAKTEPUCTUKH.

PacrionokeHre KaTylmKd B MarHMUTHOM CHCTEME OTHOCHTENBHO pabouero 3a3opa B
3HAUYUTEIILHON CTETICHU OMpEAeIIsieT MOTOK paccessHus. Takum obpazom, mpu nanHoi MJIC 3naueHue
CWJIbl TPUTSDKEHHS BJEKTPOMArHUTA TaKXKE 3aBUCUT OT PACIOJIOKEHUS KATYHIKM B MAarHUTHOM
cucteme. bombinas cunma TPUTSDKEHUS MOJIydaeTcs, Korjaa pabouuii 3a30p pacnojio’KeH BHYTpPU
karymkd. [Ipy 5ToM KaTymIka J0KHA OBITh CMEIIeHa B CTOPOHY SIKOPSI.



16 TOPMO3HBIE YCTPOMCTBA

16.1 /InHaMHuYecKHe XapaKTePUCTUKHU 3JIeKTPOMATrHUTOB

IIpuBeneHHble Ha pHUC. 59 XapaKTEPUCTUKU SIBISIOTCS CTaTMUECKMMU. OHM XapaKTEpHU3YIOT
TSATOBOE YCHJIME DJICKTPOMAarHUTa NMpH (UKCUPOBAHHOM TIOJOKEHUHU sKOps. [Ipu MBUMKEHUU SKOPS
U3MEHSETCS WMHIYKTHBHOCTH CHCTEMbl M JIWHAMHYCCKHE XapaKTepuctuku Py, = f(J) Oyayr
HECKOJIBKO OTJIMYAThCS OT CTATUYECKUX, COXPAHSISl B OCHOBHOM CBOM XapakTep.

KpuBas HapacTaHus TOKa B KaTyIIKe TPU BKIFOYEHUH JICKTpOMarauTa. /s kaxmoro MOMeHTa
BPEMEHH 3/IeCh CIIPABEIJINBO YPABHEHUE

. dy . di .dL
U=ir+ -2 =jr+ L— +i—
T dt dt (41)

Iloka Toxk Manm (yuyactok (Oa) U TITOBOE YCWIHE JJIEKTPOMAarHuTa MEHBIIE

MPOTUBOJICUCTBYIOIIUX YCUJIUM, IKOPbh HEMOJBMXEH. [ 3TOro yyacTtka MOKHO NpUHATH L= const,
torna dL/dt =0 u

U=ir+ L—
dt (42)

Pemenue sToro ypaBHeHHs 1aeT

t

U 7
ZT(I_e ) =l (I—e 7). (43)

rne lyr = U/r — ycTaHOBHBILIEECS 3HAYEHHME TOKA B KATyIIKE I0OCIE OKOHYAHMS IEPEXOHOTO
nporecca, A; 7= L/r — NOCTOSIHHASI BpEMEHH IIETIH, C.

I'paguueckn MOCTOSHHAsE BPEMEHHU OIpenensercss oTpe3koM 7T mpsMol Iy, OTCEKaeMbIM
KacaTeJIbHOM K KPUBOM TOKa B Ha4aJle KOOPAMHAT.

Bpems f1 oT MOMeHTa NPUJIOKEHUS HANpPSOKEHUS 10 MOMEHTa TporaHusi sikops (Touka a)
Ha3bIBACTCS 6peMeHeM mpo2anus Ha exatoyerue. OHO MOKET ObITh OIIPENIEICHO U3 YPaBHEHUS

t1 = £lnL
rook-1 (44)

rnae k = Iy/Ip , Iy — TOK, COOTBETCTBYIOIINI MOMEHTY TPOTaHUs SKOPA (TOUKa ).

Touka a COOTBETCTBYET MOMEHTY, KOrJa TATNOBOE YCHJIUE DJIEKTPOMAarHUTa HAaYMHAET
IIPEBOCXOAUTH NIPOTUBOACUCTBYIOIIECE YCWINE. SIKOPh Tporaercs U ABUKETCS 10 MOMEHTA 3aMbIKAHMS
C cepAeyHMKOM (ydacTok a6). CHM)KEHHE TOKa B KaTylLIKe NpH JBHXEHHUU SKOps ONpenaessercs

o .dL .
HpOTI/IBO-aﬂC, BbI3BBAHHOU HU3MCHCHUCM MWHAYKTUBHOCTH [—— CHCTCMbI W BO3pacTaromenu ¢

YBEJIUYEHUEM CKOPOCTH JIBIKEHHS AKOpsA. [Ipu ManbIX CKOPOCTSX IBUXKEHHUS SIKOPS TOK B KaTyIIKe
MOKET He yMeHbIIaTbca. [IpM HEmoJIBMKHOM SKOpe HapacTaHME TOKa MPOUCXOAWIO Obl 1O
HITPUXOBOMY YYacCTKy KPHUBOH.
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Puc. 61. I'paduiku x pemieHnIo ypaBHEHUS ABIKCHUS MTOIBIKHON CHCTEMBI

Touka b COOTBETCTBYET MOMEHTY 3aMBbIKaHHUS SIKOpS U €ro OCTaHOBKe. MHIYKTUBHOCTbH
CHUCTEMBI 3a CUET YMEHBIICHHS 3a30pa PE3KO BO3PACTAET, HO B JAJbHEHIIEM H3MEHSETCS Majo C
pocToM Toka. TOK B KaTyIIKe HapacTaeT A0 YCTAaHOBUBIIETOCS 3HAYEHUS (Y4acToK be).

Bpemst #, or MOMeHTa Tporanusi A0 MOMEHTa OCTAaHOBKHM SIKOPS Ha3bIBAIOT 6peMeHeM
08UMCeHUs, a CYMMAapHOE BPEMH 1| + lr = Ipxyr - BDEMEHEeM 6KAI0OYEHUs.

Ecau npuHATH, 4YTO CUJIBI TPEHHS HE 3aBUCAT OT CKOPOCTH JIBHXKEHHSI MOJBUKHON CHUCTEMBI, a
Macca m CUCTEMBI TOCTOSIHHA, TO YPaBHEHUE JIBU)KEHUSI MOKET ObITh MPECTaBIECHO B BHJIE

dv
ma_P_POTP_PHS' (45)
%0054
vi-vl ¢
= Fudo. (46)

T.e. NPHUpPALICHUE CKOPOCTH MPONOPLHOHAIBHO U30BITOYHOMY ycwiuio P,,, a paboTa Bcex CuJ Ha

JTAHHOM Y4YacCTK€ paBHA MPUPALIEHUIO0 KNHETUYECKONW SHEPTUH IBUKYILIUXCSI YACTEMH.
CkopocThb ABUKEHHSI TOABMXKHON CHCTEMBI B JIF000M TOUKE ONPENIEIUTCS U3 YPaBHEHUS

25
v= || =|P,.dS |+Vv:
m.([ u3 0 (47)

16.2 YpaBHeHuUe IBUKEHHSI MOJABUKHOM CHCTEMBbI

Bripaszuts ananutuuecku P = f( 0 )BecbMa TpyJHO M HE BCETAa BO3MOXKHO. Pemum 3Ty 3amaqy
rpadoaHaATUTHYECKH.
CTponM MEeXaHMYECKYIO U TATOBYIO XapakTepucTuku (puc. 61, a). Pa3dbuBaem nmyTth 6, KOTOPBIii



JIOJKEH IPOWTH SKOpb, Ha psAJl YYaCTKOB AJ K‘ﬁj}l (y4acTku MOTyT OBITH U HepaBHOW uMHBI). U3

rpaguka oIpeensieM CpPEIHIOI M30BITOYHYIO CHJIy Ha KaXIOM M3 YYaCTKOB M CUUTAeM ce
noctosHHOM. Torzma ns mepBoro ydacTka CpeiHsisi CKOpocTb V1 =\/2PH3A51 /m+0, aus moboro

y4acTKa K

— 2PK.I/BA5K 2
VK = ,|————— 4V, 48
m (48)
[Tomy4ynB, TakuM 00pa3oM, CpeIHHE CKOPOCTH JBMI)KEHHUS ISl BCEX YYacCTKOB, MOXKEM
MOCTPOUTH 3aBUCHMOCTEL CKOPOCTH OT IyTH v = f( & ) (puc. 61,6).
Bpemst 1BrkeHUs HA KaXJI0M U3 yYACTKOB OMPEACTUTCS U3 COOTHOIICHHUS

tx = AJ,/ VK
oK (49)
1 MOXXET OBITh TIPEJICTABIICHO JIOMaHOW KpuBoH (puc. 61,B).
Bpewmst cpabaTpiBaHus amnmapara onpeAeTuTCs Kak CyMMa BpEMeEH:
=n K=
. K o YAS
K
K=l k=1 Vg (50)

Cymmupys AJ, W COOTBETCTBYIOUIME UM f;, MOXEM IOCTPOWUTH 3aBUCHMOCTb H3MEHEHHS

3a3opa Bo BpemeHn O = f(f) (puc. 61, r). Ecnmu P, Malo MEHsSeTCs 10 XOJy SKOpS U €ro MOXHO
IPHUHSTH NOCTOSHHBIM (CpeIHUM) P,; o, TO

mo

t = e
T 2P (1)

OTkiroueHHe JJIEKTPOMAarHuTa OCYIIECTBISETCS MyTeM oOpbiBa Toka B KaTymke. B
3aBUCHMOCTH OT CKOPOCTH TallleHusi AYT'M Ha KOHTAKTaX BBIKIIOYAIOUIETO anmnapara TOK B KaTyIIKe U
MOTOK B MAarHUTHOW CHUCTEMEe OYIyT YMEHBIIAThCS 10 HEKOTOPOH KpUBOH. B MOMEHT BpemeHHm ¢ = 13,
OT MOMCHTA Hadajia O6prBa TOKa, CHJia NPUTAKCHUSA CTAHCT MCHBIIC OTPBLIBHOI'O YCWJIHA U AKOPb
JJIEKTpOMAarHuTa HayHeT OTmajaaTh. Bpems ;3 oT Hauana oOpbiBa TOKa B KaTylIKe /10 MOMEHTa
TPOTAHUS SIKOPSI HA3bIBAIOT 8peMeHeM MPO2aHusi Ha OMKIIOYeHUe.

[Ton neiicTBHEM OTPBIBHOTO YCHIIHS Pyrp SIKOPb OTOWJIET B Pa30MKHYTOE MOJIOXKeHHE. Bpems
JBUKEHMSI IKODSI 74 OTIPEAETSAETCS TaK e, Kak MpU BKIIOYEHUH anmnapara, Py, npu sToM paBHO P, Ha
OTKJIIOUEHHE.

Bpewmst 13 + t4 = torxr HA3BIBAIOT 8peMenem OMKIIOYEeHUS.

16.3 3amensienne u yckopeHue AeCTBUSA JIEKTPOMATHUTA

B psge cinydaeB Ha MpakTUKE HEOOXOIMMO 3aMEAJIUTh WIM YCKOPUTH JeiCcTBHE
3IIEKTPOMAarHuTa.

3ameonenue NENUCTBUS DIEKTPOMArHUTa IIOCTOSHHOTO TOKAa MOXET OBbITh JOCTUTHYTO
YBEIMYEHUEM €TI0 TOCTOSHHOW BpeMEHH, MO0 YBEINYEHNEM MHIYKTUBHOCTU CaMOM KaTYILIKH, JINOO
MOCJICIOBATELHBIM BKJIIOUEHHUEM JIOTIOTHUTEIBHOW KATYIIKH HWHAYKTUBHOCTH L (puc. 62, a).
[Mocnennee mpumensiercss penko. BrioyeHne mapamienbHO KaTymike koHjaeHcatopa C (puc. 62,0)
TaKKe JaeT 3ameiieHue cpabarbiBaHus. [Ipu coOTBETCTByIOLIEM MOA0OpPE €MKOCTH HapacTaHhe
HaNpsDKEHUS Ha KaTYLIKE IPOUCXOIUT ITOCTENEHHO 110 MEPE 3apsia KOHIeHcaTopa.
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Puc. 62. Cxembl 3amenieHUs cpadbaThIBaHM SJIEKTPOMarHuTa
1 — xarymika; 2 — KOpOTKO3aMKHYTast 00MOTKa

[llupoko  mpuUMEHsAETCs  3aMEUIEHWE  JEHUCTBUS  DJIEKTPOMAarHuTa  IpU  [TOMOIIU
KOPOTKO3aMKHYTOT'O BUTKa, UIMEIOILEr0 MaJIOE DJIEKTPUIECKOE CONPOTHUBIICHUE
(puc. 62, B). KopoTko3aMKHYTBIII BUTOK (OOMOTKa) 3aMeJUIsIeT HapacTaHHE MOTOKA MPH BKIIOYEHUHU
JIEKTPOMAarHuTa U B Topaso OONbILICH CTENEHN €ro YMEHbIICHHE IIPU OTKIFOUYEHUH 3JIEKTPOMAarHuTa.

[Tpu oTCYTCTBHM KOPOTKO3aMKHYTOT'O BUTKA HapacTaHHWE TOKa B KaTYIIKE MPOUCXOIMIIO ObI 110
KpuBol / (puc. 63, a), a MOTOKA M TATOBOM CHUJIBI — IO KPUBOH 4. B MOMEHT BpeMeHH ¢ = ¢; TATOBOE
yCUJIME JOCTHUINIO Obl 3HAUEHUs CWiIbl TporaHusi Prp = Porp M sKOpb Hauan Obl aBuratbcs. [lpu
HAJIMYUM KOPOTKO3aMKHYTOIO BHMTKAa TOK B KaTyllke OyJneT H3MeHATbCA 10 KpuBod 2, a
WHAYLUUPOBAaHHBIN B BUTKE TOK — MO KpUBOM 3. TOK B BUTKE HalpaBiIeH BCTPEYHO TOKY B KaTYIIKE.
[Torok B cucrteme 0OyCIOBIEH Pa3HOCTHIO TOKOB B KaTYIIKE M KOPOTKO3aMKHYTOM BHMTKE U OyAer
HapacTaTh 1o KpuBoi J. II0TOK U TAroBoe yCcmiiMe JOCTUTHYT COOTBETCTBEHHO 3aMEJIEHHO Ha BpeMs
A't, KOTOPOE HOCUT Ha3BaHUE 6b10EPIHCKU BPEMEHU HA GKIIOUEHUE.

IIpn OTKIIOYEHNH KaTYUIKM U OTCYTCTBMM KOPOTKO3aMKHYTOI'O BUTKA TOK B KaTYyIIKE CIIaJall
OBI 110 KpUBOH /, @ IOTOK M TATOBOE YCHJIHE — IO KpUBOH 4 (puc. 63,0). Bpems Tporanus 6110 OBI £3.
[Ipy HanMYUM KOPOTKO3aMKHYTOTO BHTKA TOK B KaTyIIKe OyJIeT YMEHBIIAThCS MO KPUBOH 2, a
MHIYLIUPOBAaHHBIH B KOPOTKO3aMKHYTOM BUTKE TOK OyIeT M3MEHSThbCS IO KpUBOH 3, T. €. cucreMa
CTPEMUTCS NIPENATCTBOBATh
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Puc. 63. K nosicuenuto mpuHIuna paboThl 3JIEKTPOMArHUTa MOCTOSTHHOTO TOKA C KOPOTKO3aMKHYTHIM
BUTKOM

5)
LKr RK R‘
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Puc. 64. Cxema yckopeHus: cpabaTbIBaHUsI SJIEKTPOMArHUTOB MOCTOSIHHOTO TOKA



[ToTok u TsTOBOE ycHiHe OyAyT cHaaaTh ropas3ao MeajaeHHee (KpuBas 5), 4eM MpH OTCYTCTBHH
BUTKA. 3HaueHus P,,, TATOBOE yCWINE IOCTUTHET 4epe3 Bpems t'3 > f3. Bpemsa Aty = ¢35 — 13
HA3bIBAIOT 6bIOEPIHCKOU 6pemeHu Ha omknoyeHue. CralaHne TOKa B KOPOTKO3aMKHYTOM BHTKE
CJIeTyeT 3aKOHY

P -t/T k3
i =1pe (52)

rae /) — MakCUMaJIbHOE 3HAY€HHE MHIYLHUPOBAHHOIO TOKA B KOPOTKO3aMKHYTOM BUTKE B MOMEHT
otkimoueHust; Ty; = Lg3./Rg3 — TOCTOSITHHAsE BpEMEHH KOPOTKO3aMKHYTOTO BUTKA; ¢ — BpeMs. Takum
o0Opa3oMm, yeM Oojbllle MOCTOSHHAs BPEMEHM KOPOTKO3aMKHYTOTO BUTKAa, TEM MeJUIeHHee Oynaer
CraJaTh B HEM TOK M TeM OOJIBIIYIO BBIACPKKY BPEMEHHU OH CO3JIacCT.

Yckopenue neWdcTBUSL AIEKTPOMAarHuTa MOXKET ObITh IOJIYYEHO 3a CYET YMEHBIIEHHs €ro
MOCTOSIHHOM BpeMeHH. B 3ToM ciydae Hanmuyme KOPOTKO3aMKHYTOTO BHTKa (OOMOTKH), MacCHBHBIX
4acTed MarHUTOINPOBOJA, METAJUINYECKUX KAapKacOB KaTYHIKHA U BCAKHUX KOPOTKO3AMKHYTBHIX BHUTKOB,
00pa30BaHHBIX W3 KpPEMEeXHbIX M NPOYMX JeTanel, JeKalluX Ha IyTH TI0TOKa, SBISAETCS
HEJIOMYCTUMBIM, TaK KaK OHU OyAyT yBEJIMYMBATh BpeMs ACUCTBUS 31eKTpoMarHura. [lInxToBaHHBIN
MarHUTOIPOBOJ TAKKE€ IMPUBOAUT K YCKOPEHUIO JEHCTBUS 3JIEKTPOMArHUTA.

BxrodeHne 1mociiejoBaTenbHO ¢ KaTyIIKOM JONOJIHUTEIBHOTO aKTUBHOI'O CONPOTHUBIEHUS R,
(puc. 64, a) IpUBOAUT K YMEHBIICHHUIO TMOCTOSIHHONW BPEMEHHM BCEH LIENIM U YCKOPEHUIO NEWCTBUS
anekTpoMaruuTta. [Ipu 3ToMm karymka qomkHa ObITh paccUUTaHa TOJIBKO HA YAaCTh HAIIPSKEHUSI CETH:

Ry

Uk=Ue —X—
T Re+R, (53)

OHeprus IZRﬂ TEpSETCs B 3TOU cXeMme OecIoyesHo.

Eme 6ombiee yckopeHHe MOKET OBbITh MOJIYY€HO MPHU BKIOYEHUU AJIEKTPOMArHUTa MO CXeMe
puc. 64, 6. B MOMEHT BKIIOYEHHS KOHICHCATOP IMPEACTABIsET COO0OW OYEHb MaJIEHbKOE
comnpotusiieHue. ConpoTuBiieHne
Rﬂ OKa3bIBACTCA KaK 6BI ITYHTUPOBAHHBIM. IToutu BCe HAIPAKCHUE CCTHU OKA3bIBACTCA MPHUIIOKCHHBIM
K KaTyIIKe, paCCUMTAaHHOW TOJBKO Ha YacThb HampshkeHHs. TOK B KaTyIIKe 3JIEKTpOMarHura ObICTPO
HapacTaeT, U BKJIIOUYEHHUE 3JIEKTpOMarHura yckopsercsa. Korga koHaeHcaTop 3apsauTcsi, TOK B LENH
OyIeT onpeensaThCs CYMMapHBIM conpoTHBiIeHHEM R, + R, kak B cxeme Ha puc. 64, a.

16.4 Topmo3Hble ycTpoiicTBa, (p3HYeCKHE ABJIEHHUS B JJIEKTPHUYECKHUX annaparax

[Ipu ocTaHOBKE MOJBM>KHOW CHCTEMBI anmapara 3alaceHHass KHHETUYECKasi SJHEPIUs IEPEXOAUT
B yJap, BOCIHPUHMMAEMBIH CEpPAECYHMKOM IJIEKTpOMAarHura (IpH 3aMbIKaHUM), YHopoMm (Tpu
pa3MbIKaHUHM) JTHOO0 KaKUMHU-TO JPYTMMHU JA€TalsIMU. DTU yAapbl OPHUBOIAT K YCUJIEHHOMY H3HOCY
KOHTAaKTOB (BCIieICTBHE Apede3ra), MAarHUTHON CHCTEMBI, BCEX JIeTalel MOABIKHOM crucTeMbl. B urore
MPOUCXOAUT HapylIeHHe paboThl U pa3pyllleHre BCEro amnmnapara.

JUid cMardeHusi yaapa M €ro BpPEIHBIX IOCJIENCTBHUI MHOTHE JJIEKTPUYECKUE ammnapaTsl
CHA0XXarTCs TOPMO3HBIMU YCTPONUCTBAMH. 3a1a4€il STUX YCTPOUCTB SIBJISICTCS MPUHSTH HA ce0s ynap
Y TIOTaCUTh BCIO 3aIIaCEHHYIO0 KNHETUYECKYIO SHEPTHIO MMOABMKHON CUCTEMBI MJIN YacTh €€.

Pa3znuyatoT Tpu BuAa TOPMO3HBIX YCTPOUCTB: AMacTUYHbIE, Oy epHbIE U YCIIOKOUTEIbHBIE.

Onacmuynvle ycmpoticméa TPUMEHSIOTCS B ammaparax, HMMEIONIMX HeOONbIIoNW 3arac
KMHETHYECKOUN 3Heprur. OHU BBINOJHSAIOTCS B BUJIE AIACTHUYHBIX YIOPOB U3 KOXH, KapTOHA, TBEPIOH
PE3UHBI U IPYTUX MaTEpUAIOB.

B MomupIX amnmapatax NOpUMEHSIIOTCA  Oyghepuvie  ycmpoiicmeéda, TPEUMYIIECTBEHHO
ruzpaBianueckue. TOpMO3HOE YCHIINE B HUX CO3/1a€TCs 32 CUET COIIPOTUBIICHMS BBITEKAHUIO )KUJKOCTH
yepe3 Majble OTBEPCTHS.

Ycenoxkoumenvrvie ycmpovicmea npuMEHSIIOTCS TIIaBHBIM 00pa3oM B pesie. OHM MpeIHa3HaueHb
HE TOJIBKO JIJIs1 OTJIOIIEHHUSI SHEPTUH yAapa, HO U JJIA 3aMEJICHHs] IeUCTBUS anmnapara.



[Tpu Hammmuum TOopMO3HBIX yCTporcTB (P;) ypaBHeHHe (5-45) Ha ydacTKe TOPMOKEHUS TIPUMET

BU
dv
mE:PT}ZF_POTP_PT:PI/B_PT (54)
ECHI/I cujia TOpMO}KeHI/Iﬂ IIOCTOsHHA, HOHyI‘II/IM
_ P T - P u3
O 53)

IJ€ Vg — CKOPOCTh MOJBUKHBIX YaCTE B MOMEHT Haudajia JelcTBUA TopMo3a ¢ = 0, a £ — BpeMs OT
HayaJjia JeUCTBUs TOpMO3a, I1yTh, IpoiACHHBIN ¢ Hayana TOPMOKEHHUS,

PT_PPBtZ

5=-£vdt=v0t— m (56)

Bpemst oT MOMeHTa Havyana IeMCTBUSI TOPMO3a A0 MOJHOW OCTAHOBKU MOJABUKHOW CUCTEMBI #7,
onpeaenuTcs U3 ypaBHeHus (55), eciu nonaoxuts v = 0:

_ _Vom
tr = ——
P T - P u3 (5 7)
N3 ypaBHenust (57) cnemyer, dYTO Il OCTAaHOBKM TOJBM)KHBIX YacTe TOPMO3HBIM
YCTPOMCTBOM CHJIa TOPMOXKEHHUS P, TOMKHA OBITH OOJBIIE PA3HOCTH CUJI, OMPEIEIIIEMBIX TATOBOW U
MEXaHUYECKOM XapakTepUCTUKaMH. U aHanorMyHO NpH BBIKJIIOYEHHH, KOIJa TITOBOE YCUIIHE
OTCYTCTBYCT, CHJIa TOPMOXCHUA MOOJDKHA IMPEBbIIIATL CHITY, OIPCACIIICMYIO MeXaHUYEeCKOU
XapaKTEPUCTUKOM.

16.5 Ioasipu3oBaHHbIE 3JIEKTPOMATHUTHBIE CUCTEMbI

[Tonsipu3oBaHHBIE 3JIEKTPOMArHUTHBIE CHUCTEMBI OTJIMYAKOTCA OT PACCMOTPEHHBIX BBILIE
HAJIMYUEM JBYX HE 3aBUCSAIIMX JPYr OT Jpyra MarHUTHBIX MIOTOKOB: NOCMOAHHO20, HE 3aBUCSIIETO OT
COCTOSIHUSI CXEMBbI, B KOTOPYIO BKJIIOYEH MEXAHU3M, U NEPeMeHHO20, 3aBHUCSIIETO OT COCTOSHUS
CXE€MBI, B KOTOpPYIO BKJIIOYEH MexaHu3M. llepBbidf, monsipusyrouiuii, morok @, cozmaercs JmOO
MOCTOSTHHBIM MarHuToM (puc. 65, a), 1u00 AJIEKTPOMArHUTOM C HE3aBHCUMBIM MHUTaHUEM. BTOpoW,
paboumii, MOTOK
@5 cozmaeTcs AIEKTPOMAarHuTOM. 3HaU€HHE M HallpaBJIeHHe padouero MoTOKa 3aBUCAT OT COCTOSHUS
CXEMBI, B KOTOPYIO BKJIFOUEH MEXAHU3M.

Ipunmun aeiicrBusi. OOpa3oBaHHBIM MAarHUTOM 3 TOJISIPU3YIOMIHKA TOTOK D, mMpoias yepe3
SIKOpb 2, pa3BeTBisieTcs. Oxnaa ero 9acte @l mpoxoauT vepes 3a30p O |: U JEBYIO YacTh CEpICYHHUKA
1. Bropast ero yactb @rp IPOXOAUT Yepe3 3a30p O U MpaBylo YacTh cepaeunuka. Karymkamu 4 u 4/,
HAJIETHIMU Ha CEpJICYHUK U BKIIFOUEHHBIMU COTJIaCHO, co3faeTcs pabounii motok. OCHOBHAs €ro 4acTh
@, 3aMbIKaeTCsl 4epe3 BeCh BO3AYIIHBINA 3a30p O |. + O, U CEPIEYHHK, OXBAThIBass 00€ KaTYIIKH.

Menbmie yactu 31oro notoka ®; u @ 4 3aMBIKAIOTCS Yepe3 AKOPb, COOTBETCTBYIOMIUI BO3IyITHbIi
3a30p U 4aCThb CEPACUHUKA, OXBATHIBAS TOJIBKO OJHY KaTYyIIKY.



Puc. 65. [IpuHuun ycTporcTBa MOJISIPU30BaHHON MarHUTHON CUCTEMBbI

[lpy HaIWMYUKM TOJBHKO OJHOTO TOJSIPU3YIOIIETO IMOTOKA SKOPb OTKJIOHHTCS K OJHOMY W3
MOJIFOCOB MArHMWTa, TaK Kak ¢ YMEHBIICHHEM 3a30pa (B HAIlEeM IMpHUMEpe O |) YacTh MOJSPHU3YIOIIETO
MOTOKA B 3TOM 3a30p€ YBEJIMYHTCS 32 CUET YMEHBIICHHS €r0 J0JH B JpyroM 3a3zope. [Ipu mossieHnn
pabodero MmoToka B OJHOM H3 3a30pOB OyJeM HMMETh Pa3HOCTh MOTOKOB, a B JIPyroM — Cymmy. B
HaIlleM TpuMepe B 3a30pe O | — MoToK P — D, — Dy, B 3a30pe 6 , — MOTOK Dy + D, + Dy. Tlo
Mepe yBeTHUeHHsI pabovero MmoToKa IMOTOK B 3a30pe O | OyJIeT Bce YMEHBIIATHCS, a B 3a30pe O 7 —
yBeTMUUBATHCS. [Ipy KaKOM-TO COOTHOIICHUH TTOTOKOB SKOPh MEPEKUHETCS Ha MPaBy0 CTOPOHY, T. €.
cucreMa cpaboTaer.

Jlis BO3BpaTa CHUCTEMBI B HCXOJHOE IMOJIOKEHHE HYXHO HW3MEHHUThH IMOJSIPHOCTh TOKa (a,
CJIeZIOBaTEeNIbHO, M TOTOKAa) B paboumx KaTymkax. MOXHO HACTPOUTh CHUCTEMY TaK, 4YTO SIKOPh
BEpPHETCS B MCXOJHOE TOJOXKEHUE MPU CHIKCHUH pabodero MmoToka U COXPAaHEHUH €r0 MOJSIPHOCTH.
st 5TOr0 HE0OXOAMMO, YTOOBI, IEPEKUHYBIIUCH BIPABO, SIKOPh HE TIEPEXOAMI Yepe3 HeHTpalbHOe
noyioskeHue (puc. 65,6), T. €. 4TOOBI PU JIFOOOM TIOJIOKEHUU SIKOPS OJIMH U TOT e BO3IYIITHBIN 3a30p
OCTaBaJICS MEHbIIIE Jpyroro (Hampumep, O 1 < O ;). Takas HacCTpoiKa Ha3bIBACTCS HACMPOUKOU HA
npeobnadanue. B MarHuTHOM cucreme (puc. 65, B) SKOpb B 3aBUCUMOCTH OT MOJISIPHOCTH TOKa B
paboueil KaTylmiKke MOKET OTKIIOHATBCS B Ty WM APYryto cTopoHy. IIpm oOectoueHHOH Karyiike
SIKOPb BEPHETCS B HEUTPATBLHOE MOJIOKEHHUE.

Pacyer TaAroBbIx cmia. CuWrtaeMm, 4TO WHAYKIUS paclpe/ieliecHa B 3a30pax PaBHOMEPHO, W
pacuer Oyznem BecTH, UCTonb3ys popmyny Makcsenna. Cuiibl, IeWCTBYIONINE HA SKOPh B 3a30pax o |
U O 5 OT BCEX IIOTOKOB, 0003HAYNM COOTBETCTBEHHO P; U P,.

[Tpu HATMYHK TOJTHKO MOJSPU3YIOIIETO TTOTOKA

248, (58)
CymmapHas cuina, JeMcTBYIoIas Ha SIKOpb

2 2
CDm B cz3172

P=P-P,= .
s, (59)

VuuteBasi, uro Oy + O = O, MokeM HanHcaTh

CDHI = i 5 CI)1'11 = 52 CDH ;CDH2= 51 (Dn
@, I, 5 +5, 5+6, (60)
Torma
2 a—
P:P1-P2: c2517(52 51)
2u,85(6, +6,) (61)

T. €. CyMMapHas CHWiIa, JIeHCTBYIOIIas Ha SKOpb, MPOMOPLHUOHAIbHA CMEIIEHUIO SKOPSI OT HEHTpaiu



[(02— O 1)/2— cMeleHne]| ¥ 3aBUCUT OT ITOTOKA IOCTOSSHHOI'O MarHUTa.
[Tpu Hanuuum paboyero MoToka

2 !/ 2
P :(@m_@4_@9) - p :(@nz_@ 4 —Dy)
1 s 172 . (62)
2148 5 214,85
[Torokamu @4 u D'y MOKEM MpeHeOpeYb, TaK KaK MOCTOSTHHBIA MarHUT MPEACTABISIET ISl HUX
0OJIBIIIOE COMTPOTUBIICHUE U OHHM MAJIbl IO CPAaBHEHUIO C IPYTUMH IMOTOKaMu. Toraa

:(@m _@9)2 . p :(@nz"'@a)z

244, 2 2uS, (63)

Hac unTepecyer 3nauenue nmoroka @,, mpu KOTOPOM SKOPh HAYHET MEpeMeIaTbesi. ITo OyaeT
IIpU yCJIOBUH, Korja P; = P, T. €.

