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3
BBEJAEHUE

VY4eOHBIM MIaHOM TUCHUIUTMHBI «CpeacTBa KOMMYTALUHU JIEKTPUUECKON dHeprum» s
CTYJICHTOB, OOydYaromuxcsi 1o HampaBiieHnto mnoarotoBku 13.02.02 «3nexkTpod’HEepreTuka u
QJICKTPOTCXHUKA» C MCJIbIO TIIOBBIMICHUA KadC€CTBa O6y‘-I€HI/I$I U 3aKpCIUVICHUA HU3Yy4aCMOI'0
MaTepuajga Ha JIEKUMAX U JIa0OpaTOPHBIX 3aHATUSAX MPEAYCMOTPEHA CaMOCTOSITeNbHas
BHeayauTopHas paborta. OHa BKJIOYaeT pabOTy HaJa BBHINOJIHEHHEM KOHTPOJIBHO-KYPCOBOU
pabotel B kommuectBe 10 dacoB, odopmiieHHME OTYETOB MO JIAOOpAaTOpPHBIM paboTaM u
CaMOCTOSITENILHYIO pa0OTy MO U3YUYCHHIO YJICKTPHUUECKUX U DJICKTPOHHBIX amapaToB.

MeToauueckue yka3aHHs COCTaBIECHbI K KOHTPOJIBHO KypCOBOH pabOTe CTYIEHTOB.
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1 IPOEKTUPOBAHMUE DJIEKTPUUYECKHUX U DJIEKTPOHHBIX
AIIITAPATOB JJIS 9JIEKTPOYCTAHOBOK HAIIPSI’)KEHUEM /10 1 kB

AnrmapaTel ynpaBlIeHHs IPEAHA3HAYEHBI ISl BKIOYEHUS, OTKIIFOUECHUS U MEPEKII0YEHUS
ANEKTPUUECKUX LEMe U DIEKTPONPUEMHUKOB, PETYJIMPOBAHUS YaCTOTHl BpAILCHUS U
PEBEPCUPOBAHUS IIEKTPOABUTATENICH TPOMBIIUIEHHBIX YCTAHOBOK, PEryJINPOBAaHUS IapaAMETPOB
CUJIOBBIX, OCBETUTEIIbHBIX, HATPEBATEIbHBIX U JPYTHX YCTAaHOBOK.

3alMTHBIE ammapaThl MPEJHA3HAYEHBl I OTKIIOUEHHs DSJIEKTPUYECKUX Lened IpHu
BO3HHUKHOBEHHM B HHMX HEHOPMAJIbHBIX PEXKUMOB (KOPOTKHE 3aMbIKaHMs, 3HAUUTEIIbHbBIC
neperpy3Ku, pe3Kre MOHMKEHUs HapsKEHUs U JIp. ).

Anmnmaparbl yIpaBJCHHS W 3allUThl BBIOMPAIOT TO PSAYy MHapaMeTpoB, OCHOBHBIC W3
KOTOpPBIX — HOMHMHAIBHBI TOK W HampsbkeHue. Kpome Toro, ammapaTsl BBIOMPAIOT IO
kiuMmatnueckomy ucnosHenuto (I'OCT 15543-70), mo cremeHW 3amiuThl OT BO3ACHCTBUSA
okpyxarwmieir cpenst (I'OCT 14254-80) m ap. mapameTrpaM B 3aBUCHMOCTH OT Ha3HAuYEHUS
annapara (mpelxeibHbI OTKIOYaeMbli TOK K3, anexTpoauHamuueckas M TepMHUYECKas
YCTONYHMBOCTD, pa3pbIBHAS MOITHOCTh U U3HOCOYCTOMYMBOCTh KOHTAKTOB H JIp.).

OT mpaBUIBLHOTO BBHIOOPA MyCKOBOM M 3aIIUTHOM ammaparypbl B OOJbIIei Mepe 3aBUCST
HAJIeKHOCTh PabOThl M COXPaHHOCTH OOOpYIOBaHHUS B LIE€JIOM, YHCJICHHbIE, KAUeCTBEHHBIE U
HKOHOMHMUECKHE MMOKA3aTeNH MPOU3BOJACTBEHHOTO MPOIIECCa, ANEKTPOOE30MaCHOCTh JIIOCH.
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2 BLIBOP PYBUJIbHUKOB U INEPEKJIOYATEJIENA

PyOunpHUKM 1 TIepekITIouaTe Iy MpeIHa3HAvYeHbBI I HeUacThIX (He Oojiee IMeCTH B 4ac)

HEAaBTOMAaTUYECKUX BKIIOUEHUN, OTKIIOYEHUM U IEPEKIIOYCHUM DIIEKTPUYECKUX Lenen
MEPEMEHHOT0 TOKa HanpsbkeHuem 10 660 B, yactoroit 501’11 1 MOCTOSTHHOTO TOKa HANPSKEHUEM
440 B.
KoHCTpyKTHBHO pyOMIBHUKY U TIEPEKIIIOYaTeNId Pa3InyaloT: 0 YUCITY MOJICOB OJHO-, ABYX-, U
TpeX TOJIOCHBIE; MO POJy MPHUBOAA — C LIEHTPAIbHON PYKOATKOH, ¢ OOKOBOW PYKOSITKOH, C
OOKOBBIM PBIYAKHBIM MPUBOOM; MO 3ALIUIIEHHOCTH — OTKPBITHIE U 3aIIUIICHHBIE; TI0 CIIOCO0Y
NEPEKIIIOUEHUS IPOBOJIOB — NIEPEIHUE, 3aHHE.

PyOounpaukn Ttuma P wu  pyOunbHuku-mepexmrodatenn Ttuna PII  BeimyckaroT Ha
HanpspkeHue a0 660 B mepemenHoro u 440 B mocTosHHOrO TOoKa B OJHO-, JABYX- U TpeX
MOJTIOCHOM HCTIOJIHEHUHU W Ha HOMUHANIbHBIE TOKH 100, 250, 400 n 630 A. [lo Tuny npuBoaa ux
BBITIOJIHAIOT: ¢ OOKOBOIl HechemHOM pykositkoi (P11, PITI1), ¢ BbIHECEHHOW W CheMHOU
pykosartkoit (P16, PII16), ¢ nepenneit pykostkoi (P19, PIT19) u peluarom ans ynpaBieHHS
mranror (P20, PI120). JIByx- u Tpex MOJIIOCHBIE PYOWJIBHUKHA C OOKOBOUW pyKosATKOW Tuma Pb
BBIIYCKAIOT Ha HOMHHaJIbHBIE ToKU 250, 400 1 630 A u HomuHanbHOE HanpspkeHue 380 u 660 B.
Kpome ykazaHHBIX BbIlIe, NMPUMEHSIOT M JApyrue TUllbl pyOmibHUKOB, Hampumep PC co
CMEIIEHHBIM IIPUBOIOM.

Jlyis HEeaBTOMAaTUYECKOM KOMMYTAIlMM M 3alUThl OT TOKOB IEPErpy3Kd U KOPOTKOTO
3aMbIKaHUg (K. 3.) HCHOJB3YIOT OJIOKM W TPEJOXpaHUTEIb-BBHIKIIOUATENb B JBYX U Tpex
nosirocHoM rcniosiHeHun tumna bIIB wHa 100, 250 u 400 A, tuma I1T1B Hal00, 250 A, pyOmibHUK ©
IPEIOXPaHUTENSIMU CO CMELIEHHBIM npuBoaoM Ha 100, 250, 400 A u ap.

Py6unpHuKH 1 nepekarouareny BeIOMparoT o HoMuHanbHOMY HApPsKeHUIO (Uy Uy, yer),
HOMUHANBHOMY TOKY (Iylu. yer), 9YHMCIy IIONIOCOB, KOHCTPYKTHBHOMY M KJIMMAaTH4ECKOMY
UCIIOJTHEHUIO, KATETOPUU PA3MEIIECHUS U CTETIEHU 3allUThI.
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3 BBIBOP ITAKETHBIX BBIKJIOYATEJIENA U NEPEKJIOYATEJEN

[TakeTHble BBIKIIOYATENM W MEpPEKIIOYaTeNM IpeJHa3HauyeHbl i pabdoTel B
NIEKTPUYECKUX Lensax HanpspkeHueM 1o 380 B mepemenHoro toka u a0 440 B mocTostHHOTrO
ToKa. X NpuUMEHSI0OT B KauecTBe IPYMIOBBIX BBIKIIOYATENEH HA PACHpPEeIUTENbHBIX LIUTaX
nepeKyroyaTesieil peKuMOB pabOThl B AJIEKTPHUUECKUX CXEMaX, IycKaTeled acCHMHXPOHHBIX
JBUTATEIEH MaJOd MOINHOCTH M T.I. TEXHWYECKHE MAaHHBIC NAKETHBIX BBIKIIOYATEIICH U
nepexirouareneit cepun [1B, I1IT u I1KII npuBenensr B HeoOxoauMoM o0beMe B Tabnuuax 3.75
u 3.76 [9].
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4 BBIBOP KHOIIOK YIIPABJIEHUS, IYTEBBIX U
KOHEYHBIXBBIKJIIOUYATEJIEN U IEPEKJIIOYATEJIEN

KuHonku ympaBiaeHuss HUCMONB3YIOT JI JUCTAHIIMOHHOTO YIPABJIEHUS KOHTAKTOpaMH,
MyCKaTeIsIMA M JIPYTHMH 3JEKTPOMArHUTHBIMU anmapaTami, a Takke I KOMMYTHPOBaHUS
Heneil CUrHanu3aluu, OJNOKUPOBOK M T.M. WX BBIMYCKAIOT OTKPBITOrO, 3allUIIEHHOTO,
BOJIO3ALIUIIEHHOTO UcnofHeHusl. KHONKM yrnpaBieHusi, CMOHTUPOBAaHHbIE B 00IIeM, KOpITyce
WM Ha TAHENW, Ha3blBAlOT KHONOYHOM CTaHuuel. B 3JIeKTpOyCTaHOBKAX MPUMEHSIOT
KHOIIOYHBIE CTAHIMH IIaBHBIM 00pa30M 3allMIIEHHOTO U MbIJIEBOI03aIIUIIIEHOTO UCTIOHEHHUS.

[IpombIlITIEHHOCTh BBIMTyCKaeT KHONKH yrpasienus cepuu KE Tpunagnaté TUIoB,
OTJIMYAIOIIMXCS MCIIOJIHEHUEM, BHJIOM, (DOpPMOM, LIBETOM TOJIKaTeNed, YMCIOM KOHTaKTHBIX
Herned M OmepaTMBHBIMU HAAMUCSAMU Ha TosikaTesne. HoMUHanmbHBIH TOK KOHTaKTOB MpHU
HarnpsbkeHun 500 B mepemennoro toka u 220 B nmocrosinHOoro Toka 6A. Ha 6a3e KE Beimyckarot
36 Tunos noctoB ynpasieHus cepur IIKE ¢ onHO#, 1ByMS M TpeMsI KHOIIKaMHU.

[lyTeBble M KOHEYHBIE BBIKIIOYATETN U MEPEKITI0YaTeNH MPEACTaBISIOT COO0M KHOIKH
VIOpaBJICHUs, JACHCTBYIONIME aBTOMATHYECKH (MPU HAXATUU HA HUX JETAld JIBIXKYIIETOCS
MexaHu3ma). VX mmMpoko NpUMEHSIOT B aBTOMATUYECKUX CXeMaX IMPUBOAA TPAHCIOPTHBIX
MEXaHU3MOB JJI1 U3MEHEHUS HAMPABIICHUS ABUKEHUS YIPABISIEMOT0 MEXaHU3Ma U UCKITIOUEHUS
BO3MOJKHOCTH IIEPEXOAA €r0 3a MPeAeIIbl HOTPAaHUYHBIX MOJIOKEHUH.
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5 BBIBOP QJIEKTPOMAI'HUTHBIX KOHTAKTOPOB

KoHTakTop — 3TO ABYXNHO3MIMOHHBIM KOMMYTallMOHHBIM ammapaT JUCTaHLIMOHHOTO
JNIEUCTBUA C CAaMOBO3BpAaTOM, IIPEJHA3HAYEHHBIA JJISI YacThIX KOMMYTAIlUd TOKOB, HE
MPEBBIIAIOIINX TOKOB MEPETPY3KH.