(@m _@9)2 _ (@nz +@9)2
241,S, 21,8, (64)

Otkyna

1
Dy = 5( Oy - Pr). (65)

ECJII/I HpeHe6peqb HOTepﬂMI/I B CTaJI1x cepz[eqHHKa 1 IIOTOKaMH paCCCSIHI/ISI, TO MHUHUMAJIbHAsA
MJIC Fin, TpH KOTOPO# SIKOPH MPUJIET B JBWKEHUE, OYIET

& :l ((Dm _(Dnz) (51 +52)
A2 A (66)

[MoacraBnss 3nauenust Oy u Op; cornacHo BeIpakeHUIo (8-3), monyyum

Fr . =® (52 _51)

D min I 2#085 (67)
T. e. muHuManbHags MJIC pabGoumx KaTymiek, HeoOXoaumas [JIsi CcpabaThIBAaHUS CHCTEMBI,
MPOTNOPIMOHAIbHA MOJISPUIYIOLIEMY MOTOKY U CMEUIEHUIO SIKOPS OT HEUTpaJIH.

®opMbl MarHUTHbIX cucteM. [lo ucrounuky MJIC mnonsipusyromiero mnojs pas3inyaroT
CHUCTEMY C TMOCTOSSHHBIM MAarHUTOM M CUCTEMBI C 3JEKTPOMArHUTOM, MHUTAEMBIM OT HE3aBHCHMOTO
UCTOYHUKA.

Ilo KOHCTpYKLMM pa3au4arOT CHUCTEMBI C IIOCIEAOBATEIIBHOM MAarHUTHOW LENbI, C
napayuieIbHOu, Wik AuddepeHInaIbHoi, MarHUTHOM IIENMBI0O M ¢ MOCTOBOW MarHMUTHOW Iienmbio. B
MOCTOBOM MAarHUTHOM LEMU SKOPh OCTAETCs B HEUTPAIHLHOM IMOJOKEHHWU NPH OTCYTCTBUM TOKA B
pabounx 0OMOTKax.

Oobaacte npumeHenusi. llonsipu3oBaHHBIE CUCTEMBI HAXOIAT IIMPOKOE MPUMEHEHHE B
YCTAHOBKax IPOBOJIHOM CBA3U, a TaKXKE€ B YCTPOMCTBaX HJIEKTPOCUIIOBON aBTOMATHKH, pEIECHHON
3allUThl, B CIAEASAIIMX CHCTEMaxX, CUCTEMAax TEJECYNpaBiICHMs, XKEJIE3HOAOPOKHOW CUTHAIU3ALUU U
05okupoBkU. OCOOEHHOCTSIMH OJTUX CHCTEM SBIISIOTCS HAIPAaBICHHOCTh JIEHCTBHUS, BBICOKas
YYBCTBUTEIHHOCTD, OOJIBINIAs KPATHOCTh TEPMHUUECKON CTOMKOCTH, OBICTPOICHCTBHE.



17 MIPEAOXPAHUTEJIM HU3KOI'O HAIIPSOKEHU A

17.1 HazHayeHue, NPUMHLMI AefiCTBUS U YCTPOICTBO NPeAOXPAHUTEIS

Hasnayenue mnpemgoxpanurtensi. IlpenoxpanuTenn  MOSBUIUCH  OJHOBPEMEHHO  C
AJIEKTPUYECKUMH ceTsiMU. [IpocTroTa ycTpoiicTBa W OOCITY)KMBaHUS, Majbleé pa3Mepbl, BBICOKas
OTKJIIOYAIOIIAsl CIIOCOOHOCTh, HEOOJbIAsi CTOMMOCTh OOECTICUMIH UX OYEHb IIUPOKOE MPUMEHEHHE.
[Ipenoxpanutenu HH wm3roroisitorcst Ha TOkM oT MA 710 Thicsiy A M Ha HanpsbkeHue 1o 660 B, a
npenoxpanurenu BH - 1o 35 kB u Bbie.

Ilpeooxpanumenu - 310 DA, TpeaHA3HAYEHHBIC ISl 3aIIMTHl DJIEKTPUUECKHX IIeMeld OT
TOKOBBIX IIEpErpy30k 1 TokoB K3.

OTK/IIOYEHHE 3allMIIAaeMOM IeMU MPOUCXOIUT MOCPEJACTBOM pa3pylICHUS CIENHaTbHO
MPEAYCMOTPEHHBIX JJIi 3TOTO TOKOBEAYIIMX YacTe moja JACHCTBUEM TOKa, MPEBBIIIAIOIIETO
ONpeeICHHOE 3HAaUEHUE.

B Oomnpiielt yacTu KOHCTPYKIMH OTKIIOYEHHUE IETH OCYIIECTBISIETCS MyTEeM pacIllaBICHUs
MJIABKOM BCTaBKH, KOTOpasi HarpeBaeTCsl HEMOCPEICTBEHHO TOKOM Iienu. [locie oTkiatoueHus nenu
HEOOXOUMO 3aMEHUTh MMEPETrOPEeBIIyI0 BCTAaBKYy HAa HCIPaBHYIO. DJTa omeparus OCYIIECTBISETCS
BPYYHYIO WJIM aBTOMaTUYECKHU. B mocnennemM ciyyae 3aMeHSIETCS BECh ITPEOXPAHUTEb.

[[lupokoe NpUMEHEHUE TMpeIOXpaHUTENIed B CaMbIX pA3IUYHBIX OO0JACTAX HAPOTHOTO
XO035MCTBa U B OBITY MPUBEIIO K MHOTOOOPa3nto MX KOHCTPYKIMK. OTHaKO, HECMOTPS Ha 3TO, BCE OHU
UMEIOT CJIEAYIOLIME OCHOBHBIE JJIEMEHTBI: KOPIYC WM HECYIIYI0 JeTallb, IUIAaBKYI0 BCTaBKY,
KOHTaKTHOE MPHUCOEIUHUTEIBHOE YCTPOMCTBO, AYrOraCUTEIbHOE YCTPOMCTBO WM JYyTrOraCUTEIbHYIO
cpeny.

[MpuHoun padoTsbl NpeI0OXPAHUTEINA, (PU3UYECKUE ABJEHHUS B JJIEKTPUYECKOM anmapare.
OrkiaroyeHre — 3allMIIaeMOM  LEeNM  MIPOMCXOAMUT  IOCPEACTBOM  pa3pylLIeHHs  CIIEHHATIbHO
IPEyCMOTPEHHBIX JJIi 3TOrO0 TOKOBEAYIIMX YacTel MoJ JEHCTBHEM TOKa, IMPEBBIIIAIONIETO
OIIPEIEIEHHOE 3HAUCHUE.

B Gonbuieit yacTH KOHCTPYKUMH OTKIIOYEHHE LENH OCYIIECTBISETCS MYyTEM pacIlaBiIeHUS
IUTABKOM BCTaBKH, KOTOpash HAarpeBacTCsl HEMOCPEICTBEHHO TOKOM 3amummaeMoil nenu. [locne
OTKJIIOUEHHUS LIeMd HEeoOXOIMMO 3aMEHHUTh NEPEeropeBIIYI0 BCTaBKY Ha HCIpPaBHYIO. JTa omepanus
OCYILIECTBIISICTCSI BPYYHYIO JHOO aBTOMaTHdeckd. B mocienHem ciydae 3aMeHsETCS BeCh
peIOXpaHUTEb.

IIpu Tokax > [ TUIABICHUS NPEAOXpAHHUTENb JOJDKEH cpabaThiBaTh B COOTBETCTBHM C
BPEMATOKOBOM XapaKTEepUCTUKON. CPpOCTOM TOKA CTENEHb YCKOPEHUS MEepEeropaHus IUIaBKOW BCTaBKU
JIOJDKHA BO3pacTaTh HAMHOTO ObIcTpee Toka. [y TMOMydeHus: TakoW XapaKTepUCTUKU TMPUAAIOT
BCTaBKE OMpeICTICHHYIO (hOPMY MJTH UCTIOJIB3YIOT METAUTYPrudecKuit 3P hekr.

BceraBky BBINOJHSIOT B BUAE IUIACTUHKM € Bblpe3aMu (puc. 66,a), yMEHBIIAIOUIMMHU €€ CEYEHUE Ha
OTJIENbHBIX Y4acTKax. Ha 3TUX Cy)KeHbIX ydacTKax BbIIEseTcs OOJbIIe TEIUIOThI, YeM Ha HIMPOKHUX.
[Ipu [/HOM wu30BITOYHAS TEIUIOTa BCIJIEJACTBHE TEIUIONPOBOAHOCTH MaTepuana BCTaBKH YCIEBAaeT
pacnpezensaTcs K 6oJiee MUPOKUM YacTsAM U BCS BCTaBKa MMEET MPAaKTUUECKU OJIHY TemriepaTypy. [lpu
neperpy3kax (I ~ [ oc max ) HarpeB CyKEHHBIX Y4acTKOB HMJIET ObICTpee, T.K. TOJbKO YacTh TEIUIOTHI

yCIleBaeT OTBOAMTHCS K IIMPOKHM ydacTKaM. [InmaBkasi BCTaBKa TUIABUTCS B OJJHOM CaMOM TOpSYEM
Mmecte (puc 66,0). Ilpu K3 (/ » 1 oc max ) HarpeB Cy)KEHHBIX y4aCTKOB HJIET HACTOJIbKO WHTEHCHUBHO,

YTO NPAaKTUYECKH OTBOJOM TEIUIOTHI OT HUX MOXHO IpeHeOpeub. IlnaBkas BcTaBka neperopaer
OJIHOBPEMEHHO BO BCEX WJIM HECKOJIBKMX CYKEHBIX MecTax (puc 66,8).
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Puc. 66 — Pacnpenenenue Temneparyp () 1 Mecta neperopanusi pUrypHbIX IUIaBKUX BCTaBOK IPU
neperpyskax (6) u npu K3 (8)

Bo MHOrmx KOHCTpyKIMsax BcTaBke | mpumaercs Takas (opma (puc 67,a) , Ipu KOTOpPOH
aneKTpoarHaMudeckue cuibl F, BosHuKarome npu Tokax K3 , pa3pplBaloT BCTaBKY €IIe JI0 TOTO, KaK

OHa ycCrmeBaeT paciuiaBuThesa. Ha puc. 67,a mecTo paspeiBa 0003HAYEHO KPYXKKOM. ITOT Y4acTOK
BBITIOJITHACTCA MCHBIIICTO CCUCHMUS.

77777

Puc. 67. I[Ipumeps! popM mIaBKHX BCTABOK C YCKOPEHHBIM MX Pa3pbIBOM

[Ipu TOKax meperpy3ku AJIEKTPOJAMHAMHUYECKHE CHIIBI Majbl U IJIaBKas BCTaBKa IUJIABUTCS.B
CyXeHOM MecTe. B KoHCTpyKIuu Ha puc. 67,0 yCKOpeHUe OTKIIOUEHHs LenH mpu neperpyskax u K3
JOCTUTAETCs 3a CUET MPYKUHBI 2, pa3pbIBarolleil BCTaBKy | MpH pa3MsArdeHWH MeTajia Ha CY)KeHHBIX
y4JacTKax, 10 TOT0, KaKk MPOMCXOIUT IJIaBICHHE ATUX YIaCTKOB.

Metannypruyeckuid 3pQexT 3aKiarovaercs B TOM, YTO MHOTHE JIETKOIUIaBKUE METaJlIbl (0JI0BO,
CBUHEIl U JIp.) CIIOCOOHBI B PAcCILJIABJIEHHOM COCTOSIHUM PAcTBOPSTH APYrHe TYrOIUIaBKUE METalIbl
(menp, cepebpo W ap.). DTO SBIEHUE HWCIOJB3YeTCS B MPEIOXPAHHUTENSAX C BCTaBKaMU U3 psijaa
napaiebHBIX IPOBOJIOK.

Jlns yckopeHusi IU1aBJIeHUs] BCTAaBOK IIPU Meperpy3Kax Ha MPOBOJIOKHU HAMTAaUBAIOTCS OJIOBSHHBIE
mapuky. [Ipu TOKax meperpysku IapyuK pacIulaBisieTCss U pacTBOPSAET 4acTh METalla, Ha KOTOPOM OH
HamasH. BcTaBka neperopaeT B MecTe HalalKu mapuka.

17.2 IlapameTpsbl IpeIOXpPaHUTEIIA

[Ipenoxpanutens paboTaeT B IBYX PE3KO Pa3IMYHBIX PEXKHMAX: B HOPMAIbHBIX YCIOBHSX H
ycioBusax neperpy3ok u K3. B nepBoM citydae neperpeB BCTaBKM UMEET XapaKTep yCTaHOBHUBILETOCS
mmpolecca, Ipu KOTOPOM BCs BbIAEIIAEMasi B HEU TEIUIOTa OTAAETCS B OKpYKarolyro cpeny. 1Ipu stom
KpPOME BCTaBKM HarpeBarOTCs O YCTAHOBUBILIEHCS TEMIIEPATyphl BCE IPYrUe NETaIH NPEAOXPAHNUTENS.
Orta TemmepaTypa HE JOJDKHA IMPEBBINATh JONYCTUMBIX 3HaueHMH. TOK, Ha KOTOpBIM paccuuTaHa
IUIaBKas BCTaBKa Ul AJIUTEIbHON pabOThl, HA3bIBAOT HOMUHANLHBIM MOKOM NAA6Kol ecmasku IHom.
OH MOXkeT ObITh OTVINYEH OT HOMUHAJIBHOI'O TOKA CAMOT'0 MPEJOXPAHUTEIIS.

OOBIYHO B OMH M TOT XK€ MPEAOXPaHUTEIb MOXHO BCTaBJIATH IUIABKHE BCTABKU Ha pa3HbIE
HOMHHAJIbHBIE TOKH. HOMUHANbHbIU MOK npedoxpanumens, yKa3aHHbII Ha HEM, paBEH HAauOOJbIIEMY



U3 TOKOB IJIABKUX BCTaBOK, MPEHA3HAYEHHBIX /Ul JAaHHOW KOHCTPYKIUHU TPEJOXPaHUTEIIS.

3amMTHRIE  CBOMCTBA  NPEJAOXpPAaHUTENS] TOpU  [eperpy3kax  Hopmupywoorcs. s
npenoxpaHuTeneil 0ObIMHOTO OBICTPOJCHCTBUS 3aJAIOTCS VCI06HbIN MOK He NIasNeHus - TOK, Mpu
NPOTEKAaHUU KOTOPOTO B TEUEHUH OIPE/IECICHHOTO BPEMEHH IUIaBKasi BCTaBKa HE JTOJDKHA MEPETOPETh,
VCI06HBIN MOK NJAGleHUs - TOK, MPU NMPOTEKAaHHUH KOTOPOTO B TEUEHHUH ONPEIECIEHHOTO BPEMEHH
IUIaBKas BCTaBKa JIOJDKHA TeperopeTh. Hampumep, Ais mpeqoXpaHUTeNs ¢ IUIaBKMMU BCTaBKaMHU Ha
HOMHUHaJIbHBIE TOKH 63 -100 A maBkue BCTaBKHM HE JOJDKHBI MEPETOPETh MPH MPOTEKaHUU Toka 1,3
IHOM B TEUEHHUH OJIHOTO Yaca, a mpu Toke 1,6 /HOM JOJKHBI IEPEropeTh 3a BpeMsi 10 OJTHOTO Jaca.

PaccMoTpuM HarpeB BCTaBKH MPHU JJIUTEILHONW HArpy3Ke.

OCHOBHOM XapaKTepUCTUKON MpeloXpaHUTENs SBIACTCA 8pPeMAMOKO8AS XAPAKMEPUCMUKA,
IpeCTaBisiomas coboil 3aBUCUMOCTh BpPEMEHH IUIABJICHHUS BCTaBKH OT IpoTekaromero toka =f(7).
s coBepieHHOW 3alluThl KEJNaTeabHO, YTOOBI BPEMSTOKOBAs XapaKTEPUCTHKA MPEJOXPAHUTEINS
(xpuBast 1 Ha puc. 68) BO BCceX TOUKAX IIJJa HEMHOI'O HWXKE XapaKTEPUCTUKU 3alIUIIAEMOM LIeNN WIn
obbekTa (kpuBas 2 Ha puc. 68) . OgHako peanbHas XapaKTEPUCTHKA MpeaoXpaHUTeNs (KpuBas 3)
nepecekaet kpuByto 2. IloscHum 370. Eciy XapakTepuCcTHKa MPEeIOXPaHUTENS COOTBETCTBYET KPHBOM
1, To oH OyzAeT neperopaTh U3-3a CTapeHUs WIK Npu mmycke asurarens. Llens Oyner oTKiIr04YaThes Mpu
OTCYTCTBUHM HEJOMYCTUMBIX Meperpy3ok. [1oaToMy TOK mjaBieHHs BCTaBKH BBIOMpaeTcs OoJblle
HOMHUHAJBLHOTO TOKa Harpy3ku. Ilpm stom kpuBbie 2 u 3 mepecekatorcs. B oOmactu Gonbmmx
neperpy3ok (o6macte b) mpemoxpanutens 3ammuimaer o0beKkT. B obnactu A mpegoxpaHuTeNnb 00bEKT
He 3ammmaet. [Ipu HeOGompmux meperpyskax (1,5 — 2) [HOM HarpeB mpeaoXpaHUTENsT MPOTEKAET
.MeJIeHHO. bosbias yacTh Temia OTAaeTcsl OKpYXKarolIei cpene.

Lhive \Inoap
Puc. 68. CormacoBanue XxapakTepUCTUK MIPEIOXPAHUTEIS U 3AIUIAEMOT0 00bEKTa

Tok, mpym KOTOpPOM IUIaBKas BCTaBKa Cropaer NpH JOCTHXKEHHHM €10 YCTaHOBUBLIEHCS
TEMIIepaTypbl, HA3bIBACTCA HNOPAHUYHLIM mokom Inorp. s Toro, 4roObl MpeJOXpaHUTENb HE
cpabarbIBall MpU HOMUHAIBHOM TOKe [HOM, HeoOxomaumo /morp > [Hom. C npyroil CTOpPOHBI, s
JTyYIIeH 3auThl 3HaueHHe /norp JOHKHO OBITH BO3MOXKHO OJIMKE K HOMHUHAJIBHOMY.

Jns cHWXXEHHsI TeMIlepaTypbl IUIAaBICHUS BCTABKM INPU €€ H3TOTOBJICHUU IPUMEHSOTCS
JIETKOTIJIAaBKHE METAJLIBI U CIIJIaBbl (Meb, cepedpo, IMHK, CBUHEL], ATFIOMUHU).

PaccmoTpum Harpes BctaBku npu K3.

Ecnu Tok, npoxozsmuii yepe3 BCTaBKy, B 3 - 4 pa3a Oosnblie /HOM, TO MPAKTUYECKH MPOIECC
Harpesa uaeT aanadaTU4ecKH, T.€. BCE TEIUIO, BhIJEISIEMOE BCTaBKOM, UJIET Ha €€ HarpeB.

Bpems HarpeBa BCTaBKM JJ0 TEMIIEPATYPHI IJIABICHUS

2
t = A L =42,
[K

rae A'- mocTosiHHAsI, ompeeisieMas CBOMCTBAMU MaTepualia; g - MONEePEeYHOEe CEUYEHHE BCTABKH; jK -
IIJIOTHOCTH TOKA BCTaBKH.

ITo Mepe TOro Kak 4acTh IUIABKOW BCTaBKU M3 TBEPJOTO COCTOSIHUSI MEPEUAET B JKHUIKOE, €€
yEJIbHOE CONPOTHUBJICHUE PE3KO YyBeIU4HUTCs (B JAeciaTKU pa3). Bpems mepexoma w3 TBEpIOro
COCTOSTHUS B JKUJIKOE
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IZe P, - YIeJIbHOE CONPOTHUBICHUE MaTepraa BCTaBKU NIPH TEMIIEpAType IUIAaBJIEHUs; O, - yAEIbHOE
CONPOTHUBIICHWE MaTepuaia BCTaBKU B KUJKOM COCTOSIHUM; ¥y - TUIOTHOCTh MaTepHalia BCTaBKU; L -
CKpBITas TEIUIOTA IUIaBJICHUSI MaTepHalia BCTaBKHU.

OCHOBHBIM TMapaMeTpoM Tpenoxpanutens npu K3 sBusercs npedenvHulli mMOK OMKIOYEHUs -
TOK, KOTOPBIA OH MOXET OTKJIIOYHUTH MPH BO3BPALIAIONIEMCS] HAMPSKCHUH, PAaBHOM HaHWOOIBIIEM
paboueMy HapPSHKEHHIO.

Bpemsi cymiecTBOBaHUS Iyrd 3aBUCUT OT KOHCTPYKUMHU Tpeaoxpanurtens. [lonHoe Bpems
OTKJIIOUEHHUS LENU MPeJOXPaHUuTEIeM

[ Ip= 1 + f nepex + ¢ oyru

st mpeioXpaHuTeNst CO BCTABKOM, HAXOIAIIECHCS B BO3AyXe

A q
ty = (4 +?)I_2k0’

K

rae kodpduuuenT n =3 yuuTHIBaeT MNPEKICBPEMEHHOE pa3pylleHue BCTaBkd, a ko = 1.2 -1.3
YUUTHIBAET [UINTEILHOCTH TOPEHUS JTyTH.

B npenoxpaHuTesnsx ¢ HarmoJHUTENEM (3aKpPBITOrO THIIA) Pa3pyLIeHUE BCTABKH 0 MOJHOTO €€
IUTABJICHHUS MEHEE BEPOSTHO. BpeMs OTKIIIOYeHNS ienu npeaoXpaHuTeaeM

2 2
t = (4 +A Y vt ~ (4 +A");7—2kd.

IK K

Koaduuument x, = 1,7 -2 yUuTBIBaET JUIMTEINBHOCTH TOPEHUS IyTH.

[InaBneHne BCTaBKM IEPEMEHHOTO CEYEHHs IPOUCXOAUT B Iepeleiikax ¢ HauMEHBIINM
ceueHneM. [Iporecc HarpeBa MpOTEKaeT Tak OBICTPO, YTO TEIUIO MOYTH HE YCIEeBaeT OTBOJAUTCS Ha
YUYaCTKH TOBBILIEHHOTO cedyeHus. Hamuuume mepemeiikoB yMEHBLUIEHHOTO CEYEeHUs IMO3BOJISIET PE3KO
CHU3UTh BpeMs ¢ MoMmeHTa Hauyana K3 no nossinenus nyru. Ilponecc rameHus Ayru HauMHAEeTCs 10
MOMEHTa JOCTH)KEeHUs TOkoM K3 ycTaHOBHMBIIErocss MM JaXe aMIUIMTyJHOro 3HadeHus. Jlyra
oOpa3yercs yepe3 Bpems t1 mocne nHavama K3, korma TOK B I[emM 3HAYUTEIBHO MEHbINE
yCcTaHOBUBIIETocs 3Ha4eHus /K ycT.

CpeactBa qyrorameHust o3BOJSIOT IOTaCUTh AYTYy 3a MILIUCEKYHbI. [Ipu 3TOM nposBisercs
3 deKT TOKOOTpaHWYEHHUsS, IOKa3aHHBIM Ha puc. [IpU OTKIIOYEHWH TMOBPEKIECHHOW IIENMU C
TOKOOTpaHWYEeHHEM obierdaercs ramenue ayru, T. K. OTkimodaercs He yctaHoBuBIIMiicsA Tok K3, a
TOK, OIpeNeNsieMblii BpeMEHEM I1J1aBJICHHs BCTaBKH.
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Puc. 69. OTxitoueHne NoCTOSIHHOTO ¥ IIEPEMEHHOTO TOKA IIPETOXPAHUTEIIEM C TOKOOIPAaHUYEHUEM



17.3 KoHCTpYKIUA NIpexoXpaHUuTe el

YcerpoiictBo mnpenoxpanureas. [lupokoe mnpuMeHeHHE NPEAOXpPAHUTENIE B CcaMbIX
pa3IMYHBIX O0JIACTSIX HAPOAHOTO XO3SHCTBA M B OBITY NMPHBEIO K MHOTOOOpa3UI0 UX KOHCTPYKIHIL.
Opnnako, HECMOTPSI HA 3TO, BCE OHU MMEIOT CJIEIYIOIINE OCHOBHBIE AJIEMEHTHI: KOPITYC UM HECYILYIO
JeTanb, TUIABKYI0 BCTaBKY, KOHTAaKTHO€ TPUCOEIUHUTEIBHOE YCTPOUCTBO, JIyrOracUTENIbHOE
YCTPOMCTBO WJIM JJyTOTACUTENBHYIO CPELY.

17.4 IlpexnoxpaHuTe M ¢ ramieHMeM AYTd B 3aKPbITOM 00béMe

K HUM OTHOCSTCS MpeaoXpaHUTENId CO CMEHHBIMU TUIABKUMHU BCTaBKaMHU OOIIETO HAa3HAYEHUS
6e3 HaronHuTtens cepun [1P-2. Takue npegoxpaHuTeN U3rOTAaBIMBAIOTCS Ha HanpspkeHue 10 500 B u
toku 10 1000 A. I'ameHue ayrd y HUX TPOUCXOAMT 3a CYET BhICOkoro mamieHus (mo 10 Mlla u
0oJiee), BO3HUKAIOLIETO BCIEACTBUE Ta30T€HEpAllMi M3 CTEHOK TPYOOK IpPH BBICOKOW TeMIeparype
SJIEKTPUYECKOM JTYTH.

Puc. 70. Ilpenoxpanurens tuna [1P-2

BcraBka pacnonaraercss B TepMETUYHOM TPyO4YaToM MaTPOHE M MOXET UMETh OT OJIHOTO JI0
YeThIpeX CYKeHHUH B 3aBUCUMOCTH OT UHOM. CyKeHHbIE Y4aCTKH BCTaBKH CIIOCOOCTBYIOT OBICTpPOMY
ee masneHuto npu K3 u co3garot agdexT Tokoorpannyenus. Bpems ramenuns ayru 0,002 c.

[Ipenoxpanutenu padboTaroT OecIIyMHO, MpPaKTHUUECKH 0e3 BhIOpOca IJIaMEHM W Ta3oB, YTO
MO3BOJISIET YCTAaHABIMBATH UX HAa OIM3KOM PacCTOSIHUM APYT OT ApyTa.

17.5 [IpenoxpaHuTe/u ¢ MeJKO3epPHUCTHIM HanoJHUuTeseM (cepun ITH-2, ITPC)

[Ipenoxpanutenn cepun IIH-2 npegnasHadeHsl Ui 3aliuThl cuiaoBbIX Lenedl no 500 B
nepeMeHHoro Toka u 440 B noctosiHHOro Toka. OHM BBINOJHSIOTCS HA HOMUHaJIbHbIE ToKH 100, 250,
400 1 630 A, 061a1a10T TOKOOTPAaHUUMBAIOIIMM JACHCTBUEM U BBICOKOW Pa3phIBHOI CITIOCOOHOCTHIO.
Kopnyc 1 kBaapaTtHoro cedeHuss u3rotoBisiercss u3 (apdopa wmmm creatuta. BuHyTtpm Kopmyca
PacoJIOKEHbl JIEHTOYHbIE IJIaBKME BCTAaBKM 2,3 M HAIIOJHUTENb - KBapLeEBbIM mecok 3. BcraBku
PUBAPUBAIOTCS K TUCKY 4, KOTOPBIN KpENmUTCs K IJIACTHHAM 5, CBSI3aHHBIM C HOXKEBBIMU KOHTAKTaMH
9. Jlna mnomyueHuss TOKOOIPDAaHMYEHHMS BCTaBKa MMEET CYXEHHoe cedeHue 8. [l CHMKeHus
TEMIIEPATYphI MJIABJICHUS Ha BCTABKY HAHOCUTCS OJIOBSIHHBIE MOJIOCKHU 7.



Puc. 71. [Ipenoxpanutens [TH 2:
1 - kopnyc, 2- BCcTaBKa, 3- MECOK, 4- AUCK, S- MJIACTUHBI, 6- MPOKJIAJKA, 7- OJOBSIHHBIC MOJIOCKH, 8-
CY)XKEHHS, 9- HO’)KEBbIC KOHTAKTHI.

[Tpu K3 BcTaBka cropaer u ayra TOpUT B KaHajie, 0Opa30BaHHOM 3€pHAMH HamoyHuTens. M3-3a
ropeHuss B y3KkoW mienu npu Tokax Beime 100 A nyra uMeeT BO3pacTalOLIyI0 BOJIBTAMIIEPHYIO
XapaKTEePUCTUKY. ['palueHT HampsOKEHUS] HA Jyre OY€Hb BBICOK M JOCTHUTAET (2-6)104 B/m. Dtum
o0ecrieuynBaeTcs TalleHue IyTU 32 HECKOJIBKO MIJUTUCEKYH/I.

B ManoraGapuTHbIX pacnpenycTpOHCTBaX MPUMEHSIOTCS PE3bOOBbIE MPEAOXPAHUTENH THIA
[IPC. Onu Brinyckatorcst Ha Toku 10 100 A, Hanpspkenue 1o 440 B nocrosiHHOTO TOKa M 110 500 B
nepeMeHHoro Toka. [IpeaenbHo oTkrouaemsiil Tok 60 KA.

OTH NpeIoOXpaHUTENN CIIOXKHBI B IIPOU3BOJICTBE U OoJiee 1oporu, yem npeaoxpanutenu [TH 2.

17.6 IlpenoxpaHuTe/M € JKUIKOMETAINYECKAM KOHTAKTOM

[IpenenbHO oTKIMIOYaeMblid TOK gocturaet 250 kKA npu HanpsikeHnun 450 B nepeMeHHOTO TOKa.
[IpenoxpanuTenu pabOTarOT MHOTOKPATHO ¢ OOIBIIUM TOKOOTPAHUYCHUEM.
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Puc. 72. KunkomeTamanyeckuil peaoXpaHuTeNb
1-35eKTpON30IIAIMOHHAs TPYOKa, 2- )KUIKUN MeTal, 3, 4 - aIEeKTPO/bl, 5- KOpITyc,
6- ymiotTHenue, 7,8- neMrndupyrpoIiee yCTpOUCTBO.

B Takom mpenoxpaHuTesne 3J€KTPOM3OISIHOHHAS TpyOka 1 MMeeT Kamwuisp, 3allOJIHEHHBIH
KUAKUM MeTauioM 2. Kanwuisp ¢ KMAKUM METauloM Ie€pMETHYHO 3aKpBIT IEKTpoaaMu 3, 4 u
KOPIycOM 5 ¢ yIioTHEeHHeM 6 M HWMeeT crhennaibHoe naemidupyromee ycrpoiictBo 7,8. Ilpu
MPOTEKAHWU OONBIIOTO TOKA >KUIKHA METaJZT B HEM HCHapsercs, oOpa3yeTcs mapoBas MpoOka u



JJIeKTpUYECKas 1enb pa3MbikaeTcs. [locie onpeeneHHOro BpeMeH! Mapbl MeTajlila KOHASHCUPYIOTCS
Y KOHTaKT BOCCTAHABJIMBAECTCSI.

17.7 BeicTpoaeiicTBy0OIIME NPEAOXPAHUTEIH Il 321U THI MOJYIIPOBOJHUKOBbBIX
npudopoB

IIpenoxpanutenu BbIIyckatroTcsi Ha Hampsbkenue 10 2000 B u Toxm 2000-5000 A.
[Ipenna3HayeHsl TOJBKO OT 3amuThl 0T K3. 3ammra OT TOKOBBIX MEPErpy30K JOJKHA BBIMOIHATHCS
JIPYTMMH armapaTamu.

OCHOBHBIMH ~ XapaKTEPUCTHKAMH  OBICTPOACHCTBYIOIIMX  MPEIOXPAHUTENICH  SBISIOTCS
HauOobIIMe MHTErpanbl JIKOys OTKIIOYEHUS, HauOONBUIMI MPOIMyCKaeMbId TOK M MpPerIyroBoe
BpeEMs.

0.
HNurerpan xoynsa G = j i’dt, rje t — NINTETPHOCT MPOTEKAHMS TOKa depe3 mpubop. s
t

3 PEeKTUBHON 3alIUTBl HEOOXOAMMO, YTOOBI JKOYJIEB HHTETpall MpeAOXpaHUTENs ObUT MEHbIIE
JPKOYyJIeBa MHTETpalla 3alluiiaeMoro o0beKTa. JIs JOCTHKEHUS 3TOH LeN BCTaBKa BBIMOIHIETCS U3
cepebpa, UMeEeT IMepeleek ¢ MHHUAIBHBIM CEUCHHEM M OXJIAXKAAETCsl KBAPIIEBBIM HAIIOJHHUTEIEM.
CxeMbl BCTaBOK MOKa3aHbl Ha puc. 73.

5)

Puc. 73. Cxemsbl popM TU1aBKUX BCTABOK OBICTPOJCHCTBYIOIIUX MIPEJOXPAHUTENCH: a — IUIaBKHe
BCTaBKH BBIIIOJHEHBI C NepelIekaMu; O — 3JIEMEHTHI BBIIIOJIHEHBI C U3rH0aMH.

17.8 IlpexnoxpaHuTe/b-BbIK/JIIOYATEIb

[IpenoxpaHuTeNnb-BEIKIIOUATENh — amnmapar (O70K), BHINOTHEHHBIH Kak pPYOWIBHHK, B
KOTOPOM B KauecTBE MOJIB)KHBIX KOHTAKTOB (HOKEH) MpUMEHEHbI ipeoxpanurenu. Takum obpazom,
OH OJHOBPEMEHHO NpeIHa3HA4YeH [JIsi HEAaBTOMATHUYECKOM KOMMYTALUU CHJIOBBIX SJIEKTPUUYECKUX
LIETIe B yCTPOMCTBAX paclpeeieHus dIEKTPUUECKON SHEPTUH, a TAaKXKe JJISl 3alllUThl ATUX LETe mpu
TOKax Ieperpy3Ku U KOpoTKoro 3amblkaHusd. Mcnonb3yercs Ha Hanpsbkenue 10 380 B wacroroii 50 I'ny
C HOMHHAJIBHBIMH TOKaMH 10 400 A © OTKIOYAOIIEHd CIIOCOOHOCTBIO B COOTBETCTBHHU C
MPUMEHEHHBIM MIPEIOXPAHUTEIIEM.

Ammapar COCTOUT U3 Hecylllel KOHCTPYKIIMH, HEMOBUKHBIX KOHTAKTOB, MOJIBH)KHBIX KOHTAKTOB-
npeoXpaHuTeNe, pyyHOro MpuBojaa ¢ cucreMol pbruaroB. IIpuBox obecrmeumBaeT HeoOXoIUMOE
nepeMenieHre NaTpoHOB NMpeAoXpaHnuTeNe u3 monoxkeHus «OTKII0YeHO» B MosiokeHne «BxiroueHo
U o0paTHO. B 3aKphITOM HCIONHEHHH HMEETCs OJIOKMPOBKA, MCKITIOYAIOMIAsi OTKPHIBAHUE JIBEPIIBI
(ko’kyxa) MpHU BKIFOYEHHOM IOJIOKEHUH amnapara 1 BKIIOUYEHHE annapara Ipyu OTKPBITON JABEpIIE.

17.9 Bp16op, npuMeHeHne U IKCIUTyaTalus NPeA0XPAHUTEJIsl VIS 3alUThI
3J1eKTPOABHUIaTe sl H NMOJYIPOBOJHMKOBBIX YCTPOICTB

3ammrTa aBurartensi. BpiOop 1u1aBKkoM BCTaBKM NPENOXpPAHUTENS OCYLIECTBIAETCA IO
YCIIOBHSIM JUTUTEIBHOM IKCILTyaTalluK U ITyCKa.

1. Ecnu ycnoBus mycka JE€rkue, TO HOMUHAJIbHBIA TOK BCTaBKU BBIOMpAeTCs MO MYCKOBOMY
TOKY Harpy3ku



Is.HOM = 0,4 11,

rae /m — myckoBoM TOK acMHXpOHHOro ABurarens ¢ K3 poropom.

2. Ins TsKENBIX YCIOBUM IMyCKa, KOT/Aa JBUTaTeNlb MEIJIEHHO pa3BopauuBacTcs (IIPUBOL
HeHTpu(dyru), Wi B MOBTOPHO-KPATKOBPEMEHHOM pEXHME, KOTJa MYCKU MPOUCXOIAT € OOJNBIION
4acTOTOMN

Is.HOM = (0,5 — 0,6) /1.

3. Ecim mpegoxXpaHUTeNlb CTOUT B JIMHUHW, NUTAIOUIEH HECKOJbKO JABUTATENEH, IUIABKYIO
BCTaBKY PEKOMEHIyeTCsl BEIOMpATh O (hopmyIie

Is.HoM = 0,4 |_IP + U — Liowms. )J’

rae Ip — pac4€THBIN HOMUHAJIBHBIN TOK JIMHUU, PABHBIN ZIHOM . Paznocts Ip — Inom. 1B OGepércs mis

JIBUTaTelIs, y KOTOPOTro OHA HauOoJIbLIasl.
4. Nlna neurarens ¢ (asHbIM poTopoMm, eciau [/ < 2 [HOM. JB., IJIABKYIO BCTaBKY MOXKHO
BBIOMPATH 10 YCIOBHUIO

Is.HOM = (1 - 1,25) IHOM. 1IB. .
5. BriOpaHHBIE TIpefoXpaHUTENN Hajao TpoBepuTh Ha K3 HemocpencTBeHHO y JBUTATENS.
bepércs nByxdaznoe K3 npu n3onupoBanHoi HeWTpanu u ogHodaznoe K3 Ha 3emitro, ecimu HeUTpaib
3a3emuieHa. J{7s mpaBUiIbHOM paboThI HEOOXOIUMO

Ix/IB.HOM > 3 —4,

rae /k — ok K3 y nBurarens; /B.HOM — HOMUHAJIbHBIN TOK TUIABKOM BCTABKHU y IBUTATEISI.
3ayeHue [K 3aBUCUT OT AKTUBHOIO W PEAKTUBHOTO COMPOTHBJICHUS MCTOYHUKA TUTAHUS
(TpanchopmMaTOpa) U MUTAIOIIUX JTUHUH.

st nByxdasznoro K3:
U
Ix(2) = —29M .
27,
s ogHodaznoro K3:
U
Ix(1) = —"M

\/§-Z®0 ,

st Tpéxdaznoro K3:

I(3) =

\/E'Z(D .

Comnporusnenus ¢a3 Z¢ u Zdpo onpeaenstorcs: ypaBHEHUSIMH

Zh = (ER, +R;)* + (3, + X,)?
Zpo = \/(ZR@ +R®0)2 +(2X, +Xq>0)2 +Zy,




rae R m X — akTMBHOE W MHIYKTUBHOE COMPOTHUBIICHUS MPOBOAHUKOB (ha3bl; Rbo u Xpo —T o xe
HYJIEBOTO TMpoBoAa; RT u XT —-T o ke ¢a3el Tpanchopmaropa, Zrl — momHOe pacu€THoe
COIPOTHUBIIEHUE TpaHC(hOpMaTopa MPU 3aMbIKaHUN Ha 3€MITIO.

Bbi0op ObIcTpOaECTBYIOIIMX MpeJOXpaHuTeNell I 3alIUThl MOJYNPOBOAHUKOBBIX
npudopos. Ha puc. 74. npencraieHa cxeMa MOIIIHOW BBIIPSIMUTENIBHON YCTAHOBKH. B Ka)xx1om mieue
MOCTa YCTAHOBJIEHO IO ISATh JUOJOB, KAXKIbIM M3 KOTOPBIX 3amuuIEH npenoxpanureneM FU. Ilpu
npobdoe muona VDk Ttok Ik, 0003HaYeHHBIM MYHKTHPOM, 3aMbIKaeTcs uepe3 VDk B oOpaTtHoM
HanpaBJIeHUU U 3akopauuBaeT jaBe ¢asbl. [Ipenoxpanutens FU cpabaTbBaeT, MOBPEXAEHHBINA THOJ
OTKJIIOYAETCS, U CXeMa MPOJI0JKAET HOPMAIIbHYIO paboTy ¢ HEKOTOPO Meperpy3Koil TMOo10B.
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Puc. 74. Cxema 3a1MThl MOTYIPOBOAHUKOBBIX JTUOJ0B B MOIIHOW BBIMPSIMUTEIBHON YCTAHOBKE

Ptng
Pt min
1,0
0,9
0,81
0,71
0,61

0,5 [N, TCHI S B |
6,5 06070809 1,0 I/,
Puc. 75. 3aBUCMMOCTb NPEYTOBBIX MHTETPATIOB OT TOKA MPEBAPUTEIHHON HATPY3KU

TlonHBIA JKOYIEB MHTErpad MmpM OTKIIOYEHHH mpepoxpanutens (1°f)oTkn. mpen. nomkeH

OBITH MEHBIIE JOIYCTUMOIO JUKOYJEBa MHTErpaa IoJylpoBoJHHKoBoro npuoopa (1°¢)mpu6. Jlns
3alIUThl JUOJOB JOJKHO COOJIIOIaThCs yCIOBUE

(I*t)orko. mpen. < [n(1-c) +c] (I*¢ )npu.

Ile n — 4YHCIO TapayieNIbHBIX BeTBEeH mpeoOpaszoBaTens; ¢ — KOI(Q(GUIMEHT HEepaBHOMEPHOCTHU
JleJIeHHsl TOKa Mo BeTBAM. Ilpu paBHOMEpHOM pacrmpesernennn Toka ¢ = 0 u (1%¢)oTkn. mpen. <

[n]2 (1*¢ )npu6. 3nauenue (1°¢ )npu6. Jns npubopa Gepércsa u3 katamora Uiy (IPU CUHYCOUIATEHOM
TOKE) TI0 YPaBHEHHIO

(I*t)npu6. = 12, T/4,

rae [ - momycTuMoe 3HaY€HHME yJApHOIO HEMOBTOPSIOIIErOCs TOKa B IPsAMOM HampasieHuu; T —
Nepuo/I MEPEMEHHOT0 TOKa.



18 ABTOMATHYECKHE BO31YIIHBIE BBIKJIIOYATEJIN (ABTOMATDI)
18.1 Ha3znauyenue, kjaaccupukanus 1 00JacTh NPUMEHEHUs ABTOMAaTOB

Ha3nauenue aBTOMaTOB. ABTOMATHI MpEAHA3HAUYEHBI AJI MPOBEACHHUS TOKa B HOPMAJIbHBIX
peXKMMax M aBTOMAaTHUYECKOTO OTKIIIOUEHHS 3alluIilaeMoil Lenu mpu neperpyskax, K3, upeamepHoro
MOHWKEHUS TUTAHUs, a TAKKE ONEPATUBHBIX HEYACTHIX OTKIFOYCHUH.

Kaaccuduxanusa apromaroB. KoHCTpyKIIMHM, XapaKTepUCTUKH U 3alUTHBIE (PYHKIIUK BEChbMa
pa3HOOOpa3HBI, OJHAKO IO HA3HAYEHWIO W MPHUHIMIIAM Pa0OThl OHM MOTYT OBITh pa3felieHbl Ha
BKJIIOUATENN 00Ujec0 HazHaveHus, oOblcmpooelcmayrowue u cneyuaibHble.

ABTOMAaTBl 00Wec0 HA3HAYeHuss TIO POAY TOKA LEHH BBINOJHAIOTCA HEePeMeHHO20,
NOCMOSIHHO20, NePEeMEHHO20 U NOCMOSHHO20 TMOKA.

[To coOCcTBEHHOMY BpEMEHHU OTKIIOUYEHHSI BBIKIIOYATEITH MOTYT OBITh MOKOOCPAHUYUBAIOUSUMU
U HeMOKOO02PAHUHUBATOWUMU.

O6mas npogomkurenbHocTh K3 7K3 (puc 76.a 1 0) ckiagpIBaeTCs U3 TPEX ClIaraeMbIX:

tO -Bpemenu ot Havana K3 10 MoMeHTa, Korja TOK IOCTUTHET 3HaYeHus IycT, Ipu KOTOPOM B
CTaIlIOHAPHOM PEKHME CpadaThIBaeT OTKIIIOYAIOIIEE YCTPOHCTRO;

tOmKkn - COOCTBEHHOE BpPEeMsI OTKIIIOUEHHUS - BpeMsi OT MOMEHTA JIOCTHKEHUS TOKOM 3HAYEeHHUSI
TOKa YCTaBKH JI0 MOMEHTA PACXO0KJI€HUSI KOHTaKTOB;

f2 - IIUTENBLHOCTD MpoIlecca AyrorameHusl.

Bpemst #O 3aBucuT B OCHOBHOM OT IMIOCTOSIHHBIX Ienu. Bpems #Omkn onpenenser
OBICTPOCICTBIE BBHIKITIOYATEIS.
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Puc. 76. [Ipouecc otkimouenus npu K3: a - HETOKOOTpaHUYHMBAIOIIMM BBIKJIIOYATEIIEM;
6, 6 - TOKOOI'PAaHUYIUBAIOIHUM BBIKJTFOYATCIICM

Tokoocpanuuusaowuli GvlKIOYamMenb - BBIKIIOYATEIb, Y KOTOPOTO COOCTBEHHOE BpeMs
OTKJIFOUCHUA TaKOBO, 4YTO B ,Z[aHHOfI oenu 3a OJOTO BpEMd TOK HC YCHCBACT JOCTUTHYTH
yctaHoBuBIerocss 3HadueHusi IK3 u orkmrogaemsbiii TOK JOTKJ MEHBIIE TOTO, KOTOPHIA ObLT OBl B
CJIly4ae OTCYTCTBUS BBIKJIFOYATENS WM IIPU HETOKOOTPAaHUYMBAIOIIIEM BBIKIIOUaTesne (puc 76,a).



Hemokooepanuuusarowue svixnouameny MOTyT ObITh C BbIIEpKKOM TOkOB B 1ienu K3 unu 6e3
Hee.

[lepBeie TpegHa3HAyYeHbl JUISi OCYIIECTBJICHHS CEJIIEKTUBHOM 3allUThl CYyTh KOTOPOH
3aKirodaercs B ToM, uto npu Toke IK3 (puc. 77), npeBocxoasiiemM ToK ycTaBku IycT BBIKIIOUaTEIeH
BCEX CTyNEHEH, OTKII0YaeTcs OMmKalnii K MecTy aBapiui y4acTOK, Y KOTOPOTO BBIKJIIOUATENb UMEET
MEHBIIYIO BBIIEPKKY BpeMeHH l (11<12<i3)

CobcTBeHHOe BpeMs pa3Mbikadus Beikrouateneit 0,02 - 0,08 c.

Om nodemanyuu
Lyer=10 KAt “
ts=t .
7] .aru*ts ; Lex.
Lier=5Ab b, b
ty=torua*tz ( ' (
Macmepmie
Ler=15cab, b, b
L=tyra*ty ( (
Yyacmxu
Ler=3004L, } b
t=torxs /o < (
Iy 5=20 xA Nompebumenu

Puc. 77. CxeMa CceIEKTUBHON 3aIIUTHI

B 3aBucuMocTH OT BUa BO3/ICMCTBYIOIIECH BETUYMHBI aBTOMATHI JICJISATCS Ha:

1) maxcumanvrvie agmomamol O MOKY,

2) MUHUMATIbHbIE ABMOMAMbL NO HANPANCEHUIO,

3) aemomamul 0b6pamnoco moxa,

4) maxcumanvHvlie agmomamuol, padOTAIOIIUE 10 TPOU3BOJHON TOKA,

5) noaspuzosanHvie MakcumaibHvle agmomamyl (OTKIIOYAIOT IeNb MPU HapacTaHUU TOKA B
OJIHOM TMPSIMOM HAIIpPaBJICHUH ),

6) HenoApu306aHHbie, PEATUPYIONINE Ha BO3PACTAHKUE TOKA B IFOOOM HAIIPABJICHUU.

JlJi OCTPOEHHUS CENEKTUBHO JEHCTBYIONIEH 3alIUThl aBTOMAThI JOJDKHBI UMETh PETYJIUPOBKY
TOKa ¥ BpPEMEHHU Cpa0aThIBAHUS.

B HekoTophIxX ciydasx TpeOyeTcss KOMOMHHUPOBAaHHAs 3alllUTa - MaKCUMalbHas MO TOKY U
MUHUMAJIbHAS 10 HANPsHKEHUIO0. ABTOMATHI, YIOBIETBOPSIOIINE ITHM TPEOOBAHUSM, HA3BIBAIOTCS
YHHUBEPCATbHBIMU.

[To 3amMTHBIM XapaKTePUCTHKAM COOCTBEHHOE BPEMsI pa3MbIKaHHUS OBICTPOACHCTBYIOIIETO
BBIKJTIOYATENS B 3aBUCUMOCTH OT TOKA OTKJIIOYEHHS U KPYTHU3HBI €0 HapacTaHUs periiaMeHTHPOBAHBI
I'OCT 25581-81b :

1 xnacc - 7o 0,008 c;

2 knacc - 7o 0,005 c;

3 xnacc - 7o 0, 002 c.

Obnacmv npumenenus aemomamos. ABTOMATbl O0O0MIEr0O W OBITOBOTO Ha3HAYCHUS
MPUMEHSIOTCS JUIsi MAaKCUMaJIbHO TOKOBOM 3alluThl. B sKcmmyaranuu XapakTepUCTUKUA aBTOMaTra He
MOTYT OBITh U3MECHEHEI.

YHuBepcalibHble aBTOMAThl IPUMEHSIOTCS JIJIs1 KOMOMHUPOBAHHOM 3aIlIUTHI :

MaKCHUMAaJIbHBIN 3alTUTHI IO TOKY U MUHUMATBHON IO HATIPSIKEHUIO .

Boikmroyatenu — aBTOMaTuyeckue — OBICTPOJCHCTBYIOIIME  MPUMEHSIOTCS  JJIS  3alllUThI
MOJTYTIPOBOTHUKOBBIX TIpeoOpa3zoBaTesield, NMEKTPUYECKUX MAIllMH M MAIUH MMOCTOSHHOTO TOKa MPH
K3, neerpy3kax u oOpaTHBIX TOKAaX B MPOMBIIUIEHHBIX YCTaHOBKax( HampuUMep, B AJIEKTPONpPUBOIAX
MPOKATHBIX CTAaHOB) M B YCTAaHOBKAaX MAarUCTPAIbHOTO, TPOMBIIUICHHOTO ¥ TOPOJCKOTO



ANEKTPUPHUIIMPOBAHHOTO TPAHCIIOPTA.

18.2 TpeOoBanus, npeabsBIsieMble K ABTOMATAM

K aBTOMaTam npeabsBIsSIOTCS CIASAYIONIHe TPeOOBAHUS .

1. TokoBenymias Lemb aBTOMara JOJKHA MPOMycKaThb TOK JHOM B TEUEHHM CKOJIb YTOJHO
JUIUTEIbBHOTO BpPEMEHU. PeXuM TPOJOJDKUTEIBHOTO BKJIOUEHHUS JUIsl aBTOMATOB  SIBJISIETCA
HOPMAaJIbHBIM. TOKOBeTyIIIast IIeMb aBTOMAaTOB MOKET IMOIBEPraThCsl BO3JACUCTBHIO O0IBINX TOKOB K3
KaK IpU 3aMKHYTBIX KOHTAaKTaX, TaK ¥ MPHU BKIOYEHUH Ha cyiecTByromee K3.

2. ABToMar JoJbKeH oOecreyrBaTh MHOTOKPAaTHOE OTKIIOYeHHe TOKOB K3, KoTopble MOryT
nocturatb coteH KA. [locrme OTKIIOYeHHMs] ATHX TOKOB aBTOMAaT JOJDKEH OBbITh MPUTOAEH JUIsS
JUTUTEJIBHOTO MPONyCKaHusl TOKa THOM.

3. Hnst obecrieueHust 3JIEKTPOJIUHAMUYECKOU u TEPMHYECKON CTOMKOCTH
AIIEKTPOOOOPYIOBAHUS, YMEHBIIICHUS! pa3pyIICHUSI U APYTUX MOCIEICTBUHN, BEI3BIBAEMBIX TOKaMu K3,
aBTOMATBHI IOJKHBI UMETh MaJIO€ BPEMsI OTKIIOUESHHS.

4. DneMeHTBl 3allWTHl aBTOMAaTa JOJDKHBI 00ecrednBaTh HEOOXOIWMBIE TOKHM M BpEMEHA
cpalaThIBaHUS U CEIEKTUBHOCTb.

18.3 Y31b1 aBTOMATA M NPUHIIUI €T0 JieiicTBUS, PU3NYecKUe ABJIEHUS B JIEKTPUIECKOM
annapare

B m06oM aBTOMaTe e€cTh Clenyrolie OCHOBHBIE Y3JIbl: TOKOBEIYIIAs IeMb, 1yroracuTeIbHast
KaMmepa, MPUBOJ aBTOMAara, MEXaHW3M aBTOMAaTa, MEXaHHW3M CBOOOJHOTO pacIelUieHUs aBToMara u
3JIEMEHTHI 3aIUThI paclenuTeNei.

B aBTromate Ha Tok>200 A (puc. 78) TokoBeayilas 1IeNb UMEET IIaBHbIE | U JyroracuteabHbIe
KOHTakThl 3. BKJIIOUeHHME aBTOMara MOXKET MPOU3BOJUTHCS BPYUHYIO PYKOATKOW 12 wim
anexkTpoMarHuToM 4. 3BeHbs 6, 7 u ymop 13 00pa3yloT MeXxaHH3M CBOOOJHOTO paCIETJICHHUS.
OTKJIIOYECHHE MOXKET MPOU3BOJUTHCS PYKOATKON 12 UM C TOMONIBIO TEIUIOBBIX U 3JIEKTPOMArHUTHBIX
pacuenureneit  5,8,10,11. HeoOxomumasi CKOPOCTh pPACXOXKJEHUS KOHTAaKTOB OOECIICUYMBACTCS
npyxuHoi 9. ["alieHre 1yru npoucXoauT B Kamepe 2.
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Puc. 78. [IpunuunuansHas cxema aBTomMaTa. 1-ayroracutesibHble KOHTAKThI, 2- KaMepa JyroraiieHus;
3-rinaBHBIE KOHTAKT; 4- a5ieKTpoMaraut; 5,8,10,11 - anekrpoMarautHeie pacienurenu; 6,7 - peryaru
(3BeHBsT) MEXaHU3Ma CBOOOHOTO pacuerieHus; 13 - ynop; 9 - npyxuna

18.4 OcHoBHBIEC IapaMeTPhbI ABTOMATA

1. CoOcTBEHHOE M TTOJTHOE BPEMS OTKIIOUEHUS;

2. HoMuHanbHBIN JIIUTEIBHBIA TOK: [THOM;

3. HomunaneHoe HanpsiokeHue: UHOM;

4. ITpeaenbHbIN TOK OTKJIFOYEHUS.

[lox cobcmeennvim 6pemenem omxnoyenus agmomama MOHUMAIOT BpeMsl OT MOMEHTA, KOrjaa
TOK JIOCTHTHET 3HAUCHUs TOKa cpadaThiBaHHs ICp, 10 Havala PacXOXkJICHHS ero KOHTakToB. Ilocie
pacxoXkJIeHUsT KOHTAaKTOB BO3HHKINAS Jyra JOJDKHA OBITH MOTAlleHa 3a MHHMMAIBLHOE BpeMs C
nepeHanpsHKeHUEM He TIPEICTABIISIONIMM OMACHOCTH ISl OCTaIbHOTO 000PyA0BaHUS.

Ha puc. 79, a noka3aHo H3MEHEHHE TOKa W HANpsHKEHUST HA KOHTAaKTaX B IMPOIECCE
OTKJIFOUEHUS JJIsI HeOBICTPOJACHCTBYIOIIETO aBTOMaTa, a Ha puc 79, 6 - it OBICTPOACHCTBYIOIIETO.
Jns mpoctotsl mpumeM, 4to a0 K3 tox Harpyskm i,=0. YcranoBuBmmiics Tok K3 /x3. ycr. Ot

MomeHTa Havasia K3 TOk pacTeT mo 3aKOHy 3KCIOHEHTHI 10 3HAUY€HUs TOKa cpabaThiBaHUs aBTOMAaTa
icp (Bpems tO). Ilocne 3TOro 10 MOMEHTa pa3MbIKaHUSI KOHTAKTOB MPOXOAMUT Bpems ¢ 1. D10 Bpems
TpaTuTca Ha paboTy MEeXaHU3Ma PACLEIUIeHHs , BBIOOP MpoBaja KOHTAKTOB U SBJSETCSI COOCTBEHHBIM
BPEMEHEM OTKJIIOYEHMs aBTOoMara. Ilocie pacxoxaeHHs KOHTAaKTOB Jyra racHeT 3a Bpems 2. Bpems
paBHoOe foTKa =tO+{l+12, IBNIs€TCS MOTHBIM BPEeMEHEM OTKJIFOUCHHS aBTOMATa.
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Puc. 79. U3MeHeHune TOKA 1€MW U HANPSHKEHUS HA KOHTAKTaX B MPOIECCE OTKIFOYEHUS

Ecmun tI>=0.01c TO aBTOMAT Ha3bIBaeTCS OOBIKHOBEHHBIM (HEOBICTpOACHCTBYMOIINM). B
obicTpoaeiicTByromux aBromarax t1=0.002-0.008c.

18.5 YHuBepcaJibHbIC H YCTAHOBOYHbIE ABTOMATBI

BrIKIIOYaTEM M3rOTaBJIMBAIOTCSI B OCHOBHOM Ha TOKM OT 6,3 A no 6300 A m U no 1000 B
nepeMeHHoro Toka 1 440 B mOCTOSIHHOTO TOKa B COOTBETCTBUHU CO CTaHAAPTU30BAHHBIMM IIKAIAMH
TOKOB U HaIIPSKEHUN.

a) Asmomamut cepuu A-3700. Inom=160-630A mipu ~U 10 660 B u mocrossaaoMm 10 440 B.

Inon. K3 =200 xA. W3HOCOCTOMKOCTH (5-10)103 UKJIOB. ABTOMAT MOXET CHa0XaTbCs
AJIEKTPOMArHUTHBIM MIPUBOOM JIJIsl TUCTAHIIMOHHOTO YIIPABIICHUS.

0) Buiknrouamenu cepuu BA51 u BAS52. Cepun BRINOMHAIOTCSA HA TOKK 63-630 A, U no
660 B ~ Toka wactortoii 50 u 60 I't 1 10 440 B mocTostHHOTO TOKa ¢ MHOT0OOpa3zueM MoaupuKanuit
o Habopy W codeTanuio pacuenuteneid. [[puBoj pyqHON WU ABUTATEIIBHBIN.

8) ewiknmouamenu cepuu BAS53, BA55 u BA75 1o KOHCTPYKIMM MpPEICTABISIOT COOOi
nposospkenne cepun BAS1 B cropony 6ombimmx TokoB (10 4000 A) mpu Tex ke HanpspkeHusX. B atux
cepusiX MPUMEHSIOTCS IMOJYIPOBOJHUKOBBIE MaKCHUMaJbHBIE pacuenuTenu. OTKI0YaeMblii TOK J0
135kA nipu 380 B u 160 kA nipu 440 B.

2) Buiknrouamenu na nanpsiscenue 1.140 B. Taxoii Boikirodaens (cepunt A3790) paspaboTan Ha
6a3e A3700 na Tok 630 A ¢ npenensHO AomycTUMbIM TokoM K3 25 kA nipu 1140 B, 12 kA npu 660 B
nepemeHHoro Toka u 50 kA npu 440 B noctosHHOro TOKa. Mexanuueckas n3HococTtoikocts 16000
[UKJIOB, KOMMYTAIlMOHHAs H3HOCOCTOMKOCTh TipH 1140 B - 600 nukios, a mpu 660 B -1000 nukiios.

18.6 boicTpoaeiicTByOIIME ABTOMATHI

Hoctmwxkenne BpemeHu oTkmoueHust 0,002-0,008 c¢ TpeOyeT crenuambHBIX MEPONPUSATHH U
OPYTUX TPUHLUUIOB pabOThl MPHUBOJHBIX DJIEKTPOMAarHUTOB. B  W3BECTHBIX KOHCTPYKLHUSAX
IPUMEHSIOTCS CIIEIYIOLINe CIIOCOOBI MOMyYeHHs OBICTPOICHCTBUSA:

1) mo mnpuHnUNy BeITeCHeHHs T10TOKa (ObIcTpoaeiicTBue 0,003-0,005 c). OtkmroueHue
aBTOMaTa OCYILECTBIISIETCS HE OTKIIOYEHHEM KaTYIIeK YJEpXKUBAIOIIErO 3JEKTPOMAarHuTa, a
BBITECHEHHEM IMOTOKA U3 y4acTKa CepACYHUK-IKOPb. [Ipy 3TOM pasMarHu4MBarOMIMiA MOTOK CO3AA€TCs
dopcupoBanHo TokoMm K3.

2) MexaHWYecKuX 3amesiok (3amkoB) fo g0 0,002 c. BximtoueHne Takke OCYIIECTBIISETCS
KPaTKOBPEMEHHO DPa0OTAIOMIUM 3JEKTPOMAarHUTOM, a yJAEpXKaHHE BO BKJIIOYEHHOM IIOJIOKEHUHU -
MEXaHUYECKON  (DJIEKTpOMEXaHWYEeCKOH) 3amenkoid. (OcBOOOXKIECHHWE 3alllelIKu  MPOU3BOIUTCS
OTKJTIOYAIOIIUM DJIEKTPOMAarHUTOM, paboTalouM B (POPCUPOBAHHOM pPEXHME, CO3/1aBAEMOM TOKOM
K3.