DNeKTPOMarHUTHBIE KOHTAKTOPHI MOJIYYHIIN IIUPOKOE PAcpOCTpaHEHHE, OHU SIBIISIOTCS
OCHOBHBIMHW KOMMYTHUPYIOIIUMU allllapaTaMu CXCM aBTOMATHU3UPOBAHHOI'O 3JICKTPOIIPUBOAA.

Baxneiimeit xapaktepuctukoii KoHTakTopoB (K) sBIsSeTcs pexuM KOMMYTAIit
Harpy3ku. XapaKTepUCTHKU PEKUMOB KoMMmyTanuu K cienyer ucnoiab3oBarh IPU UX BBIOOPE.

s K cepun KIIB nonyCTuMBIN TOK IMOBTOPHO KPAaTKOBPEMEHHOIO pexuma [jon €
y4eTOM HarpeBa KOHTAKTOB MOKHO OIPEEIUTh Mo (hopmyIie

IHOM
Inon= ,
\/HB% o \/HB%
100 600V 100
rme lyom - HOMHMHATGHBIA TOK KOHTAaKTOpa s JJIMTENBHOrO pekuma padoter; [IB -

MPOIOJKUTENBHOCTD BKIIOUEHHUS, %0; 11- YUCIIO BKIIFOUEHHH B yac.

B pszne ciaydaeB 3aBOIOM-M3rOTOBUTENEM YKa3bIBAKOTCS JIONYCTHUMbIE KOMMYTHUPYEMBIE TOKH
K npu paznuuHbIX peskxumax paboThl U Pa3IMYHOM HAIPSKEHUN KOMMYTHPYEMOH eI

Konebanus nanpshxenus Ha karymike K B 9KcIITyaTaluu JOKHBI HAXOIUTHCS B MpeJenax,
rapaHTUPYEMBIX 3aBOJJOM-H3roToBuTENeM (00b19HO +10 1 -15% HOMHUHAILHOTO 3HAYCHIH).

[pu 3aka3e KOHTaKTOpa HEOOXOIMMO YKa3aTh €rO THII, HANPSDKEHWE W TOK IIEMU TJIABHBIX
KOHTaKTOPOB (YacTOTY, €CJIM TOK MEPEMEHHBIN), YUCIIO U UCTIOJIHEHUE BCIIOMOTATeIbHBIX KOHTAKTOB
(3aMBIKAIOIIMX W PA3MBIKAIOIINX), HANPSHKCHUE KATYIIKH, KIMMAaTHYECKOEe WCIIONIHEHUE |
KaTeropuio pasmenienus. Tok, Hanmpumep, st kontaktopa cepun MK st toka 40A vactoToi
50 I'n u nanpspkenueM 380 B, mpenHazHadeHHOTrO i pabOTHI B 30HE YMEPEHHOTO KIMMaTa B
3aKpBITOM TIOMEIICHUH, cieayer Hamucarh: koHtaktop MKI1, 380 B, 50 I'm, 40A (rnaBHbIe
KOHTaKTOPHI) , OJTUH
3aMBIKAIOIINI KOHTAKT; BCIIOMOTATENIbHbIE KOHTAKTBL: JIBa 3aMBIKAIOIIMX W J[BA PAa3MBIKAIOIINX;
karymka 24 B. Ucnonnenve V3.
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6 BLIBOP DJIEKTPOMATHUTHBIX ITY CKATEJIEN

ONEeKTpOMarHuTHbIE  IIyCKaTeau  CIayXaT  JJid  JUCTAaHIMOHHOTO  YIPaBJICHUS
ACUHXPOHHBIMU  JIBUTAQTENsIMU  (BKJIIOYEHHS, OTKIIOYEHHUS, peBepca), TpexdasHbIMU
ACMHXPOHHBIMHU JIBUTaTEISIMU C KOPOTKO3aMKHYTBIM POTOPOM MOIIHOCTBIO a0 110kBT n
HanpspkeHueM 10 660 B, Takke myckaTend aBTOMATHYECKH OTKIIOYAIOT JBUTATEIW TPHU
CHMXeHUU HanpspkeHus Ha 50-60% HOMUHAIBLHOTO U NP NEperpy3Kax (€CiIu UMEETCs TEII0BOE
pene).

Haubosnee mmpokoe nmpuMeHeHHE MOMYyYMIIN dJIEKTpOMarHuTHbIe myckarenu cepun [IMA
ulIMJI ¢ I; ot 10 1o 200A.

CTpykTypa YCIOBHBIX OOO3HAYECHUU ITyCKATENsI COCTOMT M3 OYKBEHHOTO O0O3HAUYCHUS

cepun (IIMA, TIMJI) u psiaa mudp nmocne aeduca, 0003HAYAIONNX:
B cepuu [IMA nepsas nuudpa — BenuuuHa myckatens (0T 3 10 6), Bropas — HAIMYUE peBepca,
TEIJIOBOTO pejie WM MO3UCTOpHOM 3ammuThl (0T 0 10 9), TpeThs mudpa onpeaensieT CTerneHb
3alllUThl, HAJIMYUE WIM OTCYTCTBHE KHONKHM M CBETOCUTHAJIBHBIX apMaryp (IpU OTCYTCTBUU
KHOTOK cTaBsiTcs uudpsl 0, 1 nin 2, a npu Hanuuuu — 3 UK 4, Ipu HATUYUU apMaTyp-IUQpsI 5
i 6). Ha yeTBepTOM MecTe npH CEMCMOCTOMKOM MCIIOJIHEHHH (TOJIBKO TTPH M3HOCOCTOHKOCTH
A) craBurcs 6yksa C.

Yucno KOHTAKTOB BCIHOMOIaTeIbHOW IENMM B 3aBUCHUMOCTH OT BEJIMYUHBI ITYCKATEIs
MOKET OBbITh 15 1 Op, uin 2, 1 2p, uant 4,1 2, uiau 2, 1 0p

[Tyckarenu umeroT obmeknauMmarndeckoe ucrosHerne 0 (mecTtoe MecTo 0003HAYEHUS).
Kareropus pasMenieHuss B 3aBUCMMOCTH OT CTENEHHU 3alllUThl YCTaHABIMBAETCS IOCIEIHEN
nudpoit; 4-crenens 3amuThl 1p09, 3-crenens 3anmuThl 1p40; 2-3amuTa 1p54 (11 myckareneit ¢
AIIEKTPOMArHUTOM TIOCTOSIHHOTO TOKa CTOUT Lu¢pa 3 rpu crenenu 3amutsl 1p00).

B cepun IIMJI-000000 mepBas mudpa-senuunna (1,2,3,4,5,6,7); BTOpasi-BOZMOXHOCTh
peBepca, HaluuMe TEIUIOBBIX pene W OnokupoBok (l-HepeBepcuBewlii 0Oe3 pene, 2-
HEPEBEPCUBHBIN C peJe, S-peBEepCUBHBIM 0€3 pelle ¢ MEXaHWYECKOW U DIICKTPUUECKOU
OJIOKMPOBKOM, 6- TO XK€, HO C pene, 7-/Uld TMEePEKIIOUEHUs] «3BE3Ja-TPEYrOJIbHUKY); TPEThs-
WCITOJTHEHUE TI0 CTENeHU 3anuThl U Hamuuuio kHomok (0-IP00, 1- IP54 ¢ xHomkoii “Pene”, 2-
1P54 ¢ xnonkamu “ITyck” u “Cron” U CUTrHaJIbHOM JIaMIIOi) YETBEPTAs-UCIIOJHEHUE 10 YUCILY U
UCIIOJTHEHUIO KOHTAKTOB BCIIOMOTAaTENbHOM IeNH; MsATas - KJIMMAaTUYeCKOE HCIIOJIHEHHUE U
KaTeropus pa3MeLeHusl.

3amuTa OT HEeperpy30K OCYIIECTBIISETCS MPU IMOMOLIM BCTPOCHHBIX TEIUIOBBIX pelie:
tpexdasupix THma PTJI B myckaremsx tuma I[IMJI m PTT s myckateneit cepum IIMA.
Hwnana3on perynupoBanus Toka ycraHoBku pesie PTJI u PTT ot 0,75 o 1,25 1.

DJNEeKTPOMarHuTHBIE MyCKAaTeIH BBIOMPAIOT B 3aBUCUMOCTH OT YCIIOBHH OKpYXaroei
CpEeIlbl U CXEMBI YIIPABJICHUS:

110 HoMHHaNBEHOMY HANPSKEHUIO (Uyn,  Uny);

HOMUHATBHOMY TOKY (Lyn,  Ipacu);

110 TOKY HarpeBaTeabHOro syieMenTa TemoBoro pene (Lup.  luas);

0 HAIPSKEHUIO BTATUBAIONIEH KaTYyIIKH.

TexHuueckue JaHHbIE MycKaTelnel MpuBeAeHbI B Tadnuue 6.1, a Taxke B cnpaBoyHuKax [9;11].
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Tabnuna 6 1 - TexHnyeckue JaHHbIE 3JIEKTPOMATHUTHBIX NYCKaTeJleil M TeNJIOBBIX peJie

Haubomnpmas JlaHHBIE BCTPOEHHBIX TEILIOBBIX PEIIE
MOIITHOCTh
Tun Benuuuna | ympaBisieMoro .
nycKaressl | myckaTenst | JABUraresns, kBT HoMUHAIBHBIH HomuHanbHbIA
TPH HATPSKEHUH THII ToK pene, A TOK TGI‘IJ‘IOBI)X(
380B 9JICMCHTOB,
IIMJI 1 4,0 PTJI-1 10 1,6...10
IIMJI 2 10,0 PTJI-2 25 10...25
IIMJI 3 18,5 PTJI-3 40 30; 40
IIMJI 4 30,0 PTJI-4 63 40...63
IIMJI 5 45,0 PTIJI-5 80 63; 80
TIMJI 6 55,0 PTJI-6 125 100; 125
IIMJI 7 110,0 PTJI-7 200 125; 160; 200
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7 PACYET KOHTAKTOPA U ITYCKATEJIA

3aoanbi: HOMMHAIIBHBIN TOK TJ1aBHBIX KOHTAKTOB / ;,,,, ; IPEIENbHbIA OTKIFOYaEMBbIN TOK /;
= (5 - 20),,,; HoMmuHanbHOEe HampsbKeHHE Uyoy; OJIEKTPUUYECKAas H3HOCOCTOMKOCTb Nojj;
OTHOCUTEJIbHAsT TIPOAOJDKUTENBHOCT BKItoueHud, [IB  %; dacrota IMKIOB BKIIOUEHO—
OTKJIIOYEHO ZB 4Yac.