3) cucteMbl C yOapHBIM SJEKTPOMAarHUTOM - paloTaroumii ¢ OoybIION (HOPCUPOBKOMA
AJIEKTPOMArHUT CO3/1aeT "yIapHYIO CUITY", MPEBOCXOIAIIYIO CHITY YAEPKUBAOIIETO 3JIEKTPOMAarHuTa u
"oTphIBaeT" SIKOPH, T.€. OTKIIOYAET BBIKIOYATEb.



4) BBIKITIOUATETh CO B3PBIBHBIM pacuenuTeneM - BpeMs otkmrodeHus 0,001 ¢ - He momyumnm
pacnpoCTpaHeHus U3-3a CBOEH CI0KHOCTH.

5) BakyyMmHBIE€ BBIKITIOYaTENH, oOecneunBatomue ramenue ayru t0=0,003-0,007c. [Ipumepsr
WCIIOJIHEHUSI HEKOTOPBIXBBIKITIOYATENICH MPUBEICHBI HUXKE.

a) Buiknwuamens BBII-5. TloctpoeH Ha NPHUHIUIIE BBITECHEHHWS] MarHUTHOro moiis. OH
IpeJHa3HaueH /A 3alUThl CHUJIOBOM LENM 3JIEKTPOBO30B IMOCTOSHHOrO Toka. Unom =4000 B,
Umax=4000 B, lHom=1850 A, cobctBeHHOE Bpems oTkatoueHus 0,003c.

0) BoikiIrouaTeJib NOCTOSIHHOTO TOKA BaKyyMHbIil Tunia BII'TB-15-5/400 na
Unom=15 kB, Inom =400 A, Jotkn =5 KA.

B) ABToMar cepuu BAD - 28 nau6Gonee yauBepcanbpHbiid, /Hom =1,5-6 kA, U=825-3300 B.

18.7 ABTOMAaThI /il ralieHUusi MATHUTHOTO T0JISI MOIIIHBIX F€HEPATOPOB

[Ipu HeuwcnpaBHOCTSIX (MPOOOH W3OIANMK, BHYTPEHHEE 3aMbIKaHHE W T.I.) B OOMOTKax
SJICKTPUYCCKUX MallluH HGO6XOI[I/IMO KaK MO>XXHO GBICTpee IoraCuTb MarHuTHOEC I1OJIC BO36y)KI[eHI/I$I
MalIMHBL. DTy 3a/1a4y OCYIIECTBISIOT BBIKJIIOUATENH TallleHUs] MATHUTHOTO TOJIsI, OTKJII04ast OOMOTKY
BO30Y)XJIEHHUsS OT MCTOYHMKA nuTaHus. Lllupokoe pacnpocTpaHeHUe MOITYYHII CIOCOO TalleHUs MO
myTeM pa3psia OOMOTKH BO30YX/I€HUS HA IEPEMEHHBIN UITH MIOCTOSHHBIN pPEe3UCTOop.

Asmomamur AI'TI BemmonusatoTes Ha fmom =1200, 1600, 3200, 4000 u 6000 A.

18.8 Bb100op, npuMeHeHne U IKCIUTyaTalus aBTOMaTHYeCKUX BO31YIHBIX
BBIKJII0YaTeJIeH

1. HomMunanbHOE 3HaueHue HampspkeHuss UHoMm.a W ToKa [HOM.a aBTOMAara, TOK Harpy3ku
IHOM.H 1 HAIMpsKCHUA CCTU UnowM.c JOJIKHBI YAOBJICTBOPATH COOTHOIICHUAM

Unowm.a >= UHoM.C; [HOM.a >= [HOM.H
2. Jlna aBTOMATa 3aIMTHI JBUTATeNs, pabOTAIOIIEr0 B MOBTOPHO-KPATKOBPEMEHHOM PEXHUME,
HOMUHAJIBHBIN TOK pacUENUTENs IPUHUMAETCSL PaBHBIM TOKY JBHUratens B pexxume [1B=25%.
3. Jns aBToMaroB 3amuThl ABurarenedl ¢ K3 poTropom TOK ycTaBKM 3JIEKTPOMArHUTHOIO
pacuenuress

Iyct. om >=(2,5-3) Inom. /IB

4. JInst rpynnbl KOPOTKO3aMKHYTBIX JBUTATENICH

IYCT.3M 2 (LS - 1’8)[ZIHOM.I[B + (In - IHOM.HB)']a

re pa3HocTh (/1 - [HoM AB) OepeTcs i IBUraTesyiel, y KOTOPBIX OHa HanOOobIIIasl.
5. Jlnst nBurarens ¢ GpasHbIM pOTOPOM

IYCTQM 2 (2’5 - 3)IHOM,,E[B .

6. st rpynimel ABUTATENCH ¢ pa3zHBIM POTOPOM
IYCT.Z—)M 2 (1,5 - 2)IHOM.)1B + Z IHOM.)JB

rae lyonp - TOK IBUTATENs C HAMOOJIBIINM ITyCKOBBIM TOKOM.

7. Hdnsa nBurareneif, pabOTAlOMIMX B TSHKEIOM HIM MOBTOPHO-KPATKOBPEMEHHOM pEXHME,
HOMUHAJIbHBIHA TOK TEIJIOBOTO MJIM KOMOMHMPOBAHHOTO PACLEIUTEINS



IHOM PPACI] 2 17SIHOM.I{B .

8. Bri6op mo toxy K3 :
a) JUIs aBTOMATOB C AJICKTPOMArHUTHBIM PacleUTEeIeM

Ics /T yep oy =1,25-14.

0) 17151 aBTOMAaTOB ¢ KOMOWHUPOBAHHBIM pacIeNuTeNIeM

1x/11 paci>3 Ix3 /1o 5y 2 1L,25-1,4..

9. [IpenenbHBIN TOK OTKIIOUEHUS aBTOMaTa [0TKI1.aBT 10KeH ObITh HEe MeHe Toka Ik.



19 BBIKJIIOYATEJIUN IEPEMEHHOTI'O TOKA BBICOKOI'O HAIIPSI)KEHU ST
19.1 Ha3zHaueHue BuIKIIOUYaTeaeii BH

Brixkmrouarenn BH npennazHadeHsl 11 KOMMyTalMM IIEMEed MEPEMEHHOIO TOKa ¢
HampsbkeHueM 3 KB M BhIIE BO BCEX pEXUMax, BO3MOXHBIX B JKCIUTyaTallMH: BKJIIOYCHUE U
OTKJIFOYCHHE HOMHHAIBHBIX TOKOB, TOKOB K3, TOKOB X.X. CHJIOBBIX TPaHC(HOPMATOPOB U €MKOCTHBIX
TOKOB KOHJCHCATOPHBIX Oarapeil W UIMHHBIX JuHUK. Hawmbomee TsKETBIM PEKUMOM padOTHI
BBIKJTIOYATEIIS ABJIIETCS BKIIIOUEHHE U OTKIIIOYeHHe TokoB K3.

19.2 OcHoBHBIE TapaMeTPbI

OcCHOBHBIE TIapaMETpbl  BBIKJIIOYATENICH: HOMHUHAJIBHOE  HANPSIKEHUE, HOMHUHAIbHBIN
(IUTENBHBIN) TOK, HOMUHAJIBHBI TOK TEPMHUYECKOM CTOMKOCTH, HOMHUHAIBHBIM TOK OTKJIIOYEHHUS,
HOMHUHAJIbHAA MOIIHOCTh OTKJIIOYEHHSI, HOMUHAJIBHBIN TOK BKJIIOUEHUS, MMOJTHOE BpEMs BKJIIOUEHHUS U
OTKJIIOYCHUS.

HomuHansHbI# TOK OTKIIFOYeHHS /O,HOM - HAauOOJIBITUH TOK, KOTOPBIN BBIKITIOUYATENh CIIOCOOCH
HAJIKHO OTKJIIOYATh MPHU BO3BpALIAIONIEMCS HANpPsHKEHUU MEXAy (aszamu, paBHOM HaHOOIbIIEMY
paboueMy HampsDKEHHIO ceTH. /0,HOM XapaKTepH3yeT OTKIIIOYAIONIYI CITIOCOOHOCTH BBIKIIFOYATEIIS.
Ortkmrovaromasi CrmocoOHOCTh  BBIKIIIOUATENST YacTO OMPEACNIeTCs HOMHHAIBHON MOIIHOCTHIO
oTktoueHus, MB-A, Tpexda3Horo BEIKIIOUATEIS

SOTK. HOM= /3 Unom 10,HOM 107° .

B OonpmmHCTBE cllydaeB TNpUYWHA, BbI3bIBaromias K3, HOCHT BpPEMEHHBIH XapakTep.
Hanpumep, B pe3ynbTare MNepeHanpsKeHHsl MPOU30LLIO MepekpbiTHe (GapdopoBOro M30I4TOp U
Bo3HUKIO K3 Ha 3emmo. Ecim mpuumnaa ObicTpo ucye3na, a (apdopoBasi U3ONSIHS OCTANACh
HEMOBPEXKJACHHOM, TO MPU HOBOM BKIIIOUEHUU YAAETCS BOCCTAHOBUTH MOJAaUy SHEPTUU MOTPEOUTEINIO.
Otot npouecc HazbiBaeTcss AIIB Boikimtouarens. [Ipumenenne AIIB mo3BosisieT MOBBICUTH HAJIEKHOCTh
SHEPTrOCHA0KEHUSI.

CoxpaHHOCTh  JHEPreTUYEeCKOro o0opynoBaHMs, OecrnepeOOMHOCT,  AHEProCHAOKEHUS,
JUHAMHUYECKas YCTOMYMBOCTh MapajulebHO pabOTaIOIIMX cHCTEM TpedyeT, YTo AIuTenbHOCTh K3
Obula BO3MOXKHO MeHbIeH U orpanumuuBanack BpemeHeM 0,05-0,1c. ITosTomMy Bce BBIKITIOUATENH
CHA0KEHBI TyrOracUTEIbHBIMU YCTPOMCTBAMH, 0OECIIEUMBAIOLIUME TallleHUe, AYyTU B OTPAaHUYEHHOM
o0BeMe 3a BpeMst HECKOJIBKO COTBIX CEKYH/IBI.

Ilonnoe epems omxnoueHus 6vlKIOYamens - 3TO BpeMs OT MOJa4M KOMaHIbl O MOMEHTa
moracaHusi Ayr'u BO Bcex moiocax. OHO COCTOMT M3 COOCTBEHHOTO BPEMEHH M BPEMEHH TalllCHUS
JIyTH.

[Ipn BrkmroWeHMM Ha cymecTByomee K3  BeIKIIOYaTens TOJBEpPraercs  OOJIBIINM
MEXaHUYECKUM, TEIUIOBBIM M DJJIEKTpOJMHAMUYEeCKUM Harpy3kam. CrnocoOHOCTh BBIKIIIOUYATENs
BKJIFOUUTHCS Ha cyiecTBytoiiee K3 xapakrepusyeTcss HOMUHAIBHBIM TOKOM BKJIIOUYEHUSI.

Homunanvnoiti mox  exnmouenus - 310 HawOonbpmwii ymapubeli Tok K3, Ha KOTOpBIH
BBIKJTIOYATEh BKIIOYAeTCsl 0€3 CBapUBAaHUS KOHTAKTOB WM JIPYTHIX MOBPEKIACHHMA, MPEMSITCTBYIONINX

ero JanbpHeHIel HopMaabHOH padoTe. DTOT TOK ompenenseTcs oo aMrmuTynou liyy=1, 8+/2 Tnowm,
700 MEeHCTBYIONIMM 3HAYCHHEM YJIapHOTO TOKa 3a IepHo1 mocyie Havana K3.

Bpemsi BKIIIOUEHHMS BBIKJIIOYATENS] - 3TO BpEMs OT IOJAYM KOMaHJIbl Ha BKIIOYEHHE [0
3aBEpIICHMs ONEpalliy BKJIIOUEHMs (TOcajka MPOBOAA HA 3allENKy, OKOHYAHHE XOAa OTIEIUTENs
BO3/yILLIHOTO BBIKJIIOUATEIIS).



19.3 TpeboBanus, npeabsABJsieMble K BbIKJIIOYATEIIM

BrikmouaTtenu sIBISIOTCS HanOoJiee OTBETCTBEHHBIM amlapaToOM BBICOKOBOJIBTHON CHCTEMEI.
[Tpu oTka3ze BBIKIIIOUYATEN aBapUsl Pa3BUBAETCS, UYTO BENET K TSKEJBIM Pa3pyIICHUSM U OOJBbIIUM
MaTepUaIbHBIM TIOTEPSIM, CBSI3aHHBIM C HEIOOTIYCKOM 3JIEKTPOIHEPTHH, MpPEeKpamieHueM paboTh
KPYIHBIX MPEANPHUATHIA.

B cBs3M ¢ 3TUM OCHOBHBIM TpPEOOBAaHHUSAM K BBIKIIOYATENSIM SBISIETCS OCO0O BBICOKAS
HAJIS)KHOCTh MX PabOThl BO BCEX JKCIUTyaTallMOHHBIX pekuMax. OTKIIOUYEHHE BBIKIIOYATENed OT
JIOOBIX HArpy30K HE JIOJDKHO COINPOBOXKAATHCS MEPEHANPSDKEHUSMU, ONACHBIMU JUIS W3OJISILUN
AJIEMEHTOB ycTaHOBKHU. OTKItoueHue 1enu npu K3 1omkHO NIpoucXoIuTh 32 MUHUMAJIBHO BO3MOXKHOE
BpeMmsl.

B cBs3u ¢ pocTOM MOITHOCTH B eIuHUIE 000pynoBaHusi (TeHepartopax, TpaHchopmaropax)
pacTeT 4YacToTa COOCTBEHHBIX KOJIOaHWM IIeMH, a CJIelI0BaTEeNbHO, U CKOPOCTb BOCCTAHOBJICHHS
HanpsoKeHUH. BhIKiouaTens JOHKeH o0ecrednBaTh HAJCKHOE OTKIIOYCHHE IENMU IMPU YCIOBUU
BOCCTAHOBJICHHSI HATIPSIKECHHUS .

BriBoa BBIKITFOUATENSI U3 pabOUYero COCTOSIHUS JJIsSi PEBU3MHM M PEMOHTA CBSI3aH C OOJBITMMU
TPYAHOCTSIMH, T.K. IPUXOJUTCS MEPEXOAUTh Ha APYTYIO CXEMY paclpeayCcTpOHCTBa, TUOO OTKIIIOYATh
notpeburens. B CBs3uM ¢ ATHUM BBIKIIOYATENh JODKEH JOMYCKaTh BO3MOXHO OOJbIIIEe YHCIO
otkmoueHuid oT K3 6e3 peBusunm u pemoHTa. CoBpeMEHHBIE BBIKIIIOUATEINM MOTYT OTKIIOYaTh 0e3
peBusuu 1o necatu K3 npu Toke oTKII0YEHUs, pABHOMY HOMUHAIBHOMY /0 HOM

Otkirouenue BoikiodareneM K3 He TOMKHO COMpOBOXKAATHCS BHIOPOCOM U3 HETO IJIaMEHU U
pacCKaJICHHBIX Ta30B, UTO MOXKET MPUBECTHU K MEPEKPHITUIO U30JISLIUU B PACIIPEAYCTPOUCTBE.

19.4 Kinaccudukanus BbIKJII0OYaTEIEH

Brikimrouatenu Moryt ObITh KiIacCH(QHUIMPOBAHBI IO METONY TallleHUs AYTH, BULY W3OJSIUU
TOKOBEIYIIMX 4YacTeil Mexay coO0OW M Ha 3eMIII0, NPUHIHUIAM 3aJI0)KEHHBIM B KOHCTPYKLHIO
JyTOTACUTEIBHOIO YCTPOKCTBA.

Ilo cnocoby eawenus Oyeu BBICOKOBOJBTHBIE BBIKIIOYATEIM MOTYT OBITH MAacCIHsHBIE,
BO3/IyIIIHBIE, 3JIETa30BbIC, BAKYYMHBIE, 3JIEKTPOMArHUTHBIE U Jp. OTENbHbIE TUIIBI BBIKIIOUATENEH C
OTPaHUYEHHON OTKITIOYAIOIIEH CITOCOOHOCTHIO HA3bIBAIOT BHIKIIIOYATEIISIMHU HATPY3KH.

Ilo koncmpyKkyuu BBIKIIOYATENN KaXXAOTO TUIA B 3aBUCMMOCTHU OT BBIMOJIHAEMBIX (DYHKIIUN
(Ha3HaueHUs1) B CXEMax paclpe-yCTPOMCTB MOAPA3JIEISAIOTCS Ha TIEHEPAaTOPHbBIE, CETEBbIE WIIN
nocTosiHHbIE. [ eHepaTOpHbIE BBHIKITIOYATENN XapaKTepU3YIOTCS OOJIbIIMMH 3HAYEHUSIMHU HOMUHAIBHBIX
TOKOB W OOJIBIIMMHM TOKAMHU OTKJIIOYEHHS TPU MEHBUIMX HANpsDKEHUSX, CETEeBbIE€ - MEHBIIMMHU
HOMHMHAJIBHBIMM TOKaMH U 0oJjiee BBICOKUMH HAMpPSDKEHUSMHU, TOACTAaHIMOHHBIE HaWBBICIIMMHU
HOMUHAQJIBHBIMUA  HampsOKeHUsSMH,  HauOojiee  BBICOKOW  OTKIIOYAIOMIEH  CIIOCOOHOCTHIO,
owicTponeiicTBueM U HasmuneM AIIB. Anmaparbl pazaudaroTcs €Ie 1Mo JPYTUM XapaKTepUCTHUKaAM -
obicTpoaeiicTButo, Hamuuuio AIIB, ucnonHeHuto Uil HapY>KHOW WJIM BHYTPEHHEW YCTaHOBKH, II0
ymciy ¢as, o poay npuBoa U T.A.

19.5 IlpuHIUN AeliCTBUS U YCTPOCTBO BHICOKOBOJIBTHBIX BBIKJIIOUYATEIeH, (U3HYeCKue
SIBJICHHS B JJICKTPHYECKOM anmapare

DTO0 OCHOBHOW BHA BKiIroyareineili Ha 6 -220 xkB. B 3aBucmMocTH OT cmocoba HM30AIAH
TOKOBEAYIIMX YacTel pa3iuualoT Oaxosvle Guikarouamenu - ¢ OONbIIUM OOBEMOM Macja, Macio
CIY)KUT KakK Jyroracsiasi cpeia W KaK HU3OJALMSA, U GulIKII0Yamenu MaioMaciianble - € MajbiM
00BEMOM Maciia, MaJIo CIYKUT TOJBKO AYTOTacsIlel cpeioi, H30 s TOKOBEAYIIUX YacTel MKy
€000 1 OT 3eMJIM TIPOU3BOJIUTCS C TIOMOIIIBIO TBEPABIX AUIICKTPUKOB.

Ha wnanpsokenust 35 -220 kB  mnpumeHstoTcss B OCHOBHOM —OakoBbI€  BBIKJIIOYATEIH.
MarnomacinsiHble BBIKIIOYATENH SIBJISIOTCS OCHOBHBIMH Ha HanpspkeHus 10 10 kB.



B MacisHBIX BBIKIIOYATENAX JIyra, OOpasyromascs B MEXAy KOHTaKTaMH, TOPUT B
tparcopmaTopHoM maciie. [log neficTBueM Qyru Macio pas3iaraeTcs U 00pa3yroluecs ra3bl U mapbl
UCTIOJIBL3YIOTCS JIJIS €€ TalllCHHS.

JIOCTOMHCTBA MACISHBIX BBIKIIOYATENIEH - OTHOCHTEIbHAS MPOCTOTa KOHCTPYKIIUHU, OOJbIIas
OTKJIFOYAOIAst CIIOCOOHOCTH 10,HOM M HE3aBUCUMOCTD OT aTMOC(EPHBIX SBIICHUH.

HenmocratkoM, 0COOCHHO 0OAKOBBIX BEHIKIIFOYATENICH, SBISCTCS HAJIUYUE OOJIBIIOrO KOJMYECTBA
Maclia, 4TO TPUBOAMT K OOJBIIUM TadapuTaM W MaccaM KaK CaMUX BBIKJIIOYATEICH, Tak H
pacipeayCcTpOiCTB, MOBBIIICHHOW TMOXAapO- W B3PBIBOOMACHOCTH, HEOOXOIMMOCTH CIHEIHAIBHOTO
MACJSHOTO X035 CTBA.

19.6 bakoBbie Mac/JasIHbIE€ BBLIKJIIOYATEIH

OTH BBIKJIIOYATENNW Ha HanpspkeHue 10 20 kB ¥ OTHOCMTENBHO Malible TOKH OTKIIFOUEHHS
BBITIOJTHSIOTCSL OOJbIIEH YacThi0 OJHOOAKOBBIMHE (TpHU TOTIOCA B OHOM 0ake), Ha HampspKeHue 110 35
kB u Beime - TpexOakoBbIMU (Kaxaas ¢aza B OTACIBHOM 0Oake) ¢ OOIUM WM WHIWBUAYaTbHBIMH
npUBOJaMH. BBIKIIIOUATENM MOTYT CHAa0XaThbCs JJIEKTPOMATHUTHBIMH WM TTHEBMATHYECKUMU
npuBoaaMu u padotarot ¢ AIIB.

OcHOBOW KOHCTPYKIIMM BBIKITIO4aTenss (puc. 7.1) sBisercs Oak NWJIMHIAPUYECKOW WIH
AIUTUIICOUIATBHOM (POPMBI, BHYTPH KOTOPOTO ¥ HAa HEM MOHTHPYETCS KOHTaKTHAsI M JIyrOTaCHTEIbHAs
CUCTEMBI, BBOJ U MPHUBOJI. bak 3aMBaeTcs 10 OMPEIEICHHOTO YPOBHS TPAaHC(HOPMATOPHBIM MACIIOM.
Mexly mOBEepXHOCTbIO Macia U Kpblmkoi Oaka (00bruHo 20 - 30% oO6bema 6aka) - BO3IyIIHAsA
OydepHas moaymika, COOOMIAIOMIASCS C OKPYXKAIOIUM IPOCTPAHCTBOM Yepe3 Ta30BYI0 TPYOKY.
Bo3aymHass momymika CHIDKaeT JaBJICHWE, IepeJaBaeMOe Ha CTEHKHM Oaka MpH OTKITFOYEHHH,
UCKJTIOYaeT BBHIOPOC Maclia U3 0aka W TIPeJOoXpaHseT BBIKIIOYATEeNlb OT B3pbIBA IMPH UYPE3MEPHOM
JTABJICHUH.



Puc. 80. IToxroc macnsiHoro 6akoBoro Beikimrouatens Ha 220 kB , 1 - 6ak; 2 — myroracuTenbHas
KaMmepa C HeMOABWKHBIMU KOHTAaKTaMU U HIYHTHPYIOIIUM pe3ucTopom; 3 — u3oisiuus 6axa; 4 —
BBOJI; 5 — NPUBOJHON MEXaHU3M; 6 - TpaHC(HOPMATOP TOKA; 7 — HAIPABJISIONIEE YCTPOUCTBO; 8§ —
IIYHTUPYIOLIUNA PEe3UCTOP; 9 — M30JALMOHHAs TAra; /() — TpaBepca ¢ MOJIBUKHBIMUA KOHTaKTaMU;
1] — 10JI0’)KEHNE TPABEPCHI MTOCIIE OTKIIIOUEHUS

BricotTa ypoBHS Macia HaJa MECTOM pa3pblBa KOHTAaKTOB JOJDKHA OBITH TaKOH, YTOOBI
UCKJIIOYUTH BHIOPOC B BO3AYIIHYIO MOJYIIKY TOPSYMX Ta30B, BBIICISIOMIMXCS TMPU OTKIOYEHUU
BCJIEJICTBUU pa3liokeHus: macia. [IpopbIB 3THX ra3oB MOXKET MPUBECTH K 0OpPa30BAHUIO B3pPbIBUATON
cMecHu (rpeMydero rasa) M B3pbIBY BBIKIIOYaTens. BbicoTa ypoBHS Macia HajJ MECTOM pa3pbiBa
KOHTAKTOB OIPEAEIAETCS HOMMHAJIbHBIMU HAIIPSHKEHUSMH U TOKOM OTKJIFOUEHUSI U MOXKET COCTABIIATh
300-600 mm B BbIKJIIOYATENsAX Ha HampsbkeHwe 6 - 10 kB u mo 2500 MM B BBIKJIIOYATENAX HA
HanpspkeHue 220 kB.

[Ipu nanpsbkenuun 3 - 6 KB 1 MaJIbIX OTKIIFOYAIOIIUX TOKAaX MPUMEHSETCS MPOCTOM pas3phiB B
macne. Ilpu Hampspkenusix 10, 35 kB u Bblle MCMONB3YIOTCA KaK MPOCTHIE, TaK M 00Jee CIOKHBIE
JyTOTACUTENIbHBIE YCTPOMCTBA C NPOJOJIBHBIM, IONEPEYHBIM, MPOJOJBHO-IONEPEUYHBIM IyThEM, C
OJIHO 1 MHOTOKPAaTHBIM Pa3pbIBOM.

MacnsiHble 6aKOBbI€ BBIKIIIOUATENU Ha 35 KB M BbIIIE UMEIOT BCTPOCHHBIE TPaHC(HOPMATOPHI
TOKA.



19.7 MajomacjasiHble BBIKJII0YATEIH

B oTnuume oT 6akoOBBIX BBIKITFOYATENICH MACIO CIIYKHUT 37I€Ch TOJIKO JyTroracsiiei cpemoi, a
U30JSIMEH TOKOBEAYIIMX YacTed M AYrOracUTEIBbHOIO YCTPOMCTBA  OTHOCHUTEIBHO  3€MIIH
OCYIIECTBIISIETCS. €  IOMOUIbIO TBEPABIX H3OJSALMOHHBIX MaTepHasoB (KepamHKa, TEKCTOJIMT,
AMOKCUJIHBIE CMOJBI U T.I.), TUAMETPHl HUJIUHIPOB y 3TUX BBIKJIIOYATENIeW 3HAUYUTEILHO MEHbIIE U
COOTBETCTBEHHO HAMHOT'O MEHbIIIE 00BbEM U Macca Maca.

[To cpaBHEeHWI0O ¢ OaKOBBIMM M BO3IYIIHBIMH MAaJIOMACISHBIE BBIKIIOUATENIM O0JIadar0T
CJEIYIOIIMMH NTPEUMYIIIECTBAMU:

1. OHu UMEIOT MEHBIIIYIO Maccy U rabapuTHbIE pa3Mepsl IpU MajaoM o0beMe Macha.

2. 1Y Bceraa rotoBo K paboTe HE3aBUCUMO OT HAIMYHSI CKATOTO BO3IyXa.

3. OcMOTp M PEMOHT JyroracUTENIbHbIX KaMep M KOHTAKTOB BO3MOXKEH 0e3 ciiMBa Macja, YyTo
o0ecrieuynBaeT yJ00CTBO IKCIUTyaTaIHH.

4. TlyreM npuMeHeHHS YHU(PHUIMPOBAHHBIX Y3JI0B BBIKJIIOYATENb JOBOJBHO JIETKO MOKHO
BBITNIOJIHUTH Ha HanpsbkeHue a0 500 kB.

OnHako 3TH BBIKITIOYATENIN UMEIOT U HEJOCTATKHU:

1. OHu MeHee HaJleXKHBI B paboTte, yeM OakoBble. V30/IA1IMOHHBIE IeTallu - PyOaIlIKy, OMOpHast
M30JSILMs - TOJBEPraroTCs MOBBIIIEHHBIM MEXaHWYECKMM Harpy3kam, [0,HOM moka HHXKE 4eM Yy
0aKOBBIX.

2. ManomacisiHble BBIKJIIOUATEIM HE JIOMYCKAalOT YCTAaHOBKU BCTPOEHHBIX TpaHCPOpMaTOPOB
TOKa.

brnaromaps cBouMM mnpeuMyliecTBaM MaJOMACISHBIE BBIKJIIOYATENN HAWAYT MIHPOKOE
pacrpocTpaHeHHe B yCTaHOBKax Harpsikenuem 6 - 10 kB.

Brikitoyatenu 1mo KOMIOHOBKE BBIMOJHSIIOTCS C JAYrOraCUTENbHBIMH KaMepaMmu BHH3Y (X071
MOJBM)KHOTO KOHTaKTa CBEpPXY BHHM3) U C KaMepaMH, PacloJIO)KEHHBIMH CBEpXY (XOJ MOABUKHOTO
KOHTaKkTa CHHM3y BBepX). llpuMeHsIOTCS BBIKIIOYATENM [UIsli BHYTPEHHEH YCTAaHOBKM Kak
pacrpenenuTenbHble M TEeHEepaTOPHbIE W I BHEIIHEW YCTAaHOBKHM KakK paclpeieluTeIbHble U
MO/ICTAHLIMOHHBIE.

[IInpoko pacmpocTpaHeHbl MaoMmacisgHble BbiKItodarenu cepun BMII-10 (BbikimrouaTens
MacisHbIN onBecHoro Tuna} Ha 10 kB 1 Toku ot 600 1o 3200 A, HOMUHATBHBIN TOK OTKIIOYEHUS 31,
5 KA, HOMHHAaNbHast MOIIHOCTE 550 MB-A, nonHoe Bpemst otkitouenus 0, 12 c.

Oc0OEHHOCTBIO KOHCTPYKITUH MAIOMACAAHBIX 2eHepamopHuiX evikaouamenett muna MI'Y-20
ABJISIETCSI TOKONPOBOJ, MMEIOIIMMA JBa NapaJyiedbHBIX KOHTYpa: OCHOBHOM, KOHTAKThI KOTOPOTO
PacIoJIOKEHbl OTKPBITO, U JYTOraCUTENbHBIM, KOHTAKThl KOTOPOTO HAXOIATCS B JYIOraCUTEIbHBIX
KaMmepax.

Puc. 81. Brixmtouarens ManoMacisiHblid reHepaTopHblid (Tun MI'Y-20) / — ocHoBaHue; 2 — ONOPHBIN



n30JTOD; 3, 5 — 0ak; 4 — BHYTPHUIIOIIOCHAS TIEPETOPOIKA; 6 — MEXAYIOIIOCHAS Ieperopoika; 7 —
razooTBOJI; § — TpaBepca ¢ LIMHAMU OCHOBHOTO M IyTOTaCUTEIBHOTO KOHTYPOB; 9 — OCHOBHBIE
KOHTaKThI; /(- TOKOBeyas muHa; / / — TOKOMOABOJ

Buiknrouamens MAnoOMaciauvlii 0 6HeuHel yemanosku  (pacipeieTuTeTbHBIH,
MOJICTAHITMOHHBIN) COCTOMT U3 TPEX OCHOBHBIX YaCTEH: TaCUTENBHBIX YCTPOWCTB, MOMEIICHHBIX B
dapdoposeie pyOamku; (GapPopoBeIX OMOPHBIX KOJOHOK M OCHOBaHWS (pambl). M301sA11MOHHBII
IWIMHAP, OXBATHIBAIOIIMK JIyrOTaCUTENbHOE YCTpOHCTBO 3amminaer ¢apdopoByro pydamky or
OOJBIINX JaBJICHUH, BOSHUKAIOUINX MPHU OTKIIOYeHUU. YUCIo pa3pbiBOoB Ha (ha3y MOKET ObITh OJMH,
nBa 1 Oosbiie. Pacmonoxenue kamep cBepxy 0oJiee MepCrneKTUBHO JIJIsl OTKITFOYAIONIEH CITIOCOOHOCTH.