Omnpenensercsa ce4eHHe TOKOBEAYIIMX YaCTEH B PEKUME NMPOTEKaHUA [ ,,,, U3 YCIOBH,
4TOOBI TEMIIepaTypa HarpeBa HE MpeBbIMIaia JOMYCTUMYIO MO KIaccaM HarpeBOCTONKOCTH
U30JSIUU, C KOTOpOM  compuKacaercss KOHCTPYKTHMBHO  TOKOBeAyllas 4acTb. Jus
KPAaTKOBPEMEHHOTO U  TOBTOPHO-KPAaTKOBPEMEHHOTO PEXUMOB pacyeT MPOBOAUTCS IO
HKBUBAJIEHTHOMY MPOJAOKUTENFHOMY TOKy. C ydeToM HarpeBa AYrod TOKOBEAYIIUX yacTen
SKBUBAJICHTHBI TOK, KOTOPBIM BBI3BAJl ObI TOT K€ HArpeB, YTO W HOMHUHAJIBHBIA TOK TNPH
JUTUTEIIBHOM €ro MPOTEKaHUU, TPUMEPHO PABEH:

I _B% , 7 |1IB
2100 6001100

Ilo HaliIeHHOMY CEYEHUIO TOKOBEAYIIUX YacTE€d pacCUUTBHIBACTCS TEPMHUUYECKAs
CTOMKOCTH anmapara — TOKH [ u Bpems ¢, tae [ = (1,1 +1,5)I,, tg =- 1, 5- 10 c. OObI9HO TOK
TEPMUYECKON CTOMKOCTH JIOJKEH OBITh HE HIDKE MPEeAeTbHO OTKIYaeMOro Toka I ,4TOOBI He
YBEIMYMBATh CEYEHUE TOKOBEAYIIMX YaCTE€d IPU COMOCTABUMBIX 3HAYEHUSX TEPMHUYECKOU
CTOWKOCTH M JIMTEJILHOCTH IPOTEKAHNUS IIPEIEIBHO OTKJIF0YaeMOro TOKa.

PaccunteiBaeTcss cuiia HaxkaThs B KOHTAaKTax PB pEKHMME JUIUTEIIBHOIO IMPOTEKaHUS
HOMUHAJILHOTO TOKa W3 YCIIOBHs, 4YTOOBI TemIeparypa HarpeBa KOHTAaKTHOH TOYKH He
MIPEBBIIIATIA JOITYCTUMYIO.

[Ipu naiimeHHoMm (B M. 2) TOKE TEPMHUYECKOW CTOMKOCTH (MHOTJA MpHU TMPEAeTIbHOM
OTKJIFOYa€MOM TOKE) PACCUMTHIBAETCS CHJIa KOHTAKTHOM MPYKUHBI, TPU KOTOPOI HE MPOUCXOIUT
NPUBAapUBAHUS KOHTAKTOB M MPEJOTBPAIIAETCS WX OTOPOC BCIEACTBHUE DJIEKTPOJUHAMUYECKUX
ycunuid. [Ipy nepeMeHHOM TOKE B pacdeT MPUHUMAETCS YJIapHbIN TOK

IY = '\/EKVIK:

rne [x— JneicTBylollee 3HaueHHe IpeaerbHoro Toka; Ky — ynapHbld kodddumument (s
HU3KOBOJIbCETEN U ycTaHOBOK K- 1,3).

PesynpTHpyromass cuja KOHTAaKTHOM TPYXHHBI BBIOMpaeTcs Kak HauOonbpIas u3
MOJYYECHHBIX MpH pacuerax B 0. 3 U 4. [lo Hell pacCUMTHIBAIOTCS KOHCTPYKTUBHBIE MapaMeTphl
KOHTAKTHBIX MPYXKHUH.

PaccunthiBaeTCsl pacTBOp KOHTAakTOB W3 YCJIOBHS HAJEKHOIO TalleHHs MajbIxX
KPUTUYECKUX TOKOB. [IMOCTOSHHOM TOKE pAacTBOp KOHTAKTOB MOXKET OBITH NPHUHSAT PaBHBIM
KPUTUYECKOH JUTMHE TYTH /,. OOBIYHO paCTBOP KOHTAKTOB He MpeBbIaeT 20 MM.

PaccuntbiBaroTcss mapaMeTpbl CHCTEMbl MarHUTHOTO JAYThSl U 1yTOTaCUTEIbHON CUCTEMBI,
IpU KOTOTOpOHMOOECHeurnBaeTcss HaJeXKHOE TallleHue JyTd B TEUEHUE BpPEMEHH, He
npesbiaroniero 0,1 ¢, Bo BceM AnanazoHe OTKI0YaeMbIX TOKOB — OT 5 A 110 Loy

PaccuntsiBaeTcst HapykHasi IOBEPXHOCTh OXJIAXKACHUS SyAyroracuTeIbHOM KaMephbl.

ITo 3amaHHOM KOMMYTAIIMOHHON M3HOCOCTOMKOCTH KOHTAKTOB NypacCCUMTHIBAETCS 00beM
MaTepuaja KOHTaKTOB JJis uX u3Hoca. HeoOxoaumoe mpu pacuére BpeMsl Iyru /;0TpeaeseTcs B
n. 6. I[lo HalineHHOMY 00BbeMy VM 3alaHHOHM IIMPUHE KOHTAKTa ONPEACISAIOT JTUHEHHBIN H3HOC
KOHTAKTOB O M 10 HEMY IIPOBaJl KOHTAKTOB
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a=250 7.

[To xMHEMaTHYEeCKO cXeMe KOHTAKTOpa HaxoauTcst Kod(huuueHT npuseaeHus K,,cui u
pPacCTOSHUM K BO3JYIIHOMY 3a30py TSroBoro jsiekTpoMarauta. C yderoM Kj,Ha rpaduke
3aBHCUMOCTH TSTOBOTO YCWJIMS 3JIEKTPOMArHuTa OT 3HaUY€HHs BO3AYILIHOTO 3a30pa MEXIY SIKOPEM
U CepJICUHUKOM OTKJIAJbIBAIOTCS MPUBEICHHbIC 3HAUEHUS MPOBasa, pacTBOpAa KOHTAKTOB, CHUJIbI
HaXaThsd B KOHTAaKTax M HAHOCUTCS YacTh MPOTHBOJICHCTBYIOLIEH  XapaKTEpUCTHUKH,
00YyCITOBJICHASPACCUUTAHHON CHJIOH KOHTAKTHBIX TPYXHWH, CHJIOH BBIOpAaHHOW BO3BpaTHOU
IIPYKUHBI U MAaCCOM IOJIBUKHOU CUCTEMBI.

ITo mocTpoeHHOM XapaKTepUCTHUKE TPOTUBOACHIONTNX CUJT BEIOUPAETCS THIT TATOBOTO
AJIEKTPOMArHUTau pacCUUTHIBAIOTCS MTapaMeTPbl MATHUTHOM CHCTEMBI.

[Tpu HEOOXOUMOCTH paccunThIBalOTCS Kod((PHEeHTBp3BpaTa U BUOpAlMsi KOHTAKTOB TIPH
BKJIFOYCHHH.

[TpubmmkeHHast OIEHKa BPEMEHH TEPBOTO OTOpPOCa KOHTAaKTOB MOXKET OBITh CJejlaHa IIo

dopmyne
tl, = mv/Py,
IJe m — Macca MOJBIKHOTO KOHTAKTa; V — CKOPOCTh TOJBMIKHOIO KOHTAKTa K MOMEHTY yiapa O

HEIO/IBWKHBIN; P,;,— CUJIa IIPEIBAPUTEIILHOTO CHKATHS KOHTAKTHOM IIPY>KUHBI.
CYMMapHOQ BpEMs BI/I6paI_[I/II/I HC JOJDKHO IMPCBLIIITAThL HECKOJIBKUX MUJUIUCCKYH.
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8 BBIBOP U ITIPOBEPKA ILIABKUX ITPEJJOXPAHUTEJIEM 11O
YCJIOBUAM JUIMTEJIBHOU SKCIVIYATAIIUU U ITYCKA

[InaBkue npenoxXpaHUTENU INPEJHA3HAYEHBI JUIS 3aAIUUTHI JJIEKTPUUECKUX YCTAHOBOK OT
TOKOB KOPOTKOT'O 3aMbIKaHMs U TOKOB neperpy3ku. IIpocras KoHCTpyKIus, HEOOIbIINE pa3MephI
U CpaBHHUTEIbHO-Majasi CTOMMOCTh  OOYCIOBWJIM  IIMPOKOE TNPUMEHEHHE  IIJIaBKUX
MpeIOXPAHUTENICH B AJIEKTPOYCTAaHOBKAaX, 0COOCHHO npu Hanpspkenun g0 1000 B. B otnuuane ot
JPYTUX BUAOB 3aIIUTHBIX YCTPOMCTB MPEIOXPAHUTENHN C TUIABKOM BCTABKOM COBMEIIAIOT B cede
(YHKLMIO BBISBJICHHSI TOBPEXKIECHUHN U (YHKIHIO OTKIIIOYEHHS OBPEXKICHHOTO Y4acTKa.

OpHako  MIABKMM — NPEAOXPAHUTENSIM  TNPUCYLIIM M CEPbE3HbIE  HENOCTaTKH,
OrpaHUYMBAIOIINE 001ACTh MX NMPUMEHEHHs], K YUCIIy KOTOPBIX OTHOCSTCS: OOJBIION pa3dpoc
cpabarbIBaHU MJIaBKOH BCcTaBKU—/I0 50 % MO TOKY, HEOOXOAUMOCTh 3aMEHBI TUIABKOW BCTABKU
WIA BCEro IpEeJOXPaHUTENs IMOociIe OJHOKPAaTHOTO CpabaThIBaHUS, BO3MOXHOCTb pPaOOTHI
JIBUTATENs Ha JBYX (pa3ax mpu meperopaHuy MpeJoXpaHUTeNs Ha OJHOU dase u ap.

[TnaBkue npegoXpaHUTEIN BEIOUPAIOT MO CIEAYIOLINM ITapaMeTpam:

N0 HOMUHANILHOMY HANPAXCEeHUI0;, HOMUHAILHOE HanpsukeHue npeaoxpaHureneiUy yp. JOIKHO
OBITh, KaK IpPaBHJIO, PABHO HOMHUHAIBHOMY HANpPsLKEHHIO AIEKTPOYCTAaHOBKU Uyer, IllEe HX
YCTaHaBIUBAIOT:

Uﬂ.np. = UH.ycT
10 IPEAETBHO OTKIFOYAEMOMY TOKY IIPEAOXPAHUTEIS
Il]p.OTKJI. 2 I”
rae Liip.orc—TIPEAENBHO OTKIIFOYAEMBIN TOK; I"—CBepXnepexoHbIi TOK K. 3. B MECTE
YCTAHOBKH MPEIOXPAHUTENS;II0 HOMUHAIBHOMY TOKY IIJIAaBKOM BCTABKHU; HOMUHAJIBHBIN TOK

HHaBKOﬁ BCTAaBKU IB JOJIDKCH 6BITB I10 BOBMOXHOCTHU HAUMCHBIIINM HpI/I COGHIOI[CHI/II/I
CIEYIOUIUX YCIOBUM:

1, ZKH-IpmaX (8.1)
IB >Imax/«a (8.2)
rae Iy max — MakCHMaJIbHBIA PabOYMil TOK LENH, 3aIUINAEMON MPEJOXPAHUTENEM; Imax—

MaKCUMaJbHBIM TOK IENU MPHU BKIIOYEHUH AJIEKTPOIPUEMHUKOB, Y KOTOPBIX MYCKOBBIE TOKHU
3HAYUTEILHO MPEBHIIAI0T HOMUHAIBHBIC, Ky— KOA(hDHUIIMEHT HAaIe)KHOCTH, TPUHUMAEMBIN JIJIst
JUHHUMA, TUTAIONINX JIAMITHl HAKAIWBAHWUS U HArpeBaTeNbHBIE MPUOOPHI - 1, IIOMHHECIICHTHBIC
nammnsl - 1,25, mammner tama [IPJI - 1,1; « - kosddunment, 3aBucsmuit oT mycKOBOTO peKUMa
3allMIAEMbIX JIEKTPOABUTATENICH U TUIIA IJIABKOTO MPEIOXPAHUTEIIS.

[Tpu 3amuTe mpegoXpaHUTeNIeM JUHUHN, K KOTOPOU TTOJAKIIOYEH OJIMH JBUTATEINb,

Imax = kil#, (8.3)
rne  ki— KpaTHOCTh ITyCKOBOTO TOKA JBUTATENsI;l; — HOMHHAIBHBIN TOK JABHTATENS, A.

[Tpu 3ammTe MIaBKUMH MPEIOXPAHUTENSMU JIMHUHU, K KOTOPOH NpHCOeAnHEHBI Oosee
IISITH IBUTaTENICH, TOK IIJIJABHOW BCTABKH OIIPENEIAIOT HO YCIOBHUIO

ISZKO.Z Ip(n_1)+]n/a, (84)



[Ipu 3amuTe nperoXpaHUTENEM JUHUH, K KOTOPON IPUCOEAUHEHBI 1O MATH JBUTATEIIEH,

14
IBZKO.Z ]p(n—1)+1n . (85)
rie Ko - koadduuueHT OJHOBPEMEHHOCTH; z Ion-1) cymMMa pa0o4yHMX TOKOB BCEX

JBUTATENEH, 32 UCKIFOUEHUEM OJITHOT0, Y KOTOPOI'O Pa3HOCTh MEKIY IIYCKOBBIM U HOMHHAJIbHBIM
TOKaMu HauOounbas; I - mycKoBO#l TOK MCKIIFOUEHHOTO U3 CYMMBI JBUTATEIS.

[Tpu BBIOOpE MIaBKUX BCTaBOK Oe3nHEpUHOHHBIX npenoxpanureneit (ITH, HITH, TIIIP)
JUTSL 3aIIMTHI KOPOTKO-3aMKHYTBIX 3JIEKTPOJBUTATENEH C JIETKUM PEXUMOM IMycKa (JTUTEIbHOCTD
nycka 2.5 ¢) ¢ = 2,5 U ¢ TOKEJIBIM PEKUMOM IMycka o = 1,6; IJIs MaJOMHEPIIMOHUBIX
npenoxpanuteneit (I1P2) npu nerkom pexxnme mycka o = 3 W NPHU TOKEIOM peXuMe o = 2.
[Tpu yacTeix myckax (15 u Gornee B yac) ABUTATENCH C JIETKUM PEXKUMOM ITyCKa IJIaBKUE BCTABKH
HY)KHO BBIOMpaTh, Kak A TspKenoro pexkuma. Crienyer OTMETHTh, YTO NPEAOXPAHUTENH,
BbIOpaHHBIE 1O ycioBusM (8.4) u (8.5), 3amMIIaoT KOPOTKO3aMKHYTBIE BUTATENH TOJBKO OT
KOPOTKUX 3aMBIKAHUW;I0 CEIEKTUBHOCTU 3auumul, JUIsl MPOBEPKU CEIEKTUBHOCTH JCHCTBUSA
IUIaBKUX MPEJOXpaHUTENCH, a TakkKe JUId COIJIaCOBaHUS WX pPabOThI ¢ paboToW peneiHOU
3aIUATHI COCTABIIAIOT KAPThI CEIEKTUBHOCTH.

Jns  BbIOOpa TMJIaBKUX TPEAOXpPAHHUTENECH 10 YCIOBHUIO CENEKTUBHOCTH MOKHO
HCITIOJIB30BAaTh METO/I COIIACOBAHUS XapaKTEPUCTUK MpeAoXpaHuTesne. B ocHOBY aToro merona
MIOJIO’KEH IPHUHIMII CONOCTABJICHMS IUIOIIAJEH CEUEHMI IUIaBKMX BCTABOK C YY4E€TOM TOTO, U3
KaKOTO MaTepHayia OHU U3TOTOBJICHHI (9).

Ilpy ycTaHOBKE OJHOTHIHBIX IpeAoXpaHuTeneld HamnpsbkeHuem 1o 1000 B
CEJIGKTUBHOCTh OyneT coOJIoJieHa, €ClU IUIaBKME BCTAaBKH Ka)JbIX JBYX IOCJEI0BATEIbHO
BKJIIOUEHHBIX MIPEIOXPAHUTENIEH OTINYAIOTCS OJ{HA OT JIpYroi HE MEHEE UeM Ha JBE€ CTYIIEHU I10
IIKajJe HOMMHAIbHBIX TOKOB IUIABKMX BCTABOK, a IIPU YCTAaHOBKE BBICOKOBOJBTHBIX
IpeIoOXpaHUTENEN C KBapLIEBBIM 3aII0JIHUTEIEM — HA OJIHY CTYIIEHb.

Ha pucynke 8.1 mnoka3aHbl aMIIep-CeKYHIHbIE  XapaKTEepPUCTUKH  IIJIABKUX
npenoxpanureneit tuna [TH2, a Ha pucynke 8.2 — npenoxpanureneit tuna HITP u HITH.
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Pucynok 8.1 - Amniep-ceKyHIHbIE XapaKTEPUCTUKH TIAaBKUX TMTpeaoxpanuteneit tuna [TH2



3 Hi
[
J LIRR'E 1
I
(A AWRIE O LWL
LY \ LR W AW
7 LENAARRAR R AN
5 ALY N Y AAD A\ Y
A B.Y ‘\‘\ Ay ‘\ ‘\‘\\\l A}
NIRRT AN\
1 \\ A AAN \\ h
N\ A\ AN AY
5 a7 oSS Y LY
b3} AW Y X1
§u S5 X AN \ 3
¥ NN
g SOSEY NS "N
\\ & ‘\\ -~
UMM SRS RN
aot b, — N
’ N 2%
40 S a
{
a00f l

“to 2 3457 10° 2 345710% 2 3457 10°2A
Pucynok 8.2 - AMnep-cekyH/IHbIE XapaKTEPUCTUKH IIIaBKUX Npefoxpanuteneid tuna HIIP u

HITH
Ta6mmia 8.2 - TexHn4yeckue JaHHbIE IVIABKUX NMpeaoxpanuTeneii Hanpsikenuem g0 1000 B
o [IpenenbHO OTKIIFOYAEMBbINA
HoMuHaneHbIH HOMHHaiH’HHH TOK TOK-JICHCTBYIOIIIEE
TOK MMaTpoHa, A HHaBKOHAB CTABKHL 1 s havenme Toka K317 (xA)
Tumn 1 KOHCTPYKIIUS IIpU HanpspkeHuu, B
MpeAOXPaHUTEIS [Mnomans ceuennst | [ rabapur, II rabapur,
IJIABKOHM BCTaBKH, 220/380 380/550
MM
P2 15 1,2/0,8 0,8/0,7
3aKpbITHIA TATPOH
paz0opHbIi, 6e3
3aIIOJIHUTENA, 60 5,5/1,8 4,5/3,5
BCTaBKa (hurypHas
U3 I[UHKA 100 11/6,0 13/11
11/6 13/11
200
350 11/6 13/11
600 15/13 23/30
[TH2 100 . -/50
3aKpbITHIN, TATPOH
paz0opHBIN C . -/40
3aIIOJIHUTEIIEM, 250
BCTaBKa U3
JUCTOBOM MeNu C 400 L -/25
OJIOBSTHHBIM
IIAPUKOM 600 o -/25
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[Tponomkenue Tabauipl 8.2

HITH 15
3aKphITHIN, TATPOH -/10
Hepa30opHBIH, ¢
3aII0JIHHUTEIIEM, 60 -/10
BCTaBKa U3 MEJH C
OJIOBSIHHBIM
IAPUKOM

HITP 100
3aKpbITHIN, TATPOH
paz0opHBIN C 200
3aM0JIHUTETIEM,
BCTaBKa U3 MEJU C
OJIOBSIHHBIM
IIAPUKOM

ImPC 6
OIHOMIOMIOCHBIM,
pe3b00BOM,
paz0opHBIH, C 20
3aIllIOJIHUTCIIEM

33

I1I131 63 4:6;8;10;12;16;20;
C TokoBeyIIUMHU 25;32;
JacTIMHA M3 160 40;50;63
AJTFOMUHUS 250 50;63;80;100;125;
I1131-29 630 160
T1I131-33 125;160;200;250
I1131-35 200;250;320;400;5
T1I131-39 00;630

IIpumep 8.1

BriOparh npepoxpaHuTeny M TUIaBKHE BCTABKH K HUM JJISL 3aIIUTHI SJIEKTPUUECKON CeTH
380/220 B. (pucynok 8.3) mpokiaapiBaeMOl B MEXaHMYECKOW MacTtepckou. Bce nmpurarenu c
JIETKUM PEXHUMOM ITycKa M BKimtodaroTcs noodepeaso. OT PII3 nurarorcs JIMHUK OCBELIEHUS C
JIOMUHHUCIIEHHBIMH JIamnaMu JI4 ¢ cymmapHoil MontHoCThIO jamn P=4kBt u JI5 ¢ cymmapHoit
MoutHoCcThI0 Jamnt P=6.6 kBt. Koaddunument momuoctu ocBerurenbHoil Harpysku 0,9, s
OCTAIbHBIX JIMHUA ko,=1. [leficTByromee 3Ha4YeHHE TOKa KOPOTKOTO 3aMBIKAHWS Ha BBOJIC

mactepckoii I} OcTanbHble JaHHbIC NPUBEICHBI B PacUeTHOH TabiuIe.
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PucyHnok 8.3 - BeiOop npenoxpanuTeneil 1 IIaBKUX BCTAaBOK K HUM (K ipumepy 8.1)

HeoOxomuMebie 1y1st pacdera JaHHBIC:

JBuratens: M1 — Pu =22 kBt; [n =41,4 A; xi =7,0; k3 =0,85; Ip.max = 35 A.
HBurarens: M2 — Pu = 3 kBt; [1 =6,7 A; ki = 6,5; k3 =1; Ip.max =6,7 A.
Jsuratens M3 — Pu = 5,5 kBt; [1 =11,5 A; xi=7,0; k3 =0,9; Ip.max = 10,3 A.

Pemenue: ITo dopmyne I = P/( \/EUHCOS(p) onpesesieM TOKH, TPOTEKAIoNre 1Mo JIUHUIM JI4 1

JI5, o popmyne Ip.max = [H k3 - paboune TOKU TUHUN
u 1o Gopmyiie In. = IH Ki 3 — MYCKOBBIE TOKH JBUTaTENEH.
OmpenensieM TOKU TUIABKUX BCTABOK JUIS IMHUU M BBIOMPAeM IIJIaBKHE TPETOXPAHUTEIN.

Junus 11> Lo 0 =290/2,5=116 A

[Tpunumaem [;=120 A, npenoxpanurens [IH2-250.
Jlunus 2.1,  43,5/2,5= 17,4 A; I, =20 A, npenoxpanutens HITH-50.
Jlunus 3.1, 80,5/2,5-=32,2 A; I,=35 A, npenoxpanurtens HITH-60.

Jlunusa 4. 1y Kulp max= 1,25-6,75=8,5 A; I,=10 A, npenoxpanurens [1PC-20.

Jlunua 5. 1,  1,25-14=17,5; I;= 20 A, npenoxpanurens [TIPC-20.

Jlunus 61y =Koy  Ipmax=1-(35+6,7+10,3) =52 A;
ImaxcKon  Ip-1yHluye=(1 (6.7 +10,3) + 290 =307 A
I > Imax/ @ =307/2,5= 122,8 A.

[Tpuaumaem I; =150 A, npenoxpanurtens [TH2-250.

Jlunus 7.1mx = (6.75+ 14) =20,75 A; I,  1,25-20,75=26 A.
[Tpuaumaem ;=30 A, npegoxpanutens [TH2-100.

B6ooI, Y =0,8 (52+20,75)=58,5 A;

Lnax=0,8-(6,7+10,3+ +20,75)+290=320 A;
Iy > Imax / @ =320/2,5=128A.

[To ycrmoBHIO CENEKTUBHOCTH € 3aUTHON nuHMH 6 mpuHuMaem [;=200 A, mpegoXpaHHUTENb

[1H2-250.