20 BBIBOP U ITPOBEPKA BBIKJIFOUATEJIENA

20.1 IIpuBoabI MACJASIHBIX BBIKJIIOYATEIEH

MexaHu3M NpuUBOAa BbIKJIOYATENA. [ o0ecrieueHus TyrorameHus MOIBHKHBIM KOHTAKT
BBIKJTIOUATENISl MPU OTKIIOYCHUH JIODKEH 00JiafiaTh OmpenesieHHON IuHeHHOo# ckopocthio (1,5—10
m/c). Kak mpaBuio, KOHTaKThl BBIKJIIOYATEICH JBHXKYTCS MOCTYNATENbHO, a 3BEHbS, INepearolne
yCWIMSL KOHTAKTaM OT MPYXHH WIM MPUBOAA, UMEIOT BpallaTelIbHOE JBMXKEHHE. MexaHusm,
npeoOpa3yronuii BpamaTeabHoe ABKEHHE B TIOCTYHATEeIbHOE, HA3bIBACTCS TIPSIMUIIOM.

OcobennocTn NpUBOJA MAaCJISIHbIX BbIKJIIOYaTeJIel Ha HaNpsKeHue
110 xB un Bpime. IIpu BkItoueHMM Ha cymiecTByromee K3 ayra 3aropaercsio CONPUKOCHOBEHUS
KOHTaKTOB M CYIIECTBYET JO MOMEHTAa UX COeIMHEHHs. [IpyM 3TOM KOHTaKTHBIE MOBEPXHOCTH MOTYT
YAaCTUYHO PaCIUIABJISITHCS, UTO BEAET K MX MPUBAPUBAHUIO MPU 3aMblkaHUU. Kpome TOro, BbI3BaHHbBIE
JyTOM TIPHU BKJIOUECHHUH PA3JIOKEHUE M MCHApPEHHE Macila MOTYT IMPENsATCTBOBATH €€ Tall€HUI0 NpU
HOCIIEAYIOUIEM OTKJIIOUEHNU. BO3HMKHOBEHUE AYTM MU BKIIOUYEHUHU CO3/AAET JAaBJICHHE I'a3a BHYTpPU
Y, KoTopoe MOXET CHUXAaThb CKOPOCTh KOHTAaKTa Ha CaMOM OTBETCTBEHHOM yuacTke nyTu. Kak
MOKA3bIBAIOT SKCIIEPUMEHTAIIBHBIE MCCIEA0BaHUs, JUINTEIBHOCT TOPEHUS AYI'M NPHU BKIOYEHUH HE.
nospkHa npesbimath 0,005 c.

B Hacrosmee BpeMs  IPUMEHSAIOTCS  pyYHEW, DJIEKTPOMArHUTHBIM,  IIPYKUHHBIN,
ITHEBMATUYECKUN U THEBMOTUAPABINYECKUIA IPUBOJIBI.

Pyunbie mpusoabl. IIpu pyyHOM mpHBOJIE HCHOJB3YETCSI MYCKYJIbHAsl CHja YeJIOBEKa.
YMeHbllIeHHe yCUIUS, HEOOXOAWMOTO JUIsl BKJIIOYEHHS, JOCTHUTaeTcsi NMPUMEHEHHEM pPBhIYaKHbBIX
CHUCTEM. DTU IPHUBOJBI IPUMEHSIOTCS TOJIBKO JUISI MAJIOMOIIHBIX BBIKJIFOUATENEH C HANPS)KEHUEM 6—
10 xB.

YMeHblIeHHEe OOropaHusT KOHTAaKTOB C TOMOIIBIO HX OOJHUIIOBKM METaJUIOKEPaMHKOM
o0JerdaeT BKIIOYEHHE MPHUBOJA MpH cyliecTByomeM K3 1 mo3BossieT yBeIMYUTh HOMUHAIBHBIA TOK
BKJIFOYEHUSI.

IIpy py4HBIX IPHUBOJAX HEBO3MOXHO IHMCTAHLIMOHHOE BKIIIOYEHHE BbIKItOUarened. [loaromy
HIMPOKAasi aBTOMATU3alMsl OJICTAaHIUKA OTPAaHUYUBAET UX IPUMEHEHHE.

DJIEKTPOMATHUTHbIE MPUBOAbLI. DJEKTPOMArHUTHBIA  MPUBOJ  NpeIHAa3HA4YeH s
BBIKJTIOUATENIEH ¢ MAaKCUMaJIbHBIM CTATHUYECKMM MOMEHTOM Ha Baiy He Oosiee 400H-m. Ban mpuBoga
yepe3 My(Ty U pbIUaXHYIO TIepeiady COSAUHSIETCS ¢ BaJIOM BBIKIIIOUATeNs. BKiItoueHne npon3BoauTCs
OpOHEBBIM AJIEKTPOMArHUTOM IOCTOSHHOTO TOKa C SIKOpeM U Karymkoil . Ilpumenenue OpoHeBOro
AIIEKTPOMArHUTAa MO3BOJISET MOJYYUTh OOJBIION X0/ SIKOPSI M OOJBLIYIO CHITY TSTH B KOHIE X0, YTO
HEOOXOIUMO 71l TPEOAOJTCHHs] MPOTHUBOJEHCTBYIOMIMX CHJ BbIKItouaTensd. [Ipu Hamamke pydyHoe
BKJIIOUEHUE MPOU3BOANUTCS C IIOMOILBIO phlyara.

IIpy:KuHHBIE IPUBO/IbI.

B npyxuHHOM mpHBOJE >HEPrusi, HeoOXoAMMAas JUIs BKJIIOYEHHS, 3aracaeTcsi B MOLIHOH
pyXHHE, KOTOpasi 3aBOJUTCS JINOO OT PyKH, JIUOO C MOMOIIBIO JBUTATENs MaJIoi MOITHOCTH (MeHee 1
kBT),

20.2 Bo3ayuiHble BBIKJIIOYATEH

[Tonmyunny mMpoKoe pacnpoCTpaHEHHE W BO MHOTHX CIIydasix BBITECHWIM MacisiHble. OHH
NIO3BOJIMJIM MEpENTH K KiaccaM HanpsbkeHus 750 u 1150 kB 1 B 0CHOBHOM IIPUMEHSIFOTCSL:

Kak ceTeBble Ha HanpspkeHus 6 - 1150 kB ¢ Iy 10 4000 A u [y no 160 kA;

Kak reHepaTtopHbie Ha HarpsikeHus 6 - 20 kB ¢ Iy 1o 20 Au Iy 1o 160 KA;

Kak BbIKJItOYaTenu Harpy3kd Ha 6 - 220 kB u 110 - 500 kB u BbIKITIOUaTEN KOMIUIEKTHBIX
pacrpeaycTpoicTB Ha Hanpsbkenue 10 35 kB.



Brixirouareny BBITYCKAIOTCA Pa3IMYHOTO KJIMMATHYECKOTO HCIIOJHEHUS, Uil PA3THYHBIX
KaTeropuil pasMelieHuss W pazIMyHOrO BHJIA YCTAaHOBKHU (OMOpPHBIE, IOJBECHBIC, HACTECHHBIE,
BBIKATHBIC U JP.)

HesaBucumo OT THNa M KOHCTPYKIIMU BO3AYIIHBIA BBIKJIIOYATENIb COCTOMT U3 TPEX OCHOBHBIX
YyacTel: yroracuTEeJIbHOIO YCTPOMCTBA C OTAENUTENIeM WM 0e3 Hero, CUCTeMbl CHa0KEeHMsSI CHKaThIM
BO3JIyXOM M CHCTEMBI yrpaBiieHus. CuctemMa ynpaBieHHUs BBIMOIHSAETCA C OJJHUM ITHEBMOIIPUBOIOM C
MEXaHMYECKOM Mepenaveii, ¢ MHEBMOTUIPABIMYECKON TIepeiayel 1 MHEBMOCBETOBOM Nepeadei.

["amenue ayru B BBIKIIIOYATENISX OCYLIECTBIISIETCS CKAThIM BO3ayXoM AasieHueM 0,6 - 5 MlIla
B pasnWyHBIX Kamepax. [Ipm OTKIIOYeHHMH CKaThlii BO3ayX w3 Oaka momaercs B J[Y. Jlyra,
oOpa3yromasics B kamepe /1Y, 0061yBaeTcsi HHTEHCUBHBIM IIOTOKOM CKaTOTO BO3/yXa, BBIXOJSIIHUM B
atMochepy. M3omsiusi TOKOBEAYIINX YacTeld MEXIy COOOW OCYIIECTBISIETCS C MOMOIIBI0 TBEPABIX
JUAJIEKTPUKOB U BO3/1yXa.

B swvixnouamensx ¢ omoenumenem pa3MbIKaHUE TYTOTAaCHTEIBHBIX KOHTAKTOB OCYIIIECTBIISICTCS
OJHUM U TE€M € II0TOKOM BO34yXa, IOCTYNAIOUIUM H3 OTAEIBHOro pe3epByapa. KoHTakThI
BBITIOJIHEHBI B BU/IE KOHTAKTHO-TIOPUTHEBBIX MEXAHU3MOB. BO BKJIIIOUEHHOM TOJIOKEHUH BBIKITIOUATENS
B JIY u B oraenurene Bce KOHTAaKThl 3aMKHYTHI. [Ipn mojmaue komaHAbl Ha OTKJIIOYEHHUE CHKATHIN
BO3JlyX U3 pe3epByapa MoAaeTcs B AYroraCUTEIbHYI0 KaMepy, pa3MbIKaeT KOHTAKTBI U TaCUT AYTY.

B svikntouamene 6e3 omoenumenss MAPOKO MPUMEHSIOTCS BO3AYIITHBIE KaMepbl (pe3epByaphl),
B KOTOpPBIX pasMmenieHsl [IY. IIpuBox KOHTakTOB oTAeneH OT ayroracsuieil cpensl. [Ipu pa3Mmbikanun
KOHTaKTOB OTKPBIBAIOTCS BBIXJIONHBIEC KJANAHbl M CXKAThIM BO3/1YX, BBITEKAas M3 KaMep 4epe3 collia
KOHTAKTOB, TaCUT JYTY.

[MIupokoe mpumeHeHUEe TONYy4YWIH BeIKToYaTenn Tuma BBII-35 ¢ oObrYHBIM OTaenuTeneM
IIEKTPUYECKUX yCTaHOBOK. [lapameTpsl Beixitouatens: Unom=35 kB;

Inom = 1250A; lo,soM = 20 xA; Iy = 0,08¢c, Paom =2 MIla. OCOOEHHOCTEIO BBIKJIOYATEIIS SIBJISETCS
BO3MOXHOCTH MHOTOKPAaTHOW KOMMYTaUHH [HoMm.

I'enepamopnvie  evikiouamenu BBI-20. (Upom=20 kB; Inom=20 kA; lo,nom = 160 KA,
CKBO3HOM TOK 410 KA) .

Buiknouamenu cepuu BBB ¢ nyroracuTeIbHBIMUA KaMepaMH B OaKe CO CKaThIM BO3IYXOM.

Cepuu BBFK na Uyom=110-1150 kB; I,uom =3200 u 4000 A; lo,nom = 50-40 kA; t;=0,04c.
Puov=4 MlTa.

20.3 Djera3oBble BBIKJIIOYATEIHN

B »snera3oBbIX BBIKIIOYATENAX TalIEHUE JYTU OCYLIECTBISETCS 32 CUET OXJIAKJICHHUSA €€
JBUTAIOIIUMCSI ¢ OOJBIION CKOPOCThIO dnerazoM (mmectudropuctoit cpemoit SFg), KOTOpBIH
UCIIOJIBb3YETCS KaK N30JIMPYIOIas cpea.

KoHcTpyKIny 37€ra30BhIX BRIKIIIOUATENEH BBIMOJHAIOTCS B OCHOBHOM C A8MOKOMNPECCOPHbIM
Oymuvem Ui MAZHUMHbBIM OYIMbeM.

[Ipu nepBoM crioco0e 3eKTPoIyra OXJIaKIaeTCs AIera3oM, KOTOPbIi MepeTeKaeT
U3 pe3epByapa BbICOKOro nasieHus (okosno 1 MlIla) B pezepByap Huskoro gasinenus (0,3 MIla), 1. e.
UCIOJIB3YETCS TOT JK€ MPUHIIUIL, YTO U B BO3JIYIIHOM BbIKITtouaTene. Cxema /1Y aBTOKOMIIpECCOpPHBIM
MIPOJIOJIBHBIM TyTheM MpuBeAeHa Ha puc. 7.3,a. [loNBHKHBINA KOHTAKT 2 BMECTE C U30JISLIUOHHBIM
COIUIOM 3, MEPETrOPOIKOH 4 U LUIMHIPOM S, OTXO/ISl OT HEMOABUKHOI'O KOHTAKTa /, HaIBUTAETCA HA
HOpILEHb 6. DIieras yepe3 0OTBEPCTHUS B IIEPETOPOJIKE M COTIO OMBIBACT IYTY C OOJIBIION CKOPOCTHIO U
racur ee uepes 0,02 — 0,03 c.

Cxema JIYc MarHuMTHBIM AyTheM MpHUBEACHA Ha puc. 7-3,0. YCTpOMCTBO pa3memiaeTcs B
W30JSIIMOHHOM  LWIMHIApPE [, HaMoOJHEHHOM 3ierazoM. Ha Ayry, BO3HHUKAIOIIYI0 MEXIy
pacxoldIMMHUCS KOHTakTaMu 2 u 3, JACUCTBYeT paJvalibHOE MAarHUTHOE II0Je, CO3/1aBaeMoe
MOCTOSTHHBIMM MarHuTtamu 4 (WM TOCTeA0BaTeIbHOW KaTymikoi). Jlyra ObICTpo mepemMeniaeTcsi mo
OKPY>KHOCTH, YCUJICHHO OXJIaXJaeTcsl U racHer. Takue ycTpoicTBa MPUMEHSIOTCS B BBIKIIFOUATEISAX
Harpy3Ku.

Drera3oBblie BBIKIIIOUATENN Hanbosee nepcrnekTuBHbI it U Bhimie 35 kB u MOTyT OBITH
co3xaubl Ha U 800 kB u BrImIE.
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Puc. 82. CxeMbl 1yroracuTeabHbIX YCTPONCTB 3JIEra30BbIX BBIKJIIOUATENEH: @ —C
aBTOKOMIIPECCOPHBIM JyTheM; O —C MarHUTHBIM AyThbeM

20.4 BakyyMHblIe BBIKJII0YATEIH

B BAaKYYMHBIX BBIKIIFOYATCIIAX KOHTAKTBI PACXOAATCA IO BBICOKMM BAaKyyMOM (IIaBJIeHI/Ie

pasno 10" Tla). BosHuKaromas IpH pacXOKJIEHHH KOHTAKTOB Jyra OBICTPO TacHeT Grarojaps
WHTEHCUBHOW nu(dy3un 3apsanoB B Bakyyme. Bwicokue myroracs-iue CBOWCTBAa ASTOM CpeIbl
MO3BOJIMJIM CO3/1aTh BBIKJIIOYATENM Ha HampsbkeHue 1o 35 kB. bnaronmaps cBoum mpeumyiectBam
BaKyyMHbI€ BBIKJIIOYATENM BBITECHSIOT JPYTHe€ BBIKIIOYATENNM, B TOM YHUCIIE U DJIEKTPOMAarHUTHEHIE,
0c00eHHO B AMana3zoHe HanpspkeHui 6 - 10 kB.

OCHOBHBIE TPEUMYIIECTBA!

1) mManas TIOTHOCTH BO3AYyXa CO3/1aeT BO3MOXKHOCTH ramienus ayru 6e3 JIY 3a Bpems 0,01 -
0,02 c;

2) OTCYTCTBHE KOMITPECCOPHBIX YCTAaHOBOK, MACIITHOTO XO3HUCTBa, a TaKkkKe HEOOXOJUMOCTH B
MOTIOJTHEHUU WJIM 3aMEHE Jyroracsiiiei cpebl;

3) BBICOKAS MEXAHMYECKAs M KOMMYTALMOHHAs H3HOCOCTOMKOCTH (10 5-10° m 10° omnepanuin
COOTBETCTBEHHO) ;

4) MUHUMYM OOCIY)KHBaHUS, OECIIYMHOCTh M YHUCTOTA, CHUKEHUE HKCIUTYTAIlMOHHBIX 3aTpaT
(mouTH B 2 pasa), CpOK CIIykObI 25 JeT;

5) mosHas B3pBIBO U Na)KapoOe30MacHOCTb.

Henocratkamu BBIKIIFOUATENIEH SABIISIFOTCS:

1) TpyaHOoCcTH pa3pabOTKM W H3TOTOBIICHHS, CBS3aHHBIE C CO3JAHUEM BaKyyMHO-IPOUHBIX
METAJIJIOB U CHEIUATBHBIX KOHAKTHBIX MaTEPUAJIOB, CII0KHOCTHIO BAKYYMHOTO ITPOU3BOJICTBA;

2) OonpliMe KamnuTalbHbIE BIOXKEHHsS, HEOOXOAWMBIE Ui OpraHU3allil MacCOBOTO

MIPOU3BOJICTRA.
JIY BBIKITIOYATENsl BBITIOIHICTCS] KaK TE€PMETHUHBIM COCY/I, JaBJICHHE BHYTPU KOTOPOTO PABHO
1,33 (107*. ..10" 6) [Ta. Haxxatve mOABMIKHOTO KOHTAKTa Ha HETMOJBHMKHBIM CO3/1aeTCs 3a CUET

atMocepHoro  naBieHus. Ilpu OONBIIMX HOMHHANBHBIX  TOKAaX CTaBUTCA JONOJIHHUTENIbHAs
KOHTAKTHAas MpYyKUHA.

Buiknrouamenu saxyymnvie cepuu BBI-10 Brinyckarorcsa Ha HanpspkeHue 10 kB gactoroit 50 -
60 I'u, HomuHabHBIE TOKHU 20 - 31,5 KA Npu BKIIOYAEMBIX yAapHBIX TOKax 52 - 80 KA.



20.5 DJ1eKTPOMATrHUTHbIE BHIKJIHYATEH

Briximrouarenu 37eKTpoOMarHuTHbIC 00J1a1al0T TEMH JIOCTOMHCTBAMH, YTO JIJIsl CBOEH pabOThI HE
TpeOyIOT HM Maclia, HM CKaToro BO3/yXa, HH TeM OoJiee 3Jerasa, OHH JOIMYCKAIOT OOJBIIOE YHCIIO
BKIIFOYeHUH. OJHAKO OTKIIIOYANOIIAas CIMOCOOHOCTh WX OTpaHWuYEHA I0 HaNpspKeHWro. [ ameHune B
DIIEKTPOMATHUTHBIX BBIKJIFOUATENSIX OCHOBAHO HA BO3/IEHCTBUU HA CTBOJ JIYTH M JIOCTHKEHUH TIaICHUS
HalpsOKEHUsST Ha CTBOJIE JAYrd, OOJBIIEro MNpuiokeHHOro. OHM HaXOAsAT TPHUMEHEHHE Kak
BoikJtouarenu g KPY na nanpsbxkenne 6 — 20 kB, Toku no 3200 A mpu 4acThIX KOMMYTAIUSX
(BBIKJTFOYATENIM HaTrPY3KU — BBIKJTFOYATEIIN B IIETISIX MOIIHBIX ABUTATENICH U APYTUX HArPy30K).

lamenne nyrm 37ech OCYIIECTBISETCS TPH TOMOIIM MArHUTHOTO JyThs B KaMmepax C
OPOJAOTBHBIMU (TPSAMBIMH, W3BUIUCTBIMA H T. T.) IIensMu. Karymkd MarHUTHOTO MAyThsl H
TOKOIIPOBOJIBI K HUM OOBIYHO NMPH 3aMKHYTHIX KOHTaKTax He 0OTekaroTcst TokoMm. [Ipu oTkItoueHun
BO3HUKAIOIIAs Ayra nepedpachiBaeTcsl Ha ATH JETAIM M BKIIOYAET MX MOCIEI0BATEIBHO B IIEMb TOKA.
Bo30yxmaercs mone ramenust ayru. Jlyra racHer, TOK B Iemd OOpbIBaeTcsA. TakuMm 00pa3om, ITH
JIeTaIN HaXOJSATCS MO/ TOKOM TOJIBKO Ha BpeMs ramenus — npumepro 0,02 c.

Mexannyeckasi U3HOCOCTOMKOCTh BbIKItouaresned — g0 50 000 mukiIoB, KOMMYyTallUOHHAsT —
5000 oTKIIOYCHHIA.

20.6 Bpiki1r0yaTe 1M HArpy3Ku

BrikimouaTenu Harpy3Kku IpeaHa3HaYeHbI ISl YIIPaBICHHUS BHICOKOBOJIBTHBIMU CHHXPOHHBIMHU
W ACHHXPOHHBIMU JIBUTATEISIMU OOJIBIIION MOIIHOCTH, a TakKe IPYrUMH Harpy3KaMud ¢ Malloi
WHAYKTUBHOCTHI0. OHU JIOJDKHBI 00ECTIeUYMBATh HAJACKHYI0 KOMMYTAIIMIO TOKOB PabOUMX pPEKHMOB
(yck, peBepc, TOPMOXKEHHE, OCTAaHOBKA M T. I.) ¢ Oombmmoi dvactoro (300 — 600 Bki/4).
COOTBETCTBEHHO 3TOMY OHH JIOJDKHBI UMETh CPABHHUTEIHHO C BBIKIIOYATEISIMH HAMHOTO OOJBIIYIO
MEXaHMYECKYI0 M KOMMYTAIlMOHHYI0 HM3HOCOCTOMKOCTB. 3alllUTa ILENel 371eCh OCYIIECTBISETCS
COOTBETCTBYIOIIMMH BBIKITIOYATEIISIMU HIIA TIPEIOXPAHUTEIISIMHU.

B Hacrosimiee Bpemsi Bce IMpE MPUMEHSIIOTCS IS YKa3aHHBIX IIeJied BaKyyMHBIE |
DJIGKTPOMATHUTHBIE KOHTAKTOPHI BMECTO paHEe IPUMEHSBIINXCS aBTOTA30BBIX BBHIKIIOYATENCH,
KOTOpbIE HE YJIOBJICTBOPSAIOT COBPEMEHHBIM TpeOoBaHWsAM. Hwke mnpuBenaeHb HEKOTOpPHIE
OTE€UECTBEHHBIE KOHCTPYKIIUH.

KonTakrop Bakyymubiii KBT-6/10-400-4. Ero ganubie: Ugom = 6 1 10 kB; 1,00 = =400 A; [
orcn = 4 KA (50 otkmoueHuil); [ ger= 15 KA; I 1epw = 4 K A (4 C); N3HOCOCTOMKOCTh MEXAHUYECKAS 10°
[UKJIOB, KOMMYTAI[MOHHASI 10° LIMKJIOB; YacToTa BKIoueHuH 300 BKI/4.
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Puc. 83. Kontraktop BakyyMHbIi Ha HanpspbkeHue 10 kB.



OOmmii BHUJ KOHTaKTOpa mpuBeaeH Ha puc. 83. KOHTakTop COCTOMT U3 TpeX IMOJIOCOB
BBICOKOTO HAIpSHKEHUS, KOPHIYCOB 2 M 3 3JIEKTPOMArHUTHOTO MPUBOAA 4, LENed YIpaBlIeHUs 5.
YCTpoiCcTBO IyroracuTeNbHBIX KaMep / aHaJOTMYHO BaKyyMHOMY BbIKIItOouaresnto. Kamepsl kpensitcs
K BEpXHEH OMOPHOM YaCTH 3alIUTHOTO U30JISIIMOHHOTO Kopryca 2. Bee npyrue y3ibl MOHTUPYIOTCSA Ha
kopryce 3. HwkHuii BeiBOJ /() ¥ TIOJBMKHBIA KOHTAKT KaMEphl COEIMHEHBI THOKOH cBs3bio 9. Jlns
JIOTIOJTHUTEIBHOTO TOJpKaTasi MOJABMKHOTO KOHTAaKTa Kamepbl yCTaHOBJIEeHa npyxuHa 8. IlpuBox u
OTKJIIOYAIOIIasl MpyXHHa 6 BO3AEHCTBYIOT Ha IOJBMXKHBIM KOHTaKT uepe3 Tpasepcy 7. lluranue
3JIEKTPONPUBO/Ia MOXKET OCYIIECTBIIATHCS KaK IEPEMEHHBIM, TaK U IIOCTOSTHHBIM TOKOM.

KonTakTop 31ekrpomaruutHblii THA K2-6. Konrakrop Beimonnsiercss Ha Upoy = 6 KB,
yactoTy 50 u 60 I'n; 1 oy = 40...400 A (nsaTh BenmnuuH); I onen = 1,5...4,2 KA; 1 pen = 4...8 KA; [ 1epu =
2..4,2 k A (4 ¢); iMeeT N3HOCOCTOMKOCTh MEXaHUYECKYIO 10° tukIoB, KOMMYTaIlMOHHYIO 10° HKIOB;
yacToTy BKiroueHuit 300 Bxi/4.

KOHTakTOp COCTOMT M3 TpeX MOJIOCOB, YCTAHOBJIEHHBIX HA YETHIPEX M3OJSLUOHHBIX pEeKax .
Peiiku cTATMBAIOT CTaJIbHBIE IIEKH , MEXIY KOTOPBIMHU PACHOJIOKEHBI MOJIOCHI, SJIEKTPOMArHUTHBIN
MIPUBOJ W KOHTAKThl BCLIOMOT'aTEeJIbHOM LEIH .

Kaxxaplii MONIOC KOHTAaKTOpa COCTOUT M3 CHUCTEMBI HENOABM)KHOIO KOHTAaKTa, KOTOpAs
COJIEPKUT KaTYIIKy MarHUTHOTO AYThsl C CEPJACYHUKOM U MarHUTOIPOBOJIAMU U CaMy HEIOJABUKHYIO
KOHTAaKT-JIeTajlb; CUCTEMBbl MOJBM)KHOTO KOHTAKTa, YCTAHOBJIICHHOW Ha MOJBUXHOM H30JALIMOHHOM
BaJly U CBSI3aHHOM C BBIBOJIOM TOJIIOCA THOKOM CBSI3bI0; KaMephl AYroraileHus, COCTOosIIeH 13 Habopa
KepaMHUUYECKHX IJIMTOK U KEPAMUYECKUX IIEK, 3aKITIOYEHHBIX B KapKac U3 MJIACTMACCOBBIX JETaleH.

DNeKTPOMarHUTHBIN NPUBOJA BKJIIOYAaeT B ce0sl CEpIeYHMK, KATyIIKy M SIKOPb, KOTOPBIH
MOBOPAYMBAETCS B TMOJIIMITHUKAX HA OCH M CBS3aH CHUCTEMOW pbhIUYaroB C IMOBOPOTHBHIM BaJIOM .
BcrnomoratenbHble KOHTAKThl COOpaHbI B OJIOK M KMEIOT MTPUBO/I OT TOTO K€ BaJia.

PeBepcop Tuma P-6. PeBepcop cocToMT U3 TpeX KOHTAaKTOPOB, COEIUHEHHBIX IO
OTpe/ieIeHHON cXeMe U CMOHTHPOBAHHBIX B OJHOM IIKady.

20.7 Bb10op, npMeHeHHe U IKCIIyaTalus BbIKI04YaTesaeii BH

[Ipu BBIOOpE BBIKITIOYATENEH AT0 HOMHHAJBHBIE MapaMeTpbl CPAaBHUBAIOTCS C MapaMeTpaMu
CETH B MECTE 3T0 YCTAaHOBKH. BEIKIIOYATENh BHIOMPACTCS MO HAUOOJEe TIHKEIOMY PEKUMY PabOTHI
KOTOPBIN BO3MOKEH B SKCILTyaTallUH.

1. HomunanpHOe HampspkeHue BkiItouatens Upoy p JAOMKHO OBITH PaBHO WM OOJBIIE
HOMUWHAJIBHOTO HAIPSDKEHUS 3alUIIAEMON CETH

Urnoms =Unom.c -

2. HoMuHanbHBINA IMTENBHBIH TOK [yomp HOJDKEH OBITH OOJbIIE HOMHHAJILHOTO TOKa
YCTAaHOBKH 1 HOM.Y

InomB > Taomy .

3. HomuHampHBIHE TOK OTKIIOYEHHA BBIKIIOUATENT Jopom MHODKEH OBITH  OOJBIIE
MAaKCUMaJIbHOTO pacueTHOro Toka K3 /x3 K MOMEHTY pacXoKI€HHsI KOHTAKTOB. /o gom > I3

[Tpu ompenenenun g3 HEOOXOIUMO PACCMOTPETHh BCE BO3MOXKHBIE BapuaHThl K3 u BeIOpaTh
HanOoJiee TsDKENbI BepOsATHBIN pexkuM. Kak mpaBuio, HauOoJiee TKeNbIe PEKUMBI CO3/Ia0TCS MPHU
OTKJIIOYEHUH TpeX - U ogHopaznoro K3 Ha 3emiro.

4. Tox Ik pom JOJDKEH OBITH HE MeHee ymapHoro Toka K3 [y s, mpoTekaromiero depes
BBIKJIIOYATEIIh

Isxn vom > Iy x3

5. PacueTHoe Bpemsi pa3MbIKaHUs OepeTcs paBHBIM MaKCUMAJIBHO BO3MOKHOMY.
6. TepMuueckas CTOMKOCTbh MPOBEPSETCS U3 YCIOBUS MPOTEKAHUS Yepe3 BhIKIoYaTenb Tok K3



B TEUEHUU MaKCHMaJIbHOIO BPEMEHH, 00YCIIOBICHHOIO CpabaThIBAHUEM 3allUTHI.

7. HOMUHAIBHBIN TOK 3JIEKTPOJAUHAMMYECKOW CTOMKOCTH BBIKIKOYATENS JOJDKEH IIPEBBIIIATH
MaKCHMaJbHO BO3MOKHOE 3HaYeHHe yaapHoro Toka K3, koTropoe ObITh B yCTaHOBKE.

8. JInms MOIIHBIX CHUCTEMHBIX BBIKIIOYATENEH, OT pabOThl KOTOPBIX 3aBHCUT YCTOWYHMBOCTD
napajuieIbHO Pa0OTAIOIIMX CeTeH, Ba)KHBIM IapaMEeTPOM SIBIISIETCS BpeMs OTKIIOYEHHUS U BpeMs
MIOBTOPHOTO BKJIFOUEHHUs1. MIHOT]a 3TH apaMeTpbl TUKTYIOT BRIOOP THIIA BBIKIIOYATENS U €0 MPUBOJIA.