[To mpenenbHO MOMyCKaeMbIM TOKaM HE MPOBEPSEM, TaK KaK OHHM BO MHOTO pa3 OoJjbllle TOKa

KOPOTKOTO 3aMbIKaHHs Ha BBOJE (CM. Tabmuiy 4.2).
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9 BBIBOP INPEJOXPAHUTEJIEN 11O YCJIOBUIO CEJIEKTUBHOCTH

Mexay WCTOYHHKOM JHEPrud W TOTpeOuTeNieM OOBIMHO —YCTAHABIIMBAETCS HECKOIBKO
NpeIoXpaHuTeNel, KOTOpble MOJDKHBI OTKIIIOYaTh IOBPEXKICHHbIE YYacTKM [0 BO3MOXKHOCTHU
CEJICKTUBHO.

Fur

Fu2
topm

Pucynok 9.1 - K pacuéry ceneKTuBHOCTH NPEAOXPaHUTENIEH

[penoxpanurens FUI, TporycKaromuidi OONbIIMI HOMMHATBGHBIA TOK, HWMEET BCTaBKY
OOJIBIIIETO CeUeHMsI, YeM TpeoXpanHuTes F U2, yCTaHOBIIEHHBIM Y ofHOTO M3 notpedureneit. [Tpu K3
HE0OXOZMMO, YTOOBI TMOBPEXKACHHE OTKIIOYATOCh TMPEIOXPAHUTENIEM, PACIOIOKEHHBIM Y MecTa
NOBpeXK/IeHNs. Bce ocTanbHble MpeloXpaHUTENH, PACIONOKEHHbIE OMKE K HCTOYHUKY, JOJKHBI
ocTaTtbcsi PabOTOCHOCOOHBIMU. Takast COIIaCOBaHHOCTh PAOOTHI TPENOXPAHHUTENEH Ha3bIBACTCS
M30MPaTEIbHOCTHIO WK CEJIEKTUBHOCTHIO.

Jlns o0ecriedeHns] CENEKTUBHOCTH TOJIHOE BpeMsl f,pabobl mpenoxpanurens FU2 HOMKHO
OBITH MEHBIIIE BpEMEHH Harpera npeaoxpanuternst FUI 1o TemrepaTypsl IUIaBJIEHHUA €ro BCTaBKH, T.€.

Il > tp2

MOo>KHO TIOY4YHTh VTS IpeAoX panuTesield 3akpeiToro tuma (ITH-2)

2 2
q N
A[—12>(A2+A2)1—§.

k K

IMocne mpocTeiimx peoOpazoBaHMiA MTOTYYHM YCIIOBUE CEIEKTUBHOCTH JUTS TIPEOXPAHUTEINCH
C TalIeHHeM YT B 3aKpbITOM 00beMe

JUI 3aKpBITBIX IPEIOXPAHUTENICH C MEIKO3EPHUCTBIM HAIOJIHUTEIEM U MEIHOW BCTABKOU
CEJICKTUBHOCThL coOmomaercs ipu q1/q2 > 1,55. Yka3aHHbIE COOTHOIICHUS CIPABEIJIUBBI U IS
Cllydas: TOKOOIPaHWYMBAIOLMX TNpeNoXpaHuTened, korma Tok K3  maures TOJNBKO — JOJIO
MOJTyTIepHO/Ia.

PaccMoTpeHHBIH pacyeT HOCUT NMPUOIMKEHHBIM XapaKTep, Tak Kak He yUUTHIBAeT KOHKPETHBIE
XapaKTEePUCTHKU JIAHHON KOHCTPYKIIMHU TPEIOXPAHUTENS U OTKJIOHEHHS PeabHbIX XapaKTEPUCTUK OT
HOMMHAJIbHBIX U3-32 ITPON3BOACTBEHHBIX JIOITYCKOB.

Jlnst  obecrieyeHus] CEJIEKTUBHOCTH HaWMEHbIee (pakTHueckoe BpeMs cpaOaThIBaHHS
npenoxpanutens FUI(Ha Oombomid TOK) JJODKHO OBITh OONBIE HAMOOINBINETO BPEMEHH
cpabarbiBaHus npefoxpanutens FU2 (Ha MEHBITNI HOMUHAIBHBINA TOK):

0,5 tep6™ 3tepm
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TIE fep6 » Lepm — BpPEMEHA CcpabaThIBaHUsI PEOXPaHUTENS Ha OONBIINI ¥ MEHBIINKA HOMHUHAIBHBIC TOKH,
COOTBETCTBYIOILIME HOMUHAJIBHOM XapaKTEPUCTHUKE.

Bpemsi cpabatbiBaHuSI TIPEHOXpAaHHUTENS W3-32 IPOU3BOACTBEHHBIX JIOIMYCKOB MOMKET
OTKJIOHSITBCSI OT HOMHHAJIBbHOTO Ha £50 %e Torna nmpuBeneHHOE HEPABEHCTBO MOKHO 3allMCaTh B
BUJIE

0,5tp6> 1,5tcp

Muoxutemu 0,5 u 1,5 yuuTeIBalOT, 4To mpeaoxpaHutens FUIB3AT ¢ OTpULIATETbHBIM
JIOITYCKOM TIO BPEMEHHU cpabaThIBaHUs, a MpenoxpaHuTens FU2 — ¢ moJokuTeIbHOM. B pesysbrare
MOJIYYHM HEOOXOJMMOE YCIIOBUE CEIIEKTUBHOCTH

lep6™ 3tepnO 9.1)

T.e. JUII CEJIEKTUBHOM paboThl BpeMsi cpadaThIBaHMs MPEIOXPAHHUTENs Ha OONBUIMKA TOK JOJDKHO
OBbIT B 3 pa3a OoJbllIe, 4YeM Y MPETOXPAHUTENS] HA MEHBIINN TOK.

HepasenctBo (9.1) yuutsiBaeT KpaliHHUi citydaid, Koraa BpeMsi paOoThl MPEJOXPAHUTENS Ha
OOJIbIIMI HOMHMHAIBHBII TOK MMEET HaUMEHbILEEe 3HAUCHUE, a y NMPEeIOXPAHUTENs Ha MEHBIINMA
HOMMHAJIbHBIA TOK — HamOobiliee 3HaueHue. Ha ocHoBanuu (9.1) cocraBnena tabmuna 9.1. Jlns
JTAHHOM BCTaBKH ¢ TOKOM [H.MBCTaBKa HaOOJIbIINI TOK Oepercs B 3aBUCUMOCTH ) OT KPaTHOCTH TOKA.
Tak, npu I/ITnom.Mm=10 npu Toke [Hom.M=30 A BcTaBKa MpeoXpaHUTelIsi Ha OOJIBIINIA TOK JOIDKHA
ObITH BEIOpaHa Ha 50 A.

Tabnuma 9.1 - HoMUHAJIBLHBINH TOK BCTABKH 00JIbIIET0 CEYeHHs MPeI0XPAHUTEIIsA
ITH-2, TpeOyrommiicsi JUIsi CTPOroro odecnevyeHus ceJeKTHBHOCTH

HomunanmbsHbrit HomuHabHBIN TOK BCTaBKH OOJIBIIIETO CEUEHUS, | IPU KpaT-
A.
TOK BCTaBKH HocTH ToKa K3 1o OTHOIIEHHIO K HOMUHAIBHOMY TOKY
BCTaBKH
MEHBIIIETO CEUECHUS MEHBIIETO CEYEHUS /,,// somm
MpeI0XPAHUTES

[TH-2,A 10 20 | 50 | 100 150 u
6oree

30 50 60 * 120 150 200

40 60 80 120 200 200

50 80 100 120 250 250

60 100 120 150 250 250

80 120 120 200 250 250

100 120 120—150 250 250 250

120 150 200 300 300 300

150 200 250 300 300 300

200 250 300 400 400 400

250 300 400 600 600 600

300 400 500 600 — —

400 600 600 — — —

Eciu napymieHue ceeKTUBHOCTH, HE BENIET K CEpPbe3HbIM HapyIICHUsIM paboThl 3allIMIaeMOoit
YCTaHOBKH, TO ITPpA BBIGOpe BCTABOK OTKJIOHCHUEC XaAPAKTCPUCTUK HpGHOXpaHHTQHGﬁ OT HOMHUHAJIbHBIX
MO>KHO NMPUHUMATH +25%.
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10 BBIBOP BBICTPOJAENCTBYIOINX NPEJOXPAHUTEJIEM JJIsI
SAHIUTHI ITOJYITPOBOJHUKOBBIX ITPUBOPOB

[TonHeI JKOyJIEB HMHTErpan INpH OTKIIOUEHHH mpenoxpanutens (1°f)oTkm. mpen.
JOJI’KECH GBITB MCHBIIC AOONYCTHUMOI'O0 MIKOYJICBA HHTCIpaia IOJTYIPOBOIHHUKOBOI'O HpI/IGOpa

(1°¢ )mpu6.. Ha puc. 5. mpejicTaBieHa cXeMa MOIIHOM BBIIPAMHUTENBHON YCTAHOBKH. B Kaxmiom
[UIe4e MOCTa YCTAHOBJICHO IO ISATh JMOJIOB, KaX/IbIi U3 KOTOPBIX 3AIIMIIEH NpeIoXpaHUTEIeM
FU. Tlpn npob6oe auona VDk Tok Ik,0003HAYEHHBIN MYHKTHPOM, 3aMbIKaeTcs depe3 VDK B
oOpaTHOM HampaBlIeHMH M 3akopauuBaeT aBe (aspl. [Ipemoxpanutens FUcpabarbiBaer,

HOBPEXJIEHHBIN MO OTKIIIOYAETCS, U CXeMa MPOJO0JKAET HOPMAaIbHYIO paboTy ¢ HEKOTOpOH
Heperpy3Kon JUOI0B.

v omvn [k
=P | | fr——"
h—ial ke
bt L =
MERH L]
i VD 1
I'F-E-BI:} i Pt
H T
IHT [Ef) =t ) 12.-4 jd

== 1| r——"
)
i} — S0t ek
| IR |L —_—d Iy
- +
K Hoepysxe
Pucynoxk 10.5 - CxeMa 3a11uThl HOJIYIIPOBOJHUKOBBIX THMO/IOB B MOIITHOM BBITTPSMUTEIBHON
YCTaHOBKE
Ptng
Izt min
1,0
0,9F
o8l N
0,7
0,61
a,5

1 i I LI ]
6,5 06070869 4,0 1/1,
Pucynox 10.6 - 3aBucuMoCTb IpeAyTrOBBIX MHTETPATIOB OT TOKA MIPEIBAPUTEIILHON HArpy3Ku

I[.HH 3allIUThI JUOJ0B JOJI?)KHO CO6HIOIIaTBCH YCJI0BHUC
(I*t Yotk mpen. < [n(1-c¢)+c]’ (17 )npu6.

IJie 7 — YUCIIO MapauleTbHBIX BETBEW NpeoOpazoBareis; ¢ — KOd(pPHUIIMEHT HEPaBHOMEPHOCTH
JieTIeHus TOKa 1o BeTBAM. IIpu paBHOMEpHOM pacrpeneneHny Toka ¢ = 0 u (1% )oTki. mpen.

<[nJ (1’t)npu6. 3mauenme (I°¢)npu6. s npubGopa OGepéTcs u3 Katanora Wi (Tpu
CHHYCOHMIATTEHOM TOKe) TI0 yPaBHEHHIO

(I°t ynpu6. = 12, T/4,

rae I - momyctuMoe 3Hau€HUE YyAApHOI'O HEMOBTOPSIOLIErocs TOKa B MIPSIMOM HampaBieHuu; T
— IIEpUOJI IEPEMEHHOI'O TOKa.
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HauGoublee 3Ha4eHre TOKA, IPOTEKAIOIIETO YEPE3 MIPEAOX PAHUTEND, JOKHO OBITH
iy <[n(l—c) + c]I,.

IIpu cpabareiBaHUU TIPEOXPAHUTENSE B MOBPEXKICHHOH BETBU XapaKTEPUCTHUKU
IIPEIOXPaHUTENIEN B HETIOBPEKICHHBIX BETBAX HE JOJDKHBI H3MEHUTHCS

(1%t )orkn. mpex. < [n(l -C)+ 0]2 (1°¢ )iz, mpen.

rae (1°¢ ). mpen.— TpeIyroBOMmKOyIeB HHTETpal NpeJOXpaHnTeNs (HHTErpan IIaBIeHHs) B
HCIMOBPCIKACHHBIX BCTBAX. Haumenrmiee 3HaueHue npeaayroBoro MHTErpajlia MOXHO HAUTHU'TIO
bopmyie

I*t in. =57 q,.

I[)KOY.HCB HUHTErpal NpeaoXpaHUTECIId 3aBUCUT OT HAIPSAKCHUSA

b

(I*t)orxm. mpen. = 17 i | 1+ a U

HOM

3uaueHust 1°7 ., @, bIAIOTCA B TEXHUYECKHX YCJIOBHUAX Ha MOCTABKY MPEOXPAaHUTEICH.
Jns npenoxpanutens IT1-68 a=4,56; b=0,8; 1°¢ . = =3,8x10* A *c.

3HaueHue HKOYJIEBOTO WHTETpayia JIjisl MPEAOXPAaHUTENs] 3aBUCHT OT KOdPPUIHEHTA
MOIIIHOCTHU LIENH COS @ . B TeXHMYECKUX YCIOBUSAX JAHHBIE MPEAOXpaHUTENEeH MPUBOIATCS AJIs

cos @=0,1. C moBBIIIIECHUEM COS (0 JDKOYJIEB WHTErPaJl YMEHBINAETCS M3-3a OOJIErUeHus yCIOBUH

ramieHuss Ayru. Ilo onbITHBIM naHHBIM, IpH cos @ =0,95 mKOyneB MHTErpajl yMEHBIIAETCS Ha

57%.
MrHaoBeHHOE 3Ha4€HHE TOKA, TP KOTOPOM HAYMHAETCSI TOKOOTPAHU-YEHHE,

i= 33wlq, B2

rge o — 4YacToTa IMepeMeHHOro Toka; | — jelicTByroliee 3HAYEHHE MEPUOANYECKOM
COCTABJISIIOLIEH OTKJIIOYAEMOT0 TOKa; 5 — TMOCTOSIHHAsA, 3aBUCALIAs OT YICIbHOW TEIUIOTHI

IUIABJICHUS U MCIIAPEHUS MAaTEPUANa;  ,.— CEUYEHHE NepenIetKa.

IIpennyroBoii MHTETpan NPEJOXpPAaHUTENS 3aBUCUT OT TOKA, KOTOPBIM MPOTEKAI 0
Havana K3(1l,,.,). g npenoxpanurens I1I1-58 sta 3aBucuMOCTh mpejicTaBieHa Ha puc. 6, e

Iztm,-n. — NOpEeAayroBOM HHTErpan INpU TOKE Harpysku [ Iztm) — JDKOYJIEB MHTErpall,
yKa3bIBaeMbIi 1715t ipeaoxpanutens ((L,,, =0).
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11 BBIBOP BO3IYIIHBIX ABTOMATHYECKHX BBIKJIIOYATEJIEN
(ABTOMATOB)

Bo3ayuineie aBTOMaTHYeCKHe BBIKIIIOUATEIN B OCHOBHOM IMpEeAHA3HAYEHBI IS 3aIUTHI
3JIEKTPOYCTaHOBOK HarnpsbkeHueM 10 1000 B oT KOpoTKUX 3aMbIKaHUN U IEPETPY30K.

B HekoTophie THIBI aBTOMAaTOB MOTYT OBITH BCTPOCHBI PACIENIUTETH MHUHUMAILHOTO
HaNpPsDKEHUS, OTKITIOYAIOIINE aBTOMAT NP MOHMWKEHUH HAIPSDKEHUS B CETH.

ABTOMAaTBI MOTYT OBITh TAK)K€ UCITOJIL30BAHBI JIJISI HEYACTHIX OMEPATUBHBIX BKIIOUCHUH U
OTKJIFOUeHUH (711 OompImHCTBA THIOB 2...6 B yac, (mss AE=2000 no 30 B gac). bonee yacteie
oTiepaIuy MPUBOIST K OBICTPOMY H3HOCY KOHTAKTOB.

ABTOMATHI JOPOXKE TUIABKUX MPEJOXpaHUTENEH, 00Jiee CII0KHBI IO KOHCTPYKIIMH, UMEIOT
Oonpime rabaputHbie pasmepbl. OMHAKO psJ CYNIECTBEHHBIX MPEUMYIIECTB aBTOMATOB IO
CPaBHEHHMIO C IUIAaBKUMH MPEAOXPAHUTENIIMHU (BO3MOXHOCTH OBICTPOrO BKJIIOYEHHS IOCIIE
cpabaTbiBaHusI, OoJiee CTAOMIBHBIE XAPAKTEPUCTUKH, BO3MOXHOCTH BBHITIOJHEHHS] HEKOTOPBIX
TUIIOB aBTOMATOB C HYJIEBOH 3alIUTON U 3aIIUTOMN OT MOHM)KEHUS HAMPSKEHUSI, OJHOBPEMEHHOE
OTKJIFOUEHHE BCeX TpexX (a3 u Jp.) 00yCIOBHI MX MIUPOKOE MPUMEHEHHE B SJIEKTPOYCTAHOBKAX
pa3HbIX Ha3HAYCHUH.

B snekrpoycraHoBkax HauOosblIee IpUMEHEHHE NoayYuian aBromartsl cepuii AE-1000,
AE-2000, A3700, BAS51, umeroniue yaydileHHbIE XapaKTEPUCTUKU MO CPABHEHUIO C CEPUAMH
A3100 u AII-50.

TexHuyeckue AaHHBIE TUMIOUCIIONIHEHUH aBTOMATOB YKa3aHHBIX BBIILLE CEPUN MPUBEICHBI
B CIIPAaBOYHUKAX.

ABTOMaTHYECKHE BBIKIIOYATEIN BBIOUPAIOT 1O CIEAYIONIUM YCIOBHIM:

Upa. 2 UH.y.
L 2 IH.y.
IH.p 2 kH.T.Ip.max (1 1 6)
Lis 2 kH.a.IK.maX
=1

IHpeI[.OTKJ'I K..max

3nech Uy a,Uyy—COOTBETCTBEHHO ~ HOMHUHAJIBHBIE — HANpPsHKEHWA ~ aBTomMara U
DIEKTPOYCTAHOBKH; I, *I, y—HOMMHaNbHBIE TOKM aBTOMAaTa U JJIEKTPOYCTAaHOBKH; Lyp—
HOMUHAJBHBI TOK TEIJIOBOTO pACIENHTENs aBTOMara; Ky ,—KO3(pQOUIIMEHT HaJIEKHOCTH,
VUUTBHIBAIOMIMA Pa30poc MO TOKY cpabaThIBaHUS TEIUIOBOTO PACIEHHTENs, MPUHUMAIOTCS B
npenenax ot 1,1 mo 1,3; I;,—TOK OTCEYKHM OIEKTPOMATHUTHOTO pacuenuTens; ky,—
K02 PUITMEHT HAZIEKHOCTH, YUUTHIBAIONINN pa30opOC MO TOKY JIEKTPOMArHUTHOTO PACHICTTUTEIS
U ITyCKOBOT'O TOKa nekTpoasuratens (st aBtomatoB AIl-50, AE-2000 v A3700 ky, =1,25, ans
A3100 ki =1,5; Iipenonor—TIPENEIBHBINA OTKIIIOYAEMBII aBTOMATOM TOK);Ii max - MaKCHMasbHBIN
TOK KOPOTKOTO 3aMbIKaHUsI B MECTE YCTAHOBKU aBTOMAaTa

emax = Un3(zy +2,)] (11.7)

rae  Z—compoTuBieHue TpaHchopmaTtopa, mpuBeaeHHoe K Hampsbkenuto 400 B; Z, —
CONIPOTUBJICHUEC JIMHUU OT IIHWH 0,4 kB MNoACTAaHIMU N0 MECTAa YCTAHOBKH aBTOMATA.

IIpumep

[To ycnoButo mpumepa 8.1 BBIOpATh AJIS 3aIIUTHI AIEKTPUUECKON CETH aBTOMATHUYECKUE
BBIKJTIOYATETN ¢ KOMOMHUPOBAHHBIMU PACLIETIUTEISIMH.
Pemenwue. 13 Tabnuiibl cripaBOYHUKA JIJIS 3aIIUTHI OTBETBICHUH K AJIEKTPOJIBUTATEIISIM H
JUHUN OCBelIeHUsI MOTYT ObITh BEIOpaHbl aBToMaThl A3100 1 AE-2000. ABTromat AIT-50 He
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MPOXOJUT MO TPEETbHO OTKIIF0YaeMOMY TOKY, KOTOPBIA Ui HErO cocTaBisieT He Oonee 1,5
kA(I') ne Gomee = 2,8 kA ). Beibupaem apromar AE-2000, Tak kak 1o cpaHeHHIO ¢ A3100
OH JIONyCKaeT OoJblliee YUCIIO ONEPATUBHBIX BKIIOYEHHWU U OTKIIOYEHH, UMEeT 3HAUUTEIbHO
OOJBIIYI0 M3HOCOYCTOWYMBOCTh KOHTAKTOB M B HEM BO3MOXKHA PETYIHPOBKA TOKA YCTaBKU
TEIJIOBOTO PACLIETTUTENS.

Jlunus 1. OmpenenseM pacyeTHbIi TOK TemnoBoro pacuenutens lup, =Kurlpmax. =
1,25x35 = 42 A. IIlpunumaem aBromat AE-2046 ¢ 1,=63 A u [, ;=50 A

VYcranaBiuBaeM TOK ycraBkupacuenurensly ;=0,9x50=45 A. Tox cpabareiBaHus

3JIEKTPOMArHUTHOTO PACUENUTENs BHIOMPAEM 10 YCIOBHIO:
Lis 2k Inye = 1,26x290 = 362,5 A.

[Mpuaumaem = 12 I,,= 12x50=600 A. Ecmm mpunsare I,,= 31, ,=3-50=150 A, T0

AIIEKTPOMArHUTHBIN paclenuTenb OyIeT JOXKHO cpabaThIBaTh MPH ITYCKE IBUTATEII.
Tax xe BIOMpaeM aBTOMAThI JJ1s1 OCTAJIbHBIX JIMHUH.

Junua 2. 1,, = 1.2-6.7=8 A. Ilpuaumaem aBromar AE-2036 ¢ I,=25 A u I, ,=8 A. Iy,
> 1,25-43,5=54,4 A. [lpunumaem [;;,=12-8=96 A.

Junusa 3.1,p, =2 1.2-10.3=12,4 A.; aBromar AE-2036 ¢ I, ,=12,5 A,
L. = 1,25x80,5=100,6 A, I,,,=12-12,5= 150 A.

Jlunua 4.1,, > 1.2-6.75=9,1 A.; aBromar AE-2036 ¢ [,=25 A u [, ,=10 A.
Tox ycraBkupacuenurensly,=0,92 I, ,=0,92x10=9,2 A, I1,,=3-10=30 A.

Jlunua 5.1,, > 1.2-14=16,8 A.; aBromat AE-2036, [,=25 A, I, ,=16A.
Tox ycraBkupacuenurensly, == 1,05 * 16 = 16,8 A, 1,,=3-16=48 A.

Junusa 6.1,, = 1.2:52=62,4 A.; aBromar AE-2046, [,=63 A, I, ,=63A,
[,,=1,25-307=384 A, I,,= 12-63=756 A.

Jlunua 7.1,, > 1.2:20.75=24,9 A.; aBromar AE-2036, =25 A, 1,,=25 A, 1,,,=3-25=75
Beoo.l,, = 1.2-58,2=69,8 A; aBromat AE-2056, I,=100 A, 1,,=80 A,.