[Ipu BBIOOpE BBIKIIIOUATEINE CIEYET YUUTHIBAThH CIEAYIONIUE OOCTOATEILCTBA!

1. ITpu Uy = 6 - 10 kB u peaxux xoMMyTanusax 1enecoodpasHo NpUMEHEHNE MaJOMaCIISHBIX
BbIKJTIOUareneil. [lpu dacThiXx KOMMyTalMsIX peKOMEHAYeTCsl MPUMEHSTh BaKyyMHBIE U 3JI€Tra3oBbIe,
obJaaroriye OOJBITUM CPOKOM CITYKOBI.

2. [Ipu HOMuHaTBHOM HampspkeHuu 35 - 110 kB u 1 gom 10 20 KA 11emecoo6pa3Ho MPUMEHSITh
MacisHble Beikitouatenu. [Tpu 6onpumx Uy u 607bmux
1 o, Hom TIPUMEHSIOTCS BO3YLIIHBIE U 3JIETa30BbI€ BBIKIFOYATEIH.

3. Ilpu SKOHOMHYECKOW OIICHKE BBHIOMPAEMOTrO THITA BBIKIIOYATENICH CIeAyeT y4ecThb, UToO,
HECMOTpSl Ha TO, YTO BAKYyMHbIE BBIKJIIOYATEIIM HMEIOT OOJBIIYI0 CTOMMOCTB, IPUMEHEHHE MX
OoJiee OMpaBIaHO BBHJAY MaJbIX PACXOJOB HAa TEXHUYECKOE OOCTY)KHMBAaHHE M OOJBIIOTO CpPOKa
ciyx0b1 /1Y (mo 25 ner).



21 PA3SBEJUHUTEJIN

21.1 HasnaueHue pa3beuHNTeNEH

PaspenunuTenn — anmapartsl, NpeJHa3HAYCHHBIE JJIS BKJIIOYEHHS M OTKIIOYCHMS YYaCTKOB
AIIEKTPUYECKUX LIECNEN 01 HAaPSKEHUEM IIPU OTCYTCTBUHU Harpy304Horo Toka. OHM IPUMEHSIOTCS BO
BCEX BBICOKOBOJIBTHBIX YCTAHOBKaxX Ui 0O€CHeUeHHs] BUJIMMOIO pa3pbiBa NMPH OTKIFOYEHUU KaKOro-
a0 yyacTKa IEeNnH, a TakXke JIs MPOU3BOJICTBA MEpPEKIIOUeHU W Habopa HYKXHOH cxembl. Bce
OIEpALINU C pa3beIUHUTENSIMHU, KaK IPAaBUIIO, BBITOIHAIOTCSA IIPU 00ECTOUEHHBIX LETsX.

Kpome TOro, pasbeiMHUTENM HAPYKHOM YCTAHOBKM pPACCUMTBHIBAIOTCS HA BO3MOYKHOCTb
paspbIBa MOCPEACTBOM UX HOXKEH 3aps/THBIX TOKOB BO3JYIIHBIX U KaOEIbHBIX JIMHUH, a TaKXKe TOKOB
XOJIOCTOTO XOJa CHUJIOBBIX TPAaHC(OPMATOPOB M TOKOB HEOOJBIINX HArPY30K; MOITOMY UX KOHTAKTHI
4acTo CHa0XaroTcs AyroracCuTeNIbHbIMU pOTraMH.

Ha puc. 84 noka3aHbl cxeMbl BKIIOYEHHS pa3beIUHUTENEH.
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Puc. 84. CxeMbl BKIIIOUEHMSI pa3beAMHUTENCH:
a) OTCOeIMHEHHUE OT HaIpspKeHus: obopynoBanus BH nepen pesusueit nim peMoHTOM;
0) mepeBoJ HArpy3KU ¢ OAHOM BeTBH A Ha Apyryio b.

PaccmoTpum cxeMmy OTcoenuHEHMs OT HampsbkeHus obopynoBanus BH mepen peBusueit mmm
pemonToM (puc. 84, a). CorjmacHo mpaBWJIaM TEXHUKHA O€30MaCHOCTH OO0OpYJAOBaHHE, BBIBOJUMOE B
PEMOHT, JOJDKHO OBITh OTKIIOUEHO. Mexay BBIBOJAMH OTKJIIOUEHHOTO ammapara M Iemnblo,
OCTaBIIEHCS TOJ HampsDKeHHWEM, JODKeH OBITh CO3/1aH BUIUMBIA BO3IYIIHBIM MPOMEKYTOK,
rapaHTUPYIOUIHMHA Oe30TacHbIe YCIOBHS paboThl 00CTYKHBAIOIIET0 IIepCOHANA.

Jlnst 6e3aBapuiiHOi pabOTHI TOK B IIEMM CHaudajga OTKJIIOYAETCs BbIKItouareneM QF, U TOJBKO
IIOTOM Pa3MBIKAIOTCSI KOHTAKThl pazbeaunurencit OSI n OS2. B 3ToM cilyyae pa3beIuHUTENIIMU
OTKJIIOYAIOTCS HEOONbIIME EMKOCTHBIE TOKa, CO3/1aBaeMble OMOPHOW H30JALMEH OTKI0YaeMOro
«arrmapara ¥ IpUCOEMHEHHBIMU K HEMY IPOBOJHUKAMHU.

[Tocne pasmbikanuss OSI u OS2 Beixmovarens QF, Mojiexamuid PeMOHTY, JIOJDKEH OBITh
3a3eMJIeH C 00eMX CTOPOH C MOMOIIBIO JIOTIOJIHUTENbHBIX pazbeaunuteneit OS3 u OS4. Ecnu HOoxu
083 u 0S4 He 3a3eMJIEHbI, TO Ha BbIBOJIAX BBIKIIOYATENsT OF MOXKET BOZHUKATH BBHICOKUM MOTEHIIMA
3a CYET EMKOCTHOM CBSI3U C JIMHUSAMU BBICOKOTO HaNPSyKEHUSI.

B psne ciydaeB pazbeAMHHUTENSIMU MOKHO TOJIB30BaThCS JJIS MEPEeBOJa HArpy3KH C OJIHOM
BeTBU A Ha apyryio b (puc. 84, 0). i 3TOro mpu 3aMKHYTOM pazbeauHutene (OS2 BKIIOYAIOT
pazbeaunutens (SI. Ilocae storo pazbenunutens (OS2 oTkimoydaroT. Jlyra Ha €ro KOHTAaKTax He
BO3HUKAET, TaK KaK HANpsHKEHUE HAa HUX PABHO MAJICHUIO HANpsDKeHUs Ha BeTBU S/, koTopoe
HUYTO>XHO Mao.

21.2 TpeOoBaHusi, NpeabsiBJIsieMble K Pa3beAUHUTEISAM

K pazbenuHuTensIM npeabsaBisaioTCs caeayolnme TpeOoBaHus:

1. KonrakTHas cucreMa [TOJDKHA HAJEKHO IPOIYCKaTh HOMHHAIBHBIA TOK CKOJIb YrOJHO
JUIMTeNbHOE BpeMs. B 0c000 TSKENbIX yCIOBHUAX pabOTalOT pasbeAMHUTETH HAPYKHBIX YCTaHOBOK,
MOJIBEPTaAIOIINEC BO3ACUCTBHIO BOJBI, MNbUIM, Jibaa. KoHTakTHas cucTeMa JOJDKHA HMETh
HEO0XO0IUMYIO IMHAMUYECKYIO H TEPMUYECKYIO CTOHKOCTb.



2. Pa3zpequHuTENlF M MEXaHM3M €ro NpHUBOJA JOJDKHBI HAJEXKHO YIEPKUBAThCA BO
BKJIIOUEHHOM IIOJIOKEHUU IpU MpoTeKaHWH Toka K3. B OTKIIOYEHHOM MOJOXKEHUHM IOJBHKHBIN
KOHTAaKT JOJDKEH OBITh HaJeXHO (UKCHPOBAH, TaK KaK CaMOIIPOM3BOJIBHOE BKIIOYEHHE MOXKET
IMMPUBCCTH K OYCHB TAKCIIBIM aBapUAM U YCIIOBCYCCKUM KCPTBAM.

3. B cBs3u ¢ 0c000i1 poJIbIO pa3beIMHUTENS KaK armapaTta 0€301acHOCTH MPOMEKYTOK MEXITY
PA3OMKHYTBIMHU KOHTAKTAMHU JOJIZKCH UMCTh MMOBBINICHHYIO 3JICKTPUYCCKYIO IPOYHOCTE.

4. IlpuBoa pazbeIUHUTENS Ielieco00pa3sHo OJIOKUpPOBaTh C BBIKIIOUareneM. Omepanuu ¢
PA3BCAUHUTCIICM JOJIKHBI 6BITB BO3MOXHBI, TOJIBKO KOI'Ja BBIKJIFOYATC/IIb OTKJIFOYCH.

21.3 Knaccupukanus padbequHUTeIeH

KoHcTpykTHBHOE pazinyue MeX]y OTIACIbHBIMU THUIAMH pPa3beIUHUTENCH COCTOUT MIpPEexkKIe
BCETO B XapakTepe ABUIXKEHHUS IMOJBMKHOTO KOHTakTa (Hoxka). [lo 3TOMy mnpu3HaKy pazaudaroT
pa3zbeAMHUTENH:

1) sepmuxanvHo-nosopomnozo (6py6H020) W 20PU3OHMANTLHO-NOBOPOMHO20 THIIOB C
BpallleHueM HOXa B IJIOCKOCTH, MapaJlIeIbHON WU MEPHEHAMKYISIPHOH OCAM MOAePKUBAIOLINX
M30JIITOPOB JJAHHOTO MOJIFOCA COOTBETCTBEHHO;

2) Kauarowe2ocs muna ¢ BpalleHUEeM HOKa COBMECTHO C MOJACPKHUBAIOIINM €T0 U30JISTOPOM B
IJIOCKOCTH, MapajuieIbHON OCSIM MOIIEPKUBAIOIIUX U30JISITOPOB JAHHOTO MOJIOCA;

3) ¢ npamonuneliHblM O8udiceHueM BIIOJIb PAa3MBIKAEMOT0 MPOMEXKYTKa JIMOO, TOJIBKO HOXAa,
1100 HOXKA COBMECTHO C U30JISITOPOM (KaTSIIETOCs TUTIA);

4) co cKk1advLIBAOWUMCS HOIHCOM, CO CIIOKHBIM JBKEHHEM (TTOBOPOT M CKJIAJbIBAHKE) HOXKA,;

5) noosecrhoeo muna c TEepeMENIEHUEM HOXa BMECTE C TOJACPKUBAIOIIUMHI HU30JSTOPAMU B
IUIOCKOCTH, MapalIeNIbHOM OCAM MOIIEPKUBAIOIIUX MTOABECHBIX U30JISTOPOB.

PazbeauHuTENIM MOTYT MMETh MPUBOJBI: PYYHOM — ONEPATUBHYIO IITAHTY, PHIYAXHBIM WU
IITYpBaJIbHBIN U JIBUTATEIIbHBIN — 3JIEKTPUYECKHI, THEBMATUUYECKUI WITW THAPABINYECKUI.

Bo wm30exxanue OmMOOYHBIX ACHCTBHIA, T. €. Pa3MBIKaHHS IEMU TOJ TOKOM, YTO MOXET
NPUBECTH K KPYMHBIM aBapusM M HECUACTHBIM CllydasM, pa3beAMHHUTENb Bcerna OJIOKUpyeTcs ¢
BBIKJIFOUaTeIeM. BIIOKMpOBKa TOMYCKAeT ONEepUpPOBAHUE PA3BEIUHUTEIEM TOJBKO MPU OTKIIOUYEHHOM
BbIKJTIOUaresne. [1o ncronHeHnio GIIOKMPOBKA MOXKET OBITh MEXaHHYECKOW, MEXaHWYEeCKU-3aMKOBO,
ANEKTPOMATrHUTHO-3aMKOBOM WJIU JPYTOM.

21.4 llpuHuMN AeiicTBHUSA, YCTPOHCTBO H OCHOBHBbIE IapaMeTphbl pa3beUHUTe e,
(pusnyeckue siBJIEHHUA B JIEKTPHYECKHX annaparax

OTAMYUTENbHOM YepTOM pa3zbeIUHUTENCH B CPAaBHEHHM C BBIKIIOYATEISIMUA  SIBJISETCS
OTCYTCTBHE JyTOTaCUTENIbHBIX YCTPOMCTB.

PazbenuuuTeNnN CTPOSATCS 171 BHYTPEHHEH U JUIsl HAPY)KHOM YCTAaHOBKH Ha BCIO LKAy TOKOB U
HanpsokeHud. OHM MOTYT BBIMOJHATHCS KaK TPEXMOJTIOCHBIMH Ha oOmed pame (0OBIYHO TIpU
HamnpspkeHusx 710 35 kB), Tak W OJAHOMOMIOCHBIMHU TIpH OoJiee BBICOKUMX HampspkeHusx. [locrmemnee
00yCJIOBJIEHO TEM, YTO NpPU HANpsHKEHHUsX cBbiie 35 kB TpeOyemble paccrosiHUs MexAy (azamu
JIOCTATOYHO BEJIMKHU W 00IIasi pama MoJyqdaeTcsl Ype3BbIYaiiHO TPOMO3IKOHN U TSHKEIIOH.

[Tomoc  pa3beqUHMUTENST HE3aBHUCHUMO OT pa3HooOpa3usi KOHCTPYKIMH COCTOUT M3
HEMNOJIBUYKHOTO U TMOJBIKHOTO (HOXka) KOHTAaKTOB, YKPEIUIEHHBIX Ha COOTBETCTBYIOIIUX H30JIATOpaX,
OTIOPHOM TUIMTBHI WM PaMbl U IPUBO/IA.

OCHOBHBIM 3JIEMEHTOM pa3bEAUHUTENS SIBISIOTCS €ro KOHTAaKThl. OHU JIOJDKHBI HAJEKHO
paboTaTh TpU HOMHHAILHOM pEXHME, a TaKKe NpU Meperpy3kax M CKBO3HBIX TOKAaX KOPOTKOTO
3aMbIKaHus. B pazpeauHUTENSIX MPUMEHSIOT BBICOKME KOHTaKTHble HakaTus. [lpu GonbplInx Tokax
KOHTAKThI BBITIOJHSIOT U3 HECKOIBKUX (10 BOCBMHU) MapajuieIbHbIX IJIACTUH. [IpUMEHSIOT MIIaCTUHBI
NPSIMOYTOJIBHOTO,  MIBEJJIEPHOTO HW  Kpyrjaoro  cedeHwil. g  oOecmieyeHHWs:  BBICOKOM
JIEKTPOIMHAMUYECKOU YCTOHYMBOCTHU HTUPOKO HCIIOJIBb3YIOT AJIIEKTPOMATHUTHBIE u
INEKTPOAMHAMUYECKHE KOMIIEHCATOPHI (YACTO TOBOPST «3aMKH»).



21.5 PazbequHuTEIM 1JI51 BHYTPEHHEH YCTAHOBKHU

Jljis BHYTPEHHUX YCTaHOBOK, HE TOJBEPKEHHBIX BO3JIEHCTBUIO aTMOC(hEPHI U C HANIPSKEHUEM,
Kak mpaBuio, He Bbime 20 kB, Hambonee MHPOKO pPacHpPOCTPaHEHBI PYOSIINE Pa3zbeIUHUTEIH C
NBUKEHHEM TMOJIBIDKHOTO KOHTakTa (HOXKAa) B BEpPTHKAIbHOM IUIOCKOCTH. K HHUM OTHOCHTCS
TPEXIOMIOCHBIN pa3zbeauHuTenb Tuna PB Ha nHanpsokenune 10 kB u Toxk 400 A. [Ins ynpaBieHust
pazbeaunuTensamMu tuna PB H Hanpsbkenue 10 kB mpuMeHsIOTCSl pblYaKHbIE CUCTEMBI C PYYHBIM WJIU
MOTOPHBIM IIPUBOJIOM.

[Ipumep ucTOTHEHUS paszvbedurumens eHympeHHell ycmanoeku TipuBeneH Ha puc.85. Iomroc
pa3beAMHUTENS] COCTOUT W3 HEMOJBMKHBIX KOHTAaKTOB /, YKPEIUIEHHBIX Ha OMOPHBIX H30JIATOpax J.
HenonsukHble KOHTAKThl OXBATBHIBAIOTCSA MOJBMKHBIM KOHTAaKTOM 2, COCTOSIIMM M3 JABYX HOXEH.
KonTtaktHOoe HakaTue co3maercss npyxuHamu 6. KommeHcaius 53JI€KTpOJUHAMHYECKHX CHUJI B
KOHTaKTaxX MPOUCXOJMUT 3a CUET OJIMHAKOBO HAIPABJIEHHBIX TOKOB B IMOABMXHBIX HOax. [IpuBoj
KOHTAKTOB OCYILIECTBIISIETCS Yepe3 MPUBOIHON Basl 7, COOTBETCTBYIOILIUE PbIYard U TATOBBIM HU30JIATOP
3. Cobupaercst pa3beIUHUTEIb Ha paMe 4.

3

Puc. 85. PazbennHuTENb BHYTPEHHEH YCTAaHOBKU

Ha puc. 85 mnpuBegeHa cxeMa BeaylIEro TMOJKOCA Pa3beAMHUTENS. 20PU3OHMANLHO-
NnO80POMHO20 THUIIA.

21.6 PazbequHuTEIM 1JI51 HAPY/KHON YCTAHOBKHU

Jns Hapy»KHOW YCTAaHOBKH IIUPOKO MCIOJIB3YIOTCA Pa3zbeIUHUTENMN MOBOpoTHOTrO Thna PH/I.
Ha puc.85 mnpeacrasnen pazbenunurens tuna PH/(3-1 na nanpsbkenue 220 kB 1 HOMUHAIBHBIN TOK 2
KA (1m0 750 xB). Ha pame / cMOHTHpPOBaHBI HETIOABUIKHBIE U30JIATOPHI 2 U TIOJIBHIKHBIC H30JISITOPHI 3,
KOTOpbIE MOTYT BpallaThCsi BOKPYr CBOEM BepTUKAIbHOU ocH. C MOJBMIKHBIM H30JISITOPOM CBSI3aHbI
KOHTAaKThl Pa3bEIUHUTEINISI B BUJEC HOXKEH J, BpaIlalONIUMXCS B TOPU3OHTAIBHOM IIJIOCKOCTH. MecTa
COWICHEHUs TMOJBM)KHBIX JeTajeld 3allMIIeHbl KOXyXoM 4. Jlng pa3MblKaHUAs HOXEH J
MTOBOPAYMBAETCS MPABBIN U30JISATOP 3, KOTOPHIA C TOMOIIBIO TATH § TOBOPAUYUBAET JIEBBIN U30JISITOP 3.
[Ipn HEOOXOAMMOCTH TPABBIN HOX B TOJIOKEHUU «OTKIIOYEHO» MOXKET OBITH' 3a3eMJICH C ITOMOIIBIO



JOTIOJIHUTEIBHOTO HOXa 7, KOTOPBIM BpallaeTcss B BEPTUKAJIbHOM IIOCKOCTH M 3aMBIKaeTCs C
KOHTakTOM 6. bmaromapss MexXaHM4YecKOH OJIOKHPOBKE 3a3€MIICHHE BO3MOXHO TOJBKO TIpH
OTKJIFOUEHHOM TOJIO0KEHUHN HOXell 5. Pa3beJMHUTENN TAKOTO THUIIAa IPUMEHSIIOTCS TIPU HANIPSKEHUU 10
750 xB.

Crnenyer OTMETHTBH, YTO ILIOMIAJL OTKPBITOro pacmpenyctporictBa (OPY) B 3HaunTenpHOM
CTEIEHU OIpeAeIsieTcs MII0AbI0, 3aHnMaeMon pazbeauHuTesIMU. [1pu Hanpsbxkenun Upon>330 kB
3HAYUTEIIbHYI0 SKOHOMHUIO ITUIOMIAM JAIOT IOJBECHbIE pazbeauHuTenu (puc. 86). HemonsuxHbIN
KOHTakT / B BHUJAE KOJjblla YKpEIUIEH Ha u3oisTope 2. B kadectBe omopsl KOHTakTa / MOTYT
HCIIOJIB30BaThCA TpaHC(hOPMATOpPhl TOKA WM HanpspkeHus. KOHWYECKWH TOABMKHBIA KOHTAaKT 3
MOJIBEIIICH K TUPJISIHAE 4 MOJBECHBIX U30JATOPOB Ha CTAJIBHBIX Tpocax 5. Tpockl 5 mpomyieHsl yepes
O50KkM 6 Ha mopTane 7 U CcBsA3aHbl ¢ 6apabaHOM 3nekTponedeaku. 10 BMKHBINA KOHTAKT 3 COEAMHEH C
TOKOBEIyIIeH TpyOoi 9, HENMOABMKHBIM KOHTAKT COCIMHEH ¢ THOKOW MMHON & MO0 ¢ KOHTAaKTOM
anmapata. [Ipu BKIIOYEHUM KOHTAaKT 3 OIYCKAeTCsl BHU3 IMOJ JACHCTBHEM CIHELHUAIBLHOTO TIpy3a,
KOTOPBIN CO3/1aeT HEOOXOMMOE KOHTAKTHOE HakaTtwe. [Ipu OTKIFOYEHHMH KOHTAaKT 3 M CBSI3aHHBIN C
HUM Tpy3 TOJHUMAIOTCS C TOMOIIBI0 3eKkTponedenku. Takue pazbeAHMHHUTENH pa3paboTaHbl Ha
HanpspkeHue 10 1150 kB u gmurensHbie Toku 110 3,2 KA.
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Puc. 86. Benymmii nomoc pazseaunurens 35 kB, 3200 A:
1-ocHOBaHueE; 2 — U30JATOP; 3 - HETOJIBUKHBIN KOHTAKTHBIN BBIBOJ; 4 - TOJABUKHBIM KOHTAKTHBIN
HOX C JIaMeIaMu [ I; 5 — MOABMKHBIN KOHTAKTHBIN HOXK O€3 TamMesel; 6 — IIOABECHOM KOHTAKT
HOXEHN 3a3eMJIeHUs; 7 - IPUBOJHOM BaJl; § - TPUBOJ; 9 ~ KOHTAKTHBIN BBIBOJI 3a3€MJISIFOIIETO
KOHTYpa; /(0 - OONT 3a3eMJICHUS
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Puc. 88. IlogsecHOl pa3beIMHUTEND:
1 — HENTOABMXKHBIN KOHTAKT, 2 — U30JISITOP, 3 — MOJBMXKHBIN KOHTAKT, 4 — TUPJISIHAA, 5 — TpOC,
6 — 6110k, 7 — moprai, § — rudkas mmHa, 9 — Tpyda

21.7 brokupoBka pazbeIMHUTEJIEH U BhIKJIIOUYATE/ el

OTkir04eHHe Pa3beIUHUTENS NMPHU MPOXOXKACHUM 4Yepe3 Hero HOMHHAJIBHOTO TOKa BEAeT K
TSDKEJION aBapwy, WHOT/A ¢ TOopakeHueM mrojeil. ObOpasyromascs Ayra OYeHb IMOABHKHA, OBICTPO
YIJTUHSETCS, YTO BEJET K IMEepPEeMBbIKAHWIO TMOII0COB W Bo3HUKHOBeHHI0 K3. Bo u3bexanue Takumx
MOCNIEACTBUIA PAa3beIUHUTENM ONOKUPYIOTCS C BBIKIIOYATEISIMH C TOMOIIBI0 MEXaHUYECKUX,
MEXaHUYECKHUX 3aMKOBBIX U 3JIEKTPOMAarHUTHBIX 3aMKOBBIX OJIOKHPOBOK.

B mepBoM cnyuae pelYar mpuBOAA Pa3bEeIUHUTENS OKAa3bIBACTCS CBOOOJHBIM TOJBKO IPHU
OTKJIFOUEHHOM TOJIO’KEHUU MeXaHu3Ma BbIkitodarens. [Ipu Takoil 610KupoBKe OYeHb TPYJHO CBS3ATh
MEXaHU3M BBIKJIIOYATENS] CO MHOTMMH NPUBOJIAMHU pazbeIuHUTENEH. B KaXI0M OTIEIbHOM cilydae
NPUXOJUTCS KOHCTPYHPOBATh CBOW OJIOKMPYIOIIUN MEXaHW3M MPUMEHHUTEIbHO K KOHCTPYKLIHUU
pacnpenyctpoiicTBa. B cuiry aToro nogo6Hast 0JI0KUpOBKA IPUMEHSIETCS. PEIKO.

[Tpu Mexanmdeckoit 3aMKOBOH OJ0KHMpoBKe Ha BBIKIIIOUATENIe M CB3aHHOM C HUM Pa3beIuHU-
TEeJIe YCTaHOBJICHBI CIICIIMATBLHBIC 3aMKH, KOTOPHIE MOTYT OBITh OTKPBITHI TOJBKO CIEIIUATHHBIM KITFO-
yoM. Kitou HaxoauTcs B 3aMKe, YCTaHOBJICHHOM Ha BBIKIIOYaTene. Ero MOXHO BBIHYTH M3 3aMKa
TOJILKO TIPM OTKJIIOYEHHOM COCTOSIHUM BBIKJIIOYATeNs, T.€. TMpPU OTCYTCTBHM TOKa Yepe3
pazbeauHuTeNb. [locne 3Toro KoY BCTABISAIOT B 3aMOK Ha MPHUBOJIE Pa3bEeAMHUTENS U OCBOOOXKAAIOT
€ro MeXaHu3M.

Pa3benquHuTENb MOXET BKIIOYATHCS W BBIKJIIOYATHCS TOJBKO B TOM Cllydae, KOI/a K04
HaxoJuTcs B ero 3amke. Omnepanuu ¢ IpYyrUMU pPa3beIUHUTEISIMUA MPU 3TOM HEBO3MOXHBI. Takum
0o0pa3om, 3/1eCh OTCYTCTBYET MEXaHUYECKas CBS3b MPUBOIOB BBIKITIOUATENS U pa3beAMHUTENCH.

Bonee coBepiieHHa >MeKTpOMarHUTHas 3aMKoBasi OnokupoBka (puc.89). Jlns omepamuu c



pasbeIUHMUTENEM K04 B BHJE 3JleKTpomarHuta (puc.89, a) nomkeH ObITh BCTAaBIEH B 3aMOK
(puc.89,6). Konmpl karymiku 2 3JIeKTpOMAarHuTa BBIBEJCHbI Ha IIThIpeBble KOHTakThl 3. Ecmu
BBIKJIOUATENb, CBSA3aHHBIN C JAHHBIM pa3beIUHUTENIEM, OTKIIOYEH, TO YEPE3 €ro pa3MbIKaroNue OJI0K-
KOHTAaKThl U THe3Aa 4 mojaercs HampsbkeHue Ha kaTymky 2. [Ipm Hakatum Ha kosblo / sKOpb 5
OIyCKaeTCs M NOJ JEHCTBHEM DJICKTPOMAarHUTHOM CHIIBI CLEIUIAETCSA C 3alUPAIOIIKAM  KIHYOM
wiywkepom 6. Terepb Hpu JIBMKEHUU SKOpsl 5 BBEpX OH OyAeT mepeMelniath CBS3aHHBI C HUM
wiywkep 6. B pe3ynprare aetanp 8§ MpUBOJA Pa3beAMHUTENS OyneT OCBOOOXAeHa, a IITH(THI 7
BOMIYT B ma3 A KIO4a, He JIOMyCKas ero CHATHA C 3aMKa. [yt GIOKMPOBKU BCEX Pa3beIUMHUTENEH
JIOCTaTOYHO OZHOI0O KJI0Ya HA BCE PACIIPEACIUTENBHOE YCTPOUCTBO.

1

Puc. 89. DnekrpoMaruuTHast GJIOKUPOBKA C KIIFOUOM
21.8 Br10op, npuMeHeHHe M IKCIIYaTalusl pa3beIMHUTe el

1. HoMuHanpHOE HampsyKEHUE pPa3bEIUHUTENS AOHKHO COOTBETCTBOBATh HOMHUHAJIBHOMY
HaIPSKEHUIO BBICOKOBOJIIBTHOM CETH.

2.HauGonpmwmii  [UIMTENBHBIA TOK HArpy3kd IOTpeOUTENsT HE JIOJDKEH IMPEBBIATh
HOMMHAJIBHOE 3HAYEHUE JIUTEIILHOTO TOKA Pa3beINHUTENS.

3. Ynapuslii Tok K3 B MecTe yCTaHOBKM Pa3beIMHUTEINS HE JOJIKEH MPEBBIIATH JOIMYCTUMYIO
aMIuIMTyy yaapHoro toka K3 pazseaunurens.

4. Tox TepMUYECKOW CTOMKOCTH [; B TEUEHHE BPEMEHHU I, TapaHTHPOBAHHBIN 3aBOJIOM-
nu3roroButeneM, U Tok K3 /i3, mpoTekaromuii yepe3 pa3beAMHUTENb B TCUEHUE BPEMEHU I3, JOJIKHBI
OBITH CBA3aHBI COOTHOLIEHUEM

2 2
ITl‘T 2 1K3tK3 :

5. BHeninue yciaoBusi pabOThl pa3beUHUTENS TOJKHBI COOTBETCTBOBATH PealbHBIM YCIOBUAM
JKCIUTyaTaliu.



22 OTAEJIUTEJIN 1 KOPOTKO3AMBIKATEJIN

22.1 Ha3HauyeHue ¥ NPUHIMI IeliCTBUS KOPOTKO3aMbIKaTeJ/Ieil U OTAe/uTeei,
(usnyeckue sIBJIEHUS B IEKTPUUYECKHX anmapaTax

B Hacrosiiee Bpemsi HUPOKO MPUMEHSIOTCS BBICOKOBOJIBTHBIE MOACTAHLINN 0€3 BhIKITI0UaTenen
Ha TMUTAIOMEH JMHUH. DTO MO3BOJSET YINPOCTUTh U YACHIEBUTH 000OpPYIOBaHHE NPU COXPaHEHUU
BBICOKOM HaJexHOCTH. JlJ11 3aMeHbl BBIKJIIOYATENIEH HAa CTOPOHE BBICOKOIO HaNpPsHKEHUS
UCIIOJIBb3YIOTCSI KOPOTKO3aMbIKATENIN U OTIACIUTEIH.

Omoenumens TpelHAa3HAYEH JUIsi aBTOMATHMYECKOTO OTKIIIOUEHHUS IMOBPEKIECHHOTO ydyacTKa
AIIEKTPUYECKOM IIeTTM B MOMEHT OTCYTCTBHUS B HEW TOKa, T. €. B IepHo OecTOKoBOH nays3sl 1ukia AIIB
BBIKJTIOYATENISl HA MUTAoUeM KOHIE JUHMMU. OTAenuTeNnb MpeACcTaBiseT coOO0W pa3beAMHUTENb,
KOTOPBIM OBICTPO OTKJIIOYAET 00ECTOUEHHYIO LIEeNb IMOCIe MOoJaud KOMaHIbl He ero mpuBod. Ecimu B
OOBIYHOM pa3beAUHUTENIE CKOPOCTh OTKIIIOYEHHUS Majla, TO B OTJAENUTeNe MPOIEecC OTKIIOUEHUs
mmres 0,5 0,1 c.

Kopomxozamvikamensb — 310 OBICTPOACHCTBYIONTNN KOHTAKTHBIN ammapar, IpeIHa3HauYeHHBIA
JUISL CO3JJaHUSI UICKYCCTBEHHOT'O KOPOTKOT'O 3aMBIKAaHHsI CETH 10 CUTHALY PEJICHHON 3alUThI C LIEJIbIO
BBI3BaTh OTKJIFOYEHUE BBIKIIOYATENS], YCTAHOBIEHHOTO HA MUTAIOIIEM KOHIIE JIUHUU.

B kauecTBe nprMepa NpUMEHEHUs] KOPOTKO3aMbIKaTellel 1 oTAenuTenel Ha puc. 90 npuseneHa
cxema TMUTaHWsI OT OJHOW JIMHWUU JBYX TpaHchopmaTopHbIX Tpynmn T. BxomHo# BeIkmtouarens B2
3aMmeHsieTrca otaenureneM O U KopoTko3aMmbikareneM K3.

ITo cxeme puc. 90,a Tpancdopmarop 7 Mpu MOBPEKIACHUU OTKIIOYAETCS BBIKIIOUaTeneM B2.
[To cxeme puc. 90,6 OT cUTHaJIA 3aIIUTHl 3aMBIKAETCS
KOpOTKO3aMbIKaTenb K3, co3aBas KOPOTKOE 3aMBbIKaHHE Ha 3€MJII0, YTO MPUBOJIUT K cpabaThIBAaHUIO
BBIKJTIOUaTessi B/ B Havase TMHUM. 3a BpeMs 0€CTOKOBOH Tay3bl IUKJIa aBTOMAaTUYECKOT'O TIOBTOPHOTO
BkimtoueHus: (AIIB) pasmbikaercs otaenurens (), OTKIIOYAs TMOBPEXKICHHBIM TpaHchopmarop.
Beikirouarens B/ aBTOMaTHYECKM BHOBb BKJIFOUAETCS, BOCCTAHABIMBAas NMUTAHUE HA OCTAJIBHBIX
TpaHchopMaTopax.

Takum oOpa3om, B ITOM CXeMe yAaeTcs HE CTaBUTh BBIKJIIOYAaTeNdn Ha crtopone 220 kB
tparcopmatopoB 7. OmHako ANsi HAACKHON pabOTHl HE0OXOoIWMa YeTKas MOCIeAOBAaTEeIHHOCTh B
paboTe KOpPOTKO3aMbIKaTeNIel, BBIKIIIOUaTeIe M oTaenuTeneid. MlHaue BO3MOXKHBI Takue TSKENbIe
aBapHiiHbIE Cllyyau, Kak OTKI0YeHHe Toka K3 oTnenurensmu u ap.

O PexTUBHOCTh TaKOW CXEMbI TEM BBIIIE, YeM OOJibllle HOMUHAJIbHOE HANpPSKEHUE CETH.
VYkazanuelii 3¢(ekT JocTHraeTcs 3a C4eT OTCYTCTBHUS BbIKIIOuaTeneil Ha cropone 35—220 kB, a
TaKKe aKKyMYJSITOPHBIX OaTapeli W KOMIIPECCOPHBIX YCTAHOBOK. YMEHbINAETCs IUIOLa/b
noacraniu. Co3aercs BO3MOXKHOCTh NMpUOMMKeHus: Hanpspkenus 35—220 kB HenocpencTBeHHO K
norpedurensiM. CoKpalaroTcsi CPOKU CTPOUTENHCTBA.

[Io nmaHHBIM, TPUMEHEHUE OTIEIUTENIEH M KOPOTKO3aMBIKATEIEH IO3BOJISET YIACUIEBUTH
CTOMMOCTb nojicTaHIMK Ha 40—50% 1 IpakTUYECKU COXPAHUTh TY K€ HAJICKHOCTD.
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Puc. 91. Cxema nuTaHus OT OAHOM JTMHUHU JABYX TPaHC(HOPMATOPHBIX TPYIIL: d - CXeMa KOMMYTAIUH C
BBIKJIIOUATEIISIMU; 6 — CXeMa 3aMELIeHUs BBIKJIIOUaTeNs OTAEIUTENIEM U KOPOTKO3aMbIKaTEIeM

22.2 KoHCTpyKIMSA KOPOTKO3aMbIKaTeJIel M oTaeJInTe el
ITo KOHCTPYKIIMU OTACIIUTCIN u KOPOTKO3aMbIKAaTCJIN CYTb Pa3bCAUHUTECIIN C

OBICTPOACHCTBYIONMMH MPUBOJAMHU, YIIPABISEMBIMUA OT CUCTEMBI 3alUThI. [IpuMepsl UX ycTpoiicTBa
MOKa3aHbl HUXKE.

K npuBody .
Puc. 92. O0Oumii Bux (cxema) KOpOTKO3aMbIKATENSA

Kopotkozampikatens (puc.92) coCcTOMT U3 OCHOBaHHMS J3, Ha KOTOPOM YCTaHOBJICH
COOTBETCTBYIOIMN HANPSDKEHUIO M30JATOP 2 € BEPXHUM HENOJBHMKHBIM KOHTAaKTOM [ (3aKpBIT
KOKYXOM), CHaOXE€HHBIM BBIBOJIOM JIs MPHUCOECAUHEHUS K JUHHUM 3JekTporepenadn. OcHoBaHue 3
3a3€MJICHO W TIpU TIOMOINM THUOKON CBSI3U 6 COEAMHEHO C TOIBMKHBIM KOHTAKTOM (HOXOM) &.
ITonBHKHBIM KOHTAKT BpallaeTCs HA OCHM 7 W CBSI3aH C IMPHUBOJIOM W 3aMBIKAIOIIEH TPYKUHOU 4.
[IpuBox pa3mblkaeT KOHTAKThl (OTBOAMT HOX) M CTaBUT HOXK IOJ 3allENIKy, B3BOAS IPU 3TOM
npyxuny. [lo curaamy oT 3aiiuThl 3amiesika 0CBOO0XK1aeT HOXK, U MO/ IeHCTBUEM MPY>KUHBI KOHTAKThI
3aMBIKAIOTCSI, TAKAM 00pa3oM JocTuraercsi GukcupoBaHHoe ObicTpoaericTBue. bydep [l ciayxur mis
aMOPTHU3aLlMU yJapa B KOHTAKTaxX MPU BKIIOYEHHUH.

[TpyHIMNHaIbHAs cXeMa KOPOTKO3aMbIKATelsl ¢ OTJAEIUTEIEM NIPUBEEHA Ha puc.93.
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Puc. 93. [IpuHuunuanbHas cxema KOPOTKO3aMbIKATENs C OTACIIUTENEM:

1 — KOpOTKO3aMbIKaTelNb; 2 — TpaHchopmaTop Toka; 3 — pele, OioKkupyroliee (He pa3pelaromiee)
OTKJTFOUEHHUE OTACTUTENS 10 MOMEHTA MPEKPAIICHUS TOKa KOPOTKOTO 3aMBbIKAHUS; 4 - JIEKTPOMarHuT
JJIsL OHGpaTI/IBHOFO OTKJIFOUCHUA OTACINTCIIA, 5 — 3alciika, y,[[ep)KI/IBaIOH_IaSI OTACIIUTCIIb BO
BKJIIOUEHHOM TOJIOKEHHUH; 6 — OTACIUTENb; 7/ — OTKIIOYAIoasi IpyXHUHA OTAeauTeNns; § U 9 —
AJIEKTPOMArHUTHI YIIPABIICHHUS 3aIIEJIKOM KOPOTKO3aMbIKaTels; /() — 3alenka, yJep >KuBaroias
KOPOTKO3aMbIKaTeJb B OTKIIOUEHHOM TOJIOKEHUH ; [ [ — BKITFOYAIONIAs MPY>KHUHA
KOPOTKO3aMbIKaTeIs

B ocnoBy konctpykiuu otaenurens OJ[-110Y na 110 kB (puc.93) nonoxxeH AByXKOJIOHKOBBII
pa3beAMHUTENb C BpAIICHUEM HOXKEH [/ B TOPU3OHTAIBHON IUIOCKOCTH. [IpuBeneHue B JBHXKEHUE
KOJIOHOK 2 OCYIIECTBIJISIETCS MPYXKUHHBIM MPUBOJAOM 3 C AJIEKTPOMATHUTHBIM YyIipaBiieHueM. Bo
BKJIIFOYEHHOM IIOJIOKEHWU TPYKUHBI NpUBOJAA 3aBeleHbl. [lpm mnomade KomaHABI MpPYXKUHA
0CBOOOKIaeTCs U KOHTAKTHI pacxoasrtes 3a Bpems 0,4—0,5 c.

OnucaHHble BBIIIE KOHCTPYKIIMU KOPOTKO3aMBIKaTeNeH 1 OTAETUTENeH UMEIOT O0JbIIIoe BpeMs
cpabareiBanusa (0,5—1 ¢), 4yTO yIOBIIETBOPSET COBpPEMEHHBIE TPeOOBaHUS K dHEprocucreMam. B
MEePCIEKTUBE ATO BpeMs JODKHO ObITh yMeHbiieHo 10 0,08—0,12 ¢ npu HanpspkeHusx g0 220 kB.
PaccMoTpenHbIe anmapathl He 00€CIIeYMBAIOT TAKXKE JOCTATOUHYIO HAJICKHOCTHh PaOOTHI TIPH TOJIOJIEC
U CWIbHBIX MOpO3ax. /[ yMEHbBIIEHHs BPEMEHM BKJIIOYEHHUS 3aMBIKATENsl U BPEMEHU OTKIKOYEHUS
OTIEeNHUTENs] HEOOXOIUMO COKpamarh MEXKIYKOHTAKTHOE H3OJSIMOHHOE PACCTOSHHE MYTEM
NMIPUMEHEHHU 3JIEra30BOM WJIM BaKyyMHOW cpezbl. bonee mepcrneKkTUBHBIM SIBIISIETCS UCIOJIb30BaHUE
9IJIETa30BBIX alapaToB, TaK KaK YAAeTCs MONTYYHTh HEOOXOIMMYIO MPOYHOCTHh NPU OJHOM pa3phIBE.
Jl71s BaKyyMHBIX anmapaToB HEOOXOAUMO BKIIOYEHHE HECKOJIBKUX Pa3pbhIBOB MOCIEA0BATEIBHO.

Ha puc.95 mnpexacraBineH »ierasoBblii KOpPOTKO3aMbIKaTenb Ha HampspbkeHue 110 xB. B
dbapdopoBoM 1uHHAPE / yCTaHOBJICHBI KOHTAKTHI 2 1 3. [aBrmeHue 3merasa B IMUIUHAPE COCTABISIET
0,3 MIlla. IlpuBojx NOABMXXKHOTO KOHTakTa 3 ocymiecTtBisercss Tiaroi 5. CrambHOH cuibhoH 4
obecreunBaeT repMETU3AIMI0 TOJOCTH mMmHapa /. Paccrosaue mexnay koHTaktamu 85—110 mwm.
Bpewmst cpabGaTbiBanus B 4—5 pa3 MEHbIIIE, YeM y CYHIECTBYIOIIUX KOPOTKO3aMbIKaTEIEeH OTKPBITOTO
tuna. KopoTko3amMbIKaTeNlb 3alUIIEH OT KIMMATHYECKUX BO3ICUCTBUM OKPYKAIOIIEH CPEIbI.
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Ha puc.95 npexncraBneH »ierasoBblii KOpPOTKO3aMbIKaTenb Ha HampspbkeHue 110 xB. B
dbapdopoBoM 1muHAPE / yCTaHOBJICHBI KOHTAKTHI 2 1 3. /aBmeHue 3merasa B IMUIUHAPE COCTABISIET
0,3 MIlla. IlpuBojx NOABMXKHOTO KOHTakTa 3 ocymiecTBisercss Tiaroi 5. CrambHOH cuibhoH 4
obecrieunBaeT repMETU3AIMIO TOJOCTH MmHapa /. PaccrosHue mexay KoHTakTamu 85—110 mwm.
Bpewmst cpabGaTbiBanus B 4—5 pa3 MEHbIIE, YeM y CYHIECTBYIOIIUX KOPOTKO3aMbIKaTeIEeH OTKPBITOTO
tuna. KopoTko3aMbIKaTeNlb 3alUIIEH OT KIMMATUYECKUX BO3ICUCTBUM OKPYKAIOIIEH CPEIbI.

22.3 OcHOBHBIE TApaMeTPbI

[TapameTpsl OT€YECTBEHHBIX U 3apYOEKHBIX KOPOTKO3aMbIKaTeNIel U OTJEIUTENeH MPUBEICHbI
B CIIPAaBOYHUKAX.

22.4 Bp10op KOpOTKO3aMbIKaTeJ/Ieil U OTAeJuTe el

1. HoMuHanpHOE HanpsKeHHe KOPOTKO3aMbIKATeNs JO0JKHO COOTBETCTBOBATh HOMHUHAIBHOMY
3HAUEHUIO HAIIPSDKEHUS CETH.

2. JIluHamMHuuecKkass U TepMHUYECKasi CTOMKOCTH KOPOTKO3aMbIKaTeNsl TOJDKHBI COOTBETCTBOBATH
ToKy K3 B MecTe ero ycTaHOBKH.

3. Bpems BK/IIOUEHMsSI KOPOTKO3aMBIKATENs JIOJDKHO COOTBETCTBOBATH TPEOOBAHUSAM CXEMBI
aBTOMAaTHKH.

4. HomuHasbHbIE JaHHBIE IO TOKY U HAIPSHKEHUIO OTAEIUTENS BEIOUPAIOTCS TaK K€, Kak U JUIsl
paszbenunuTens. Kpome TOro, BpeMs OTKIIOYEHHUS JIOJHKHO COOTBETCTBOBATH TPEOOBAHUSM CXEMBI
aBTOMATHKH.

Puc.95. Dnerasossiii kopoTkozambikaTesb Upom = 110 kB



23 TOKOOT'PAHUYHNBAIOIIUE PEAKTOPDBI

23.1 Ha3nauenmue, 00,1aCTh NPUMEHEHHUS U PUHIUI padoThI peakTopa, PU3nYecKue
SIBJICHUSI B 3JICKTPUYECKOM anmnapare

Peaktop-3T0 DA B BHAE KaTyLIIKH C IOCTOSSHHBIM HMHJIYKTHUBHBIM COINPOTUBIEHUEM X=@ L,
npelHa3HauYeHHbIA JUIsl OrpaHWYeHHs ynapHoro Toka K3 B MOIIHBIX CeTAX W MOAJEp:KaHUs
HaNpPsDKEHUS Ha IIMHAX [IPU aBapUHHOM pEXHUME.

PeakTopbl ycranaBnmmBaroTcs Ha oTxomsmmx duaepax (1 m 2) puc. 96 u MeXIy CEKIUIMU
COOPHBIX IIUH 3.

) , o o);

Puc. 96. Cxembl BKIIFOUEHHS TOKOOTPAHUYMBAIOIINX PEAKTOPOB:
1 - unepHsIii; 2- huAEpHBII rPYNIIOBON; 3 — MEKCEKIIMOHHBIN; 4 - CABOSHHBIH.

Pacnpenenenue HanpsKeHUM B MU ¢ PEAKTOPOM MTOKa3aHo Ha puc. 97.

Crnenyer OTMETHTb, YTO NP HOMUHAJIBHOM PEKMME MOTEPH HampspkeHust Ha peakrope AU
HE paBHBl YHCJIEHHO MaJieHHuto HanpsbkeHuss Up Ha HeM (puc. 97, a U 6) U CyIIECTBEHHO 3aBUCAT OT
BenmuunHbl Cos ¢ (AU, —0 npu Cose =1; AU, = Up npu Cos¢ =0; AU, ~5Up npu Cos ¢ =0,8).
Takum oOpa3oMm, HpH HOPMAJIbHOM pexuMme oOecreunBaercsi nomyctuMoe (3-4%) OTKIIOHEHHE
HanpspkeHus: y norpedutenet. [Ipu K3 Cosgp —0 u Oosblnas 4acTh HaNpsHKEHUS TNPUXOIUTCS Ha

peaktop (puc. 97,0), BcheacTBHE 4ero Ha COOPHBIX IIMHAX IMOJIEPKUBAETCS BBICOKOE OCTATOYHOE
HANpSDKCHUS, 3HAYCHWE KOTOPOTO 3aBHCHT OT COOTHOIIEHHS CONPOTHBIICHUS CETH JIO PEaKkTopa U
CaMoro peaxkTopa.
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Puc. 97. Pacnpenenenune Halps>KeHUH B LIEMH C PEAKTOPOM:
a) MpU HOMUHAIBHOM TOKe, 0) mpu K3

23.2 OcHOBHBIE MapaMeTPbI peaKkTopa

OCHOBHBIMU IIapaMETPAMH PEAKTOPA SIBIISIOTCS:

1) Unowm;

2) Inowm;

3) peakTuBHOE (MHAYKTUBHOE) CONPOTHBIIEHUE XP, PABHOE OTHOLICHUIO MAJCHUs HAINPSKEHUS
Ha peakTope Up nmpu npoTeKaHUu Mo HeMmy /HOM K (azHOMY HarpspkeHuto Ud.

Liow®@L _ U, _ UP\E-IOO.
Up Us Uy

Xp=

WuaykTuBHOE COMpOTUBIEHUE (UIEPHBIX pEaKTOpoB BbIOUpaercs oObMHO 6-8%, a
CEKIIMOHHBIX 8-12 %.

4) Tok TepMUYECKON CTOMKOCTH IT JIJIs1 BpEMEHU f;

5) Tok TuHAMUYECKOW CTOUKOCTH 1y

iyn=1,8 J2 Ix3.p,
rae /k3.p - HauOOJIBIINIA TOK, TTPOXOJISIIHIA Yepe3 PEaKTop.
Ix3.p = Inom.p 100/ Xp%.
23.3 beToHHbBIE peaKTOPbI

Ha U no 35 kB u i BHYTpeHHEW YCTAaHOBKHM PacCIpOCTPAHCHHE IOTYYHUIN OETOHHBIE
peakTopbl. BeTOHHBIN peakTop BHINOIHSAETCS B BUJE KOHIICHTPUYECKH PACIIONIOKEHHBIX BUTKOB 1 U3
CIICHUAJIBHOT'O KPYIJIOro H30JIMPOBAHHOI'O MHOTOXWJIIBHOTO IIPOBOJA4, 3aJIUTHIX B paardaJIbHO
pacnojoXKeHHble OeTOHHbIE KOJOHKH 2. UYHCIO KOJOHOK ONpenensercs IuaMeTpoM HaMOTKH.
OxaxkJIeHue peakTopoB, Kak MpaBWIIO, ecTecTBeHHOe. Kaxkaas KOJIOHKA peakTopa YCTaHABIIUBAETCS
Ha OMOPHBIE U30JATOPHI 3.



Puc. 98. O6muit Buj a3l 6eTOHHOTO peakTopa (a) u Tpéxda3Hblii KOMIUIEKT peakTopa (0):
1 — BUTKH, 2 — GETOHHBIE KOJIOHKH, 3 — OMOPHBIE H30JISTOPHI

23.4 MacJisiHble peaKkTopbl

Ha U>35 kB u nand HapyXHOTO MCIOJIB30BaHMS PACHpPOCTPAHEHUE IOIYYMIIM MacisHble
peaktopsl (puc.7.4.4) . OOMOTKM 3 W3 MEIHBIX IPOBOJIOB, M30JMPOBAHHBIX KaOeIbHOW Oymarou,
YKJIAJIBIBAIOTCS. HA M3OJSIIMOHHBIE IWIMHAPH 4 M pa3Meniaiorcs B Oake 2, 3a1MBa€MOM MaciioM,
KOHI[BI OOMOTKH Ka)kJ10¥ (pa3bl BBIBOIATCS Yepe3 MPOXOJHbIE M30JATOphl 1 Hapyxky. Macio ciyx ut
M30JIMPYIOIIECH M OXJIaXKIAIOIIEH KUIKOCTHIO.
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Puc. 11-5. O6muit BHA
¢$a3p MAcIIHOTO peax-
TOpa

Puc. 99. O6muit Buj a3l MaCISTHOTO PEAKTOpa:

1 — mpoxoaHbIe H30IATOPHI, 2 — 6aK, 3 — 00MOTKH, 4 — U3OJSAIMOHHBIC IWIHHIPHL, 5 —
3JICKTPOMArHUTHBIE YKPAHBI

23.5 CaBOeHHbBIE PeaKTOPbI

[Tonmyunnu pacnpocTpaHEeHUE CIIBOCHHBIE peakTopbl 4 (C Ielbl0 yMEHbIIEHHE TMOTePh
HalpsoKEHUsT Ha  paguaTope B HOMUHAIBHOM — PEXKHUME, YIOPOLIEHUS U YACIIEBICHHUS
pacnpenyctpoicTB). CoBMelIeHHE B OJHOM paJaudaTope JABYX YMEHbIIaeT radapuThl ammapaTta,
yICUIEBISIET U YIPOIIAeT pacnpeaycTpoiictBo. Takoii peakTop uMeer nBa ¢puaepa. Karymku kaxmoit
¢da3pl BKIIOYEHBI TaK, YTO CO3/JaBaeMbleé MMM TIOTOKM HAaNpaBieHbl BCTPEYHO U OKa3bIBAIOT
pa3sMarHu4YMBarollee BO3JCUCTBUE APYT Ha Jpyra. B pe3ynbraTre MHIYKTHBHOE COIPOTUBIICHUE BETBU
nagaeT. COOTBETCTBEHHO YMEHBIIAETCS MaIeHUE HANPSIKEHUS HA pEaKTOPeE.



OcCHOBHBIE TapaMETPhI CABOCHHOTO peaKkTopa:

1) HomuHanbHBIN JJIUTEILHBIA TOK KAXKIOM BETBH;
2) WHaykTUBHOE COMPOTUBIIEHUE OJTHOM BETBU

3)

IHOM.P)(PAB \/g . 10

HOM

Xp% = 0.

3) Koaddumumenr cBszu k = o M/Xp.B.=M/Lp.B;

rae M — macca peakTopa;
4) DJeKTpoAuHAMUYECKasi CTOMKOCTh KaK/I0M BETBU;
5) Tepmuueckass CTOMKOCTb KaKJ10M BETBU.

23.6 Bp10op, npuMeHeHNe B IKCILIYaTallusl PeaKTOPOB

I'eneparop G murtaeT cOOpHBIE MUHBI /, OT KOTOPHIX OTXOAAT JUHHMM 2 K moTpedutento. 3a
BbIKJIIOUaTesieM (JF2 ycTaHOBJIEH peakTop L.

Puc. 100. Cxema K pécqéTy peakTopa:
11 — cOopHbIE MHHBI, 2 — TUHUHU K TTOTPEOUTEIIM

1. Heo6x0auMo oTMETHTB, U4TO BRIKTIOUYaTENb OF 1 nomxeH ObITh BEIOpaH 1mo Toky K3 /k1

Il = Yuiom

V3 X,

Toxk K3 B nuHUM ¢ peakTopoM ONpENENAeTCs CyMMapHbIM CONPOTHBIEHHEM IE€HEpATOpa U
peakTopa

K2 = Usiow )
V3 (X, +X,)

2. JInuTenbHBIN TOK peakTopa BEIOUPAETCsl paBHBIM TOKY JIMHUH
IHOM.p < [HOM.T
3. Ilpu pacuere TEPMHMUECKOW U DIEKTPUUYECKOH CTOMKOCTH peakTopa 3a OCHOBY Oepercs
HanOOJIBIINN TOK, TPOXOASIINMA yepe3 peakTop (Tok K3).

Ecmu Xp% > 3%, T0

I x3.p = [HOM.p KT 100 ,

X, %

rae Xp% - OTHOCUTENIbHOE HHIYKTUBHOE CONPOTHUBIIEHUE PEAKTOPA;



Ecmn Xp% < 3%, Tto mpu pacuere Toka K3 ’kenmaTenbHO YYMTBHIBATH  CONPOTHBICHUE
VMCTOYHUKA NUTAHUSA XT.

4.  MexaHnueckass ~ OPOYHOCTb  PEAKTOPAa  XapaKTEPU3YeTCs  yAAPHBIM  TOKOM
NEKTPOJAUHAMHUUYECKOU cTOMKOCTU. IIpum pacuere 3IEKTPOJAMHAMMYECKOM CTOMKOCTH 3a OCHOBY
OepeTcst yaapHbId TOK

iyn= 1,8\/5 Ix3.p .
5. OgHUM K3 OCHOBHBIX TapaMETPOB PEAKTOPA SIBISETCS €ro MHAYKTUBHOCTH Lp.

10 UHOMXP

Lp.== .
IHOM.P 27Zf\/§

T.o, mpu paboTe peakTopa HEOOXOAWMO ONPEAETUTHh €ro OCHOBHBIE MapaMeTpbl: UHOM.p,
Taom.p, Xp%, iyn 1, Tok TepMUYECKOM cTOMKOCTH [K3.P.



24 PASPSITHUKH U OTPAHUYNUTEJIA IEPEHATIPSI)KEHUAM

24.1 Ha3nauenmue, 00,1aCTh NPUMEHEHHS PA3PSIAHUKOB

Paspaonux — 310 DA, UCKpOBOH NMPOMEXKYTOK KOTOPOTO NMPOOHBAETCS IMPH OINperelEHHOM
3HAYEHHUH MPHIIOKEHHOTO HANIPSHKEHUS, OTPaHINYMBAsI TEM CAMBIM IIEPEHANPSKEHUS B yCTAHOBKE.

Paspsaguukn npenHasHa4yeHbl IS 3AlIUTHI  AJIEKTPOYCTAaHOBOK OT KOMMYTAI[HOHHBIX H
aTMOC(bepHBIX HUMITYJIbCOB HepeHaHpﬂ)KeHHﬁ, CYIICCTBCHHO MPCBBIMIAIOINX HOMHWHAJILHBIC.

24.2 TpeOoBaHusi, NpeabsiBJIsieMble K Pa3psAHUKAM

K pazpsanukam npeabsBisioTCs cleayronie TpedoBaHusl.

1. BonbT-ceKkyHIHas XapaKTEpPHCTUKA PA3PSIIHUK JODKHA HITH HUXKE XapaKTePUCTHKHU
3aIMIIAEMOro 00BEKTA U IOJHKHA OBITH OOJIEE ITOJIOTOH.

2. HckpoBoli TPOMEXKYTOK pa3psiIHUKA JODKEH HMETh OIMPECIICHHYI0 TapaHTUPOBAHHO
AJIEKTPUYECKYIO TPOYHOCTH TIPH MPOMBIIeHHON yacToTe(50 ') u mpu ummynbcax.

3. Ocraromeecsi HaNpsHKEHUE HA pa3psiIHUKE, XapaKTepU3yIolllee ero TOKOOTPaHUYUBAIOIIYIO
CIIOCOOHOCTH, HE TOJIKHO JOCTUTaTh OMACHBIX JUISI U30JSIUN 000pYI0BaHHS 3HAUCHUH.

4. Conpooxaaromuil Tok yactotor 50 I'y 1oKeH OTKII09aThCs 3a MUHUMAJIbHOE BPEMSL.

5. Pa3psaHuK q0IKEH AOMYyCKaTh OOMBIIOE YUCIIO cpabaThiBaHUi 0€3 OCMOTpa U PEMOHTA.

24.3 OcHOBHBIE MapaMeTPbI Pa3psiAHNKOB

OCHOBHBIMU TTapaMETPAMH Pa3PSIIHUKA SBIISIOTCS:

1) BONBT-CEeKyHIHAsl XapaKTEPHUCTHKA,

2) ocTarolieecs: HalpsKEHUe;

3) COmpOBOXKTAIOIINI TOK.

Bonvm-cexynonas xapaxmepucmuxa — 3TO 3aBUCHUMOCTb MAaKCHMaJbHOTO HAaIpPSKEHUS
UMITyJIbCa OT BPEMEHH pa3psija.

OCHOBHBIM 3JIEMEHTOM pa3psiIHUKA SIBISCTCA UCKPOBOU Npomedcymok. BonbT-ceKyHIHast
XapaKTepUCTHKA O3TOr0 MpOMexyTka (kpuBas 1) JODKHA JiekaTh HUXKE BOJBT- CEKYHIHOM
XapaKTePUCTHUKH 3alIUIIAeMOro 000pyaoBanus (KpuBas 2).

U

t
Puc. 101. CornacoBanue XapaKTepUCTHK Pa3psIHUKA U 3aMIUIIAEMOT0 000PYIOBAHHUS:
1 — xapakTepHucTHKa HCKPOBOTO MPOMEKYTKA, 2 — BOJIbT-CEKYH/IHAs XapaKTePUCTHKA U30JIALIUN
o0opyoBaHus, 3 — OrPaHUYCHHOE PA3PSTHUKOM IMepEHATPSHKEHUE

[Ipy BO3HMKHOBEHMM TEpPEHANpPSDKEHUS (KpUBasi 5) HUCKPOBOM MPOMEXKYTOK pa3psiIHUKA
npoOuBaeTcst panbiie (Touka O), dem wuzomsanus oOopynoaHus. [locme mpobGos nwHHS (CeTh)
3a3eMJIsIeTCS 4epe3 COMPOTUBIICHHE pa3psaHuKa. [Ipu 3TOM HampspkeHHe Ha JIMHUM ONpeleNsieTcs
3HAYEHUEM TOKa [ uepe3 pa3psaIHUK, COMPOTUBICHUEM pa3psAIHUKA U 3a3eMileHus R3.

[Tanenne HampspKEHHS HA pa3psIHUKE TPU MPOTEKAHWHM TOKA JTAHHOTO 3HA4YCHHS] M (OPMBI



Ha3bIBACTCS OCMArOWUMcs HanpsxceHuem. UeM MeEHbIIE 3TO HaNpsDKeHHE, TEeM JIydille KadecTBO
paspsaHUKA .

[Tocme mpoGosi paspsgHUKa OT WMITYyJIbCca HANPSDKEHWS €ro HCKPOBOM INPOMEKYTOK
MOHU3MPOBAaH M JIerko mpoOuBaercs (a3HpIM HampspkeHHeM. Bosnukaer K3 na 3emutto, u uepes
Pa3pSAIHUK TPOTEKAeT TOK MPOMBIIUICHHOW YacTOTHI, KOTOPBIH HAa3BIBACTCS COMPOBONHCOAIOUUM.
UroObl u30exaTh CpadaThIBaHUS 3allUTHl W OTKIIOUEHHsS OOOPYAOBaHUS, pa3pSAHUK JOJDKEH
OTKJIIOYaTh CONPOBOXKAAIOMIMH TOK B BO3MOXHO Majibleé CpPOKH (IPUMEPHO MOIYNEPHO.
IPOMBIIIJICHHOM YacTOTBHI).