I, ,=0,9-80=72 A. I,,,= 12-80=960 A.

CnemyeT OTMETHTh, 4YTO TPU KOPOTKOM 3aMBIKAHUHM CEJICKTUBHOCTH  3al[UTHI

coOmronarbest He OyleT, Tak KaK 3JeKTPOMAarHUTHbBIE PACLENUTENH MPH TOKaX, PaBHBIX WU
OOJIBIIINX MX TOKA yCTABKU MPAKTUUYECKU CPpadaThIBaIOT MTHOBEHHO.
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12 BBIBOP PEJIE

B peneiliHO-KOHTAKTHBIX CXE€Max YIpaBJIECHUS IPOU3BOACTBEHHBIMH IIPOLIECCAMU
MPUMEHSIOT Pa3JIMYHOIO POJia AIEKTPUUYECKHUE PeJie TOCTOSIHHOTO M IEpEMEHHOT0 Toka [9]. Pene
IOCTOSIHHOTO TOKa OoJyiee HAaJAeKHBI B OKCIUTyaTalud W 0ojiee SKOHOMUYHBI, YeM pelle
MEPEMEHHOT0 ToKa. [IpenMyIiecTBO pesie mepeMeHHOro TOKa B TOM, YTO JJIsl MX BKIIOUEHHS HE
TpeOyeTCsl HICTOYHHK IMTOCTOSHHOT'O TOKA.

Pene mpomexxyTouHble MpelHAa3HAUEHBI ISl ONEPUPOBAHUS B LEMAX aBTOMATHYECKOIO
YIOpaBIEHUS D3JEKTPOIIPUBOJAMU B KayeCTBE MHOIOKOHTAKTHBIX amlapaToB U SBISAIOTCSA
KOMIUIEKTYIOIUMHU u3fenusmMu. Pene anekrpomexanudeckue. B HacTosiiee BpeMs HauyMHAIOT
IIMPOKO HPHUMEHATCA pejle C MarHUTOYNpaBISIEMbIMU KOHTAKTaMH-TE€pKOHaMHU. ['epkoHOBBIE
pene cepuid PIIT'S, PIII'9 u ap. ucnosib3yloTcsl TakkKe B cXeMaxX aBTOMATH3alMU U YIPaBJICHUS
AJIEKTPONPUBOJAMH.

I'epkoHOBBIE pesie TMO3BOJSIOT CTPOUTH JIIOOBIE JIOTHYECKHE CXEMbl, HMEoIIne
npeuMyliecTBa Mepel CXeMaMH Ha IOJIYIPOBOJAHMKOBBIX INpuOopax, T.K. oOmajgaroT Oonee
BBICOKON BBIXOJIHOM MOIIHOCTBIO, OTCYTCTBHEM TalIbBAHUYECKOM CBSI3U MEX]y Harpy3kamu U
HermsiIMU  yrpaBieHusi. Perne Ha TepkoHax o005anaoT 0ojee BBICOKMM OBICTPOACHCTBHEM,
croco0HOe paboTaTh B MBIIBLHOMN Cpe/ie ¥ UMEIOT OOJIBIION CPOK CITYKOBI.

CpaBHUTENBHO BBICOKAs BBIXOJHAS KOMMYTHPOBaHHAsi MOIIHOCTh pejie Ha repkoHax (10
250 BT) mo3BoJIsIET ¢ MX TOMOIBIO YIIPABIATh CUIIBHOTOYHBIMHU JIEKTPOMEXAaHUYECKUMHU pelle, a
TaKxe KoHTakTopamu cepuu MK.

B cxemax ympaBieHMs] IPOM3BOJCTBEHHBIMU IIPOLIECCAMHU LIMPOKOE PACIPOCTPAHEHHE
nonyuusiv npomexkyrounsie pene JI1-1, PI1-1, PI1-2, PII-3,

PIT-20, MKV -48, I13-21, PITY, nueBmatuueckue pene Bpemeru PBII-1M u PBII-72, motophsie E-
52 u BC-10, anextpomexanudeckue IB-24, 9B-217 u nap.

OCHOBHBIE TEXHHYECKHE JaHHbIE IPOMEXKYTOUHBIX pelie TMpHBeIeHbl B TaOll.
CIIPAaBOYHHKOB [9].

Pene BbIOMpalOT MO HA3HAYEHUIO, HANPSDKEHHEM W TOKOM OOMOTKH, YHWCIY, THUIY,
JUIUTEIHHO JOMYCKaeMOMY TOKY M KOMMYTAIlMOHHOM CITOCOOHOCTH KOHTaKTOB. IIpu BbIOOpE U3
YHCJla HECKOJIBKUX THIOB TEXHUYECKH PABHOLEHHBIX AJI JTAHHOW CXEMBI pejie CIENYET TaKKe
YUUTHIBaTh UX Ta0apUTHBIE pa3Mepbl U CTOUMOCTb.

IIpu BbIOOpe perne, MPUMEHSEMBIX B LEMSAX YIPABICHUS KOHTAKTOPAaMH, CIEIyeT
YYUTHIBATh KOMMYTAIIMOHHBIE BOBMOKHOCTH UX KOHTAaKTOB [9].
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13 PACUET OBMOTKU 'EPKOHA

Baxnelmm napamMeTpoM Te€pKOHA, NPUBOAMMBIM B ero mnacnopre, spisiercs MJIC
cpabatbiBaHus Fp, MO 3HAUEHUIO KOTOPOM MOYKHO OIPEAENUTh Mapamerpbl 0OMOTKH. PacuerHas
MJIC oomoTKH

Fp = kr kniFp,
rne k=1,2-2 - xkoapuIMEeHT 3amaca, YYUTHIBAIOIIMN TEXHUYECKHH pa3Opoc MmapamMeTpoB
IepKOHa, JOMYCTUMBbIE KOJeOaHWs MUTAIOLIEr0 HANpPSKEHUS U M3MEHEHUs CONpPOTHUBIIEHUS
OOMOTKM TIpH Harpese; k, - KOd(PQUIMEHT, yYUTHIBAIOUIMNA B3aMMHOE BIHSHHUE COBMECTHO

YCTAHOBJICHHBIX TCPKOHOB. I1o omBITHEIM JaHHbIM knz AN, TOC n- YUCiIo TCPKOHOB B pPCIIC.
JlnameTp HEeM30JIMPOBAHHOTO NMPOBOAA dy, HAXOAUTCA U3 (POPMYIIBI

wd? w4 =q=Fp,l,)/U,

rIe p,- ylelbHOE CONPOTHBIECHHE MaTepHana NpoBOJa OOMOTKHM B TOPAYEM COCTOSHUH; [ p-
CpemHss INIMHA BUTKA 0OMOTKH; U - HampsiKeHUe UCTOYHUKA.
£, HaxoauM 110 Gpopmyie

Pz Py ll + g (700 + 00 + Ho)Ja

JIJIs MeIHOTO TMPOBOJIA ,0020,0175-106 Om-Mm mpu temneparype 6,=20 °C; 6,,, -
Temrieparypa Okpyxkateir cpenst, °C; 7., =0,,, —0,, - IONyCTUMOE NpPEBbIILIECHNUE

temriepatypbl 0OMOTKH, °C; o r= 0,0041 1/°c; Cpennsisi iauHa BUTKA
lep =D = 7(dy +2hy ) 2=7 (dgthy),

rae dB = d6+2 (A+Akap) - BHYTpeHHUH quaMeTp oOMoTkH; dO - auamerp OaimyioHa repkoHa; A -
3a30p MeXAy OalJIOHOM M KapkKacoM; A .,y - TOJNIIMHA KapKaca KaTyIIKd yrnpasieHus; hk -
paauaibHas TOJIIMHA OOMOTKH.

Jist monyuennss munumanbaord MJIC cpabaTeiBaHMs TUTOMIAAbL CeUeHUsI 0OOMOTKH Qu ee
paauanbHas TOJMMKMHA hK BEBIOMPAIOTCS IO COOTHOIIECHUSIM

Q=3d(L+ 7 d)/8; hx= Q/1 =dp; lx = 4d(L+ 7 d)/dg,
rae d- nuametp crepxkuas KC; L - mymmHa repkoHa.
OpuentrpoBoyHO mHa 00MOTKH lx= (0,25-0,5)L. Haiinennsiit auamerp dy,0Kpyriasercs 1o
CTaHIaPTHOMN BEJINYUBL
Yucno BUTKOB OOMOTKH

w = hKlKKgM/ q,

K,y - koo urtnenT 3amnonHeHns 0OMOTKH MeIbIO OepeTcst TSTIPUHSTOrO drip.
Pacuyer npeBblieHns TeMneparypsl 7 0OMOTOK /JIsi yCTAaHOBUBILETOCS PEXKHMa

7 = P/(k1Soxu),

2opely.
rae Kr- koodpduuuent remwroornaun (10 Bt m™°C™); Soxyi-noBepxHOCTh 0XITasKIeHHS
06MOTKH;P - MOIIIHOCTB BBIIEIsIEMAst B OOMOTKE.
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P=I’'R = U’/R = U’q/(p,lp,0 )= Uq/[p, = ([dth) o]

[ToBepxHOCTh OXJAKIECHUAS oxn = 7 (dp+2hk) 1k. ..
JnameTp nipoBoja dy, IpoBepsieM U3 YCIOBHIA HAarpeBa B yCTAHOBUBILIEMCS PEKUME

PR=41p Il,0(rd?,) =KrSox1 7.

[Tocne BeIOOpa d,, mpoBOIUM mOBepouHBIH pacueT F m 7 ¢ yuerom koddduimenra
sanonHeHns K,,. Ecmm oOMoTka paboTaeT B pekMMe KpPaTKOBPEMEHHOTO BKIIOYCHHS, TO
JIOITYCTUMOE BpeMs BKIIOUECHUS

tpn =T, (7, — 6 wonr + Ooxp )

7€ 7 p - JOIMYCTUMOE IPEBBILLIEHHE TEMIIEPATYpBI; 7'~ OCTOSHHAs BPEMEHH HarpeB a00MOTKH.

c (mdi, /4)-[(2d, +2h,)/2] ¥

T=cG/ Soxi.) =
& ) 7 K, (dy +2h )],

TJIe C - yAelbHas TeIUIOEMKOCTh MaTepuaia mposoja [t meau ¢ = 390 Br-¢/ (kr -°C) ] ; G -

3
Macca poBoJa, KT, 7 - IIOTHOCTh MaTeprala mpoBoaa,kr/m° (wst mexn 7 = 8900 kr/m ).
8. HarpeB repkoHa mnpu MOBTOPHO KpPAaTKOBPEMEHHOM pEXHME PACCUUTHIBACTCSA I10
M3BECTHOM METOJIUKE.
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14 BBIBOP AIIITAPATOB CUT'HAJIN3ALIMHU

CurHanuszanmio B JJEKTPUYECKMX  CXEMax  IPUMEHSAIOT  JUIsl  ONOBEILEHUs
0OCITy’)KUBAIOIIETO IEPCOHAJIa O TEXHHUYECKOM COCTOSHUM M TIOJO0XKEHHU BKIIOYAOMUX HU
OTKJIIOYAIOIIMX alIapaToB, MOCIEAOBATEIbHOCTH TEXHOJIOTMUYECKUX ONEpAaluid U aBapUIHOM
COCTOSIHUU CXEMBI.

CurHanusanus MOXXET OBITh CBETOBas (JamIibl), 3BYKOBas (3BOHOK, CHpEHa, PEBYH) H
BHU3yaJIbHAasl (TOKOBBIE YKa3aTelbHBIE petie).

TexHuueckue naHHbIe HEKOTOPHIX 3BYKOBBIX CUTHAJIBHBIX allapaToB MPUBEACHBI B Ta0JI.