24.4 KoHCTPYKIIUM Pa3PSAIHUKOB, (pu3MUecKue sIBJEHHUS B JJIeKTPHYECKUX annaparax
KoHCcTpykimn W mapaMeTpbl OTEUECTBEHHBIX M 3apyOekKHBIX pPa3psIHHKOB IPHUBEICHBI B
CIPaBOYHHKAX I10 SJIEKTPHUUECKUM CETSAM U 3JIEKTPO00OOPYI0BAHUIO.

24.5 TpyOuaTslie paspsiAHUKH, (pU3HYecKHe sIBJICHUS B JJIeKTPHYECKOM anmnapare

[Ipu HOpManbHOI paboTe YCTAaHOBKM pa3psAJHUK 3a3eMJICH OT JIMHUM BO3IYLIHBIM
MIPOMEKYTKOM S2.

I ,
Puc. 102. TpyOuatsrit pa3psaHuK:
1 - TpyOKa; 2- 3MeKTpObl; 3 - KOJBIEBOM 3JEKTPOT; 4 - 3a3eMIICHHBIH 3J1eKTpo/; 5 - OydepHblil 00beM

[Ipy BO3HMKHOBEHHMM TI€pEHAINpPsDKEHUS mpoOuBatoTcss o06a mpomexytka S1 um S2 wm
UMIYJIbCHBIA TOK OTBOJAUTCS B 3eMii0. BosHukawoomas B TpyOe Jyra BbBI3BIBAET CHIIbHYIO
ra3oreHepanmo U3 CTeHOK TPYOKH. ['a3bl ycTpeMIISIOTCS uepe3 BBIXJIOMHBIE OTBEPCTHSI B KOJIBLIEBOM
anexTposae 3, 00pazys HHTEHCUBHOE MPOA0JIbHOE AYThE, KOTOPOE TacUT YTy MPHU MPOXOKACHUU TOK
yepe3 HyJb, OJIHOBPEMEHHO TacHET Jyra M Ha npomexyrke S2. OTKIIOYEeHHE COMPOBOXKIACTCS
00JIBIIUM BBHIOPOCOM IUTAMEHHU U Ta30B. [IpenenbHbli OTKIIOYaEMBbIil TOK OMpEeNseTcss IPOYHOCTHIO
TpyOKH U, HarpuMep A paspagHukoB cepur PTB Ha 6-10 kB cocraBnser 12 xA. IlpeaenbHble TOKH
OTKJIIOUEHHUS Pa3psAIHUKOB C (UOpOOAKETOBHIMU TpPyOKaMHW MEHBINE, YeM Yy pa3psIHUKOB C
BUHUILUIACTOBBIMU TPYOKaMHU.

24.6 BeHTH/IbHBIC pa3pSIAHUKH, pU3HUYecKHe IBJICHHUS B JJIEKTPHYECKOM annapare

BenTunbHble paspsaHUKH. BeHTunbHble paspsiiHukH BbinosHAOTCA Ha U no 220 xB u
NpeHa3HAYeHbl Ul 3aIlUThl U30JSILMHUN 3JEKTPOOOOpYIOBaHUS OT aTMOC(HEPHBIX MepEeHaNPSKEHHUH.
OHu NpUMEHSAIOTCA B OTKPBITBIX M 3aKPBITHIX IEKTpoycTaHOBKax yactoroil 50 I'n. Paspsnnuk (puc.
103) cocTouT M3 ABYX OCHOBHBIX YacTe : OJIOKA MCKPOBBIX MPOMEKYTKOB, B KOTOPBIA BXOIUT
HECKOJIBKO TIOCJIEI0BATENBHO COEAMHEHHBIX €IMHUYHBIX MCKPOBBIX IPOMEXKYTKOB, UIYHTUPOBAHHBIX
IOJKOBOOOpa3HbIMU  HEIMHEHHBIMH  PE3UCTOPAMHM, IPEAHA3HAYEHHBIMU JJIs  BBIPABHHUBAHUSA
pacrpesienieHusl HamnpspKeHUs, 1 pabodero pe3ncropa, COCTaBICHHOTO M3 Habopa MOCIe0BATEIbHO
BKJIIOYEHHBIX BUHUJIOBBIX IUCKOB. MICKpOBBIE TPOMEXKYTKH 3aKII0OUEHBI B (papopoBbIe HIUITHHIPHI.

B0k MCKPOBBIX MPOMEKYTKOB COEIMHEH IMOCIIE0BATEIBHO C pabouuM Pe3UCTOPOM, 3aKPHIT
bapdhopoBBHIM KOKYXOM U T€PMETU3UPOBAH PE3UHOM.

Pazpsnnuk  pabotaer crnenyroumM  oOpazom. IIpy  BO3HMKHOBEHUHM TMEpEHANPSHKEHUS



pOOMBAIOTCS] UCKPOBBIE MMPOMEXKYTKH M MMITYJIbCHBIN TOK Yepe3 pabounii pe3ucTop yXOAHUT B 3€MITIO.
ConpoBOXKIAIONIMNA TOK OTPaHUYMBAETCS PabOYMM PE3HCTOPOM 0 3HAYEHUS, NMPH KOTOPOM Jyra
MOET OBITh MOTAIIeHA HCKPOBBIMH IMPOMEXKYTKaMH. €IMHUYHBIA POMEXYTOK CIOCOOEH OTKIIIOYUTH
Tok 80-100 A mpu aelcTBYIOIIEM BOCCTaHaBiIuBaroueMcsi HanpspbkeHuu 1-1,5 kB. Uucno uckpoBbix
IPOMEXYTKOB M YHCIIO JHCKOB PE3UCTOpa BHIOMpAETCs MCXOAS M3 YKa3aHHBIX ycioBuid. [lyra mpum
3TOM T'aCHET 3a OJIUH MOJIyIEPUOI.
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Puc. 103. BenTuiibHbIN pa3psaHUK (@) U €ro Puc. 104. BonbT-amnepHasi XxapakTepuCTHUKa
HCKPOBBIE IPOMEKYTKH (0): BHJIUTOT'O PE3UCTOPA:
| — BWUINTOBBIE KOJIbIIA, 2 — HICKPOBHIE 1 — Hanpsxenue ucrounuka 50 I'n, 2 - kpuBas
MPOMEXKYTKH, 3 — pabouue pe3ucTopsl, 4 — TOKa IEMH, OIPEIENIIEMOr0 HHAYKTUBHBIM
bapdopoBblit KOXKYX, 5 — IIaHIIbI CONPOTHUBIIEHHUEM, 3 — KpUBas TOKa,

OTIpeNIeNIIEMOT0 PabOYUM PE3UCTOPOM

BentwipHble paspsanHuku  paboTaroT OecniymMHO W 0€3 KaKuX-TMOO BBIOPOCOB Ta30B M
MJIaMEHHU.

Pazpsanuuku Ha 3,6 m 10 kB oTiamyarorcss Apyr OT JApyra TOJIBKO YHCJIOM HMCKPOBBIX
MPOMEKYTKOB U KOJIMYECTBOM BUIIUTOBBIX PE3UCTOPOB, & TAKXKE rabapuTamu.

Paspsiannku mHoroBeHTHibHbIe (PMBI'). OTH paspsgHUKM BBINOTHAIOTCS HA HOMUHAJIbHBIE
HanpsokeHus 150-500 kB. Onu xoMIuieKTyroTcst u3 ctaHaapTHBIX 010koB (Ha 30 kB) ¢ MarHUTHBIMU
HCKPOBBIMHU IIPOMEKYTKAMU U COOTBETCTBYIOIIETO YHCIIA IUCKOB BUIUTOBBIX PE3UCTOPOB.

[To cpaBHeHHIO ¢ OOBIYHBIMHU HCKPOBBIMH MPOMEXKYTKAMH MPOMYCKHAs W JTyroracUTENIbHAS
CIIOCOOHOCTh MAarHUTHOTO UCKPOBOTO MPOMEKYTKA MHOTO BBIIIIE.

24.7 Pa3psiAHMKH NIOCTOSIHHOTO TOKA, (PM3HYECKHEe SIBJCHHUS B JIEKTPHYECKOM afnmnapare

PazpsiaHUKY BBIOMHAIOTCS ¢ YCTPONCTBAMHU JJis TallleHus! Jyru. Tak, MarHUTHBIE pa3psIHUKU
MOCTOSIHHOTO TOKa cepuu PMBB cocToAT u3 MCKPOBBIX MPOMEKYTKOB C IyTOTaCHTEIBHON KaMepowu,
650Kka paboyero BUIMTOBOTO PE3UCTOPA U YTOTACUTEIBHOTO UCKPOBOTO MPOMEXKYTKA C MOCTOSTHHBIM
MarHuToM. KOHCTpYKTUBHO OHM BBITIOJHSIOTCS AHAJIOTMYHO BEHTUIIBHBIM pPa3psiIHUKAM.

MaruutHsle pa3paaHuky tuna PA21-2 - pa3psgHUK MHOTOKpPaTHOIO JIEHCTBUS € MOHM>KEHHBIM
JaBJICHUEM BHYTPH KOpITyca, MpeAHAa3HAUYEH IS 3alIUThl OT MepeHanpsKeHNs 0OMOTOK BO30YKICHHS
CHHXPOHHBIX MalIuH. Pa3psgHuK MMeeT AMana3oH pEryJIHpOBAaHUS YCTaBKH IO MTPOOWBHOMY
HanpstkeHuto 1200-3500 B (ammumutyHOE 3HAaY€HHME ) M TIO3BOJISIET MpomyckaTth TOK 0 SO000A mpu
cpeaHeM 3HaueHuU Toka B TeueHuu 1c g0 1000 B mocTostHHOTO TOKA.



24.8 OrpanuyuTe/IN NepeHanpsikeHus, GusnyecKkue siBJICHUS B JIEKTPHYECKUX
anmnaparax

OIIH BeImycKaroTCsl HA MUPOKYIO0 raMmy HanpsibkeHuit — ot 0,04 kB mo 500 kB.

Ha ocHoBe okcuaa LMHKA, UMEIOLIEr0 PE3KO BBIPAXKEHHYIO HEIMHEMHOCTH BOJIBT-aMIIEPHOU
XapaKTEePUCTUKH, pa3paboTaHa cepusi HEIMHEWHBIX orpaHuuuTenei mepeHanpspkenuin (OITH) Ha
HOMMHaNbHOE HamnpspkeHuel 10—500 kB.

OITH npenctaBisieT coO00i HETUHEHHBIN PE3UCTOP C BEICOKUM KO3(PHHUIIMEHTOM HETUHEHHOCTH
a=0,04 (mpotuB 0,1—0,2 mns Bunmra). OH BKIIOYAETCS NapajIeNIbHO 3aIIMIIAEMOMY OOBEKTY
(MeXIly MOTeHLHATbHBIM BBIBOJIOM M 3eMJieil) 0e3 pa3psaHbIX MPOMEXYTKOB. biaronmaps BBICOKOM
HEJTMHEHHOCTH MPHU HOMHUHAIBHOM (hazHoM HampspkeHun depe3 OITH mporekaer HUYTOXHBIA TOK 1
MA. Ilpu yBennuenun HanpspkeHus conportusieHne OIIH pesko ymeHslnaercs, TOK, IPOTEKAOMUN
yepe3 Hero, pacteT. [Ipu Hanpspkenun 2,2U¢ vepe3 OITH mportekaeT Tok 10* A. Tocie MPOXOKICHUS
UMITyJIbca HanpsbkeHus Tok B nenu OITH onpenensiercst ¢pa3zHbIM HANPSHKEHUEM CETH.
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Puc. 105. Bonbr-amnepHast xapakrepuctuka orpannuutens OITH-500

OITH orpaHu4MBalOT KOMMYTAIlMOHHBIE TIepeHaIpsuKeHus 10 ypoBHs 1,8 Ud u armochepHbie
nepeHanpsbkeHus 10 (2-2,4) Ud. U3 BompT-ammnepHoit xapakrepuctuku OITH-500 (puc. 105) BuaHO,
YTO TpU CHIDKEHUH nepeHanpsbkennid ¢ 2 Udp mo Ud Tok, mpoTeKarommii 4epe3 pe3rcCTOpHI,
YMEHbIIAETCAd B 10° pa3. ConpoBOXIAOIMMUA TOK, MPOTEKAIOIMIUN TOCIe cpabaThIBaHUS ammapara,
HEeBEeNUK (MWIUIMAMIIEPbI), TaK € KaK W HEBEJMKAa MOIIHOCTH, BBbIJIENsAE€Masi B PE3UCTOpax. ITO
MO3BOJIIET OTKA3aThCs OT MOCJIENIOBATEIbHOTO BKIIIOUEHUS HECKOJIBKUX HCKPOBBIX MPOMEXKYTKOB U
naeT BO3MOXKHOCTh mpucoequsaTs OITH HemocpencTBeHHO K 3aluiaeMoMy oOOpYIOBAaHHUIO, UTO
3HAYUTENIHHO MOBBIIIAET HA/IEKHOCTh PabOTHI.

Bricokas nenuueitHocTh pesuctopoB OITH (mns obmactu G6ompiux TokoB @ =0,04) mo3BossieT
3HAYUTEIBHO CHU3UTH IEpEHANpPsHKEHUS W YMEHBIIUTHh TadapuThl 000pyNOBaHMSA, OCOOCHHO NpHU
HanpspkeHun 750 u 1150 kB.

I'aGaputHbie pasmepsl U Macca OIIH HamMHOro MeHbIe, 4eM Y OOBIYHBIX BEHTHJIBHBIX
pa3psAHUKOB TOTO K€ KJlacca HaIpsKeHHUSI.

24.9 Bri0op pa3psiIHNKOB

Buibop paspsaonuxos u ocpanuuumeneti HanpaMiCeHus..

Tpyouamsie paspsaonuxu.

1.HomuHansHOE  HampsbkeHwe — paspsigHuka  UHOM.pa3p  JOKHO — COOTBETCTBOBATh
HOMUHAJIBLHOMY HAIPSKEHUIO ceTH UHOM.CETH.

2.Toku KOpPOTKOrO 3aMbIKaHMs, BO3HUKAIONIME IPH CpadaThIBAaHUU DPA3PAIHUKA, IJOJDKHBI
HaxXOJUTHCH B IMPEACTIAX TOKOB, OTKIIHOYACMBIX pa3pAAHUKOM.

3.WckpoBble MPOMEXYTKH S| US> OepyTCsi B COOTBETCTBHH C IAHHBIMHU Ta0JI. CITPAaBOYHHKA.

Benmunvuvie pa3paonuku u ocpanudumentt nepeHanpsHCeHus.

1. HomunansHoe HanpsbkeHue Upoys pa3psAaHUKa WIK OTPAaHUYUTENS IepEHANPSKEHUS T0KHO
OBITH paBHO HOMHUHAJILHOMY HANPsKEHUIO ceTH UHOM.CETH.

2. PaccTosiHue 10 3amMmaeMoro o0beKTa BBHIOMPAETCS B 3aBHCHUMOCTH OT HOMHHAIBHOTO
HaNPsDKEHUS CETH, CXEMBbl YCTAHOBKHU M THIIA pa3psiiHUKa B cCOOTBETCTBUH ¢ [TV D.



25 TIPEJOXPAHUTEJIA BBICOKOI'O HAITPSIKEHU A

25.1 Ha3naueHue npeaoXpaHuTesei

Ilpu Hampspkenun Bbiue 3 kB u wacrore 50 [’ npuMEHSIOT BBICOKOBOJIBTHBIE
npenoxpanurenu. IIpomecc HarpeBa IIaBKOM BCTaBKM B BBICOKOBOJBTHBIX IPEJOXPAHUTENSX
IIPOTEKAET TaK XKe, KaK U NIPEJOXPAHUTENSAX HU3KOIO HAIIPSKEHUS.

25.2 TpeOoBaHusi, npeabsiBJsieMble K npenoxpanureasm BH

1. B oTHOLIEHNHN BpEeMEHU IUIABIIEHUSI K BHICOKOBOJBTHBIM MPEIOXPAHUTENSAM MPEIbIBISIETCS
cienyroniee obuiee TpeboBaHMe: JUIUTEIBHOCTD TUIABJICHUS BCTABKH JIOJKHA OBITH MEHEe 24 MPH TOKE
neperpy3ku, paBHOM 2/HOM, 1 OoJiee 149 mpu ToKe meperpy3ku paBHoM 1,3 THOM.

2. BBICOKOBONIBTHBIE TIPEAOXPAHUTEIH YACTO PUMEHSIOTCS JUIS 3alIUTHl TPAaHC(POPMATOPOB OT
tokoB K3. Tok, Tekymuii depe3 MpeAoXpaHUTEIM B HOMUHAIBHOM PEXKHUME HE MPEBBIMIACT J0JIHU
amnepa. B Takux npegoxpaHuTensx Bpems IUIaBIeHUs BCTaBKU paBHO | MuH mipu Toke 1,25 - 2,5 A.

3. B cBsI3u C BBICOKMM 3HAUE€HHEM BOCCTAHABJIMBAIOUIETOCS HAMPSIKEHHUS MPOIECC TalleHUs
OYTH yCIOXHsSeTcs. B CBA3M C ITUM U3MEHSIOTCS Ta0apuTHBIE pa3sMepbl M KOHCTPYKIIHS
BBICOKOBOJIBTHBIX MPEIOXpaHUTENICH.

25.3 IlpyuHuMn aeiicTBusl, yCTPOIICTBO U OCHOBHbIE MapaMeTpbl npeaoxpanureseii BH,
(usnyeckue ABJIEHUS B JIEKTPUYECKHUX aANNAPATAX

Haznauenue u npuHImn padotel npenoxpanuteneii BH Takue ke, kak u mpemoxpaHurenen
HH. OcHoBHast TpyaHOCTh co3maHus mnpenoxpanuteneid BH - ramenwe ayru. B coBpemeHHBIX
KOHCTPYKLUSAX MPUMEHSETCS TJIaBHBIM 00pa30M rameHue B Y3KMX KaHalax IpU BBHICOKOM JIaBJICHUU
(MpeaoXpaHUTENU C MEITKO3EPHUCTHIM HAIMOJHUTEIEM) TalleHHe MpH IOMOIIM aBTOra3oBOro M
XKHUJIKOCTHOTO AyThs. Hanbonplee pacnpocTpaneHue MOy MPETOXPAHUTENN ¢ MEJIKO3EPHUCTHIM
HAITOJIHUTEJIEM U CTPEJISIFOIIETO TUIA.

25.4 llpenoxpaHuTe/u ¢ MeJIKO3epHUCTHIM HanoJiHUuTe eM cepuii IIK u IIKT

OnHu BeINONMHAIOTCS HA HamnpsikeHus 3; 6,3; 10 u 35 kB u nomunansabie Toku 400, 300, 200 u
40 A cootBercTBeHHO. HeOompmas paspeiBHass cnocoOHocTh 200 MB A it cHiioBBIX
npenoxpanuteneit u 1000 MB-A u Oonee (e orpanudeHo) y npemoxpanutenein (cepus [IKT) na
MaJsible TOKH JJIsi 3alUThl Lenedl M3MEpPUTENbHbIX TpaHCPOpPMATOPOB HampsikeHHs. Takas BbICOKas
OTKJIFOYAIOIIAsl CHOCOOHOCTh JIOCTHTaeTcsi TOKoorpaHwuuBawmuM dddekrom. [lomHoe Bpems
OTKJIFOYEHHUS CUJIOBBIMU MPEIOXPAHUTEIAMHU TOKAa KOPOTKOro 3aMmbikanus gocturaet 0,005 — 0,007 c.
IIpenoxpanureny npeHa3HA4YEHbI 1JI1 BHYTPEHHEH U HAPYKHOM YCTaHOBKHU.
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Puc.106. IIpenoxpanutenu cepuu [1K: @ — oOmmii Bua; 6 — MaTpoH ¢ MJIaBKOW BCTAaBKOW Ha
KEpaMHUUICCKOM CCPACUHHUKE; 6 — IATPOH CO CIIUPAJIbHBIMU IMJIABKUMHU BCTABKaMU

[Ipenoxpanutens (puc.106) coCTOMT U3 KOHTAKTHBIX CTOEK [, YKpPEIJIEHHBIX dYepe3
COOTBETCTBYIOIIME HM30JATOPHl 2 HA CTaJbHOM OCHOBaHWUM 3, W marpoHa 4. IlatpoH cocTouT u3
M30JSIIMOHHOTO KopItyca &, apMHUPOBAHHOIO IO KOHLIAM JIATYHHBIMHM KOJMakaMu /3 M 3aKpbITOrO
TEPMETHYHO ¢ 00EUX CTOPOH KphIIKamMu 5. BHyTpu marponHa pa3Memarorcs miaBkue BcTaBku 7. Bech
00BbEM 3ar0THEH KBaplEBbIM MeckoM 6. [leperopanue npenoxpaHuTelis CUTHATM3UPYETCs IKopeM /4,
KOTOPBI TIOCJI€ TEPEeropaHusi yIEpKUBAIOIIEH €ro CTajdbHOW YyKa3aTelbHOW BCTaBku [/
BBITAJIKUBAETCS NIPYKUHOU /2.

Ha manbie TOkM T1aBKasi BCTaBKa BBIMOJIHAETCS B BHJIE€ HAMOTKM M3 TOHKUX MPOBOJIOK 9 Ha
KepamuieckoM cepaednuke /(). Ha Gosblie TOKY IJIaBKHE BCTABKHU BBIMOTHIIOTCS B BUJIE OTCIIBHBIX
CIIUpPAJIbHO CBUTBHIX TPOBOJOK 9 (puc.106,0). IlpoBonmoku MemHbIe, TMoOcepeOpeHHble JMOO0
KOHCTaHTaHOBbIe. Takas ¢opma BCTaBOK OOYCJIOBJIEHAa CTPEMJICHHEM pa3MECTUTh JOCTATOYHO
JUIMHHYIO BCTaBKY, B MIATPOHE OTPAHUYEHHOW AJUHBL. J[M1HA T1aBKOM BCTaBKH (B MUJUIUMETpPax) JUIs
ATUX IPEIOXPAHUTENIEH COCTABIISIET

=160 +70U o,

rae Uyoy — HOMHHAJIBHOE HalpshKeHue, KB.

JInst CHWKEHUsI TeMIlepaTypbl TNPEAOXpPaHUTENs MPU HEOOJBIIMX TEperpy3kax Ha MecTa
CKPYTKHU IJIaBKMX BCTABOK HalasiHbl OJIOBSIHHBbIC mapuku. Ha Toku 7,5 A ¥ HUXe JUIsl OrpaHU4YCHHS
MepeHaNnpsHKEHU BCTaBKM MMEIOT TMEPEMEHHOE ceueHue. Pa3sHoe Bpems IeperopaHusi OTIEIbHBIX
Y4aCTKOB IIPUBOJUT K CHUKEHHUIO NIEPEHANPSHKEHUN MTPU OTKIIFOYEHUH.

25.5 llpenoxpanutenu cepuu IIKTH

IIpenoxpanutenu cepuu [IKHT na nHanpspkenune U no 35 kB uMmeror BHyTpH KepaMUYECKHM
KapKac ¢ TOHKOM IUIaBKOW BCTaBKOM. Tak Kak HOMHUHaJIbHBIM TOK BCTaBOK /HOM < 1A, TO cedyeHue
BCTaBKM MaJO U TOKOOTpaHMUMBaIOMMi 3 dekt ocobeHHo Benuk. [ImaBkas BcTaBKa BBIOJIHIECTCS U3
KOHCTaHTAaHOBOM TPOBOJIOKM € 4-X CTyNEHYaTbIM CEYEHHEM JUIsl OTPaHUYEHUS IEpEHaNpsIKEHUI.
[InaBneHure BCTaBKU MPOMCXOIUT IMOCIENOBATENIBHO MO CTymneHsAM. lIpenoxpanutens obecrnedynBaer
3anmry mMH BH oT moBpexnenus tTpanchopmaTopa HarpspKeHUs MpH JTF000M MOLITHOCTH UCTOYHUKA
MUTaHUS (TOK OTPAaHUYUBACTCS MTPEAOXPAHUTEIIEM ).

[Mpenoxpanutenu cepuit [IK u IIKHT paGorator OecmrymHo 6e€3 BbIOpoca IUIaMeHH U
pacKaJeHHBIX ra30B.

Jlnist HopMabHOM paboTHI MpeoXpaHuTeneid 0co00 BaXXHOE 3HaUCHHE uMeeT repmerusanus. [Ipu
IIPOHUKHOBEHUH BJIaTM B IIPEJAOXPAHUTEND OH TEPSET CBOMCTBO ayrorameHus. [loatoMy mecta naikn
U LEMEHTHPYIOIas 3ama3Ka, Kpersias KOJMAyKH, OKPAIlMBalOTCS CIELUAIbHON BIIAro3alluTHON



smansto. [Iepesapsaaka npegoxXpaHuTens B OKCILTyaTalluu He TOIYCKAETCA.

Kak mpaBuio, ycTaHOBKHM HampsbkeHueM 35 KB u Bble paboTaloT Ha OTKPHITOM BO3IyXE U
HIOJBEPKEHBI BO3JEHCTBHIO aTMoc(epsl. B 3THUX yCIOBHSIX TpyIHO 00€CHEUHTh HAJEXKHYIO padboTy
npenoxpanurens [IK  wu3-3a  yBnakHeHuss  HamoJHWUTENS.  XapaKTEPUCTHKU  KBapLEBBIX
npenoxpanuteneid BH npuBeneHsl B cipaBOYHUKAaX.

IlepciekTuBBl JajbHEWIIEro pa3BUTHUs Hpenoxpanurencit Ha U > 35 kB ocnoxHsAOTCA
TEXHOJIOTUYECKUMU TPYJHOCTSIMHU U3TOTOBIIEHHS U POCTOM MX raOapUTOB.

25.6 IlpenoxpaHuTe/iv ¢ aBTOra30BbIM, FA30BbIM M KMJIKOCTHBIM r'allleHueM Jyru
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Puc. 107. [IpenoxpaHuTenu ¢ aBTOra30BbIM (@) ¥ JKUJKOCTHBIM (0) rareHnem

Otu npepoxpanutenu (puc.107) BBINOJHAIOTCA C KOPOTKOW IIaBKOW BcTaBKoM. IlnaBkas
BCTaBKa COCTOMT W3 MeIHOW 4 (TOKOBemymieW) u crtanbHOM 5 (ynepkuBaromieid) uacted. [locre
pacraBieHust (meperopaHusi) BCTaBKM (CHauyajga MEIHOM YacTH, a 3aTeM CTajbHOM) JyroBoi
OPOMEXKYTOK Y/UIMHSIETCS C TIOMOIIbIO TPY)KMH WM JaBieHUs oOpasyromuxcs ra3zoB. /Jlyra
BTATMBAECTCSI B JyrOracsllyl0 WM Ta30I€HEPUPYIOLIYIO CpeAy M MOJ JEHCTBUEM Ta30BOr0 WIU
’KUJIKOCTHOTO JTyThsI TaCHET.

B crpenstoniem npepoxpanurene (tun [ICH — puc. 107, a) BeiTAsruBanne ruOKoi cBs3u 3 U3
naTpoHa OCYIIECTBISETCS MPYXKUHOW HOXa, CBSI3aHHOTO C KOHTAKTHBIM HakoHeyHHkoMm /. Jlyra,
BTSHYTasl B ra30T€HEPUPYIOIIYI0 TPYOKY 2, pe3Ko MOBBIIIAET AaBieHue B Tpyoke (1o 10—12 MIla) u
CO3/1a€T BeCbMa MHTEHCHUBHOE MPOAOJIbHOE aBTOAYThe. [ MOKasi CBSI3b OKOHUYATENILHO BbIOpAchIBaeTCs
U3 MaTpOHA, Jyra SHEPrUYHO Tacutcs. ['ameHue compoBOXKIAeTcs BHIOPOCOM pACKaJICHHBIX Ta30B,
CBETOBBIM M 3BYKOBBIM (D PeKTOM.

B sxunkoctHoM mpenoxpanutene (puc. puc. 107, 6) mpyxuHa &8, pacTaruBas IyrOBOM
MPOMEXKYTOK, TSHET MOPUICHb 6 U MPOTAIKUBAET Yepe3 OTBEPCTUS 7 JKUIKOCTb, 3aMOIHSIIONIYI0 BECh
o0beM noj nopurHeM. Co3aaBaeMoe HHTEHCUBHOE TPOIOJIBHOE AYThE HA/I€KHO TacUT JyTYy.

ABTOTa30BO€ U KUJAKOCTHOE rallleHHue MO3BOJISET CO3/IaTh KOHCTPYKIMH MpeIoXpaHuTeNiel Ha
HanpspkeHus 110 — 220 kB ¢ BbIcOko# oTKIIIOUYaroel criocOOHOCTHIO.

25.7 BbiOop, npuMeHeHne U IKCILIyaTanus npeaoxpanureseii BH

1. Tlpu omnpeneneHun /HOM BCTaBKH HEOOXOAMMO HMCXOJUTh M3 YCIOBHS MaKCHUMaJIbHOM
JUTUTEIIbHOU TEPETPY3KHU.

2. Ouenb yacTo 0OMOTKa BBICOKOTO HAmpspKEHHUS TpaHchopmaTropa MpUCOENUHSAETCS Yepes3
npenoxpanutens. [lpy  momade  HampsokeHUss  Ha  TpaHCGOPMATOpP  BO3HHUKAIOT — MUKH
HAaMarHM4MBaILIEr0 TOKAa, CpEJHEe 3HAaY€HUE aMIUIMTYAbl KOTOpbIX Jnocturaer 10 /[HoMm, a
JUTUTEIIHLHOCTh TIpoXoxaeHus paBHa ~ 0,1 c¢. BeiOpaHHBIN 10 /HOM MpPEAOXPAHUTENH JTOJKEH OBITH
IIPOBEPEH Ha MpoxoxkacHUe B TeueHnH 0,1 ¢ HayaabHOro HaMarHM4YMBAKOILETO TOKA.



3. B 3aknoyeHMH HEOOXOAMMO MPOBEPUTH CEIEKTHUBHOCTh paOOThl MPEAOXPAHUTENS C
BBIKJIFOYATEISIMU, YCTAHOBJIEHHBIMU Ha CTOPOHE BBICOKOTO M HU3KOT'O HAIIPSIKEHMS.

4. Tlpu K3 B camoM TpaHcdopMaTrope BpeMs OTKIIOUYEHHUS MPEIOXPAHUTENS TOJDKHO OBITh
MEHbIIIE, YeM BbIJIEP’KKAa BPEMEHH BBIKIIIOUATENIs, YCTAHOBJIEHHOTO Ha ctopoHe BH u Ommkaiimero
IPEIOXPAHUTEITIO.

5. Ilpu K3 na cropone HH npenoxpanutens A0DKEH UMETh BpeMs TIABJICHUS OOJIbIIE, YeM
yCTaBKa 3alUThI BbIKJIIO4YaTens Ha ctopoHe HH

6. Ilpu BeIOOpE MPeAOXpaHUTENSI HEOOXOIUMO COOIFOCTH TAKKE COOTHOIICHHUS

U vom. nipen = U HOM. yCT
I otk. mpex = [ k3. ycr
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