4
Tabmuua 14.4 - 3BykoBble CHTHAJIbHBIE ANINIAPAThI
Tun annapara Cwuna 3ByKa, Tun annapara Cwuna 3ByKa, 1b
nb
3Bonku 3BI1-24, 3BII-
777 86 PeBynnt PB-24, PB-220 76
3BOHKH IPOMKOTO 005
M3-1-127, 103 Cupena CC-1-220 103
M3-1T-220

[Ipumeuanue. [locneqnee ynciao nocie THpe-HOMUHAIIBHOE HaNpskeHue, B
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15 BBIBOP CHJIOBBIX PACHPEAEJUTEJIBHBIX ITYHKTOB
(IHKA®OB) U OCBETUTEJIbHBIX IIUTKOB

Jliis mpreMa U pacrpeeleHusl SISKTPUYECKON SHEPTUU B CHIIOBBIX ILIETSAX Tpex(azHoro
TOKa HampspkeHueM 10 660 B u s 3ammTel MX OT meperpy3ok U TokoB K3 mpumeHsroT
pacnpeaenurensubie TyHKTH cepuil [IP9000 ¢ aBromaramu cepun A3100(A3161, 43163 u
A3120, A3130); CITA63 u CITAY63 ¢ npenoxpanutensmu HITH-60 u [TH-2 u pyOunpHuKOM Ha
BBojie; [IP11, TTP21, [1P22, TTP24 ¢ aBTromaTtamu cepuu A3700 u ap.

Pekomenayemble nsi HCIOJNIB30BAaHHUSI B  AJIEKTPOYCTAHOBKAX pacIlpeaeuTeNbHbIe
nyHKTHI (mkadsl) [TP8501 anst cetei mepemMeHHOro Toka HampspkeHueM a0 660B gactortoit 50 u
60 I'm, a a1a cereil mocTosHHOrO TokKa HampspkeHueM 10 220B-mkadger [1P8701 (ctenenn
3anuthl 1P21, 1P54) xoMmexTytoT Tpexda3HbpIME BBIKITIOUATENIIMU Ha BBoJie: BAS1-39, BASS-
39, BA56-39; na orxomamux muangx: BA51-31, BA51-35.

[Tpomomxkaercss BBIMYCK pacrpenenuTenbHblx mkago cepuu P11 ¢ mmaBkumu
MPEeIOXPAaHUTENSIMUA I CHJIOBBIX 3JIEKTPOYCTAaHOBOK Tpex(a3HOTO TOKa HaIpsHKEHHEM 0
500B.

Texanveckue XapakKTepuCTUKH MKadoB MpUBEIEHHI B [9].

B ocBeTuTenbHBIX YCTaHOBKaX B KayeCTBE MArUCTPAIbHBIX M TPYNIOBBIX IIIUTKOB
NPUMEHSIIOT ~ pacnpeAenuTenbHble  TyHKThl cepun  [IP8501 ¢ Tpex TmONIOCHBIMH U
OJIHOTIOJTFOCHBIMU aBTOMaTHYECKUMHU BBIKJIFOUATEISIMU, TUIIBI UICTIOJIHEHUSI IPUBENICHHI B [9].

[TyHKTBl YKOMIUIEKTOBaHbI aBTOMATUYECKUMHU BBIKIIOYATENSIMU C KOMOMHHPOBAHHBIM
pacuerieHueM: oaHomnomocHeiIMU BAS1-29 no 63A, tpexmomocusiMu BAS5S1-31 no 100A,
BA51-33 no 160A na BBOAC, BAS51-35 10250 A Ha BBOAE.

Kinumaruueckoe ucnonnenne nyHktoB Y, YXJI u T, kareropum paszmeuienus 2, 3 u
xos0/10cTolKoe. KOHCTpYKTUBHOE UCTIOJIHEHUE — HABECHOE CO cTerneHbio 3amuTthl 1P21 u 1P54
U YTOIUIEHHOE CO CTeNeHbIo 3amuThl 1P21.

JlJis TpyNIOBBIX OCBETUTENbHBIX CETeil MPOM3BOACTBEHHBIX MOMEIIEHUI, OCBEIIaeMbIX
paspsanHbiMU  Jlamniamu Beicokoro pasienusi ([APJI, APWU, JAPU3 wu np.), npu ycrtpoiicTBe
rPyNHoBOM  KOMIIEHCAIIMM  PEAaKTUBHOM  MOIIHOCTH  TpexdasHbIMH  KOHJIEHCATOpaMH,
MPUCOCIUHEHHBIMU K TPYIIOBBIM JUHUSAM, MPUMEHSIOT paclpeieuTeNbHbIE MyHKThl CEpUHn
[TP41 nns wanpsbxenus 380/220B (ta6mn. 4.11[9]), anga 3Toro mx KOMIUIEKTYIOT YETBIPHMS
koHaeHcaropamu tuna KC momHocTsio o 18 kBap.

I'pynmoBeie mmtkn TumoB AO0Y-8501-A0VY-8508 (tabn. 4.12, puc. 4.25 [9])ma
Hanpsokenue 380/220B yKOMITIEKTOBaHBI OTHOTIONIOCHBIMUA aBTOMAaTHUYECKUMHU BBIKITIOYATEIISIMU
AE1031 no 25A u AE2044 no 63A u tpexmomtocubiMu AE2046 no 63A. Kinumaruueckoe
ucnonuenune Y, T, YXJI, kareropuu pazmenieHus 3.

Pacuenurenu aBToMaToB KOMOMHHpPOBaHHBIE, TOKH pacuenuteneir aBromatoB AE1031
Ha 6, 10, 16, 25A, aBTomatoB AE2044 u AE2046 na 10; 12,5; 16; 20; 25A.

PacuienuTenbHble  yCTPOMCTBA Y WMIETKH BBIOMPAIOT TIO HANPSHKEHUIO, YCIOBHUSM
OKpYXarolie cpenpl, crocoda YCTAaHOBKM M TPUCOECTUHEHHE IPOBOJOB, YHCIYy, TUNY U
HOMUHAJIbHBIM MapaMEeTPOM aBTOMATOB WJIM TPYIII MPEAOXPAHUTENIECH.
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16 IPOEKTUPOBAHUE JJIEKTPUYECKHUX AIIIIAPATOB
PACITPEAEJIMTEJBHBIX YCTPOUCTB

Hanexxnast u s5koHOMIYHAs paboTa JIEKTPHIECKHX allapaToB U TOKOBEIYIMX YacTel (IMHBI,
KabeJ 1 Jip.) MOXKET OBITh 0OecreueHa JIMIIb IPU MX MPaBUJILHOM BHIOOpE IO YCIIOBUSM pabOTHI KakK B
JUITETFHOM (HOPMAJIbHOM) PEKMME, TaK U B PEKUME KOPOTKOTO 3aMbIKaHHSI.

JUIs JUMTENHHOTO peXHMa amnmaparbl M MPOBOAHMKU BBIOMPAIOT 0 HOMUHAIBHOMY
HANpsHKEHUIO, JIOIMYCKaeMOMY HAarpeBy IpH JUIMTEIPHOM NPOTEKAHHH TOKA, KOHCTPYKTHBHOMY
UCIIOJIHEHHIO, TUITY YCTAHOBKH M YCIIOBHSIM OKPY>KaIOIIEH CpeIbl.

[Tpu BEIOOPE TI0 HOMUHATLHOMY HAIPSHKEHUTO JOJDKHO OBITH COOJTIOICHO YCIIOBHE

UHAa. 2 UH.yCT (7)

rie Uy, — HOMHHaNbHOE HampsbkeHue amnmnapata; Uyyer — HOMHHAJIBHOE HAINpPsDKEHUE
YCTaHOBKH.

Bpibop ammaparoB M TMPOBOJHMKOB IO JIOMYCKAEMOMY HArpeBy JOJDKEH YIIOBJIETBOPSITH
(opcupoBaHHOMY peXxuMy pabOThl, KOTOPBIM BO3HMKAET B CIEAYIOIIMX CIydYasX: MPH OTKIIOYCHUH
OJTHOM M3 JIBYX pabOTarOIIMX MapaJICTbHBIX JIMHHUN, TIPU UCTIOIB30BAaHUH TTEPETPY304HOM CIIOCOOHOCTH
CHJIOBBIX TPaHC(OPMATOPOB, CUIIOBBIX KaOenel U JIp.

[lo npnuTenbHO [AOMyCKaeMOMY HAarpeBy ammapartbl M IMPOBOAHUKU BBIOMPAIOT IO

CJIEAYIOUIUM YCIIOBHUSIM:
armnaparsl:
UH.a. 2 UH.yCT (8)
IHAa 2 Ip.d)opc (9)
[IWHBI 1 KaOeNHn:
Inon = Ip.(?popc (1 O)
11t kabenei, eciu I, 4 < 0,8 Lyon,
Iz[on 2 Ip.dpopc /1 :3 (1 1)
rae Iy, — HOMMHAJIBHBIM TOK amnmapara; l,; — IJIWTEeNbHO NOMYCKaeMbId TOK MPOBOJHHUKA;

I ¢opc — TOK B 1IeTH B (POPCHUPOBAHHOM pEKUME; / I, ;; — TOK B 1IETIM B HOPMAIBHOM PEKUME,

Ilpu BBIOOpE ammapaToB W MPOBOAHMKOB HEOOXOIUMO TAaK)XK€ YUYUTHIBATH TEeMIEpaTypy
OKpYKarolien cpensl. Ecim oHa npeBbIIIacT HOPMUPOBAHHYO, TO JIUTEIIBHO JAOITYCKAEMBbIHA TOK HY’KHO
riepecynTarh 1o opmyore:

IVO:IHOH\/(VH—VO)/(VH—VO_H) (12)

rae [v0 — muurenbHO AOMyCKaeMblii TOK MpPU JEHCTBUTEIBHOW TEMIIEpAType OKpYKarollei
cpensbl: lon — MIUTENBHO TOMYCKaeMbId TOK NMPU HOPMUPOBAHHOM TEMIIEpAType OKPYKArOLIEH
cpeasl (ans ammaparoB | pgon = IH.Q);v g—uTenbHO Jomyckaemas —Temreparypa IpH
HOPMHUPOBAHHOM TEMIIEpATYpE OKPYKAIOWIEH Cpeapl; Vo — JCUCTBUTENIbHAsI TeMIepaTypa
OKpYXarollel cpeabl; Vg — HOPMHUpPOBAaHHAs TeMIlEpaTypa OKpyKawomeh cpeabl (as
arnmapatoB 35 °C, mist muH B KaOesiel, MPoJIOKEHHBIX OTKPHITO, B KaHajaX, TyHHENsX, 25°C u
JUTst Kabeneit, mpooKeHHBIX B 3emite, 15 °C).

[To KOHCTPYKTMBHOMY MICTIOJTHEHHIO aIapaThl U MPOBOJIHUKN BEIOMPAOT TAKAM 00pPa30M, YTOOBI

OHU T10 KOHCTPYKIHNHU U CBOUM TEXHHUKO-3KOHOMUYCCKHUM TTOKAa3aTCIIM HAWTYYIIINM 06pa30M
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COOTBETCTBOBAIN YCIIOBUSIM PaOOTHI 3JIEKTPOYCTAHOBKHU.

ITocne BbIOOpa anmapaToB M HPOBOJHHUKOB IO YCIOBHMSIM JAJUTENBHOTO DPEXKMMA HUX
IIPOBEPSIOT HA 3JIEKTPOAMHAMUYECKYIO U TEPMUUECKYIO YCTOMUNBOCTD IPU IPOTEKAHUH TOKOB K.
3, BBI3BIBAIOIMX HAMOOJIbIINE MEXaHUUECKUE HANpsDKeHUs U HarpeB. OTKIIIOYAOLIME alapaThl
(BBIKITIOUATEIH, TIPETOXPAHUTENN ) BEIOMPAIOT TaKXkKe MO UX OTKIIOYAIOIIEH CIIOCOOHOCTH.
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